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Abstract

Introduction: Vascular rings are a clinically heterogeneous group of congenital
vascular anomalies that compress the airways and esophagus. They are reported to
account for 1.08-2.09% of all diagnosed congenital heart defects. Better diagnostic
imaging has led to more asymptomatic cases being found. However, indications
for preventive intervention, the optimal timing of repair and the extent of surgery
needed are still debated. The study by Bedin et al. provides Russian data relevant
to these questions.

Objective: To discuss the early surgical outcomes of vascular ring repair reported
by Bedin et al. in the context of current literature. The focus is on diagnostic
assessment, choice of surgical strategy, postoperative complications and the limits
of the available evidence.

Results: Among 58 operated children, all symptoms had resolved by discharge in
83.7% of patients who had symptoms before surgery, and there were no deaths.
These findings show favorable early outcomes but do not establish whether
early surgery is more effective than surveillance. Current literature stresses the
need to distinguish fixed vascular compression from dynamic airway collapse.
Data from 2025 support further study of Kommerell diverticulum plication and/
or pexy but do not show that these techniques are equivalent to diverticulum
resection. The incidence of chylothorax was 22.4% in the study by Bedin et al.,
compared with 13.2% in a 2026 multicenter study. This difference calls for analysis of
patient populations, diagnostic criteria and surgical factors. Standardized stenosis
measurement, swallowing assessment and the distinction between anatomical
decompression and functional recovery also need attention.

Conclusion: Surgical repair of vascular rings in infants and young children gives
favorable early outcomes. However, indications for intervention in asymptomatic
patients, the optimal timing of surgery and the choice of additional surgical
techniques need further evidence. Individualized treatment should take into
account vascular anatomy, the severity of compression and how well the airways
and esophagus function. Multicenter prospective studies with standardized
assessment of long-term outcomes are needed to refine treatment strategy and
prevent complications.

Keywords: aortopexy; chylothorax; Kommerell diverticulum; surgical outcomes;
tracheal compression; tracheobronchomalacia; vascular ring
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AHHOTauunA

AkTyanbHoCTb. COCyanCTbIE KONbLA NPeACTaBAsAT COO0 KNMHUYECK HEOOHO-
POAHYI0 rPyNMy BPOXAEHHbIX COCYANCTbIX aHOMaJMIA, Bbi3bIBaOLMX KOMMPECCHio
AbIXaTebHbIX NyTel 1 NuLWeBoa. YKa3aHHbIN AnA HAaCTOALEN ANCKYCCMM Anana-
30H UX pacnpocTpaHeHHOCTU coctasnseT 1,08-2,09 % Bcex ANarHOCTUPOBAHHbIX
BPOMXAEHHbIX MOPOKOB cepaLa. CoBepLueHCTBOBaHWE AMArHOCTUKMN PacLUMpPSAET Bbl-
ABNeHne 6ecCMNTOMHbBIX GOPM, OAHAKO NMoKa3aHUs K NpodunakTmyeckomy BMe-
LIATeNbCTBY, ONTUMAJIbHbIE CPOKM KOPPEKLIMU 1 HEOOXOAMMbI 06bem onepaLmm
ocTatoTca npeameTom obcyxaeHus. iccneposanue beguHa A.B. n coasT. npepo-
CTaBNAeT OTeYeCTBEHHbIE JaHHble, 3HaUMMble [A OLIEHKMN 3TUX BOMPOCOB.

Llenb. O6cyanTb HEMOCPEACTBEHHbIE Pe3yrbTaTbl XMPYPrAYECKOro eYeHns co-
CYAUCTbIX KoneL, npefcTaBneHHble beguHbim A.B. v COaBT., B KOHTEKCTE COBPEMEH-
HbIX My6AKKauui, yaenas BHUMaHVE AYarHOCTVKE, BbIGOPY XMPYpPrnyecko TakTu-
KW, MocsieonepaLioHHbIM OC/IOKHEHVAM 1 OFPaHNYeHUAM foKa3aTenbHOM 6a3bl.

