> ORIGINAL STUDIES

DOI: https://doi.org/10.17816/PED12111-19

INFLUENCE OF PAIN ON THE DEVELOPMENT IN PRETERM INFANTS
© AV. Andreev, N.V. Kharlamova, S.S. Mezhinskij, N.A. Shilova
VIN. Gorodkov Ivanovo Research Institute of Motherhood and Childhood, Ivanovo, Russia

For citation: Andreev AV, Kharlamova NV, Mezhinskij SS, Shilova NA. Influence of pain on the development in preterm infants.
Pediatrician (St. Petersburg). 2021;12(1):11-19. https://doi.org/10.17816/PED12111-19

Received: 23.12.2020 Revised: 20.01.2021 Accepted: 19.02.2021

Introduction. The influence of uncontrolled exposure to pain in newborns in the first days of life on the long-term conse-
quences for both the brain and the development of the nervous system as a whole is of interest.

The aim of the study was to assess the intensity of pain in preterm infants who need respiratory care in the early neonatal
period and to determine its impact on the development of the child by the end of the first month of life.

Materials and methods. From December 2018 to December 2019, 92 preterm infants requiring respiratory support in the
early neonatal period were examined. Pain intensity was assessed on the EDIN6 scale, and neuro-muscular maturity was
assessed on the J. Ballard scale. The preterm infants were divided into 2 groups: Group | - 34 children who underwent
invasive ventilation (body weight 1120 [865; 1390] g, gestational age 29 [26; 31] weeks); group Il - 58 newborns who
used non-invasive respiratory therapy (CPAP) (body weight 1160 [875; 1400] g, gestational age 29 [28; 31] weeks). Group |
newborns had a lower Apgar score at 5 minutes (p=0.001) and a higher Silverman score (p=0.001).

Results and discussions. In all newborns, the maximum pain intensity score on the EDIN6 scale was registered on the 3 day
of life: in group |, it was 9, and in group Il - points (p=0.041), which corresponds to moderate pain. Group | children
underwent more manipulations (20.8 £ 2.14 vs 17.7 + 2.05; p = 0.016). An increase in the average airway pressure of 210 cm
H,0 in group | children and 26.5 cm H,0 in group Il patients is accompanied by an increase in the intensity of pain to
severe and moderate, respectively. In both groups of children, an inverse correlation was found between the number of ma-
nipulations, head circumference (R =-0.64; p = 0.004) and the J. Ballard score on the 28th day of life (R=-0.57; p=0.008).
The number of painful manipulations in the early neonatal period, exceeding 21 procedures per day, increases the risk of
delayed child development by more than 3.5 (p=0.009; OR =3.68; Cl =1.12-8.36).

Conclusion. The number of manipulations performed and the value of the average airway pressure are the main factors
affecting the intensity of pain in preterm infants and determining their development in the neonatal period.
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© A.B. AHppees, H.B. Xapnamoga, C.C. MexuHckmin, H.A. LLinnosa

(enepanbHoe rocynapCcTBEHHOE OHOMKETHOE YupexaeHue

«MBaHOBCKWI HAYYHO-UCCIEA0BATENbCKAN MHCTUTYT MAaTePUHCTBA M AeTcTBa M. B.H. fopoakosax»
MunuctepcTBa 3npaBooxpaHeHus Poccuitckorn Mepepaumm, MBaHoBO

Ana yumuposaHus: AHapees A.B., Xapnamosa H.B., MexuHckuii C.C., LUnnosa H.A. BansHue 6011 Ha pa3suTue mMyBoKo HEeOHOLWEH-
HbIX HOBOPOXKAEHHbIX // Meamatp. — 2021. — T. 12. — Ne 1. — C. 11-19. https://doi.org/10.17816/PED12111-19

Mocrynuna: 23.12.2020 Opobpena: 20.01.2021 MpuHaTa K nevatn: 19.02.2021

BBepeHue. MccnepoBaHue AONTOCPOYHbIX nocnencTeun HEKOHTPOnpyemoro BO34eNCcTBUS Hon Y HOBOPOXAEHHbIX
nepsbixX OHEN XWU3HU Ang pa3BuUTUA HepBHOlji CUCTEMDI B LLEIOM U TONNOBHOIO MO3ra B 4YaCTHOCTM npenctasndaeTt Hay'vIHbIﬁ
N KAUHUYECKUI MHTEpEC.

