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Computed tomography angiography

sophageal fistula (TEF), imperforated anus and an incidental
diagnosis of HL. We explore if HL should be considered as a
component of VACTERL spectrum.

Introduction

Horseshoe lung (HL) is a rare congenital anomaly of the lungs
characterized by the presence of a midline isthmus of pul-
monary parenchyma connecting bilateral posterobasal seg- Case report
ments [1,2]. Almost 80% of HL cases have been associated with
the classic features of Scimitar syndrome; [2] however, very
few cases have been described in the context of the VACTERL
spectrum [3]. We present a case of a newborn with tracheoe-

A newborn girl, born via Cesarean section at 37 weeks, 4 days
of gestation due to polyhydramnios and fetal distress, pre-
sented to our hospital at 5 hours of life. At birth, she weighed
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Fig. 1 - Axial chest CT angiography shows horseshoe
isthmus (short arrow) surrounding the esophagus in
almost 360 degrees (large arrow), with branches from the
right pulmonary artery crossing through the isthmus to
reach the left lower lobe (short arrows).

3.04 kg. Family history was not contributory, especially for con-
genital malformations. She is the fourth child in the family.

During prenatal care, unexplained mesocardia was found
in three consecutive fetal ultrasounds. A fetal echocardiogram
was showed the heart in mesocardic position, although the
apex was pointing to the left. Other than this, there were no fe-
tal cardiac abnormalities. . A prenatal MRI was also performed
at 31 weeks of gestational age for further evaluation. The fetal
MRI showed mesocardia and two vessel cord without evidence
of diaphragmatic hernia or mass.

At birth, she initially required CPAP at 40% due to grunting,
and then eventually changed to low flow O2. On examination,
the patient was noted to have an imperforate anus and TEF
given failure to pass a nasogastric tube (NG) and accumulation
of oropharyngeal secretions.

Given her post-natal anomalies and prenatal diagnosis of
mesocardia, a VACTERL workup was performed. A postnatal
echocardiogram (ECO) showed a patent foramen ovale (PFO)
with left to right flow and a small persistent ductus arteriosus
(PDA) shunting bidirectionally. Additionally, bilateral superior
vena cava was also noted, with a left superior vena cava (SVC)
draining into a dilated coronary sinus and a left aortic arch
with aberrant right subclavian artery. During her hospitaliza-
tion, the patient continued with episodes of increased work of
breathing, intermittent tachypnea and occasional grunting.

Chest CT angiography was performed to exclude a vas-
cular ring. It showed a HL configuration, with the isthmus
in the posterior mediastinum, anterior to the descending
aorta,which was in midline position, and surrounding the dis-
tal esophagus posteriorly (Figs. 1 and 2). Branches of the right
pulmonary artery were seen crossing the midline through the
lung isthmus, feeding the left lower lobe parenchyma, and its
venous return to the left lower pulmonary vein (Fig. 2). A dis-
tal branch of the right lower lobe bronchus was seen reaching

Fig. 2 - Coronal reformat chest CT angiography shows an
aberrant right subclavian artery (long arrowhead), distal
branches of the right pulmonary artery reaching the left
lower lobe after crossing through the isthmus of the
horseshoe lung (short arrows) and pulmonary veins from
the left lower lobe draining into the left pulmonary venous
system (long arrow).

Fig. 3 - 3D reformats of chest CT angiography shows
esophageal atresia (small arrowhead) with the distal
esophageal segment originated from the tracheal carina
(long arrow), absence of the right upper bronchial bronchus
(short arrow) and horseshoe lung (large arrowhead).

the lung isthmus, possibly extending into the left lower lobe.
Other findings included an esophageal atresia with distal TEF
originated from the carina (N type/Gross type C) (Fig. 3), an ab-
sent upper right bronchus with hypoplastic/absent right up-
per lobe with hypoplasia of the right upper lobe, ground glass
consolidations in the right and medial portion of left lung, and
a left sided aortic arch with an aberrant right subclavian artery
arising from the descending aorta at the level of the TEF with-
out vascular ring.
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Fig. 4 - Intraoperative photography during right
thoracotomy shows the distal esophagus (arrowhead)
surrounded by the horseshoe lung (arrow).

The patient underwent an uncomplicated extra pleural re-
pair of the TEF performed through a right thoracotomy on day
3 of life. The distal esophagus was completely surrounded by
the HL (Fig. 4); however, there were no adhesions with the
pulmonary tissue and the distal esophagus was readily dis-
sected from the surround pleura of the horseshoe lung suffi-
cient to approximate it to the proximal esophageal pouch. A
primary anastomosis with the proximal pouch could be com-
pleted with minimal tension. As such, the horseshoe lung tis-
sue was not resected. A temporary diverting loop colostomy
was performed for the anorectal malformation. The patient
had an uncomplicated postoperative course with an upper
gastrointestinal study on post-operative day (POD) 7 confirm-
ing no anastomotic leak. The chest tube was removed on POD
8 and feeding was slowly advanced until full oral feeding was
achieved and the patient was discharged home on day 20 of
life.

Follow up echocardiogram showed spontaneous closure of
the PDA, a small PFO shunting left to right, but significant per-
sistent elevation of right ventricle (RV) pressures. The RV was
not dilated and had reasonable function. The left ventricle was
normal in size and function, giving a final diagnosis of persis-
tent pulmonary hypertension, likely related to lung disease.

