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The purpose of the present study was to evaluate the
clinical utility of serum KL-6 level as a prognostic mar-
ker for DAH.

Methods

Study subjecis

Consecutive patients who were admitted to the ICU and
diagnosed as DAH between 2004 and 2011 were retro-
spectively studied. Patients’ characteristics including age,
sex, laboratory findings, radiological findings, ventilatory
modes or therapeutic regimens were extracted from the
medical records. The vital status of the patients was
determined by reviewing medical records, death certifi-
cates, as well as by phone interviews.

Serum KL-6 and lactate dehvdrogenase (LDH), pro-
thrombin time-international normalized ratio (PT-INR),
activated partial thromboplastin  time, D-dimer and
hemoglobin levels and platelet counts were included as
variables for analysis when taking routine blood tests
and performing BAL.

Baseline KL-6 was defined as serum KL-6 level at ad-
mission, and peak KL-6 was defined as the highest
serum KL-6 level during the follow-up, KL-6 was mea-
sured once-weekly. The etiologies of DAH were grouped
into 5 categories: pulmonary infection, excessive anticoa-
gulation, vasculitis, interstitial pneumonia or idiopathic
based on the different pathogenesis in our patients.
The diagnosis of vasculitis was defined by histological
evidence, high titers of anti-neutrophil cytoplasmic anti-
bodies, anti- deoxyribonucleic acid antibodies or anti-
basement membrane antibodies [10,11]. Correlations
between survival and clinical variables were evaluated.

Definition of DAH

Clinical diagnosis of DAH was based on the findings
of diffuse ground glass ov airspace-filling opacities on
chest radiograph and computed tomography, and BAL
fluid showing progressively bloodier returns and the
presence of 20% or more hemosiderin-laden macro-
phages [12]. Exclusion criteria were apparent deterio-
ration of left heart failure and contact bleeding with
bronchoscope.

BAL

The procedure of BAL was done as previously described
[13]. In brief, a flexible bronchoscope was wedged into a
segmental bronchus of the middle lobe or the lingula.
Sterile isotonic saline at 37°C was instilled in three
50 ml aliquots up to a total volume of 150 ml, with im-
mediate aspiration by gentle suction after each aliquot.
The total of recovered BAL fluid fractions were mixed
and immediately filtered through two layers of gauze,
and centrifuged at. 500 g for 10 min at room
temperature. Slides were stained with Prussian blue to
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detect haemosiderin-laden macrophages [12]. After in-
cubation of the slides with 1% hydrochloric acid and 2%
potassium ferricyanide (Katayama Medical Co. Lid,
Osaka, Japan) for 20 minutes, slides were counterstained
with Kernechtrot stain (Tokyo Chemical Industry Co.
Ltd., Tokyo, Japan). A total of 200 or more macrophages
were examined for calculating a percentage of Prussian
blue positive cells. The BAL fluid samples also under-
went routine microbiologic testing for detecting bacteria
and viruses.

Statistical analysis

Data are expressed as mean + standard deviation, Com-
parison of non-normally distributed variables between
groups was done with the Mann-Whitney’s I/ test or
Fisher’s PLSD test. Analysis of changes in non-normally
distributed variables between groups was done with the
Wilcoxon's rank test or repeated measures of analysis of
variance. Comparison of categorical variables between
two groups was done with the x* test. The probability of
survival was estimated with the Kaplan-Meier method,
and the differences in survival rates were evaluated by
log-rank test. Multivariate analysis of prognostic factors
was done using the Cox regression model. All statistical
analyses were done using SPSS version 13.0 for Windows
(8PSS Inc,, Chicago, IL). Differences were considered sta-
tistically significant when the p value was <0.05.

Results and discussion

Patient characteristics

There were 25 males and 16 females with a median age
of 69 (range, 16-83) vears. There were 27 never smo-
kers, 12 former smokers, 2 current smokers, respect-
ively. The etiologies of DAH were pulmonary infection
(n=19), excessive anticoagulation (n=9), vasculitis (n=6),
interstitial pneumonia (n=2) and idiopathic {n=>5). Thir-
teen patients survived, and 28 died. The ICU mortality
was 54% (22/41), the in-hospital mortality was 68% (28/
41), and the 28-day mortality was 32% (13/41), respect-
ively. No significant differences were observed in age,
sex, smoking status, radiological findings, use of mecha-
nical ventilation, baseline P/F ratio, and laboratory mar-
kers at admission between the groups (Table 1). Use of
methylprednisolone pulse after admission was more fre-
quent, prothrombin time-international normalized ratic
and activated partial thromboplastin time were higher,
and duration of ICU stav was significantly longer in
non-survivors than suwrvivors {p=0.038, 0.043, 0.029,
0.005, respectively). Meanwhile, P/F ratic 48 hrs after
admission was significantly lower in non-survivors than
survivors {p=0.023). There was no difference in the fre-
quency of etiologies of DAH between survivors and
Nnon-survivors.
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Table 1 Differences in clinical characteristics between survivors and non-survivors with DAH
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Variables Survivors, n(%) Novt;;;uvrvivoré,yn'(‘;}éy - M;;valyué
(n=13) (n=28)
Age 270(yrs) 3(23) 16 (573 0052%
Male sex 8 (62) 17 (61) >0.99*
Never smoker 7 (54) 19 (70) 048*
Bilateral pulmonary involvement 9 (69) 24 (86) 0.24%
Consolidation on chest x-ray 7 (54) 15 (54) >0,99%
GGA on chest x-ray 9 {69 22 (79) 0.70*
Use of mechanical ventilation 10 (77) 26 (93) 0.30%
Mode of mechanical ventilation 0.28%
SiMv 5(12) 9 (22)
APRV 3 8 (20)
HFOV 0 6 (15)
CPAP/ PS5V 2(5) 12
0; mask/ NIPPY 37 4 (10
Preceding interstitial pneumonia 0 a0 054*%
Treatment
Methylprednisolone pulse 5(38) 21 (75) 0.038*
Immunosupressant 2(15) 5{18) >0.99*
Plasema exchange 18 4 (14 >0.69*
Baseline Pa0./F O, ratio 207480 185270 047"
P/F ratio 48 his after admission 314286 2504114 0.023"
Laboratory markers at admission
PT-INR 12403 18414 0043
APTT (sec) 29647 420£180 0029"
D-dimer 1745290 18.8+205 046"
Platelet (x10%/mL) 185::88 1424103 009"
Hemoglobin (g/mL) 101423 93423 026"
LDH (U/L) 5674399 7361045 088"
Duration of ICU stay (days) 15415 2820 0.005"

“Fisher's exact test; ! Mann-Whitney’s U test,

GGA, ground glass attenuation; SIMV, synchronized intermittent mandatory ventilation.
APRV, airway pressure release ventilation; HFOV, high-frequency oscillatory ventilation.

CPAP, continuous positive airway pressure; PSV, pressure support ventilation.
NIPPV, non-invasive positive pressure ventilation.

PT-INR, prothrombin time-international normalized ration.

APTT, acivated partial thromboplastin time; LDH, lactate dehydrogenase,
ICU, intensive care unit.

Baseline and peak serum KL-6 levels

The baseline and peak serwm KL-6 levels in 41
patients are shown in Figure 1. The median duration
before serum KL-6 level reached the peak level was
11£10 days. The median duration from the ftime of
peak serum KL-6 level to death was 23223 days.
Baseline and peak serum KL-6 levels were signifi-
cantly higher in non-survivors than in survivors
(baseline levels, 845+831 vs 4922606 U/mk, p=0.01;
peak levels, 1471£1648 vs 659813 U/mlL, p=0.004,
respectively).

