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Abstract. Introduction. Tissue oximetry is one of the most promising methods for assessing the efficiency of
systemic perfusion in children in critical condition, which is especially true for newborns with heart defects, but it
is not a routine method of diagnosing systemic hypoperfusion in neonatal intensive care units, which requires its
wider implementation. The aim of the study is to demonstrate the possibilities of prolonged NIRS-monitoring of
renal tissue oxygenation to determine further tactics of management of newborns with congenital heart disease.
Patients and methods. Three clinical cases of prolonged noninvasive monitoring of renal oxygenation in infants with
congenital heart disease accompanied by systemic hypoperfusion in the perioperative period are presented. Results.
It was demonstrated that on the basis of renal tissue oxygenation indices it is possible to make an informed decision
on the correction of intensive care measures and the need for emergency cardiac surgery. In some cases, NIRS-
monitoring allows to avoid early intubation and invasive ventilation of lungs, which is reflected in the description
of the third case. Conclusion. Noninvasive real-time bedside monitoring of tissue oxygenation is a highly effective
method of diagnosing systemic hypoperfusion and should be more widely used in neonatal intensive care units,
especially in neonates with CHD, in whom the risk of shock of various genesis is extremely high.
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Pesiome. BsedeHue. TKaHeBasi OKCUMETPUA ABNSETCA OOHUM U3 Hanbosee NepcrneKTBHbIX METOA0B OLEHKN 3¢-
dekTnBHOCTU Nepdy3nn y feTel B KPUTUYECKOM COCTOAHMM, YTO OCOBEHHO CnpaBennBo A1 HOBOPOXKAEHHbIX
C NOPOKaMM pa3BUTUA CepALA, OQHAKO OHa He ABNAETCA PYTUHHbIM METOAOM ANArHOCTUMKM B HEOHATAIbHbIX OT-
[eNeHnsX peaHMaLMm N MHTEHCUBHOWN Tepanuu, YTo TpebyeT ee 6onee WMPOKOro BHeaApeHus. Lesb ucciedo-
8AHUA — [EMOHCTPaLA BO3MOXXHOCTEN npoaneHHoro NIRS-MoHMTOpMHIa OKCUreHaumm TKaHe NoYveK C Liesibio
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onpeneneHuns fanbHenlen TakTUKN BEAEHNA HOBOPOXKAEHHbIX C BPOXKAEHHbIMY NOpoKaMu cepgua. lTayueHmel
u MemooOsl. MNpepacTaBieHbl TPU KIMHNYECKMX CllyYas MPUMEHEHMSA NMPOASIEHHOrO HEMHBA3UBHOTO MOHUTOPUHIA
NMOYEeYHON OKCUreHaumn y fieTel paHHEero Bo3pacra C BPOXKAEHHbIMY NMOPOKaMKy cepALia, CONMpPOBOXAALWUMNCA
cucTeMHown runonepdysren, B nepronepaLoHHoOM neproge. Pesynemamel. NpofeMOHCTPUPOBAHO, YTO OLieH-
Ka Moka3saTesiell OKCMreHauumy TKaHel NoyeK no3BoAeT NPUHATb 0O0CHOBAHHOE PELLUEHME O KOPPEKLMM MEPO-
NPUATA UHTEHCUBHOW TEPANUU 1 HEOOXOAMMOCTU MPOBEEHNA SKCTPEHHOIO KapANOXUPYPTMYECKOrO BMELLIA-
TenbcTBa. B page cnyyaes NIRS-MOHUTOPWHE NO3BONAET 136eXKaTb PaHHEro nepeBofa naLuyeHTa Ha HBA3VBHYHO
BEHTUNALMIO IETKNX, YTO OTPaXKeHO B OMMCAHMN TPeTbero cinyyas. 3axkinyeHue. HevHBa3MBHbIM MPUKPOBATHbIN
MOHUTOPUHT TKAHEBOW OKCUreHaLnmn B PEXKMME peasibHOro BPEMEHU ABNAETCA BbICOKOIPPEKTUBHBIM METOLOM
ANArHOCTUKIN CUCTEMHON rurnonepdy3nn 1 fomKeH bonee WMPOKO MCMoMb30BaTbCA B OTAENEHNAX HEOHATaslb-
HOW peaHNMaL U Y UHTEHCVMBHOW Tepanim, 0CO6eHHO y HOBOPOXAEHHbIX C BPOXAEHHbLIM MOPOKOM CepALa, Y KO-
TOPbIX PUCK Pa3BUTKA LLIOKa Pa3/IMYHOr0 reHe3a KpariHe BbICOK.

