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Bronchiectasis with situs viscerum i.uversus.

by K. Kartagener and K. Mully

From the Surgical Clinic of Zurich University. Schwelizerische Zeitschrirt
fur Tuberkulose, Vol. 13, No. 3 (1955) pp 166-191

The peculiar triade: Situs inversus, broncniectasis and polypesis nasi or
chronic sinusitis, to which one of us called attention in 1933, nas been the
subject of numerous publications during the past years. Previous literature
has been summarizea in 1935 by Kartazener, in 1939 by Hasler and in 1947 bty
Kartagener and Gruber. In the latter paper 88 cases were counted. Publicuations
which have appeared since, and those overlooked previocusly, :av be tabulated in
chronological order as follows:

1937 Casaubon and Dergui . evidently 1 case
(cited after Qlsen)

1938 Cockayne case {sinter situs inversus without 2
Tempind cases (one with simultaneous TE)
Cole and Nalls case

Natvig cases (sibiings)

Dannenbaun case (personal report)
(Braunschweig)

H.E. Meyer 1 case (isolated dextrocardia, mother EZ)

Perry and King 1 case (6 observations, of which 5 were
already publisned 1937 by adams,Churchill)

G.0. Wood and Blalock 1 case

W.B. Wood 1 case {"cystic disease" with dextrocarcia,
no further data)

1944 Richards 1 case

1946 Toscano 1 case (with congenital cardiopathy)

1947 allende ard langer 2 cagses




O 1947 lageze and Buffard 2 cases
1948 Aimes " 2 cases
Benda and Huet 1 case ’
Hurter 2 cases (third observation already published
| : _ by Schaich in 1947)
Kluge 1 case
Shepard and Stewart 2 cases (siblings!, 1 other case questionable)
Tapie, Laporte, Pinel 1 case (sister BE without inversion)
and Denard
Weill, Lallemant and 1 case (brother: repeated bronchitis anc agene-
Leveque . 8la of the frontal sinuses, cne sister died of
"maladie bleue")
1949 andrews 1 case
A8smann 1 case (Fig. 270 in 6th ed. not identical with
Fig. 216 in the 4th edition)
O Eonhag 2 cases (plus 1 case of TB with Questionable BZ)
Churchill 1 case
Fornara 2 cases (3 observations, incl, Toscano's case)
! Langer 1 cese
Mounier-Kuhn 1 case (5th obs, in Soulas-lounier-Xuhn)
4
Ochsner, De Bakey and 3 cases
De Camp

Santy, Berard and Galy 1 case

Schettler and Klink 1 case (with vascular deformity at fundus oculi)
Souders 2 cases (ray possibly include adams and Ficarra's
case, 1947)

1950 Bergstrom, Cook, scanell 2 cases (siblings, 2 other siblings B without
and Berenberg inversion)

Blixenkrone-Moller 1l case

o Castanier, Vinceni,Hacids, 2 cases (brothers, simultaneously papxllar edema
Rosass and Ripoll nervus opticus)
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]
(:> 1950 Cohen, Golstein and Hamill 1 case . é
‘ Ferreira and Meira 1l cae :5 ?
Hogg ) 1l case
Jedlicka and Levinsky 11 cases (6 with complete triade, including two

sisters, 3 with situs inversus and BE without
sinusitis, 2 others by personal repurt)

1951 Chattas and Di Rienzo 2 casges
Conway L cases (1 case with pclydactylism both hands,
. cousin of one case also has situs inversus)

Fraga Filho, Nery and 1 case !

Maranhao :
i

Kaye and Meyer 2 cases (siblings) !
|

Murray 1 case '

Sas (cited after Bolech- 1 case
owski and Jaroszewski)

{:} Zuckermann and Wurtzebach 1 case (probably the oldest observed case, a
63 year old veteran of tha First World %ar)

1952 Dassen and Gectlieb 1 cass (second oldest case, 59 year old woman)

Ferrand, Sarrouy,Pierrou, 3 cases (including 1 case without certain EE but

Armand and Masson with "deformations parietales des bronches de
troisieme ordre" as "etat preliminaire a une
dilatation bronchique vraie")

Hebel 2 cases (siblings, another sibling BE without
: inversion, another sibling asthmatic bronchitis.
All four with simultaneous thorax deformities.
Father: polyposis nasi)

Karani 2 cases (sisters, Father: chronic bronchitis.
One brother with a "weak chest" --not examined--
the heart was supposed to have been found "on
the wrong side")

Pellnitz and Heyland 1 case (pyrgocephalus)

Pykosz (cited after Bole- 1 case
chowski & Jaroszewskl)

(:) 1953 Brusa _ ' : 1 case i
Dickey 5 cases (incl. 2 siblings, 1 partial situs invers)

!
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1953 Katz, Benzier, hangeroni 1 case
and Sussman

lsas (Hamburg) 1 case (personsl report)
Negri 1 case
Nogueira da Silva and 2 cases

Chiaverini ( cited aftoer
cosslo and Caul)

Pi Rienzo 1l case

Welento (cited after Bole- 1 case
chowski and Jaroszewski)

