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SUMMARY

Eight cases of situs inversus totalis were detected
in the ABCC-JNIH Adult Health Study sample of
Hiroshima and Nagasaki. The prevalence of situs
inversus totalis was 1 per 4100 population. This
rate is about two times that reported among
Caucasians. The prevalence of bronchiectasis,
which is frequently noted as an associated abnor-
mality or complication of situs inversus, showed a
significant increase when compared with that of
subjects in general. Study of our cases of bronchi-
ectasis and review of literature, although not
conclusive, seemed to indicate that a congenital
factor was involved. Previously reported normal peri-
pheral blood chromosome studies were confirmed.

INTRODUCTION

Situs inversus totalis is a condition in which all
thoraco-abdominal viscera occupy a position on the
opposite side from the normal. 1In addition to their
abnormal position, individual organs present a
symmetrical mirror image morphology. A paradox of
this condition is the problem of excluding adventi-
tious  bronchiectasis, 13 or congenital heart
disease,4°6 associated with situs inversus toralis.
Campbell and Deucher? reported that congenital
heart disease accompanying situs inversus is much
less common when dextrocardia (an anomalous
position of the heart characterized by the presence
of this organ within the right hemithorax)
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accompanies situs inversus totalis than in the

isolated type of dextrocardia (the heart is on the

right side without inversion of the abdominal viscera).

A condition closely associated with situs inversus
totalis is bronchiectasis, and this is relatively
frequent. This was first reported by Siewert8 who,
in 1904, studied the case of a 21-year-old man in
whom the three elements of the syndrome were
present; this was followed by necropsy findings?
in 1909. In 1923, Guentherl® reported the case of a
19-year-old woman and pointed out that the patient’s
sister also presented evidence of total visceral
transposition.

In 1933 Kartagener reported on the extraordinary
triad of situs inversus and bronchiectasis combined
with recurrent sinusitis.l! Since then, this triad
has been referred to in many reports.

In a review of the world literature, the authors
have found 406 cases, 334 of which were reviewed
by Kartagener,12 20 of which were reported by
Logan,13 Schoemperlen, 14 Aarrons, ! 3 and
Chatterjee,16 and an additional 42 cases in Japan,

which were reviewed by Kojima.1l7

Aside from the well established clinical features
of this disease, consideration of its pathogenesis
with respect to whether or not bronchiectasis is an
hereditary or acquired condition has been widely
discussed. These aspects, however, are over-
shadowed by the role of the overt respiratory
symptoms. Presented in this report are eight
cases of situs inversus totalis examined by the
authors among subjects examined as part of a long
term study of delayed A-bomb radiation effects at

ABCC in Hiroshima and Nagasaki.

PREVALENCE

Four of the eight cases of situs inversus were
obtained from the clinical records of the ABCC-
JNIH Adult Health Study (AHS)18 sample and the
remaining four cases were detected among persons
who visited the ABCC clinic for other reasons.
The AHS examination consists of a complete
physical examination and selected standardized
chest X-ray and laboratory tests. The AHS sample
of 16,566 examined personsl? in Hiroshima and
Nagasaki is a fixed population, but no suitable
population base exists for others who visit ABCC
clinics, Therefore, for determining prevalence,
only the four cases detected from the AHS sample
can be used. Thus, the prevalence of situs
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TABLE 1

RESUME OF FINDINGS

#1 MAOER
Subject #f % History ## [ Diagnosis 21 %
Age at Increased X-ray & Bronchiec-
Case MF No. Sex Discovery Asthma Bronchitis Cough Sputum Barium Swallow ECG tasis  Sinusitis Bronchitis
AEMR ks MR JEREREM  mE AT % w135 HE X#BEEL LU LR AEEZ MRRE ARER
2 1800 AUR-FN 3353 LR AE
1. M 5 12 * - + + Situs inversus Dextrocardia + + -
P4 B (3 L E
2 M 5 15 + = + + Situs inversus Dextrocardia + + -
3 F %« 51 + + + Situs inversus Dextrocardia = + +
4, F 4 57 - - - - Situs inversus Dextrocardia = - =
5. F #« 86 - + + - Situs inversus Dextrocardia - - +
6. F %« 48 - - - - Situs inversus Dextrocardia - — -
1. M % 42 — - - - Situs inversus  Dextrocardia - = -
8. F 4 34 + - - — Situs inversus Dextrocardia — — +
9, M+ B 31 = — + + Situs inversus Dextrocardia + + =
10. Frrig 22 - + + + Normal Normal - CE +
i # T #
11. Ft # 60 + - - = Normal Normal — - +
* Maternal uncle of Case 1 JEff 1 @5 DR ** Daughter of Case 4 fEff 4 i

1 Mother of Case 4, died of tuberculosis & asthma at age 60

inversus among this sample is 1 per 4100 population
with ages ranging from 34 to 86 (Table 1).