Correlation beiween serum KL-6 levels and the use of
mechanical ventilation

In our cohort, 34 patients were intubated, whereas the
remaining 7 patients were treated without mechanical
ventilation. Mean serum KL-0 levels increased during
the follow-up in both groups (p=0.01; Ventilated
patients, baseline 7032799 U/ml, peak 1,189+1,567 U/
ml; Non-ventilated patients, baseline 881+694 U/mlL,
peale 1,3304995 U/mL; Figure 2). There was no differ-
ence in serum KL-6 levels according to the use of
mechanical ventilation (p=0.72).
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Figure 1 Box plot graphs showing the range of serum Ki-6 levels in diffuse alveolar hemorrhage syndrome. (A} bas
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Serial changes in serum KL-6 in association with P/F ratio
or exygenation index

Serial changes in serum KL-6 in patients with DAH are
shown in Figure 3. Patients who showed a decrease in P/
F ratio (n=13, Figure 3A) or an increase in oxygenation
index (n=16, Figure 3B) during the initial week showed a
significant increase in serum KL-6 levels (p=0.002,
p=0.003, respectively). In Figure 3A, two subjects appear
to have extremely high levels of KL-6 one week after ad-
mission. When they were excluded to avoid statistical
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Figure 2 Baseline and peak serum KL-6 levels in patients

treated with mechanical ventilation (n=34, closed circles) and

without mechanical ventilation {n=7, open circles). Data ar
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error, the increase in serum KL-6 levels during the initial
week was still significant {(p=0.003).

Receiver operating characteristic curve analysis

Receiver operating characteristic curve analysis was used
to evaluate the sensitivity, specificity and accuracy of
baseline and peak serum KL-6 levels in relation to non-
survival (Figure 4). The larger area under the curve
which is associated with non-survival was found for peak
KL-6 with 0.78 {95% confidence interval {Cl), 0.61 to
0.96) compared with baseline KL-6 with 0.74 (95%
Cl, 0.56 to 0.93). When the cut-off levels were set at
the closest point to 100% sensitivity and 100% speci-
ficity, the levels in the prediction of non-survival
were 700 U/mL for peak KL-6 (sensitivity, 75%; specificity,
85%; accuracy, 78%, respectively) and 240 U/ml. for base-
line KL-6 (sensitivity, 86%; specificity, 69%; accuracy, 81%,
respectively).

Correlation between serum KL-6 levels and overall
suyvival

The Kaplan-Meier analysis showed that higher baseline
KL-6 levels were associated with a shorter median sur-
vival period (p=0.002) (Figure 5A). The same was true
for higher peak KIL-6 levels (p=0.0006) (Figure 5B).

In the univariate survival analysis, P/F ratios <200
48 hours after admission (Hazard ratio, 2.58, 95% Cl,
1.17-5.68; p=0.018), baseline serum KL-6 levels 2240 U/
mk (Hazard ratio, 4.72, 95% CI, 1.63-13.7; p=0.004) and
peak serum KL-6 levels 2700 U/mL (Hazard ratio, 443,
95% Cl, 1.76-11.1; p=0.002) were associated with non-
survival, whereas no correlations were found between
survival and age, sex, smoking status, radiological find-
ings, baseline P/F ratio prothrombin time-international
normalized ratio levels and activated partial thrombo-
plastin time (Table 2). In the multivariate survival
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analysis only peak serwm KL-6 levels 2700 U/mL were
associated with non-survival (Hazard ratio, 3.95, 95% CI,
1.14-13.7; p=0.031), after adjustment for age, sex, smo-
king status, extent of pulmonary involvement and P/F
ratio 48 hrs after admission.

Discussion
This study showed that baseline and peak serum KL-6
levels are significantly higher in non-survivors compared
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with survivors of DAH. The increase in serum KL-6
levels during the initial week was associated with a sub-
sequent deterioration in P/F ratio or oxygenation index.
With a cut-off Tevel of 700 U/ml for peak serum KL-6,
the sensitivity, specificity and accuracy for non-survival
were 75%, 85% and 78%, respectively. In the multivariate
analysis, peak serum KL-6 2700 U/ml was a significant
prognostic factor for poor outcome in DAH.

Previous studies have shown several factors associated
with mortality in DAH. Holguin ef /. demonstrated that
mechanical ventilation, admission to ICU and blood
transfusion were associated with increased mortality
within 28 days after admission in patients with ANCA-
related pulmonary vasculitis [14]. Afessa ef al, demon-
strated in a retrospective study of 48 hematopoietic stem
cell transplant recipients that autologous transplant and
early-onset DAH were associated with good prognosis
[15]. To date, no single serum marker has been shown
to be related to the prognosis of DAH, and most of
the previous studies focused on immunologically
mediated DAH such as vasculitis {16]. The patient
population in our study, however, included severe pul-
monary infection and excessive anticoagulation as major
etiologies of DAH, and this population has not been
well investigated.

The mechanisms of the increase in serum KL-6 levels
in various fibrotic lung diseases are thought to be due to
an overexpression of KIL-6 by regenerating alveolar type
Il pneumocytes, and/or due to an increased permeability
following disintegration of the alveolar-vessel barrier
[17,18]. The alveolar epithelial damage and the following
excessive fibroblast accumulation in DAH appear to be
associated with the increment in serum KL-6. As shown
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in Figure 1, 2 and 3, the range of both baseline and peak
serum KL-6 levels are wide, indicating the individual
variation. This varfation might be attributed to the delay
of first admission after the onset of DAH. Although both
baseline and peak seram KL-6 levels were prognostic
markers for poor outcome in the survival analysis, peak
serum KL-6 levels had a stronger predictive value, sug-
gesting that the advanced alveolar epithelial damage is
likely the most important factor for death in DAH.
Mechanical ventilation itself may potentially cause
acute alveolar damage and a resultant DAH. Previous

Table 2 Cox's proportional analysis of the overall survival

studies have demonstrated that plasma level of KL-6
was increased with injurious ventilator settings, and
may serve as a biomarker of ventilator-associated lung
injury (VALI) [19]. All patients intubated in our study
were treated with lung-protective ventilatorv moda-
lities to avoid VALIL as much as possible, and no sig-
nificant differences were observed in the use and
modes of mechanical ventilation {Table 1). As a re-
sult, no significant difference was observed in serum
KL-6 levels according to the use of mechanical venti-
lation (Figure 2).

Variable Unfavorable/Favorable B HR (95%Cl) p-value”

Univariate analysis '
Agelyrs) <70/ 270 0.34 140 (0.66-2.97) 0.38
Sex female/ male 0.18 1.99 {0.56-2.58) 0.64
Smoking status never/ smoker 043 1.54 (0.67-3.55) 031
Pulmonary involvement bilateral/ unilateral 0.70 2.02 {0.68-6.02) 021
Baseline P/F ratio <200/ 2200 047 1.60 (0.74-345) 023
P/F ratio 48 hrs after admission <200/ 2200 095 258 (1.17-5.68) 0018
PT-INR 22/ <2 0.10 1.11 (0.38-3.23) 0.85
APTT (sec) 230/ <30 028 1.33{056-3.17) G52
Baseline KL-6 level (U/mL) 2240/ <240 1.55 472 (163-13.7) 0.004
Maximum KL-6 level {U/ml} 2700/ <700 149 443 (1.76-1170) 3.002

Multivariate analysis *
Baseline KL-6 level (U/mL) 2240/ <240 0.99 270 {0.75-9.67) 0.13
Maximum KL-6 level (U/mb) 2700/ <700 137 395 {1.14-13.7) 0.031

HR, hazard ratio; Cl, confidence interval; GGA, ground glass attenuation; P/F, PaO,/F/0,.

