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Abstract
Scimitar syndrome is a rare congenital heart defect 
 associated with right-sided partial anomalous pulmo-
nary venous return (PAPVR) into the inferior vena cava 
(IVC). We describe the case of a 28-year-old female 
 diagnosed with PAPVR with a typical curvilinear pat-
tern of the right lower pulmonary vein—the so-called 
“scimitar sign”—on chest x-ray. Anatomical abnormali-
ties on magnetic resonance imaging included a lower 
right pulmonary vein draining into the IVC and an 
 additional vein connecting all right-sided pulmonary 
veins toward the left atrium. Because her anatomy was 
suitable, the patient underwent cardiac catheteriza-
tion with occlusion of the anomalous right lower 
 pulmonary vein with an Amplatzer Vascular Plug with 
excellent postinterventional results.
Copyright © 2016 Science International Corp.
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Introduction

The term “scimitar syndrome” was first employed 
by Neill et al. in 1960 to describe a rare type of partial 
anomalous pulmonary venous return (PAPVR) in 

combination with a hypoplastic right lung that 
 receives its blood supply from systemic arteries [1]. 
Associated features include dextroposition of the 
heart, bronchopulmonary sequestration, and various 
extracardiac and additional cardiac anomalies. The 
classic radiographic finding is the “scimitar sign” on 
chest x-ray resulting from the curved anomalous right 
pulmonary vein draining into the inferior vena cava 
(IVC). Two forms of scimitar syndrome can be 
 differentiated. In the infantile variant, patients usually 
present with tachypnea, heart failure, and pulmonary 
hypertension, and significant morbidity and  mortality 
[2, 3]. In the childhood/adult form, patients are less 
severely affected and may be asymptomatic until a 
diagnosis is established. The adult variant of scimitar 
syndrome is commonly associated with right lung 
 hypoplasia, abnormalities of vascular supply, 
 dextrocardia, and abnormalities of bronchial 
 segmentation [4]. Treatment generally implies a 
 surgical approach, and procedural details vary 
 depending on individual anatomic and pathologic 
features, as well the surgeon’s preference. Procedures 
frequently include intra-atrial baffle repair and reim-
plantation of the scimitar vein into the left atrium 
and, if necessary, simultaneous ligation of collateral 
arteries supplying the right lung, right lower lobe 
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 resection, or even right pneumonectomy [5]. 
 Successful attempts of interventional therapy of 
scimitar syndrome include transcatheter emboliza-
tion of anomalous systemic arterial supply with inter-
ventional atrial septal defect closure [6] and rerouting 
of anomalous venous drainage to the left atrium [7].

Case Report

We present a 28-year-old female who was diag-
nosed with right-sided PAPVR as a variant of scimitar 
syndrome. The patient had been a preterm infant 
born at 26 weeks of gestation. She developed bron-
chopulmonary dysplasia and suffered from recurrent 
respiratory tract infections in infancy and early child-
hood. Her psychomotor and physical development 
were unremarkable. At the age of 28 years, the 
 patient presented to our unit with exertional dysp-
nea. On chest x-ray, a tubular structure in the right 
cardiophrenic angle compatible with the typical ra-
diologic sign of scimitar syndrome was evident 
 (Figure 1). Subsequent MRI revealed anomalous 
 return of the right lower pulmonary vein into the 
IVC. The scimitar vein was slightly stenotic proximal 

to its drainage into the dilated IVC. Furthermore, all 
right-sided pulmonary veins were connected via the 
scimitar vein and drained not only into the IVC but 
also into the left atrium, thus representing a rare 
variant of  scimitar syndrome. The right pulmonary 
veins had a more tortuous appearance than usual, 
but no  discrete stenosis was noted (Figure 2). The 
right  ventricle was enlarged due to volume overload, 
and systolic  function was within normal limits. The 
 pulmonary to systemic flow (Qp:Qs) ratio, as assessed 
by MRI, was 1.4:1.

Cardiac catheterization was performed with the 
 intention of interventional closure of the aberrant 
pulmonary vein. Levophase after right pulmonary 
 angiography confirmed dual connection of all right 
pulmonary veins via the scimitar vein to the IVC, as 
well as to the left atrium (Figure 3A). The left-to-right 
shunt ratio (according to Fick) was calculated to be 
1.6:1. The patient’s right ventricular systolic pressure 

Figure 1. Chest x-ray with a classic “scimitar sign” resulting from a 
right pulmonary vein coursing to the right cardiophrenic angle 
(arrows).

