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Abstract

Introduction: Vascular compression of the tracheobronchial tree (TBT) and esophagus
occurs in congenital anomalies of the aortic arch, its branches, and the pulmonary arteries.
Although the vast majority of patients with this condition are symptomatic, vascular
compression is often not diagnosed promptly. The clinical presentation results from
compression of the trachea and/or esophagus; therefore, the predominant manifestations
are dyspnea (stridor, cough, and shortness of breath) and/or dysphagia (choking, difficulty
swallowing, and regurgitation). Diagnostic approaches and methods of surgical treatment
remain clinically relevant. The timing of and indications for surgical correction remain
controversial, and outcome data are limited to a small number of publications.

Objective: To evaluate the effect of surgical treatment of vascular rings on symptom
resolution during the early postoperative period in infants and young children; to define
indications for surgical treatment; to report the frequency of aortopexy used to prevent
residual symptoms according to vascular ring anatomy; and to assess the incidence of
chylothorax and its association with the anatomical type of vascular ring.

Methods: This retrospective, nonrandomized cohort study included 58 pediatric patients
who underwent surgery for an isolated congenital vascular ring causing compression of
the TBT and esophagus at a single center between January 2018 and July 2024. Patients
were divided into four groups according to vascular ring anatomy: double aortic arch
(n=16; 27.6%), right aortic arch with a left ligamentum arteriosum (n = 34; 58.6%), left
aortic arch with a right ligamentum arteriosum (n = 4; 6.9%), and pulmonary artery
sling (n = 4; 6.9%). All patients underwent contrast-enhanced multidetector computed
tomography for diagnostic confirmation and surgical planning. Early symptom resolution,
technical aspects of surgical correction, postoperative length of stay, and postoperative
complications were assessed.

Results: The median age at surgery was 7 months (Q1-Q3, 4-25 months). Preoperative
symptoms (dyspnea and/or dysphagia) were present in 84.5% of patients. There were no
statistically significant between-group differences in anthropometric characteristics, age,
or symptom status (p > 0.05). Complete symptom resolution by hospital discharge was
achieved in 83.7% of symptomatic patients. Length of hospital stay differed significantly
among the groups (p = 0.028), with the highest median in the pulmonary artery sling
group (18 hospital days), owing to the need for cardiopulmonary bypass and a more severe
baseline condition. Chylothorax was the most common complication, occurring in 13
patients (22.4%) and most frequently in those with a double aortic arch (43.8%). Aortopexy
was performed most frequently in patients with a right aortic arch and left ligamentum
arteriosum (70.6%; p = 0.001). There were no deaths.

Conclusion: Surgical correction of vascular rings in infants and young children was
highly effective in the early postoperative period, with complete symptom resolution
in 83.7% of symptomatic patients and no mortality. These findings support the safety of
surgery when combined with early diagnosis and a multidisciplinary approach. In our
opinion, for a vascular ring formed by a right aortic arch and left ligamentum arteriosum,
adding aortopexy to division of the ligamentum arteriosum may visibly eliminate residual
esophageal compression. The long-term clinical benefit of this approach requires further
evaluation. The principal clinical concern is the substantial incidence of postoperative
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chylothorax (22.4%), underscoring the need to improve surgical techniques and
management protocols and to identify the underlying causes.
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WHdopmmnpoBaHHoe cornacne

MonyuyeHo MHGOPMUPOBaHHOE cornacue
oduUManbHbIX NpeacTaBuUTeNer NaLeHToB Ha
ny6AVKaLMIo 1 NCNONb30BaHME MEANLIMHCKIX
[laHHbBIX B HayYHbIX Liensx.

Owuaucuposaume

WccnepoBaHue He umeno CI'IOHCOpCKOIZ NoAAepPXKN.

KoHdnuKT nHTepecos
ABTOpbI 3aABNAIOT 06 OTCYTCTBUN KOHPNVKTA
VHTEPeCoB.

JTnyeckune yTeepxaeHua

[laHHOe peTpoCneKTUBHOE NCCefoBaHNe
0[06PEHO JIOKaNbHbIM STUYECKNM KOMUTETOM
I'bY3 «Mopo3osckas [ATKb A3M» (npotokon Ne 7
ot 10.12.2025). UiccnepoBaHme NpoBOAMIOCH

B COOTBETCTBUW C STUYECKUMW NPUHLMNAMK
XenbcrHKCKOM aeknapaummn BcemmpHon
MeANLMHCKOMN accoumanmm (06HoBNeHUsA oT
oKTA6pPs 2024 r.). Cornacue naumeHToB 6bi10
nonyyeHo no tenedoHy. [laHHble naumeHToB 6bin
AHOHVMI3MPOBaHbI Neper aHaIn3oMm.