PesynbraTtbl. B nccnegosaHuny ykasaHo 58 onepupoBaHHbIX AeTeld, NOMHbI pe-
rpecc CMMNTOMOB K BbINCKe 3aperncTpmpoBaH y 83,7 % MCXOAHO CUMMATOMHbIX
NaLueHTOoB; NeTanbHbIX UCXOA0B He 6bino. 3T HabnioaeHUs CBUAETENbCTBYIOT
0 GraronpuATHbIX HEMOCPeCTBEHHbIX Pe3yNbTaTax, HO He ornpeaensoT CPaBHU-
TenbHyo 3bEKTUBHOCTb paHHell onepauuny 1 HabnogeHns. CoBpeMeHHas nuTe-
paTypa nogyYepKMBaeT HEOOXOAMMOCTb pa3rpaHNYeHrs GUKCMPOBAHHO COCyAN-
CTON KOMMNPECCUM 1 AMHAMUYECKOro Kosanca AblxaTenbHbix nyTen. [JaHHble 2025 T.
noJAepPXMBaloT fanbHelee n3ydeHne NAKaumm u/vnu dukcauum usepTmkyna
Kommepens, ogHaKo He JOKa3blBaloT X PaBHOLIEHHOCTb ero pesekuunun. Yactota
XusioTopakca B pabote beanHa A.B. 1 coaBT. coctaBuna 22,4 %, Toraa Kak B MHO-
roLeHTPoBOM UccnegoBaHnm 2026 r. — 13,2 %. Pa3nuums TpebytoT aHanusa cocTa-
Ba MALMEHTOB, JMAarHOCTUYECKUX KPUTEPUEB U XMPYPIUYECKNX 0COOEHHOCTEN.
OTaenbHOro BHYMaHUA 3aCyKMBatOT CTaHAAPTN3aLMA N3MEPEHNA CTEHO3a, OLeH-
Ka rMoTaHuWA 1 pa3rpaHnyeHne aHaTOMUYECKO fekomnpeccun v GyHKLMOHaNbHO-
ro BOCCTaHOB/IEHMA.

3aknioueHune. Xupypryeckas KoppekLmusa COCyanUcTbIX Konew y MiaZieHLEeB U jie-
Tell paHHero Bo3pacTa obecrneyrBaeT 6naronprsATHbIE HEMOCPEeACTBEHHbIE Pe3yrib-
TaTbl. BMecTe ¢ Tem NoKaszaHus K BMeLLaTenbCTBy y 6eCCUMMNTOMHbBIX MaLeHTOB, On-
TUMarnbHble CPOKM OnepaLym 1 BbIGOP LONONHUTENBHbIX XUPYPruyecKnX NprueMoB
TpebytoT AanbHelwero 060cHoBaHUA. UHAMBMAYanu3aLus nedeHns 4OMmKHa yuun-
TbIBaTb COCYAMCTYIO aHATOMUIO, BbIPAXKEHHOCTb KOMMPECCUN 1 GYHKLMOHaNbHOE
COCTOsIHVE AbIXaTeNbHbIX NyTelN 1 nuieBoda. Ina yTouHeHUs neye6GHON TaKTUKK
1 NPOUNAKTUKI OCTIOKHEHUIN HEO6XOAVMbI MHOTOLIEHTPOBbIE MPOCMEKTUBHbIE UC-
CNefoBaHUA CO CTaHAAPTU3VMPOBAHHON OLIEHKON OTAANEHHBIX NCXOLOB.

KnioueBble cnoBa: aopTONEeKCUA; ANBEPTUKYN Kommepenﬂ; KOMNpeccna Tpaxeun;
CoCyancToe KonbLo; TanEO6pOHXOMaJ’IﬂLWIH; XUNOTOPAKC; XMpyprunyeckmue ncxoabl

Introduction

stridor, cough and feeding difficulties are nonspecific, the

Vascular rings hold a special place among congenital
cardiovascular anomalies. Their clinical significance comes
mainly from compression of the airways and esophagus,
not from impaired intracardiac hemodynamics. As a result,
the diagnostic pathway often begins with a pulmonologist,
otorhinolaryngologist or gastroenterologist [1]. Because

vascular cause of the disease is often recognized late.
Vascular rings account for 1.08-2.09% of all diagnosed
congenital heart defects [2; 3]. A share of diagnosed
defects is not the same as an incidence among live
births. For example, Chiu et al. report about 1-1.3 cases
of complete vascular rings per 10,000 live births [4].
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These figures cannot be compared directly because their
denominators and the range of anomalies they include
are different.