Knioueeble cnoea: mkaHeeas OKCUMEMPpUS; HOBOPOXOeHHbIE; KpumuyecKue 8poXO0eHHble NopoKu cepoud;

cucmemMHas 2unonepgy3us.

INTRODUCTION

The use of near-infrared spectroscopy to assess
the adequacy of cerebral perfusion and oxygena-
tion was first proposed by F.F. Jobsis in 1977 [1].
Subsequently, his idea was implemented by crea-
ting monitors to assess the saturation of brain tis-
sue and other internal organs with oxygen.

The principle of the NIRS method is based on
the ability of tissues to transmit light in the range
close to the infrared spectrum (740-3000 nm),
this ability is maximum in the range of 600-
1000 nm. As a light beam passes through the
tissues of internal organs, pigment compounds
known as chromophores absorb light. Human
tissues contain many components for which ab-
sorption spectra of light with a wavelength close
to the infrared range have been well studied, the
concentration of which varies depending on tis-
sue oxygenation and the level of oxyhemoglo-
bin, deoxyhemoglobin and cytochrome a-a3. In
addition to oxyhemoglobin and deoxyhemoglo-
bin, other hemoglobin compounds, in particular
carboxyhemoglobin, are also capable of absor-
bing a light beam in a spectrum close to infrared
radiation, but under physiological conditions the
overall error in the absence of taking into account
the optical properties of these compounds does
not exceed 1% [2, 3]. The venous component ac-
counts for approximately 75-85% of the blood
flow volume, and since monitoring using NIRS
technology is not dependent on the presence of
a pulse wave, the data obtained during the study
reflects the weighted average (75-85% venous)
oxyhemoglobin concentration of the studied area
[4]. Numerous factors can influence NIRS values,
but the two main ones are tissue perfusion and
tissue oxygen utilization. Thus, NIRS indirectly re-

flects the balance between oxygen delivery and
oxygen consumption. Since the tissue oximeter
signal propagates according to the Beer-Lambert
Law, which states that a parallel monochromatic
beam of light attenuates as it propagates through
an absorbing medium and reflects information
about vessels with a diameter of less than 1 mm,
the monitoring is a convenient tool for assessing
visceral perfusion, which is beneficial distingui-
shes it from Doppler ultrasound, which allows one
to evaluate the efficiency of blood flow in larger
blood vessels at a limited point in time [5].

First of all, this monitoring method became
widespread in neurosurgery; later, the cerebral
NIRS monitoring began to be used in various
branches of medicine [6]. In particular, in cardiac
surgery itis used as the only option for neuromon-
itoring or as part of combined neuromonitoring
during cardiac surgery. It has been established
that the use of parainfrared spectroscopy during
cardiac surgery with cardiopulmonary bypass
makes it possible to detect episodes of cerebral
ischemia with a higher frequency than previously
thought, which, in turn, can significantly reduce
the frequency of cerebral-vascular intraoperative
complications in cardiac surgery [7-9].