' TocypaapcTBeHHOE BI0fPKETHOE yupexaeHne 3apaBooxpaHeHns roposa MockBbl
«Mopo30BcKas fieTCKas ropofcKas KnHuyeckas 6onbHULa [lenaptameHta
3[paBooxpaHeHns ropoaa Mocksbl», MockBa, Poccuiickas ®epepauma

2 PepepanbHoe rocyapcTBEHHOE aBTOHOMHOE 06pa3oBaTeNlbHOEe YUpexaeHue BbiCLLero
obpa3zoBaHmMa «Poccuincknin yHnBepcuTeT Apy»K6bl HapoaoB MeHw Matprca Jlymymobi»,
Mocksa, Poccuiickas ®egepaums

® DepepanbHoe rocyfapcTBeHHOe aBTOHOMHOe 06pa3oBaTesibHOe yupexjeHue BbiCLIero
obpa3zoBaHuA MepBblit MOCKOBCKMI FOCYAaPCTBEHHbIN MEANLIMHCKNIA YHUBEPCUTET UMEHN
.M. CeueHoBa MuHucTepcTBa 3apaBooxpaHeHnsa Poccuiickon Oepepaummn (CeueHOBCKMIN
YnusepcuTeT), MockBa, Poccuiickas QOegepauns

AHHOTauunA

AkyanbHocTb. Cocyamnctan Komnpeccus TpaxeobpoHxuanbHoro gepesa (TBA) v nniweBo-
A3 BO3HWKAET NPy BPOXAEHHbIX aHOMANMAX Pa3BnTUA BYrn aOpTbl, € BETBEN 1 NErOYHbIX
apTepuit. HecMoTps Ha To, YTO CUMMTOMbI HAabMIOAAKOTCA Y NMOAABNALEr0 6ONbLINHCT-
Ba NMaLMEHTOB C 3TOV NaTanorveit, UarHo3 CoCyANCTON KOMMNPECCUM 3a4acTylo He Nnoa-
TBEPXAAETCA CBOEBPEMEHHO. KNMHNYeCKan KapTuHa natonoriy obycnosneHa CAaBneH)-
eM Tpaxeu /v NLeBOAa, W, TaKUM 06pa3om, BeAyLLMMI CuMnToMamm 6yayT AUCIHOS
(cTpuaopo3Hoe AbixaHwe, Kaluenb, ogbiliKa) u/unn agucdarva (nonepxmBaHwe, 3aTpyaHe-
HUe FNOoTaHuWA, CPbIrMBaHIe). AKTyanbHbIMM OCTAIOTCA MOAXOAbI K AUArHOCTVKE MOPOKa 1
€nocobam XMpypruyeckoro neyeHns. Bonpocbl CPOKOB 1 MOKa3aHUii K XMpypruyeckon
KOpPEKLMM AaHHOV NATOMOTU OCTAKTCA AMCKYTabeNbHbIMY, a pe3ynbTaTbl NpeacTaBne-
Hbl € IUHWUYHBIMY My6RMKaLnAMA.

Lienb. OueHnTb 3GdEKT XMPYPruyeckoro NeyeHus CoCyancTbx Kosew, Ha perpecc cum-
NTOMATVKI B paHHEM NOCIe0NePaLMOHHOM NePUoAE Y MIIaZeHLEB U AeTel PaHHEro BO3-
pacta. OnpeaenuTb NOKasaHWsA K NPOBEAEHUIO XUPYPrMUECKOro IEYEHIA COCYANCTBIX
Koned,. MpeACTaBUTb YAaCTOTY MPUMEHEHA a0PTOMEKCIY ANA NTPOGUNAKTUKN pe3uayanb-
HbIX CIMMTOMOB B 3aBUCMMOCTH OT TUMA COCYANCTbIX KoseLl. OLEHUTb YacToTy Pa3BUTUA
XWIOTOPAKCa 1 3aBUCUMOCTb OT aHATOMMYECKOTO TUMa COCYAUCTBIX KOMeLl.

MeToppbl. BbinonHeHO peTpoCcneKTMBHOE KOrOPTHOE HepaHAOMI3MPOBaHHOE NCCeA0Ba-
HWe, OCHOBaHHOE Ha aHanm3e 58 ncTopuin 60ne3HN NaLMEHTOB AeTCKOro BO3PacTa, one-
PUPOBaHHbIX NO MOBOAY BPOXAEHHOI0 MOPOKa CepALa, NPeACcTaBNeHHOro N30MPOBaH-
HbIM COCYAMCTBIM KONbLIOM € Komnpeccuel Th[ n nuwesogaa, B OBGHOM LieHTpe 3a nepuog
cAHBapA 2018 1. no uonb 2024 r. B 3aBUCMOCTY OT aHaTOMUYECKOTO TIMa NopoKa nawuu-
€HTbl BbINK paspeneHbl Ha YeTbipe rpynnbl: ABONHAA Ayra aoptbl (n = 16; 27,6 %), npasan
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Ayra aopTbl C NeBOW apTepuanbHOm cBA3Kow (n = 34; 58,6%), neBas Ayra aopTbl C NpaBow
apTepuranbHoii cBA3KoN (N = 4; 6,9 %) 1 CNMHT NeroyHoi aptepun (n = 4; 6,9 %). Bcem na-
LiMeHTaM BbINOMHANACh MyNbTUCIMPanbHasa KOMMbloTepHasa TOMorpadus ¢ KOHTPACTHLIM
ycuneHveMm anis BepudrKaLmm AnarHo3a 1 niaHnpoBaHus onepauumn. OLeHUBanmcb He-
nocpeacTBeHHas 3GdeKTUBHOCTb OnepaLyi B OTHOLIEHWI YCTPAHEHUA CUMITOMATUKY,
TEXHWNYECKIE acMeKTbl XUPYPryeckon Koppekunm, AnUTeNbHOCTb NOCAeonepaLoHHO-
ro neprofia u aHanm3 oCIOKHEHNI KOPPEKLMN.

