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Abstract

Introduction. Whole-body perfusion represents
a promising alternative to traditional methods, such
as deep hypothermic circulatory arrest and antegrade
cerebral perfusion, potentially reducing the risks of both
neurological complications and acute kidney injury. However,
the experience with its application, especially in the most
vulnerable group of neonates, remains insufficiently studied
and requires systematic analysis of intraoperative and long-
term outcomes.

Objective.To evaluate intraoperative and early postoperative
outcomes in neonates undergoing aortic arch reconstruction
with whole-body perfusion.

Methods. This prospective cohort study evaluated the
efficacy and safety of surgical treatment in neonates
undergoing aortic arch reconstruction with total perfusion
(n = 43). The median patient age was 8 (IQR 5-28) days, and
median body weight was 3.4 (IQR 2.9-4) kg. Male patients
predominated 25 (58.2 %).

Results. The primary endpoint was acute kidney injury
assessed using the pediatric KDIGO criteria. Acute kidney
injury was observed in 9 (21 %) of patients. The only
significant factor for acute kidney injury was the inotropic
index on postoperative day 1 (OR=1.08;95 % CI (1.01; 1.17)).
Neurological complications occurred in 4 (9.3 %) of patients.
Hospital mortality was 1 (2.3 %).

Conclusion. Whole-body perfusion represents a straight-
forward, efficacious, and safe organ protection strategy for
neonatal aortic arch reconstruction, demonstrating a low rate
of acute kidney injury.

Keywords: aortic coarctation; congenital heart defect; full-
flow perfusion; neurological dysfunction; renal dysfunction
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AKTyanbHocTb. [TonHonotouHas nepdy3us NpeacTaBnaeT coboi
NepCcneKTVBHYIO aNnbTepHATUBY TaKUM TPAAVLVMOHHBIM METOAAM,
KaK rnybokas runotepMuyeckas oCTaHOBKa KpOBOOGpaLLeHus,
cenekTnBHas nepdysns rofoBHOro MO3ra, MOCKOJbKY No3BoseT
06ecneyunTb OfHOBPEMEHHYI0 Nepdy3uto rONOBHOTO MO3ra 1 HUX-
Heil NONOBMHbI TeNa, NOTEHLMANbHO CHIXKaA PUCKM Kak HEBPOJOT-
UECKMX OCTIOKHEHNI, TakK M OCTPOTrO NoBpexaeHns noyek. OgHako
OMbIT ee NPUMeHeHs, 0CO6EHHO Y Hamboree yA3BMMO rpynmnbl HO-
BOPOX/EHHbIX, OCTAETCA HEAOCTATOUHO N3YUEHHbIM 1 TPebyeT aHa-
SIN3a UHTPaomnepaLVOHHbIX U OTAANEHHBIX PE3Y/bTaToB.

Lienb. OUeHNTb MHTPaonepaLMOHHbIE 1 paHHWe Noc/eonepaum-
OHHble pe3ynbTaTbl Y HOBOPOXKAEHHbIX MALIMEHTOB, NEPEHECLINX
PEKOHCTPYKTUBHbIE OMepaLun Ha Ayre aopTbl B YCJIOBUSX MOJHO-
noTouHon nepoysuu.

MeTtopbl. B npeactaBneHHOM KOFOPTHOM MPOCMEKTUBHOM WC-
CNefoBaHNK BbINOSIHEHA oLeHKa 3¢ deKTUBHOCTM 1 6e3onacHo-
CTU XUPYPrMYeCcKoro neyeHrns HOBOPOXKAEHHbIX MaLXEHTOB Nocie
PEKOHCTPYKTUBHbIX ONepaLuii Ha yre aopTbl C NPMMEHEHVEM NOJI-
HonoTouHo nepdysum (n = 43). CpegHUIn BO3PACT NaLMNEHTOB CO-
ctasun 8 (5; 28) gHen, a macca Tena - 3,4 (2,9; 4) kr. My»ckon non
npeobnagan B uccnepgoBaHum — 25 (58,2 %).

PesynbTatbl. [lepBNUYHON KOHEYHOI TOUKOI BbIIO OCTPOE Mo-
BpexJeHune noyek, oueHeHHoe no getckou wkane KDIGO.
OcTpoe noBpexzeHune noyek Habnoganocb y 9 (21 %) naunex-
TOB. EQUHCTBEHHBIM (paKTOPOM OCTPOro NOBPEXAEHUA Obls1 UHO-
TPOMHbIA NHAEKC B NepBbir feHb (OP = 1,08; 95 % AW (1,01; 1,17)).
Hesponorunyeckne ocnoxHeHnus Habnmoganuco y 4 (9,3 %) nayuneH-
ToB. [ocnuTanbHas netanbHOCTb coctaBuna 1 (2,3 %) cnyvaii.

