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Abstract

Introduction. Recoarctation of the aorta, arterial hypertension and
main bronchus compression remain the major complications following
surgical correction of aortic coarctation and aortic arch hypoplasia,
despite high effectiveness and low mortality in most patients.

Objective. To evaluate early and long-term outcomes of surgical
treatment in neonatal patients with aortic coarctation, comparing
native tissue repair (such as extended end-to-end anastomosis) to
patch aortoplasty techniques.

Methods. This two-center, prospective, randomized study analyzed
the outcomes of surgical repair for aortic coarctation with arch
hypoplasia in a pediatric patient cohort, which included 105 neonates.
According to the study design, all patients were divided into two groups
based on the surgical technique used: patch aortoplasty (70 patients)
and repair with an extended end-to-end anastomosis (35 patients).

Results. In-hospital mortality in the patch repair group was 5 (7.1 %)
patients, compared to 3 (8.6 %) patients in the native tissue repair
group, p >0.999.The only independent risk factor for mortality, regard-
less of the surgical technique performed, was the duration of cardiopul-
monary bypass (OR with 95 % Cl 1.374 to 45.242, p = 0.016). The sole
predictor for the development of aortic recoarctation in the long-term
postoperative period was a peak gradient across the isthmus exceed-
ing 14 mm Hg (HR = 3.75; p < 0.001). The use of the patch repair surgi-
cal strategy was associated with a reduced risk of developing arterial
hypertension (HR = 0.385, p = 0.046).

Conclusion. Both common surgical strategies demonstrate
comparable efficacy in treating coarctation and hypoplasia of the
aortic arch in newborns. Regardless of the surgical approach, primary
attention should be paid to the individual anatomical features of
the aortic arch, patient condition, and associated congenital heart
defects. However, in all patients, complete resection of ductal tissue
is mandatory to prevent the development of aortic recoarctation and
residual arterial hypertension.

Keywords: aortic arch hypoplasia; aortic coarctation, aortoplasty;
congenital heart disease; pediatric cardiology; pulmonary homograft
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AHHOTaumA

AKTyaﬂbHOCTb. PEKoapKTaLlVIFI aAopTbl, apTepUanbHaa rmnepTeH3nAa N KOM-
npeccuAarnaBHoro 6p0Hxa OCTaKTCA OCHOBHbIMN OCNOXHEHUAMW NMOCNE XU-
pyprmquKoPl KOppeKUnn KoapKTaunun aopTbl 1 runoniasnn ayrn aopTbl,
HECMOTPA Ha HU3KYIO J1IETaJIbHOCTb U BbICOKYIO 3¢¢EKTI/IBHOCTI> y 60NbLINH-
CTBa NalMNeHTOB.

Ll,enb. OueHuTtb PaHHME 1 oTAANEHHbIE pe3ynbTaTbl XMPYpPrmyeckoro neye-
HNA HOBOPOXAEHHDbIX NAaLUMEHTOB C KoapKTaLII/IEﬁI aAoOpPTbl C NCNONb30BaHUEM
nnacTnyecknx onepauvn?l HAaTUBHbIMN TKAHAMUN B CPaBHEHUN CaopTONIacTn-
KOW 3annaTHbiMu MeTo4aMu.

MeTogbl. B npeacTaBneHHOM MHOTOLEHTPOBOM MPOCNEKTUBHOM PaH-
JOMWU3MPOBAHHOM WUCCNEAOBaHUUN BBINOJIHEH aHanu3 pesynbTaTos
XUPYPruueckon KOppekuun KoapKTaumm ¢ runonsiasmen gyru aoptol
y NefmaTpuyeckoi KoropTbl MaLMeHTOB, B UCCNIef0BaHME OblIo BKIOUEHO
105 HoBOpOXAeHHbIX. COrnacHo An3aiiHy UCCIeAOBaHNUA B 3aBUCMMOCTA
OT Cnocoba XMpypruyeckon KoppekLumn BCe NaumeHTbl pa3aeneHbl Ha ABe
rpynnbl: NAacTUKa Ayrvn aopTbl C UCNONb30BaHKWeM 3annatbl (70 nauueHToB)
M aopToniacTka C MOMOLLbI0 KOCOrO pacliMPEHHOro aHacToMo3a
(35 mayueHTOB).

Pesynbratbl. [ocnutanbHasa neTanbHOCTb B rpynne nnacTuky ¢ NpuMeHe-
HyeM 3annaTbl coctaBuna 5 (7,1 %) nauneHToB, B TO BpemaA Kak B rpynne nna-
CTUKMN HaTUBHbIMM TKaHAMM — 3 (8,6 %) nauwmeHTa, p > 0,999. EanHCTBEHHbIM
baKTOpOM prcKa neTanbHOro UCXOAA, HE3aBUCMO OT MPUMEHAEMOW XU-
pypruyeckon MeToamnKu, ABAANACL NPOAOCTIKNUTENBHOCTb UCKYCCTBEHHOMO
KpoBoobpatyeHus (95 % W [1,374; 45,242]; p = 0,016). EQUHCTBEHHBIM Npe-
OUKTOPOM Pa3BUTKA peKoapKTaL M aopTbl B OTAANIEHHOM MOC/eonepaLioH-
HOM Nepuofe ABNAETCA MUKOBbIV FPagueHT faBneHus Ha Nepellelike 6onee
14 mm pT. cT. (OP = 3,75; p < 0,001). icnonb3oBaHme Xupyprinyeckom TakTuKm
C CNONIb30BaHMEM 3anaThl CHUXAET PUCK Pa3BUTUA apTepranbHON runep-
TeH3um (OLL = 0,385; p = 0,046).