Pesynbratbl. MeanaHa Bo3pacTa Ha MOMEHT onepaumn coctasuna 7 mecaues (Q1-Q3:
4-25 mecaiyes). CuMNToMbI (BMCNHOI U/vnn gucdarns) Habnoganuco y 84,5 % nauneHToB
go onepauuu. CTaTUCTUYECKI 3HAUMMBIX PA3NNYKIA MO AHTPOMOMETPUYECKIM AaHHBIM,
BO3PACTY ¥ HaNNYMI0 CUMMTOMOB MeXAY rpynnamm He BbiaBneHo (p > 0,05). MonHbii pe-
rpecc CMNTOMATUKN K MOMEHTY BbIMMCKM AOCTUTHYT Y 83,7 % CUMNTOMHbIX NaLMeHTOB.
BblABNeHbI CTaTUCTUYECKME Pa3NNuMA B TPOAOIKMTENBHOCTI FOCNUTaNN3aLmMmn MeXay Uc-
cnegyembiMy rpynnamu (p = 0,028) ¢ HanbonblLuei MearaHoi B rpynne CIVHIA IErOYHOM
apTepuu (Me = 18 KOMKO-[HEIA), UTO CBA3AHO C HEOOXOAMMOCTBIO MPUMEHEHNS UCKYCCT-
BEHHOT0 KPOBOOOPaALLIEHMA BO BPEMS onepaLui v bonee TaxenbiM UCXOAHbIM CTaTyCOM.
Hanbonee yacTbiM OCNOXHEHWEM ABUNCA XUNOTOPaKC, pa3BuBnica y 13 (22,4 %) nauu-
€HTOB U Yalle perncTprpoBaBLLNIACA NPY ABONHON Ayre aopTbl (43,8 %). AopTonekcma
yalle BbINOMHANACL NPY NPaBOI fiyre aopTbl C IeBOI apTepuanbHol ceasKoii (70,6 %;
p=0,001). JleTanbHbIX MICXOLOB He GbiNo.

3aknioueHue. Xnpypruyeckas KOppeKLMa COCyauUCTbIX KONew, Y MiafeHLeB 1 AeTeil paH-
Hero Bo3pacta NPoJeMOHCTPHUPOBara B paHHEM NocieonepaLlioHHOM NePUOAE BbICOKYHO
3$deKTUBHOCTB (MONHOE ycTpaHeHne CUMNTOMOB Y 83,7 % NaLMeHTOB) 1 OTCYTCTBUE Ne-
TanbHOCTW, YTO NOATBEPXAAET 6e30MacHOCTb BMELLATENbCTBA NPY YCIOBUM MYSBTULNC-
LIMMNAXHAPHOTO NOAXO0Aa W PaHHel AnarHoCTUKI. Mo HaleMy MHEHUIO, NPY COCYANCTOM
KonbLe, NpeACTaBNeHHOM NPaBoWi Jyron aopTbl C IEBOW apTepranbHON CBA3KON, aop-
TOMEKCUS B JOMONHEHNE K NepeceyeHnio CBA3KM apTepuanbHOro NpoToKa cnocobeTay-
€T B13yallbHOMY YCTpaHeHUIo pe3nayanbHoli Komnpeccumn nuwesoaa. OThaneHHbliA Ku-
Huyecknii 3ddeKT aToro metoaa TpebyeT fanbHeiwei oLeHKWN. OCHOBHOW KIMHNYECKON
npobaemMoil 0CTaeTCA 3HaUNTENbHAA YacToTa NOCNEONEePaLIMOHHOTO XrnoTopakca (22,4 %),
onpegensowas Heo6XOAMMOCTb AaNbHENLIETO COBEPLLEHCTBOBAHMUSA XUPYPrUYECKOm Tex-
HUWKM 1 NPOTOKOJIOB BEAEHMA 1 ONPEeAeneHna NPUYNH ero pasButma.

KnioueBble C10Ba: AnBepTIKYN KOMMEpens; AbIXaTeNbHble PacCTPOMNCTBA; KOMMPECCMs
NMLEeBOAA; KOMMPECCUSA Tpaxeu; COCYAUCTOE KOMbLIO; TPaXeoBbpOHXOMaNALNS; XMpyprit-
YecKoe NeYeHne CoCyanCTbIX Konel,

Introduction

rings (vascular slings) are formed by an aberrant right

Vascular compression of the tracheobronchial tree
(TBT) and esophagus occurs in congenital anomalies of
the aortic arch, its branches, and the pulmonary arteries.
This condition is relatively rare and accounts for 0.5-1.0%
of all congenital cardiovascular anomalies [1; 2]. Hommel
provided the first description of this vascular anomaly in
1737, while the term “vascular ring” was first introduced
by R. Gross in 1945 in connection with surgical correction
of a double aortic arch [3]. Anatomically, vascular rings
are classified as complete or incomplete. Complete rings
are formed by a double aortic arch; a right aortic arch
with a left patent ductus arteriosus (PDA) or ligamentum
arteriosum; or a right aortic arch with an aberrant right
subclavian artery and a left PDA. Incomplete vascular

subclavian artery (arteria lusoria) or a left pulmonary
artery arising anomalously from the right pulmonary
artery (pulmonary artery sling) [4; 5.