3akntoueHue. [lonHonoToyHas nepdy3usa Npu NNaCTUYECKKX one-
paumax Ha fiyre aopTbl Y HOBOPOXAEHHbIX NMaLUeHTOB ABNAETCA
npocTon, 3GPeKTUBHOW 1 6E30MACHON METOAUKON OPraHOMPOTEK-
LMK ¢ HebONbLIOW YAaCTOTON OCTPOTO MOBPEXAEHNA NOYeK.

KnioueBble cnoBa: BpOXAEHHbIN NMOPOK CepALIA; KOapPKTaLWs aop-
Tbl; HEBPOJIOTUYECKUNE OCIIOKHEHWS; OCTPOE NOBPEXAEHME MOYEK;
MOSIHOMNOTOYHasA Nepdy3ma
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Introduction

Successful outcomes in surgical correction involving
aortic arch reconstruction in neonates require a “dry” sur-
gical field and adequate neuro- and end-organ protection
[1; 2]. For a long time, selective antegrade cerebral per-
fusion (SACP) was considered the “gold standard” for or-
ganoprotection during surgical treatment of congenital
aortic arch pathology [3]. SACP reduces the risk of isch-
emic brain injury by providing continuous cerebral perfu-
sion, but it does not ensure perfusion of the lower body,
which increases the risk of acute kidney injury [4]. In 2001,
Imoto Y. and co-authors proposed a new perfusion meth-
od involving the cannulation of the innominate artery
and an additional cannula in the descending aorta to pro-
vide whole-body organ perfusion [5]. Although this meth-
od has proven effective in many cardiac surgery centers,
there is little published information on the efficacy of full-
flow perfusion, especially in neonates and infants under
one year of age.

The aim of our study was to evaluate intraoperative,
as well as early and long-term outcomes in neonatal pa-
tients undergoing reconstructive aortic arch surgeries
with whole-body perfusion.

Methods

Study Design and Patient Characteristics

The present study performed a prospective analysis of
patients in our clinic from June 2018 to January 2024.The
study included 43 patients with biventricular correction of
congenital obstructive aortic arch pathology (coarctation
with hypoplasia of the aortic arch and interrupted aortic
arch). The study design is presented in Fig. 1.

Inclusion criteria:

« Biventricular circulation.

« Obstruction at the level of the aortic arch, includ-
ing aortic coarctation, hypoplasia, or interruption
of the aortic arch.

+ Surgery performed under cardiopulmonary bypass.

+ Age <1 month.

Exclusion criteria:

+ Severe comorbid conditions, including neurologi-
cal sequelae, infections, acute kidney injury, or nec-
rotizing enterocolitis prior to operation.

+ Surgery performed under deep hypothermic circu-
latory arrest (DHCA).

« Premature with a gestational age < 32 weeks.

Endpoints

Primary Endpoint: Acute kidney injury (AKI), assessed
by the pediatric KDIGO scale.

Secondary Endpoints: 30-day mortality and any
neurological complications (brain CT or MRI scan was
performed in the presence of clinical symptoms), bleeding.

Research methods

In-hospital mortality was defined as a fatal outcome
occurring within 30 days from the date of surgery or
before hospital discharge, whichever was longer.

Acute kidney injury (AKI) was evaluated using the
pediatric KDIGO criteria, based on changes of serum
creatinine levels from baseline and urine output over the
first three postoperative days [6]. Indications for peritoneal
dialysis included: 1) electrolyte abnormalities, such as
hyperkalemia refractory to medical treatment; 2) fluid

Patients with coarctation of the aorta,
n=132

Included in the study,
n=43

Date:
- AKI-20.9 %
- Mortality - 2.3 %

Excluded n=89:

- Patients with neurological complications before surgery,n =8
- Patients with AKI before surgery,n =4

- Patients with ninfections complications before surgery, n =2
- Patients with nesrotizing enterocolitis before surgery, n =4

- Premature patients, n =2

- Patients with DHCA, n=2

i - Patients with APB, n =20

- Patients witha SV, n=14

- Patients with abberant sucvaslavian artery,n =2

- Neorological complications — 9.3 %
- Homorrhage - 2.5 ml/kg/h

Fig. 1. Study designs

Note. AKI - acute kidney injury; DHCA - deep hypothermic circulatory arrest; IAA - interrupted aortic arch; SACP - selective antegrade

cerebral perfusion; SV - single ventricle.
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overload; 3) persistent oliguria; 4) persistent metabolic
acidosis [7].