3akntoueHue. Obe pacnpoCTpaHEHHbIE XMPYpruyeckue ctpaTterum ge-
MOHCTPUPYIOT COMOCTaBrMyto 3GPEeKTMBHOCTb B leYeHNM KoapKTauum
1 rMnonnasuy Jyru aopTbl y AeTel paHHero Bo3pacTa. BHe 3aBucumoctyn
OT CTpaTernn XNpypruyeckon Koppekuun OCHOBHOE BHMaHWe cneayet
YAENATb MHANBUAYaNbHbIM aHAaTOMUYECKM OCOBEHHOCTAM Ay aopTbl,
COCTOSAIHUIO MaLMEHTa U COMYTCTBYIOLUM BPOXKAEHHBIM NMOPOKam cepaua.
OfHako y BCex MaunveHToB HeobXo4VMMO MOJIHOCTbIO pe3eLupoBaTb
JYKTarnbHYI0 TKaHb AnA NPeAoTBPALLEHMA Pa3BUTUA PeKoapKTaLymu aopTbl
1 pe3nayanbHol apTepuanbHON rMnepTeH3nu.

KnioueBble cnoBa: aopTonnacTuka; BPOXAEHHbI MOPOK cepaua;
rMMNonnasus Ayru aopTbl; AeTCKas KapAMOJNIOrus; KOapKTauus aopThbl;
NEroyHblii romorpadt
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Introduction

Coarctation of the aorta (CoA) is one of the most
common congenital heart defects, accounting for 5-8 %
of all congenital heart diseases [1; 2]. This pathology is
of particular clinical significance in the neonates due to
the high risk of severe complications and mortality in the
absence of timely treatment [2]. CoA remains a leading
cause of critical conditions in newborns, necessitating
early diagnosis and urgent surgical repair [2; 3].

Current clinical guidelines indicate that at least 90 % of
patients require surgical intervention during the neonatal
period to prevent irreversible target organ damage [4].
In the Russian Federation, a specialized referral system
ensures that these patients are transferred to expert
cardiac surgery centers.

Despite advancements in care, the choice of the
optimal surgical technique remains debated. The primary
approaches include resection of the coarctation with an
extended end-to-end anastomosis (native tissue repair)
and various types of patch aortoplasty [5; 6]. A key
unresolved issue is the high incidence of recoarctation (up
to 20-30 %) and the persistence of postoperative arterial
hypertension [7; 8]. While endovascular techniques are
evolving, open surgical intervention remains the standard
of care, particularly for neonates [2; 3]. Current guidelines
emphasize an individualized approach, considering
anatomical features and surgical risks [4].

The aim of this study was to evaluate and compare the
early and long-term outcomes of surgical treatment in
neonates with coarctation of the aorta using native tissue
repair versus patch aortoplasty.

Methods

From 2020 to 2023, a total of 238 patients with coarc-
tation of the aorta and associated congenital heart de-
fects were evaluated at the Departments of Pediatric
Cardiac Surgery of the Federal Center for Cardiovascular
Surgery (Krasnoyarsk) and the Meshalkin National Medical
Research Center (Novosibirsk). The study was approved by
the Local Ethics Committee (Protocol No. 2, dated March
24,2020).

We conducted a two-center prospective randomized
study enrolling 105 newborns with coarctation of the
aorta and aortic arch hypoplasia who met the inclusion
criteria. Randomization was performed using a random
number generator.

Sample Size Calculation

The required sample size was calculated using Stata 14
software. Based on literature data regarding recoarctation
rates (0 vs. 0.30) [5], it was determined that a minimum of

35 patients per group was sufficient to detect statistically
significant differences with adequate power.

Inclusion and Exclusion Criteria

Inclusion criteria: Neonates requiring cardio-
pulmonary bypass for repair of aortic coarctation and
arch hypoplasia.

Exclusion criteria:

«  Interrupted aortic arch;

«  Critical preoperative condition or shock;

« Active infectious complications (sepsis,

pneumonia);

« Severe extracardiac or genetic anomalies

incompatible with life;

«  Extreme prematurity or birth weight < 1.5 kg;

«  Single-ventricle physiology;

«  Refusal to participate in the study.

Randomization and Grouping

Patients were randomized into two groups based on
the surgical strategy:

Group | (Patch Aortoplasty, n = 70): Patients who
underwent aortic arch repair using a synthetic or
biological patch.

