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Improving the cardiopulmonary resuscitation quality in the delivery room is one of the most pressing issues in modern
neonatology. Despite the fact that in recent years the number of surviving infants with low and extremely low birth
weight has been steadily increasing, the nursing outcome is not enough favourable with unsatisfying quality of life.
The cardiopulmonary resuscitation protocols have been regularly updated and upgraded (every five years in the last
twenty years). This helps to improve resuscitation outcome. In 2015 the American Heart Association and the European
Resuscitation Council issued the new edition of the guidelines on basic and advanced cardiopulmonary resuscitation in
children, including infants. The guidelines are believed to improve the quality of resuscitation care in the delivery room
and to contribute to a better neurological outcome.
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YnydlweHue KavyecTBa CepAeYHO-eroyHoM peaHMMaummM B pOoAMIbHOM 3ane ABNSeTCsS O4HOM M3 Haubonee akTyaslbHbIX
npobneM coBpeEMEHHOM HEOHATONOrMKU. HECMOTPS Ha TO YTO B NOCAEAHME rOfbl YACIO BbIKMBLUMX HOBOPOXAEHHBIX C HU3-
KOM M 3KCTpPEMaNibHO HM3KOM MaCcCOM Tena HeyKNOHHO pacTeT, MCXOAbl BbIXaXMBaHUS OaNeKo He Bcerga 6naronpusTHbI
M He 06ecneymBaloT BbICOKOE KavyecTBO XM3HM. Ha nNpoTsaxeHUM OBYX AECATUNAETUI NPOTOKObl NO CEpAEYHO-NEroYHOM
peaHnMaL MUK perynspHo U3MEHAIOTCS U LOMONHATCS KaXAble NaTb JIeT, YTO CNOCOBCTBYET yNyULIEHUIO UCXO40B peaHuMa-
LUMOHHbIX Meponpuatuid. B 2015 r. Bbllwnu ovyepenHble pekoMeHaaunn AMepuKaHCcKon accoumnaumm cepaua u Esponerickoro
CoBeTa no peaHMMauuun nNo 6A3NCHOM U paCUMPEHHOM CepAEYHO-NErOYHON peaHuMaumu y aeTel, B TOM YKUCSie U Y HOBO-
POX[IEHHbIX, KOTOpblE MO3BONAT YNYYLIMTb KA4eCTBO OKa3aHWs8 peaHMMaLMOHHOM MOMOLLM B pPOAMIBHOM 3ane u byayT
cnocobcTBoBaTh 60nee 61aronpuUsaTHOMY HEBPOJIOTMYECKOMY UCXOAY.

KnioueBbie cnosa: cepaeyHo-neroyHaa peaHnMaumsa; HOBOpO)K,EI,eHHbIﬁ; pO,EI,MJ'IbeIVI 3a/; HOBOPOXAEHHbIE C 3KCTpEMAJIbHO

HM3KOM Maccon Tena.

Most newborns do not require measures aimed
at the condition stabilization immediately after birth;
however, 10% of children require minimal respiratory
support, and only 1% of newborns need closed-chest
cardiac massage and medications [1-3].

However, among preterm newborns with low and
extremely low body weight (ELBW), approximately
90% of children require initial stabilization after birth,

and 4%-10% of them need advanced cardiovascular
life support [4-7].

Prediction of the need for resuscitation proce-
dures and indications for them

The most important condition for providing effec-
tive assistance to the newborn is the prediction of
the possibility of resuscitation procedures even before
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birth, which is especially relevant for newborns with
ELBW. This is because the majority of children with
ELBW at birth require artificial pulmonary ventilation
under positive pressure, and therefore, at least two
trained neonatologists are required. If it is necessary
to conduct a full-fledged extended cardiopulmonary
resuscitation, then three specialists are required.

Risk factors for resuscitation in the delivery room [10]

An assessment of the severity of only three clin-
ical signs could predict the need for resuscitation
(Table 1).

The higher the score on the scale, the more likely
is the resuscitation in the delivery room.

Table 2 presents conditions of the perinatal period
with a high risk of resuscitation in the delivery room.

Table 1 / Tabnuya 1

MakTopbl prcka HEOBXOAMMOCTH NPOBEAEHUS CEPAEYHO-IErOYHOW peaHnMaLuu B poannbHoM 3ane [10]

Variable / [Ipu3nax

Score assigned / Ouenka, 6amisl

Gestational age / 'ecTaninoHHEINH BO3pacT

>27 weeks / Bonee 27 Henenb 0
25-27 weeks / 25-27 "enensn 2
<25 weeks / Menee 25 nenens 3
Antenatal steroid / AHTeHaTanbHOE BBEICHUE CTEPOHIOB

None or incomplete / He 0b170 niin HE 3aBEpLICHO 1
Complete / 3aBepuIeHO MOJIHOCTHIO 0
Amniotic fluid / AMHEHOTHUYECKAS KUIKOCTD

Normal / HopmansHOE KOTHYECTBO 0
Oligohydramnios / OxuroruapoaMHUOH 1
Polyhydramnios / [TonuruapoamMunon 2

Table 2 / Tabauuya 2

States of perinatal period with high risk of resuscitation in the delivery room
CocTosIHMS NepuHATasbHOro Nepuoaa C BbICOKMM PUCKOM MPOBEAEHUS CEPAEYHO-IErOMHOM peaHUMaLMKU B POAMIIbHOM 3ane