PT-INR, prothrombin time-international normalized ratio.
APTT, activated partial thromboplastin time,

¥ Adjusted for age, sex, smoking status, extent of pulmonary involvement and P/F ratio 48 hrs after admission.
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A recent study has clarified that the epitope of KL-6
monoclonal antibody involved sulfate and sialic acid
residues, which may be regulated by Gal6ST gene [20].
We have previously shown that the purified KL-6 mo-
lecule has chemotactic, proliferative and anti-apoptotic
effects on fibroblasts i vitro, and that the proliferative
and anti-apoptotic effects of KL-6 are additive to those
of transforming growth factor-f [21,22].The increment
of KL-6 in the alveolar space may be initially a resultant
epiphenomenon of epithelial damage in DAH. Subse-
quently, however, through specific receptors, KL-6 may
be able to accelerate epithelial damage and lead to fibro-
sis in DAHM. Further in vitro studies are necessary to sup-
port the role of KL-6 in the development of DAH.

A potential limitation of our study is its retrospective
design and the relatively limited number of patients en-
rolled. Because of the lack of separate disease controls
such as acute exacerbation of idiopathic pulmonary fi-
brosis in our study, the specificity of KL-6 as a prognos-
tic marker in DAH has not been shown. KL-6 is likely to
increase in various types of lung injury resulting in epi-
thelial damage, and may not be unique for DAH. Be-
cause the concentrations of KL-6 in the blood and BAL
fluid were not simultaneously evaluated in our study, the
interaction of systemic and local changes in DAH could
not be investigated. Another potential limitation is the
selection bias of the patients. The enrolled patients pre-
sented heterogeneous etiologies resulting in DAH. In
addition, the enrolled patients had severe DAH, because
we exclusively studied patients who were referred to the
ICU unit. Therefore, our result may not be valid for
patients with the milder forms of DAH which are clinic-
ally more common.

In conclusion, peak serum KL-6 level 2700 U/ml may
become a clinically useful marker of poor prognosis for
DAH. Further longitudinal studies with a larger number
of patients are required to support our findings.

Ethical standards
The experiments in this study comply with the current
laws of Japan and Germany.

Abbreviations

BAL: Bronchoalveolar lavage; Cl: Confidence interval; DAH: Diffuse alveolar
hemorrhage; ICU: Intensive care unit; P/F: Pa0,/FO; VAL Ventilator-
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Background: We are occasionally presented with patients with unclassifiable interstitial
pneumonia of unknown etiology. Idiopathic pulmonary upper lobe fibrosis (JPUF) does not fit
any of the currently defined subsets of idiopathic interstitial pneumonias (IIPs). This study was
performed to examine clinical, functional, and pathological characteristics of IPUF.
Methods: We present 9 cases of histologically confirmed IPUF. The clinical and histological
characteristics of the 9 patients were evaluated. The baseline respiratory function of all
patients was measured. There were 7 patients whose forced vital capacity (FVC) had been
monitored for at least a year who were selected to quantify the yearly decline in FVC.
Results: All patients were slender, with a body mass index of 16.0-19.8 kg/m?. Seven patients
had a history of pneumothorax. Six patients died 1.8 to 5.7 years after the onset of the first
symptoms. Fundamental histological features were intraalveolar collagen deposition and
densely packed elastic fibers in the subpleural areas. These findings are the same as those
seen in pleuroparenchymal fibroelastosis. However, the visceral pleura was thickened with
dense collagen in only 2 patients, and pleural thickening was localized, if present, in the
remaining 7 patients. Ventilatory impairment was also a characteristic. The time course
decline of FVC was rapid and almost linear. The median yearly decline in FVC was —20.3%
(range, —-7.7% to —26.5%), which was more rapid than that reported for chronic fibrosing
interstitial pneumonias such as idiopathic pulmonary fibrosis.
Conclusions: IPUF is a unique pulmonary fibrosis that results in rapid deterioration of
ventilatory function and poor prognosis.

© 2012 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.

Abbreviations: BMI, body mass index; DLco, diffusing capacity of carbon monoxide; FVC, forced vital capacity; FRC, functional
reserve capacity; HRCT, high-resolution computed tomography; IIP, idiopathic interstitial pneumonia; IPUF, idiopathic pulmonary
upper lobe fibrosis; IPPFE, idiopathic pleuroparenchymal fibroelastosis; IPF, diopathic pulmonary fibrosis; KL-6, Krebs von den
Lungen-6; RV, residual volume; SP-A, surfactant protein A; SP-D, surfactant protein D; TLC, total lung capacity; UIP, usual

interstitial pneumonia
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1. Introduction

We occasionally encounter patients with pulmonary fibrosis/
interstitial pneumonia of unknown etiology that does not fit
any of the currently defined subsets of idiopathic interstitial
pneumonia (IIP) [1].

Although pulmonary upper lobe fibrosis of unknown etiol-
ogy has been reported in the past, it is not recognized by
current classification systems as a discrete class of IIP. The
condition has been described by a variety of terms, including
idiopathic progressive pulmonary fibrosis [2], pulmonary
upper lobe fibrocystic changes [3], pulmonary apical fibrocys-
tic disease [4], idiopathic progressive pleuropulmonary fibro-
sis [5], idiopathic pulmonary upper lobe fibrosis (IPUF) [6-11],
marked pulmonary fibrosis in the upper lobe [12], marked
pulmonary fibrosis in the upper lung field [13], (idiopathic)
pleuroparenchymal fibroelastosis (IPPFE, PPFE) [14-17], and

uppéer lobe-dominant pulmonary fibrosis {18]. The clinical -

and pathological characteristics of the cases reported by
these authors include upper lobe-predominant pulmonary
fibrosis with a chronic progressive course and no known
cause for the fibrosis [2-18], a history of recurrent pneu-
mothorax [6-10,12,13,15], and marked weight loss {2,5-13}.
Although not all the patients described in previous reports
had identical conditions, they had many pathological and
clinical variables in common.

Of the reports mentioned above, those of Amitani et al. [6]
and Frankel et al [14] are key studies of the clinical and
histological characteristics of pulmonary upper lobe fibrosis of
unknown etiology. The patients in these 2 studies had similar
clinical and histological characteristics, but there were some
differences, which will be discussed in a subsequent section.

In this report, we adopt the term “idiopathic pulmonary
upper lobe fibrosis” (IPUF), which was first used by Amitani
et al. [6], and present 9 cases of IPUF with clinical and
pathological characteristics and long-term follow-up data
on respiratory function, which may be helpful for under-
standing the natural course of the disease.

2. Materials and methods
2.1. Patient selection

We reviewed the medical files of all patients admitted to the
departments of respiratory medicine at Fukuoka University
Hospital, Fukuoka University Chikushi Hospital, National
Hospital Organization Omuta National Hospital, and National
Hospital Organization Fukuoka Higashi Medical Center from
2000 to 2010, and selected records of patients who had
undergone a surgical lung biopsy or an autopsy. After review-
ing the pathological and clinical information on these
patients, we identified 9 patients with [PUE

2.2, Clinical data

Clinical data including age, sex, smoking status, history of
pneumothorax, steroid treatment, and body mass index (BMI)
were reviewed. The follow-up interval from the onset of

symptoms or the first recognition of abnormal findings on a
chest radiograph to the date of the last follow-up consulta-
tion was determined, and information on the prognosis of
the patients was recorded. The results of analyses for levels
of Krebs von den Lungen-6 (KL-6), surfactant protein A (SP-A),
and surfactant protein D (SP-D) were also recorded.

