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OPUIHANBHI AOCJIOXEHHA
Pulmonary artery sling:
diagnosis and surgical treatment

D. Yu. Krivchenya, E. O. Rudenko

0. O. Bogomolets National Medical University, Kyiv

The aim — to study the experience in surgical treatment of isolated and associated pulmonary artery sling including tracheal,
cardiac and aortic arch anomalies, to analyze the treatment strategy, complications and their correction.

Materials and methods. Esophagography, digital subtraction angiography, contrast chest CT, tracheobronchoscopy, echocar-
diography were used for diagnosis. Surgery was used in all cases despite patient’s age, severity and associated lesions.

Results and discussion. Over the 35-year period (1982—2017), 93 children were diagnosed and operated with different types of
vascular rings in one center. Most of patients were under 3 year of age (n=75; 80.6 %). Total of 8 (8.6 %) patients having pulmonary
artery sling were included to the study. One of them had double vascular ring which included pulmonary artery sling and double
aortic arch. Patients’ age at operation ranged from 21 days to 24 months (mean 12.9 =2.3, median 12.5), and weight ranged from
3.7 kg to 12.5 kg (mean 9.6 = 0.9 kg, median 9.3 kg). Four of them (group I) (50 %) had isolated pulmonary artery sling and other 4
had associated airway or cardiac malformations (group IT). Associated anomalies were as following: complete rings tracheal stenosis
(n=4), ventricular septal defect (n = 1), double vascular ring and total anomalous venous drainage (n = 1). Isolated pulmonary artery
sling was corrected through left thoracotomy without cardiopulmonary bypass. Vascular anastomosis was performed using «fish
mouth» technique to prevent postoperative stenosis. Median sternotomy and bypass were used in case of associated tracheal stenosis
and ventricular septal defect. Tracheal resection or slide tracheoplasty were used for tracheal stenosis. In patient with double vascu-
lar ring and anomalous venous drainage surgery was staged: Rashkind procedure; then division of double aortic arch and left pulmo-
nary artery reimplantation. Survival rate in the group I was 100 %, whereas in the group IT 3 patients died, including that with
double vascular ring. Overall mortality was 37.5 %. Stenosis of vascular anastomosis was corrected by balloon dilation in one case.

Conclusions. Isolated pulmonary artery sling could be corrected through left thoracotomy without cardiopulmonary bypass,
whereas associated anomalies should be managed using sternotomy approach and bypass. «Fish mouth» vascular anastomosis is
effective in prevention of its stenosis. Balloon dilation of stenotic anastomosis in late period allows restoring an adequate blood flow
in the left lung. Associated tracheal stenosis and cardiac defects has significant influence to the increase of mortality in patients with
pulmonary artery sling. In case of associated heart defects simultaneous repair of cardiac hemodynamics and decompression of respi-
ratory tract is expedient.

Key words: vascular ring, pulmonary sling, tracheal compression, tracheal stenosis, double vascular ring.

Vascular rings are congenital anomalies of great
vessels that encircle and compress the trachea and
esophagus or both [7]. Although pulmonary artery
(PA) sling is not complete anatomic «ring» it is classi-
fied with the classic vascular rings because of the simi-
larities in patient presentation, diagnosis, and surgical
treatment [5]. PA sling is a very rare life-threatening
vascular ring anomaly with complex anatomy, which is
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characterized by abnormal development of pulmonary
trunk, aberrant origin, hypoplasia and pathological
course of the left PA, and compression or anatomic
stenosis of the trachea. Abnormal left PA originates
from the right PA, turns over the right main bronchus
to the top and back, circumflexes the distal trachea and
then enters the left lung hilum under the aortic arch
and behind the ductal ligament [7, 9, 11, 22]. This vas-
cular sling causes compression of the trachea and the
right main bronchus. Decreasing of the volume blood
flow and severe respiratory insufficiency are typical
pathophysiologic criteria of PA sling. About 58—83 %
of patients have associated anomalies, in particular,
heart disease are found in 50 % of cases [26, 29] and up
to 65 % have tracheal stenosis (complete cartilaginous
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rings) [7, 9, 14]. Those comorbidities significantly
deteriorate the course and prognosis, even with timely
and adequate surgical treatment [9, 17, 20]. Mortality
rate reaches 90 % in the case of a natural course of the
defect by the age of 6 months [10], and even with the
surgical treatment the mortality in the last two decades
was 5—45 % [4, 6, 8, 18, 26, 28, 29] and it is associated
with tracheal surgery in most cases [29]. Current con-
troversies in the treatment of PA sling are related to
surgical access, the use or non-use of cardiopulmonary
bypass (CPB), the method of reconstruction of the
pulmonary artery and the methods of tracheal recon-
struction [4]. Postoperative complications may include
tracheal obstruction due to granulation tissue, resteno-
sis or tracheomalacia following tracheoplasty, stenosis
or obstruction of vascular anastomosis and diaphragm
relaxation, resulting in disorders of ventilation or per-
fusion, and worsen prognosis [9, 14, 19, 25].

The aim — to study the experience in surgical treat-
ment of isolated and associated pulmonary artery sling
including tracheal, cardiac and aortic arch anomalies,
to analyze the treatment strategy, complications and
their correction.

Materials and methods

Over the 35-year period (1982—2013), 93 children
with different types of vascular rings were diagnosed
and operated in one center. Distribution of types of
vascular ring and age of patients is demonstrated in
Table. Most of patients were aged under 3 years
(n=75;80.6 %).