1954 Katz, Benzier ard 3 cases (including two siblings)
Nangeroni
1955 Bolechowski and Jaroszew- 5 cases (1 other questionable case)
ski :
Fried 11 cases (roentgenogram examinations, "partial
and complete pictures ¢f Kartagener's synd.ome)
Lindskog and Hubbell 3 cases
luna 1 case (mother ar.d one brother also BE)
Stutz and Vieten 2 cagses (3rd observation is identical with 2
case of Hurter, according to personal report)
Taiana, Villegas and 1 case
Schiepatti
1956 Finkler 2 cases (another questionable case)
Schruckler 1 case

All together there have been reports of at least 216 individual cases of
bronchiectasis with situs inversus (including the case to be described herein),
considering the probabdlity of some cases agaln escaping our attention. In the
majority of these cases an involvement of the accessory nasal cavities has been
observed as a complement of the triade proper. It follows beyond a doubt that
simlta..eous occurrence of bronchiectasis and situs inversus (and possi-iy of
ginusitis) is not based on codacidence. Especiallv strikdng is the “zet that

&
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this anomaly occurs relatively frequeutly in several members of the same

family. Bronchiectusis or a tendency to chronic tronchitis or chronic sinusitis

without inversion also has bsen observed rupwatedly among relatives, as have
been siblings or ascending rolationships with inversion but without involvement
of the respiratory organs. The fact that a number of authors wers able to re-
port on several pertinent observations as soon as their aitention w.s drected
to this "lusus naturae," is worthy of special consideration. These authors
have at times correlated the frequency of this combination to the total number
of situs inversus cases seen by them, and hive reached a remirkible agreement

(with the exception of Finkler){cf. Table 1).

T+BLE 1
Bronchiectasis
author Year Frequoncy of situs inv. with situs inversus
absolute 2
Benda 1905 autops.2:10,000-0.02% - -
Sherk 1922  10:34,700-0.003% - -
Guenther & Kegel 1923-1925 clinical 0.0079%
Lewald 1925 clinical (recruits)
1:35,000-0.003%
autops.0.02%,roentg.0,07%* - -
Mandelstama and 1928 roentg. 0.06%% - -
Reinberg
Kartagenerd&Horlacher 1935 - T:30 23.3
Adams and Churchill 1937 c¢lin.23:232,112-0,01% 5:23 21.7
Olsen 1943 - 14:85 16.5
Wegelin 1945 autops. 0.022%
partial situs inv.0.035% 2:10 20.0
wayburn 1946 roentg.(flying personnel)
9:77,016-0.012% - -
Taussig 1947 elin. 4:120,000-0.003% - -
5
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TABLE 1 (continued)

Bronchiectasis

about 50:250,000-0.02%

author Year Frequency of situs inv, with situs inversus
absolute %
Shepard and Stewarw. 1948 clin.,partly roentg. 2:13 15.3
13:460,000-0,003%
Blegen (perspective) 1949 1roentg.0.015%
autops.0,016% - -
Jedlicka and Levinsky 1950 « 9:46 19.5
Tandos 1950 roentg. (soldiers)
. in Vietnam 0.03%
in North africa 0.02%
in Europe 0.008%
Nogueira and Chiaverini 1952 - 2:10 20.0
Torgersen 1952 roentg. about 0,01% about 25.0
Bole:howski and 1955 EKG 7:66,000-0,012%
Jaroszewskli
Fried 1555 rventg. about 1:16,000- ' over
0. 6% 11:20% 50
Finkler 1956 roentgenograms 2:50 4.0

# not for evaluation, selected material
¢ sdams and Churchill's data: 0.002%,should be a misprint

A really imposing confirmation of all these observations,
final analysis are still quite isolated, is represented by the
examination of Norway's extensive X-ray material by Torgersen,
mitely 2 million roentgenograms, corresponding to about 2/3 of
tion, Torgerse:r. found cases of "situs inversus with a frequency

1:10,000, and among these about 25% with bronchiectasis or the

which in the
systematic

AMONg approxi-
Norway's popula-
of approximitely

complete triade.

Exact, absolute figures are not available from Torgersen's paper. It is

assumed to deal with about 200 cases of situs inversus and about 50 cases of

situs inversus with bronchiectasis, partly with simltaneous sinusitis.
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Berlin and Finkler in Israel.

Stumilar, but less systemitic examindtions were conducied Uy Fried in

Their results are shown in tho table.

The following are considered questionable, more or less probable cases,

1isted in chronological order:

1884

1897

1507

1908

1932

1934

19,1

1948

1949

1950

1951

1952

1955 Bolechowskl and Jaroszewski case &

1956

VWehn

Vehsemeyer

aufdermiuer
Kehr, liebold
and Neuling

Cordier and
anstett

Ellman

Cohen-Tanugl

Shepard and
Stewart

conhag
welll
Jvedlicka and
Levinsky

Sohier and
Boucher

Karani

Finkler

clinical: 1left bronchicctasic cavity, autopsy points
to more probuble TB (no histologic exumination, no
bact:riologic evaluation)

first roentgenogram of a case of conjenital deatro-~
ce-oia upon exnosave Jasting 12 =irutes! {(ne imversion
of abdominal organs, but the right diaphrags is lower;
sirultaneous chronic pneucwnia of the left lung,
chronic bronchitis)

case 2, total situs inversus,"arnoying and long-lastirg
puimonary catarrh" '

case 194, 55 year old man, bronchitis since childhood,
copious sputua in the morning

emphyaema with bronc'ial onsets

|
|
complete situs inversus, large c¢ircular shuadow upper y
left (cyst? cavity: no further data) !

