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ABSTRACT: We present seven patients with the scimitar syndrome. The clinical

and anatomical spectrum is described.

Two different types of scimitar vein were recognized. a) simple classic vein run-
ning from the middle of the right lung to the cardiophrenic angle (5 patients) and
b) double arched vein in the upper and lower lung zone, with ample drainage into

the left atrium and inferior caval vein (2 patients).

Four patients required surgical treatment. Indications, diagnostic procedures and
surgical management are discussed. In two patients, thrombosis and fibrosis occurred
in the scimitar vein that had been reimplantated in the left atrium, necessitating

pneumonectomy.
Eur Respir J., 1995; 8: 196-201.

The first case report of pulmonary venous drainage
into the inferior vena cava was published in 1836 by
CoopEr [1]. The scimitar syndrome was named by NEILL
et al. in 1960, describing a syndrome of partial anom-
alous pulmonary venous drainage of the right lung into
the inferior vena cava, partial systemic arterial blood
supply, and hypoplasia of the affected lung, with bron-
chial abnormalities and abnormal lobation [2]. Pulmo-
nary venous drainage into the right atrium, superior
vena cava, the azygos system, the hepatic vein, or the
left atrium has also been described [3—10]. Rarely, a
scimitar syndrome of the left lung has been reported
[11, 12].

The scimitar syndrome is part of a variety of congen-
ital disorders known as "partial anomalous pulmonary
venous connection" (PAPVC). PAPVC is found in
0.4-0.7% of adults at autopsy [13]. The scimitar syn-
drome forms about 3—-5% of all PAPVC [14, 15].

The pathogenesis of the syndrome is unclear, but it
seems to originate from a basic developmental disor-
der of the entire lung bud early in embryogenesis [16—
18].

In the past, several case reports have been published
describing the scimitar syndrome. To our knowledge,
only four studies have presented a series of more than
five patients with this syndrome; and few patients of
these series underwent surgery [3-5, 17]. Because of its
rareness, we present seven patients with scimitar syn-
drome with variable congenital malformations of the
right lung. Four patients underwent surgical therapy. It
is clear from the past that surgical intervention is not
always indicated and sometimes troublesome and com-
plex.
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Patients and methods

Seven patients (6 females, 1 male) with the scimitar
syndrome are described, who were referred to our hos-
pital in the 1967—1992 period. Results of bronchoscopy,
bronchography and angiography of the aorta, pulmonary
arteries and veins are summarized in table 1. From the
angiographic studies, it is often difficult to establish the
exact lobar drainage due to absent or abnormal loba-
tion. Therefore, in several patients (Nos 1, 2, and 5-7)
the vascular drainage areas are defined as lung zones.

Table 2 shows the functional parameters of the seven
patients. Vital capacity (VC) and forced expiratory vol-
ume in one second (FEV,) were obtained by spirometry.
Right lung perfusion was directly measured by lung
scintigraphy with human albumin macroaggregates lab-
elled with “mtechnetium (patients Nos 2, 3, 6 and 7), or
indirectly by bronchospirometry (patient No. 4). Cardiac
catheterization was performed in order to measure pul-
monary artery pressure (patients Nos 1, 3, 4 and 7), and
to calculate left/right shunt by means of the oxygen satur-
ation in the caval veins, pulmonary artery, pulmonary
vein and aorta (patients Nos 1-4 and 7).

Table 3 shows the surgical management and post-
operative course of four patients (patients Nos 1-4) and
the follow-up of all seven patients.