Eight (8.6 %) patients with PA sling were included
to the study. One of them had double vascular ring
(DVR) since PA sling was one of the component of the
DVR along with double aortic arch. Their age at
operation ranged from 20 days to 24 months (mean
12.9+2.3, median 12.5), and patients’ weight ranged
from 3.7 kg to 12.5 kg (mean 9.6+0.9 kg, median
9.3 kg). There were 5 boys and 3 girls, ratio 1.7: 1.
Four of them (group 1) (50 %) had isolated PA sling
and other 4 had associated airway or cardiac malfor-
mations (group II). Two patients had association of

Type of vascular ring and age of the patients
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PA sling with complete tracheal rings stenosis only,
one additionally had ventricular septal defect (VSD)
and another one newborn baby had a unique associa-
tion consisted of PA sling and double aortic arch form-
ing double vascular ring along with intracardial total
anomalous pulmonary venous drainage (TAPVD) and
complete tracheal rings. Long segment complete ring
tracheal stenosis was observed in 2 of these patients.

Plain chest X-ray, esophagography, digital subtrac-
tion angiography (DSA), contrast chest computed
tomography (CT), tracheobronchoscopy, echocar-
diography were used for diagnosis. If PA sling was
diagnosed the surgery was indicated despite patient’s
age, severity and associated lesions.

Method of surgical correction depended on the
variant of the malformation. In the cases of isolated PA
reimplantation of left PA and division of ductal liga-
ment were performed through left thoracotomy with-
out CPB. However, CPB machine should be on
standby since partial clamping of pulmonary trunk for
anastomosis may result in cardiac arrest. Patients with
associated congenital tracheal stenosis had reimplan-
tation of the left PA and tracheal reconstruction sur-
gery through median sternotomy with use of CPB. In
the case of associated VSD the procedure was supple-
mented with transatrial VSD closure at the time of
cardioplegia. The unique newborn with DVR+TAPDV
initially on the 1st day of life underwent balloon atrio-
septostomy (Rashkind procedure) to stabilize hemo-
dynamics and then, on day 21 double ring correction
(division of patent ductus arteriosus, division of left
patent aortic arch and reimplantation of left PA) was
performed through the left lateral thoracotomy.

Surgery for isolated PA sling includes a dissection
of abnormal left PA and cutting it off the abnormal
origin site, moving the divided left PA from behind the
trachea and anastomosing it with main PA inside the
pericardium at the probable place of normal bifurca-
tion. Deep tracheal intubation is necessary to prevent
tracheal kinking and obstruction during the left PA
dissection. The access is left lateral thoracotomy
through 4th interspace and it should be wide enough
to ensure adequate access to anterior surface of the

Table

Patients age, years

Type of vascular ring

Total

<1 1-3 4—7 8—17
Double aortic arch 20 15 1 3 39 (41.9%)
Right aortic arch with left ductal ligament/ductus 4 4 2 4 14 (15.1 %)
Aberrant right subclavian artery 3 4 2 4 13 (14.0 %)
Brachiocephalic trunk anomalies 13 4 - 2 19 (20.4 %)
Pulmonary artery sling 2 5 - - 7(7.5%)
Double vascular ring 1 - - - 1 (1.1%)
Total 43 (46.2%) 32(34.4%) 5(5.4%) 13(14.0%) 93 (100 %)
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heart and posterior mediastinum. Mediastinal pleura
is opened between n. vagus and n. phrenicus and
descending aorta is dissected. Ductal ligament or pat-
ent ductus arteriosus is divided between two purse-
string sutures placed on its aortal and pulmonary
ends. The recurrent laryngeal nerve is identified and
preserved. The division of the ductal ligament facili-
tates the exposure of PA sling, decompresses PA and
improves the conditions for reimplantation. Left PA is
dissected thoroughly within the left lung hilum and
then, after moving down of aortic arch, it is dissected
away from the aorta, posterior trachea and anterior
esophagus and identified originated from the superior
aspect of the right PA. The pericardium is opened
widely in front of the phrenic nerve. Test of partial
main PA occlusion helps to assess the possibility of
performing the procedure off-pump. Satinsky or Cool-
ey vascular clamp is placed on the left anterior aspect
of main PA by half of its diameter between valve’s ring
and ductal ligament stump. Stable heart rate and arte-
rial pressure allows performing anastomosis without
CPB. The dissected left PA is ligated deeply in the
mediastinum at the level of the right tracheal aspect
and cut off from the site of its origin on right PA to
form a small proximal stump. Decompression of tra-
chea should be carried out as soon as possible to pre-
vent the hypoxia and bradycardia. Divided left PA is
irrigated with heparin solution. Left anterior aspect of
main PA is clamped again as mentioned above. If heart
functions remain stable left PA is anastomosed into
the pulmonary trunk in end-to-side manner utilizing
running 7—0 polypropylene suture. The left PA is
often lesser in diameter than the right one; hence the
anastomosis is configured in end to side «fish mouth»
manner to enlarge its diameter [1]. The pericardium
closes with interrupted sutures. Patient hepariniza-
tion during the operation and after it is not mandato-
ry. The tube is placed into the pleural space only.

If concomitant tracheal and cardiac anomalies have
to be repaired simultaneously median sternotomy is
performed. The thymus is removed, and pericardium is
opened. The aorta and pulmonary artery are separated
from each other and ductal ligament is ligated and
divided. CPB is instituted using bicaval and aortic
canulation. The child is cooled slowly to 32 °C. In case
of associated VSD the defect was sutured through
right atriotomy after custadiol cardiac arrest. After
resumption of heart beating the left PA is dissected
away from aorta, trachea and esophagus and tran-
sected at its origin on superior aspect of right PA using
a partial occluding clamp. The opening on right PA is
closed with running 7—0 polypropylene sutures. The
transected left PA is moved from behind the trachea,
trimmed to prevent kinking and sewn to the main PA
using partial occluding clamp.