!

among -4 cases of situs inversus one case with cougn
for years, one case with a chronically bronchitic
mother. !

case 12 (chronic sinusitis, vroductiive cough, increased
pulmonary markings, "suggestive of early bronchiectusis")

1l case with TB and questionable bronchiectasis

probably identical witn the case published in 1948 by
Weill, lallemant and Leveque

6 cases of situs inversus with relansing, chronic
bronchitis (observations 5,7,25,3%,35,42)

simultaneous generalized Desnier-Loceck-Sshawmann with
cystic bronchiectasis in the anterior segmcit of the
left superior lobe, diagnosed as postprimary bronciii- ,
ectasis (calcififed glands in the left hilus,..0 sinusitis)
see apove

case 3
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With the exception of the cases of Kurtagener and lierlacher (a){casec 1),
Kartazener and Gruber, H.,E. Heyer, W.B, wood?, Dickey (case 2) and the question-
able cuse of Vehsemayur, a total inversion of chest and abdominable viscera has
always been involved.

Kartagener (a) points to the fact that a left-sided tracheal Lronchus,
which according to Bigle.' was observed only twice bofore 1924 with situs solitus,
was described by Ieboucq as early as 1881 in connection with situs inversus.

The tracheal bronéhus, according to Herxheimer and Gold, is important in gencsis
of accessory lungs or bronchial cysts, consequently also important for formu-
tion of bronchlectasis. In this conncction the observation of Holinger, Johns-
ton, Parchet and Zimmermann may be reported: Bilateral tracneal broncui, which
supply both superior lobes, in a 7 month old girl with dextrocardia aund several
other simultaneous anomalies.

viith reference to pathogenesis, the majority of authors agree on the im-
portant role of a congenital factor in the appearance of this syndrore. The
fact that generally anowalies are quite frequent in connection with situs in-
versus, tlat especially in cases of situs inversus with bronchiectasls anomalies
are saen also in other organic systems, and particulurly the familial occurrence

a

of the triade speaks strongly for the significance of a congenital; nossibly a

hereditary factor.

ramilial occurrence of the triade has been seen 33 times in 15 observa-
tions, and this by the following authors: Guenther, Graham, Natvig, Lopez-
areal (4 siblings), Torgersen (2 families with 2 and 3 siblings, respectively),
Shepard and Stewart, Bergstroem et al (2 siblings and 2 other siblings with E&
without inversion), Castanier et al, Jedlicka and Levinsky, Xaye and leyer,
Hebel (2 siblings and 2 siblings with suspected BE without inversicn), Karani
(2, perhaps 3 siblings), Dickey, as well as Katz, Benzier and Nangeroni.

8
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Simultancoua other anoialles are guite f:eguently noted in the skeletal
system: thorax delormitiey several times, polydactylism (Conway), pyrgocepha-
lus (Pellnitz and Heyland), further, atrophy of the right side of the body
(Aimes), Fallot's tetrad (Toscano and Fornara), open septur veatriculorum and
transposito vasorur (Vickey), abnormal origin of the left arteria subclavia
(Kaye and Meyer), vascular deformity at tho fundus cculi (Schetiler and ilink),
papillary edema (Castanier et al), deafuutism (Aartagerer(a), hyponlasia of
the genitals and mental underdevelopment (seversl times).

It is difficult to decide Just how this congenital (possibly hereaitary)
factor influences the genesis of bronchiectasiz., In regurd to the tronshi-
ectasias one of the following may be involved: » true deformity (congenital
bronchiectasis in & narrower sense) or inadequate arrangerent (defaut original of
Bards) of the supporting apparatus of the broachial wall (musculature, elastic
fibres, cartilage) or a disuinct "secretory hyperactivity of the bronchial
mucous memtrane" (Churchill). The latter possibility is supported by very f{re-
quent (but not obligate) involvement of the mucous membrans of the upper &ir
passages noted in early revorts of bronchiectasis with situs inversus (Siewert
1904). ounier Xuhn (cf. also Gregoire) also supposes a "miopragia" of the

bronchial and nasal mucous membranes which is congenitally

A eaad ~ened b -
— Lewwbwm

-~ Ve ~
» FUUQLHAJ wib
the basis of hereditary syphilis., Benda and Huet's and Ferrand's et al "pre-
disposition tissulaire" nmst be interpreted in the same sense. Similar meaning

must be ascribed to the questicnable or "early" bronchiectasis in the afore-

mentioned cases of Shepard and Stewart, Bolechowski and Juaroszewski, Finsler.

The majority of authors assume -~ at least in the cases with situs inversus--

that the alterations in the nusal cavities are coordinuted with bronchisctasis
(cf. Kartagener and Ulrich). According teo Ferrand ¢t al the manifestations in
the upper sir passages are more intense and precede bronchiectasis considerably.

9
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In their case 3 sinusitis maxdllaris and agenesis of sirus froutalis were
prasent, while the bronchl only showed a "deformation variezale" as a fore-
runner of true bronchiectasis. Siwilar interpretutions were mide by Senda and
Huet, who in their case found sinusitis maxdllaris, nasal polyps ¢nd absence
of frontal sinuses, tut only slight bronchiectasis. <Consi-“ering the aze of the
patient (7 years), they believe this to Le a "borderline case," meaning probib-
ly that bronchiectasis has not yet fully developed.

Sohier and Boucher even rejected the congenital nature of bronchiectasis
due to absence of sinusitis!