[t is pointed out that the estimated number of
cases in an adult population is probably lower than
the prevalence at birth, since early death may result
from associated malformation, which, however, is
The
prevalence of bronchiectasis with situs inversus

is shown in Table 2.

less common than with isolated dextrocardia.

Bronchiectasis in the current survey occurred in
25% of persons showing situs inversus, while among
the AHS sample the

Other investigators!-3 have reported the

normal
0.17%.
prevalence of bronchiectasis with

persons in rate was

situs inversus
varied from 16.5%
of 0.3% to 0.05%
lation, as shown in Table 3.

to 23% as contrasted to the rate
of the general or hospital popu-

CASE REPORTS

Case 1. (Family A. MF'-) A 12-year-old boy
whose history included bronchial asthma with
seasonal variation was reported to have cough with
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TABLE 2 PREVALENCE OF SITUS INVERSUS

# 2 PIEEEQE O &R
Investigators Cases  Population Base  Rate/1000 Source of Data Population Risk
mEE 17 ¥ SEBAD HHEHE(I000A %21 ) EORHIR figec- o
Western Countries %
Adams & Churchill 1937" 23 232112 0,099 Hospital patients 1:10000
4 WERAE

Gould, 1945 40 442252 0.090 Mass radiography surveys 1:11000
X it

Caplan, 1946 2 8 100000 0.080 Radiological examination of naval recruits 1:13000
BAFRAREE O X MRk

Torgersen, 1949° 17 139596 0.122 Mass radiography of 85% of population 1:8000
over 15 years of age
158 1L L A 85% 12 &+ 5 X #HFE

Lowe & Mckeown, 1953° 13 95362 0.136 Mass radiography surveys 1:7000
X iR

Total #t 101 1009322 0.100 1:10000

Japan HF

Kawabe, 1955%° 42 195009 0.215 Mass radiography surveys 1:4600

naz LHAXmBE

ABCC, Hiroshima-Nagasaki, 1970 4 16566 0.241 X.ray of AHS examination sample 1:4100

ABCC, [HE - Fuf R A G HE I o X A

Total & it 46 211575 0.217 1:4400

TABLE 3 PREVALENCE OF SITUS INVERSUS WITH & WITHOUT BRONCHIECTASIS

#3

MEREERLEE O H RT3 . U hORE O # 251

Situs Inversus ) B 6z {3 5 Proportion of

Investigators Source of Data With Without Total Bm:,?th}fescit:usés
s R Bronchiectasis Bronchiectasis # Tnversus (%)
REZERE NEILAE R AR % 5
PR A O#I A (%)

Adams' * Hospital patients 3% i i % 5 18 23 21.7
Torgersen Mass radiography 15 [ X #it & #% 13 45 58 22.4
Olsen® Mass radiography 1 F X # # 77 14 71 85 16.5
ABCC Hiroshima & Nagasaki AHS examination & referral 2 6 8 25.0
ABCCIK i & & U Fo iy WA M T E R 2R b L ORI BE

Total & it 34 140 174 19.5

* The figures for bronchiectasis do not represent the incidence in the general population as hospital admissions show the effect of selection.
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increased postnasal secretions since the first
He also suffered repeated pneumonic
infections. The

of sputum daily.

week of life.
cough was one

Hearing

productive of
both

cupful in ears

was poor.
Clinical examination and of the
chest, the
presence of dextrocardia with right aortic arch and
Radiographic
into and middle
lobes the (Figure 1A).
Tomograms indicated cystic dilatation of the anterior

segment of the upper lobes (Figure 1B).

roentgenograms

including barium swallow, confirmed
of abdominal viscera.
the left upper

lower segment

transposition
changes extended

and into
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Figure 1 A. Roentgenograms of the chest, infiltrative & fibrotic densities together with numerous small radiolucencies are seen in
the left upper lobe. B. Tomogram of the chest, the cystic area is compatible with bronchieciasis combined with inflammation

M1 A, MM X e, & LECE3MEs L UB#EER s s o L XBEAYESN S, B, SR X &%,
AP (AT K PR 1 SR O BiF R A AT

Pancreatic function tests and sputum cultures were
performed to rule out pulmonary tuberculosis and
mucovisidosis. Pancreatic function testing revealed
amylase 44.5 Somogyi
units/100ml, lipase 0.08 ml N/20 NaOH/ml, and
serum trypsin activity 167 IV. The white blood cell
count was 15,400 /mm3 with 71% neutrophils. The
sputum was negative for acid fast bacilli and

abnormally low wvalues:

showed only mixed flora. Thus, Kartagener’s
syndrome was considered on the basis of the
physical  examination and laboratory findings.
Electrocardiograms (ECG) revealed dextrocardia
with major chamber and atrial inversion (Figure 2).