The clinical presentation is caused by compression
of the trachea and/or esophagus; therefore, the
predominant manifestations are dyspnea (stridor, cough,
and shortness of breath) and/or dysphagia (choking,
difficulty swallowing, and regurgitation). These symptoms
are entirely nonspecific, and differential diagnosis must
include upper airway disorders, bronchopulmonary
disease, and gastrointestinal disease [6; 7]. In addition
to overt clinical manifestations, patients are at high risk
of tracheobronchomalacia, which may be asymptomatic
[8]. Importantly, the absence of symptoms does not rule
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| Total patients reviewed (n = 80) |

Excluded patients (n =22):

Y

\

vascular rings associated with
another underlying CHD,

| Included patients (n = 58)

| non-operated patients

—

Double aortic arch
(n=16)

Right aortic arch with left
ligamentum arteriosum (n = 34)

ligamentum arteriosum (n = 4) (n=4)

Left aortic arch with right Pulmonary artery sling

Comparative characteristics of the patient groups, with preoperative assessment of symptoms
and approaches to surgical correction

v

Assessment of the early postoperative period for symptom resolution,
length of hospital stay, and complications

Fig. 1. Study flowchart

Note. CHD, congenital heart disease.

out substantial tracheal compression. The anatomical
effects of a vascular ring may be underestimated when
clinical decisions are based solely on symptoms of tracheal
compression. Routine studies such as chest radiography
and echocardiography do not always identify this
condition, although echocardiography is highly specific
in prenatal diagnosis. Gastroscopy, bronchoscopy,
and contrast esophagography may demonstrate the
abnormality without establishing its cause. Contrast-
enhanced multidetector computed tomography (MDCT)
is the most accurate diagnostic modality, reliably defining
the anatomical type of anomaly and the location and
severity of TBT compression [9].

When surgery is performed promptly, most patients
experience complete symptom resolution and improved
quality of life [10; 11].

Russian-language literature contains very few studies
of vascular anomalies causing compression of the TBT and
esophagus. Available publications are largely limited to
small case series, individual case reports, or the experience
of thoracic surgeons. The present study summarizes a
single center’s experience with a comprehensive approach
to diagnosis, surgical treatment, and postoperative
management of patients with this rare and previously
underrecognized condition.

The objectives of this study were to evaluate the
effect of surgical treatment of vascular rings on symptom
resolution during the early postoperative period in infants
and young children; define indications for surgery; assess
the frequency of aortopexy performed to prevent residual

symptoms according to vascular ring anatomy; and
determine the incidence of chylothorax and its association
with the anatomical type of vascular ring.

Methods

Study design

This was a retrospective, nonrandomized cohort study.
A total of 80 medical records of patients with vascular
anomalies causing tracheal and esophageal compression
were reviewed.

Inclusion criteria

The study included 58 consecutive pediatric patients
who underwent surgery at a single hospital between
January 2018 and July 2024 for one of four anatomical
types of vascular ring: double aortic arch, right aortic
arch with a left ligamentum arteriosum (hereinafter, right
aortic arch with left ligamentum), left aortic arch with a
right ligamentum arteriosum (hereinafter, left aortic arch
with right ligamentum), or pulmonary artery sling.

Exclusion criteria

Patients with a diagnosed vascular ring who did not
undergo surgery were excluded, as were patients with
a vascular ring associated with another congenital heart
defect requiring correction; anomalies in the position
or origin of the brachiocephalic vessels causing TBT and
esophageal compression (arteria lusoria); or isolated
crossing of the pulmonary artery branches causing
tracheal compression (Fig. 1).
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Study hypothesis and endpoints

We hypothesized that surgical correction of a
congenital great-vessel anomaly forming a vascular ring
and compressing the intrathoracic structures enclosed
within it (the TBT and esophagus) would completely
eliminate respiratory and gastrointestinal symptomes. In
asymptomatic patients with compression confirmed by
MDCT angiography, surgery was expected to prevent the
development of tracheobronchomalacia.

The prespecified study endpoints were the number
of patients in whom respiratory and gastrointestinal
symptoms resolved, the number of early surgical
complications, and the effects of these complications on
length of hospital stay.

Diagnostic algorithm and
indications for surgery

The diagnostic algorithm included obtaining a
medical history and interviewing the patients’ parents
to determine the frequency and severity of respiratory
symptoms (dyspnea), including stridor, cough, and a
history of acute respiratory viral infections, bronchitis, or
pneumonia, as well as swallowing disorders (dysphagia).
Based on these data, patients were classified as
symptomatic or asymptomatic. Echocardiography was
the initial diagnostic modality and was used to identify
the dominant aortic arch and branching pattern of
the brachiocephalic vessels. When echocardiographic
findings suggested a vascular ring, all patients underwent
MDCT with three-dimensional reconstruction to assess
the spatial relationships between the vessels and thoracic
organs, including the trachea, bronchi, and esophageal
course.