Conversely, sinusitis is caused by bronchiectasis according to DLickey and
'Hogg. Sinusitis is said to grow out of ccughing up of infectious bronchiectasic
pus. Hogg was able to prove by A-ray the presence of liplodol in the sirnus
maxillaris following bronchography (cf. also Brock).

Jdirect anatomical proofs of the congenital nature of bronchiectasis are
hard te find. So far no related observations of fetuses and newborn are known,
widch would prove he congenital nature of bronchiectasis by means of its con-
nateness, Still, cases of pulmonary cysts or honeycomb-lung in which the
congenital moment is probable from the start should be noted here in particular.
First the autopsy and biopsv cases: In Wehn's case tubcrcular cavitles scen
more ikely. Oeri, wiuose observations were later identified as bronchiectasis
by Kartagener, describes "a large cavity" in the left superior lobe. Karta-
genen's (a, case 4 (autopsy Prof. Uehlinger) showed generalized bronchiectasis
of all pulmonary lobes ana honeycomb-lung in the left middle lobe; however, the
dlagnosis i3 not quite unequivecal due to secondary tuberculization. .iccoraing
to Ingraham (cited in Juckerman and Wurtzoach, the originzl unfortunately was
not =2vailable to us) the whole picture guves the impression of a "congenital
deformity with percistence of peribrenchial connective tissue and underdevelop-

10
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(:> Gent of the alveolar structure." The remsining anitomical examiners (cf. es-

pecially Oettli and Wegelin) cannot find signs of disturted developaent.,
Findings by Sauerbruch and Lotzing, such as: no important inflammition, com=-

plete confusion of elements used in the buildup of bronchial walls, drastically

called "pele-mele" by Renault, hive not been noted. Dickey's findings will be

discussed Jater,

Clinfcally, i.e. roentgenologically, pulmonary cysts and honeycomb-iung
were noted by:
Perrault ("cystes pulmonaires congenitaux"), Lazeze and Buffard (case 2

"voluminous cystic bronchiectasis" lower left), Weill, lallemant and Leveque

("erorme poche iuxtacardiaque"), Xluge (walnut-sizad circular shadow" upper
left), Jedlicka and Levinsky ("cystosis pulmonum") in two sisters), higy

{:} (honeycombs upper left). ©ven the uncertain cases of Ellman, Sonier and Boucher

(cf. table) may be mentioned here.

The remaining pathologic-anatomical findings do not deviate from those
which are usually found with "“comonly acquired" bronchiectasias. The sanme
anplies to the clinical picture. anarnestically the leading symotoms, cough }
and sputum, can be followed in%o earliest childhood. Characteristically the
histories of these cases often show phrases such as: C(ough "irmediavely after ! '

birth"(Siewert), the illness is said t¢ have commenced "on the day of birth"

(Kartzgener (a), or bronchitis "all his life"(Conway), "cough since birth"
(Dickey), or "a toujours tousee" (iieill et al)., But such information is not :

less rare in other cases ol bronchiectasis, even without inversion. The re-

i
mining symptomatology: Copious sputum, meuthfuls of expectorations, possibly ‘
hemoptysis and relapsing onsets of fever, is completely identical with that !
i

1

(:) of other bronchiectaslas. .
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Even roentgenologically and bronchographicilly speaking, cases of honey-
comb-lung and pulmonary cysts (c¢f. above) showing the char.cter of congenitzl-
ness from the start are quite rare., Frequently — 2 in our case -- triangular
shadows in the paramediastinal area are reported or depicted as an expression
of atelectssis (cf. Kartagener and Horlacher (b).

Various authors have tried therefore to interpret bronchiectasis, even in
cases with situs inversus, as being the secondary effect of atelectasis, with-
out, however, being able to expiain the marked increase in these atelectases,
especially in those cases where a factor of predisposition cannot be denied.
Elsewhere one of us (Kartagener (c¢) has exhaustively treated the imporiance of
atelectasis in the genesis of bronchiectasis, considered significant and even
dominating by other authors, especially anglo-saxons (e.g. lander and Davidsen,
Ogilvie, andrus, Masllory, Perry and King), and has arrived at the following
conclusion: Causally, atelectasis as such is not set above bronchiectasi..
When both changes frequently occur at the same time, they are often coordinated
effects of the common cause: Bronchiostenosis. However, there is a reciprocal
relationsnip between bronchiostenosis and bronchiectasis, regardless whether
the latter is positioned distally, as is usually the case, or proximally to the
bronchiostenosis; i.s. bronchiostencsis miy be the cause as well as the result
of bronchiectasies. a bronchial wall weakened endogenically or exogenically in
its apparatus may lead througn collapse of the bronchial wall to collapse ol
pulmonary parenchyms (atelectasis, cf. bronchial tuherculosis), similarly 4n
infected or toxically damaged bruachial rucous membrance may by increased pro-
duction and retention of secretion obturate the bronchial lumen and thereby
cause atelectasis (c¢f. postoperative atelectasis). Both conditions: The
weakening of the bronchial wall and retention of secretion in the bronchial
lumen are met in every bronchiectasis, regardless of genesis. As it is custe-

12
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] large vessels with a dilated heart. Right lung collapsed, right principal

<:) mary since Llegendre and Bailley (1844) to consider early childhood bronchiecta-
sis with its accumlation of secretion (due to inadequate respiratory roveuents

or insufficiently vigorous coughing) a frequent cause of utelectases, the more

the possibllity of secondary genesis of atelectases should be evaluated in already
established bronchiectasis.