Antepartum risk factors /
JlopooBbie (haKTOPBI pUCKa

Intrapartum risk factors /
WHTpaHaraibHble HaKTOPhI pHCKa

1. Gestational age <36 0/7 weeks /
[lectannonnsii Bo3pact <36 0/7 Henenb

2. Gestational age >41 0/7 weeks /
[lectannonnsiii Bo3pact >41 0/7 Henens

3. Preeclampsia or eclampsia /
[peskyiaMIcust WIIM SKIAMIICHS

4. Maternal hypertension /
ApTepuasibHasi TUIIEPTEH3Us Y MaTepu

5. Multiple gestation /
MHorormioHass 6epeMEHHOCTh

6. Fetal anemia / Anemus mionga

7. Polyhydramnions / MHoroBoue

8. Oligohydramnions / ManoBoxue

9. Fetal hydrops / Bonsiaka miona

10. Fetal macrosomia / MakpocoMust mioaa

11. Intrauterine growth restriction /
3agepKKa BHYTPUYTPOOHOTO pa3BUTHUA

12. Significant fetal malformations or anomalies /
AHOMaJINU MJIN BPOXKACHHBIC TIOPOKU PA3BUTHUSA 11101

13. No prenatal care / OTcyTCcTBHE AOPOAOBOTO METHIIHHCKOTO
HaOIIOJeHHU I

1. Emergency cesarean delivery /
KecapeBo ceyeHne 10 3KCTPEHHBIM ITOKa3aHUAM
2. Forceps or vacuum-assisted delivery /
HaoxeHue MUNILOB WM BAKYYM-IKCTPaKIUs
3. Breech or other abnormal presentation /
Ta30Bble MM MHBIC AHOMAJIbHbIC MPEJICKAHHUS
4. Category II or III fetal heart rate pattern / [TarTepH yacro-
Thl CEpIEUYHBbIX coKpalienuil miona Il nnu 111 xareropuun
5. Maternal general anesthesia /
OO01mast aHecTe3ust BO BpeMs pOJIOB
6. Maternal magnesium therapy /
Ha3znayenue Maruesuu marepu pedeHka
7. Placental abruption / Pa3pbIB mianeHTs!
8. Intrapartum bleeding /
3HaUNTENIFHOE KPOBOTCUCHUE B POJax
. Chorioamnionitis / XopnuoaMHHOHUT
10. Narcotics administered to mother within 4 hours of delivery /
HasHaueHue MaTepy HAPKOTHHUECKHUX CPEACTB 3a 4 4 10 POIOB
11. Shoulder dystocia / JIucTouus niednkon
12. Meconium-stained amniotic fluid /
MeKOHHaJIBHOE 3arPs3HEHNE OKOJIOIIOAHBIX BOJ
13. Prolapsed umbilical cord / Beimagenue mynoBuHbI
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A neonatologist must be present during delivery in
the following situations:
» gestational age less than 32 weeks,
» gestational age more than 32 weeks with confirmed
signs of lung immaturity,
» severe fetal hypoxia, and
» congenital malformations, such as congenital heart
disorders, congenital diaphragmatic hernia, or other
congenital respiratory system malformations, intes-
tinal obstruction, anterior abdominal wall defects
(gastroschisis, etc.), and spina bifida.
As for the indications for primary resuscitation of
newborns, it is always indicated, except for several
cases described below.

Contraindications for resuscitation
In some cases, when a child is born in critical
condition, resuscitation is not recommended.
In particular, resuscitation is contraindicated in the
following cases:
* a newborn weighing less than 400 g,
» gestational age less than 23 weeks,
* congenital malformations of the central nervous
system (anencephaly),
» presence of trisomy 13, and
 a stillborn child.
Also, resuscitation measures should be stopped if,
after 10 min from the beginning of cardiopulmonary
resuscitation, the child does not have a heartbeat!.

Assessment of the condition of the newborn

Assessment of the condition of the newborn is the
primary element of emergency care, which determines
all further treatment approaches.

Immediately after the birth of a child, the breath-
ing presence, heart rate (HR), and skin color must
be assessed.

If the HR is less than 60 beats/min, breathing
is ineffective or absent, and the color of the skin
is cyanotic or bluish, resuscitation must be started
urgently.

Cardiopulmonary resuscitation in the delivery
room

According to the contemporary concept of revivi-
fication, there are several stages of primary resuscita-

' Methodological letter No. 15-4/10/2-3204 of April 21, 2010 of the
Ministry of Health and Social Development of the Russian Federa-
tion “Primary and resuscitation care for newborns”.

tion, namely, ensuring patency of the upper respiratory
tract, restoring effective breathing, and maintaining
adequate circulation.

The algorithm of cardiopulmonary resuscitation of
a newborn in the delivery room, according to recom-
mendations of the American Heart Association and the
European Resuscitation Council in 2015, is presented
in Figures 1 and 2 [11, 14, 15].

Ensuring patency of the upper respiratory tract

Ensuring patency of the upper respiratory tract is
the main condition for successful resuscitation of a
newborn. Immediately after birth, the baby should be
placed under a source of radiant heat and wiped dry
with warm diapers. The optimal position of the child
during initial condition assessment and resuscitation
procedures is the supine position with the head slightly
thrown backward (“posture for sneezing”).