If the tracheal repair is necessary the area of tra-
cheal stenosis has to be fully exposed. Care should be
taken to avoid damaging the lateral blood supply,
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especially along the distal half of the trachea. Consid-
ering that outer size of trachea does not correspond
exactly with the inner diameter of stenosis intraopera-
tive tracheoscopy is necessary to define the limits of
stenotic area. Slide tracheoplasty should be performed
if the length of stenosis is 1/2 or more of trachea [12,
23]. Short segment tracheal stenosis should be cor-
rected with segmental tracheal resection. Tracheal
anastomosis is performed with interrupted 5—0
polydioxanone sutures. Postoperative care includes
antibiotics and, prolonged tracheal intubation.

All survived patients had follow-up investigation in
late postoperative period from 2 to 25 years. Physical
investigation, chest X-ray, echocardiography were rou-
tinely used for follow-up in all patients. Tracheobron-
choscopy was used for assessment of operated airway.
Late postoperative DSA was used to control the
patency of vascular anastomosis in one patient along
with the control of the effectiveness of its balloon dila-
tion. To estimate the influence of associated congenital
anomalies on survival rate for patients with PA sling
we compared survival rates in patients with isolated
PA sling (group I, n=4) and in patients having associ-
ated tracheal or cardiac anomalies (group II, n=4).

Results

All patients with PA sling and associations had
respiratory symptoms since first days of life. Those
included stridor, respiratory distress, and recurrent
airway infection. Associated cardiac anomalies also
presented with cyanosis. The patient with associated
congenital tracheal stenosis had several episodes of
respiratory arrest requiring tracheal intubation. The
DVR+TAPVD patient had severe respiratory and
hemodynamic disorders since 20 hours after birth and
required tracheal intubation and ventilation.

Chest radiographs showed obstructive emphysema
(n=2), atelectasis of the left lung (n=1), signs of
inflammation (n=4).

Esophagography was the first diagnostic study in 3
early patients having isolated PA sling. The lateral
view showed semioval indentation of anterior wall of
esophagus (Fig. 1) — Wittenborg sign [10]. The diag-
nosis was confirmed then by DSA or chest CT.

Selective pulmonary DSA was performed in 4 of 8
our patients. It was 100 % diagnostic for PA sling. It
shows the origin and course of left PA (Fig. 2), allows
assessing perfusion of the lungs and the patency of
anastomosis, and to compare the lung perfusion in late
postoperative period.

Contrast chest CT with 3D reconstruction was
performed in 3 patients. It allows delineate vascular
and tracheal anatomy and confirm the diagnosis of PA
sling and associated anomalies (Fig. 3).

Tracheobronchoscopy was the first diagnostic
study for «ring-sling» complex and performed preop-
eratively to rule out the type, degree and extent of
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Fig. 1. Esophagography in lateral view in patient L. with
pulmonary artery sling, age 2 years. Compression deformity
of the anterior oesophageal wall (arrow)

Fig. 2. Digital subtraction angiography in the same patient.
The left pulmonary artery (arrow) branches from the right
one, has a lesser diameter, and forms the sling on its way to
the left lung hilum
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Fig. 3. Chest CT with contrast enhancement in 8 months
old patient with pulmonary artery sling associated with
complete ring long segment tracheal stenosis. Axial scan (A).
Pulmonary artery sling (1), congenital stenosis of the thoracic
segment of the trachea (2). Chest CT, sagittal reconstruction
(B). Long segment congenital stenosis of the thoracic
trachea (length 4 em (83 %), the degree of narrowing 60 %)
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stenosis. In isolated PA sling patients the asymmetric
and slightly pulsatile elastic narrowing of the tracheal
lumen 60—70 % just above bifurcation or at the right
main stem bronchus orifice was registered. The zone of
compression stenosis can easily be passed by the rigid
bronchoscope. In complete cartilaginous ring cases
tracheoscopy reveals rigid circular stenosis (up to
65 %) and absent membranaceous wall (Fig. 4). Rigid
mucosal edemacould beseenin case of DVR + TAPVD.

Echocardiography is considered to be optimal non-
invasive diagnostic study at present time [4, 8, 14].
PA has no bifurcation and takes up incorrect position
in all patients with PA sling. However, the visualiza-
tion can be difficult due to lung emphysema. The
intracardiac anatomy and hemodynamic was assessed
in patients with associated cardiac anomalies, such as
VSD or TAPVD. Doppler ECHO is useful and non-
invasive method in follow-up examination to define
the hemodynamic parameters in the zone of reim-
planted PA and to assess the diameter and patency of
anastomosis.