Aslde from other arguments dealt with elsewhere, the frequent findings of
atelectasis in the presently discussed case of bronchiectasis with situs inver-
sus as well as in familial bronchiectasiae (a report on which is forthcoming
in this journal), i.e. in bronchiectasias which were generated on the basis of

an idiotypically cauced anomaly, is an especially important support of the

assumption of secondary atelectasis founded on already existing bronchiectasis.
The findings of Dickey are particuwlarly illuminating in this connection:
(:} During the autopsy of a 14 months old child {case 1) with the coﬁplete

trisde we found & defact of the ventricular septum and transposition of the

bronchus collapsed, without cartilage in the posterior wall,

Fig. 1 a. Sch. 4., 21 year old girl, roentgenogram on 13 lov 1949. Situs
inversus, atelectasis (trianglar shadow) lower left., —= Fig. 1 b. Same case.
Exposure on 21 Dec 1954: Status after resection of the left iclddle and infericr
lobes as well as the right lingula, -—— Fig. 2. Same case. Bronchogram of the

: right lung on 20 Feb 1950. --- Fig. 3. Same case. Bronchogram of the left

Satda,

lung on 27 Feb 1950.

In case 2 {with atelectasis of the left middle lobe) the histologic examin-

ation of the dissected left middle lobe and the inferior segments of the left
superior lobe revealed the "absence of miscular and cartilaginous tissue in

<:> the majority of the peribmoachial regions.”

13
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In case 3 (atelectasis of the left middle lobe, lobectomy,: "uistinct
reduction and destruction of the elastic tissue and swooth ausculature in the
bronchial wall. Several bronchial cartilagea were partially destroyed. The
brother of this case (case 4) also wus subjected to luvbectomy of the atolectaslic
left middle lobe. Histologic: "“zxtensive alteration of the pulmonary architec-
ture,®

In spite of these marxed changes in the bronchial wall, corresponding with
Ingel's "broncho-malacia" {cf. also Pohl's "tracheo-bronchopathia malacica"),
and although within the discussed syndrome "heredity is usually the priiury
factor or at least the predisposing cause and although it is possible that early
development of bronchiectasias is influenced by a developmental shortcooing of
the bronchi themselves," Dickey believes that atelectasis precedes bronchiscta=-
sis or that bronchiectasis is the resuli of atelectasis! |

a similar role is ascribed to atelactasis by Conwuy (4 of his own cases,
partly with other deformities!), although "a congenital factor may be of im-
portance.! On the other hand, Richards rejects the causal importance of
roentgenologically proved collapse to the origin of bronchiectasias precisely
because of the absence of the other two components of the triade, althougn in
his case tlie possibility of a postprimary colliapse is evident (éf. alsoc lageze
and Buffard).

Blixenkrone-r¥oller, too, unequivocally favors the secondary nature of
atelectasis. In his case the X-ray revealed a basal triangular shadow on the
right, representing atelectasis of the right inferior lobe. Brunchoscopic:
Mucus in the right bronchus, no compression, no obturation. Lobectomy: Lo
interthoracic adhesions, no middle lobe, no glands, brenchi not compressed,
right inferlor lobe airless, cylindric dilatation of all bronchi. histology:
Dilatation, especially of the respiratory bronchioles, leukocytes and eosino-

§VA
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phils in the lumen., Jsoithelium highly cylincrical, cilia preserved in places, L

copious lymph follicles in the bronchial wall, rcsembling ar, appendix. alveoli
atelectasic, or filled with serum and erythrocytes, no pneumonia, no old blood
pilgment. The findings are interpreted by Blixenkrone-ioller as congenital, the
pulmonary collapse as secondary.

Fig. 4. Same case: Picture of the accessory nasal cavities on 11 rFeb 1950:
~ntra of Highmore are light, frcontal sinuses large. -— Fig. 5. Sume case.
Solid epithelial cords surrounding btroncniectases (280 X).

We may be permitted to point out the similarity to the findings of whit- 5
well in connection with what he cails follicular bronchiectasis, in which obtu-
ration of the bronchi is found distal to bronchiectasis, however.

Compared to the relatively large amount of material dealing with clinical

observations, as listed in the table, the autopsic and especially the biopsic '
material is quite scanty. Since biopsic findings are superior to autopsic ones i
in pathogenic clarification of bronchiectasias, we believe to be justificd in E
reporting the following case, which was approached 3 times operatively and which !
offers other interesting pathogenetic aspects, l

Own observation (cited by A. Brunner and Wegmann, The second case of broncni-
ectasis with situs inversus reported by these authors is identical with the case
published by Wernli-Haessig, 1937):

Sch. A., girl, born 1928: First admission to the surgical clinic on 7 Feb
1950. =namnesis: Parents (not related by blood) and 2 brothers hea.:. .y, no
pulmonary diseases in the family. 4s a child haed measles, wmumps, whocping
cough, pneumonia twice. In 1942 angina followed by nephritis. In 1948 appen-
dectony.

Since childhood persistent couch and copious sputum, evening temperatures,

fatigue, no hemoptysis, naver TB bacilli, In 1949 the Thurgau=-Schaffhaus Sana-
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torium at Davos diagnosed bilateral bronchiectasis. The putient is referred

for lobectomy.