Since 1980, studies have appeared on the ef-
fectiveness of using NIRS to monitor cerebral, tis-
sue and organ perfusion in newborns and young
children [10, 11]. A radiation close to the infra-
red spectrum is absorbed mainly in the dermis,
but about 30% of the light flux penetrates to a
depth of 30 mm, reaching the subcutaneous fat
layer and the organs located underneath it [12].
This penetrating ability of para-infrared radiation,
on the one hand, and the insignificant thickness
of the integumentary tissues in newborns, on the
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other, make it possible to evaluate the effective-
ness of oxygenation and perfusion of the kidneys,
intestines, liver, muscles and brain [13, 14].

Currently, there are many studies on the use
of cerebral oximetry in young children with con-
genital heart defects (CHDs) during cardiac sur-
gery with cardiopulmonary bypass. Special proto-
cols have been developed that take into account
cerebral oximetry indicators to determine clinical
tactics during cardiac surgery in order to improve
long-term neurological prognosis [15-19].

There are studies of organ perfusion in prema-
ture newborns for the purpose of early diagnosis
of necrotizing enterocolitis, one of which demon-
strated that regional oximetry indices of the ab-
dominal region correlate with volume-velocity
characteristics in the superior mesenteric artery
obtained by Doppler study [20]. Several studies
have noted that preterm infants with clinical ne-
crotizing enterocolitis (NEC) had lower abdominal
oxygenation values and less variability from base-
line compared to controls [21, 22]. The effective-
ness of the use of parainfrared spectroscopy in
children with congenital heart disease has been
proven as a predictor of the development of NEC
in the postoperative period [23]. A.G. DeWitt et al.
demonstrated the possibility of prolonged mo-
nitoring of organ perfusion using parainfrared
spectroscopy to assess the risks of developing
necrotizing enterocolitis in newborns with con-
genital heart disease, including those with a func-
tionally single ventricle [24]. The study included
64 newborns who underwent biventricular cor-
rection of congenital heart disease or palliative
interventions. In the postoperative period, organ
blood flow was monitored before and during the
initiation of enteral feeding to determine whether
changes in the obtained parameters are associa-
ted with the risk of developing necrotizing ente-
rocolitis. The proven necrotizing enterocolitis or
suspicion of it was noted in 32% of patients with a
functionally single ventricle, while it was absent in
children with biventricular correction, which was
statistically significant (p=0,001). Compared with
patients with or without suspected NEC, children
with proven NEC had lower rates of splanchnic
rSO, (32.6% vs. 47%; p=0,05).

The advantage of the method is non-invasive-
ness and safety for patients, no restrictions on the
duration of use, the ability to assess tissue oxy-
genation in real time, which allows you to monitor
changes during therapeutic measures that affect
vascular resistance, the balance of pulmonary and
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systemic blood flow. At the same time, it should
be noted that, according to some experts, there
are difficulties in determining the critical values
of organ perfusion indicators and eliminating ar-
tifacts that arise when the patient moves, which
limits the use of NIRS for monitoring splanchnic
blood flow [25].

Despite the potential of NIRS monitoring in
cardiac anesthesiology, including in newborns
with congenital heart disease, this technique has
not been widely used in the practice of intensive
care units to assess the effectiveness of organ per-
fusion [26, 27].

It should be noted that newborns with CHDs
who are at high risk of severe impairment of sys-
temic perfusion, which makes continuous moni-
toring of renal oxygenation the most promising
method for assessing changes in regional blood
flow even before irreversible organ damage oc-
curs.

We believe that the currently available data,
despite some limitations, make it possible to use
the assessment of tissue oxygenation and perfu-
sion as a useful tool for improving the effective-
ness of intensive care measures in children with
CHDs and hemodynamics of the functionally sin-
gle ventricle [24].

AIM OF THE STUDY

To demonstrate the possibilities of extended
NIRS monitoring of kidney tissue oxygenation in
order to determine further tactics for the manage-
ment of newborns with congenital heart disease.

PATIENTS AND METHODS

Three clinical cases of the use of prolonged
non-invasive monitoring of renal oxygenation in
young children with congenital heart defects ac-
companied by systemic hypoperfusion in the pe-
rioperative period are presented.