Patients were classified as critical if they presented with
a closed patent ductus arteriosus (PDA) and signs of organ
dysfunction, including anuria and lactate levels above
6 mmol/L upon admission [8].

The dosage of vasoactive drugs was assessed by
considering the maximum daily cardiotonic support
during the first three postoperative days. The vasoactive
inotropic score (VIS) was calculated according to Gaies et
al., with modification [9; 10]:

VIS = dopamine dose (mcg/kg/min) +
+ dobutamine dose (mcg/kg/min) +
100 X epinephrine dose (mcg/kg/min) +
+ 10 x milrinone dose (mcg/kg/min) +
+ 10,000 x vasopressin dose (units/kg/min) +
+ 100 x norepinephrine dose (mcg/kg/min) +
+ 10 X phenylephrine dose (mcg/kg/min).

Neonatal necrotizing enterocolitis (NEC) was assessed
based on the modified Bell’s criteria [11].

Neurological status was routinely evaluated
postoperatively, and in cases where neurological
complications were suspected, brain CT or MRI was
performed.

Near-infrared spectroscopy (NIRS) (INVOS 5100,
Somanetics, USA) was used to assess cerebral and lower
body perfusion both intraoperatively and on the first
postoperative day. NIRS sensors were placed on the
forehead and the back (at the L1-L3 level) to measure
tissue oxygen saturation.

Multiorgan failure was defined as the acute dysfunction
of two or more organs.

Surgical technique and perfusion methods

The aortic arch reconstruction was performed by four
experienced cardiac surgeons using one of the follow-
ing surgical techniques: 1) “oblique extended” anastomo-
sis [12]; 2) “end-to-side” anastomosis [13]; 3) aortic arch
patch repair using pulmonary allograft (Cardiostar LLC,
Saint Petersburg, Russia) [14]; 4) “ascending sliding” anas-
tomosis [15]. All patients underwent surgery under the
same general anesthesia protocol. A median sternotomy
was used in all cases. Blood pressure was monitored via
the right radial and femoral arteries. Body temperature
was measured using rectal and nasopharyngeal sensors.
NIRS was continuously monitored throughout the sur-
gery and 24 hours postoperatively, using forehead and
lumbar sensors.

Whole-body perfusion

Two aortic cannulation techniques were used, de-
pending on the anatomy of the ascending aorta. In most
cases, the brachiocephalic trunk was directly cannulat-

Fig. 2. Whole-body perfusion scheme

ed through the ascending aorta, with the cannula repo-
sitioned to the trunk before aortic reconstruction. In pa-
tients with a small ascending aorta, the arterial cannula
was inserted through a 4-mm polytetrafluoroethylene
(PTFE) vascular graft (Carboflo®/Standard C.R. Bard Inc./
IMPRA), which was sutured to the brachiocephalic trunk.

When whole-body perfusion (WBP) was performed,
a second arterial cannula was inserted into the thorac-
ic descending aorta through the posterior pericardium
to ensure perfusion of the lower half of the body (Fig. 2).
Cannulas of equal diameter (6-8 Fr) were used to facili-
tate optimal blood flow distribution. Perfusion in the WBP
group was managed using a single pump, with continu-
ous monitoring of the mean blood pressure difference
between the radial and femoral arterial lines to prevent
hypoperfusion or hyperperfusion. In cases of pressure
imbalance between the arterial lines, partial clamping
of one arterial cannula was performed to achieve perfu-
sion balance.

CPB was maintained at a perfusion rate of 150 ml/kg,
with cooling to a rectal temperature of 30-32 °C in the
WBP group and 25-28 °C in the SACP group. In the SACP
group, the cooling was performed at least 20 minutes. An
a-stat mode was used for blood gases management with
measurements every 20 minutes. An antegrade crystalloid
cardioplegia (Bretschneider’s solution, Custodiol; Dr. Franz
Kohler Chemie, Alsbach-Hahnlein, Germany) was adminis-
tered at a dose of 40 mL/kg into the aortic root.