Findings: Good nutritional condition, paleness, no clubbed fingers.
Clinically and roentgenologically situs viscerum inversus totalis. Typical EXG.
Plentiful rales over both lungs. Sputux 40-60 cm? daily, purulent, at times
fetid, without tuberclie bacilli, witnout elastic fibers.

Thorax X-ray (Fig. 1): Hilar markings not increased, distinct paracardiac

triangular shadow lower left (corresponding to atelectasis of the left inferior
lobe or & segment of the inferior lobe.) Coronary waist filled on the right,

possibly as & result of lingular atelectasis.

Bronchography (Fig. 2 and 3, oblique exposures) reveals marked bronchi-

ectasis in both lingular segments on the right. Left lung (Fig 3) btronchiectasis

in the region of the inferior and middle lobes.

The rhinologic examination at the Otolaryngologic Polyclinic (Prof. Ruedli)
gave no evidence of sinusitis, no polyposis nasi. On the X-ray film (Fig. 4)7
the accessory nasal cavities are lignt, the frcntal sinuses large.

On 8 Mar 1950 lobectomy of the left middle lobe and resection of the lover
segments of the right inferior lobe were accomplished (Prof. .. Brumner). No
significant malformations in the pleura. BEasal segments of thé left inferior
lobe a8 well as the middle lobe are quite extensively atelectasic. Resection
o the basal segment of the inferior lobs, closure of the bronchial stump.
Extirpation o{ the left middle lobe. Coverage of bronchial stumps with a
padunculated flap uf the pleura parietalis.

The apical segment of ths left inferlor lobe is twice the size of a Iist
and almost completely fills the cavity in the inferior lobar area. Rubber tube
tc the pleural cavity, instillation of penicillin, stratified closure of the
wound. In the dorsal position Monildi's cathater in the first IR in front.

16
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(:> Postoperative progress without complications (peniciilin awrosol).

The histologlc examir tion of the resectional prepiration resulted in the
following findings: Fairly well developed pulncnary tissue with nw.ierous
cylindrical, sicculuar and fossulate bronchi. The bronchiectasis in the majorily
is without cartiluges. The bronchial walls are stronzly reinforcea and tne
mucous membrance considerably folded. The epithelial liring consists primarily
of single or multiple layers of clifated epitheliws, partly of multiple layers
of paverent. epithelium. The tunica propria is strongly thickened, vascularized
almost angiomatously, and showing dense lymphoplasmaceliular i:filtration,

partly with follicular accumulation. The tunica propria ic ocutwardly coimected

to the muscular layer, which 18 settled by radial vascular loops. The rmuscular
layer, without sharp demarcation, leads into a covering layer with éollapsed
{:3 alveoli. These are lined largely with a single layer of pavement epithelium.
Sporadically, larger solid epithelial buds are found, sivrrounded by connective
tissue with lymphoplasmacellular infiltration (Fig. 5). The interlobular septa

show a slightly edematous loosering. The vessels do not show marked intimal

thickening.

On 24 Nov 1950 a right lingulectomy was effected (Prof. Brunner). The
pleura was frcs. Lingula slightly larger than a thumb, browm-red (Fig. 6).
Remaining lung a pale pink, inflates very nicely. Ligature of arteriae and
venae, clamping and severance of the bronchus. frovision of the slightly over

1 ¢ long bronchial stump. Coverage with a freely transplanted ple.ral flap,

stratified closure of the wound.
Fig. 6. Same case. Dissected lingula. -—= Fig. 7. S.ame case. Cut
through the lingula: Numerous irregularly formed tongues of cartilage, plenti-

(:> ful mucous glands. lucous membrane thickened, folded.
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Tne histologic ¢ mination of the dissected lingula (Fig. 7) reveals
numerous bronchiectases in lnediate proximdty. The ton_uecs of cartilage are
irregularly formed, partly at angles to each other, slightly bent, unequally
thick. Tha muccus membrane is thickened and folded everywhere. For the most
part it carries a multi-row, eingle layer ciliated epithelium, seldom nulti-
layer, single row. No pavement epithelium can be found. Eetween epithelium
and tongues of cartilage and betwaeen the individual tonrues tisre are massive
deposits of mucus glands.

Postoperative progress was satisfactosy in the sense that a distinct de-
crease in the amount of sputum occurred. Coughing persisted, howevir, as did
the secretion of yellowish~-green, rather foamy sputum,

A control bronchography on 8 Nov 1954 (Fig. 8 and 9) revealed unmistakable
bronchiectases in the apical degment of the left inferior loke.

On 2 Dec 1954 sermental resection of the remaining aplical segment of the
left inferior lobe was accomplished (Mully). The lung was completely fused
with the parietal p.eura, the apical segaent of the inferior lobe was not atel-
ectasic, saccular bronchiectases were well palpable. The segment was severed.
The vessels were found in the interlobar fissure, they were callously fused
with lymphatic glands, The bronchi wers severea peripherically and the segment
remsved, the the apical segmental bronchus leading to the trunk was found,
isolated, severed and c¢losed after Klinkenbergh. Coverage with mediastinal
pleura and lymphatic glands. Superior lobe emphysematous, fills the entire
pleura. Vena azygos is situated on the left, no anomaiies of the heart and the
pericardium. Bronchial arteries enlarged b:t not pathologlcally chanzed.

