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WITH EXTREMELY LOW BIRTH WEIGHT. CLINICAL CASE
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Abstract. Optimal respiratory support in newborns with critical body weight is one of the priorities in providing quality
medical care. Currently, the criteria for effective ventilation are not only a stable level of saturation and reference
values of blood gas composition, but also maintaining a balance between the proposed respiratory support and the
respiratory needs of the child. In addition, a very important condition for protective ventilation in these patients is
minimizing mechanical impact, which plays a key role in the development of ventilator-induced lung damage and
bronchopulmonary dysplasia. In this regard, approaches to initial respiratory support must be not only justified, but
also safe. A clinical case of the successful use of non-invasive NAVA ventilation as a starting method of respiratory
support in premature newborns with a birth weight of 660 g is presented. The parameters of focal echocardiography
are analyzed; the dynamics of X-ray images and blood gas parameters are presented. The influence of this regimen
on the efficiency of spontaneous breathing and the general condition of the child was assessed.

Keywords: premature newborns, NAVA ventilation, extremely low birth weight, focal echocardiography, non-invasive
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HEWHBA3NBHAA NAVA B KAYECTBE CTAPTOBOIO

METOAA UCKYCCTBEHHOW BEHTUNAL NN NETKUX

Y HEJOHOLWEHHOIO HOBOPOXAEHHOIO C 3KCTPEMAJIbHO
HU3KON MACCOW TEJIA NPU POXXOEHUWN. KMUHUYECKUI CITYYAIA
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Pestome. OnTrmanbHasa pecnypatopHas nogaepKka y HOBOPOXKAEHHbIX C KPUTUYECKOM Maccon Tefla — OfHa
13 MPUOPUTETHBIX 3afa4 NPU OKa3aHUN KaueCTBEHHON MeAULMHCKOM Nomolyn. B HacTosAllee Bpema Kputepu-
AMU 3GDEKTVBHOM BEHTUNALMN ABMAITCA HE TONbKO YCTONYVBBIA YPOBEHb CaTypaLm U pedepeHCHble 3Hauve-
HMA ra30BOro COCTaBa KPOBW, HO 1 COXpaHeHre GanaHca Mexay npeaioXKeHHON pecnpaTopHO Noafep Ko
1 AbIXaTeNbHbIMU NOTPEOHOCTAMY pebeHKa. Kpome Toro, HemanoBaXkHbIM YCJIOBYEM MPOTEKTVBHOW BEHTUAALNN
Y OaHHbIX NaLMEeHTOB ABAAETCA MUHUMMU3ALNA MEXaHNYECKOro BO3AeNCTBNA, KOTOPOEe UrpaeT KilyeByio posb
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B Pa3BUTUN BEHTUIATOP-VHAYLMPOBAHHOIO MOBPEXAEHWA NErKNX 1 GPOHXONEroYHon aucnnasmm. B ceasm c
STUM MOAXOAbI K CTAaPTOBOM pecrnunpaTopHO NofgaepKKe AOMKHbI ObiTb HE TOJIbKO 060CHOBaHHbIMM, HO 1 6e3-
onacHbiMu. MNpeactaBneH KNANHNYECKNIA ClyYal YCMeLWwHOro NpMMeHeHNA HEMHBa3BHOW HEPBHO-PEryvpyemMon
BeHTUNAUMM nerkux (NAVA-BeHTUNALMM) B KayeCTBe CTapTOBOro MeToda PecnnpaTopHON NOAAEPKKM Y He[o-
HOLLUEeHHOro pebeHKa ¢ Maccoli Tesla Npu poxaeHun 660 r. NpoaHanv3npoBaHbl NapameTpbl GOKYCHOW 3X0Kap-
Avorpadun, npeactaBneHa AMHaMKa PEHTIeHONOrMUYecKxX CHUMKOB U NMoKa3aTesiell ra30Boro coctaBa KpoBW.
OLieHeHo BViAHME AAHHOTO PeXKnMa Ha 3$PEeKTVBHOCTb CMIOHTAHHOIO AbIXaHUs 1 0bLee cOCToAHME pebeHKa.