Discussion

Horseshoe lung (HL) was first described by Spencer in 1962
[4] and since its original description only a few cases have been
reported in the world literature [1,3,2,5,6]. It is a rare congenital
anomaly of the lungs that is characterized by the presence of
a midline isthmus of pulmonary parenchyma, connecting the

posterobasal segments of the right and left lungs. [1,2]. Clas-
sic description includes vascular supply from a branch of the
right pulmonary artery, and aeration from a distal branch from
the right bronchial tree [7], as it was described in our case. Figa
et al. [8] classified HL into three patterns: [1] lung fusion with-
out the intervening pleura; [2] the presence of two pleural lay-
ers between the crossover lung tissue; and [3] the presence of
four pleural layers between the crossover lung tissue, and the
isthmic lung tissue is surrounded by its own visceral and pari-
etal pleural envelopes. Our patient had lung fusion without an
intervening pleura.

Almost 80% of HL cases have being associated with the
classic features of Scimitar syndrome, also known as con-
genital pulmonary venolobar syndrome [2]. This complex of
anomalies include: hypoplasia of the right lung, anomalous
right pulmonary venous return, anomalous arterial supply to
the right lung and anomalies of the right bronchial tree [2].
Posteriorly, although rare, HL has been reported in associa-
tion with a left pulmonary artery sling and left pulmonary hy-
poplasia [9,10]. Association with other cardiovascular abnor-
malities, such as atrial septal defect, interventricular septal
defect, persistent arteriosus ductus, and single left ventricle,
may occur [11,12]. In addition, patients with HL have been re-
ported to have tracheal and bronchial stenosis and anomalous
bronchial bifurcation [11,13].

Our patient shares some of the mentioned pathological
features above, including hypoplasia of the right lung (al-
though the pulmonary venous return was normal bilaterally)
and absence of the right upper lobe bronchus. The patient also
had a patent foramen ovale and persistent ductus arteriosus;
however these are expected with the patient’s age. No clear
association of HL with a left SVC or aberrant left right subcla-
vian artery has been described. Only one case of a left SVC in
an adult patient with HL was found in the literature [11].

In 1987 Hawass et al. [14], reported the first case of HL in
a dead fetus, in association with multiple congenital anoma-
lies including imperforated anus, horseshoe kidney, trachea-
esophageal fistula and butterfly vertebra among others, sug-
gesting a mesodermal error as a common embryologic origin.
Obregon et al. [15] described additional cases of HL with a sim-
ilar constellation of findings, suggesting that HL could be an
additional component of the VACTERL association, arising as
a result of the same disruption in development.

Other pulmonary anomalies including Scimitar syndrome
have been reported in association with the VACTERL spec-
trum [16-18]. These associations may be a result of the same
dysmorphogenetic process during blastogenesis [3,19]. In the
same context, association of HL with Facio-Auriculo-Vertebral
sequence has also been described [20].

The criteria for the diagnosis of VACTERL association, re-
quires the presence of three or more of the six classically de-
scribed anomalies [21]. Our patient presented with the follow-
ing features for VACTERL: cardiovascular anomalies: aberrant
subclavian artery, single umbilical artery; N-type, Gross C type
tracheoesophageal fistula, and anorectal malformation [22].

The diagnosis of HL relies on demonstration of the isth-
mus, which could be easily achieved with the use of chest CT
angiography. Imaging is also critical to identify the vascular
and tracheobronchial anomalies associated with HL. HL was
an incidental finding on the CT angiography in this infant. Un-
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fortunately, chest CT angiography is not part of the routine
presurgical work up in neonates with esophageal atresia, tra-
cheoesophageal fistula or suspected VACTERL spectrum. Prog-
nosis of HL depends on the degree of pulmonary hypoplasia
and the severity of associated congenital malformations. This
information may also be useful to inform and guide surgical
planning [9,23].

The clinical presentation of patients with HL is variable,
particularly because it usually occurs in the presence of other
anomalies. Asymptomatic patients are usually diagnosed af-
ter an incidental finding on radiographic imaging [5,6], as was
the case with our patient.

Based on published articles that have described a strong as-
sociation between HL and VACTERL spectrum [3,14,15,19] and
the reported association of Scimitar syndrome and VACTERL
spectrum [17,18], we considered that HL syndrome should be
consider as one of the criteria for diagnosis of this spectrum.
Also, we suspect that there is underdiagnoses of HL in VAC-
TERL spectrum, given the lack of inclusion of chest CT angiog-
raphy as part of routine workup in these individuals.

In addition, our patient developed pulmonary hyperten-
sion. Although it is described that patients with HL involving
left pulmonary hypoplasia are at high risk of pulmonary hy-
pertension, there is no clear relationship between these two
factors, given the limited number of cases [10]. Other features
described in the literature resulting in pulmonary hyperten-
sion include a large ductus arteriosus, AV defect or obstruc-
tion of an anomalous vein [7], none of these were present in
our patient.

The prognosis in cases of HL is dependent on the pul-
monary artery pressure. Usually, the types of HL associated
with normal pulmonary artery pressure are asymptomatic [6].

In conclusion, HL is a rare congenital anomaly, usually as-
sociated with Scimitar syndrome. Recent literature has shown
evidence of association between HL with multiple midline ab-
normalities including VACTERL association; however, we sus-
pect that HL is underdiagnosed in the setting of VACTERL
spectrum, as chest CT angiography is not part of the routine
work up in this entity. The combination of HL and VACTERL
spectrum, HL and Scimitar syndrome, as well as the concomi-
tant presentation of Scimitar syndrome and VACTERL asso-
ciation, as previously described in literature, are not random
separated entities but likely a further expansion of VACTERL-
associated symptoms.

Such comprehension should raise perinatal awareness for
children with VACTERL association, leading to an earlier pre-
natal or postnatal diagnosis and therapy.
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