The sensor for assessing regional renal oxyge-
nation was placed according to the recommenda-
tions of M.W. Harer et al. (2020): below the costal
arch and above the iliac crest, with the tip of the
sensor located lateral to the spine and the reading
end of the sensor wrapped around the lateral sur-
face (Fig. 1) [27].

Clinical case N° 1

Newborn boy, 1 month of life. Diagnosis: con-
genital heart disease, critical aortic valve steno-
sis. Atrial septal defect. Patent ductus arterio-
sus. Ductus-dependent systemic circulation. The
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mother's medical history is unremarkable. 2nd
term birth at 41 weeks and 1 day. The diagnosis
was confirmed by echocardiography (EchoCG)
and multislice computed tomography (MSCT).
On the 7th day of life, open aortic commissuroto-
my and planar resection of the leaflets were per-
formed under artificial circulation. In the postop-
erative period, there was a dependence on high
positive end-expiratory pressure (PEEP) in the
range of 7-8 mm H20. When trying to reduce
parameters — clinical and radiological picture of
pulmonary edema, inotropic support, intolerance
to enteral nutrition due to the persistent clinical
picture of intestinal paresis, the need for constant
stimulation of diuresis with high doses of loop di-
uretics, and the development of chyloperitoneum
were observed. An chocardiography revealed mi-
tral valve insufficiency of grade II-IIl. Despite con-
servative therapy, these manifestations persisted.
According to the assessment of organ blood flow
using Doppler ultrasonography against the back-
ground of analgosedation, minimal reverse was
noted in the renal arteries and vertebrobasilar
arteries (VBA), which did not correspond to the
existing clinical picture. In order to assess the sig-
nificance of mitral regurgitation and the accom-
panying hypoperfusion of the abdominal organs
and kidneys over the time, continuous extended
NIRS monitoring of renal blood flow was initiated.

According to the monitoring results, signifi-
cant hypoperfusion was revealed — average sat-
uration values according to monitoring data were
53-55% lower than transcutaneous pulse oxi-
metry values, average values were 43-47%, with
regular episodes of desaturation up to 25-28%
upon awakening and activation of the patient.
Based on the totality of clinical and instrumen-
tal data, a decision was made to perform a repeat
surgical intervention. At the age of 1.5 months of
life, the mitral valve replacement was performed
with a mechanical prosthesis "Carbomedix" with
a diameter of 16 mm, revision of the aortic valve,
planar resection of the aortic valve leaflets under
conditions of cardiopulmonary bypass (CPB) and
cardioplegia (CP). The early postoperative peri-
od was unremarkable. The ionotropic support
was stopped on the 2nd day after surgery. On the
10th day of the perioperative period, the patient
was extubated, transferred to non-invasive arti-
ficial ventilation, and against the background of
regression of intestinal paresis, enteral nutrition
was started with a gradual expansion to the full
age requirement within three weeks. On the 20th
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day, the respiratory support was stopped. The
chyloperitoneum regressed on the 5th day after
surgery. In the demonstrated case, the NIRS mo-
nitoring made it possible to confirm the presence
of hypoperfusion in real time and make a decision
on the need for repeated surgery.

Clinical case N¢ 2

Boy B. 7 months old. Basic diagnosis:
Congenital heart disease: hypoplastic left heart
syndrome (mitral valve atresia, left ventricular
hypoplasia, aortic valve atresia, aortic arch hypo-
plasia). The defect was diagnosed prenatally. On
the 6th day of life, a modified Norwood operation
(right ventricle — pulmonary artery) with a valve-
containing bicuspidal alloconduit, atroiseptosto-
my under conditions of artificial circulation, an-
tegrade cerebral perfusion and cardioplegia was
performed. The course of the postoperative period
was smooth and corresponded to the nature, vo-
lume and timing of the surgical intervention per-
formed. At 1.5 months he was discharged home,
the next stage of cardiac surgery was planned. At
5.5 months, a thrombosis of the alloconduit de-
veloped with severe myocardial ischemia, acute
decompensation of chronic heart failure, a throm-
bolytic therapy was carried out with a positive
effect. At 6 months, the Glenn's surgery was per-
formed. In the early postoperative period, sinus