Patients were classified as symptomatic if the
“Presenting complaints” or “History of present illness”
sections of the medical record documented manifestations
characteristic of respiratory dysfunction (cough, choking,
or stridor) and/or gastrointestinal symptoms (difficulty
swallowing solid food or regurgitation). When a vascular
ring was confirmed by imaging and relevant specialists
had excluded primary respiratory or gastrointestinal
disease, these symptoms were considered indications for
surgery. In asymptomatic patients, surgery was indicated
when a vascular ring was accompanied by visualized
tracheal deviation or stenosis of the trachea and/or main
bronchus, defined as luminal narrowing of at least 20%.
In symptomatic patients, these anatomical abnormalities
were considered additional indications beyond the
existing clinical manifestations.

In 8 patients (14%), MDCT showed no visible tracheal
or bronchial narrowing despite marked dysphagia.
These patients underwent biplanar fluoroscopic

esophagography with passage of a water-soluble
iodinated contrast agent. Esophageal narrowing greater
than 50% was considered an indication for surgery.

Surgical techniques according
to anatomical type

Pulmonary artery sling. Pulmonary artery sling was
repaired using the standard technique through a median
sternotomy under normothermic cardiopulmonary
bypass [12]. The PDA was isolated and divided. The
anomalously positioned left pulmonary artery was
mobilized along its entire course, divided, brought out
from beneath the trachea, and reimplanted into the
pulmonary trunk in an orthotopic position.

Double aortic arch. In patients with a double aortic
arch, thoracotomy was performed through the third or
fourth intercostal space: a left thoracotomy for a dominant
right arch and a right thoracotomy for a dominant left
arch. The rudimentary arch was isolated and clamped in
an area without brachiocephalic branches, then divided;
both stumps were closed with two-layer polypropylene
sutures. This opened the ring and relieved compression
of the TBT and esophagus. Aortopexy was generally
unnecessary during double aortic arch repair because no
Kommerell diverticulum was present.

Right aortic arch with a left igamentum arterio-
sum and left aortic arch with a right ligamentum arte-
riosum. The descending aorta, ligamentum arteriosum,
Kommerell diverticulum, and subclavian artery arising
from the diverticulum were exposed in the accessible
operative field. The ligamentum arteriosum was divided
and oversewn at both ends. When the diverticulum was
sufficiently large to compress the esophagus and posed
a risk of future aneurysmal dilatation, it was resected and
oversewn as close as possible to the descending aorta,
followed by reimplantation of the left subclavian artery
into the left common carotid artery.

In 50% of cases (n = 29), the repair was supplemented
with posterior aortopexy to the base of the inner surface
of the third rib using pledgeted U-shaped monofilament
sutures with polytetrafluoroethylene pledgets. Aortopexy
was performed when visual inspection demonstrated
residual esophageal compression by the Kommerell
diverticulum or when preoperative computed
tomography showed a diverticular diameter more than 1.5
times that of the descending aorta. A right thoracotomy
was used for a left aortic arch with a right ligamentum
arteriosum; sternotomy was used in one case.

In patients with preoperatively confirmed stenosis of
the distal trachea and/or bronchi, surgery was performed
with intraoperative bronchoscopic guidance (n = 46;
79.3%).
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Table 1. Distribution of patients according to vascular ring type

Group

1. Double aortic arch

2. Right aortic arch with left ligamentum arteriosum
3. Left aortic arch with right ligamentum arteriosum

4. Pulmonary artery sling

Statistical analysis

Statistical analysis was performed using StatTech
version 4.6.1 (StatTech LLC, Russia). The Shapiro-Wilk test
was used to assess the normality of continuous variables.
Non-normally distributed continuous data are presented
as the median (Me) and lower and upper quartiles (Q1-
Q3). Four-group comparisons of non-normally distributed
continuous variables were performed using the Kruskal -
Wallis test, followed by Dunn'’s post hoc test with Holm
adjustment. Proportions in 2 x 2 contingency tables were
compared using Fisher's exact test when expected cell
counts were less than 10. Differences were considered
statistically significant at p < 0.05. Owing to the small

Fig. 2. Three-dimensional reconstruction of a
double aortic arch (arrows indicate anatomical
landmarks):

(A) frontal orientation, posterior view, showing
the right and left aortic arches, descending
aorta, right common carotid artery, and right
subclavian artery;

(B) frontal orientation, anterior view, showing
the left aortic arch, left subclavian artery, and
left common carotid artery;

(Q) frontal orientation, posterior view, showing
vessels and portions of the lung parenchyma,
with the arrow indicating the trachea within
the vascular ring;

(D) frontal orientation, posterior view,
showing the tracheobronchial tree and lung
parenchyma, with the arrow indicating the site
of tracheal compression by the vascular ring

Note. TBT, tracheobronchial tree.

n % 95% ClI

16 27.6 16.7-40.9

34 58.6 449-714
6.9 1.9-16.7
6.9 1.9-16.7

numbers of patients in groups 3 and 4, the between-
group analyses had low statistical power. No sample-size
calculation was performed because this retrospective
study included all consecutive patients who underwent
surgery during the specified period.