Group Il (Native Tissue Repair, n = 35): Patients who
underwent aortic arch repair using an“aggressive” oblique
extended end-to-end anastomosis.

Study Endpoints

Primary endpoint: Development of long-term
recoarctation of the aorta (ReCoA), defined by at least
one of the following:

Systolic blood pressure gradient > 20 mm Hg between
the upper and lower extremities;

Aortic isthmus Z-score < -2 according to computed
tomography (CT).

Secondary endpoints:

«  Development of arterial hypertension;

«  Proportional growth of the aortic arch;

«  Compression of the left main bronchus;

«  Mortality (in-hospital and long-term).

The study design is presented in Fig. 1.
Diagnostic Criteria and Assessment Methods

The diagnosis of coarctation of the aorta (CoA) was
confirmed based on a combination of the following
clinical and imaging criteria:

Clinical criteria: A systolic blood pressure gradient > 20
mm Hg between the upper and lower extremities.

Echocardiographic criteria: A peak instantaneous
Doppler gradient > 20 mm Hg and/or localized narrowing
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Patients with coarctation
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y
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Declined to participate in the study (n =4)
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l
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Early period

) '

Mortality (n=5)

Mortality (n=3)
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Data analysis

) ,,

Patch aortic arch repair (n=65)

Fig. 1. The study design

of the aortic isthmus relative to the normal diameter
(Z-score < -2) [4].

Transthoracic echocardiography was performed
according to a standard protocol. Aortic arch hypoplasia
was defined as a Z-score < -2 for the proximal and/or
distal segments of the arch. Z-scores were calculated using
the Parameter(Z) online resource based on reference
datasets by Pettersen et al. [9].

Left ventricular (LV) systolic function was assessed
using the Teichholz method to determine ejection fraction
and fractional shortening. The following parameters were
measured: LV end-diastolic diameter (LVEDD), LV end-
diastolic volume (LVEDV), interventricular septal thickness
(IVSd), and posterior wall thickness (LVPWd).

LV myocardial mass was calculated using the Devereux
formula and indexed to body surface area. LV hypertrophy
(LVH) was defined as an LV mass index exceeding the 95th
percentile for age and sex [9].

Clinical Definitions and Outcomes

In-hospital mortality: Death occurring within 30 days
post-surgery or prior to hospital discharge.

Multiple organ failure: Acute dysfunction involving two
or more organ systems.

Recurrent laryngeal nerve injury: Vocal cord paresis
confirmed by bronchoscopy.

Arterial hypertension: Diagnosed when mean systolic
and/or diastolic blood pressure values exceeded the 95th

Oblique extended end-to-end
anastomosis (n = 32)

percentile on 24-hour ambulatory blood pressure moni-
toring (ABPM), confirmed after three independent office
blood pressure measurements [8].

Aortic arch aneurysm: Dilation of any aortic segment
with a Z-score > +3.

Surgical Technique Preoperative
Management and CPB Strategy

Preoperative preparation and intraoperative
monitoring followed standard protocols for neonatal
cardiac surgery. In all cases, surgical access was achieved
via median sternotomy. Operations were performed
under cardiopulmonary bypass (CPB) with antegrade
cerebral perfusion and moderate hypothermia (28 °C).

The CPB circuit was established using standard
cannulation of the aorta and venae cavae. Left ventricular
venting was achieved via the right superior pulmonary
vein. Following CPB initiation, patients were gradually
cooled to the target temperature. Cooling uniformity
was monitored using esophageal and rectal temperature
probes.

Surgical Repair

Group | (Patch Aortoplasty): The primary procedure
involved aortic arch reconstruction. This was performed
using either a modified Norwood technique with patch
augmentation of the ascending aorta (preserving ductal
tissue) or aortic arch repair with ductal tissue excision

Patologiya krovoobrashcheniya i kardiokhirurgiya. 2026;30(1):26-39. DOI: 10.21688/1681-3472-2026-1-26-39 29
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Table 1. Baseline clinical and echocardiographic characteristics of the study groups

Variable

Age, days

Height, cm

Weight, kg

Body surface area, m?

Female sex, n (%)
LV ejection fraction before surgery, %

Indexed LV end-diastolic volume
before surgery, mL/m?

Indexed LV end-diastolic diameter
before surgery, cm/m?

Indexed LV end-systolic diameter
before surgery, cm/m?

Interventricular septal thickness
before surgery, cm

Posterior LV wall thickness
before surgery, cm

Indexed LV myocardial mass
before surgery, g/m?