2.3.  Imaging and histological findings

Chest radiographs and conventional and high-resolution
computed tomography (HRCT) images of the 9 patients were
reviewed and compared with those of patients whose cases
were previously reported in the literature. Pathological speci-
mens were obtained from surgical lung biopsies (patients 1-4
and 6-9) and autopsies (patients 5 and 9). Slides stained with
hematoxylin and eosin or with elastica van Gieson (EVG) were
reviewed.

2.4.  Respiratory funcﬁon pam'meters

Forced vital capacity (FVC) was measured using spirometry with
the patient in a seated position. Results are expressed as
absolute values (ml) and as percentages of predicted values (%
pred), which were calculated using the formulas of the Japanese
Respiratory Society and adjusted according to sex, height, and
age [19]. Total lung capacity (TLC), functional reserve capacity
(FRC), and residual volume (RV) were measured using the helium
gas dilution method, and the diffusing capacity of carbon
monoxide {DLco) was measured using the single-breath-holding
method [20]. Predicted values for each lung volume parameter
were estimated using Grimby’s formula [21], and predicted
values for DLco were estimated using Burrows’ formula [22].

2.5.  Baseline and follow-up data on respiratory function

Baseline respiratory function was estimated from the first
measurements conducted at our hospitals on patients 2-9.
Baseline data for patient 1 were obtained from another hospital

To estimate the annual change in respiratory function, we
used data from patients whose respiratory function parameters
had been monitored for at least a year. Annual changes in
respiratory function were estimated using linear regression,
assuming time dependency and linearity. The annual percen-
tage decrease or increase in respiratory function relative to
baseline (4) was estimated from the linear equation [23].

The institutional review board at Fukuoka University Hos-
pital approved this retrospective study (#10-127).

3. Results
3.1. Patient characteristics

Enrolled patients consisted of 5 females and 4 males. Their
age at the first visit to our hospital ranged from 43 to 81 years.
Seven of the patients (patients 2-6, 8, and 9) had never
smoked, and patients 1 and 7 had stopped smoking 3 and 7
years previously. Seven of the 9 patients had a history of
pneumothorax, and 3 of the 7 patients with pneumothorax
had a recurrent pneumothorax that had been treated by tube



Patients

Table 1~ Clinicafl charé‘dteﬁstics and laboratory data.

#7

#3

#1 #2 #3 #4 #5 #6
Age at first visit 43 48 56 79 81 55 59 60 69
Gender Female Female Female Female Female Male Male Male Male
Smoking status (pack-years) Ex- Never- Never- Never- Never- Never-smoker Ex-smoker (16} Never- Never-
smoker smoker smoker smoker smoker smoker smoker
History of pneumothorax Yes Yes Yes Yes Yes Yes No No Yes
Recurrence of penumothorax Yes Yes No No No Yes No No MNo
Administration of steroids Yes No No No Yes Yes Yes Yes No
Medical history other than Herpes Hemorrhagic colitis by Lung trans-
penumomthorax Zoster, goiter E. coli 0157 plantation®
Comorbidities in the course of the MAC” Pneumo-
disease mediastinum
Body mass index (kg/m?) 16.0 16.6 16.2 17.1 17.9 17.4 15.2 19.8 156
First symptoms Dry Exertional Dry Exertinal Weight loss Chest pain Exertional Exertional Chest
cough dyspnea cough dyspnea dyspnea dyspnea pain
Crackles Audible Not audible Audible Audible Audible Not audible Not audible Audible Audible
KL-6 (U/ml) 550 412 460 509 1060 293 260 558 1117
SP-A (ng/ml) 355 723 563 s4
SP-D (ng/ml) 717 255 153 268 156 107
Period from the first onset® to the last 5.1 5.5 6.3 1.8 2.8 122 7.3 33 42
follow-up (years)
Period from the first symptom to the 5.1 5.5 1 1.8 29 5.7 5.4 33 42
last follow-up (years)
Prognosis Died Alive Alive Died Died Died Died Alive Died

KL-6, Krebs von den Lungen-6; SP-A, surfactant protein A; SP-D, surfactant protein D.
® Lung transplatation was performed after 3.5 years of the onset of the symptom.
® Pulmonary mycobacterium avium complex diesase.

¢ First onset means the time of the first recognition of abnormal findings on chest radiograph.
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Fig. 1 - Chest radiograph and CT scan of patient 6. (a) Chest radiograph; (b) HRCT of the upper lung fields; {c) GT of the lower

lung fields. :

gjﬁ%g f%« ‘

Fig. 2 - Biopsy specimens of patient 6. (a) Low-magnification view of a biopsy specimen (EVG). (b) Higher magnification view
of the biopsy specimen (EVG).

thoracostomy. Steroids were administered to 5 patients, but
without benefit. All patients were slender, with BMIs varying
between 16.0 kg/m? and 19.8 kg/m?. Six patients had audible
crackles. The serum SP-D level (normal <110ng/mL) was
elevated in 4 of the 6 patients for whom data on this variable
were available. The KL-6 level (normal <500 U/mL}) at admis-
sion to our hospitals was elevated in patients 1, 4, 5, 8, and 9,
and increased to above the normal range in patients 2 and 6
during the course of the disease (data not shown). The
follow-up periods from the first recognition of abnormal
findings on chest radiographs varied from 1.8 to 12.2 years.
The follow-up periods from the first symptoms varied from
1.0 to 5.7 years. Six patients died within 1.8 to 5.7 years of the
onset of the first symptom (Table 1).

3.2.  Imaging findings

Fig. la shows a chest radiograph from patient 6. Bilateral apical
pleural thickening and elevated hilar shadows were associated
with a bilateral loss of volume of the upper lobes. A HRCT scan
of the upper lobes of this patient (Fig. 1b) shows irregularly
shaped nodular and reticular opacities with thickened subpleural
parenchyma. This was associated with interlobular septal thick-
ening. In contrast with the upper lobes, there were minimal

changes in the lower lobes; scattered nodular opacities were
evident (Fig. 1c). All patients had upper lobe-predominant
lesions, and in patients 4 and 8, reticular or honeycomb opacities
appeared in the bilateral basal areas during follow-up.

3.3.  Histological findings

In patient 6, the marked band-like subpleural deposition of
elastin extended along the visceral pleura, which was partally
thickened, contained hyalinized collagen. The border between
the band of elastic fibers and the less-involved lung parenchyma
was sharply demarcated (Fig. 2a). At higher magnification, it was
evident that the alveolar lumens were filled with mature
collagen in the subpleural areas. At the border between normal
lung and intra-alveolar fibrosis, there were alveoli filled with a
proliferation of fibroblasts. Toward the pleural surface, collagen-
filled alvecli were gradually replaced by densely packed elastic
fibers resulting from the collapse of the alvecli {Fig. 2b). Isolated
areas of fibrosis in which mature collagen filled the alveolar
lumens were observed distant to the subpleural fibroelastosis.
Inflammatory cell infiltration was minimal.

Histological findings for other patients were similar to
those for patient 6. Subpleural intraalveolar collagen deposits
with preserved alveolar structures and the condensation of
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compressed alveoli with minimal deposition of collagen were
dominant histological features. The fibrosis was dissimilar to
usual interstitial pneumonia (UIP).