Patient No. 1
In 1967, a 4 year old girl was referred to our hospital

for evaluation of a heart murmur. Her medical history
revealed recurrent episodes of chest infection. Physical
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Table 1. — Congenital anatomical abnormalities of the right lung
Pat. Malformations Abnormal pulmonary venous drainage Systemic arteries
No.
1 Hypoplasia of bronchial tree, Upper lung zone to superior caval 3 to middle and lower lung zone
trifurcation of main bronchus vein and left atrium, lower lung zone
to inferior caval vein
2 Hypoplasia of bronchial tree, Lower lung zone to inferior caval 3 to lower lung zone
absent lobation vein and left atrium
3 Hypoplasia of lung, separate Upper lobe to inferior caval vein, lower 5 to middle and lower lobe
pleura of middle and lower lobe and middle lobe to inferior caval vein
4 Hypoplasia of bronchial tree, Upper lobe to inferior caval vein, lower 3 to lower lobe,
separate pleura of lower lobe, lobe to inferior caval vein and left atrium 1 to upper lobe
mirror image left bronchial system
5 Absent dorsal bronchus of upper Upper lung zone to left atrium and scimitar
lobe and apical bronchus of lower vein, lower lung zone to inferior caval vein
lobe
6 Hypoplasia of lung, mirror image  Lower lung zone to inferior caval vein
left bronchial system
7 Tracheal bronchus Upper lung zone to left atrium and scimitar 1 to lower lung zone

vein, lower lung zone to left atrium and

inferior caval vein

Pat.: patient.

Table 2. — Results of spirometry, lung scintigraphy, bron-
chospirometry and cardiac catheterization

Pat. VC FEV/VC Q right lung PAP Left/right shunt
No. % pred % pred % %
1 76 78 nk N 20
2 80 88 9 N nk
3 73 89 35 N 25
4 66 69 38 N 40
5 90 90 nk nk nk
6 98 91 43 nk nk
7 nk nk 43 N 20

Pat.: patient; % pred: percentage of predicted; N: normal; VC:
vital capacity; Q: perfusion; FEV,: forced expiratory volume in
one second; PAP: pulmonary artery pressure; nk: not known.

examination showed an underdeveloped girl. A chest
radiograph demonstrated enlargement and displacement
of the heart to the right, with two curved shadows, one
right paracardial and one right paratracheal. Broncho-
scopy, bronchography and intra-arterial angiography of
the aorta, pulmonary arteries and veins were performed.
A scimitar syndrome was diagnosed, with abnormal
venous drainage of the entire right lung and systemic
arterial blood supply of the right lower lung zone.
Because of recurrent right-sided pneumonias, at 6 yrs
of age, right-sided thoracotomy was performed. The right
lower lung zone drained via a scimitar vein into the infer-
ior vena cava, at the level of the hepatic vein. The right
upper lung zone drained via an abnormal lung vein into
the superior vena cava, and via a normal pulmonary vein.
The right pulmonary artery was hypoplastic. There

were three systemic branches of the abdominal aorta run-
ning to the right lower and middle lung zone. Right
pneumonectomy was performed. The postoperative course
was uneventful. The follow-up until 1987 was unre-
markable.

Patient No. 2

In 1972, a 29 year old woman presented with recur-
rent chest infections, shortness of breath and fatigue.
The chest radiograph showed displacement of the heart
to the right, a reduced volume of the right hemithorax
and a scimitar sign. Bronchoscopy, intra-arterial angio-
graphy of the aorta, pulmonary arteries and veins were
performed.

A scimitar syndrome was diagnosed, with abnormal
venous drainage and systemic arterial blood supply of
the right lower lung zone.

Because of recurrent right-sided pneumonias and pro-
gressive shortness of breath, right-sided thoracotomy
was performed. At operation, the right lung had no loba-
tion. The right lower lung zone drained via a small nor-
mal pulmonary vein and via a large scimitar vein into
the inferior vena cava, partially above and below the
diaphragm. A normal superior pulmonary vein draining
into the left atrium was present. The scimitar vein was
reimplantated externally into the left atrium. The pul-
monary artery to the right lower lung zone was hypo-
plastic. There were three systemic arteries arising
from the abdominal aorta running to the right lower lung
zone, which were ligated.
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Table 3. — Surgical management, postoperative course and follow-up

Pat. Operation Postoperative complication Follow-up

No.