Children’s Medicine of the North-West
2024/Vol. 12 N2 1

tachycardia up to 160-170 beats per minute and a
persistent increase in pressure in the cavapulmo-
nary anastomosis (15-18 mm Hg) were notewor-
thy. An EchoCG revealed signs of dilatation of the
right atrium against the background of regurgita-
tion on the tricuspid valve of lI-lll degree. Despite
the full conservative therapy, the child had a pro-
gressive clinical picture of retrograde pulmonary
edema against the background of regurgitation
on the tricuspid (systemic) valve and hypoperfu-
sion of the abdominal organs, which was mani-
fested by intolerance to enteral nutrition, severe
dependence on high doses of loop diuretics to
maintain an adequate pace diuresis. In order to
assess the significance of regurgitation on the
systemic valve and the accompanying hypoper-
fusion of the abdominal organs and kidneys over
time, continuous extended NIRS monitoring of re-
nal blood flow was initiated. Based on the moni-
toring results, the significant hypoperfusion was
identified — average saturation values according
to monitoring data were 43-45% lower than those
according to transcutaneous pulse oximetry, av-
erage values were 33-37%, with regular episodes
of desaturation up to 23-26% upon awakening
and activation of the patient. Based on the totali-
ty of clinical and instrumental data, a decision was
made to perform endovascular surgical interven-
tion: a probing of the heart chambers, cardiac ven-
triculography, angiography of the great vessels.
According to the results of the study, return angi-
opulmonograms show contrasting of the left atri-
um, contrasting of the pulmonary veins that flow
into the left atrium is noted; the ventriculogram
reveals regurgitation on the tricuspid valve of Il-
Il degree, dilatation of the right atrium; Qp/Qs —
0.57/1. Based on the data obtained, a decision was
made to replace the system valve. In this situation,
in addition to the clinical picture and echocardiog-
raphy data, confirmation of organ hypoperfusion
using extended NIRS monitoring made it possible
to make a decision to conduct an invasive study to
determine further surgical tactics.

Clinical case N° 3

Newborn boy, two days of life. Main diagno-
sis: Q23.4 Hypoplastic left heart syndrome (mi-
tral valve hypoplasia, left ventricular hypoplasia,
aortic valve hypoplasia, aortic arch hypoplasia).
Fibroelastosis of the left ventricle. Coarctation of
the aorta. Patent ductus arteriosus. Atrial septal
defect. Ductus-dependent coronary and systemic
circulation.

ISSN 2221-2582

The pregnancy proceeded against the back-
ground of mild anemia, gestosis in the first half
of pregnancy with hospitalization at 10/11 weeks.
According to an ultrasound examination at
23/24 weeks of gestation, the congenital heart
disease was detected: hypoplastic left heart syn-
drome. Micromelia? 1st urgent birth by emergen-
Cy cesarean section due to severe preeclampsia at
39 weeks of gestation.