The pleura was remarkably thickened by dense collagen in
patients 5 and 9 (Fig. ). In the remaining patients, pleural
thickening, if present, was not as remarkable (Fig. 4).

Imaging and microscopic findings of all 9 patients are
summarized in Table 2, Intraalveolar collagen deposition
and subpleural elastosis are core and common microscopic
findings.

3.4.  Baseline values and yearly decline in respiratory
function parameters

The baseline levels of FVC (% pred) were low for all patients.
The baseline levels of TLC, FRC, RV, and DLco varied among
patients (Table 3), and may have been influenced by the time
of their first visit. There was a marked decline in FVC (AFVC)
in all patients over time that was almost linear (median,
—20.3%; range, —7.7% to ~26.5%) (Table 4 and Fig. 5). TLC, FRC,
and DLco also declined sharply (Table 4).

In patients 1, 5, and 7, steroid treatment was started at 3,
1.44, and 1.92 years, respectively, after the onset of the first
symptoms. In patient 8, steroid treatment had been started

B

more than 1 year before the onset of the first symptom.
Patient 6 received steroids after the last FVC measurement.
Steroids did not appear to slow the decline in FVC.

4, Discussion

We present 9 patients with IPUFE. By examining the biopsy or
autopsy specimens obtained from the patients, we have identi-
fied the following common pathological findings: (1) densely
packed elastic fibers, a result of the gathering of collapsed
alveoli in the subpleural areas of the upper lobes (elastosis),
associated with the deposition of mature collagen filling the
alveolar lumens (intraalveolar fibrosis); (2) abrupt transitions
from the subpleural fibrotic areas to less-involved pulmonary
parenchyma; (3) isolated fibrotic areas in which mature col-
lagen-filled alveolar lumens occasionally observed in lung
parenchyma distant from the subpleural fibroelastosis; (4)
minimal degrees of destruction of the lung architecture and
inflammatory infiltration; and (5) occasionally thickened visc-
eral pleura containing hyalinized collagen fibers.

IPUF has been described previously [2-18], and various
terms have been adopted to describe pulmonary upper lobe
fibrosis of unknown etiology. There are no standard criteria

Fig. 3 - Low-magnification view of an autopsy specimen from patient 9. Pleural thickening with dense collagen is associated

with subpleural elastosis and intraalveolar fibrosis (EVG).

Fig. 4 - Low-magnification view of a biopsy specimen from patient 7. Subpleural elastosis is prominent without pleural

thickening (EVG).
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‘Table 2~ 'Sumrriary of GT and ‘microscopic findings ‘of nine cases.

Patient

Patient 4

CT findings

Upper lobe involvement

Middle and/or lower lobe involvement at first visit

+

Middle and/or lower lobe invovement at the last follow-up

Honeycombing or reticular opacities in lower lobes

Microscopic findings

Preserved Preserved Preserved Preserved Preserved Preserved Preserved Preserved

Preserved

Alveolar structures in upper lobes, preserved or destroyed

Intra-alveoclar collagen deposition

Subpleural elastosis

+

Pleural thickening with fibrosis

for its diagnosis and there is no consensus as to its entityas a
disease. However, in Japan in 1992, Amitani et al. [6] reported
13 patients with IPUF, including 5 surgically biopsied or
autopsied cases and presented their clinical and histological
characteristics, i.e., (1) slender stature; (2) progressive bilat-
eral subpleural fibrosis in the upper lobes with bullae but
without honeycombing; (3) recurrent pneumothorax; (4) no
extrathoracic lesions; (5) no acid-fast bacilli identified, and no
effect of antituberculous drugs; (6) aspergillus infection may
be superimposed; and (7) slowly progressive and fatal with
10-20 years of presentation. Since then, there have been
many other Japanese case reports [7-13,18]. Although Ami-
tani did not mention the pleural thickening that Frankel et al.
[14] and Becker et al. [15] later described, upper lobe-domi-
nant intraalveolar fibrosis and elastosis in the subpleural area’
are common and are fundamental histological findings in
these papers.

Patients in Amitani’s report appeared to survive longer
than our patients. However, survival time is based on the
time of initiation of follow up. In our patient 6, subtle
abnormal shadows were first seen on a chest radiograph at
an annual health check-up, and he died 12.2 years after the
check-up. Thus, the subclinical stage of the disease might be
longer, and the disease might progress rapidly only after the
first symptoms appear.

The clinical characteristics of this disorder are also distinct
from those of other 1IPs. It seems to be unrelated to smoking
status. In our study, 7 of the 9 patients had never smoked,
and 2 were ex-smokers. Smoking status in the study of
Frankel et al. [14] was similar to that of our group. All of
our patients were slender, Patients mentioned in previous
reports of similar cases [2,5-13] experienced weight loss.
History of pneumothorax is another clinical characteristic
of this condition. Seven of our 9 patients had a history of
pneumothorax. Amitani et al. [6] reported that 7 of their 13
patients had histories of recurrent or bilateral pneumothorax.
Other previous reports also mentioned patients with pneu-
mothorax {2,7-10,12,13,15].

IPUF appears to start with upper lobe-dominant fibrosis.
Initially, there is minimal involvement of the lower lobes, but
the fibrosis extends to the lower lobes as the disease pro-
gresses. All of the patients in our study had lesions in both
upper and lower lobes. Pure upper lobe fibrosis was found
only in 1 patient (patient 9) at the start of the follow up.
However, as the disease progressed, lower lobe lesions
appeared. Subtle lower lobe lesions on chest CT that were
not identified by chest radiograph were also found in patient
6 (Fig. 1). Although Amitani et al. [6] emphasize the impor-
tance of upper lobe-localized fibrosis, they do not entirely
deny the existence of middle/lower lobe fibrosis. In their
paper, they defined the lesions of middle/lower lobes as
“almost normal” Moreovey, CT images were not available
for Amitani’s research.

The main lesions are located in the subpleural pulmonary
parenchyma, with or without involvement cf the visceral
pleura, and the remaining lung parenchyma appears almost
normal. This progression and pathology is unique. However,
the existence of bilateral basal reticular or honeycomb
opacities (Patients 4 and 8) raises the possibility that this
disorder could overlap with other idiopathic interstitial
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Table 3 ~ Baseline values of respiratory function parameters,

#5

#6

49

#8

Patients #1 #2 #3 #4 #7
FVC (ml) 1680 2030 1400 1400 1830 3030 1160 2580 2530
FVC % pred 56 63 54 64 80 77 28 75 80
TLC (ml) 3560 3750 3160 3730 4360 1890

TLC % pred 83 94 80 96 76 32

FRC (mL) 2730 2550 2350 2700 2970 1180

ERC % pred 120 105 91 99 0 35

RV (mL) 2080 1560 1860 1900 1280 630

RV % pred 139 116 121 107 68 34

RV/TLC (%) 58 42 59 51 29 36

DLco {mL/min/mmHg) 135 18.4 11.8 9.8 14.3 10.3

DLco % pred 65 115 83 79 84 59

FVC, forced vital capacity; TLC, total lung capacity; FRC, functional reserve capacity; RV, residual volume; DLco, diffusing capacity of carbon

monoxide.