For this position, it is very convenient to use a
roller placed under the child’s shoulder girdle. This
position of the child is not only convenient for him or
her but also provides maximum patency of the upper
respiratory tract.

According to modern concepts, the routine sanita-
tion of the upper respiratory tract and the tracheo-
bronchial tree is currently not recommended. The only
indication for sanitation is airway obstruction in case
of meconium aspiration.

It should be remembered that if sanitation is too
coarse, especially if the aspiration catheter touches the
posterior pharyngeal wall, vagal reflexes can be stimu-
lated with the development of bradycardia, which is
especially dangerous in critically ill children. Thus,
sanitation is not the best way to ensure the patency
of the upper respiratory tract in a newborn baby.

One of the methods to ensure airway patency is tra-
cheal intubation, which is most often used, especially
in children who require prolonged lung ventilation.

Indications for tracheal intubation in the delivery
room are as follows:

* the need for sanitation of the tracheobronchial tree
in newborns with meconium aspiration syndrome,

e ineffective or prolonged ventilation of the lungs
using a breathing bag and mask,

» the need for closed-chest cardiac massage,

e birth of a child with ELBW or congenital
malformations requiring emergency surgery, and

e the need for the prophylactic administration of
exogenous surfactant preparations in newborns
with a gestational age of less than 27 weeks.
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+ Antenatal counseling / AxteratanbHoe ofcyxaeHve

+ Team breathing and equipment check / lMpoBepwTb roTOBHOCTb
peaHMMaLMOHHOW Gpuradpl 1 060pyaoBaHMA

’

Birth / Poxaetne )

v

s Age gestation? / PebeHok LOHOLEHHbI?
+ Good tone? / Y0BNETBOPUTENbHIA MbILLEYHIA TOHYC?
s Breathing or crying? / Hanuuue gbixanus uamn kpuka?

—

No/Her 1 Y/l
» Warm and maintain normal temperature / » Warm and maintain normal temperature /
060rpeTb, noanepxatb HOpMaNbHyK TeMnepaTypy Tena 060rpeTb, Noanepx1BaTb HOPMANbHYK TeMnepaTypy Tena
+ Position airway / O6ecneunTb NPOXOAMMOCTb AbIXaTeNbHblX MyTet + Position airway / O6ecneyuTb NPOXOAMMOCTb AbIXaTeNbHbIX MyTel
o Clear secretions if needed / o Clear secretions if needed /
OuMCTUTD [bIXaTeNbHble MyTW OT CeKpeTa, ecnu HeobXoaMMo OunMCTUT AbIXaTeNbHble MyTW OT CeKpeTa, ecnu HeobXoAMMOo
o Dry, stimulate / ObcywnTb pebeHka, TakTUbHAs CTUMYAALMA LbIXaHWA + Dry, and hand over to mother / ObcywwTb ¥ OTZATb Ha pyku Matepy
+ Apnea or gasping / AnHO3 Mam AblxaHue nO TUNY «racn» No / Her Labored breathing, persistent cyanosis /
» Heart rate below 100 per minute / 4CC < 100 ya/mMuH 3aTpyAHeHHOe [blXaHue, NepCUCTUPYIOLMIA LMaHO3
Yes / lla
1 min / — ¥
1 M + Positive pressure ventilation (PPV) / MBI + Position airway / OBecnieunTs NPOXOAMMOCTb AbIXaTeNlbHbIX MyTel
* 5p0, / SpO,-MoHTOPUHT « Clear secretions if needed /
« ECG / 3KI-MoHMTOpHH OunMCTUTL AbiXaTeNbHble MyTW OT CeKpeTa, ecnu HeobXoaMMOo
* 5p0, / SpO,-MoHwTOpHHI
* Supplementary oxygen if needed / OkcureHotepanus
» Consider CPAP / Paccmotpetb LenecoobpastocTb npumeHetns CPAP
. il
. No / Het Postresuscitation care / MHTeHCHBHas Tepanus v yXopn
<
+[ Heart rate below 100 per minute / H4CC <100 ya/i ]—'[ Team debreating / Obcyxaenue Bo3moxHocteit C/IP
Yes / lla
sl Check chest movement / OueHuTe 3KCKYpPCUK FPYAHON KNeTku
T | |+ Ventilation corrective steps / Koppekuus napamerpos B/
2| | * Intubation laryngeal mask if needed / Wntybauns Tpaxen P N
WM NOCTaHOBKA NapUHreanbHoi Macki npu HeobXOAMMOCTH Targeting preductal SpO, /
Lienesble HasHaueHwa npepyktabHoit Spo,
L nocne pOXAeHNS
—[ Heart rate below 60 per minute / YCC <60 ya/mMuH ] 1 min / 1-9 muH — 50-60%
2" min / 2-9 MuH — 65-70%
Yes / Jla 39 min / 3-9 MuH — 70-75%
h mi o = o
+ Intubation if not already done / 4% min / 4-8 MaH— 75-80%
MHTybaums Tpaxew, ecnu 10 3T0r0 He Obina BbINOAHEHa 5% min / 5-9 muH — 80-85%
» Chest compression / 3akpbiTblit Maccax cepaua L 10" min / 10-9 MuH — 85-95%

+ Coordinate compression and PPV (3 : 1f /
KoopanHaums komnpeccuii 1 UBNT (3 : 1)

+ 100 % oxygen / 100 % kucnopog
¢ ECG monitor / 3KI-MoHHTOpUMHT
o Umbillical vein catheterization / KaTetepu3saumst nynoyHol BeHbl