His parents were alive and well. One sister was
said to be in good health. The patient’s maternal
uncle was found to have complete transposition of
viscera and exhibited various respiratory symptoms
(Figure 3).

Case 2 (Family A. MF- A 15-year-old boy

who had a strong history of bronchial asthma, had
cough and nasal stuffiness with postnasal secretion
since early childhood. Examination and roentgeno-

Nhidd s & U NEAHIEO Fm & 22 28, B
MBS L UMEREMEL T2 -k, WRERRT T
KDL BREAEMEZASS: amylase (3 100 m] ¥4 /-
1 44.5 Somogyi HL{iT, lipase 0.08ml N 720 NaOH . “ml
F L UM trypsin (& 1% 167 V. 3 0Bk 20d 1 37 Hom
72015,400C, T1%EIFPERT & - /. MEBMRE TN
MEERD AT, REMBEOZ B0 LN 2L
T, Kartagener fEfETE(L, W HLUEEMAEN B 125
SJuTgfe s, LCERR TR, LEPSIUVLFE
MEEIBELETHIAZLAFBRDLAAZ(REZ).
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Figure 2 Electrocardiogram. R-wave & P-wave in lead 7 are reversed, lead IT & lead Il are interchanged

2 LarE,

as are leads aVR & aVL
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Figure 3 Family A: Kartagener’s syndrome
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grams with barium swallow confirmed the presence
of dextrocardia with right aortic arch and transposition
of viscera. The roentgenograms of the chest revealed
bronchial dilatation of the anterior left lower
segment (Figure 4).  Sinus roentgenography was
performed revealing poor development of the frontal
sinus and cloudiness in both maxillary and ethmoid
sinuses. ECG revealed dextrocardia with chamber
and atrial inversion (Figure 5).

Family history is unknown. Kartagener’s syndrome
was considered on the basis of the physical

examination and findings on X-ray.

Case 3 (Family B. M

whose relevant history

A 51-year-old female
included long standing
bronchial asthma had cough with increased sputum.
She had experienced intermittent stabbing pains
across the left anterior chest and occasionally
suffered from headache.

Examination and roentgenograms of the chest with
barium swallow confirmed dextrocardia with right
aortic arch and transposition of viscera. There were
no other abnormalities such as bronchiectasis or
inflammation in either lung field on plain roentgeno-
grams of the chest Bronchography was not
Sinus roentgenography was
performed and revealed poor development of the

performed in this case.
frontal sinus. The maxillary ethmoid sinus showed
considerable cloudiness. ECG revealed dextro-

cardia with chamber and atrial inversion.

Significant sinusitus and bronchial asthma or
bronchitis was reported in the subject’s mother and
found in her daughter (Figure 6). The family history
also disclosed that the mother, in addition to
bronchial asthma,had suffered pulmonary tuberculosis.
The subject has one sibling who died, but was
reported to be free of respiratory symptoms. She has
three children, two of whom are in good health, but
one daughter has respiratory symptoms with cough
and increased sputum.

Incomplete Kartagener's syndrome was diagnosed on
the basis of the physical examination and other

findings.

Case 4 (Family B. MF-) A 57-year-old

female who had no history of respiratory symptoms
nor sinusitis was known to have diabetes mellitus.
Examination and roentgenograms of the chest with
barium swallow confirmed dextrocardia with right
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aVR &

aVL

aVF

Figure 4 Roentgenogram of the chest. Extensive areas of Figure 5 Electrocardiogram. R-wave & P-wave in lead I
increased density are seen in the left lower segment are reversed, lead IT & lead IIT are interchanged as are leads
Fd4 WX s, & FMICERMLERMERAA SR 3, aVR & aVL
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aortic arch and transposition of viscera. There
were no remarkable abnormalities such as bronchiec-
tasis or inflammation in either lung field. ECG
revealed dextrocardia with chamber and atrial
inversion. There was no family history of allergic
or respiratory disorders. The diagnosis was con-

sidered to be situs inversus totalis and diabetes

Case 5 (Family B. MF-) This 86-year-old

female had a history of bronchitis and hypertension.

mellitus.