Results

In all 58 patients, the final clinical diagnosis was
established by MDCT. Patients were divided into four
groups according to anatomical type. Table 1 presents
the distribution of patients by vascular ring type. The
most common anatomy was a right aortic arch with a
left ligamentum arteriosum or PDA, observed in 58.6%
of patients.
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Fig. 3. Three-dimensional reconstruction of a vascular ring formed by a right aortic arch and ligamentum arteriosum (arrows
indicate anatomical landmarks): (A) frontal orientation, anterior view, showing the right aortic arch, right common carotid
and subclavian arteries, left common carotid and subclavian arteries, and ductal stump; (B) frontal orientation, anterior view,
showing vessels and portions of the lung parenchyma, with tracheal deviation and the left common carotid artery indicated;
(Q) frontal orientation, posterior view, showing the right aortic arch, left subclavian artery, and Kommerell diverticulum

Note. CCA, common carotid artery; SA, subclavian artery.

Figures 2-4 show MDCT-based three-dimensional
reconstructions of the vascular ring variants, depicting
both the isolated vascular anatomy and its effects on the
TBT and esophagus. All images were reconstructed from
the patients’ original DICOM files using RadiAnt DICOM
Viewer 2025.1 (Poland).

A comparative analysis of anthropometric
characteristics and age among the groups is presented
inTable 2.

The median age was 7 months (Q1-Q3, 4-25 months).
The study included 37 boys (63.8%) and 21 girls (36.2%).

Fig. 4. Left pulmonary artery sling:

(A) three-dimensional reconstruction

of the heart and great vessels, frontal
orientation, posterior view, with the
arrow indicating the origin of the
aberrant left pulmonary artery and a
tube within the esophagus; (B) axial
view, with arrows indicating the sites of
esophageal and tracheal compression
by the left pulmonary artery; (C) frontal
orientation, anterior view, showing
vessels and portions of the lung
parenchyma, with arrows indicating the
trachea, esophagus containing a tube,
and aberrant left pulmonary artery;

(D) frontal orientation, posterior view,
showing the tracheobronchial tree

and lung parenchyma, with the arrow
indicating the site of compression

Note. PA, pulmonary artery; TBT,
tracheobronchial tree.

The groups were comparable in height and weight, with
no statistically significant differences in body surface area
orage (p =0.447 and p = 0.430, respectively).

The primary outcome of vascular ring repair was
the resolution of symptoms associated with TBT and
esophageal compression. Before surgery, most patients
had clinical manifestations (49 patients; 84.5%; 95%
Cl, 72.6-92.7%), with no between-group difference in
preoperative symptom status (p = 0.634). All patients
with a left aortic arch and right ligamentum arteriosum
or a pulmonary artery sling were symptomatic.
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Table 2. Anthropometric characteristics and age according to vascular ring type

Variable Vascular ring type Median Q1-Q3 n p
Weight, kg Double aortic arch 7.03 5.60-11.82 16 0.459
Right aortic arch with left igamentum arteriosum 7.47 6.54-12.38 34
Left aortic arch with right ligamentum arteriosum 11.00 6.99-16.25 4
Pulmonary artery sling 6.03 4.33-8.11 4
Height, cm Double aortic arch 62.50 59.25-89.75 16 0.253
Right aortic arch with left ligamentum arteriosum 66.50 62.00-85.50 34
Left aortic arch with right ligamentum arteriosum 67.00 65.50-88.50 4
Pulmonary artery sling 59.50 55.25-63.75 4
Body surface area, m* Double aortic arch 0.33 0.30-0.57 16 0.447
Right aortic arch with left igamentum arteriosum 0.38 0.33-0.55 34
Left aortic arch with right ligamentum arteriosum 0.37 0.36-0.57 4
Pulmonary artery sling 0.32 0.26-0.38 4
Age at surgery, Double aortic arch 6 4-30 16 0.430
months
Right aortic arch with left ligamentum arteriosum 7 4-20 34
Left aortic arch with right ligamentum arteriosum 23 9-45 4
Pulmonary artery sling 5 2-7 4

Symptomatic patients also predominated in the double
aortic arch and right aortic arch with left ligamentum
arteriosum groups, with comparable proportions in
these two groups (Table 3).

Respiratory symptoms were more prevalent than
swallowing disorders in each group. The distribution of
symptoms is shown in Table 4.

Complete symptom resolution by hospital discharge
was achieved in 41 symptomatic patients (83.7%). Early
postoperative improvement without complete symptom
resolution occurred in two children with a double aortic

arch: one had persistent stridor and the other had
exertional dyspnea. Two patients with a ring formed
by a right aortic arch and left ligamentum arteriosum
also improved without complete resolution: one had
tachypnea and reduced exercise tolerance, while the
other had a pre-existing tracheostomy and was not
decannulated during the early postoperative period.
Owing to more severe baseline TBT abnormalities, all four
patients with a pulmonary artery sling improved without
complete resolution of respiratory failure in the early
postoperative period. Three were extubated after repair,

Table 3. Preoperative symptom status according to vascular ring type

Double aortic Right aortic arch with Le.ft a°ft" arch with Pulmon.ary
Status arch, n (%) left ligamentum, n (%) right ligamentum, artery sling, p
' 9 " n (%) n (%)
Symptomatic 13(81.2) 28(82.4) 4(100.0) 4(100.0)
0.634
Asymptomatic 3(18.8) 6(17.6) 0(0.0) 0(0.0)
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Table 4. Symptoms according to vascular ring type

