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Abstract

Repair of scimitar syndrome presenting in infancy involves either tunneling or reimplantation of the anomalous vein to the left
atrium and may be fraught with serious complications such as thrombosis and secondary pulmonary infarction necessitating
pneumonectomy. The authors present the case of a severely symptomatic infant with scimitar syndrome, managed initially
with closure of an atrial septal defect in the hope of avoiding a repair with considerable risk of scimitar vein thrombosis and
pulmonary infarction. Despite initial clinical improvement, subsequent rapid development of spontaneous massive
emphysematous degeneration of the right lung necessitated emergency pneumonectomy, which was accomplished via the

median sternotomy approach.
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Clinical Summary

A 3-month-old female developed tachypnea and tachycardia at
1 month of age and was noted to have a systolic murmur. Chest
radiograph showed a hyperlucent right lung with reduced vol-
ume. Echocardiogram showed left-to-right shunt through a
large atrial septal defect (ASD) as well as partial anomalous
venous drainage into the inferior vena cava (scimitar vein).
There was evidence of severe pulmonary hypertension and sig-
nificant dilation of the right ventricle and right atrium (RA).
Computerized tomography (CT) scan of the chest revealed a
hypoplastic malformed right lung (Figure 1A).

Because of increasingly severe tachypnea and episodes of
pronounced bronchospasm and respiratory distress, she was
transferred to our facility and required intubation and mechan-
ical ventilation. Cardiac catheterization confirmed systemic-
level pulmonary artery pressures, pulmonary/systemic flow
ratio (Qp/Qs) of 3.6:1, and angiographically typical scimitar
syndrome with a dysmorphic right lung and hypoplasia of the
right pulmonary arterial vasculature without systemic arterial
supply (Figure 2A). A large secundum ASD was present. The
scimitar vein drained into the inferior vena cava (Figure 2B).
Another right pulmonary vein drained into the left atrium. With
the patient still requiring mechanical ventilation, surgical inter-
vention was performed.

Our initial plan was to attempt reimplantation of the scimitar
vein without cardiopulmonary bypass (CPB), followed by

closure of the ASD during a brief period of CPB. A right thor-
acotomy incision revealed a bilobed large and diffusely emphy-
sematous right lung. No gross bullae were present. An
incomplete fissure separated a hypoplastic lower lobe from the
upper lobe. The aberrant scimitar vein, 3 mm in diameter, was
located in this fissure and received tributaries from the lower
lobe and the lower part of the upper lobe. There was 1 other
(3 mm) pulmonary vein from the upper lobe that drained nor-
mally into the left atrium (LA). No systemic arterial supply
to the right lung was found.

There was no evidence of pulmonary sequestration.

Even minimal mobilization of the scimitar vein (with the
goal of possible direct reimplantation to the LA) resulted in
obliteration of its lumen and engorgement of the right lung.
Intracardiac redirecting of the small scimitar venous drainage
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Abbreviations and Acronyms

ASD atrial septal defect

CT computed tomography

CPB cardiopulmonary bypass

DHCA deep hypothermic circulatory arrest
LA left atrium

PA pulmonary artery

RA right atrium

SV scimitar vein

to the LA would require a more complex repair, possibly
employing deep hypothermic circulatory arrest (DHCA).The
long-term patency of a surgically created intracardiac
tunnel was uncertain, and there was an additional right pul-
monary vein that connected normally to the LA. Accord-
ingly, the decision was made to repair only the secundum
ASD. Because displacement of the right lung to gain access
to the aorta and RA proved impossible without hemodynamic
compromise, the thoracotomy was closed and a median ster-
notomy incision was made. Under routine hypothermic CPB
and cardioplegic arrest, a large secundum ASD was closed
with a patch of autologous pericardium. After weaning from
CPB, direct oxymetry documented residual Qp/Qs due to the
patent scimitar vein of 1.2:1. Pulmonary artery (PA) pressure
decreased to normal (PA systolic pressure = 30 mm Hg).
The patient was transferred to the intensive care unit and was
hemodynamically stable.

Postoperatively, the patient suffered from increasingly
frequent episodes of severe bronchospasm, precluding success-
ful weaning from mechanical ventilation. Two weeks after sur-
gery, sudden onset of rapidly increasing signs of respiratory
failure and of cardiac tamponade was observed because of
acute massive emphysematous degeneration of the right lung
with air trapping and secondary cardiac compression. This con-
dition persisted despite high-frequency jet ventilation. The
degree of air trapping and secondary cardiac compression was
demonstrated by CT scan (Figure 1B).

Emergency right pneumonectomy was performed through
the previous sternotomy incision. At operation, the right
lung was massively dilated because of the interim develop-
ment of multiple giant bullae. The lung extended posterior
and inferior to the heart, which was severely displaced.
We proceeded with intrapericardial division of the right pul-
monary artery. The scimitar vein and the additional right
pulmonary vein were each doubly ligated and divided. The
right mainstem bronchus was stapled, divided, and covered
with a pericardial flap. Pathologic examination of the
resected specimen revealed extensive bullous degeneration
and hemorrhage of the resected lung without evidence of
sequestration.