KnioueBble cnoBa: He0OHOWEeHHbIe HOBOPOxOeHHble, NAVA-eeHMUISYUS, 5KCMpPemMasabHO HU3KAs Maccd mesa npu
POXOeHUU, (hOKYCHAs IXOKapouozpagus, HEUHBA3UBHAA 8eHMUJIAYUS JIe2KUX

INTRODUCTION

Ncnonb3oBaHne COBpeMeHHbIX CcTpaTerum
nposeaThe use of modern strategies of artificial
lung ventilation (ALV) in preterm neonates has
led to an increase in their survival rate. However,
the high incidence of bronchopulmonary dys-
plasia and ventilator-induced damage makes the
problem of choosing the optimal mode and para-
meters of ALV extremely urgent [1].

One of the “sparing” methods is Volume Gua-
rantee Ventilation, which is increasingly used in
neonatology. It is adaptive ventilation that uses
complex computer algorithms to provide patients
with a given respiratory volume [2]. It can reduce
lung damage involving the precise delivery of a set
respiratory volume [3]. Volume Guarantee ventila-
tion is different from traditional volume-controlled
ventilation. During VG ventilation, airflow is used
to provide a set respiratory volume, whereas ven-
tilation control is pressure-based. In modern ven-
tilators, respiratory volume measurement is made
possible through the use of a proximal flow sensor.
It allows to control the respiratory volume and to
correct ventilation parameters in time, thus mini-
mizing the risks of lung volumetric injury [4].

Another modern strategy of respiratory sup-
port in preterm infants is the use of neurally
regulated ventilation, which uses the electrical
signal of the diaphragm as a trigger for the initia-
tion of a machine breath [5]. J. Beck showed that
Neurally Adjusted Ventilatory Assist (NAVA-ven-
tilation) is a kind of respiratory prosthesis, where
the diaphragm and the ventilator equally sup-
port breathing and provide respiratory support
not only synchronously, but also in proportion to
the patient's needs [6]. Studies performed by a
group of authors led by M. Wu, also demonstra-
ted qualitative interaction between the patient
and ventilator in NAVA mode, both in adults and
children [7].

Preterm newborns, especially those with very
low and extremely low birth weight, are highly
sensitive to changes in intrathoracic pressure and

respiratory volume fluctuations, so the choice of
ventilator mode should be reasonable and effec-
tive [8]. Methodological recommendations for the
management of newborns with respiratory distress
syndrome do not provide a specific mode of ven-
tilatory support, which makes it possible for a re-
suscitator or neonatologist to take a non-standard
approach to the choice of respiratory support. That
is why we would like to present a clinical case of
using non-invasive NAVA ventilation in a baby with
a body weight of 660 g as a starting mode of ven-
tilation.

AIM

To evaluate the efficacy of non-invasive NAVA
ventilation as a starting method of respiratory
therapy in a premature neonate with a birth
weight of 660 g.

MATERIALS AND METHODS

During the course of the research there have
been analyzed: resuscitation card, observation
sheets, which included heart rate, blood pressure
and saturation indices, diuresis rate. In addition,
X-rays, neurosonography and echocardiography
were analyzed. The dynamics of changes in blood
gas composition and electrical activity of the dia-
phragm assessed by graphic monitoring in NAVA
mode is also presented.

Within the framework of focal echocardiogra-
phy, myocardial preload was evaluated to exclude
hypovolemia and fluid overload, myocardial con-
tractility and cardiac afterload [9]. Myocardial con-
tractility was determined by ejection fraction and
shortening fraction, afterload — by measuring
left ventricular wall stress (ESWS — end systolic
wall stress) during systole using the formula:

KCP
4T3ADK c-(14T3APK /KCP) -

ESWS (—— ) = 135-Aflcp
™M

In addition, open ductus arteriosus was diag-
nosed, its diameter and significance for systemic
and cerebral blood flow were determined.
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CLINICAL CASE