Epinephrine if heart rate below 60 per minute /
peHanuH BHyTpuBeHHo, ecm YCC <60 yo/MuH

l Yes / lla Vs /1 |Elxclude a hypovolemia /
- es / [la CKAKYUTL TUMOBONEMMIO
[ Heart rate below 60 per minute / YCC <60 ya/MuH Exclude a pneumothorax /

MckntounTb NHeBMOTOpaKC

Fig. 1. Neonatal Resuscitation Algorithm at delivery room (American heart association, 2015)
Puc. 1. CeppeyHo-neroyHas peaHMMaums HOBOPOXKOEHHbIX B POAWILHOM 3a/1e (pekoMeHaaummM AMepuKaHCKOM accoumaumm cepaua, 2015)

@ Tlegmnarp. 2019.T. 10. Boein. 4 / Pediatrician (St. Petersburg). 2019;10(4) ISSN 2079-7850



MEPEAOBAA CTATbA /EDITORIAL 9

+ Antenatal counseling / AxtenaTanbHoe obcyxaeHue

+ Team breathing and equipment check / lpoBsepwTb roTOBHOCTL
peaHnMaLMOHHON Bpuradbl M 06opyAoBaHNS

v
( Birth / Poxaeswe —
v
s Dry the baby / Obcywwts pebeHka =
+ Maintain normal temperature / g
MoanepxuBath HOPManbHYK TeMneparypy Tena =
= + Start the clock or note the time / BkniouuTe TaiiMep unm oTMeTsTe =
= BPEMS Hayana peaHMMaLMOHHbIX MepOnpHsTHii -
=
] L2 =
= Assess tone, breathing / 3 © -
= OueHuTe TOHYC, AbIXaHME W YaCTOTY CEPAEYHbIX COKPALLEHMIA S =
~
3 3 . z
— . . o
= If or gasping or not breathing / o =
= Ecnu fibixatve OTCYTCTBYET WAy ecTb TONBKO MO TUMY «racn» =
= v =
2 + Open the airway / O6ecneunTb NPOXOAMMOCTb AbIXaTeNbHbIX MyTeld =
= + Give 5 inflation breaths / Caenatb 5 Baoxos =
= 1. 5p0, * ECG-monitoring / SpO, * 3KI-MoHUTOPUHT o
o (NN
(:ID: + >§
w + Re-assess / MoBTOpHast OLEHKA COCTOAHMS =
= o [f no increase to heart rate look for chest movement / _ g
= Ecm YCC He yBenMuMBaeTCs, OLEHHTE 3KCKYPCHIO TPYAHOM KNeTKM =
= 3 e N o
= Acceptable preductal Sp0, /' =
= If chest not moving / Ecan 3Kckypeus rpyaHoit KneTkm oTcyTCTByer: Llenesbie nokasarenu npeaykTansHoit Spo, -
o 1. Re-check head position / MposepsTe nonoxeHue ronosbl nocrne poxaeHMa =
i 2. Consider 2 person airway control and other airway maneuvers / 2% min / 2-9 MuH — 60 % =
MonpocuTe opyroro cnacatens nomo4b BaM 06ecneynTb NpoXoau- 36 min / 3 70%
= MocTb BAT, MCMOMb3yiTe BCE BO3MOXHbIE MaHEBphl Ans 0becneyeHms Iy /55 e =70 % w
o npoxogumoctv BIM 4 min / 4-9 MuH — 80 % =
N 3. Repeat inflation breaths / MosTopuTe BLOXM 50 min / 5-9 MuH — 85 % =~
o 4. Sp0, *ECG-monitoring / SpO, * 3KI-MoHUTOPUHT 10" min / 10-8 muH — 90 % a
w 5. Look for a response / OugHute 3OHEKTUBHOCTD ~ o =
[a'4
= 3 ==
= o
o If not increase to heart rate look for chest movement / e
o~ Ecnm YCC He yBennumMBaeTCs, OLEHUTE 3KCKYPCHIO TPYAHOM KNeTKM =
= ¥ >
. When the chest is moving: if heart rate not detectable or very slow S
= (below 60 per minute) / Ecnu 3kckypeus rpyaHolt kneTku ectb, HO YCC —— -
5 He onpenensetca uau Meqee 60 yo/MuH =
o - .
= R o v L ﬁ
- o Start chest compression / 3akpbiTblilt Maccax cepaua > 2 =
< + Coordinate compression with PPV (3:1) / se 33 n
= KoopanHaums 3MC u MBI (cootHowerme 3 : 1) =8 S iy ;
= a2 SE=2 =
+ Re-assess heart rate every 30 s / MostopHas ouenka YCC kaxable 30 ¢ §“; o = .
o If heart rate not detectable or very slow (below 60 per minute) / S5 wg =
L
Ecm YCC He onpepensetcst unm meHee 60 ya/MuH RE 2= —
5 =8 <
. * 2 22
+ Consider venous access / Obecneyenue cocyauctoro AocTyna
+ Drugs / HasHaueHve nekapcTBeHHbIX CPEACTB
v
» Discuss the parents / becena ¢ pogutensmu |
+ Debrief team / OBcyxaeHne peaHUMaLMOHHbIX MEPONpHSTHiA

Fig. 2. Neonatal Resuscitation Algorithm at delivery room (European Resuscitation Council Guidelines for Resuscitation, 2015)
Puc. 2. CeppeuHo-neroyHas peaHMMauus HOBOPOXAEHHbIX B POAUIbHOM 3ane (pekomeHAaauuu EBponeiickoro coBeta no peaHu-
Mauuu, 2015)
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The characteristics of the endotracheal tube re-
quired to ensure adequate ventilation are presented
in Table 3. Intubation of the trachea should be per-
formed within 30 s.

