TECHNICAL REPORT
RERF TR 14-87

¥R &w

TRACHEOBRONCHIAL CALCIFICATION IN ADULT HEALTH
STUDY SUBJECTS

BRARBRRAENRELSISIRETREXRT L

TATSURO FUKUYA, M.D. 4 % it &5
FUTOSHI MIHARA, M.D. =& *
SHO KUDO, M.D. L #*

WALTER J. RUSSELL, M.D., D.M.Sc.
ROBERT R. DELONGCHAMP, M.P.H.
MICHAEL VAETH, Ph.D.

YUTAKA HOSODA, M.D. #if #

E/
ﬁ sﬁﬁﬁ
RERF
RADIATION EFFECTS RESEARCH FOUNDATION
BEEA M OB 8 % OB WM ® P

A cooperative Japan - United States Research Organization

B x # @B M ® # M



ACKNOWLEDGMENT
# &

The authors are grateful to Stuart C. Finch, M.D. for reviewing the manuscript and for
his suggestions, and to Tsutomu Yamamoto, M.D. and Ryuzo Hiyama, M.T. for their
assistance in preparing the histopathological sections. They are indebted to Mrs. Setsuko
Nakamura for her assistance in preparing the manuscript.

AMRECHMMBICHG L EHER, IS 420205 Stuart C. Finch 84, W81z
A @B AV 220 LlF BEERUCR ISR CE#HOZEE BNz, T2,
BRI L E D 22w AmHBFRIIS L TLBREL £ 5.

RERF TECHNICAL REPORT SERIES
MR EBMRERE

The RERF Technical Reports provide the official bilingual statements required to meet the
needs of Japanese and American staff members, consultants, and advisory groups. The
Technical Report Series is not intended to supplant regular journal publication.
BOERR AR S AL, RN A, B, RO ERICIE 3 200 0 MR
LAELAMELGETH S, EHBEHTAROE LEZR LI HILOTIE V.

The Radiation Effects Research Foundation (formerly ABCC) was established in April 1975 as

a private nonprofit Japanese Foundation, supported equally by the Government of Japan

through the Ministry of Health and Welfare, and the Government of the United States through
the National Academy of Sciences under contract with the Department of Energy.

Bt s IR AT (FEABCC) 13, RHISOE4H 1 HIZAMEAL LTRELALOT, O8I Kl B O
EmAHIzED, AR ESOHE, ¥ERZ AV -HEoRHII kT CREY EROMBEEEL - T
MEErhTns.



RERF TR 14-87

Research Project A7 EERE 2-75

TRACHEOBRONCHIAL CALCIFICATION IN ADULT HEALTH

BRAREHRERRZECSTISEIEXTREA

TATSURO FUKUYA, M.D.( &% #80 )!; FUTOSHI MIHARA, MD.( =& & )
SHO KUDO, M.D.( L# # )*; WALTER J. RUSSELL, M.D., D.M.Sc.2
ROBERT R. DELONGCHAMP, M.P.H.%; MICHAEL VAETH, Ph.D.2;
YUTAKA HOSODA, M.D.( #imE # )*

Departments of Clinical Studies* (Division of Radiology 1) and Statistics?,

BEARBFZEAEY (BCAT#Rt), BEatdee, AFoRifrimm 2

H% RADIATION EFFECTS RESEARCH FOUNDATION

RERF M H & A o R W O R AT
STUDY SUBJECTS
and Research Consultant?

SUMMARY

Tracheobronchial calcification is reportedly more
frequent in women than in men. Ten cases of
extensive tracheobronchial calcification were iden-
tified on chest radiographs of 1,152 consecutively
examined Adult Health Study subjects, for a preva-
lence of 0.87%. An additional 51 subjects having
this coded diagnosis were identified among 11,758
members of this fixed population sample. Sixty of
the 61 subjects were women. The manifestations
and extent of this type of calcification and its cor-
relations with clinical and histopathologic features,
which have not been previously reported, are de-
scribed here.

INTRODUCTION

Tracheobronchial calcification is considered a phys-
iological process and has been reported to be more
frequent in women than in men.? Edge et al®
described 37 such cases among 100 elderly per-
sons. According to Harasawa et al,* it occurs in
1.5% of men and 4.1% of women. The extents of
such calcifications and their correlations with clini-
cal, histopathologic, and other radiological findings
have not been reported. The present study estab-
lished the frequency of this type of calcificaiton
among apparently healthy members of a fixed pop-
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ulation sample according to age, and assessed for
possible correlations with clinical, other radiologi-
cal, and histopathologic findings.