Child P., date of birth 19.12.2023. Birth weight
660 g, height 30 cm, Apgar score 6-7 points, boy.
Obstetric diagnosis of the mother: premature de-
livery by cesarean section at 28 weeks. Intraute-
rine fetal hypoxia before delivery. Insufficient fetal
growth. Scar on the uterus. Chronic nicotine ad-
diction. Candida vaginitis. Laparotomy. Caesarean
section according to Gusakov. From the history of
the mother, it is known that the present pregnan-
cy is the 6th, delivery is the 2nd. Has one healthy
child of eleven years old. Natural miscarriages
in 2014, 2016, 2019 and 2020. Registered at the
antenatal clinic for the last pregnancy in the last
8 weeks. At 15 weeks there was a suspicion of fe-
tal genetic abnormality, but the diagnosis was not
confirmed by chorionbiopsy. From the 21st week
onward, there was delayed fetal growth, amniotic
masses in the uterine cavity, and uteroplacental
blood flow abnormalities. Uterine and fetoplacen-
tal blood flow disorders at 26 weeks. At 27 weeks,
the mother had an acute viral infection.
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On 19.12.2023 at the term of 28 weeks and
3 days a boy was born by cesarean section. At
birth, the condition was severe, due to respirato-
ry failure, deep immaturity. From the first minutes
respiratory support was carried out in the form of
non-invasive ventilation with positive pressure
at the end of exhalation, followed by transition
to nasal ventilation with intermittent positive
pressure. Taking into account the persisting oxy-
gen demand of 60% at the 10™ minute, nonin-
vasive administration of surfactant preparation
200 mg/kg was performed. A peripheral venous
catheter was placed, infusion therapy was star-
ted, and colostrum was given. By the 30" minute,
the neonate was stabilized in a heat-saving film
in a transport cuvette on noninvasive ventilation
in the mode of nasal ventilation with intermit-
tent positive pressure, he was transported to the
intensive care unit N7 of the Irkutsk Regional
Perinatal Center.

Upon admission to the intensive care unit, the
child was examined: review chest radiography,

Fig. 1.

Puc. 1. PeHTreHorpadous oKpy>XHOCTU FPYAHORA KNETKM, BbINO-
HEHHas B NePBbIN YaC XXU3HN

X-ray of the chest organs in the first hour of life

Fig. 2.
the moment of birth

X-ray of the chest organs. Dynamics after 6 hours from

Puc. 2.  PeHTreHorpadms OKpYyXHOCTW FpyAHON KneTku. [uHa-
MUKa 4epe3 6 4acoB C MOMEHTA POXAEHUS
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Table 1. Hemodynamic profile according to focal echocardiographic
Ta6nuua 1. FTemognHamuyeckmit npodunb No AgaHHbIM GOKYCHOI SXoKapamnorpapum
OO6bEMHDBI KPOBOTOK B S1€roy- d OAN
CyTRu / HOW apTepumn (.MH/KF B MUHYTY) / (M) / RIMMA/ | OBJIK (9%)/ QY XK ESW?
Volumetric blood flow LA/Ao . (%) /FSLV | rp/cm?/
Day . d DA Ri ACA EF LV (%) )
in the pulmonary artery (%) g/cm
- (mm)
(ml/kg per minute)
1 435 0,2 1,33 1,0 77,8 40,9 28
2 372 0,18 1,2 0,79 72,5 38,9 38
3 305 0,1 1,1 0,76 76,5 41,3 35
4 288 - 1,1 0,75 774 41,9 37

Note: DA — ductus arteriosus; ACA — anterior cerebral artery; EF LF — ejection fraction left ventricular; FS LV — fractional shortening left

ventricular.

Mpumeyanue: OAIl — OTKPbITHIN apTepuanbHbil NpoToK; [IMA — nepeaHsas mosrosas apTepus, OB JIK — ¢pakuua Bbibpoca nesoro

xenypouka, Y JIXK — ppakumsa yKkopoueHna neBoro xenyfouka.

Table 2. The blood gas parameters in the first 3 days

Ta6nuua 2. Moka3saTenu ra3oBoro coctaBa KPoOBU B NepBble TPoe CYyTOK

Cyg;‘y"' / pH pCo, pO,, BE HCO, Jlig::e/
1 7291714;735] | 461137,6;53,3] | 405[303;539] | -42[-94;+1,5 | 2030161242 | 2201726l
2 73317,22;737] | 432133,6;489] | 386[332;5111 | -31[54+03] | 21101752300 | 191,220l
3 731[7,21;739] | 410[32,5460] | 394 [329;488] | -40[-78-11 | 2070168219 | 21[1,0;2,3]

NAVA = PC v

2
1 NOToK n/ur«

4

TPEHAN M
AYPHANR

0 OBBEM mn

NSNS~ /o AN

Kow{ X O;. mn

0

OCOLAMH EHME
/OT100C

7]

A
Y MT530r

MOsxn
0,08
ﬂO/MT-
25

mafur

elco;

36

i prey
Edimx
v

Edimen

—1v

65

nossiw o,

Fig. 3. Graphical monitoring of electrical activity of the diaphragm
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focal echocardiography, neurosonography, labora-
tory and bacteriologic screening were performed.

RESULTS

According to the chest radiography performed
on admission, the was a radiographic picture of
severe respiratory distress syndrome, pronounced
decrease in left lung airiness (Fig. 1).