In some cases, it is advisable to use an oropharyn-
geal airway, which can be reasonable with bilateral
choanal atresia and Pierre Robin’s syndrome.

A study is currently conducted, and the authors of
which plan to evaluate the efficacy and safety of using
various air ducts during cardiopulmonary resuscitation
in the delivery room, which is especially relevant for
countries with a low economic level [12].

In case when after warming, tactile stimulation, and
ensuring upper respiratory tract patency, the child’s ef-
fective breathing does not recover, artificial ventilation
of the lungs using the AIRA system or an Ambu bag
(Penlon) is indicated.

Characteristics of the endotracheal tube
XapakTepucTmka MHTY6aLUMOoHHOM TpyOKM

Ensuring adequate external respiration

Artificial ventilation in the delivery room is indi-
cated in the following situations:
* lack of breathing,

» irregular breathing (gasping
breathing), and
* HR less than 100 beats/min.

Several methods of artificial lung ventilation (ALV)
are used nowadays in newborns. First of all, there is
ALV through a mask using a self-filling bag of the
Ambu or Penlon type.

Using these devices, ALV can be performed
through both a mask and an endotracheal tube.

In a full-term baby, in the absence of breathing,
the first two or three breaths must be made with an
inspiratory pressure of 30-40 cm H,O. In some cases,
it may be necessary to increase inspiratory pressure

type convulsive

Table 3 / Tabauuya 3

Endotracheal tube size for babies’ various weights and gestational ages /
JnameTp HHTYOAIMOHHON TpYyOKH
Weight, g / Gestational age, wks / Endotracheal tube size, mm ID /
Bec, r Cpok recranuu, Heq. BryTpeHHmi tuameTp HHTYOAIMOHHON TPYOKH, MM
<1000 <28 2.5
1000-2000 28-34 3.0
>2000 >34 3.5
Initial endotracheal tube insertion depth (“tip to lip”) /
CraproBas riiyOMHA BBEACHUS MHTYOAIIMOHHOM TPyOKH
Weight, g / Gestational age, wks / Endotracheal tube insertion depth at lips, sm /
Bec, T Cpok recramuu, Hell. I'nmyOuna BBeneHMS OT Kpast Iry0, cM
500-600 23-24 5.5
700-800 25-26 6.0
900-1000 27-29 6.5
1100-1400 30-32 7.0
1500-1800 33-34 7.5
1900-2400 35-37 8.0
2500-3100 38-40 8.5
3200-4200 41-43 9.0
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to 45-50 cm H,O. If there are attempts to breathe
spontaneously, the peak inspiratory pressure should be
approximately 20-25 c¢m H,O. The ratio of inspira-
tion to expiration should be 1:1. The effectiveness of
ALV is assessed by chest excursion, skin color, and
hemoglobin oxygen saturation (SpO,).

In case there are no chest excursions during ALV,
skin cyanosis persists, and saturation indicators are not
normal, it is necessary to check the airway patency.
If ALV is conducted through the mask, then the posi-
tion of the child must be ensured as described above;
if ALV is performed through the endotracheal tube,
then the problems that arise are probably associated
with its incorrect position.

The primary sign indicating the correct position
of the endotracheal tube is uniform breathing in all
pulmonary fields. If breathing is not performed, then
most likely, the tube is in the esophagus. In this case,
during ALYV, bloating in the epigastric region is noted.
The only way out of this situation is extubation and
repeated intubation of the child. If during ausculta-
tion of the lungs, there is an unevenness in breathing
(breathing on the left is weakened), then there is a
high probability that the tube passed into the right
main bronchus. In this case, the tube must be pulled
under the control of auscultation to the mark indicated
in Table 3.

The correct position of the endotracheal tube can
be estimated using capnometry and capnography.
Monitoring of carbon dioxide stress at the end of
expiration can significantly improve perfusion and
outcomes of cardiopulmonary resuscitation in the de-
livery room [13].

Although irregular breathing is most often associ-
ated with an incorrect position of the tube, the pos-
sibility of pneumothorax must be kept in mind. The
only way to differentiate these conditions is the chest
X-ray.

If airway patency is restored and signs of inad-
equate ventilation persist, then this may be due to
insufficient ventilation parameters and the presence
of diseases such as cyanotic congenital heart disease
and congenital diaphragmatic hernia. In the first case,
it is necessary to alter the ALV parameters, increasing
the inspiratory pressure and frequency, and in case of
suspected congenital heart defects or diaphragmatic
hernia, an urgent chest X-ray is indicated.

When conducting ALV in the delivery room,
a recruitment maneuver is extremely important to
perform, as it provides the necessary functional lung
capacity, which is approximately 80 mL in a new-
born baby.

In full-term newborns, recruitment maneuvers are
performed by maintaining a peak inspiratory pressure
equal to 30 ecm HO for 5 s. In preterm newborns,
maneuvering is implemented by maintaining a peak
inspiratory pressure of 20 cm H,O for 5-10 s. The
maneuver is performed once in the absence of spon-
taneous breathing before ALV.