The child's condition at birth is satisfacto-
ry. Upon admission, the umbilical cord vein was
catheterized and alprostan infusion was started.
Noteworthy, there was moderate anemia, hemo-
globin (145 g/l), probably caused by fetoplacen-
tal transfusion. At the end of the first day of life,
a persistent high SpO2 was noted for this variant
of the hemodynamics of the defect, which was in
the range of 96-97%. According to the acid-base
state, there was an increase in metabolic acidosis:
BE=-9.5 mmol/l, HCO3=17.8 mmol/l, a decrease
in the rate of diuresis to 0.8 ml/kg per hour was
clinically noted. Clinical and laboratory data could
indicate an imbalance of systemic and pulmonary
blood flow, which is typical for patients with hypo-
plastic left heart syndrome, however, as a rule, its
clinical manifestations occur on the 3rd-4th day of
life, which is due to a decrease in pressure in the
pulmonary circulation . To assess the adequacy of
organ perfusion, the bedside NIRS monitoring of
renal blood flow was initiated. According to the
monitoring results, the absence of hypoperfusion
was revealed — saturation according to monito-
ring data was 3-5% lower than the values accor-
ding to transcutaneous pulse oximetry, average
values were 87-90%, without episodes of signifi-
cant desaturation. Based on the monitoring data,
it was concluded that there was no imbalance in
the pulmonary and systemic blood flow, hypoper-
fusion of the abdominal organs and kidneys, which
was later confirmed by Doppler study. Taking into
account the child’s age and clinical and laboratory
data, the red blood cell transfusion was performed
according to individual selection. Against the back-
ground of correction of anemia, normalization of
acid-base status indicators and a decrease in lac-
tate levels to normal values were noted. Thanks
to NIRS monitoring data, it was possible to refrain
from early transfer to mechanical ventilation and
sedation in order to limit pulmonary blood flow.

DISCUSSION
Adequate renal perfusion and oxygenation are
critical to the outcome of critically ill neonates. At
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the same time, in the routine practice of neonatal
intensive care units, there are not enough diag-
nostic tools to assess the effectiveness of tissue
oxygenation and blood flow, which, in turn, does
not allow for the earliest and most reasonable
therapeutic interventions aimed at preventing or
reducing the degree of tissue damage.

In the presented clinical cases, the indicators
of extended NIRS monitoring of organ blood flow
correlated with the results of other instrumen-
tal studies. However, it should be noted that al-
though the NIRS is a promising technology for
monitoring organ blood flow in newborns and
young children with congenital heart disease in
the Intensive Care Unit, currently the number of
multicenter randomized studies to determine
the normative data of splanchnic oxygenation in
young children, including in patients with hemo-
dynamics of the same ventricle, very little.

G. Greisen et al. summarized the challen-
ges of using tissue oximetry in an article discus-
sing the prospect of introducing cerebral oxi-
metry: “On the one hand, cerebral oximetry has
the potential to become inexpensive because it
is based on technology that can be mass-pro-
duced. Convincing evidence of benefit to pa-
tients will create a large market. On the other
hand, what happens if the clinical application of
cerebral oximetry is not developed in a rational,
evidence-based format? This could then become
another expensive technology applied random-
ly. Cerebral oximetry will be supported by anec-
dotal evidence, expert opinion, and aggressive
branding and marketing. Consequences include
unnecessary disruption and risks to a very vul-
nerable patient population and a drain on health
care resources" [28].

One of the factors facilitating the widespread
introduction of renal blood flow assessment by
NIRS into clinical practice and the interpretation
of the data obtained is the theoretical model of
normal oxygenation of renal tissue in premature
newborns during the first month of life (Fig. 2),
proposed by M.W. Harer et al. (2020) based on
publications by other authors, which reflects indi-
cators of oxygen saturation of kidney tissue in the
absence of pathology [29, 30].

CONCLUSION

The non-invasive real-time bedside monitoring
of tissue oxygenation is a highly effective method
for diagnosing disorders of organ perfusion and
oxygenation and should be more widely used in
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Fig. 2. Normal renal tissue oxygenation of premature
newborns in the first month of life

Puc. 2. TNokasaTenn HOpManbHOM OKCUreHaumm TKaHer noyek
Y HELOHOLLIEHHbIX HOBOPOXAEHHbIX B MEPBbIA MECALL KM3HM

neonatal intensive care units, especially in new-
borns with congenital heart disease.
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NHdopmupoBaHHOe cornacue Ha ny6nuka-

yuio. ABTOPbI MONYUYUSIM NMUCbMEHHOe corfacue
3aKOHHbIX NpeAcTaBuUTENEeN NauMeHTOB Ha Ny6nu-
KauWio MeANLUNHCKMX OaHHbIX.
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