Examination and roentgenograms of the chest with
barium swallow confirmed dextrocardia with right
aortic arch and transposition of viscera. There were
no remarkable abnormalities such as bronchiectasis
ECG revealed
dextrocardia with chamber and atrial inversion and

or inflammation in either lung field.

lefc  ventricular hypertrophy probably related to
hypertension. There was no family history of
allergic or respiratory disorders. The diagnosis of
this case was situs inversus, chronic bronchitis

and hypertension, with hypertensive heart disease.

Case 6 (Family B. M A 42-year-old male
who had no history of respiratory symptoms, allergic
disorder, or nasal stuffiness. He was said to be
in good health. Examination and roentgenograms of
the chest with barium swallow confirmed dextrocardia
with right aortic arch and transposition of viscera.
There were no remarkable abnormalities, bronchiec-
tasis, or inflammation in either lung field. ECG
revealed dextrocardia with chamber and atrial
inversion. There was no family history of allergic
or respiratory disorders. The diagnosis of this case

was situs inversus totalis.

Case 7 (Family B. MF This 48-year-old
female had no history of respiratory disorder or
sinusitis, but was suffering from hypertension and
diabetes mellitus. Examination and roentgenograms
of the chest with barium swallow confirmed dextro-
cardia with right aortic arch and transposition of
viscera. ‘There were no remarkable abnormalities
such as bronchiectasis or inflammation in either
lung field. ECG revealed dextrocardia with chamber
and atrial inversion. There was no family history of

allergic or respiratory disorders.

Case 8 (Family C. MF This 34-year-old
female had a history which included bronchial
asthma with seasonal variation since childhood.
Physical examination revealed a female of small
stature. Roentgenograms of the chest with barium
swallow confirmed dextrocardia with right aortic
arch and transposition of viscera. There were no

other remarkable abnormalities. Roentgenograms of
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Figure 7 Family C: Situs inversus
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hip joints showed the presence of bilateral luxation
coxae congenita. ECG revealed dextrocardia with

chamber and acrial inversion.

The family history showed that the patient had six
siblings, four of whom died with pulmonary tubercu-
losis, one has mitral insufficiency and the other has
pulmonary tuberculosis in association with peroneal
muscular atrophy (Figure 7). In addition, the family
history revealed consanguinity in the parents (first
both

tuberculosis.

cousins) of whom died with pulmonary

The findings in the above cases are summarized
in Table 1.

CYTOGENETIC STUDY

A blood
using a leukocyte culture method, 20,21 was performed

cytogenetic study based on peripheral
on each subject. Chromosome counts and morphology
were within normal limits in each instance.

DISCUSSION

- 2
The present survey, as well as that by Kawabe, 22
shows a prevalence rate in Japanese twice as high
reported by investigators in Western

as those

countries (Table 2). One possible explanation for
such findings may be differences in the methods of
On the other hand, the

major means for case finding is chest X-ray, and

selection of the samples.

from this aspect almost all studies are comparable.
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Other mechanisms which may affect the rate are the

age of the subject’s mother at pregnancy and

consanguineous marriage.? The lacter is generally

more prominent in Japan compared with Westernnations.

Various theories have been proposed to explain the
This condition was
considered recessive and determined by a single
Situs which is not
associated with bronchiectasis or other congenital

inheritance of situs inversus.

autosomal gene.0 inversus
disease probably represents a pure generic mutant.
On the other hand, inheritance in Kartagener’s
syndrome is more complicated than has been
suggested previously, and is not explained in terms
of a simple Mendelian 1,2 Both

Knox23 and Cook24 determined the blood grouping

recessive trait.

for a family with Kartagener's syndrome and their
evidence suggested linkage, if any, with Rh facror.

To
syndrome,

study further the inheritance of Kartagener's
a cytogenetic study on blood samples
from all subjects and on
families A, B,
These
patients
similar evaluation by [Logan and Chatterjee.13,10

seven relatives among
and C of this study were performed.
failed rto any definite pattern in

and family members as was shown in a

reveal

Elucidation of the inheritance pattern of Kartagener's

syndrome can be made on the basis of familial

occurrence. [n Family A the patient and maternal
were affected. The patient’s parents and
sibling are, on the other hand, all healthy. This is
only partial evidence that Kartagener’s syndrome may
A more reasonable interpretation of
this is that genes combine
Kartagener's and
recessive manner with unknown penetrability.