Llens uccnedosaHuss — OLEHWTb UHTEHCMBHOCTb 601K y ryboKO HeAOHOWEHHbIX HOBOPOXAEHHBIX, HYXAAKLWMUXCS B pe-
CNMPATOPHOM NOLLEPXKKE B PAaHHEM HEOHaTa/llbHOM MEpUOLE, U YCTAaHOBUTb €€ BAWUSHUE HA pa3BuUTUE pebeHKa K KOHLY
NnepBOro MecsiLa XU3HU.

Marepuanbl u metoabl. O6cnenoBaHo 92 rnybokO HEAOHOWEHHbIX HOBOPOXAEHHbIX, HYXAAKLWMXCS B peCcnMpaTopHOM

noagepxke B paHHEM HeoHaTanbHOM nepuope. OUueHKY MHTEHCMBHOCTM H6onm nposoaunu no wkane EDING, oueHky Heit-
pPOMbILLIEYHOM 3penocTn — no wkane J. Ballard. HoBopoxaeHHble 6binn pa3aeneHbl Ha 2 rpynnbl: | rpynna — 34 peb6eHka,
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KOTOpbIM NpoBoAunach MHBasueHag MBJT (macca Tena 1120 [865; 1390] r, cpok rectaummn 29 [26; 31] Hepenb); Il rpyn-
na — 58 HOBOPOXAEHHbIX, Y KOTOPbIX MCMONb30Banacb HEMHBA3MBHas pecnupaTopHas noapepxka (HWUIM/CPAP) (macca
Tena 1160 [875; 1400] r, cpok rectauun 29 [28; 31] Hepenb). HoBopoxAeHHble | rpynnbl uMenn 6onee HU3KYH OLLEHKY
no wkane Anrap Ha 5-i muHyTe (p =0,001) n 6onee Bbicokyto — no wkane CunbeepmaHa (p = 0,001).

Pe3ynbTaTthbl M 06CYyXXAeHUE. Y BCEX HOBOPOXAEHHbIX MaKCMMasibHas OLEHKA MHTEHCMBHOCTU 60num no wkane EDING 6bina
33aperncTpupoBaHa Ha 3-u CYTKM XU3HU: B | rpynne oHa coctaBuna 9,a Bo Il — 8 6annos (p = 0,041), uto COOTBETCTBYET YMe-
peHHoi 6onun. leTam | rpynnbl 66110 NpoBeAeHo H6onbliee KonMYecTBo Manunynaumii (20,8 £ 2,14 vs 17,7 + 2,05; p = 0,016).
YBenuyenue CpefHero AaBleHWs B ApixaTesnbHbix nyTtax 210 cv H,O y peteit | rpynnbl u 26,5 cM H,0 y naunen-
ToB |l rpynnbl COnNpoBOXAaeTcs yBeNMYEHWEM WMHTEHCMBHOCTM 6OAM [0 CUNBHOW M YMEpPEHHOW COOTBETCTBEHHO.
Y peteit o6enx rpynn BbisiBNeHa 06paTHas KOpPpensiLMoHHAsA 3aBUCMMOCTb MEXAY KONMYECTBOM MAaHWUMYNSALUMA, OKPYXKHO-
cTbto ronosbl (R = -0,64; p=0,004) n oueHko no wkane J. Ballard Ha 28-e cyTku xu3uu (R =-0,57; p=0,008). Konuuectso
60/1e3HEeHHbIX MAaHMNYNALWIA B paHHEM HEOHATaNbHOM Mepuoje, npesbiwatoliee 21 npouenypy B CYyTKM, yBEIUUMBAET PUCK
3afepxKku pa3Butus pebeHka 6onee yeM B 3,5 pasa (p=0,009; OR=3,68; Cl=1,12-8,36).