Statistical Analysis

The Shapiro - Wilk test was used to assess the normality
of data distribution. Continuous data are presented as
median and interquartile range (25th; 75th percentiles),
and categorical data as numbers and percentages.
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Table 1. Baseline and demographic characteristics of the
patients, n =43

Characteristics Whole-body
perfusion
Height, cm 52 (50; 54)
Weight, kg 3.4(2.9;4)
Body surface area, m? 0.22 (0.20; 0.24)
Sex (male), n (%) 25(58.2)
Age, days 8(5;28)
Newborn patients, n (%) 40 (93)
Low weight patients, n (%) 3(7)
Patent ductus arteriosus, n (%) 31(72)
Diameter of the patent ductus arterio- 4.5(4;5)
sus, mm
Creatinine before surgery, mmol/I 61 (49;74)
Critical patients, n (%) 7(16.3)
Septal defects, n (%) 33 (76.7)
Pa0, before surgery, mm.Hg 101 (70; 132)
PaCO, before surgery, mm.Hg 42 (39;47)
Saturation right arm, % 92 (87;97)
Lactate before surgery, mmol/I 1.9(1.2;2.6)
Cerebral NIRS before surgery, % 78 (51; 89)
Lumbar NIRS before surgery, % 92 (82; 95)
Interruption of aortic arch, n (%) 7(16.3)
Aortic arch hypoplasia, n (%) 36 (83.7)

Note. Presented as the median (25th; 75th percentile) or as numbers (%).

Differences between groups were compared using
Fisher's exact test for categorical variables and the Mann-
Whitney U test for continuous variables. The result of
logistic regression analysis is expressed as an odds ratio
with a 95 % confidence interval (95 % Cl). A significance
level of p < 0.05 was adopted. Perfusion protection data
analysis was performed using Stata 14 software (StataCorp
LP, College Station, USA).

Results

The baseline and demographic characteristics of
patients are summarized in Table 1.

As shown in Table 1, the majority of patients were neo-
nates with aortic arch hypoplasia. Most patients had septal
defects. The majority of children had patent ductus arterio-
sus. The median preoperative cerebral oxygenation based
on cerebral near-infrared spectroscopy was 78 (51; 89) %.

Intraoperative and early postoperative outcomes
are presented in Table 2. There were no intraopera-
tive fatalities.

Table 2. Intraoperative and early postoperative outcomes,

n=43

Characteristics WBP
Minimal temperature, rectal, °C 32.0(29; 34)
CPB time, min 86 (61; 105)
Aortic cross-clamp time, min 31(25;42)
Delayed chest closure, n (%) 22 (51)
Inotropic support time, days 5(3;6)
Mechanical ventilation time, hours 89(2;5)
VIS 24 hours, mcg/kg/min 7 (5;15)
VIS 48 hours, mcg/kg/min 6(4.2;10)
VIS 72 hours, mcg/kg/min 4.5(1.5; 8)
Creatinine 24 hours, mmol/I 76 (69; 87)
Creatinine 48 hours, mmol/I 72 (64;87)
Creatinine 72 hours, mmol/I 70 (60; 84)
ICU stay, days 6.5 (5;8)
Hospital stay, days 21 (18; 25)
Mortality, n (%) 1(2.3)
Acute kidney injury pKDIGO, n (%) 9(21)
pKDIGO 1, n (%) 3(7)
pKDIGO 2, n (%) 3(7)
pKDIGO 3, n (%) 3(7)
Renal replacement therapy, n (%) 3(7)
Neonatal necrotizing enterocolitis, n (%) 3(7)
Sepsis, n (%) 1(2.3)
Intraoperative lumbar NIRS, % 92 (90; 95)
Intraoperative cerebral NIRS, % 90 (83; 93)
Pa0, after surgery, mm.Hg 200 (166; 208)
PaCO, after surgery, mm.Hg 36 (30;41)
Saturation right arm, % 99 (98; 100)
Lactate after surgery, mmol/I 5.2(4.5;6.9)

Blood loss in 24 hours, mi/kg

2.5(12.5;27.6)

Neurological complications, n (%): 4(9.3)
Subdural hemorrhage, n (%) 4 (100)
Intraventricular hemorrhage, n (%) 0(0)
Subarachnoid hemorrhage, n (%) 0(0)

Note. CPB - cardiopulmonary bypass; ICU - intensive care unit; NIRS -

near-infrared spectroscopy; VIS - vasoactive inotropic score.

As shown inTable 2, acute kidney injury was presentin 9
(21 %) of patients, with 3 (7 %) requiring renal replacement
therapy. Neurological complications occurred in 4 (9.3 %)
of patients, all of whom had subdural hemorrhage.
Mortality was 1 (2.3 %). Sepsis-related complications were
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Table 3. Risk factors for acute kidney injury according to KDIGO.

