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Horseshoe lung associated with a variant
of the 'scimitar' syndrome
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The rare anomaly of horseshoe lung with hypoplasia of the right lung in association with dextrorotation of the
heart and anomalous drainage of the right pulmonary veins into the right atrium ispresented. Similarity to the
'scimitar' syndrome and developmental considerations are discussed.

A combination of anomalies involving the pul-
monary venous drainage has been designated the
'scimitar' syndrome because of its typical radio-
graphic appearance of a large, curved venous trunk,
usually parallel to the right heart border (Neil
et al., I960; Kiely et al., I967). In this condition the
right pulmonary veins insert into the inferior vena
cava, the right lung is hypoplastic, and the heart is
displaced to the right. Usually there are also anom-
alous arterial connexions to the right lung (Frye
et al., I962).

Fusion of the two lungs into a 'horseshoe'
arrangement, an extremely rare anomaly, has not
previously been described in association with an
anomalous pulmonary venous return. The only
mention of a case of horseshoe lung appears in the
textbook by Spencer (I968), who noted its associa-
tion with cardiac dextroversion and an anomalous
arterial supply to the hypoplastic right pulmonary
component. He did not, however, describe any
associated anomalies of the pulmonary venous
return.
The object of the present report is to describe the

various clinical and anatomical details and their
implication in a case of horseshoe lung associated
with anoialies closely resembling those observed
in the 'scimitar' syndrome.

Case report
The infant, a Chinese boy, was born at term after
his mother's second normal pregnancy. Birthweight
was 3520 g. He had an imperforate anus with a blind
rectal pouch about 2 cm above the anal dimple and
underwent double-barrel descending colostomy on the
day after delivery. This was complicated by transient
postoperative septicaemia (Esch. coli) which responded

well to treatment. The additional anomaly of dextro-
cardia was noted on the initial physical examination and
confirmed by x-ray examination (Fig. ia). This showed
dextrocardia with overcirculation of the lung, best seen
on the left side, suggesting the possibility of anomalous
venous drainage, perhaps 'scimitar' syndrome. In addi-
tion he had hemivertebra at L3. Cardiac examination
disclosed an active heart with ventricular impact at the
right sternal border. There was sinus tachycardia of
i6o to i8o a minute. The first heart sound was normal;
the second sound was narrowly split and of normal
intensity. No thrill was present. Initially there was no
heart murmur, but on the sixth day a 2/3 systolic murmur
along the left sternal border was first heard. It gradually
became louder and radiated over the left hemithorax.
Electrocardiograms were consistently abnormal, show-
ing pronounced right axis deviation and abnormally
deep Q waves in leads I and II. Praecordial leads indi-
cated that the right ventricle was normally dominant
and that the heart was dextrorotated.

Course
The infant never regained his birthweight. He was dis-
charged when 25 days old, but returned three days later
with sudden onset of severe respiratory distress. He
succumbed to irreversible cardiorespiratory arrest during
readmission.

Necropsy
The body weighed 3420 g. The double-barrel colostomy
in the left upper quadrant was uninfected. A small
fistulous tract was present in the perineum just anterior
to the imperforate anal dimple. The abdominal and
pelvic organs were normal except for the bulbous
dilated blind end of the descending colon. The right
umbilical artery was absent.
The heart was rotated to the right and its apex lay at

the right anterior axillary line (Fig. ib). The great arteries
were normally disposed. The heart and lungs together
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a b

FIG. Ia) Chest x-ray: dextroversion of the heart and overcirculation of the left lung. b) Thor-
acic organs in situ: dextroversion of the heart.

weighed IO g; the heart alone about 30 g. It was en-
larged and the right ventricle was prominent. The cor-
onary artery pattern was normal. The chambers of the
heart were normally formed but the right ventricle was
dilated. The veins from the right lung entered the right
atrium between the ostia of the superior and inferior
venae cavae. The fossa ovalis was a small funnel-shaped
structure with a thick rim and a recessed septum primum
which was patent anteriorly. The ventricular septum was

intact. All valves were normal. The aortic cusps were
finely fenestrated parallel to the line of closure.
The lungs were strikingly dissimilar in size. The

small right lung measured 3 cm and the larger one 5 cm
in their superior-inferior dimensions. The right lung
was devoid of fissures; the left lung was bilobed. The
posterior inferior portion of the right lung was con-
tinuous with a narrow bar or isthmus of normal appear-
ing pulmonary tissue which crossed anterior to the aorta

a b
FIG. 2a) Posterior aspect of horseshoe lung: right bronchial branches supply isthmus; transected
pulmonary artery crosses right upper bronchus. b) Schematic posterior view of horseshoe
lung: pulmonary isthmus supplied by branches from the right bronchus and right pulmonary
artery (stippled); bilateral hyparterial bronchi; anomalous right pulmonary venous drainage
(solid black) to right atrium.
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and oesophagus at a level I-5 cm below the carina, and
was continuous with the posteromedial aspect of the
left lower lobe. This isthmus measured 3 cm in length
and from 1-5 to i-o cm in thickness and width. The first
bronchial branch on the left side arose at a distance of
i-i cm from the carina and was hyparterial. Branches
from the left bronchus supplied the left lung exclusively.
The first right bronchial branch arose at a distance of
o-9 cm from the carina and was also hyparterial. The
right main stem bronchus then bifurcated into two equal
branches. One of these supplied the base of the right
lung, the other the isthmus (Fig. 2a and b). The main
pulmonary artery divided unequally into a large left
branch and a narrow but longer right branch. The
ductus arteriosus was barely patent and its lumen prac-
tically sealed by prominent longitudinal wrinkles. The
right pulmonary artery branch crossed over the first
right bronchial branch, sending extensions to the right
apex, to the right base, and to the isthmus. All veins
from the hypoplastic right lung and the isthmus com-

bined into a single trunk and drained in the right
atrium as described. All veins from the left lung drained
normally into the left atrium.