1 Right pneumonectomy, 1967 None Uneventful until 1987

2 Reimplantation of vein, Thrombosis of reimplanted vein, Uneventful until 1975
ligation of arteries, 1972 needing pneumonectomy

3 Resection of sequestered right, middle None Uneventful until 1986
and lower lobe, ligation of arteries, 1980

4 Reimplantation of vein, resection of Fibrosis of reimplanted vein, Uneventful until 1994,
sequestered right lower lobe, ligation needing pneumonectomy other than chronic bronchitis
of arteries, 1981 and asthma

5 None, 1988 Uneventful until 1994

6 None, 1989 Uneventful until 1994

7 None, 1992 Uneventful until 1994

Pat.: patient.

One month after the operation, lung scintigraphy
showed almost absent perfusion of the entire right lung.
A right pleural empyema was treated with daily needle
aspirations.

At thoracotomy after 3 months, the reimplantated ab-
normal lung vein showed thrombosis. Right pneu-
monectomy was performed. There was no evidence of
infarction in the resected lung. No further complications
occurred. The follow-up until 1975 was uneventful.

Patient No. 3

In 1980, a 23 year old woman presented with recurrent
chest infections and mild dyspnoea. A chest radiograph
showed displacement of the heart and mediastinum to
the right side, and a scimitar sign. Bronchoscopy, bron-
chography, intra-arterial angiography of the aorta, pul-
monary arteries and veins were performed.

A scimitar syndrome was diagnosed, with abnormal
venous drainage of the entire right lung and systemic
arterial blood supply of the right lower and middle lobe.

Because of recurrent right-sided pneumonias and pro-
gressive shortness of breath, surgery was performed. At
right-sided thoracotomy, the lower and middle lobe were
hypoplastic, with a separate pleural layer. The venous
drainage of the entire right lung was into the inferior
vena cava, by two small scimitar veins, above the
diaphragm. The right pulmonary artery was hypoplas-
tic and situated on the dorsal side of the right main
bronchus. Five abnormal systemic arteries, piercing
through the diaphragm, supplied the sequestered right
lower and middle lobe, which were ligated. The sequest-
ered lung parenchyma was resected. Reimplantation of
the small scimitar veins was not performed, because
during the operation only a minor shunt could be calcu-
lated. The postoperative course was uneventful. Dur-
ing the follow-up period until 1986, there were no
pulmonary problems.

Patient No. 4

In 1981, a 27 year old woman with chronic bronchitis
and asthma was referred to our hospital with shortness
of breath, recurrent chest infections and haemoptysis.
The chest radiograph showed displacement of the heart
to the right, with a scimitar sign. Bronchoscopy, bron-
chography, intra-arterial angiography of the aorta, pul-
monary arteries and veins (fig. 1) were performed.

A scimitar syndrome was diagnosed, with abnormal
venous drainage of the entire right lung and systemic
arterial blood supply of the right lower lobe.

Because of recurrent right-sided pneumonias, right-
sided thoracotomy was performed. At operation, the
right lung anatomically resembled the left lung and the
right lower lobe had a separate pleura. Drainage of the

N

Fig. 1. — Intra-arterial pulmonary angiography of patient No. 4. The
entire right lung appears to drain via a classic scimitar vein.
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right upper lobe occurred through the scimitar vein. No
normal superior pulmonary vein was present. The right
lower lobe drained partly through the scimitar vein and
partly through a hypoplastic normal inferior pulmonary
vein. The scimitar vein drained into the inferior vena
cava above the diaphragm. It was redirected through the
right atrium, using a dacron prosthesis, into the left atri-
um via the interatrial septum, during a short period of
hypothermia and circulatory arrest. The right upper
lobe was supplied by a hypoplastic pulmonary artery.
Three systemic arteries from the abdominal aorta and a
small branch of the pulmonary artery supplying the
right lower lobe were ligated. Resection of the sequest-
ered right lower lobe was performed.