Providing adequate circulation

In most cases, all circulation disorders in new-
borns are secondary and associated with respira-
tory disorders, so the first step in the treatment
of circulatory inefficiency should be to ensure
adequate ventilation and oxygenation of tissues.
If bradycardia persists for 30 s when conducting
ALV (HR less than 60 beats/min), closed-chest
cardiac massage is indicated, which is performed
by chest compression with a frequency of 120-
140 beats/min. Compression is performed in the
middle third of the sternum to one-third of the
depth of the chest. For children of the first hour of
life, a ratio of compression to ventilation of 3:1 is
recommended. Closed-chest cardiac massage and
ALV are performed, until adequate breathing and
HR (>100 beats/min) are restored, or a decision is
made to stop resuscitation.

If, when ALV and closed-chest cardiac massage,
signs of circulatory failure persist, it is necessary to
resort to the administration of drugs.

The most common cause of circulatory failure in
newborns is hypovolemia, resulting from a fetoplacen-
tal transfusion, the capillary leak syndrome, or other
pathological conditions.

Diagnostics of hypovolemia in newborns are ex-
tremely complicated, and the routine administration
of additional volumes of fluid to replenish the vol-
ume of circulating blood can lead to the development
of intraventricular hemorrhage, especially in preterm
newborns. At that, in the case a child was born with
pale skin and tachycardia, the likelihood of liquid
deficiency in him or her is very high. Hematocrit is
one of the differential signs indicating the presence
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of hypovolemia, which should be no more than 55%—
60% in the absence of clinical signs of polycythemia;
therefore, in this case, a laboratory examination of the
child is necessary.

The absolute indication for the replenishment of
the deficit in the volume of circulating blood in the
delivery room is acute blood loss or symptoms of
inadequate tissue perfusion (skin pallor, capillary refill
time of more than 3 s, and low strength of the pulse
in the peripheral and main arteries).

Drugs used in resuscitation in newborns

Currently, the question of the need to prescribe
drugs during cardiopulmonary resuscitation in new-
borns is significantly overestimated, since it was
proved that their effectiveness is extremely low or
even absent.

In the absence of the need for medication, delayed
clamping of the umbilical cord is acceptable, which
can significantly improve the results of the nursing of
preterm newborns and reduce mortality [7].

The only drug which efficiency is not in doubt
during resuscitation in newborns is adrenaline. At the
same time, its use is reasonable only in extremely rare
cases when it is not possible to stabilize the child’s
condition and hemodynamic parameters during ad-
equate lung ventilation.

Figure 3 presents the mechanism of action of
adrenaline.

Table 4 presents the routes of administration,
doses of adrenaline, and availability of evidence of
efficacy and safety of different methods of prescrib-
ing the drug [8].

The indications for prescription of sodium bicarbon-
ate are decompensated metabolic acidosis (pH <7.0;
BE > —12 mmol/L) and the lack of effect from closed-
chest cardiac massage, administration of adrenaline,
and replenishment of the circulating blood volume
despite adequate ALV. Only 0.5 M (1 mL = 0.5 mEq)
sodium hydrocarbonate solution is used.

In case of hypovolemia, the deficiency of the cir-
culating blood volume is indicated to be replenished
with 0.9% sodium chloride solution. If the child has
signs of hemorrhagic shock, then it is necessary to
administer drugs of the donor erythrocyte mass at the
rate of 15 mL/kg.

Doses of drugs used during the initial resuscitation
of newborns are presented in Table 5.

The changes made to the protocol of cardiopulmo-
nary resuscitation in 2015 are presented below and
regard the fundamental aspects of stabilization of the
condition of a newly born child.

Delayed Umbilical Cord Clamping

Delayed clamping of the umbilical cord for more
than 30 s after birth is reasonable in full-term and pre-
term newborns who do not require cardiopulmonary
resuscitation in the delivery room. Routine delayed
clamping of the umbilical cord in children requiring

Epinephrine /

| JI/L“

\ Aorta / Aopra

\ 4 /
PDA / OAT [l
PA / NA

Coronary sinus /
KopoHapHbl cuyc

Coronary perfusion pres-
sure / KopoHapHo-nep-
(y3uOHHOE [aBneHue

Aortic diastolic pressure /
[lnactonnyeckoe Jasnexue B aopre
Right atrial pressure /
[laBnenne B NpaBoM npencepanm

Fig. 3. Mechanism of adrenaline action in newborns [8]

Puc. 3. MexaHusm peicTBUS appeHanuHa Y HOBOPOXKAEHHbIX [8]

B,-receptors /
Bl-pe)ienropu

AnpeHanuH

\\ LV - left ventricle / X — neBblit xenypouek;
a,-recéptors /

PDA - patent ductus arteriosus /
QAT — OTKpbITbIN apTepuanbHbIi NPOTOK;

PA - pulmonary artery / A — nerouHble aptepuu

I'Iepmq;epmqecme COCyAp!