Operative mortality and intraoperative complica-
tions were not observed in both groups I and II. All
patients with isolated PA sling demonstrated disap-
pearance of respiratory symptoms in a few days after
surgery; there were no postoperative complications in
near period. All isolated left PA sling patients were
extubated on the 1st day after surgery. Mean postop-
erative hospital stay in those patients was 12.0 0.9
days. One late complication in the group I was the
stenosis of vascular anastomosis which was revealed at
DSA 2 months after surgery. Balloon dilation was per-
formed resulting in normalization of anastomotic
patency with left lung perfusion up to 99 % and 85 %
confirmed by DSA in 2 and 10 years postoperatively.
In patients of group II with associated malformations
only one patient having PA sling associated with tra-
cheal stenosis and VSD survived the simultaneous
repair (left PA reimplantation, transatrial VSD clo-
sure and slide tracheoplasty) through median ster-
notomy and with CPB. She was extubated 10 days
after surgery and discharged on 26th postoperative
day with no respiratory or hemodynamic symptoms.
Follow-up tracheobronchoscopy showed normal tra-
cheal patency in this patient in 6 and 18 month post-
operatively. All patients were under follow-up obser-
vation over a period 2—25 years. All of them have
normal physical condition with respiration’s compen-
sation and good life quality. 3 (37.5 %) early postop-
erative deaths were registered. One of them was
patient with DVR + TAPVD. The child died due to
respiratory, hemodynamic and renal failure on 11th
day postoperatively before the surgical correction of
TAPDV could be undertaken. Another 2 patients with
PA sling associated with complete ring tracheal steno-
sis died in early postoperative period due to necrosis of
tracheal mucosa and acute airway obstruction. Com-
paring the survival rate in both groups of patients
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Fig. 4. Endophotograph in a female infant N., aged 15
months having congenital tracheal stenosis associated with
pulmonary artery sling («ring-sling» complex). Zone of
stenosis: complete rings, absent membrane

(group I — 100%, n=4; group II — 25%, n=1;
p=0.003) we confirmed that associated tracheal and
cardiac malformations have significant influence on
postoperative course and survival rate.

Case report 1

Male neonate was born at 40 weeks by normal labor
with body mass 3700 g and length 52 cm from prima
gravida. Apgar score at delivery was 8/9. Deteriora-
tion occurred in 20 hours after birth with an appear-
ance of respiratory failure and weak heart sounds.
Oxygen test was negative. Congenital heart disease
had been suspected; newborn was intubated. Echocar-
diography on the 1st day revealed the collector of
pulmonary veins behind left atrium, intracardial
TAPVD, dilation of coronary sinus, obstruction of
interatrial communication, decrease of left ventricle
and atrium, dilation of the right atrium and ventricle
and hypertrophy of right ventricular wall. DSA on
2nd day showed DVR consisted of double aortic arch
with right arch dominated and PA sling, patent ductus
arteriosus (PDA), and intracardial type of TAPVD.
Rashkind balloon atrioseptostomy was performed to
compensate intracardiac hemodynamics. Tracheo-
bronchoscopy revealed tracheal stenosis 1.5 cm below
glottis with minimal diameter of 2 mm. There was
hard mucosal edema and hyperemia and the stenosis
could not be passed by bronchoscope. Chest multispi-
ral contrast enhanced CT confirmed the diagnosis of
DVR consisted of double aortic arch with both patent
aortic arches, left PA sling and PDA. Left PA was two
times lesser than the right one (Fig. 5). All pulmonary
veins merged to form common venous collector behind
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diminished left atrium, the venous collector drained to
dilated coronary sinus. Left lung was in atelectasis.
Thoracic part of the trachea was narrowed with mini-
mal diameter 0,1cm at the level of double aortic. Pre-
operative treatment included mechanical ventilation,
antibiotics, dopamine, dobutamine and diuretics.
Sa0, was 65—75 %, blood gases showed hypercapnia
(pCO, 74—88 mmHg) and hypoxemia (pO,
32—51 mm Hg). The surgery for DVR correction was
performed at the age of 21 days. The operation includ-
ed division of patent ductus arteriosus, division of the
left aortic arch, reimplantation of the left PA into the
pulmonary trunk and posterior aortopexy through
a left lateral thoracotomy. Decompression of trachea
and esophagus was achieved with normalization of left
lung ventilation, increase of SpO, up to 85—90 % and
decrease of pCO, from 130 to 50 mm Hg. There were
no intraoperative visual sings of congenital tracheal
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stenosis. The surgery for TADPV correction was post-
poned regarding the inflammation in the right lung.
Postoperative period was complicated by pneumonia,
recurrence of left lung atelectasis with respiratory
instability and required prolonged mechanical venti-
lation. Tracheoscopy on the 10th postoperative day
showed circular tracheal narrowing due to hard muco-
sal edema at the site of DVR. Mucus aspiration
improved ventilation of the left lung and increased
SpO, up to 95—100 %. However, hemodynamic and
ventilation failures occurred because of redistribution
in systemic and pulmonary perfusion, decrease of car-
diac output, acute renal failure, and increase of tra-
cheal stenosis due to mucosal edema and hypervol-
emia of pulmonary circuit. Baby died on 11th day
after surgery. Autopsy confirmed the clinical diagno-
sis. Tracheal lumen was obstructed with edematous
and thickened mucosa.