Table 4 - Change per year of respiratory function parameters,

Patients #1 #2 #3 #4 #5 #6 #7 #8 #9
AFVC (ml) ~323 ~284 “ e ~416 ~650 ~94 ~494 ~588
AFVC (%) ~20.3 ~13.0 ~22.9 ~22.0 ~7.7 ~18.9 -26.5
ATLC {mL) ~862 ~493 ~1109 ~821

ATLC (%) -24.2 ~12.9 -30.3 ~18.2

AFRC (mlL) —-692 ~305 863 550

AFRC (%) -25.3 =117 ~32.9 ~17.7

ARV (mL) ~723 ~198 ~707 +11

ARV (%) ~34.8 ~12.7 ~40.4 +0.82

ADLco (mL/min/mmHg) -1.07 -2.60 -2.65 ~3.90

ADLco (%) -8.0 ~13.6 ~26.8 ~26.7

Follow-up periods of FVC (years) 3.58 3.42 0.39 0 2,25 4.67 1.58 2,95 3.15

4, percent change per year from baseline; FVC, forced vital capacity; TLC, total lung capacity; FRC, functional reserve capacity; RV, residual
volume; DLco, diffusing capacity of carbon monoxide.
“In patient 3, FVC was measured two times with an interval of 0.39 years (1400 mL at baseline and 1220 mL at 2nd measurement), and
b FVC was measured only one time in patient 4.
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Fig. 5 - In each graph, the top of the vertical axis shows 100% of FVC as predicted for each patient at the first measurement,
and the horizontal axis shows the time when the first symptom appeared (year 0, left) to the time of the last follow-up
(right). Panels a, b, ¢, d, e, f, and g represent patients 1, 2, 5, 6, 7, 8, and 9, respectively. Declines in FVG (4FVC) with time were

large and almost linear.
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Table 5 - Sumn’iary of imaging and microscopic findings, and prognosis in previous papers and ours.

Prognoéié

Micrbscopic ﬁndir/ig\s'

‘ Imaging ﬁndings

Authors [reference no.], year

dead/alive

Alveolar structures

Honeycombing or

Intra-

Subpleural
elastosis

Pleural thickening
with fibrosis

Lower lobe

alveolar

in the upper lobes, .

reticular opacitites in

the basal areas

involvement

collagen

preserved or destroyed

deposition

2/s

Yes (Case 1) Yes Preserved
No

Yes

Davies et al. {2}, 1975

5/8
/1

Yes

Yes

Minimal No Preserved
Yes

Amitani et al. [6], 1992

Yes
Yes

Preserved Yes

Mild
Mild

No

Yes
Yes

Kobayashi et al. {7], 1999

3/4
0/2
1/0

1/0

Yes

Preserved
Preseyved

Yes

Shiota et al. [12], 1999
Jingu et al. {13}, 1999

1 Yes, 1 no

No

Yes
Yes
Yes

Yes

No Preserved

No

Kobashi et al. {8], 2000

Yes

Mild Preserved
Yes

No

Yes

Twama et al. {9}, 2000

2/3

Yes

Preserved

Absent or less marked

Frankel et al. {14}, 2004
Becker et al. [15], 2008
Nei et al. [10], 2009

171

10

Yes
Yes
Yes

Preserved
Preserved
Preserved
Preserved

Yes
Yes

o]
[o]

No

Yes
Yes

Yes

o/1

No

Minimal
Yes

Morimoto et al. {11}, 2010
Kaneko et al. [18], 2010

0/1

Yes

Yes

Yes
Yes

No

22

Yes

Yes
Yes
Yes

Preserved
Preserved

Yes

von den Thusen et al. {27}, 2011
Reddy et al. [17], 2012

Our study

5/6
6/3

Yes
Yes

11 Yes, 1 no

Yes

Yes

Preserved

6 Yes, 3 no

Yes

Yes (Cases 4 and 8)

pneumonias such as IPE. Table 5 is a summary of imaging and
microscopic findings for our patients and those from pre-
viously reported literature. Core pathologic findings (intra-
alveolar fibrosis and subpleural elastosis) were noted in
almost all reports, and were also found in our patients with
IPF-like changes (patients 4 and 8). As we assert that these
core pathologic findings are fundamental for a diagnosis of
IPUF, patients who had pathologic IPUF and imaging features
of UIP are categorized as those in 1 of the 3 subsets of IPUF
that we tentatively propose (Table 6), although we did not
confirm UIP lesions histologically in these 2 patients. Upper-
lobe localized fibrosis might be an initial stage of idiopathic
pulmonary upper lobe fibrosis, later deteriorating with multi-
ple lobe involvement. We sometimes encounter a combina-
tion of UIP and NSIP when multiple lobes are biopsied. The 2
subsets of chronic pulmonary fibrosis of unknown etiology
may coexist as UIP and NSIP. Reddy et al. [17] also mentioned
a coexistent fibrosis in the lower lobes of PPFE patients.

What do the alveoli filled with mature collagen signify?
These give the tissue the appearance of the obsolete condi-
tion of organizing pneumonia without resolution. It is prob-
able that the foci of organizing pneumonia with incomplete
resolution become chronically compressed in the subpleural
area, causing elastosis. However, elastosis is not a specific
feature of IPUF. It is also found in UIP as a gathering of
compressed alveoli in the walls between honeycomb cysts.
Organizing pneumonia without resolution in IPUF might be
the initial lesion that progresses to subpleural fibroelastosis,
as is the case with fibroblastic foci in UIP.

IPUF and IPPFE [14-17] may belong to the same disease
spectrum, but there are some differences. Pleural fibrosis is
not a dominant histological feature in IPUF. Among 9 reports
from Japan, including ours [6-13,18], microscopic pleural
fibrosis was documented by only 3 investigators [10,18],
although “minimal” pleural fibrosis was noted in 3 reports
[7,8,12]. In our series, pleural thickening with dense collagen
was prominent in patients 5 and 9, present but localized in
patients 1, 2, 3, and 6, was absent in patients 4, 7, and 8.
Pleural thickening-like findings on CT were largely due to the
subpleural parenchymal fibrosis. However, previous reports
mention a spectrum of pleuroparenchymal fibroses, from
cryptogenic pleural fibrosis [24,25] to pure cryptogenic pul-
monary fibrosis. Reddy et al. {17] reported 12 cases of PPFE.
Their report included patients with PPFE without pleural
thickening of fibrosis, who were categorized as not “definite”
but “consistent” with PPFE.

Another difference is comorbidities or complicating condi-
tions. In the study of Frankel et al. [14], 2 patients had
received anticancer chemotherapy and chemoradiotherapy
for breast cancer, 1 patient had Charcot-Marie-Tooth disease,
and the remaining 2 patients were twin sisters. Similarly, in
the study of Becker et al. [15], 1 patient had received extensive
chemotherapy and autologous stem cell transplant because

f follicular center cell lymphoma, and the other patient had
emphysema with severe obstructive ventilatory impairment
that was inconsistent with pleuroparenchymal fibrotic dis-
ease. In the study of Piciucchi et al. {16}, 1 patient had a
suspected exposure to asbestos with calcified plagques on CT.

Upper-lobe fibrosis with pleural fibrosis occurs in clinical
situations such as asbestos exposure, collagen vascular
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Table 6 - !‘diopathic éixlmohafy upper Iobe fibrosis,

Microscopic findings

CT findings
Upper lobe Middle and/ Reticular or Intra- Subpleural Pleural
involvement or lower honeycomb alveolar elastosis thickening
lobe opacities in fibrosis with
involvement lower lobes fibrosis
Idiopathic Upper lobe-localized + - - + + + or -
pulmonary fibrosis
upper lobe Upper lobe- + + - + + 4+ or -
fibrosis predominant fibrosis
Upper lobe- 4 + + + + + or —
predominant fibrosis
associated with UlP-like
lesions in lower lobes
diseases, irradiation, exposure to drugs and anticancer che-
motherapy, and as a complication after lung transplantation Acknowledgments

[26] or bone marrow transplantation [27]. Reddy et al. [17]
emphasized recurrent infections, autoimmunity, and genetic
predisposition in terms of the etiology of PPFE. The secondary
form of this disorder should be differentiated from the
idiopathic form.