3akntoueHue. KonnyecTBo BbIMOAHAEMbIX MaHUMYASLMA U BENMYMHA CpefHero OaBNeHWs B AbIXaTeNlbHbIX MyTaxX — OC-
HOBHble haKTOpbl, BAUAIOWME HA MHTEHCMBHOCTb 60K y rnybOKO HeAOHOLEHHbIX HOBOPOXAEHHbIX, ONpeAenstowme nx

pa3BuUTUE B HEOHATAJIbHOM nepuoe.

KntoueBble cnoga: Fﬂy60K0 HEOOHOLWEeHHbIe HOBOPOXAEHHbIE; YpPOBEHb 6onu; HeﬁpOMbILIJeHHOG " qJVIBMLIeCKOE pa3suTue.

Due to a significant increase in the survival
rate of extremely premature infants, considerable
attention is currently paid to reducing neurologi-
cal deficits and long-term adverse consequences
associated with immaturity of the central nervous
system (CNS) and stress during the first days of
life [17]. Since all extremely premature newborns
require care and treatment in resuscitation and in-
tensive care units (RICU), they require numerous
diagnostic and therapeutic procedures much more
frequently, many of which are very painful. All this
happens in the presence of stress caused by the
weaning of the child from the mother. The role of
long-term exposure to stress and pain experienced
by extremely premature infants in RICU remains
unclear and requires detailed study. Although the
CNS of extremely premature infants during the
early neonatal period is in a critical period of de-
velopment, it is apparent that these children can
perceive pain [7]. Considering that the tactile sense
threshold is lower, and the descending inhibitory
pathways are immature, premature infants, espe-
cially extremely premature infants, are even more
sensitive to painful stimuli [22].

Early life pain in newborns has long-term ef-
fects on both the developing brain and the nervous
system. Experimental studies on animals have es-
tablished that chronic stress in the mother during
pregnancy causes excitotoxic brain damage in new-
born mice [20]. In addition, several studies that
attempted to create an environment aimed to reduce
stress in premature infants showed improved short-
term and long-term outcomes [5, 6]. Excessive pain
can alter the structure and function of the develop-
ing brain in premature infants by contracting the

white matter and the subcortical gray matter [8].
Therefore, such adverse effects may be associated
with subsequent changes in the 1Q levels of school-
children, which are mediated by microstructural
changes in the brain [23]. Smith et al. [21] demon-
strated that premature infants are exposed to many
potentially stressful factors. The increased exposure
to these factors in RICU is associated with de-
creases in the sizes of the frontal and parietal brain
regions and changes in the microstructure in the
temporal lobes. Also, developmental psychomotor
disorders have been associated with early exposure
to stress [21].

The study aims to assess pain intensity in ex-
tremely premature infants who require respiratory
support during the early neonatal period and estab-
lish its effect on child development by the end of
the first month of life.

MATERIALS AND METHODS

A non-randomized controlled comparative co-
hort study was performed from December 2018
to December 2019. The study included 92 ex-
tremely premature infants in the neonatal RICU
of the V.N. Gorodkov Ivanovo Research Institute
of Maternity and Childhood, the Ministry of Health
of Russia. The study was approved by the local
Ethics Committee (Protocol No. 2 of November 24,
2018), and the infants’ parents signed a voluntary
informed consent to participate in the study.

The study included children with respiratory dis-
tress syndrome, with a gestational age of 29 [range,
27-31] weeks and birth weight of 1150 [range,
875-1400] grams. All children received respiratory
support in the early neonatal period, namely con-
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tinuous positive airway pressure (CPAP) therapy or
invasive artificial pulmonary ventilation (APV) [2].
The exclusion criteria for the mother were nar-
cotic drug intake and alcohol abuse during preg-
nancy. Exclusions for the child were the presence
of congenital malformations and diseases requiring
surgical intervention, and severe hemorrhagic le-
sions of the CNS (degree III-IV intraventricular
hemorrhage), and degree IIl cerebral ischemia in
the early neonatal period, a change in the strat-
egy of respiratory support. All children enrolled in
the study had a NEOMOD score of 2 [range, 1-3]
points to remove the influence of comorbidity and
the presence/progression of multiple organ failure
on pain intensity [15].