Z-score of ascending aorta
before surgery

Z-score of proximal aortic arch
before surgery

Z-score of distal aortic arch
before surgery

Z-score of aortic isthmus
before surgery

Total (n = 105)

14.00 [8.00; 22.00]

51.00 [49.00; 54.00]

3.10[2.70; 3.70]

0.20[0.19; 0.23]

70 (66.7)

70.00 [65.00; 75.0]

35.00 [23.90; 43.4]

7.36[5.78; 8.4]

3.74 [3.40; 4.4]

1.84[1.51;2.2]

2.12[1.74;2.5]

40.18[28.59; 55.1]

0.01 [-0.69; 0.8]

0.85[-0.04; 1.4]

-3.02[-3.53;-24]

-5.93[-7.28; -4.3]

Patch Aortoplasty

Native tissue repair

(n=70) (n=35) p
14.00 [8.00; 22.75] 13.00 [7.00; 21.00] 0.749
51.00 [49.00; 53.75] 53.00[50.00;54.50]  0.339
3.00 [2.60; 3.50] 330 [3.00; 3.85] 0.054
0.20[0.19; 0.23] 0.21[0.20; 0.24] 0.162
46 (65.7) 24 (68.6) 0.942
70.00 [64.25; 75.0] 70.00 [65.00; 74.5] 0.965
35.00 [22.05; 40.9] 39.10 [30.75; 44.5] 0.065
7.36 [5.83;8.4] 7.36[5.81;8.5] 0.793
3.72[3.36;4.2] 3.77 [3.47;4.4] 0.154
1.86 [1.52; 2.2] 1.81[1.46; 2.3] 0.731
2.12[1.72;2.5] 2.121[1.85; 2.4] 0.841
40.18 [25.89; 54.3] 40.18 [31.87; 56.6] 0.681
0.18[-0.67; 0.8] -0.08 [-0.78; 0.6] 0711
0.54[-0.91; 1.4] 1.01 [0.60; 1.5] 0.031
-3.13[-3.61;-2.4] -2.87 [-3.35;-2.6] 0.263
-6.06 [-7.13;-4.7] -5.04[-7.37;-3.95]  0.362

and augmentation using a pulmonary allograft patch
(Cardiostar LLC, St. Petersburg, Russia).

Group Il (Native Tissue Repair): The primary procedure
involved resection of the narrowed aortic segment
followed by an extended oblique end-to-end anastomosis,
performed without the use of prosthetic material.

Upon completion of the reconstruction, patients were
rewarmed to normothermia. The chest was closed in
standard fashion, and patients were transferred to the
intensive care unit.

Statistical Analysis

Statistical analysis was performed using R software
(RStudio environment), Stata 14 (StataCorp LP, College
Station, USA), and Python (version 3.x). The normality
of distribution for quantitative variables was assessed
using the Shapiro - Wilk test. Quantitative variables are
presented as median and interquartile range (median
[Q1; Q3]), while categorical variables are reported as
absolute values and percentages (n [%]). Comparisons of
quantitative variables between independent groups were
performed using the Mann - Whitney U test. Categorical
variables were compared using the Pearson x* test or
Fisher's exact test, as appropriate.
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Table 2. Intraoperative data

Variable

Aortic cross-clamp time, min
Intraoperative blood loss, mL

Intraoperative rectal temperature,
°C

Intraoperative urine output, mL

Total (n = 105)

53.00 [29.00; 64.00]
15.00[11.00; 19.00]

36.10 [28.00; 36.40]

41.00 [31.00; 47.00]

Patch Aortoplasty
(n=70)

55.00 [53.00; 68.00]
14.00 [11.00; 19.00]

28.10[27.92;36.10]

41.50[31.00; 46.75]

Table 3. Univariate and multivariate analysis of in-hospital mortality

Variable

Univariate analysis, OR

Native tissue repair

Duration of cardiopulmonary bypass
Height

Preoperative inotropic support
Weight

Body surface area

Total anomalous pulmonary venous
return

Note. OR - odds ratio; Cl - confidence interval.

Table 4. Early postoperative outcomes

Variable

Neurological complications, n (%)
Renal complications, n (%)

Paradoxical arterial hypertension, n (%)
Femoral artery thrombosis, n (%)
Chylothorax, n (%)

Left bronchial compression, n (%)
Recurrent laryngeal nerve injury, n (%)

Phrenic nerve injury, n (%)

(95 % ClI)

1.035[1.002-1.070]
0.405 [0.170-0.964]
4.787 [1.056-21.702]
0.385[0.140-1.061]
0.436 [0.173-1.102]

0.039
0.041
0.042
0.065
0.079

12.867 [0.729-227.075]

Patch aortic arch repair

Peak gradient across the aortic isthmus, mmHg

LV ejection fraction, %

Indexed LV end-diastolic volume, mL/m?
Indexed LV end-diastolic diameter, mm/m?

Indexed LV end-systolic diameter, mm/m?

Interventricular septal thickness, mm
Posterior LV wall thickness, mm

Indexed LV myocardial mass, g/m?