MATERIALS AND METHODS

The Adult Health Study (AHS)® conducted by
RERF, formerly ABCC, consists of a fixed popu-
lation sample originally numbering 20,000 persons
drawn at random from the A-bomb exposed and
nonexposed members of the Hiroshima and Nagasaki
populations. Biennially, all AHS subjects receive
physical and loboratory examinations and any other
diagnostic studies which are indicated. They rou-
tinely received chest radiography with 14 x 17-inch
posteroanterior (PA) stereoscopic and lateral projec-
tions. All chest radiographs are exposed at about
100 kVp and 5 mAs.

At the time of this investigation, 11,758 Hiroshima
AHS subjects had undergone chest radiography at
least once. The age and sex distribution of these
subjects is shown in Table 1.
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TABLE 1 DISTRIBUTION OF SUBJECTS AT INITIAL CHEST
RADIOGRAPHY BY AGE AND SEX

# 1 WEHE0 X AR O 8E 06, SR R UER

Age at examination

in years Men Women Total

10-19 262 270 532
20-29 . 387 640 1027
30-39 1137 2027 3164
40-49 657 1434 2091
50-59 857 1555 2412
60-69 731 1042 1773
70-79 292 369 661

80+ 30 68 98
Total 4353 7405 11758

All chest radiographs of 1,152 AHS subjects who
were consecutively examined from April to Septem-
ber 1986 were reviewed for the presence of tracheo-
bronchial calcification. Using this coded radiologi-
cal diagnosis, all AHS subjects who had been diag-
nosed as having tracheobronchial calcification were
identified, and all of their chest radiographs were
carefully scrutinized.

19864 4 AA 5 9 ADOMICB KRBT £ 17 - 721,152 £
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EREPMEICHEL .



Tracheobronchial calcification was categorized as
extensive or partial in degree, "extensive" being that
located in the cartilaginous rings of the trachea from
the level of the second thoracic vertebra to through-
out the entire main-stem bronchus; "partial” calcifi-
cation being that of any degree less than extensive.
All subjects with partial calcification were excluded
from this study.

The sites of onset of calcification, the times at which
calcification became extensive, its progression and
resolution, any resulting luminal narrowing or pro-
trusions into the lumina, and any calcification lo-
cated in other than the tracheobronchial rings were
identified during scrutiny of the radiographs. The
lung fields and mediastinum were reviewed for ev-
idence of old inflammatory diseases, such as tuber-
culosis, pleural thickening and adhesions, calcifi-
cations of the lung parenchyma and lymph nodes,
and any interval changes therein. The past histories
and clinical findings were reviewed for any medical
therapy they had received, and for any admissions
to hospitals. The data collected were assessed for
this entity’s correlation with the latter items, with
age and A-bomb exposure.

RESULTS

Ten cases of exlensive tracheobronchial calcifica-
tion were identified during the review of the chest
radiographs of the 1,152 consecutively examined
subjects, for a prevalence of 0.87%. Fifty-one ad-
radiographs of the 1,152 consecutively examined
subjects, for a prevalenc of 0.87%. Fifty-one ad-
ditional cases were identified by retrieval of this
coded diagnosis (Appendix). All radiographs were
carefully scrutinized. Sixty of the 61 cases were
women, whose mean ages were 66.3 years (SD 7.5)
at initial chest radiography and 79.0 years (SD 5.2)
at the last.

Thirty-four of the 61 subjects had extensive calcifi-
cation throughout the trachea and main-stem bronchi
at initial chest radiography. Their mean age at ini-
tial radiography was 69.3 years (SD 7.6) with a
range of 55 to 93 years. Twenty-seven subjects
showed no extensive calcification at initial radiog-
raphy; their calcifications became extensive during
follow-up examinations, and at a mean age of 72.9
years (SD 6.6). The age distributions of the 61 sub-
jects at the diagnosis of extensive calcification are
shown in Table 2.
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TABLE 2 DISTRIBUTION OF 61 SUBJECTS WITH EXTENSIVE
TRACHEOBRONCHIAL CALCIFICATION BY AGE
#2 ERBECHEIAEREZLRILFBD5R60E0D

HEE O FR N 5 A
Age Subjects with extensive Subjects whose calcification
in calcification at became extensive

years initial radiography during follow-up period
<50 0 0
50-59 3 0
60-69 14 11
70-79 16 13

80+ 1 3

Total 34 27

Among 27 cases whose calcification became exten-
sive during follow-up, partial calcification occurred
in the main-stem bronchi and interlobar bronchi be-
fore becoming extensive in 19 cases (Figures 1 and
2). Calcification first appeared in the tracheae of
five subjects; and simultaneously in the tracheae,
main-stem and interlobar bronchi of three additional

subjects. In no case was there resolution of calci-

fication. Nor was there luminal narrowing of the
trachea or bronchus, protrusion of calcification into
the lumen, or calcification outside the cartilaginous
rings (Figures 1 and 2).