The patient had a subsequent smooth postoperative course.
She remained free of bronchospasm and was discharged home
on the 20th postoperative day. At l-year follow-up, she is
asymptomatic and has enjoyed normal development.

Figure 1. Computerized tomography (CT) scans of chest:
(A) Preoperative study showing a hypoplastic malformed right lung.
(B) Study done 2 weeks after atrial septal defect (ASD) closure
reveals massive emphysematous degeneration of the right lung, air
trapping, and secondary cardiac compression.

Discussion

Scimitar syndrome is a rare congenital anomaly consisting of
hypoplasia of the right lung, anomalous right pulmonary
venous return to the inferior vena cava, and, frequently, sys-
temic collateral supply to the right inferior lobe. There is a
bimodal presentation with either an infantile variant or a
pediatric/adult form. The former is characterized by higher
incidence and severity of associated defects, pulmonary
hypertension, heart failure, and significant risk of mortality,
whereas the latter is less severe and patients may be asympto-
matic on diagnosis.'

Surgical treatment of scimitar syndrome is recommended
in the symptomatic patient or in the absence of symptoms
when left-to-right shunt is greater than 1.5:1, to avoid the
sequelae of chronic right heart volume overload, and when
other associated cardiac anomalies require repair.”® Infants
typically have features of congestive heart failure from signif-
icant left-to-right shunting from the anomalous pulmonary
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Figure 2. Cardiac catheterization: (A) Hypoplastic pulmonary
vasculature of the right lung. Note sparse pulmonary arterial supply
to upper, middle, and most of the lower lobe. (B) Scimitar vein
draining into the inferior vena cava.

venous drainage and/or from additional cardiac defects, such
as an ASD.? Pulmonary hypertension is nearly always present
in infants and is attributed to relative scimitar vein stenosis
and to hypoplasia of the right lung, redirecting most of the
pulmonary flow to the left lung, in conjuction with the over-
circulation caused by ASD.

Surgical management of scimitar syndrome may involve
resection of the right lung drained by the scimitar vein (SV)

or by a corrective approach rerouting flow from the SV to the
left atrium.' There are several surgical corrective options.>’
Most commonly, repair through median sternotomy under CPB
involves tunneling the orifice of the scimitar vein to the LA via
the ASD, if present, or, in its absence, via a defect created in the
atrial septum. Creation of this tunnel is often accomplished dur-
ing a period of DHCA, although the procedure can be per-
formed with continuous CPB. The surgically created tunnels
are prone to thrombosis, which may lead to lung infarction and
ultimately to the need for pneumonectomy. An alternative
approach has been to reimplant the SV to the LA via right thor-
acotomy without CPB or with CPB if an ASD also requires clo-
sure. This approach has been used mostly in older children and
adults.” A posteriorly located scimitar vein in an infant may be
impossible to reroute to the left atrium without kinking and
thrombosis.>>"’

In our case, we repaired only the ASD at the time of initial
surgery, as we judged the hemodynamic significance of the
shunt related to the scimitar vein to be too small to risk creation
of an intracardiac tunnel with an uncertain long-term fate, espe-
cially in view of the right lung parenchymal and vascular hypo-
plasia and the presence of 1 other right pulmonary vein
draining into the left atrium. Indeed, after ASD closure, the
measured Qp/Qs was only 1.2:1.

In retrospect, an initial midline approach to address only the
ASD would have been less traumatic and would likely be our
preferred approach in a future similar situation. However, this
may not have prevented the subsequent deterioration of the
right lung and the need for pneumonectomy. With regard to our
decision to perform pneumonectomy via the median sternot-
omy approach, rather than via traditional transthoracic or extra-
pleural approach, several advantages seem evident in such a
dire situation. First, the ill neonate or infant frequently cannot
tolerate a lateral thoracotomy postion, especially when the lung
is hyperinflated. In addition, ventilation by the anesthesiologist
is frequently much easier in the supine position than in the lat-
eral thoracotomy position. If necessary, lifesaving CPB can be
instituted promptly. Other advantages include facilitation of a
secure proximal bronchial closure in this situation and better
access to hilar vessels in the setting of anomalous venous and
systemic arterial supply, as seen in scimitar syndrome.

We could not explain either the persistent bilateral bronch-
ospasm postoperatively or the delayed but massive and rapidly
progressive emphysematous degeneration of the right lung that
necessitated pneumonectomy. The diffuse and massive nature
of emphysematous degeneration precluded any conservative
resection. We speculate that humoral factors originating from
the anomalous right lung may play a role in the bilateral
bronchospasm that frequently afflicts patients with severe sci-
mitar syndrome, and this dysmorphic lung (but not the contral-
ateral normal lung) may be inherently prone to emphysematous
degeneration.*° This hypothesis is supported by the disappear-
ance of left lung bronchospasm following pneumonectomy.

This case demonstrates some of the difficulties that may be
encountered in the management of this uncommon and life-
threatening infantile form of scimitar syndrome. Resection of
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the dysmorphic lung may be lifesaving for some severely
affected infants.
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