Fig. 5. Multispiral contrast enhanced chest CT in a newborn boy R., with double vascular ring, total anomalous pulmonary
venous drainage and tracheal stenosis. A — Axial scan: left PA forms the sling around distal trachea (arrow), atelectasis of
the left lung. B — Double aortic arch with both arches patent and dominating right arch (arrows). C — Venous collector
that drains into the right atrium (arrow). D — 3D reconstruction demonstrating double aortic arch and separate

brachiocephalic vessels (posterior view)
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Case report 2

The 11 months old boy was admitted in the pediat-
ric surgery department with stridor, dyspnea. He had
history of recurrent bronchitis and pneumonia
required four hospital admissions. Stridor appeared
since birth. DSA revealed left PA sling. Left lung per-
fusion was 95% comparing to the perfusion of the
right lung. Tracheobronchoscopy revealed a 1.0 cm
long extrinsic compression narrowing of the trachea
by 50—60% of its lumen localized just above the
bifurcation. The mucosa was inflammated with puru-
lent secretions. Esophagography showed the anterior
indentation of the esophagus. The off-pump left PA
reimplantation surgery through left lateral thoracot-
omy was performed on April 1989. Postoperative
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course was uneventful. Follow-up examination in 2
months after surgery showed that the left lung perfu-
sion was decreased to 85% comparing to the perfu-
sion of the right lung, the diameter of anastomosis
was significantly diminished up to 2 mm. Diameters
of the main PA, right PA and left PA were 1.23 cm,
1.1 ¢cm and 0.65 c¢m, respectively. Balloon dilatation of
anastomosis was performed. DSA in 2 years after dila-
tion showed the left lung perfusion about 99 % and
anastomosis diameter 8 mm. Follow-up examination
in 10 years after surgery revealed the 85 % of left lung
perfusion compared to the right lung. Diameter of
anastomosis was 8 mm, diameters of PA trunk, the
right PA and the left PA were 1.9 c¢m, 1.3 ¢cm and
1.0 ¢m, respectively (Fig. 6). Patient was doing well.

Fig. 6. Treatment of postoperative complication after reimplantation of the left pulmonary artery in patient L.

A — angiopulmonograhy in a 8-month-old patient before operation (the volume blood-flow ratio between the left and right
lungs is 95 %). B — 3 months after the operation: stenosis of vascular anastomosis (the volume blood flow ratio is 85 %).

C — 3 years after the operation. Balloon dilatation of the stenosis was performed (the volume blood flow ratio is 99 %).

D — 10 years after the initial operation. Diameters of the vessels: pulmonary trunk 1.9 c¢m, right pulmonary artery 1.3 cm,

left pulmonary artery 1.0 cm
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Discussion

PA sling is known since 1897 when it has been
described by Glaevecke and Doehle as an autopsy find-
ing in 7-month-old child who died due to severe respi-
ratory distress [11]. The first surgical correction was
performed by W.]. Potts in Chicago in 1953. The
operation consisted of left PA transection, translocation
into ante-tracheal position and reanastomosis resulting
in resolving of respiratory symptoms. However, late
follow-up in clinically asymptomatic patient revealed
occluded left PA [2, 22]. Since that prominent diagnosis
was established and surgery was performed the era of
intensive investigation of this anomaly had begun.

Comprehensive approach to treatment of PA sling
is surgery. However, rare reports of therapeutic
approach to PA sling management are also exist [21].

Current areas of controversy in the management of
PA sling include surgical approach, use or non-use of
CPB, and reimplantation versus translocation with
distal tracheal resection [4, 14, 24]. A number of dif-
ferent surgical methods for concomitant tracheal ste-
nosis repair were published: tracheal resection [13],
pericardial tracheoplasty [15], chondral tracheoplasty
[27], slide tracheoplasty [12, 23], using of tracheal
homograft [16] and autograft [3].

Mortality in the case of a natural course of the
defect reaches 90 % by the age of 6 months [10]. Asso-
ciated anomalies significantly deteriorate the course
and prognosis, even in cases of appropriate surgical
treatment [9, 17, 20] and it is associated with tracheal
surgery in most cases [28]. Simultaneous repair is
advocated by the most authors [2, 4, 9, 14]. During the
last 20 years the results of PA sling surgical treatment
improved significantly with the decrease of postopera-
tive mortality from more than 50 % in 1970th years
[21] to the range of 5—45 % in the last two decades [4,
6, 8, 18, 26, 28, 29] with absence of mortality in early
postoperative period and 5—10 % mortality in late
postoperative period in some clinics [2].

C. L. Backer et al suggested surgical correction of
PA sling through median sternotomy with CPB in
1985. It was considered that this method has some
advantages like a simple administration of bypass,
good access to PA and heart, sufficient time limits, and
a possibility to perform a tracheoplasty in patients
with concomitant congenital stenosis [2, 14].

We consider that it is possible to perform PA reim-
plantation without CPB in patients with isolated PA
sling and a left thoracotomy is suitable for this. This
approach allows reaching the left lung hilum, PA
trunk and mobilizing the left PA deeply in the medias-
tinum up to its origin on right PA. In case of stable
hemodynamic during a partial clamping of pulmonary
trunk anastomosis of the left PA to pulmonary trunk is
possible. Also this method is less expensive.

Associations of PA sling with tracheal and cardiac
malformations are frequent and run up to 50—65 % [7,
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14]. However, we could not find the information about
a combination of PA sling, double aortic arch (double
vascular ring), and TAPVD in relevant literature.

Our own experience (Prof. D.U. Krivchenya)
includes diagnosis and surgical treatment of 93
patients with different types of vascular rings (see
Table). But we had met the case of double vascular
ring for the first time. Uniqueness of this case con-
sisted of the combination of several malformations of
great vessels and heart: double aortic arch and PA
sling that formed double vascular ring with tracheo-
esophageal compression along with intracardiac type
of TAPVD, patent ductus arteriosus and complete
tracheal rings. Pathophysiology of hemodynamic fail-
ure, its severity due to hypervolemia of all thoracic
organs with imminent edema of tracheal mucosa and
secondary disturbances of respiration is obvious. Tra-
cheal stenosis was formed with compression by double
vascular ring and was increased due to tracheal intu-
bation and repeated tracheobronchoscopies. Rashkind
procedure was carried out urgently. It improved the
baby’s condition, decreased respiratory failure and
gave the time to perform the diagnosis.