The study by Bedin et al. included 58 children operated
on ata single center between 2018 and 2024 [5]. It matters
not only for the early outcomes it reports. It also gives an
opportunity to discuss three key questions: who should
have surgery, how extensive the intervention should be,
and which outcomes count as evidence that it works.

Discussion

Diagnosis: anatomy is no substitute
for functional assessment

A strength of the study is that all patients underwent
contrast-enhanced multislice computed tomography.
This imaging shows the vascular anatomy, the site of
compression and the details needed for surgical planning.
However, anatomical imaging does not fully describe how
the airways function.

In their review, Chiu et al. regard computed
tomography or magnetic resonance angiography as
essential for defining spatial relationships. They consider
dynamic tracheobronchoscopy the main method for
assessing tracheobronchomalacia [4]. Fixed narrowing
must be distinguished from dynamic collapse, because
relieving vascular compression does not always restore
tracheal wall stability right away.

In the study by Bedin et al., bronchoscopy was
performed in 46 patients, but dynamic collapse was not
described with a single quantitative measure [5]. Future
analyses should use a standard way to describe the
location, length and mechanism of narrowing. Dysphagia
needs the same approach, since vascular compression,
impaired motility and aspiration each call for a different
diagnostic interpretation.

Conventional methods (echocardiography, CT
angiography, magnetic resonance imaging and
bronchoscopy) remain the basis of diagnosis. However,
complex spatial anatomy can make them hard to interpret.
3D reconstruction and physical 3D-printed models make
preoperative planning considerably more accurate. They
show precisely how the vessels, trachea and esophagus
relate to each other in space, which is especially important
in atypical variants. They also allow surgeons to plan and
rehearse the operative steps on a model, choose the
best approach and foresee technical difficulties. This
may shorten operative time and reduce intraoperative
complications [6; 7].

Asymptomatic patients: the safety of
surgery does not prove its necessity

In asymptomatic children, the authors used tracheal
deviation, or narrowing of the trachea or a main bronchus
by 20% or more, as indications for intervention [5].
This approach aims to prevent the consequences of
compression, but it needs independent validation. It is
true that the absence of symptoms does not rule out
structural changes. At the same time, the degree of
narrowing depends on how it is measured. It should be
stated whether lumen diameter or cross-sectional area
is measured, which segment serves as the reference and
whether the respiratory phase is taken into account.
Without these details, the same percentage may describe
different conditions.

In a 2024 study, Ajdaa et al. reported their experience
managing 82 patients, including asymptomatic children
[8]. The study supports safe surgical repair in selected
cases. However, its retrospective design cannot show
that preventive surgery is better than surveillance. What
matters clinically is therefore not the presence of a ring
as such, but the combination of anatomy, functional
impairment and the course of the condition. Whether
surgery is needed should be decided separately from
whether it is technically feasible.

The meta-analysis by Rato et al. produced comparable
results. There were no postoperative deaths, the
complication rate was low at 15%, and the reintervention
rate was 2%. It is important to note, however, that
symptoms such as stridor or dysphagia may persist during
the first year even after the ring has been successfully
divided. This is often not caused by the operation
itself. More often, long-standing compression before
surgery has led to structural airway changes, such as
tracheobronchomalacia or stenosis [9].

Optimal age: the hypothesis of early
repair requires comparative data

The median age at surgery in the study by Bedin et al.
was 7 months [5]. The proposal to operate before 1 year of
age has a pathophysiological basis: ending compression
may limit secondary airway changes. However, the authors
state explicitly that they could not confirm an effect of age
on symptom resolution in their cohort.

Favorable results after early intervention therefore do
not establish a universal age threshold. The optimal timing
may differ between double aortic arch, right aortic arch
with ligamentum arteriosum and pulmonary artery sling.
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In pulmonary artery sling, baseline stenosis and
associated tracheal disease are especially important. In
the study, all four patients in this group still had respiratory
problems after repair, and one needed slide tracheoplasty
[5]. These findings show the need for a strategy tailored to
each patient’s anatomy and function rather than a single
age-based rule.

The findings of Bedin et al. are consistent with those
of Swarnkar et al., who showed that early diagnosis and
repair before irreversible changes develop lead to a better
long-term prognosis. In that study, late surgical repair was
the only statistically significant predictor of postoperative
complications. Residual symptoms at 1 year after surgery
were also less common in patients who were diagnosed
earliest [10].