Five of the 9 patients in our series had elevated levels of KL-
6 at the initial measurement, and 2 of the remaining 4
patients developed elevated levels of KL-6 during the course
of the disease. Three of the 4 patients had elevated levels of
SP-D. These data suggest that alveolar epithelial cells are
likely to be involved in the fibrotic process of the disease, as
in fibrosing or cellular IIP [28].

The yearly decline in respiratory function in IPUF was
remarkable, irrespective of the administration of steroids,
and was more rapid than that observed for chronic fibrosing
interstitial pneumonias such as UIP and fibrotic nonspecific
interstitial pneumonia. The annual decline in FVC relative to
baseline levels of the 7 patients in our study was greater than
that in our previous report {22] and in other reports [29,30]. In
our study, all respiratory function tests were performed after
symptoms appeared. As mentioned above, as was seen in this
study, it is possible that a subclinical stage without symp-
toms but with an abnormal chest radiograph occurs, but
when our patients entered the symptomatic period of IPUF
respiratory function deteriorated rapidly.

In conclusion, we have presented 9 cases of IPUF as a rare
but distinct form of pulmonary fibrosis that has an upper
lobe-dominant distribution. In IPUF, ventilatory function
deteriorates rapidly and the prognosis is poor. Steroid treat-
ment does not seem to change the course of this disease. The
number of patients in our study was small. Larger-scale
studies will be needed to support our findings and to estab-
lish a category for this disorder.
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ARTICLE INFO ABSTRACT

Aim: The aim of this study was to assess the effectiveness of the two-part semi-rigid oral appliance,
Silensor® (Erkodent, Tuttlingen, Germany) which prevents the mandible from retracting during mouth
opening.
Materials and methods: Ten patients with mild or moderate obstructive sleep apnea (2 males and 8
females; mean age =62.5 + 10.0 years) were recruited and lateral cephalometric radiographs were taken.
The patients underwent polysomnography before and after 3 months of receiving treatment with the
Silensor®. The relationship between the improvement in the polysomnographic variables after the ther-
apy and the cephalometric features was analyzed.
Results: A significant difference was observed in the apnea~hypopnea index after 3 months of Silensor®
therapy (1st (baseline), 17.145.5; 2nd (therapy of Silensor®), 11.0+7.2, p=0.011). Furthermore there
was a significant positive correlation between the improvement in the degree of slow wave sleep (%)
and the mandibular plane angle (R=0.662, p=0.037), as well as between the improvement in degree of
slow wave sleep (%) and the lower face height (R=0.845, p=0.002). A significant negative correlation was
observed between the improvement in degree of sleep efficiency (%) and the soft palate area (R= —0.809,
p=0.005).
Conclusion: These results suggested that keeping the nasopharyngeal airway space during mouth opening
improves apnea-hypopnea index of some patients with mild or moderate obstructive sleep apnea and
quality of sleep in obstructive sleep apnea patients with a long lower face height and a small soft palate.
© 2012 Japanese Stomatological Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Obstructive sleep apnea (OSA) is caused by narrowing of the
pharyngeal space and a sleep-induced loss of muscle tone. Nasal
continuous positive airway pressure (nCPAP) has become a stan-
dard treatment of OSA, while mandibular advancement splints
(MASs) have been used for patients with mild to moderate OSA
or those who were unable to tolerate nCPAP. By advancing the
mandible and stretching the tongue, MASs enlarge the pharyngeal
airway space. Most of the MASs take a monobloc form, but a rigid
MAS putsastrainon the temporomandibular joints [ 1]. Onthe other
hand, a two-part and semi-rigid oral appliance (OA) produced less
discomfort and obtained an adequate result in compliance [2] in
spite of an inferior effectiveness compared to a rigid MAS {3]. The

* Corresponding author. Tel.: +81 92 801 1011; fax: +81 92 801 1044.
E-mail address: george@minf.med.fukuoka-u.acjp (G, Umemoto).

characteristic of the two-part semi-rigid OA, Silensor® (Erkodent,
Tuttlingen, Germany) is to advance the mandible during mouth
opening and return the mandible near the occlusal position during
mouth closing. Therefore, avoiding the mandible retracting dur-
ing opening is thought to be the main treatment mechanism of
Silensor®,

However, there were not precise criteria for the selection of
an appliance design and information as to which patients may be
expected to benefit from Silensor® was not available. Cephalomet-
ric features associated with a good airway response to protrusion
are areduced lower facial height, a low mandibular plane angle, and
a high hyoid position [4-6], and the perpendicular distance from
the hyoid bone to the mandibular plane is animportant predictor of
improvement in the apnea~hypopnea index (AHI) by MAS therapy
[6,7]. The aims of the present study were to assess the effectiveness
of Silensor®, analyzing the change in sleep quality before and after
the therapy and the relationship between the improvement in the
degree of the polysomnographic variables after the therapy and the

1348-8643/$ - see front matter © 2012 Japanese Stomatological Society. Published by Elsevier Ltd. All rights reserved.
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cephalometric features, and to demonstrate which patients may be
suitable for Silensor® therapy.

2. Patients and methods
2.1. Participants

Thirty-four patients were diagnosed as having mild or moderate
OSA (AHI, 5~30/h) which was not susceptible to nCPAP treatment
by pulmonologists after polysomnography (PSG)at the Department
of Respiratory Medicine, Faculty of Medicine, Fukuoka University,
between July 2007 and March 2010. They were referred to our
department for the purpose of receiving treatment with OA and
edentulous patients or those with severe periodontic or temporo-
mandibular joint disease were excluded. Ten participants (2 males
and 8 females; mean age=62.9+10.0 years; age range, 38-76
years) of the thirty-four patients wore Silensor® for 3 months and
underwent second follow-up PSG (Table 1). The participants had a
mean body mass index (BMI) of 23.8 & 3.9 kg/m? and a mean body
weight of 58.0+6.9kg. Two patients had type 2 diabetes melli-
tus and five patients showed cardiovascular diseases. All of the
participants started the Silensor® therapy with no nCPAP therapy.
Informed consent was obtained from all participants.

2.2. Facial morphology by cephalogram analysis

Lateral cephalometric radiographs were taken with the teeth
in occlusion and following a standardized procedure. The maxil-
lary plane horizontal (S, center of Sella turcica to N, most anterior
point of frontonasal suture), mandibular plane (Go, the left end of
lower jaw border line to Me, the right end), point ‘A’ which is the
anterior point of the maxillary apical base, and point ‘B’ which is
the mandibular apical base and anterior nasal spine (ANS) were
identified. The mandibular plane angle, which is formed from the
intersection of the mandibular plane and the Frankfurt plane (Po,
the highest point of the external acoustic meatus to Or, the most
inferior point of the infraorbital rim), position of the maxilla (SNA
angle), position of the mandible (SNB angle), lower face height
(ANS-Me/N-Me ratio), hyoid to mandible plane (hyoid bone vertical
position relative to mandible plane), tongue area (bounded by dor-
surn configuration of tongue surface and lines that connect tongue
tip, retrognathion, hyoidale, and base of epiglottis) and soft palate
area (starts and ends at posterior nasal spine through most infe-
rior tip of soft palate) [8] were measured by cephalogram analysis
(Fig. 1). A high mandibular plane angle, a low SNA angle, and a high
lower face height were regarded as a steep mandibular plane and
a posteriorly positioned maxilla, or a “long face” as it is commonly
called. In addition to the variables, a low SNB angle which indicates
a retractive mandible, a low hyoid position, a large tongue propor-
tion, and a long thick palate were thought to be high risk factors for
a decrease in oropharyngeal airway space or OSA [4].