Eleven months after operation, lung scintigraphy showed
absent perfusion of the remaining right lung. At thora-
cotomy, the diverted scimitar vein showed extensive fibro-
sis, and an additional subdiaphragmatic aortic branch to
the remaining part of the right lung, the former right upper
lobe was found. A right completion-pneumonectomy was
performed. No further complications occurred, although
during follow-up until 1994, the patient is still very dis-
abled due to severe chronic bronchitis and asthma.

Patient No. 5

In 1988, a 24 year old woman presented with a short
history of mild shortness of breath during exercise, mainly
due to hyperventilation. A chest radiograph showed a
scimitar sign in an otherwise normal right hemithorax.
Intravenous digital substraction angiography of the aorta,
pulmonary arteries and veins (fig. 2) were performed.

A scimitar syndrome was diagnosed, with abnormal

drainage of the entire right lung, and hypoplasia of the
right pulmonary artery, but without systemic arterial
blood supply from the aorta. The patient refused car-
diac catheterization. The patient's symptoms disappeared
completely with breathing exercises. Follow-up until
1993 was uneventful.

Patient No. 6

In 1989, a 46 year old woman presented with mild
shortness of breath during exercise. A chest radiograph
showed displacement of the heart to the right, reduced vol-
ume of the right hemithorax and a scimitar sign. Intra-
venous digital substraction angiography of the aorta,
pulmonary arteries and veins (fig. 3) were performed.

A scimitar syndrome was diagnosed, with abnormal
venous drainage of the right lower lung zone, and hypo-
plasia of the right pulmonary artery, but without sys-
temic arterial blood supply from the aorta. The patient
refused cardiac catheterization. Because of the mild na-
ture of the complaints and the absence of haemodyna-
mic abnormalities at echocardiography, no operation
was performed. The clinical picture was unchanged un-
til 1993.

Patient No. 7

In 1992, a 5 year old boy was admitted to our hospital
with mild recurrent chest infections. A chest radiograph
and computed tomographic (CT) scan of the thorax
showed two curved shadows, one right paracardial and
one right paratracheal. Intra-arterial angiography of the

Fig. 3. — Intravenous digital substraction pulmonary angiography of
patient No. 6. Showing a classic scimitar vein draining into the infer-
ior caval vein and a normal right superior pulmonary vein.

Fig. 2. — Intravenous digital substraction pulmonary angiography of
patient No. 5. Showing a double arched vein draining into the left
atrium and the inferior caval vein.
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Fig. 4. — Intra-arterial pulmonary angiography of patient No. 7. Two
abnormal veins of the right lung join and drain into the left atrium.
The lower vein also drains into the inferior caval vein.

aorta, pulmonary arteries and veins (fig. 4) were perfor-
med.

A scimitar syndrome was diagnosed, with abnormal
venous drainage of the entire right lung, hypoplasia of the
right pulmonary artery and with one systemic artery from
the abdominal aorta running to the right lower lung
zone.

Thoracotomy was not performed, because of the mild
nature of the infections and the small left/right shunt of
20%. Two years after admission, no periods of severe
chest infection have reoccurred.

Discussion

We describe seven patients (6 females, 1 male) with
a right-sided scimitar syndrome. A female predomin-
ance has already been found in other studies [3, 6, 19].

Two kinds of scimitar vein were recognized. A sim-
ple classic scimitar vein running from the middle of the
right lung to the cardiophrenic angle (patients Nos 1-4
and 6) (figs. 1 and 3); patient No. 3 had two such veins.
The drainage of the right upper lung zone of these patients
also occurred via the scimitar vein in patient Nos 3 and
4, via a normal superior pulmonary vein into the left
atrium in patient Nos 2 and 6, and via an abnormal vein
into the superior caval vein and a normal superior pul-
monary vein in patient No. 1 (table 1).

The other type of scimitar vein (patients Nos 5 and
7) is a double arched vein in the upper and lower lung
zone, with ample drainage into the left atrium and infe-
rior caval vein (figs. 2 and 4) (table 1). Angiographically,
no normal right pulmonary veins, draining the right upper
lung zone, were demonstrated in these two patients.
More or less comparable veins have been described pre-
viously [5-7, 10, 20-22].