The degree of respiratory impairment was mea-
sured using the Silverman scale. The duration of re-
spiratory support was also assessed. The follow-up
of children was performed daily, including clinical,

Characteristics of the examined preterm infants
XapakTepuctuka o6cnefoBaHHbIX HOBOPOXAEHHbIX

laboratory, and instrumental assessment of the state
of organs and systems. Neuromuscular and physical
maturity was assessed using the Ballard Scale on
the first day of life and then every seven days until
the end of the neonatal period. The pain level was
assessed daily using the modified EDIN6 (Echelle
Douleur Inconfort Nouveau-Né¢é, 6) pain and dis-
comfort scale in newborns [12, 19]. The number
of manipulations performed was also counted daily.
On day seven of life, children underwent an assess-
ment of anthropometric data and neuromuscular and
physical maturity according to the Ballard Scale.

Concerning the various methods of respiratory
support, newborns were distributed into two groups.
Group I consisted of 34 children who underwent
invasive APV, and group Il included 58 newborns,
where CPAP therapy was used.

Table 1 presents the characteristics of the groups.
The patients were comparable regarding anthropo-

Table 1 / Tabnuya 1

. Group I / I'pynma [ Group II / I'pynma 11

Indications / [Toka3atenu (n=34) (n = 58) P
Female/r{lale, n/ } 15/19 30/28 B
XKeHckuit/MyxKCKoi o, n
Gestational agf:, weeks / 29 [26: 31] 29 [28: 31] 0.081
I'ecrannoHHbBIN BO3pacT, HEll.
Weight, g / 1120 [865; 1390] 1160 [875; 1400] 0.320
Bec tena npu poxaenuu, r
Length, cm / 36 [33; 39] 37 [34; 40] 0.071
Hnuna, cM
Head circumference, cm / 26 [24: 28] 27 [25: 28] 0.067
OKpy»KHOCTb TOJIOBBI, CM
Without prevention of RDS, n / be3 npopunakruku 16 (47.0%) 23 (39.7%) 0.480
PECIMPaTOPHOTO IUCTPECC-CUHPOMA I1JI0J1a, 71
Apgar score for 1 min, points /V 473 5] 474 5] 0078
OreHka mo nikaie Anrap Ha 1-if MuHyTe, 6ai
Apgar score for 5 min, points / . .
Omerka 1o mkane Anrap Ha 5-ii MuUHyTe, 0ait >[4 6] 6 [5: 6] 0.001
Score for scale Silverman, points / 6 [6: 7] 5 [5: 6] 0.001
Omenka no mkane CuibBepMana, 6ann
Total time of primary resgscnatlon, min / 10 [10: 12] 5 [5: 10] 0.001
JUINTEeIbHOCTh MIEPBUYHON peaHUMALUU, MUH
FiO, .. when performing respiratory support
in the delivery room / FiO,  mpu nposeeHuu 0.42 [0.3; 0.5] 0.21 [0.21; 0.3] 0.001
pecrnupaTOpHOH MOJICPKKU B POIAMILHOM 3aile

Note. FiO, _ — the maximum fraction of oxygen in the oxygen-air mixture.

Ilpumeuanue. FiO,  — MakcuManbHas Gpakuus KMCIOPOIA B KUCIOPOAHO-BO3AYIIHON CMECH.
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metric parameters, gestational age, and antenatal
prevention of fetal respiratory distress syndrome.
The mothers’ medical history was also comparable.
Newborns of group I had a lower Apgar score at
minute five (p =0.001) and a higher score on the
Silverman scale, which indicated that they had se-
vere respiratory failure (p = 0.001).