BB MR R B IRAL AR GEF & 320 5 1227 P
19z v T, BIRALP R IC b 7= 2802 ER%
HRUHEMAE X CRRBER KRR s hk (F1
EU2). 5EOMEETHREMIGFICHRLS
EL, N3 ZOMBETHRE, TREXRU
HEMAEHICERICHAE L2 RIRIEATHEERL 2~
fliz s <, [RERVREZONROBERE, FNE~O
ARALO LS, HiviEkmERL SO TO
AR BSOS (1 KU 2).

in the main-stem bronchi and more peripherally, but not in the trachea. (MF;

Figure 1. Posteroanterior (A) and lateral (B) chest radiographs show an example ai calcii:cation
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Figure 2. Posteroanterior (A) and lateral (B) chest radiographs of the same case as Figure I,
12 years later, showing that the calcification has become very extensive.
M2 E1EA—Aol2E R0 (A) RUHEER(B) DX HERT, AKEAERGEIZRA XL
ZEERLTWAS.

Postinflammatory manifestations were observed in
the lung fields and mediastina of eight subjects at
their initial chest radiographies, and of nine subjects
at their last radiographies. Calcification of the lung
parenchyma or lymph nodes was observed in six at
their initial, and in seven at their last radiographies.
Pleural thickening and adhesions were observed in
8 at their initial, and in 10 at their last radiogra-
phies. Interval radiographic changes included those
of one person with active pulmonary tuberculosis
who was treated during the observation period; an-
other with diffuse pulmonary fibrosis secondary to
rheumatoid arthritis; and a third with multiple cal-
cifications, each several millimeters in diameter in
one lung field peripherally, probably in postinflam-
matory granulomas.

Concerning clinical findings and diagnoses, four
subjects each developed pneumonia once during the

observation period, all of which resolved completely.

One subject had chronic bronchitis; another, asthma
treated elsewhere as an outpatient.

Eleven subjects were deceased and 4 of these had
been autopsied. Histopathologically, the tracheal
mucosa of these four subjects was smooth. All
four had prominent calcifications in their tracheal

AE NG XM 12 8 &, AHRBRICIED
W FE OB CHERE 12 R ER O 2 A s h k.
FHF® & 5 13V ¥ 735 O B R AE G #0 ] H RE
6 &, BAMBEEILC 7 £ 6 M. TRRERE
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DiE, BREE R P A 2T i T RO 1,
MBI ) Y 7 SR D BRI ARAEAE 1 7, RO
Bl ticin s hle REEGRORFREIZ &L 5 &
B2 mmECERMRIRILLHATS - /2.

BEPRAT AR Ui L hid, 4 2oxBE S BREE M
iz LEMRABI LT WA, Zhsikefsi
LTwh, 2ofic, 120HRETBMEERE TR
T, I 1 BEMBTIHREFEE L TR THRK %
FATT W,

LNNEOHRBERFECLTEY, 2035441220 T
BEMmAT LR TV, FEHEESEMNIZE, hb
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rings, more dense in the cartilaginous centers
(Figure 3A). Normal cartilaginous tissue was ob-
served at the edges of the rings, and calcification
was of nearly uniform density throughout each car-
tilaginous ring on cross section. Minimal ossifi-
cation was observed in the tracheal rings of three
of the four autopsied subjects (Figure 3B), but no
calcification or ossification occurred outside the car-
tilaginous rings, all of which retained their normal
shapes.

4 BOREMBILE L »TH o 4ETRTIZPL
TABERBRICER BRI TSN, ThiT
WEPLTEIYVIBETH -2 (H3A). AEKER
OIETIFIER & BEERE RS 5, BRI
B IRMETE CRIER—BETH 520 4 B0
FIEOREBRBER ICHOHREDBLFRS NN
(H3B), EBMIZIERILL BV ELTES
T, EWMEBEBEMEEL Cw .