The dissected, fixed resectional preparation can be seen in rig. 10.
above all it shows 3 strongly distended broncni with greyish-white surrounding
mantles of tissue, in places up to 1-2 mm thick.

18
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(:> Histologically speaking, the distention in the peripiieric bronchial

sections also amcunts to many times that of the norm. Thus the coiresponding

pulmoniry arteries are about 1/20 narrower than the bronchi. Thc epithelium
generally consists of a rulti-row ciliated evithelium. Tne cilie can still be
| recognized. The epitheliun, however, is rather strongly permeated by lyuapho-—
cytes and plasma cells, in part also by polymuclesr leukocytes with short gaps
in the epithelial cover.
In close prdximity there are broad mantles of tissue, which are deasely
irfiltrated by lymphocytes. Centers of reaction are distinctly recognizable
(ef. Fig. 11). But here, too, infiltrations by polynucleur lymphocytes are
seen “n places. [Finally there follow cuffs of comnective tissue, radiating
like fingers into the bordering pulmonary tissue. The latter has alternatively
(:) wide alveoli, septa usually narrow. But here, too, small star-shaped scars
appear,

Fig. 8. Same case. GBronchogram of the apical se;ment of the left inferior

lobe on 8 Nov 1954. =~-- Fig. 9. The same, oblique exposure., ——- Fig. 10. Samse
case. .pical segment of the left inferior lobe, fixed and dissected.

Mantles of connective tissue are especially distinct in the medium-sized

bronchi. On the other hand, infiltrations of lymphocytes decreise. Here the
epitheliuc shows distinct metaplasia of pavement cells (cf. Fig. 12). Cartila-
ges are rare, muscle fibers 4180 are quite scanty. The elastic fibers are

severely sp! ntered and preserved only in small bunches or in the form of islands

(cf. Fig. 13). The larger bronchi still show a distinct ciliated epithelium. !
Cartilages are well recognizable here, but sligntly separated. ZEundles of

miscle fibers are also distinct. The elastic fiber system is rather meagre

O (ef. Fig. 13).
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Further postopeiative progress was satisfactory in every way. The thorux
X~ray £iim on 21 Dec 1954 (Fig. 1 b) still shows a swull residual effusion in
the left sinus. The left superior lobe is well inflated and [ills tlm entire
pleural cavity.

In short summary, the medical history of our patient, 22 years old at thLe
time of first acdmigsion, reveals the classic symptomatolo:y of bronchiectasis:
Cough and sputum since childhood, subfebrile temperatures of long duration,
two pneumonic attacks as well as "traditional pneuzopathies" (iarquezy and
lenault) in the anamnesis., Frank broncho-blennorrhea. .coustics: Zxpansive
bil3ateral tronchitic syndrome. Bronchography revealcd vronchiectases (Fig. 2
and 3); on the right side a diffuse distension of the superior end inferior
lingular segment, no certain bronchiectasis i1z the juferior lobe, on the left
side diffuse, cylindrical bronchiectases in the left inferior and middle lobes
with moderate shrinkage of the inferior and middle lobes. The superior lobar
bronchi rather stretched out. In addition situs visceruwm inversus totalis.
However, the triade is incompiste due to the absence of involvement of the
accessory nasal cavities. Frontal sinuses and processi wastoidei are well
pneumatized., Further, on the negative side, the absence of clubbed fingers is
remarkable. .

Within 43 years the patient is three times subjected to thoracotomy: In
the first operation on 8 Mar 1950 the left middle lobe and the lower segment of
the left inferior lobe are dissected, on 13 Nov 1950 right lingulecltomy is
effectad, in the third operation on 2 Dec 1954, i.e. at age 26, resection of
the left apical inferior lobar segment is accomplished.

Histologic examination of the extirpated lobes and segmentis revealed no
direct evidence in favor of congenitalness, nor did it support the acquired
nature of bronchiectasis; in particular; no intra, endo or exeo-bronchial
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causes of roentgenclogically and biopsiéally diagnosed atelectasis could be

determined. Only the in?reased and irregularly ordered cartilaginous plates,
and possibly the uncommonly numerous mucus glands in Fig. 7 could be admitted

to a certain degree as an expression of "dysembryoplasia." On the other hand,
the proliferations of the epithelium (Fig. 5), which for Garnier is.a sign of
the congenital origin of bronchiectasis, should not be evaluated in this sense.
They are of frequent occurrence in inflammatory changes of different genesis in

various parenchymatous organs (cf. Oudendal, Pagel, Planchu, Policard and Galy),

. F. Muller has mertioned them in connection with bronchiectasis as early as 1907.

On the other hand, the severe inflammatory alterations connected with
bronchiectasias should not be interpreted to mean that the inflammtion is the
cause and the dilatation its result. Even assuredly eongenitai; connatally
occurring bronchiectasias will quite naturally be infected in the ocourse of
life or == as put by Debre and Gilbrin -- will disinfect themselves with great
difficulty and will reveal correspordingly severe inflammatory chénges.

Fig. 11. Same case, Apical segment of the left inferior lobe, dense
infiltration by lymphocytes with folllicular accumulation and centers of reaction
in the tunica propria. --—- Fig. 12. Same case. Metaplasia»of'pavement cells
in bronchiectasis. -— Fig. 13. Seme case. Elastica stain.