uncle

be inherited.
several to cause

syndrome are inherited in a

Although no cases of the complete triad, namely,
bronchiectasis and sinusitis
the

situs inversus totalis,
have been found in successive generations,
finding of significant bronchiectasis, bronchitis or
bronchial asthma and sinusitis in Family B is of
The subject’s mother and daughter also
definite

interest.
had
bronchiectasis.

bronchitis  without evidence of

Bronchiectasis is much more prevalent in people
with situs inversus than in the general population,
occurring from 16.5% to 23% of persons with this
condition.!*3 [n approximately 90% of the cases the
symptoms of bronchiectasis began in early child-
hood.25 Occurrence of this condition in more than
one member of a family emphasizes the hereditary
nature of Kartagener’s syndrome. In their survey of
the Kartagener and Stuckil? found the

syndrome had been observed in 48 cases among 22

literature,
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females. Recent publications also report familial
occurrence of Kartagener's syndrome; involvement of
identical twins and their siblings was noted by

Safian,26 and Logan.l3

It is more difficult to explain the inheritance of
bronchiectasis in Kartagener’s For
instance, in the index patient in Family A roentgeno-
grams of the chest demonstrated a cystic variety of
bronchiectasis which is generally regarded as the
congenital type. This gene seems to support the
theory that Kartagener’s syndrome is hereditary and
However, up to the present no

syndrome.

present at birth.
bronchiectasis in the fetus or newborn with situs
inversus has ever been substantiated.25 Kartageners
syndrome occurring in a newborn was reported, but
subsequent bronchograms failed to demonstrate the
presence of bronchiectasis.27

It is also difficult to decide the causal mechanism
of bronchiectasis. The etiology of bronchiectasis is
either a basic faulty disposition of the supporting
tissues (muscles, elastic fibers, cartilage) of the
bronchial wall, as in idiopathic bronchiectasis,28 or
“‘extraordinary secretory activity’’ of the mucous
membranes of the respiratory system which pre-
disposes to the development of the bronchiectasis.2?
Adams and Churchilll concluded that the various
congenital forms of bronchopulmonary malformations
are due to faulty disposition of supporting tissue,
and that this is the primary factor for bronchiectasis.
Also, recurrent inflammation must be responsible, to a

great extent, for the development of the bronchiectasis.

On the other hand, Overholt and Bauman3? are of the
opinion that bronchiectasis develops afcer birth, but
is due to prenatal alteration of bronchial secretion.
The familial increase can be regarded as an argument
in favor of an ‘‘antenatal influence’’. The fact that
the triad has not yet been observed in two consecu-
““environmental
factor life’? .30
Knox, Murray, and Strang?3 reported similar opinions
concerning the “‘variability of expression possible’’,
in that the anatomical lesion of bronchiectasis is a

tive generations points to a possible

active at the state of embryonic

secondary phenomenon and the primary disease may
be a generalized bronchitis.

Although no cases of the complete triad, namely,
situs inversus totalis, bronchiecrasis, and sinusitis
have been found in successive generations, the
finding of bronchitis in more than one generation of
Family B is of interest. The index case and both her
mother and daughter suffered from chronic bronchitis
without bronchographically proved bronchiectasis.
Also, the subject and her daughter had sinusitis.
The subject’s condition seems to be atypical, or
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Kartagener's syndrome, called *'variant
by Overheolt and Bauman.30 [t is of

incomplete,
Kartagener”’
interest that a familial predisposition to bronchiec-
tasis is not manifest in any person of Family B, nor
Bacterio-
logic study of the sputum in these patients revealed
nothing of significance. This does not rule out
possibly altered secretory activity of the respiratory
epithelium as postulated by Churchill.29

in three others with situs inversus alone.

Cases 1 and 2 were affected with bronchiectasis and
had a history of respiratory symptoms including
nasal discharge and repeated pneumonic infections
early infancy. These may have altered
secretory activity of which
renders these individuals susceptible to infection.
But recurrent inflammation is probably responsible
for the development of the bronchiectasis.

since

respiratory tissue

consider it impossible to

between

investigators12
by necropsy or at surgery,

Some
differentiate,
congenital and noncongenital bronchiectasis; that is,
bronchiectasis associated with
apparently identical to the same condition appearing
The pathogenesis of bronchiectasis in situs

situs inversus 1is
alone.
inversus is still subject to considerable debate.
Finally, treatment of bronchiectasis in situs
inversus has not been fully studied. Of 406 reported
cases of Kartagener’s syndrome, there were pulmonary
resections for bronchiectasis in 22.31

While it is reported that the immediate postoperative
improvement in the respiratory symptoms speaks well
for resection for bronchiectasis, long term followup
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tive therapy. '
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