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Abstract
Objective: The impact of prenatal screening on contemporary 
operative outcomes and functional alleviation during pediatric 
Vascular Ring Surgery (VRS) is analysed in this research. Meth-
ods: All patients who had surgical treatment of an isolated VR 
at the Texas Children’s Hospital between 1996 and 2018were 
included in the study. Patients who simultaneously underwent 
intracardiac repair were disqualified. Other congenital cardiac 
conditions, clinical symptomatology, contemporary surgical in-
tervention, perioperative outcome, reoperation rates, functional 
alleviation, and complications were all examined in the data anal-
ysis. To examine the data for this investigation, we employed SPSS 
13.0.Results: 148 participants were chosen for analysis. Of the 
148, 72(48.6%)have a Double Aortic Arch (DAA), 69(47.2%) have 
a ligamentum and a normal left subclavian artery or Right Aortic 
Arch (RAA) with a left-sided ductus, 5 (2.7%)have an RAA, Left 
Descending Aorta (LDA) and 2(1.3%) had RAA, Left Ligamentum 
Arteriosum (LLA), mirror-image branching. Right aortic arch vas-
cular ring(RAAVR) are general than Double Aortic Arch Vascular 
Ring (DAAVR): 31 patients had the earlier, with a frequency of 5.7 
per 10,000 live births, whereas 6 patients had the latter, with an 
incidence of 1.1 per 10,000 live births (p = 0.0001).Conclusion: 
VRs are a prevalent form of congenital cardiovascular abnormal-
ity, especially when they affect the right aortic arch. Additionally, 
prenatal screening reveals a significant percentage of VRs.
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1. Introduction
Vascular Rings(VRs), which are caused by a num-

ber of embryological defects of the major arteries, en-
circle the trachea and oesophagus. Numerous things 
can lead to VR. VRs s can occur in 2 to 10 out of each 
10,000 individuals [1]. Publications have provided 
descriptive data derived from comparatively small 
patient cohorts as a direct result of this. During preg-
nancy, vascular rings are located utilizing a view that 
includes the trachea, three vessels, and other struc-
tures. Every year since 2009, the national screening 
recommendations have included the recommen-
dation that all pregnant women in Canada receive 
screening for obstetric abnormalities. They predict-
ed that as prenatal VR detection rates increased, it 
would be possible to better understand the clinical 
range, presentation, and surgical requirement in this 
cohort [2]. This helped us arrive at the theory. This 
was done with the end goal of improving the efficacy 
of prenatal counseling. Vascular slings often referred 
to as incomplete VRs, are a class of congenital vascu-
lar anomalies that encircle and compress the trachea 
and esophagus. VR s may constrict the trachea and 
esophagus, resulting in respiratory distress in infants 
or the development of milder symptoms and indica-
tions of tracheoesophageal congestion in adults. Al-
ternatively, the lesion could be clinically quiet for the 
rest of the patient’s life. Vascular rings can develop 
alone or in conjunction with other congenital heart 
problems, non-cardiac malformations, chromosom-
al or genetic aberrations, as well as other birth de-
fects[3].

A rare congenital cardiac abnormality called 
VRs affects the digestion and respiratory systems. Pa-
tients with vascular ring division had their long-term 
outcomes looked at [4]. The management of VR in 
adults is not well understood. They examined how 
they operated on these patients [5]. Limited research 
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has been done on how prenatal echocardiography af-
fects the diagnosis and course of VR. They anticipat-
ed that prenatal vascular ring detection has advanced 
with time and that prenatal vascular ring diagnosis 
is associated with early intervention and better out-
comes [6]. The study suggest reproducible technique 
of leaflet extension, in which prolapse of the valve 
is connected to retraction that lowers the geometric 
height of the leaflets [7]. The goal of this study was 
to evaluate VRS clinical presentations, diagnosis, sur-
gical rationale, current surgical outcomes for individ-
uals having CVRs repaired, as well as risk factors for 
reintervention.

The remaining part of this research is divided into 
4 sections, section 2- materials and methods, section 
3- results, section 4- discussion, and section 5- con-
clusion. 

Materials and methods

2.1 Patients dataset
This study was examined Texas Children’s Hospital 

from 1996 to 2018, 148 patients undergoing tracheo-
esophageal congestion who had surgical treatment for 
CVRs were examined by hospital [8].

2.2 Inclusion and exclusion criteria
• The study included all patients who underwent 

surgical repair of an isolated CVR at Texas Chil-
dren’s Hospital between 1996 and 2018.

• Patients who also had simultaneous intracardiac 
repair were excluded.

2.3 Surgical procedures
Just about all individuals will arrive with some de-

gree of tracheal and/or esophageal obstruction. Every 
patient with a complete VR and symptoms has surgery 
at the hospital to correct the aortic abnormality and 
ease the load on the surrounding tissues.