2.3. The two-part semi-rigid OA, Silensor®

The two-part, semi-rigid OA, Silensor®, made of transparent
hard polyethylene materials 2 mm thick, was used for the study
(Fig. 2). Upper and lower elements were joined by plastic straps
23mm or 24mm long running from the upper canine to the
lower molar regions. During mandibular closing, Silensor® was so
adjusted that the mandible could return to the position, in which
vertical dimension was increased by approximately 4mm by the
splint material from the occlusal position. This orientation of the
connectors permitted only forward movement of the mandible
during approximately 4-8 mm mouth opening, and avoided the
reduction of the airway normally associated with mandibular open-
ing. Participants were instructed on how to fit the Silensor® and

Hyoid fo.

mandible plane

Fig. 1. Variables used for cephalometric analysis. The maxillary plane horizontal (S,
center of Sella turcica to N, most anterior point of frontonasal suture), mandibular
plane (Go, the left end of lower jaw border line to Me, the right end), point ‘A’ is
the anterior point of the maxillary apical base, and point ‘B’ is the mandibular apical
base and anterior nasal spine (ANS). The mandibular plane angle, is formed from the
intersection of the mandibular plane and the Frankfurt plane (Po, the highest point
of the external acoustic meatus to Or, the most inferior point of the infraorbital rim),
position of the maxilla (SNA angle), position of the mandible (SNB angle).

it was worn nightly for 3 months. After 3 months of receiving
treatment, they were asked about the existence of side effects and
improvement of daytime sleepiness using the Epworth Sleepiness
Scale (ESS) [9], sound sleep, and feelings on waking up.

2.4. Polysomnography

Standard overnight PSG included continuous monitoring using
central electroencephalograms, electrooculograms, submental and
anterior tibial electromyograms, and electrocardiograms with con-
ventional leads. Airflow was monitored using oral and nasal
thermistors, and respiratory effort was measured by respi-
ratory inductance plethysmography with transducers placed
around the chest and abdomen. Oxyhemoglobin saturation was
recorded continuously using a pulse oximeter. All variables were
recorded continuocusly using Rembrandt (Medcare, Amsterdam,
The Netherlands). Apnea was defined as the cessation of airflow
for at least 10s, and hypopnea was defined as a 50% or greater
reduction in airflow for at least 10s with oxygen desaturation of
more than 3%. All recordings were scored directly on the screen by
a RPSGT (Registered Polysomnographic Technologist) and a certi-
fied physician of sleep medicine, Japanese Society of Sleep Research
using the standard criteria of Rechtshaffen and Kales [10,11}.

2.5. Change in sleep quality between before and after the
Silensor® therapy

To assess the change in sleep quality by Silensor® therapy, two
sets of polysomnographic variables were obtained before and after
3 months of receiving treatment with Silensor® and the results
obtained from each time point were compared. Polysomnographic
variables included the AHI, lowest SpO2, arousal index, snoring
index, periodic leg movement (PLM) index, sleep efficiency (SE),
sleep ratio (stages 1-4 and REM), and slow wave sleep percent
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Table 1
Clinical features of the 10 obstructive sleep apnea participants,

Sex Age (years)  Body mass Mandibular  SNA SNB ANE Lower fare Hyoid o Tongue area  Soft palate area
index (kgm~?) plane angle  (deg) (deg.) (cesy height (%) manehible plane (mm?) {rmdy
{deg.) {mim)
Case 1 F 38 236 337 858 836 2.2 58.5 133 1754 168
Case2 M 63 19,1 27.3 795 795 ~{.1 569 7.0 2120 202
Case 3 F ] 22 456 80,1 778 2.3 5886 165 1860 164
Cased ™ G2 224 34.2 789 80.2 ~13 571 178 2180 216
Case5 F 66 30.1 323 79.7 75.3 4.2 57.2 9.5 1974 173
Case s T GG 23.5 245 787 777 2.0 58.0 @ 2109 153
Case7 F 67 2481 291 784 794 1.0 535 155 1505 262
Case8 F 76 265 283 787 775 1.2 6.0 174 1791 162
Cased F 58 239 24.4 83.1 81.5 L6 57.4 57 2106 155
Casel0 F 69 181 308 725 704 2 58.7 a 2137 172
Mean 525 238 310 79.6 783 1.3 572 49,7 1993 182.7
(5D (0.0 (393 (6.2) (3,49 (3.5) (1.7 (1.5 (6.5) (156.5) (34.4)

Fig. 2. The two-pars, semi-rigid OA, Silensor™,

of total sleep time. The improvements in degree of AHI, arousal
index, and snoring index were calculated by subtracting the sec-
ond value obtained after Silensor® therapy from the first value and
the improvements in degree of lowest Sp02, 8L, and slow wave
sleep (%) were calculated by subtracting the first value from the
second value.

2.6, Data analysis

Paired t-tests were used to compare the two sets of pojysomno-
graphic variables,

Pearson correlation coefficient was used to measure linear
relationships between the improvement in degree of polysomno-
graphic variables and cephalometric variables.

Statistical data were analyzed using the Statistic Package for
Social Science (IBM SPSS, Armonk, NY, USA) for Windows and
P <0.05 was considered significant.

3. Results

There was no significant difference between the body weight
obtained before and after 3 months of receiving treatment
with Silensor® [1st (baseline), 58.0::6.9kg; 2nd (therapy with
Silensor®), 58.0 + 7.0 kg, p=0.967]. The body weight of the partici-
pants did not change more than 2 kg during the 3 months.

A significant difference was observed in the AHI obtained
before and after the Silensor® therapy (17.1£5.5 and 11.04£7.2,
respectively, p=0.011) (Table 2). There were three (30%) complete
responders (AHI with Silensor® < 5), six (60%) responders (AHI with
Silensor® 2 5), and four (40%) non-responders (defined as improve-
ment in AHI of <25%) (Fig. 3). However, there was no significant
difference in the other polysomnographic variables obtained before
and after the treatment.

A significant positive correlation was observed between the
improvement in degree of slow wave sleep (%) and the mandibu-
lar plane angle (R=0.719, p=0.019), as well as between the

improvement in degree of slow wave sleep (%), and the lower face
height (R=0.845, p=0.002) (Fig. 4). Furthermore, a significant cor-
relation was observed between the improvement in degree of sleep
efficiency (%) and the lower face height (R=0.742, p=0.014), as
well as between the improvement in degree of sleep efficiency (%)
and the soft palate area (R=-0.809, p=0.005) (Fig. 5). No signif-
icant correlation was observed between the other improvements
in degree of other polysomnographic variables, including AHI, and
the cephalometric variables (Table 3).

After 3 months of the Silensor® therapy, no participants
reported discomfort with Silensor® or side effects with the
Silensor® therapy, including temporomandibular pain or occlusion
change in the morning. Five of the ten participants (50%) reported
improvement in daytime sleepiness after the treatment and there
was a significant difference in the ESS before and after the Silensor®
therapy (6.3 £2.4 and 4.1 & 1.7, respectively, p=0.013). During the
Silensor® therapy, seven participants (70%) felt as though they were

/hr £=0.011
35 e o

30

25

15

10

1st (baseline) 2nd (therapy of Silensor®)

Fig. 3. Change in apnea-hypopnea index between the two points.