Special attention is due in our case to the bronchieeteses in the apical
segnent of the left inferior iobe, which made the third operetion necessary.

We believe ourselves justifled in assuming, on the basis’of the first broncho-
é}aphy and especially on the basis of the histologic‘changes iﬁ the preparation
of the last (third) resection, that the bronchiectases were alfeady present at
the time of the first hospitalization of the patient. Nevertheless the question
.0of postoperative development of bronchiectases in previously hedlthy bronchi
must be aired, .Unequivocal observations of this type have been made several .
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times (cf. amonz cthers Srunner, Yully, Oreliin, Lehman, Mason ana Jurry,.
sven in cases with situs inversus, postoperalive bronciiectases in seZnents and
lotes previously proved healthy by means of bronchography have been reported oy
Di Rienzo: The left middle lobe of a 15 year old zirl with a coriplete triude
was dissected because of bronchiectasias, The otner broncal, "very closely
studied,”" were normsl. A few months later "bronchiectases of the alveolo-
agzenetic type, wnich generally are considered congenital" were found in the
right inferior lobe and the lingula., In the right inferior region a parscardiul,
triangular shadow had appeared. according to Di Rienzo these findiings proved
that the bronchiectases, "which accomoany inversion of the thoracal viscera,
can regenerate themselves within a short time during iife, ard that the genssis
of bronchiectasias 1s associated with a bronchial functional syndrome. Stutz
and Vlieten interpret these findings of Di Rienzo as well as their own otserva-
tions of minor bronchiectasis in the left inferior lobe, which '"obviously had
developed only in chilchood," in a 14 year old bov with situs inversus and
polyposis rasi, as idiopathic bronchiectasis in the sense of Bard. iithout
mentioning Bard, egzlin also believes in a “morphologically indeterminable
disgosition.” In a quite general way postoperatively diagnosed bronchiectasias
remind of Policard and Galy's "oronchiectasices sn pulssance.’ Hecently Cocley,
Ginsburg, Olsen, Kirklin and Clagett tried to explain the frequency of post-
operative bronchiectasis in children (16.651) by the fact that development of
the lung and withit, of bronchiectasis, is not yet completed in childhood.
8ince to our xnowledge bronchiectasis has not been proved in newborn viin
gitus inversus, and no anatomical findings (with the possible exception of the
obsaervations of Ingraham) on the roentgenologically diagnosed development of
cysts and honeycombs in situs inversus intra vitem are availabie, the conse-
quential result of the examinatlons, even tne anatomlcal ones, is this:
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It is impossible to differentiate bronchiectasis with situs inversus from
"common" bronchiectasis found in the autopsic and biopsic material. Taians,
Villegas and Schiepatti also stress the curious fact that pithologic-anatomical
findings of the resection specimen in their case could not be differentiated
from those »f “corron bronchiectasis of the acouired tyve."

And yet one cannot doubt an endogenically or idiotypically caused pre-
disposition to bronchiectasis on the basis of extra-pulmonary findings: Situs
inversus, involvement of the accessory nadal caviiies, freguent sirmltaneous
deformities and consuicuous familial occurrence. Irom this factor of predispo-
sition ("defaut original" or "malformation en puissance" of Bard) curing the
course of life, gradually but irresistably, the disease of bronchiectasis
itself may develop without interver.cion of an inflammatory or mechanical cause
{idiopathic bronchiectasis Bard). In other cases {Churchill, Ferrand et al)
the developmeat of bronchiectasis must be ascribed to an inflammatory~infecti-
ous genesis, similar tc the origin of inflammations of the accessory nasal
cavities. However, a constitutional anomaly must be held responsitle for the
persistence and the orogression of the inflammation. Olsen, too, presupposes
a "deformity of the bronchial trunk as a prime facter" and a relezse by exo-
esenic moments (obturation, 2telectasis and bronchial infection), consequently
"conzenital and acquired components" of bronchiectasis in his 14 cases of
broachiectasis with situs inversus. Likewise Karani speaks of a congenital
defect of the bronchial wall, “perhaps aided by chronic infection." This form
of bronchiectasis Kartagener (c¢) calls "bronchiectasias of mixed etiology" or,
paraphrasing an expression of Volhards, endogenically caused, exorenicall]
effected bronchiectasias.

411l three po-3ibilities of not acquired bronchiectasis: Jcnzenitul bronchi
ectasis in the proper sense, idicpathic tronchiectasis (Zard) ard bronchiectasis
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(::) of mixed etiology consequently are realized in bronchiectasias with situs in-

versus. No anatomical verification exists as yet for the first form. The two

last mentloned forms (idiopadmic and bronchiectasis of mixed etiolo:y), wnile

they cannot be differentliated from acquired broncniectasias eitner clinically,

roentgenologically, bronchographically or anatomically, zust nevertheless be

postulated, on the ground discussed above in detail. This point of view, which
shifts its center of gravity to extrapulmonary and even extra-irdividuil cen-
siderations, shows many cases ¢f seemingly acquired bronchiectasis, even with

situs solitus, in an entirely new light. The pathogeretic relutivity of atel-

ectasis, genuine bronchial stenosis, and broncniectasis, as well as their

possible reciprocity are especially illuminited thereby.

O SUMMARY

Petidled description of & case of bronchiectasis and situs inversus with
] reference tc the complete biblicgraphy and discussion of the pathozeny of the

triade of Kartagener.
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