2.4 Operational Methods

2.4.1 DAA
A surgical comprehensive approach for DAA is 

described briefly. Through the left fourth posterior 
portion, a posterolateral damage arising is carried 
out while preserving the serratus. The anterior/me-
dial lung is retracted. Along the thoracic aorta, the 
mediastinal pleura is longitudinally incised. On the 
mediastinal pleural’s anterior edge, a pleural flap is 
made using a sequence of interrupted silk stitches to 
improve visualization. Identification, circumferential 
dissection, suture ligation, and sharp division are all 
performed on the ligamentum arteriosum. Vascular 
clamps are used to divide the left aortic arch, and a 5-0 
polypropylene suture is used to oversee both ends of 
the divided arch in two layers. After releasing the vas-
cular clamps, it is very important to closely monitor 
the suture lines for bleeding. The stumps often great-
ly retract below the esophagus. Just after the ring has 
been fractured and there are no signs of bleeding, the 
fibrous rings between its arches and the esophagus are 
divided. The majority of the time, extrinsic esophageal 
decompression results in rapid esophageal relief [9]. 
Figure 1 indicates the DAA.

Figure 1: DAA
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Figure 1 (a)indicates the DAA is one in which both 
arches emerge from the ascent aorta in front of the tra-
chea, cross, and attach posteriorly to the descent aorta. 
Figure 1 (b) represents the Ligation and divisions of 
the ligamentum arteriosum that have taken place. The 
fibrous rings that once connected the oesophagus and 
trachea have disappeared.

2.4.2. RAA combining ALSCA and LLA
In the left fourth or third intercostal region, a pos-

terolateral thoracotomy is carried out that spares the 
serratus. The anterior lung is retracted. Identification 
and circumferential dissection of the ligamentum ar-
teriosum are performed. Ligatures made of 5-0 poly-
propylene sutures are used to separate the ligamen-
tum. The decision to reimplement the ALSCA is made 
if the gap that results is not considerable. The vagus 
nerve and the recurrent laryngeal nerve are deeply dis-
sected. The proximal and distal ends of the left carot-
id artery are ringed with tourniquets once it has been 
located medial to the trachea. Heparin 100 units/kg is 
administered. The carotid artery is blocked during a 
test. The carotid and left subclavian arteries are both 
indicated for orientation. Using a tourniquet, the dis-
tal subclavian arteries is constrained. The aortic end is 
closed in 2 layers with a polypropylene thread after a 
diverticulum is removed. The diverticulum residue on 
the subclavian side is eliminated [10]. Figure 2 depicts 
how the diverticulum was removed, the LLA was di-
vided, and how the ALSCA was reimplanted.

The LLA and Aberrant Left Subclavian Artery 
(ALSCA) are used to correct the RAA and LLA. The 
VR is completed by a ligamentum arteriosum, an 

ALSCA, and an RAA indicates in figure 2 (a). Figure 2 
(b) represents the left common carotid arterieshave re-
ceived a new placement of the ALSCA after the Kom-
merell diverticulum was removed. Printed by Texas 
Children’s Hospital with their permission.

The institutional review board in this particular lo-
cation gave its consent to our study. We queried both 
our dataset for studies as well as Electronic Health Re-
cords (EHR) to compile the information necessary for 
this observational, nonrandomized, retrospective in-
vestigation [11]. Vascular rings are defined by vascular 
that encircle the trachea and esophagus, and they may 
or may not be accompanied by symptoms [12].

Before the operation, patients fasted for four to six 
hours. TootsweetTM was used to swaddle and calm 
the newborns that were being cared for in the neo-
natal intensive care unit. Sedation by an intravenous 
route was administered to infants who had outgrown 
the newborn phase [13]. In contrast to magnetic res-
onance imaging, which necessitates the use of anes-
thesia even for very young children and newborns, 
computed tomography does not necessitate the use 
of general anesthesia for any patient because of how 
quickly images are acquired [14]. To enhance the re-
sults, we employed Isovue 200 at a concentration of 2.0 
mL/kg. The typical radiation dose was 0.5 millisieverts 
per kilogram, which is similar to 10–40 chest X-rays 
depending on the patient. The utilization of axial 
source pictures allowed for the examination of esoph-
ageal obliteration as well as proximal dilation [15]. 
By dividing the total of individuals recognized before 
birth by the total number of patients recognized for 
prenatal development, prenatal detection accuracy 

Figure 2: Right Aortic Arch with ALSCA and LAA
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was derived. Through the course of the investigation, 
this was performed. 