0.081

(n=62)

9(14.5)
5(8.1)
11(17.7)
6(9.7)
2(3.2)
9(14.5)
5(8.1)
3(4.8)
13[11;16.5]
66.66 [63.42;70.61]
44.06 [37.74; 57.35]
9.28[7.59; 10.56]
4.68[4.19;5.29]
2.38[1.88;2.77]
2.60[2.15;3.17]
49.43 [31.75; 66.43]

(n=35) P
22.00[18.50; 31.00] < 0.001
16.00 [12.00; 18.00] 0.804
36.30[36.15; 36.50] < 0.001
40.00 [29.00; 48.50] 0.688

Multivariate analysis, OR

(95 % Cl) P
2.240[1.163-4.314] 0.016
3.281[0.741-5.210] 0.362
7.884 [1.374-45.242] 0.021
1.021[0.830-4.832] 0.743
0.843[0.031-3.955] 0.384
10.323[0.032-412.377] 0.991

Native tissue repair

(n=31) p
1(3.2) 0.156
5(16.1) 0.292
6(19.4) 0.850
2 (6.5) 0.714
0(0.0) 0.551
11 (35.5) 0.020
4(12.9) 0.475
0(0.0) 0.548
9[7;12.5] 0.002
65.31[60.34; 69.37] 0.191
45,51 [30.62; 56.79] 0.675
8.95 [6.64; 10.69] 0.634
5.07 [4.33; 5.57] 0.139
2.18[1.79; 2.82] 0.436
2.78[2.13;3.14] 0.971
50.01[35.37; 72.26] 0.538

Note.iLVEDV - indexed left ventricular end-diastolic volume; iLVEDD - indexed left ventricular end-diastolic diameter; iLVESD - indexed left ventricular

end-systolic diameter; LV - left ventricle; EF - ejection fraction. Data are presented as median (interquartile range) or n (%).
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Predictors of early and late postoperative complications
were identified using univariate and multivariable
logistic regression models. Survival analysis regarding
freedom from recoarctation and arterial hypertension
was conducted using the Kaplan - Meier method. Time-
to-event analysis for adverse outcomes was performed
using Cox proportional hazards regression to determine
associations with the studied variables. A p-value < 0.05
was considered statistically significant.

Results

The basic characteristics of the groups are presented
inTable 1.

As shown in Table 1, the only difference in baseline
characteristics between the study groups was the Z-score
of the proximal aortic arch before surgery, which was sig-
nificantly higher in the native tissue repair group.

Intraoperative data are presented in Table 2.

As shown in Table 2, the Native Tissue Repair group
demonstrated significantly shorter aortic cross-clamp
times compared with the Patch Repair group. Conversely,
the Patch Repair group had significantly lower minimum
rectal temperatures during CPB.

In-hospital mortality did not differ significantly
between groups: 5 patients (7.1 %) in the Patch Repair
group versus 3 patients (8.6 %) in the Native Tissue Repair

group (p > 0.999). Predictors of in-hospital mortality
based on uni- and multivariable analyses are presented
in Table 3.

Early postoperative outcomes and complications are
presented in Table 4.

Early postoperative outcomes (Table 4) revealed that
the peakinstantaneous Doppler gradient across the aortic
isthmus was significantly higher in the Patch Repair group.
However, compression of the left main bronchus was
more frequently observed in the Native Tissue Repair
group.

Long-term outcomes

The median follow-up period was 34 months (IQR: 27—
40 months), with a follow-up completeness of 96.8 %.
Long-term outcomes are presented in Table 5.

As shown in Table 5, significant differences between
the groups were observed for arterial hypertension and
peak gradient across the aortic isthmus, which were
significantly lower in the native tissue repair group,
whereas the Z-score of the aortic isthmus was significantly
lower in the patch repair group.

Figure 2 shows two Kaplan - Meier curves
corresponding to the groups of patients who underwent
patch aortic arch repair and native tissue aortic arch repair.
The vertical axis represents the proportion of patients
free from the event (arterial hypertension), while the

Kaplan—Meier analysis for the variable “Arterial hypertension”

Statistical significance (log-rank test). p < 0.001

ypertension

Pmpxrnu':rrila?[_'evant-fmp cases
o
=

0 500 1000 1500

== Using patch
Without using patch

2000 2500 3000 3500

Follow-up period (days)

Median of Group without using patch: 3359 days - 0.5 survival level

Fig. 2. Kaplan - Meier curves for arterial hypertension
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Table 5. Long-term postoperative outcomes and complications

Patch aortic arch repair  Native tissue repair

Variable Total (n =90) (n=59) (n=31) p
Arterial hypertension, n (%) 36 (40.0) 28 (47.5) 8(25.8) 0.046
Eeegs’l?{rf;a:é%%gratgg o 21(233) 17 (28.8) 4(12.9) 0.090
Subclavian artery stenosis, n (%) 1(1.1) 1(1.7) 0(0.0) > 0.999
Descending aortic aneurysm, n (%) 1(1.1) 1(1.7) 0(0.0) > 0.999
Sctaerr?;'s‘fsog E’%‘hioce'{’ha“c artery 1(1.1) 1(1.7) 0(0.0) >0.999
S{fp}”g;;fég;f proximal aortic 5.95 [4.39; 7.39] 6.19 [5.24; 8.59] 5.79 [4.05; 7.15] 0.121
Growth rate of distal aortic arch, 7.211[5.94;9.15] 6.82[6.31;8.29] 7.221[5.67;9.22] 0.504
pm/day