However, taking into account effective spon-
taneous breathing and stable saturation level of
more than 95%, the child was transferred to non-
invasive NAVA. After 6 hours, a review radiogra-
phy of the chest was repeatedly performed. There
was a distinct positive dynamics in the form of res-
toration of airiness of both lungs (Fig. 2).

According to the results of focal echocardio-
graphy performed on the first day of life, there
was an increase in the volume blood flow in the
pulmonary artery and the presence of an open
ductus arteriosus with cerebral blood flow distur-
bance of hypoperfusion type.

On the second day of life, a moderate increase
in the volume blood flow in the pulmonary artery
remained, the arterial duct remained open, but
there was restoration of blood flow in the cerebral
vessels. On the third day of life, the volume blood
flow in the pulmonary artery normalized, the ar-
terial duct decreased more than 2 times, cerebral
and mesenteric blood flows were not disturbed.
On the fourth day the arterial duct spontaneously
closed. Myocardial contractility was not disturbed,
afterload corresponded to the age norm (Table 1).

No pathologic changes were observed in the
blood gas composition during the first three days,
and pH, pCO,, pO,, BE and lactate indices corre-
sponded to the reference values (Table 2).

Graphical analysis of diaphragm electrical ac-
tivity reflected good neuromuscular interaction
and efficient operation of the respiratory muscu-
lature. The median values of maximum diaphragm
electrical activity were [5.6;18.8]cmHg/uV, indicat-
ing adequate respiratory support proportional to
the child's needs (Fig. 3).

DISCUSSION

The clinical case is fully justified using non-inva-
sive NAVA as a starting regimen of respiratory the-
rapy. If spontaneous breathing is preserved, it does
not only synchronize the machine breaths with the
child's respiratory attempt, but also performs them
in proportion to the child's needs by analyzing the
strength of muscle contraction. This allows to avoid
excessive ventilation, maintaining the constancy of
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the blood gas composition. According to the data
of chest radiography, the recovery of lung airiness
was noted in 6 hours, and the child did not require
“toughening” of ventilation parameters. It is shown
that this method of ventilation has no negative
effect on systemic and cerebral hemodynamics.
NAVA created the pressure that does not affect the
contractility of myocardium and left ventricular af-
terload, thus does not interfere with restructuring
of blood circulation in the first day of life.

Thus, the use of noninvasive NAVA as a star-
ting method of respiratory support in profoundly
premature neonates is not only possible, but also
promising. Rapid recovery of pulmonary function,
stabilization of systemic and cerebral hemody-
namics are the result of effective ventilation as
close as possible to physiological breathing.

CONCLUSION

Not so long ago, the possibility of preserving
spontaneous breathing in a profoundly prema-
ture infant was out of the question. As a rule,
resuscitation in the delivery room ended with
tracheal intubation and transfer to forced ventila-
tion. Now the use of intelligent modes of non-in-
vasive ventilation allows to completely revise this
tactic. Nowadays, the use of intelligent modes of
non-invasive ventilation allows to completely re-
vise this tactic and use those ventilation methods
that preserve and maintain effective independent
breathing of the child from the first minutes of life.
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JONONIHUTEJIbHAA UHOOPMALUUA

Bknag aBTOpOB. BCce aBTOpbI BHeECAM cCylle-
CTBEHHbIV BKNag B pa3paboTKy KOHUenumm, npo-
BefleHNe WCCIefoBaHMA U MOATrOTOBKY CTaTbM,
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npounu 1 ogobpunn GrHaNbHY Bepcuio nepeq
nybnukaumen.

KoH$nuKT nHTepecoB. ABTOpbl AeKNapUpyoT
OTCYTCTBUE ABHbIX Y MOTEHLUMNANbHbBIX KOHPINKTOB
WHTEPEeCOoB, CBA3aHHbIX C NybnuKauuen Hactos-
Lien ctaTbu.

NcTouHnK ¢puHaHcmpoBaHuA. ABTOpbI 3asB-
nAT 06 OTCYTCTBMY BHelHero GrHaHCMpoBaHMA
npv NpoBeAeHNN NCCie[oBaHNA.

NHdopmupoBaHHOe cornacme Ha ny6nuka-
ymio. ABTOpblI NONYYUNM MMUCbMEHHOe cornacue
3aKOHHbIX MpeAcTaBuTenen nauyveHta Ha nybonu-
Kaumio MeANLNHCKUX AaHHbIX.
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