Characteristics
OR (95 % Cl)
1.1[1.01; 1.19]

1.04[1.001; 1.12]

0.86 [0.77; 0.96]

Inotropic support time, h
VIS 24 hours

Minimal temperature, °C

Note. VIS - vasoactive inotropic score.

rare in the postoperative period (1 (2.3 %)). Necrotizing
enterocolitis developed in 3 (7 %) of children.

Risk factors for acute kidney injury are presented in
Table 3.

As shown in Table 3, the only risk factor was the vaso-
inotropic index, an increase of which by 1 pg/kg/min in-
creased the risk of acute kidney injury by 8 %.

Discussion

One of the main objectives during aortic arch recon-
struction in newborns is to ensure not only a bloodless
surgical field but also optimal protection of internal or-
gans [1]. Since 1960, the organoprotective effect during
plastic surgeries on the aortic arch has been achieved us-
ing Deep Hypothermic Circulatory Arrest (DHCA), as it is
a simple and effective strategy. By arresting circulation for
a safe period, inversely proportional to body temperature
(down to 14.1-20.0 °C), brain metabolism at the cellular
level is slowed down, thereby increasing the brains
tolerance to hypoxia, which provides a neuroprotective
effect [16-18]. According to a number of studies by
McCullough J.N. and co-authors, a safe period for circu-
latory arrest at specific temperatures for defect correc-
tion has been determined. Thus, the target circulatory
arrest time under deep hypothermia (18-20 °C) in the
protocols of many cardiac surgery centers is less than 30
minutes [19].

For a long time, DHCA remained the standard method
providing organoprotection during surgical repair of aor-
tic coarctation and aortic arch hypoplasia in neonates and
infants. However, a number of studies show the develop-
ment of adverse events in the early postoperative peri-
od, including neurological, respiratory, and hematologi-
cal complications, circulatory disorders, kidney and liver
damage due to prolonged cardiopulmonary bypass un-
der deep hypothermia [17; 20]. For example, in the work
of Sinelnikov Yu.S. and co-authors, 37.5 % of newborns
operated under deep hypothermia during aortic arch re-
construction had neurological complications in the post-
operative period [20]. Furthermore, a study by Hughes
G.C. and co-authors showed that in the early postopera-

Univariate

Multivariate
p OR (95 % ClI) p
0.021 1.04[0.98; 1.12] 0.104
0.019 1.08 [1.01; 1.17] 0.025
0.011 0.91[0.67; 1.14] 0.670

tive period after aortic arch repair, there was a decrease in
gray matter, cortical thickness, and impaired connectivity
between functional areas, leading to the development of
postoperative cognitive dysfunction [16].

To enhance the neuroprotective effect during aortic
arch reconstruction, Asou S.0. and colleagues in 1996
proposed a new strategy — selective antegrade cerebral
perfusion (SACP), which was also performed under deep
hypothermia [1]. However, contradictory results from
a number of studies [1; 20-22] led to the performance
of SACP under moderate hypothermia (25 °C), which not
only reduced the duration of cardiopulmonary bypass
but also decreased the incidence of complications in the
early postoperative period associated with the effects of
low temperatures (capillary leak syndrome, hypocoagu-
lation syndrome, hemolysis) [1]. The reduction in the inci-
dence of neurological complications, compared to DHCA,
contributed to SACP becoming the strategy of choice in
leading cardiac surgery centers for aortic arch reconstruc-
tion in neonates [16]. This is also indicated by the work of
Bodrov D.A. and co-authors, where SACP and normother-
mia were used [23]. However, insufficient collateral blood
flow does not provide adequate organoprotection, while
an additional factor of visceral organ damage is the ef-
fect of low temperatures (32 °C) and reperfusion during
rewarming [4; 24].

To prevent the development of neurological complica-
tions and visceral organ damage, there was a need to de-
velop a new method for protecting the cerebral and in-
ternal organs. Thus, in 2001, Imoto Y. [5] and co-authors
proposed whole-body perfusion with dual aortic cannu-
lation (DAC) during aortic arch reconstruction. Thanks to
additional cannulation of the descending thoracic aor-
ta through the posterior pericardial leaflet or directly
into the lumen of the transected aorta, it simultaneous-
ly achieved neuro- and organoprotective effects. From
the results of a retrospective study by Hammel J.M. and
co-authors, the superiority of whole-body perfusion (with
cooling to 32 °C) over SACP in terms of maintaining opti-
mal visceral blood flow is evident [25; 26]. The intraopera-
tive period was characterized by a shorter duration of CPB
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and aortic occlusion. Given the use of whole-body perfu-
sion with DAC and the reduction in CPB duration, the ear-
ly postoperative period was associated with better renal
filtration and a low incidence of acute kidney injury, which
confirms the organoprotective effect [4; 24].