IRnactrZ;’: ;Tfé%%‘;;is Z-score 33.72[26.27;41.12] 33.31[25.41;40.14] 34.10[28.47; 41.72] 0.214
LV ejection fraction, % 67.46 [64.03; 72.66] 69.29 [64.78; 73.08] 66.45[61.32;70.45]  0.063
'r?f/er’r‘ﬁd LV end-diastolicvolume, 45 75134 10, 57.02] 46.15 [35.05; 55.82] 4410[3225;57.23]  0.492
L’:ﬂf};ﬁ? LV end-diastolic diameter, 11 o418 48: 12.63] 10.92 [8.89; 12.62] 11.07 [7.93; 12.53] 0.786
mﬁe/’;ﬁg LV end-systolic diameter, 5 755 16, 6.45] 5.66[5.11;6.54] 5.85 [5.31;6.41] 0.382
'rm”’e”t”c”'ar septal thickness, 2.76[2.18; 3.36] 2.84[2.18;3.44] 2.581[2.12;3.29] 0.262
Posterior LV wall thickness, mm 3.05[2.49; 3.73] 2.95[2.50;3.72] 3.41[2.50; 3.78] 0.747
Indexed LV myocardial mass, g/m*>  58.78 [37.86; 83.16] 58.70 [36.80; 82.99] 59.05 [43.18; 83.10] 0.535
E‘iﬁ‘:n%r:?:‘emnhzcmss the aortic 2118; 24] 2419; 27] 18[17;22] 0.001
Z-score of proximal aortic arch 0.80[0.13; 1.16] 0.82[0.15; 1.20] 0.75[0.10; 1.12] 0.165
Z-score of distal aortic arch 0.64[0.07; 1.45] 0.70[0.10; 1.50] 0.61[0.00; 1.37] 0.091
Z-score of aortic isthmus 0.26 [0.00; 1.09] 0.10 [-0.20; 0.80] 0.43[0.15; 1.30] 0.048

Note. BCA - brachiocephalic artery; iLVEDV - indexed left ventricular end-diastolic volume; iLVEDD - indexed left ventricular end-diastolic diameter;
iLVESD - indexed left ventricular end-systolic diameter; LV - left ventricle; SA - subclavian artery; EF - ejection fraction. Data are presented as median
(interquartile range) or n (%).

horizontal axis indicates the duration of follow-up in
days. The log-rank test value was p < 0.001, indicating
statistically significant differences between the study
groups.

The only independent predictor of arterial
hypertension was the peak gradient across the aortic

isthmus before discharge, which increased the risk by 4.7-
fold for each 1 mmHg increase.

Figure 3 shows two Kaplan — Meier curves correspond-
ing to the groups of patients who underwent patch repair
and native tissue aortic arch repair. The log-rank test value
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Table 6. Cox proportional hazards regression analysis for arterial hypertension

Univariate analysis Multivariate analysis

Variable . Hazard ratio . Hazard ratio

Coefficient (95 % Cl) p Coefficient (95 % Cl)
Peak gradient across the aortic . .
isthmus before discharge, mmHg 1.54 4.68 [2.69; 8.14] <0.001 1.49 4421[2.50;7.84] <0.001
Patch material (homograft patch) 0.93 2.53[1.30;4.92] 0.006 0.68 1.98 [0.89; 4.41] 0.096
Preoperative mitral valve Z-score -0.54 0.58[0.37;0.91] 0.017 -0.18 0.83[0.49; 1.41] 0.498
Preoperative aortic valve Z-score -0.63 0.53[0.31;0.92] 0.025 -0.32 0.73[0.41;1.30] 0.284
Age, days -0.49 0.61[0.37;1.02] 0.061 - - -

Peak gradient across the aortic

isthmus after surgery, mmHg -0.56 0.57[0.30; 1.07] 0.082 - - -

Indexed LV end-diastolic volume

before surgery, mL/m? -0.37 0.69[0.43; 1.10] 0.117 - - -

Preoperative Z-score of distal .
aortic arch -0.39 0.68[0.42; 1.10] 0.119 - - -
Postoperative LV ejection . _ _ B
fraction, % 0.38 1.46 [0.88; 2.44] 0.148
was p =0.147, indicating the absence of statistically signif- As shown in Table 7, significant risk factors for the
icant differences between the study groups. development of recoarctation of the aorta were the peak
Cox regression analysis for recoarctation of the aorta is gradient across the aortic isthmus before discharge,
presented in Table 7. which increased the risk of recoarctation by 3.44-fold,

Kaplan—Meier analysis for the variable “Recoarctation of the aorta requiring reoperation”
Statistical significance (log-rank test): p = 0.147

09

08

o7

06

Recoarctation of the aorta requiring reoperation

05

0 500 1000 1500 2000 2500 3000 3500

Follow-up period (days)

Groups by patch using

m— Using patch — Without using patch ~ —eaa. 0.5 survival level

Fig. 3. Kaplan - Meier intergroup analysis of recoarctation of the aorta requiring reoperation
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Table 7. Cox proportional hazards regression analysis for recoarctation of the aorta