. Right aortic Left aortic arch with Pulmonary
Double aortic . R . q
Symptom Status arch, n (%) arch with left right ligamentum, artery sling, p
A ligamentum, n (%) n (%) n (%)
Dysphagia Present 7 (43.8) 14 (41.2) 2(50.0) 1(25.0) 0.896
Absent 9(56.2) 20 (58.8) 2(50.0) 3(75.0)
Dyspnea Present 11 (68.8) 20 (58.8) 4(100.0) 4(100.0) 0.171
Absent 5(31.2) 14 (41.2) 0(0.0) 0(0.0)

while one required slide tracheoplasty during the early
postoperative period to restore normal airway patency.
There were no deaths in any group. Figure 5
compares length of hospital stay among vascular ring
types. The highest median, 18 hospital days, occurred
in the pulmonary artery sling group, reflecting more
severe baseline respiratory failure and the use of
cardiopulmonary bypass. Length of hospital stay differed
significantly among the groups (p = 0.028). Post hoc

44

analysis, however, revealed no statistically significant
pairwise differences.

During the initial phase of the study (2018-2022),
all patients underwent intraoperative tracheoscopy
and gastroscopy to assess the need for aortopexy.
Subsequently, aortopexy was performed when a
Kommerell diverticulum was considered large, defined
as a diameter more than 1.5 times that of the descending
aorta, and continued to compromise the esophagus
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Fig. 5. Length of hospital stay, days. Kruskal — Wallis test, p = 0.028
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Table 5. Aortopexy according to vascular ring type

Double aortic

G arch, n (%) left ligamentum, n (%)
Not performed 11 (68.8) 10 (29.4)
Performed 5(31.2) 24 (70.6)

* Statistically significant difference (p < 0.05).

and TBT after division of the ligamentum arteriosum.
The frequency of aortopexy differed significantly among
vascular ring types (p = 0.001). Aortopexy was not
performed in patients with a left aortic arch and right
ligamentum arteriosum or in those with a pulmonary artery
sling. It was used most frequently in patients with a right
aortic arch and left ligamentum arteriosum (24 patients;
70.6%), owing to the anatomical characteristics of the
diverticulum in this group (Table 5).

Chylothorax, a complication characteristic of this
repair, occurred frequently during the early postoperative
period and became apparent from postoperative day 2 as
chylous drainage. This complication required prolonged
conservative treatment, including octreotide infusion
and temporary discontinuation of enteral feeding,
and substantially increased length of hospital stay.
Postoperative chylothorax occurred in 13 of all surgically
treated patients (22.4%; 95% Cl, 10.0-31.9%). The median
age of patients with chylothorax was 16 months (Q1-
Q3, 5-39 months), and their median weight was 8.6 kg
(Q1-Q3, 7.00-15.00 kg). This complication occurred
most frequently in patients with a double aortic arch
(n =7; 43.8%). Nevertheless, the incidence of chylothorax
did not differ significantly among the vascular ring types
(p =0.089), likely because of the unequal group sizes (Table 6).

Among the 10 patients whose chylothorax was treated
conservatively, the median length of hospital stay was
16 days (Q1-Q3, 12.0-16.5 days). In contrast, among the
three patients who required thoracoscopic clipping of

Table 6. Chylothorax according to vascular ring type

Right aortic arch with

Left aortic arch with Pulmonary
right ligamentum, artery sling, p
n (%) n (%)
4(100.0) 4(100.0) 0.001*
0(0.0) 0(0.0)

the thoracic duct in addition to conservative therapy, the
median length of stay was significantly longer at 46 days
(Q1-Q3, 38.0-55.5 days).

Intraoperative aortopexy was not associated with the
incidence of postoperative chylothorax (p = 1.000). The
occurrence of this complication was also unrelated to the
operating surgeon or differences in surgical approach.

Discussion

A vascular ring is a rare group of congenital anomalies
of the intrathoracic great vessels that causes compression
of the tracheobronchial tree and esophagus. Advances
in modern diagnostic methods have enabled earlier and
more accurate detection of vascular TBT compression
[1; 13]. Greater awareness among pulmonologists and
gastroenterologists of the potential vascular origin of
dyspnea and dysphagia promotes earlier recognition
of vascular rings and timely surgical correction. At our
multidisciplinary children’s hospital, the increased
detection of this condition resulted from the involvement
of pediatric pulmonologists, otorhinolaryngologists,
and thoracic surgeons in the diagnostic process and the
establishment of an interdisciplinary algorithm. Most
patients were referred by these specialists forimaging to
exclude vascular TBT compression and were subsequently
evaluated by a cardiovascular surgeon, who confirmed
the diagnosis and determined the indications for repair.

Surgical treatment of a vascular ring is intended to
completely relieve compression of the TBT and esophagus

unble Right aorticarch with  Left aortic arch with right Pulmonf:\ry
Chylothorax aortic arch, left ligamentum, n (%) TR () artery sling, p
n (%) e S e S n (%)
Absent 9(56.2) 29 (85.3) 3(75.0) 4(100.0) 0.089
Present 7 (43.8) 5(14.7) 1(25.0) 0(0.0)
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and prevent future respiratory and interstitial lung
disease. In some patients, manifestations of respiratory
failure, such as dyspnea, pneumonia, and atelectasis, may
not resolve completely because tracheobronchomalacia
has already developed. This is generally attributable to
delayed surgical treatment [4; 11; 14].