2.5 Statistical analysis 
To examine the data for this investigation, we 

employed SPSS 13.0. The descriptive statistics using 
non-parametric statistical analysis. A statistically sig-
nificant difference was defined as a p-value 0.05.

3. Results 
Table 1 includes details on all 148 sufferers, as well as 

the type of VR, age of presentation, gender distribution, 
both the quantity and duration of inoperable instanc-
es with proactive follow-up, cases that were surgically 
corrected for intracardiac abnormalities, and instanc-
es that had congenital abnormalities. Table 2 displays 
data from individuals diagnosed with RAAVRs whose 
Computed Tomography (CT) scanning large datasets 
was completed. For evaluation, we divided the patients 
diagnosed into individuals who were symptoms at the 
time of scanning and those who were not.

People without an anomalous left subclavian ar-
tery, left sided ductus functional regions, or left sided 
ligamentum had greater incidences of RAA. They de-
termined the amount that each form of RAAVR low-
ered the tracheal cross-sectional width significantly.

In 46 individuals with RAAVRs who were either 
diagnosed during pregnancy or as neonates, the Ka-
plan-Meier plot in figure 3 shows the progressive free-
dom loss from invasive surgery. 

Figure 3: Kaplan-Meier plot

All of the individuals who need to be repaired were 
asymptomatic including one who had recently expe-
rienced surgical intervention at the young age of 36 
months and lacked 6-month follow-up statistics. Of 
the original 46 individuals, one was irritable as a new-
born and required surgery; another 45 were symptom-
atic.

Table 1
Data in summary (n = 148)

Type n (%) Age presenting 
in months

mean (range)

Women
n(%)

Syndrome
n (%)

Intracardiac 
malformation 

Repaired n (%) Unrepaired n 
(%)

RAA ALS left PDA/lig 65 (55) 0(0-180) 39 (74) 9 (19) 4 (10%) 40 (59 %) 22 (51)
14 (0–25)

RAA normal LS left 
PDA/lig 33 (24)

0(0-192) 22(67) 0 2 (10 %) 4 (32%) 14(88)
9 (0−15)

DAA 30 (15) 0(0-84) 9 (65) 0 0 10(91%) 1 (9)
9

PA sling 12 (3) 0 7 (100) 1 (50) 0 2 (100%) NA
LAA right DA/lig 8(3) 2 (0-4) 7(100) 1 (50) 0 2 (100%) NA

Table 2
CT data for the RAAVRs(n = 60)

CT data With Symptoms Without symptoms P
Age (range)
Left PDA/lign RAA ALS (%)
Normal RAA LS with left PDA/lign (%)

14 (0-167)
20 (100)

0

0 (0-9)
7 (72)
3 (31)

0.001
0.72
0.19

Tracheal decrease of %
Left PDA/ ligamentum Median RAA ALS 
LS Left PDA/ ligamentum Median RAA Normal 
Proximal distension and esophageal obstruction n (%)

45 (0-79)
NA

18 (91)

22 (0-35)
30 (15-45)

7 (72)

0.024
NA
0.84
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3.1 Clinical Significance and Diagnosis
Patients may present for assessment with hazy 

symptoms or inadvertently be found to have associated 
heart conditions. They can be experiencing breathing 
or intestinal problems. Depending on the degree of tra-
cheal blockage, the strength of the pulmonary symp-
toms at the period of sign and symptoms differed.

3.2 Diagnostic Procedures
Later on, the diagnosis of a CVR was confirmed by 

magnetic resonance imaging (MRI), echocardiogram, 
and surgical intervention. To accurately outline the 
structure and identify any related abnormalities, CT 
became the primary imaging technique used before 
surgery. Evaluation of patient’s MRI or CT imaging 
was performed on every patient in our study (84.2% 
{126 of 148}or 14.8% {22 of 148}). With the use of CT 
imaging, the patient can be examined without the need 
for sedation or general anesthesia. Multiplanar recon-
structive abilities and simultaneous airway assessment 
are also provided. 87 patients had preoperative bron-
choscopies done. 44 (29.7%) of the 59 individuals with 
preoperative tracheomalacia were identified during 
the preoperative bronchoscopy. Three individuals 
had right bronchomalacia and seven patients had left 
bronchomalacia.

3.2.1 Contemporary operative management
Compared to patients with RAA variations, indi-

viduals with DAAs (2.79) reported signs earlier and 
received surgery earlier in life (4.8). Surgery was per-
formed on 146 patients using a left posterolateral tho-
racentesis. Two of the seven patients with a left dom-
inant aortic arch who received the VR partition using 
a right posterolateral thoracotomy technique had their 
aortic arches divided.