Univariate analysis

Multivariate analysis

Variable . Hazard ratio . Hazard ratio
Coefficient (95 % Cl) p Coefficient (95 % Cl) p

Peak gradient across the aortic . .

isthmus before discharge, mmHg 1.24 344[1.84;6.42] <0.001 1.13 3.11[1.59; 6.08] 0.001

Excision of ductal tissue -1.32 0.27[0.11;0.65]  0.003 -0.80 0.45[0.16; 0.75] 0.012

Preoperative Z-score of proximal . _ .

aortic arch -0.41 0.66 [0.47;0.94]  0.021 0.26 0.77[0.52;1.14]  0.193

Preoperative LV ejection fraction, 0.67 1961[1.00;3.81]  0.048 0.73 208[0.98;441]  0.057

Preoperative aortic valve Z-score -0.50 0.60[0.33;1.12] 0.110 - - -

Preoperative LV myocardial mass ~0.61 0550025 1.18]  0.125 _ _ _

index, g/m?

and excision of ductal tissue, which reduced the risk of
recoarctation by 3.7-fold.

Figure 4 presents a Kaplan - Meier analysis of time
to development of recoarctation of the aorta according
to the peak gradient across the aortic isthmus before
discharge. The sample was divided into two groups based

Kaplan-Meier analysis for the variable “Peak

on the optimal cutoff value (< 14 mmHg and > 14 mmHg),
determined using a statistical criterion.

Kaplan - Meier analysis demonstrated that patients
with a peak gradient < 14.0 mmHg (blue curve) had a sig-
nificantly higher proportion of event-free survival (re-
coarctation of the aorta requiring reoperation) through-
out the entire follow-up period compared with patients

radient across the aortic isthmus before discharge”

Optimal cutoff value: 14.0 mmHg | Statistical significance (log-rank test): p < 0.001

08

08

04

Proportion of event-free cases
Recoarctation of the aorta requiring reoperation

02

00
0 500 1000 1500

2000 2500 3000 3500

Follow-up period (days)

= Peak gradient across the isthmus before discharge = 14.0 mmHg

Median of Group 1: 399.0 days  ----- 0.5 survival level

Peak gradient across the isthmus before discharge > 14.0 mmHg

Fig. 4. Kaplan — Meier intergroup analysis of recoarctation of the aorta requiring reoperation according
to the peak gradient across the aortic isthmus before discharge
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whose peak gradient exceeded 14.0 mmHg (orange
curve).

Discussion

The issue of aortic coarctation in neonates remains
highly relevant in pediatric cardiac surgery [9]. Despite
significant progress in surgical treatment, this pathology
continues to be a cause of serious complications and high
mortality rates in early infancy [10]. Extended end-to-
end anastomosis remains the “gold standard” for treating
aortic coarctation in children; however, many centers
employ patch aortoplasty to effectively widen the aortic
arch [8-12].

At the same time, there is no consensus within the
scientific community regarding the optimal surgical
technique for CoA correction. This has necessitated
numerous studies aimed at comparing the outcomes
of various surgical correction methods to determine
the most effective treatment strategy for this condition
[12-24].

The peak pressure gradient across the aortic isthmus
serves as a key indicator reflecting the efficacy of surgical
treatment. Surgical repair leads to a significant reduction
in this gradient, which subsequently decreases blood
pressure in the upper body and reduces afterload
on the left ventricle [6]. In the postoperative period, a
residual pressure gradient following aortic arch repair
is not uncommon and may cause severe complications
both in the early postoperative period (e.g., acute heart
failure, acute kidney injury, necrotizing enterocolitis) and
in the long term (arterial hypertension, aortic aneurysms,
ischemic heart disease, cerebrovascular aneurysms) [1; 6;
14]. A number of studies have demonstrated that surgical
elimination of the pressure gradient across the aortic arch,
regardless of patient age, is associated with favorable
long-term outcomes, a low complication rate, and
reduced late mortality [15-18]. Our study established that
a reduction in the pressure gradient was accompanied
by significant improvement in clinical status in the early
postoperative period. Moreover, a comparison of the two
surgical techniques revealed no significant differences
between them. Similar conclusions were reached in
other works, which also found no statistically significant
differences between the results of surgical methods for
aortic coarctation correction [12; 17]. This suggests that
the decisive factor influencing pressure gradient reduction
is the successful surgical intervention itself, rather than the
specific technical modification of the operation.

Hospital mortality following surgical correction of
aortic coarctation occurs in approximately 10 % of cases
[5]. According to the literature, the main risk factors for
mortality in the early postoperative period are patient

comorbidities, low birth weight and prematurity,
progressive heart failure in neonates, acute kidney
injury, various infectious diseases (including congenital
pneumonia, enterocolitis), and severe neurological
symptoms [5; 7; 25]. Additionally, continuous infusion
of prostaglandin E, is administered to neonates in the
preoperative period to maintain patency of the ductus
arteriosus. Prolonged prostaglandin infusions can lead
to the development of enterocolitis, complicated by
sepsis [26; 27]. According to a study by Soynov LA, et
al., no hospital mortality was noted when analyzing the
use of the “extended end-to-end anastomosis” surgical
correction method and patch aortic arch angioplasty [5].
In our study, hospital mortality showed no significant
differences between the groups and occurred with similar
frequency (8.6 % vs. 7.1 %, p = 0.999). The only risk factor
for mortality, regardless of the surgical technique used,
was the duration of cardiopulmonary bypass (95 % Cl
[1.374;45.242],p=10.016).