Kommerell diverticulum: relief of
compression or extended reconstruction?

Aortopexy was performed in 29 patients in the cohort,
including 24 children with a right aortic arch and a
left ligamentum arteriosum [5]. However, how often a
procedure is used does not prove that it is effective. Here,
it was chosen on anatomical grounds rather than assigned
atrandom.

Recent data make this discussion more concrete. In
2025, Perkins et al. compared 44 patients: 22 underwent
division of the ligament alone, and another 22 also had
plication and/or pexy of the diverticulum [11]. Symptoms
persisted in 32% and 5% of patients, respectively, and the
reoperation rate was 5% in each group.

These results support further study of additional
decompression but do not show that aortopexy is
equivalent to diverticulum resection. There was no group
that was directly compared with resection, and plication
and pexy were used in different combinations.

Size criteria should also not be confused. Bedin et al.
compare the diverticulum with the descending aorta,
whereas Perkins et al. use its ratio to the subclavian artery
[5; 11]. The next step should be to compare specific
procedures in terms of residual compression, dysphagia,
reoperations and changes in vascular anatomy.

Chylothorax: a quality indicator
requiring contextual interpretation

The most significant complication in the study by
Bedin et al. was chylothorax, which occurred in 13 patients
(22.4%).In double aortic arch, its incidence reached 43.8%

[5]. These data deserve separate analysis, even though
the differences between groups were not statistically
significant.

In the multicenter study by Schwartz et al., published
in 2026, chylothorax occurred in 13.2% of vascular ring
repairs, compared with 4.5% in the comparison group of
cardiac surgical procedures [12]. Ajdaa et al., by contrast,
reported a much lower rate of this complication in their
surgical series [8].

Such wide variation rules out a simple explanation
based on the anatomical type of the defect. Comparisons
between centers should take into account diagnostic
criteria, patient age, anatomical complexity, extent of
dissection and postoperative follow-up. A possible
link with lymphatic injury should be tested rather than
assumed.

Likewise, finding no association between aortopexy
and chylothorax does not prove that there is no effect,
because a small number of events limits what the analysis
can detect.

Limitations and unresolved issues

The retrospective single-center design, the unequal
sizes of the anatomical groups and the lack of a control
group limit any causal interpretation of the results [5].
Subgroups of four patients should be interpreted with
particular caution. In addition, the criteria for aortopexy
changed during the study period, which makes the
surgical algorithm less consistent.

The primary endpoint, symptom resolution by
discharge, is useful for assessing the immediate effect,
but it depends on how long the patient stays in hospital.
Children with complications stay longer and so have more
time to recover. Clinical outcomes should therefore also
be assessed at the same time points after surgery for all
patients.

Several questions remain open: the prognostic
significance of moderate asymptomatic stenosis,
the benefits of early repair, indications for additional
procedures and the prevention of chylothorax. A
prospective study should assess not only respiratory
symptoms but also swallowing, weight gain, the need
for respiratory support, reinterventions and quality of life.

Minimally invasive techniques, including thoracoscopic
and robot-assisted surgery, also need to be compared in
this patient group. This should include their effect on
recovery, complication rates and reintervention rates.
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Conclusion

In young children, surgery for vascular rings relieves
vascular compression and substantially reduces breathing
and swallowing problems. However, good early results
should not be mistaken for complete and lasting
functional recovery. Persistent tracheobronchomalacia,
residual compression and postoperative complications
may shape the further course of the disease.

Treatment decisions should rest on a multidisciplinary
approach that combines assessment of vascular anatomy,
airway and esophageal function, symptom severity and
the course of the disease. In an asymptomatic child, the
presence of a vascular ring alone does not decide whether

or when surgery is needed. In the same way, the extent of
the operation should be chosen for each patient, weighing
the expected benefit of additional decompression against
its risks.

The priorities for future research are to justify
indications for preventive repair, find the optimal timing
of intervention, compare surgical approaches and identify
risk factors for chylothorax. Multicenter prospective
studies with long-term follow-up and standardized
assessment of breathing, swallowing, the need for
reintervention and quality of life are needed to build an
evidence-based treatment strategy.
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