Systemic vasculature resistance /

Mepudepuyeckoe COCYaUCTOE COMPOTUBNEHUE
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Table 4 / Tabnuya 4

Epinephrine use during newborn resuscitation: route, dose, and summary of evidence
MyTn BBeAeHMs ALpeHanunHa M AoKa3aTenbCTBa MX 3QdEKTUBHOCTH

Route / Dose, mg/kg / Summary of evidence /
IIyTh BBeICHUS Jlo3a, Mr/kr JlokazatenbcTBa ) HEKTHBHOCTH
Intravenous / 0.01-0.03 1. Preferred route and appear to be more efficacious than other routes / [Ipeanodruresnb-
BHYTpHBEHHO HBIH U Hanbousee 3 HEKTHBHBIN METO/ BBEICHHUSI
2. Dose extrapolated from adult experience /
Jlo3a sKcTpanoiaupoBaHa U3 B3pOCION MPAKTUKHU
3. High-dose epinephrine offers no advantage and is associated with increased
postresuscitation adverse effects and increased mortality /
IIpuMeHeHHe BBICOKUX 103 aApeHaMHa HEe OIPaBAaHO, IIOCKOJIBKY 3TO MOXET MpPH-
BECTH K Pa3BUTHIO MOOOYHBIX AP PEKTOB MpenapaTa ¥ yBEINYCHHIO JICTAIBHOCTH B I10-
CTPEaHUMAL[HOHHOM HEPHOJIE
Endotracheal / 0.05-0.1 1. Less effective than I'V route /
DHJ0TpaxeanbHO Menee 3G dekTuBeH, YeM BHYTPHUBEHHBIN IYTh BBEACHHS
2. Achieved plasma concentration is less and it peaks slower with ET epinephrine com-
pared to IV epinephrine / Konuenrtpauus agpeHanuna B mjia3Me KpOBH MEHBIIE U MUK
JEHCTBHS KOPOYE 110 CPABHEHUIO C BHYTPHBEHHBIM BBEICHUCM
3. Can be used until IV access is available / MoxeT Ucrionb30BaThCsl IPU OTCYTCTBUU
BEHO3HOTO JIOCTYTIa
Intraosseus / 0.01-0.03 1. Limited evidence compared to IV route / OrpaHn4eHHbIe CBEACHHUS 110 CPAaBHEHHIO
BHYTPHKOCTHO C BHYTPHBEHHBIM IIyTE€M BBEJCHUS
2. Providers frequently involved in newborn resuscitation feel more comfortable with rapid
UVC insertion compared to 10 route / Menee yno0eH o CpaBHEHHUIO ¢ KaTeTepH3aluei
MyIOYHON BEHBI
Intramascular / Not recom- 1. Very limited evidence / Kpaiine orpaHnueHHBIC CBEICHUS
BuyTtpumsi- mended / He 2. Significant tissue damage at local site / 3HaunTeNIBPHOE MOBPEKICHUE TKAHEH B 00JaCTH
LICYHO pEeKOMEHAyeTCs UHBEKINU

Dose and route drugs for resuscitation of the newborns in the delivery rooms
[lo3a 1 cnocob BBeEHWS NeKapCTBEHHbIX CPEACTB, MCMOb3YeMbIX NPU NEPBUYHON peaHUMaLLMK HOBOPOXKAEHHbIX

Table 5 / Tabauya 5

Drug /
IIpenapar

Officinal Form /
JlekapcTBeHHas popma

Dose /
Hoza

Route /
[lyTs BBENEHUS

Adrenaline / Agpenanun

* 0,1 % solution
0,1 % solution must be diluted
10 times (0,01 % solution)

* 0,1 % pacTtBOp
0,1 % pacTBOp JOIKEH OBITH
pasBexeH B 10 pa3
(0,01 % pactBop) /

0,01-0,03 mg/kg — IV
0,01-0,03 mr/xkr — B/B /

0,1 mg/kg — ET /
0,1 Mr/KT — SHJIOTpaxe-
aJIbHO

Intravenous / BHyTpuBeHHO
Endotracheal / DunoTpaxeaibHo

Sodium bicarbonate /
Hatpus rugpokapOonar

* 4.2 % solution (0.5 mmol/ml) /
* 4.2 % pactBop (0,5 MMOIB/MIT)

1-2 MMOJIB/KT /
1-2 mmol/kg

Rate infusion 2 ml/kg/min / Cxo-
POCTh BBEJICHHUS 2 MJI/KT B MUHYTY
Not quicker than in 2 minutes /

He ObicTpee uem 3a 2 MUH

Sodium chloride /
Harpus xnopun

* 0.9 % solution /
* 0,9 % pacTBOp

10—15 mu/xr /
10—15 ml/kg

Intravenous, over to 5—10 min /
BuyTpuBeHHO MeaeHHO,

3a 10-30 Mun

(Use caution with preterm newborns
less than 30 weeks gestation) /

(C 0CTOPOXKHOCTBIO Yy HEIOHOILICH-
HBIX HOBOPOXAEHHBIX CO CPOKOM
recranuu meHee 30 Hen.)
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resuscitation and newborns with gestational age less
than 29 weeks is currently not advisable. The evi-
dence confirming the efficiency of this maneuver is
currently searched. In particular, a large multicenter
study was designed to evaluate the efficiency of de-
layed umbilical cord clamping in preterm newborns
with an intact umbilical cord, based on a specially
developed table [9].