3.2.1.1 DAA:Posteriorly, just before the narrow-
er left arch’s entry into the descent thoracic aorta, it 
was divided, in 87.6% (64 of 72) of the patients with a 
right-dominant arch. A left posterolateral thoracoto-
my was used for surgical repair in 70 of the 72 individ-
uals with a DAA, while a right thoracotomy was used 
in two individuals. 

3.2.1.2 RAA, ALSCA, and LLA: Within the range 
of vascular anomalies, this kind of CVR is the second 
most prevalent. The ligamentum arteriosum can be 
divided to release this RAA with retroesophageal ALS-
CA. Sometimes the tracheoesophageal constriction 
disappears right away, causing the two separated ends 

to greatly retract. However, the KD where the ALS-
CA arises is typically quite visible. If this diverticulum 
is not removed, there may be considerable long-term 
tracheoesophageal compression. Recent years have 
seen an increase in the frequency of elective diverticu-
lum excision and ALSCA reimplantation onto the left 
carotid artery procedures. 53.6% of patients (37 of 69) 
had preoperative rigid bronchoscopy. For this kind of 
CVR, a posterolateral left thoracotomy was carried out 
on each patient.

3.3 Functional alleviation 
Functional alleviation of VRS is assessed using 

Mild pulmonary impairment, 6 MWD, and oxygen 
uptake before VRS, and after VRS. Figure 4 represents 
the functional alleviation of VRS in children. 

Figure 4: Functional alleviation

3.4 Complications
Reinterventions for chylothorax were performed on 

two patients at three days and one patient at four days, 
correspondingly. After repair, one patient experienced 
a pneumothorax that required the placement of a sec-
ond chest tube. The complications are assessed using 
bleeding, clotting, neurologic injury infection, and re-
nal failure. Figure 5 represents complications of VRS.

Figure 5: Complication of VRS
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4. Discussion
This study updates and broadens our data analysis, 

which is a complement to our earlier findings. VRs as a 
whole are frequent cardiovascular abnormalities in our 
community, with an incidence of 7.4 per 10,000 births 
[16]. Additionally, there are much more RAAVRs than 
double aortic arches. RAAVR are more frequent than 
a variety of distinct cardiovascular malformations, in-
cluding aortic dissection, transpose of the arterial sup-
ply, hypoplastic left cardiac disease, tetralogy of Fallot, 
coarctation of the aorta, and aortic coarctation [17]. 
They are also almost as frequent as pulmonary steno-
sis. Calculating the prevalence of vascular ring-sling 
over the entire population has been directly impacted 
by improved prenatal detection [18]. Our plan calls 
for ongoing community-wide instructional strategies 
for both regular obstetrician and specialized prenatal 
practitioners. When compared to earlier publications, 
including our prior experience, ultrasound equipment 
technology is also constantly improving, which proba-
bly also contributes to an increasing prevalence of pre-
natal detection. Some people express caution regarding 
the prenatal diagnosis of diseases that are asymptom-
atic at birth. Surgery is not automatically indicated by 
the appearance of a loose vascular ring or by a single 
isolated prenatal diagnostic of a vascular ring. Further-
more, a Kaplan Meier examination of the VRs in the 
RAA, which were mostly detected during pregnancy 
and asymptomatic at birth, revealed that 33% of indi-
viduals underwent surgery after developing symptoms 
within 36 months. A KD may also develop over time in 
conjunction with a malformed left subclavian artery’s 
progressive proximal stenosis, which may necessitate 
treatment. Unexpectedly, untreated VRs can impair 
IQ and lead to learning problems. Finally, there are nu-
merous instances in the literature that describe serious 
late gastrointestinal and respiratory issues brought on 
by unidentified VRs. Even in the elderly, undiagnosed 
vascular rings can appear with enigmatic histories, puz-
zling symptoms, and expensive, time-consuming, and 
stressful workups that can result in mortality. 

5. Conclusion
VRs, particularly those in the right aortic arch, 

are frequent congenital cardiovascular abnormalities. 
Furthermore, a significant portion of VRs might be 
found during pregnancy. All patients with symptoms 
ought to have surgery. In cases with a KD to abnormal 
left subclavian artery proportion of higher than >1.5, 

treatment should likely include diverticulum excision 
and replacement of the aberrant left subclavian arter-
ies.Before being recommended for surgical treatment, 
asymptomatic patients need to be frequently moni-
tored for the onset of symptoms. Particularly for peo-
ple with a RAAVR and an irregular left subclavian ar-
tery, genetic testing may be taken into consideration.
Finally, the modern surgical result and functional im-
provement in children following VR surgery indicate 
superior results. We caution against releasing VR pa-
tients from follow-up care, especially if they are symp-
tomatic. Numerous studies have demonstrated that 
symptomatic patients arrive later than non-patients, 
and VRs are a sign of sickness.
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