Discussion
The combination of malformations associated with
the horseshoe lung in this case and in the case pre-
viously reported by Spencer, namely, hypoplasia
of the right lung, dextroposition of the heart,
anomalous pulmonary venous connexions, and
anomalous arterial supply, closely resemble those in
the 'scimitar' syndrome. However, in the present
case, the only one that has been described in detail,
all veins from the right lung drained directly into
the right atrium.

According to Gasul, Arcilla, and Lev (I966),
partial anomalous pulmonary venous drainage into
the right atrium is accompanied in a large percentage
of cases by defects in the atrial septum, a finding
which may be explained by faulty development of
the septum primum and subsequent incorporation
of the venous connexion of the right lung into the
right atrium. In the present case this explanation
does not apply. The atrial septum was normal and
the fossa ovalis was adequately covered by the
septum primum. The fact that it was deeply re-

cessed and anteriorly patent into the left atrium
was undoubtedly secondary to increased flow to the
right side of the heart, an interpretation that is
supported by the large size of the right ventricle.

Normally, the anlage of the pulmonary veins is a

dual one. The primitive pulmonary vein arises as an

evagination from the cranial, atrial portion of the
sinoatrial region of the heart, and the pulmonary
venous connexions are elaborated by anastomoses

with the rich splanchnic vascular plexus surround-
ing the primitive gut and long buds. The existence

of two transitory evaginations in the caudal, sinus
venosus portion of the sinoatrial region has been
demonstrated in human embryos (Auer, I948). The
direct entry of the right pulmonary veins into the
lateral border of an otherwise normally formed right
atrial chamber may be interpreted as caused by
abnormal persistence of the right caudal evagina-
tion of the sinus venosus. Anastomoses with the
splanchnic venous plexus surrounding the abnormal
posteriorly elongated right lung bud would then
lead to drainage of all venous blood from the right
lung to the right atrium.

Further similarity of this case to the 'scimitar'
syndrome is to be found in the abnormal bronchial
pattern. Halasz, Halloran, and Liebow (1956) noted
that in carefully studied cases with this condition,
anomalies in bronchial distribution were very
frequent. In 66 per cent, bilateral left-sidedness was
observed. This was also true in our case. The first
bronchi arose almost equidistantly from the carina
and both were clearly hyparterial. Their size was
approximately equal. Similarly, symmetrical bron-
chial patterns have been frequently observed in
combination with cardiovascular anomalies accom-
panied by polysplenia and frequently also by
anomalous pulmonary venous drainage from the
right lung to the right atrium (Landing and Wells,
I973; Van Mierop, Gessner, and Schiebler, I972).

In most, but not all cases of the 'scimitar' syn-
drome, anomalous arteries from the aorta or its
branches supply the entire right lung or a part. It is
noteworthy that in the two cases of horseshoe lung
available, one (Spencer, I968) had an anomalous
branch from the subclavian artery supplying the
isthmic portion, while in the present case the right
pulmonary arterial supply was normal. However,
there was pronounced disparity in the size of the
pulmonary arteries, the right one being long,
narrow, and thin walled, while the left was shorter,
wider, and thicker walled. We believe, therefore, that
the overcirculation of the left lung and the relative
undercirculation of the right lung, as seen radio-
graphically, were truly present and not just obscured
by the displaced large heart in the right hemi-
thorax. It is noteworthy, however, that micro-
scopical vascular changes seen in pulmonary hyper-
tension were absent and that, in fact, the structure
of the pulmonary arteries in both lungs was the
same.
Malformed horseshoe lung appears to be a great

rarity, though it may be occasionally overlooked at
necropsy. In our own case, as well as in Spencer's,
the fusion was situated inferiorly and consisted of an
elongated isthmus which clearly belonged to the
right lung, but was continuous with the parenchyma
of the left lung without an intervening pleural layer.
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The structure of the isthmic parenchyma appeared
normal. In the 'scimitar' syndrome, bronchiectasis
and other pathological features are not uncommon
in the hypoplastic right lung. However, our patient,
the only one whose age was known, died within the
first month of life while patients with the 'scimitar'
syndrome who develop pulmonary lesions survive
for longer periods.

It is not clear why fusion of the lungs should be
of such extreme rarity, while fusion of the adrenals
is rare (Warkany, 197I), and horseshoe or fused
kidneys relatively common (Lenz, I964). It is
possible that interposition of the large developing
heart and of the aorta prevent such fusion, an inter-
pretation that is supported perhaps by the fact that
fused kidneys usually do not ascend to their normal
position but override the bifurcation of the aorta
(Caffey, I972).
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