The widespread implementation of modern imaging
techniques and a multidisciplinary approach to the
diagnosis and treatment of vascular rings, previously
considered a rare congenital condition, enabled us to
accumulate experience with 58 patients over a relatively
short period. Our findings indicate that, with an
appropriate surgical strategy based on timely multimodal
diagnosis and preoperative risk assessment, correction
of vascular anomalies causing TBT and esophageal
compression is effective and relatively safe.

Our review of the literature on surgical treatment
of vascular rings identified no clear recommendations
concerning the optimal age at repair. The reported mean
age at surgery is 11-15 months [15; 16]. In our opinion,
all types of vascular rings should be repaired before
1 year of age. Surgery at this age is technically easier,
permits timely prevention of symptoms, and reduces the
risk of tracheobronchomalacia. During the first year of
life, symptoms can be readily confirmed, compression-
induced changes in the TBT remain reversible, and the risk
of perioperative complications, including chylothorax, is
lower than in older children. Nevertheless, when severe
symptoms and clinically significant TBT compression are
confirmed by imaging, repair should be performed as
soon as the anomaly is identified. Pulmonary artery sling
should be corrected at the earliest possible time because
all patients with this anatomical variant have severe
baseline tracheal stenosis, which is frequently associated
with the ring-sling complex [17].

The effect of age on complete symptom resolution
requires further study. In our limited sample, no
statistically significant association between patient
age and symptom resolution could be demonstrated;
therefore, this analysis was not included in the Results.

The indications for and timing of surgical treatment
in asymptomatic patients with different forms of
vascular rings remain controversial and require further
investigation. Some authors advocate watchful waiting
in asymptomatic patients. Others, including Oakley et
al. and Sahu and Moe, have demonstrated substantial
tracheal compression in the absence of symptoms [13;
18]. At our center, indications for surgery in asymptomatic
patients are based on structural TBT abnormalities or
clinically significant esophageal compression confirmed
by MDCT, bronchoscopy, or contrast esophagography.

The advisability of aortopexy and its effects on
long-term freedom from recurrent symptoms are of
interest and require more thorough investigation. Some
authors recommend adding aortopexy to division of
the ligamentum arteriosum in all patients [19]. Others
recommend diverticular resection with reimplantation
of the left subclavian artery into the left common carotid
artery in every patient with a diverticulum [20; 21].
Our study included patients who underwent neither
left subclavian artery reimplantation nor diverticular
resection. Aortopexy was used when the diverticulum was
visually large, with a diameter at least 1.5 times that of the
descending aorta, or visibly continued to compress the
esophagus after division of the ligamentum arteriosum.
Long-term follow-up involving symptom assessment
and diagnostic surveillance will provide additional
information on the effects of these different strategies.

Despite the absence of mortality and the high
overall effectiveness of surgery, the high incidence of
postoperative chylothorax (22.4%) warrants attention.
According to published data, the incidence of chylothorax
after intrathoracic surgery ranges from 0.59% to 6.00%
[22]. Recent evidence, however, suggests a higher
incidence specifically after vascular ring surgery. In a
multicenter cohort study, chylothorax occurred after
vascular ring division in 13.2% of patients, compared
with 4.5% after all cardiac surgical procedures, including
the Fontan procedure [23]. Our retrospective analysis
identified no predictors of this complication, emphasizing
the need to investigate the causes of chylothorax
in this setting and improve surgical techniques and
postoperative management protocols.

Conclusions

1. In the study groups, surgical correction of vascular
rings in infants and young children resulted in
complete symptom resolution during the early
postoperative period in 83.7% of symptomatic
patients.

2. A comprehensive multimodal diagnostic approach
to vascular rings enables timely detection of
tracheal, bronchial, and/or esophageal narrowing in
asymptomatic patients and supports the formulation
of indications for surgical treatment.

3. Aortopexy was performed most frequently in patients
with arightaortic arch and left ligamentum arteriosum
to relieve residual esophageal compression. The
procedure was not associated with the incidence of
chylothorax.

4. Chylothorax occurred during the early postoperative
period in 22.4% of patients and was most frequent

46 Patologiya krovoobrashcheniya i kardiokhirurgiya. 2026,30(3):36-48. DOI: 10.21688/1681-3472-2026-3-36-48



https://doi.org/10.21688/1681-3472-2026-3-36-48

A.V.Bedin, Yu.N. Shamrin, M.A. Abramyan, E.S. Korochkina, K.A. Khasanova, M.M. Kurako, A.Yu. Gotskina, V.P. Miroshnichenko, D.Yu. Ovsyannikov
Early outcomes of surgical repair of vascular rings in infants and young children: a retrospective cohort study

in patients with a double aortic arch. It prolonged
hospitalization, although no statistically significant
between-group differences in incidence were found.

Study limitations

This was a retrospective, single-center study with a
relatively small sample and imbalanced group sizes. We

evaluated the effects of surgical treatment based on
symptom status during the early postoperative period and
the occurrence of surgical complications. No comparison
was made with a control group of children who did not
undergo surgery. Long-term outcomes, including residual
or recurrent symptoms, and standardized assessment of
quality of life also require further investigation.
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