Figure 2. Three-dimensional reconstruction of cardiac MRI 
( posterior-anterior view). The anomalous drainage of the lower 
pulmonary right vein into the IVC with slight stenosis of the vessel 
at the diaphragm is evident. In addition, all three right pulmonary 
veins are connected to the left atrium. AO = descending aorta; 
IVC = inferior vena cava; LA = left atrium; RPA = right pulmonary 
artery; * pulmonary veins; + scimitar vein; arrows, additional vein 
connecting the lower and middle right pulmonary vein.
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was slightly elevated at 34 mmHg, and the mean 
 pulmonary arterial pressure was 26 mmHg with an 
indexed pulmonary vascular resistance of 3.0 WE × m2 
and a pulmonary to systemic vascular resistance 
(Rp:Rs) ratio of 0.19. No pulmonary vasodilator  studies 
were performed in the cardiac catheterization lab. 
The right pulmonary veins were tortuous without any 
obvious obstruction (Figure 3B). Angiography of the 

descending aorta did not reveal evidence of 
 aortopulmonary collateral arteries. Balloon wedge 
angiography into the right lower pulmonary artery 
delineated the lower part of the scimitar vein in  detail, 
demonstrating moderate stenosis just below the 
 diaphragm (Figure 3C, D). Balloon occlusion of the 
vessel did not result in elevation of pulmonary right 
venous pressure or left ventricular end-diastolic 

Figure 3. Cardiac catheterization (anterior-posterior views). Panel A. Levophase after right pulmonary angiography demonstrates 
typical curvilinear pattern (arrows), the so-called “scimitar sign.” Drainage of the upper and middle right pulmonary veins into this de-
scending vein (asterisks) connected to the inferior vena cava (IVC) is evident. Panel B. A guide catheter was directed from the IVC into 
the scimitar vein; hand injection of contrast demonstrates free drainage of the right upper pulmonary vein into this descending vein 
(arrow) and the left atrium (asterisk). Panel C. Diameter of the connecting vein is 13.9 mm, stenosis before drainage to the IVC 6.6 mm. 
Panel D. The lower part and stenosis of the anomalous vein are documented by direct angiography. Panel E. Test balloon occlusion of 
the lower connecting vein. Panel F. After implantation of an Amplatzer Vascular Plug II into the lower part of the scimitar vein, hand 
injection through the delivery sheath demonstrates no obstruction of the hepatic venous flow into the IVC.
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 pressure, indicating that interventional occlusion was 
feasible. During balloon occlusion, the diameter of 
the connecting vein was 15.3 mm, with a stenotic 
segment of 10.4 × 12.7 mm (Figure 3E). Subsequently, 
a 20-mm Amplatzer Vascular Plug II (AVP II) was 
 chosen to occlude this portion of the scimitar vein. 
The stenosis was used as the anchor for the distal 
waist of the device. After release from the delivery 
system, there was no residual shunt through the de-
vice after 10 min. Absence of obstruction of hepatic 
venous flow into the IVC and of the right lower pul-
monary vein could be documented (Figure 3F). 
 Repeat hemodynamic evaluation did not reveal any 
difference of pulmonary wedge pressure to the 
end-diastolic left ventricular pressure. However, the 
mean right pulmonary artery pressure remained 
 elevated at 26 mmHg.

Echocardiography postimplantation showed no 
residual flow along the vessel occluder into the IVC. 
Before hospital discharge, the patient was started on 
a vitamin K antagonist for 6 months. No oral pulmo-
nary vasodilator therapy was initiated after the inter-
vention. At the 6-month follow-up, the patient was 
well, and the device was in an unchanged position 
without residual flow as assessed by echocardiogra-
phy. Repeat cardiac catheterization 19 months after 
the intervention revealed improved hemodynamics 
with a slightly increased mean pulmonary artery 
pressure at 18 mmHg, underscoring the need for 
anomalous vessel closure.

Discussion

Unless patients diagnosed with scimitar syndrome 
are symptomatic or have a significant left-to-right 

shunt leading to pulmonary hypertension and right 
ventricular failure, clinical surveillance has been rec-
ommended, because surgery may be challenging 
and associated with significant complications and 
morbidity [8-10]. In the present case, moderate left-
to-right-shunting and mild pulmonary hypertension 
required treatment. There was partial anomalous pul-
monary venous drainage of the right lung into the 
IVC without further abnormalities of the right lung, 
including blood supply. The patient’s individual anat-
omy with double drainage of the right lung allowed 
successful interventional occlusion of the inferior 
portion of the scimitar vein without open surgery.

Unfortunately, very few patients diagnosed with 
classical scimitar syndrome fulfill anatomic 
 requirements for catheter-based rerouting of the 
anomalously draining vein. This case illustrates that 
interventional therapy should be considered and 
may be successful in selected patients with unusual 
anatomical variants.

Conclusion

Particular attention to anatomic variants of  scimitar 
syndrome may identify novel interventional 
 treatment options. 
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