Maintaining Normal Temperature in the Delivery
Room

The body temperature of a newborn should be
maintained within 36.5 °C-37.5 °C. For this pur-
pose, polyethylene film, caps, thermal mattresses, and
devices for warming and moistening the oxygen-air
mixture can be used. The use of various devices may
be suitable to prevent hypothermia in newborns with
gestational age less than 32 weeks. Using thermal
mattresses, heating the respiratory mixture for resus-
citation, increasing the air temperature in the deliv-
ery room, and using caps prevent hypothermia more
effectively compared with insulating wrapping with
polyethylene film or using only radiant heat sources.
Hyperthermia (increase in temperature above 38.0 °C)
should be avoided to prevent possible negative effects.

Warming of Newborns in Hypothermia

Slow warming (less than 0.5 °C/h) is safer than fast
warming (more than 0.5 °C/h), as it avoids complica-
tions such as apnea and arrhythmia. To ensure normo-
thermia, it is advisable to use also other methods of
maintaining the body temperature of the child, such
as “skin-to-skin” contact and kangaroo care.

Ensuring Patency of Airways in the Presence of
Meconium

In the presence of amniotic fluid stained with me-
conium, and if a child is born with unsatisfactory
muscle tone and inadequate breathing, the first step
in stabilizing the condition is to place the newborn
under a source of radiant heat.

ALV should be started if the baby is not breathing
or if HR is less than 100 beats/min. Routine intubation
of the trachea for sanitation of the tracheobronchial
tree is not recommended in this situation.

HR Assessment

During cardiopulmonary resuscitation of both full-
term and preterm newborns, it is advisable to use
the monitoring of electrocardiography in three leads
as early as possible to assess heart rhythm and HR.

Prescribing Oxygen to Preterm Newborns

In preterm newborns with gestational age less than
35 weeks, when stabilizing the condition, the minimum
oxygen content (21%-30%) should be used, while the
oxygen fraction in the respiratory mixture should be
selected in such a way as to achieve preductal SpO,
values that correspond to the normal values of healthy
full-term newborns with natural delivery. At the initial
stabilization of the condition of newborns in the deliv-
ery room, the use of an oxygen-air mixture with high
oxygen content (65% and more) is not recommended.

ALV

The routine use of extended inspiration in a de-
livery room lasting more than 5 s is currently not
recommended. During ALV in preterm newborns, it is
advisable to use a positive pressure at the end of ex-
halation equal to 5 cm H,O. Laryngeal mask airways
can help ensure effective ventilation in full-term and
preterm newborns at a gestational age of 34 weeks
and more. The use of laryngeal mask airways in pre-
term newborns with a gestational age of less than 34
weeks or weighing less than 2000 g is impractical.
The laryngeal mask airway can be considered as an
alternative to tracheal intubation if ventilation through
the mask is ineffective.

The use of a laryngeal mask during cardiopulmo-
nary resuscitation is recommended in full-term and
preterm newborns with a gestational age of 36 weeks
and more, when tracheal intubation is unsuccessful or
impossible.

Spontaneous breathing with continuous positive
airway pressure in preterm newborns with respiratory
distress in the first hours of life is more reasonable
than routine tracheal intubation for invasive ALV.

Chest Compressions

Compression is performed in the lower third of
the sternum to a depth of approximately one-third of
the anteroposterior size of the chest. The technique of
closed-chest cardiac massage is preferable to use by
grasping the chest of the child since it contributes to
a more significant increase in systemic and coronary
perfusion pressure and is not accompanied by sig-
nificant fatigue of the lifesaver. Closed-chest cardiac
massage and ALV should be coordinated. The chest
of the child should be completely straightened during
the termination of compression, but the hands of the
lifesaver should be on it all the time.
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For cardiac arrest due to respiratory disorders, the
optimal ratio of compression to ALV is 3:1. In case of
cardiac causes of cardiac arrest, a higher ratio should
be used, for example, 15:2.

During closed-chest cardiac massage, it is neces-
sary to increase the oxygen concentration to 100%. To
reduce the risk of hyperoxia, additional oxygen dona-
tion should be stopped as soon as the HR is restored.

Induced Therapeutic Hypothermia

The use of therapeutic hypothermia is acceptable
under conditions of limited health resources, namely,
the lack of necessary equipment and highly qualified
medical personnel.

Withdrawal and Termination of Cardiopulmonary
Resuscitation

If the prognosis for survival is unfavorable and the
gestational age of the newborn is less than 25 weeks,
when deciding on the resuscitation termination, it is
necessary to take into account factors such as cor-
rect determination of the gestational age, the presence
or absence of chorioamnionitis, and possibilities of a
medical institution where the baby is staying.

The termination of resuscitation is acceptable if, at
10-min of life, the heart rhythm is not restored, and the
Apgar score is zero; however, the decision to continue
or stop cardiopulmonary resuscitation should be made
by taking into account the individual characteristics of
the patient and his or her parents.

Basic principles of oxygenation monitoring in
the delivery room
* Pulse oximetry is mandatory from the first minute

of life.

* Prevention of hyperoxia (SpO, no more than 95%
at all stages of cardiopulmonary resuscitation).

* Prevention of hypoxia (SpO, not less than 80%
by 5-min of life and net less than 85% by 10-min
of life).

* SpO, in the delivery room in children with low
body weight and ELBW, starting from 10-min of
life, should be within 86%—-92%.

In conclusion, it should be noted that the widespread
introduction of these recommendations into routine clini-
cal practice with the use of simulation training of special-
ists providing resuscitation care in the delivery room will
improve significantly the results of cardiopulmonary re-
suscitation and nursing of preterm newborns with ELBW.
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