Surgical decompression of trachea by division of
the double vascular ring with division of PDA and
aortopexy provided the functional compensation dur-
ing first week. Morphologic features of tracheal steno-
sis were evaluated during operation. Outer diameter
of the trachea after decompression was similar to that
of proximal trachea, hence, no visual signs of tracheal
stenosis were found. That was confirmed by the imme-
diate improve of respiratory parameters after decom-
pression of the trachea. So, tracheal reconstruction
was not considered to be indicated. Correction of
TAPVD was necessary for normalizing of hemody-
namic. But widening of incision and increase the time
of surgery with CPB was considered of extreme risk
and inexpedient. The decision was made to postpone
this stage of repair. However, we consider that it was
our mistake not to perform TAPVD repair on 7th
postoperative day. Repeated tracheoscopy with pass-
ing the tube through the stenotic trachea should also
be considered as ungrounded procedure that did not
resulted in improving of tracheal patency but increased
tracheal stenosis by posttraumatic mucosal edema.
Autopsy showed that tracheal lumen was equal along
all its length it was sufficient for a respiration. Tra-
cheal stenosis requiring surgical correction was not
found. Only surgery of cardiac malformation with
translocation of pulmonary veins into the left atrium
could prevent the increase of respiratory tract edema.
Atrial opening after Rashkind procedure was insuffi-
cient (diameter 0.4 cm) for adequate hemodynamic.

Analysis of this unique case of complex congenital
anomalies showed that similar combination of malfor-
mations should be corrected more intensively without
delay and with simultaneous repair of intracardiac
hemodynamics and airway decompression.
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Anastomosis for left PA reimplantation should be
performed by «fish mouth» type because the usual
method may result in stenosis of anastomosis. Follow-
up control of anastomosis patency allows performing
balloon dilation timely if needed and thus maintain
the adequate perfusion of the left lung.

Conclusions

Isolated pulmonary artery sling could be corrected
through left thoracotomy without cardiopulmonary
bypass, whereas associated anomalies should be man-

Conflicts of interest: none.
Authorship contributions: conception and design — D. K., E. R;
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aged using sternotomy and cardiopulmonary bypass.
«Fish mouth» vascular anastomosis is effective in
prevention of its stenosis. Balloon dilation of stenotic
anastomosis in late period allows restoring an ade-
quate blood flow in the left lung. Associated tracheal
stenosis and cardiac defects have significant influence
to the increase of mortality in patients with pulmo-
nary artery sling. Analysis of unique case of total
anomalous pulmonary venous drainage and double
vascular ring suggested that simultaneous repair of
cardiac hemodynamics and decompression of respira-
tory tract is expedient.

acquisition of data, analysis and interpretation of data, drafting the article — E. R.;

critical revision of the article — D. K.
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[MeTna nereHeBoOi apTepii: AiarHOCTMKA Ta XipyprivyHe NikyBaHHS
. 10. KpuBuens, €. O. Pyneunko

Harmionanenuit memannii yaiBepcuret iMeni O. O. Boromoubirsa, Kuis

Mera po6GoTH — BUBYKTH JIOCBIl XiPYPriuHOIO JIKYBaHHs 130JIbOBAHOI Ta aCOIIOBAHOT 3 BajlaMy Tpaxel i cepiis MeTIi JiereHeBol
apTepii, MpoaHasi3yBaT JiKyBaJbHy TAKTHKY, YCKJIAJHEHHS Ta METO/IU 1X KOPEKIIii.

Marepiauu i Mmetoau. [[Jist liarHOCTHKN BUKOpUCTAaHO e30arorpadiro, indpoBy cyOTpakiiiiiHy anriorpadito, TpaxeoGpOHXOCKO-
1iifo Ta exokapaiorpadiio. Xipypriuxe JliKyBaHHS 3aCTOCOBYBAJIN B YCiX BUIIA/IKaX, HE3BAsKAIOUN Ha BIK MAIliEHTIB Ta acOIiI0BaHi Bajiu.