Whole-body perfusion in neonates during aortic arch
reconstruction, thanks to additional visceral perfusion,
represents a more physiological organ perfusion than
SACP. According to a study by Kreuzer M. and co-authors,
hospital mortality rates were 2.3 % in the group with sim-
ple biventricular anatomy of the defect [27], which is com-
parable to our previous and current study [24]. In these
studies, hospital mortality was not associated with the
dual arterial cannulation strategy. In our previous study,
the cause of early postoperative mortality was necrotiz-
ing enterocolitis, associated with a long duration of infu-
sion and a high dose of prostaglandin E1 in the preoper-
ative period. In this study, the cause of hospital mortality
was septic shock. This patient had congenital intrauter-
ine infection detected during intrauterine development,
which caused congenital pneumonia. The child under-
went emergency surgery, but the early postoperative pe-
riod was complicated by septic shock.

In the study by Kili¢ Y. and co-authors, comparing two
perfusion strategies during aortic arch reconstruction
in newborns, the advantage of whole-body perfusion
over SACP was demonstrated, as the group with whole-
body perfusion required peritoneal dialysis less frequent-
ly in the early postoperative period than the SACP group
[8]. Thus, only 7 % of patients in the whole-body perfu-
sion group required peritoneal dialysis, which is compa-
rable to the data in our study. However, in the study by
Tan Recep B.Z. and co-authors, no advantage of whole-
body perfusion over SACP was found regarding renal dys-
function, as in this study, lactate, creatinine, and urea lev-
els were higher in the whole-body perfusion than in the
SACP group (p < 0.05) [28].

Lactate levels were determined as an indicator of or-
gan damage. According to the study by Kreuzer M. and co-
authors, the standard lactate value was less than 2 mmol/L
[27]. However, in our study, blood lactate levels exceed-
ed those after aortic arch reconstruction and amounted
t0 5.2 (4.5;6.9) mmol/L. The study by Fernandez-Doblas J.
and co-authors demonstrated comparable lactate levels,
which tended to decrease after 72 hours [29]. We can hy-

pothesize that elevated lactate levels may be directly re-
lated to critical coarctation, as well as prolonged cardio-
pulmonary bypass during radical correction.

Whole-body perfusion, in addition to protecting inter-
nal organs, should also provide a neuroprotective effect
[30]. To evaluate the neuroprotective effect after aortic
arch reconstruction, we not only assessed clinical data (sei-
zures, limb paresis) but also performed brain MRI on days
5-7 after surgery, as it is possible to visualize asymptom-
atic lesions [31]. However, according to a number of stud-
ies, hemorrhagic foci are more often detected after whole-
body perfusion. The results of many studies have shown
[1;24] that the main causes of neurological complications
include the use of the a-stat strategy, prolonged cerebral
perfusion, and high partial oxygen pressure during pa-
tient rewarming. However, we believe that one of the risk
factors for neurological dysfunction is low temperatures
during perfusion. Compared to our previous study, the
development of neurological complications has now de-
creased due to increased temperature during perfusion.

Also, in the early postoperative period, despite provid-
ing visceral perfusion during aortic arch plasty, we ob-
served the development of enterocolitis in 3 (7 %) of new-
borns, the cause of which was prolonged prostaglandin
infusion, with a dose of 5-10 ng/kg/min and a duration
of more than 14 days, to prevent the closure of the pat-
ent ductus arteriosus and maintain the hemodynamics of
newborns in the preoperative period.

Study limitations

A small cohort of patients is one of the limiting
factors of our study. We did not perform CT or MRI before
reconstructive operations on the aortic arch, which
could lead to false-positive results for neurological
complications in the postoperative period. In addition,
some patients were excluded: patients with univentricular
hemodynamics and premature patients as they are more
predisposed to the development of acute kidney injury.

Conclusion

Dual arterial cannulation during reconstructive opera-
tions on the aortic arch in neonates is an effective and safe
method of organ protection, with a low incidence of acute
kidney injury and neurological complications.
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