In the early postoperative period following aortic
coarctation repair, bronchial compression by the
aortic arch occurs in 0.7-2.2 % of cases, leading to
acute respiratory failure [22]. In a study by Hui C. et al.,
compression of the left main bronchus occurred in 22 % of
patients undergoing extended oblique anastomosis arch
repair, and in 12 % utilizing a patch [22]. Our study results
were comparable; bronchial compression was significantly
more frequent in the group undergoing extended end-to-
end anastomosis (35.5 % vs. 14.5 %, p = 0.020) in the early
postoperative period.

The development of aortic recoarctation in the late
postoperative period following primary surgical correction
is a significant complication, with rates reaching 44 % in
various studies [23]. A hemodynamic marker confirming
significant obstruction is a pressure gradient between
the proximal and distal aortic arch sections exceeding
20 mmHg [24]. In our study, the sole predictor for the
development of late aortic recoarctation provided was
a peak pressure gradient at the isthmus exceeding 14
mmHg (HR = 3.75; p < 0.001). Complete removal of
ductal tissue acted as a significant predictor (HR = 0.33;
p=0.017), reducing the risk of recoarctation by preventing
fibrosis (p < 0.001).

The obtained data align with findings from previous
studies and confirm that surgical treatment effectively
reduces the peak pressure gradient at the aortic isthmus.
The absence of statistically significant differences
between the compared groups underscores the need for
further research to identify factors influencing long-term
outcomes. Analysis of results at 6 and 12 months, as well
as during delayed follow-up, suggests that differences in
the efficacy of surgical correction methods for neonatal
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aortic coarctation may manifest over a longer observation
period, such as 5 years.

Summarizing all obtained results, including the
analysis of confounding factors, it can be concluded that
the outcomes of operations performed with and without
a patch did not differ statistically significantly. However,
the complete removal of ductal tissue was of critical
importance.

Thus, both common surgical strategies demonstrate
comparable efficacy in treating coarctation and aortic
arch hypoplasia in neonates. Regardless of the surgical
correction strategy, primary attention should be paid
to the individual anatomical features of the aortic arch,
patient status, and concomitant congenital heart defects.
However, in all patients, it is imperative to completely
resect all ductal tissue to prevent the development of
aortic recoarctation and residual arterial hypertension.

Study Limitations

Our study has several limitations that should be
considered when interpreting the results. First, despite
the prospective randomized design, the sample size was
relatively small (105 patients), which may have limited
the statistical power regarding rare postoperative
complications. Second, the median follow-up period
was 34 months, reflecting early and mid-term rather
than long-term outcomes. A longer monitoring period
(10 years or more) is required to definitively assess the
risks of aneurysm formation at the reconstruction site
or the development of resistant arterial hypertension in
adulthood. Third, the study was conducted across two
cardiac surgery centers. Although surgical protocols and
selection criteria were standardized, the influence of
individual surgeon experience and subtle differences in
perioperative management strategies cannot be entirely

ruled out. Finally, the exclusion criteria (body weight
less than 1.5 kg, critical preoperative condition, sepsis)
limit the generalizability of our findings to the cohort of
the most critically ill patients and preterm infants with
extremely low birth weight.

Conclusions

The primary predictor of late recoarctation was
a discharge peak trans-isthmic gradient > 14 mm Hg
(HR=3.75; p < 0.001). Conversely, complete excision
of ductal tissue acted as a significant protective factor
(HR=0.33; p=0.017), reducing the risk of recurrence.

In-hospital mortality was comparable between the
native tissue and patch repair groups (8.6 % vs. 7.1 %;
p =0.999). The only independent risk factor for mortality
was the duration of cardiopulmonary bypass (95 % Cl
[1.37;45.24];p=0.016).

Compression of the left main bronchus in the
early postoperative period occurred significantly
more frequently in the extended oblique end-to-end
anastomosis group compared to the patch repair group
(35.5% vs. 14.5 %; p = 0.020).

Late arterial hypertension was a common complication
(23.7 %). The absence of complete ductal tissue
excision significantly increased the risk of hypertension
(OR=3.84; p = 0.013). Patch aortoplasty was associated
with a reduced risk of arterial hypertension (OR = 0.39;
p = 0.046). Although native tissue repair showed a trend
toward lower recoarctation rates (12.9 % vs. 25.4 %), this
difference did not reach statistical significance (p = 0.266).

Proportional growth of the anastomosis appeared
independent of the specific surgical technique. However,
complete excision of ductal tissue was essential for
promoting proportional growth and minimizing early
restenosis.
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