Pesyasratu Ta 006roBopennst. I[Iporsirom 35-piutoro niepioxy (1982—2017 pp.) 93 naifienTn 3 pisHUMEU BapiaHTaMU CyMHHOTO
Kizbitst OyJiit IpooriepoBati B 0HOMY TieHTpi. bisbiricts marientis Gysm panHboro Biky (n="75; 80,6 %). 3 Hux 8 (8,6 %), siki Main
TIETJTIO JIET€HEBOI apTepii, 3aryynsin B ocipkenHs. OIMH 3 HUX MaB TO/BiiTHe Cy/IMHHE KiJIbIle, yTBOPEHE TETJIel0 JIeTeHeBOi apTepii
Ta MOJBIIHOIO JyTor0 a0pTH. BiK MaIienTiB Ha MOMeHT orepartii cranoBuB B 21 jHst 10 24 micsiis (y cepenrbomy (12,9 £2,3) no6u,
Meiana 12,5), maca tisa — Bizg 3,7 10 12,5 kr (y cepentbomy (9,6 +0,9) kr, Meiana 9,3 kr). HeTBepo MAIi€HTIB MaJi 130JIb0BAHY METIIIO
JiereHeBoi aprepii (1epiia rpyra), iHir ueTBepo — acortifioBani B/ Tpaxei abo cepii (pyra rpyia). AcomiiioBaHi Bajim OXOILIIOBAIN
MOBHi XPSIIOBI KiJibllst Tpaxei (n=4), nedekT MiKILTYHOUKOBOI 1eperopoziku (n = 1), moaBiiiHe CyJMHHE KiJTbIle I TOTATbHIIT aHO-
MaJIbHUI ApeHask JereneBux Bet (n=1). [3oboBana 1etsist jiereHeBoi aprepii GyJia KOpUroBaHa JOCTYIIOM Yepes JIiBY TOPAKOTOMIIO
6e3 mTyaHOro KpoBoobiry. CyanHHMIT aHacTOMO3 (HOPMYBaJIM 32 METOIUKOO «pUG’STUOTO POTa» JJist 3arobiraHHst MCsoTepaiiiHoMy
CTEHO3YBAHHIO. Y BUIAJIKAX aCOIIOBAHOTO CTEHO3Y Tpaxel Ta CeNnTaIbHOTO Ae(eKTy Ceplis KOPEKIII0 BUKOHYBAJIN Y€Pe3 CTEPHOTO-
Mil0 B yMOBax IITYYHOTO KPOBoOGiry. Kopekilito creHo3y Tpaxei IpOBOMIIN TIJISIXOM PE3eKINil Tpaxei abo KOB3HOT TPaxeoIIacTHKH.
Y narienTa 3 moABIMHUM CyIMHHUM KiJIbIIEM Ta aHOMAQJIbHUM JIPEHAKEM JIETeHEeBUX BeH KOPEKIIIIO TIPOBO/IMIIN CTa/IIITHO: TIPOIE/Lypa
Pamikinza, motiM pos’esiHaHHS MOABINHOI YT a0PTHU i PeiMIUIAHTAIlis JiereHeBoi aptepii. YacTora BIKUBAHHS B TIEPIIiil Py —
100 %, Toi sIK y APyTiil TPYII TPOE TMAI[EHTIB TIOMEPJIN, Y TOMY YHCJIi TAIEHT i3 MOABITHUM CYJMHHUM KilTbIleM. 3araabHa JieTab-
HicThb cranoBuIa 37,5 %. CTEHO3 CYJIMHHOIO aHACTOMO3Y B OJIHOMY BUIIJIKy OYB KOPUTOBaHMUIT GaJIOHHO JANJIATAIIIE.

BucnoBku. [30/1b0BaHa 11€TJIst JiereneBoi aprepii Mojke Gy T KOPUTOBaHa JOCTYIIOM Yepes JIiBY TOPAKOTOMIIO Ge3 IITYYHOrO Kpo-
BOOOGITY, TOJI SIK Y Pasi acoIiHOBAHKMX BaJl KOPEKILIIO CJIi/l BHKOHYBATH YePe3 CTEPHOTOMIIO B YMOBAX IITYYHOro KpoBoobiry. CymH-
HUI aHACTOMO3 33 METOIKOIO «PHO’sTY0ro potar eeKTUBHUIT y 3ar00iraHHi CTeHO3yBaHHIO. BalloHHA JnIaTafist CTeHO30BaHOTO
AHaCTOMO3Y JIETeHEeBOi apTepii [[a€ 3MOTY BiZIHOBUTH KPOBOODIT JIiBOT srereHi. AcoltiifioBati Bajiu cepiid i Tpaxei iCTOTHO TABUIIYIOTH
JICTAJIbHICTD y TIAIIIEHTIB 3 TETJIeI0 JIeTeHeBol apTepii. Y pasi acoliioBaHUX Bajl CepIs JIOIIbHA CIMYJIBTAHHA KOPEKI[is BHYTPill-
HBOCEPIIEBOI FeMOIMTHAMIKH Ta JIEKOMIIPECisi PECITiPATOPHOTO TPAKTY.

KntouoBi cioBa: cyinHHe KiJiblle, METJIS JIeTeHeBOT apTepii, KOMIIPECist Tpaxel, CTEHO3 Tpaxel, MOJBIHE CyINHHE KiJIbIIE.

[MeTna neroyHom aprepun:. amarHOCTuKa 1 Xxmpyprmyeckoe nedeHme
J1. 10. KpuBuens, E. O. Pynenko

Hanwmonanesmbiii Mmeguiackuil yausepcutet nvenu A. A. Boromoubita, Kues

Ilens paGoOTBI — M3YYHTD ONBIT XUPYPrUIECKOTO JIEUCHsT H30JUPOBAHHON 1 aCCOIMUPOBAHHON € TIOPOKAMU TPAxen U cepiiia
TIETJIV JIEFOYHON apTepHH, MPOAHATN3UPOBATH JIeUeOHYI0 TAKTHKY, OCJIOKHEHHSI i METOBI HX KOPPEKITH.

Marepuanbt 1 MeTOBL. /IS INArHOCTUKY MCTIOIb30BaHbl 930(harorpacdust, indposast cyOTpakiMoHHas anrnorpadus, Tpaxeo-
GpoHXOCKONMsST U axoKapauorpadusi. Xupyprudeckoe JiedeHne MPUMEHSJIM BO BCEX CIIyYasiX, HECMOTPSI Ha BO3DPACT MAIMEHTOB
U cOueTaHHbIe TOPOKH.