Figure 3A. Histologically, tracheal calcification is seen in the center of the cartilaginous ring
(dark area). Hematoxylin and eosin stain, original magnification X 535. (MFh

F3A FEERFAIZERTARLIEEEO PO (BOEy) c@vshs, AvbF3 0
)

BUT A Y55k (MF#

Figure 3B. Ossification is also seen in the cartilaginous ring. (MF#
M3B AL ARIRY5h35. (MF #-)




The data were assessed to estimate prevalence and
incidence, and for any evidence of effects attri-
butable to A-bomb radiation exposure. The effect
of age was significant (p<.001). The age effect
was largely an increasing incidence among women
in their 50s to 60s with the incidence being rel-
atively constant for women over 60 years of age.
No evidence of a dose effect was observed (p>.2).

DISCUSSION

There are few reports of tracheobronchial calcifica-
tion in the scientific literature. This condition is
extremely rare in children, but not rare among the
elderly.%7

Partial tracheobronchial calcification is sometimes
difficult to image because of variations in radio-
graphic techniques, and because of the physical
statures of examinees. Tracheal ring calcification is
especially difficult to visualize on PA chest radio-
graphy because of superimposed mediastinal struc-
tures. Considered a physiological process, tracheo-
bronchial calcification is usually excluded from ex-
aminees’ medical records. For these reasons, only
extensive calcification was selected for observation
in this study. Tracheobronchial calcification is rela-
tively easily imaged by computed tomography;
Gamsu and Webb® reported that 9 (10.1%) of 89
subjects had such calcifications, all of whom were
over 40 years of age. No detailed descriptions of
the extents of such calcification appear in the liter-
ature; the majority may have been partial in degree.

Edge et al® reported 37 of 100 elderly persons with
tracheobronchial calcifications on chest radiography.
Harasawa et al* reviewed the chest radiographs of
2,496 persons, and reported that 1.5% of the men
and 4.1% of the women had tracheobronchial calci-
fications. Even in these reports, the extents of calci-
fications were not described. Among the 1,152 con-
secutively examined subjects in the present study,
10 (0.87%) had extensive tracheobronchial calcifi-
cation. Prevalence rates in the present study were
relatively low compared to those of other studies
because only cases with extensive calcifications of
the trachea and bronchi were included in the present
study. The calcifications of 27 subjects became ex-
tensive during follow-up; and those of 19 were lim-
ited to the bronchial region before becoming exten-
sive. The calcifications of five other subjects were
limited to the trachea before becoming extensive.
Tracheobronchial calcification seemed to arise pre-

RERF TR 14-87
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dominantly from the main-stem bronchi or the in-
terlobar bronchus to the trachea.

Extensive tracheobronchial calcification was ob-
served at initial chest radiography in 34 subjects
whose mean age was 69.3 years. Calcification be-
came extensive during the follow-up in 27 subjects
at a mean age of 72.9 years. Extensive tracheo-
bronchial calcification was usually observed after
60 years of age; and it most frequently became ex-
tensive in persons in their 70s. Tracheobronchial
calcification is reportedly more frequent in women
than in men; in the present study, it was overwhelm-
ingly so. This contrasts with the rates of calcifica-
tion in other sites such as rib cartilage.?

No subject in the present study had narrowing of
the trachea or bronchi, or protrusion of calcification
into their lumina, either radiographically or histo-
logically.

Tracheal dimensions can be altered by a variety
of conditions, including dilatation in tracheobron-
chomegaly and tracheomalacia; narrowing in tra-
cheopathia osteochondroplastica (TO), relapsing
polychondritis, and "saber sheath" trachea. In TO,
multiple protruding nodular calcifications or ossifi-
cations in the walls of the trachea and bronci can
cause luminal narrowing. TO is reportedly unre-
lated to calcification within tracheal rings,*® the
nodules being formed in tissue other than carti-
laginous rings. TO can cause varying degrees of
obstructive pnt:umom'a.“'12 This did not occur in
subjects in the present study.

By chest radiography this entity did not correlate
with any abnormality of the lung fields or medi-
astinum. All 61 cases were elderly and the observa-
tion period spanned 13 years, suggesting there was
no correlation between extensive tracheobronchial
calcification and any respiratory disease.

Ectopic calcification may be metastatic or dystro-
phic, the former due to hypercalcinemia secondary
to destructive processes in bone (e.g., bone metas-
tases), hyperthyroidism, and processes such as hy-
pervitaminosis D. Serum calcium levels were not
determined for all subjects in the present study, but
there were no other finding to suggest the pres-
ence of any such diseases. In dystrophic calcifi-
cation, calcium is deposited in atrophied, degener-
ative, necrotic tissue, and in foreign bodies. The
process of calcification in our subjects appeared to
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