Five of our patients had proven systemic arterial blood
supply to the right lower lung zone and sometimes the
middle lung zone, all branching from the abdominal
aorta. Patient No. 4 also had systemic blood supply of
the right upper lung zone (table 1). In two patients, no
systemic artery blood supply to the right lung was seen
with intravenous digital substraction angiography of the
aorta. However, aortography was not performed; there-
fore, small systemic arteries could remain undetected. In
contrast to previous studies, none of our patients showed
congenital cardiac or extrapulmonary malformations [4,
8, 19].

Angiographic studies of the aorta, pulmonary art-
eries and veins, bronchoscopy, bronchography, spirom-
etry and lung scintigraphy or bronchospirometry (tables
1 and 2) are essential in the diagnostic procedure of pat-
ients with the scimitar syndrome, especially when sur-
gery is considered. A complete picture of the vascular,
bronchial and functional abnormalities must be ob-
tained, otherwise the surgeon may be surprised by un-
expected anatomical problems, illustrated by patient
No. 4, in whom a systemic artery remained undetected
until the second thoracotomy. Cardiac catheterization is
the method of choice to measure pulmonary artery pres-
sure and to calculate the left/right shunt. CT scan of the
thorax may be useful to detect bronchiectasis. However,
we prefer bronchography because it also provides infor-
mation about the precise bronchial anatomy.

There are two indications for surgical intervention: 1)
large left/right shunt exceeding 50%, resulting in pul-
monary hypertension and heart failure [4, 6, 19, 22, 23];
and 2) lung sequestration and/or recurrent right-sided
chest infections [4, 6, 24, 25].

Surgical treatment is best managed in two steps: 1) the
anomalous systemic arteries are ligated and the scimitar
vein is reimplanted into the left atrium; and 2) resect-
ion of sequestered or chronically infected lung paren-
chyma is performed.

Four of our patients underwent thoracotomy, because
of recurrent right-sided pneumonias, with sequestration
of lung parenchyma in two patients (patients Nos 3
and 4) (table 3). In these four patients, the abnormal
systemic arteries were ligated. Resection of the seques-
tered part of the lung was performed in two patients
(patients Nos 3 and 4). In one patient, (patient No. 1)
a right pneumonectomy was performed. In one patient
(patient No. 2) no resection was performed because the
infected part of the lung was not well demarcated due
to absent lobation.

In two patients, an attempt was made to redirect the
anomalous vein to the left atrium. In patient No. 4, the
vein was deviated through the atrial septum into the left
atrium, a technique which has been described in sever-
al other cases. In some of these cases, if the length of
the scimitar was limited a patch sutured around an open-
ing in the atrial septum or an interposition graft was used
to make the connection with the left atrium [3, 5, 14,
19, 23, 26, 27]. In patient No. 2, the scimitar vein was
reimplanted externally into the left atrium, a method
which, to our knowledge, has not been described previ-
ously.
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However, several months after both operations, the
redirected veins were obstructed by thrombosis and
fibrosis despite the use of anticoagulation. Both pat-
ients underwent pneumonectomy. It is possible that this
major postoperative complication is caused by inade-
quate pulmonary arterial blood supply.

Based on our limited experience and the results in the
literature, angiography of aorta, pulmonary arteries and
veins, bronchoscopy, bronchography, spirometry, lung
scintigraphy or bronchospirometry and measurement of
the left/right shunt are essential in the management of
patients with scimitar syndrome if surgery is considered.
Surgical intervention should be limited to those patients
with lung sequestration or recurrent serious chest in-
fections of the affected lung or those with right ventri-
cle overload due to a major left/right shunt. Thrombosis
or fibrosis of the redirected scimitar vein is a serious
complication of the surgical reimplantation procedure,
often needing rethoracotomy with resection of the re-
maining lung.
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