Pesyasrarel u o6cyskaenne. Ha nporstkernn 35-yetHero meproza (1982—2017 rr.) 93 marienTa ¢ pasinyHbIMI BapHaHTAMI
COCY/IFICTOTO KOJIbIIa ObLIIN IIPOOTIEPUPOBAHBI B OJHOM IieHTpe. BosbimucTBo nanuenTtos (n="75; 80,6 %) parHero Bospacra. 13 Hux
8 (8,6 %), KOTOpbIE MMEJIN TETIIIO JIETOUHON apTePUH, BKJIIOYEHBI B UCC/IEI0BaHNE. Y OHOTO U3 HUX ObLIO ABOIHOE COCYINCTOE KOJIb-
110, 06pa3oBaHHOE METJIel JIETOYHON apTepuu U JABOWHON yToil a0pThl. Bo3pacT maueHToB Ha MOMEHT OIepaliuy cocTaJsii ot 21
CyTOK 110 24 mecsiiieB (B cpemrem (12,9 = 2,3) cyTok), Mmacca testa — ot 3,7 10 12,5 kr (8 cpemtem (9,6 +0,9) Kr). Y deThIpex MaIeHToB
GbliIa M30IMPOBAHHAS TIETJIsI JIETOUHOI apTepru (IepBast IPYIIIa), €1lie YeTBEPO MMEJIH acCOIMMPOBAHHbIE TOPOKK TPAXEN UJIH CEPIIa
(BTOpas rpymnma). ACCOIMNPOBAHHBIE TIOPOKH BKIIOUAJIH TTOJTHbIE XPAIIEBbIE KOIbITA Tpaxen (N = 4), 1edeKT MeKKeyI09KOBOII rTepe-
ropojku (n=1), IBOHHOE COCYAANCTOE KOJBIIO U TOTATbHbII aHOMAJIBHBIH JpeHak Jeroynbix BeH (n=1). M3onmpoBannyio metiio
JIETOYHOIT apTepuil KOPPUTHPOBAIN Yepes JIEBYI0 TOPAKOTOMHIO 0€3 MCKYCCTBEHHOTO KpoBooOpatenust. CoCy/MeThiii aHaCTOMO3
(hOPMUPOBAIIH TI0 METOMMKE «PHIGBETO PTay ISt TPEYIPEKIEHIs TTOCIEOEPAIIHOHHOT0 CTEHO3UPOBansL. B cirydyasx acconuupo-
BaHHOTO CTE€HO3a TPaXel ¥ CENTATBLHOTO /iedeKTa cep/ia KOPPEKIIIIO BBITIOMHAIN Yepe3 CTEPHOTOMUIO B YCJIOBHSIX MCKYCCTBEHHOTO
kpoBooGparienust. KoppeKImio crenosa Tpaxew MPOBOAMIN TIyTeM pesekimu (n=1) Tpaxeu Wil CKOJbL3SIENH TPaXeOoIUIacTUKU
(n=2). Y naryenTa ¢ IBOHHBIM COCYNCTHIM KOTIBIIOM 1 aHOMAJIBHBIM JIPEHA’KEM JIETOUHBIX BeH KOPPEKITHIO TIPOBOININ TO3TAITHO:
nporietypa Pamkunza, 3aTeM pasjiesieHue IBOHHON JyTH a0PThI M PeMMILIAHTAIM JIETOYHOI apTepry. YacToTa BBDKIBAHNUS B TI€PBOi
rpymme — 100 %, Tora Kak Bo BTOPOiA TPYIITe TPU MAIMeHTa YMEPJIH, BKIOYAst TIAIMEHTA C ABOIHBIM COCY/IMCTHIM KOJIBIIOM; 00IIas
JIETATbHOCTD cocTaBuia 37,5 %. CTeHO3 COCYMCTOr0 aHACTOMO3a B OHOM CJIy4ae ObLI KOPPUTHPOBAH GAJTIOHHON JiiaTaImeii.

BsiBozbl. V1301MpoBaHHAsT TIETJIST JIETOYHON apTepui MOXKET ObITh KOPPUTHPOBAHA JOCTYIIOM Yepe3 JIEBYI0 TOPAKOTOMHIO (e3
HCKYCCTBEHHOTO KPOBOOOPAIIEHHS], TOT/IA KaK B CJTy4ae aCCOIMUPOBAHHBIX TIOPOKOB KOPPEKIIUIO CJIEYET BBITOTIHST YePE3 CTEPHO-
TOMHIO B YCJIOBUSIX MCKYCCTBEHHOTO KpoBoOoOpaiieHst. COCyMCThIiT aHACTOMO3 TI0 TUITY «PBIOBETO PTar ABsteTcst 3(hHEeKTHBHBIM
VIS TIPEe/IYTIPEKICHUST CTEHO3UPOBaHMs1. BasloHHAs ANIaTalys CTEHO3MPOBAHHOTO AaHACTOMO3A JIETOYHOI apTepry IO3BOJISIET BO3-
O0BGHOBUTDH KPOBOTOK JIEBOTO JIETKOTO. ACCOITMUPOBAHHBIE TOPOKH CEPJIITA M TPAXEN CYIECTBEHHO MOBBIIMIAIOT JIETATBHOCTD Y TTATlHeH-
TOB ¢ IETJIeH JIerouHol aprepun. B cirydae acconnupoBaHHbIX TOPOKOB CeP/IIa 1e1eco00pa3Ha CUMYJIFTAHHAS KOPPEKIIUS BHYTPHU-
cep/IeyHOoH TeMOIMHAMUKHY 1 JIEKOMIIPECCHS PECTTPATOPHOTO TPAKTA.

Kmouessle ci10Ba: cOCy/I1CTOE KOJIBIIO, IETJIS JIETOYHO apTepuy, KOMIIPECCUST TPAXEH, CTEHO3 TPaxeH, ABOIHOEe COCY/NCTOE KOIBIIO.
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