Primary resuscitation care in the delivery room
was provided according to current recommenda-
tions [2, 3]. In group I children, exogenous sur-
factant was administered through an additional port
on the endotracheal tube in the delivery room. In
contrast, the less invasive surfactant administration
was used for children in group II.

Statistical data processing was performed using
the Statistica v. 10.0 software package (Statsoft Ink,
USA), the Open Epi system (http://www.openepi.com).
Quantitative characteristics were presented as
Me [Q,; O] for nonparametric samples and M + m
for parametric samples. The normal distribution
of attribute values was tested using the Shapiro—
Wilk W-test. The differences were assessed by the
Mann—Whitney test for unconjugated samples, and
Fisher’s exact test was used for small samples. Cor-
relation analysis was performed using Spearman’s
correlation coefficient. Differences were considered
statistically significant at p < 0.05. The influence of
individual risk factors on the studied groups was
assessed by calculating the odds ratio (OR) with
a 95% confidence interval (95% CI).

RESULTS

Analysis of primary resuscitation measures in
the delivery room in children of group I revealed
a significantly longer duration of primary resusci-

tation measures (p = 0.001). For children of group
I from the first minutes of life, APV was started
through an endotracheal tube, and CPAP was per-
formed for the group II children. With respiratory
support in newborns of group I, a significantly
higher (p = 0.001) maximum oxygen fraction in the
oxygen-air mixture (FiO, ) was required. No chil-
dren in either group required closed-chest cardiac
massage or medication.

Upon admission to the RICU, all children con-
tinued respiratory therapy, the parameters of which
are presented in Table 2. The maximum oxygen
concentration in the oxygen-air mixture during APV
in children of group I was statistically significantly
higher (»p =0.001) than those in group II. Also,
children in group I had a significantly longer du-
ration of respiratory support (p =0.001) than in
children in group II.

Suppression syndrome was registered in the neu-
rological status of children in both groups. The
majority (67.6% in group I and 60.3% in group II)
of infants had a delay in neuromuscular and physi-
cal development (p > 0.05) on the initial assess-
ment with the Ballard Scale. Development corre-
sponding to the gestational age was only 26.5%
of newborns in group I and 29.3% in group IIL
The level of development exceeding the gesta-
tional age was registered in 5.9% of newborns
in group I and 10.3% of patients in group II
(» > 0.05).

From day 14 of life, newborns in group I had a
statistically significant delay in neuromuscular and
physical development according to the Ballard scale
(p = 0.002). This tendency persisted until the end
of the neonatal period (p = 0.001) (Fig. 1).

Table 2 / Tabauuya 2

The parameters of respiratory support for premature infants in the NICU in the early neonatal period
MapameTpbl pecnupaTopHOM NOAAEPXKM FNMyOOKO HEAOHOLWEHHbIX HOBOPOXAEHHbIX B OTAENIEHUM peaHuMaLuun
M UHTEHCMBHOM Tepanuu B paHHEM HeOHaTalbHOM nepuoae

. Group I / I'pynna I Group II / I'pynma 11
Indications / [Tokazarenu (n = 34) (n = 58) P
Fio, . 0.42 [0.3; 0.65] 0.25 [0.21; 0.3] 0.001
V,ml/V M1 7 [6; 10] - -
MAP, cm H,0 / MAP, c¢M Box. CT. 9 [8; 10] 6 [6; 7] 0.001
Duration of respiratory support, hours / 185 [96; 297] 72 [48; 92] 0.001
JUINTENIBHOCTD PECIIMPATOPHON HOIICPKKH, U

Note. FiO

2 max

airway pressure.
Ipumeuanue. FiO

2 max

HBIl 00beM; MAP — cpenHee aBiieHHE B ABIXATEIbHBIX My TAX.

te

— the maximum fraction of oxygen in the oxygen-air mixture; Vtc — expiratory respiratory volume; MAP — average

— MaxkcuMalbHas Qpaknus KHCIOPoaa B KHCIOPOAO-BO3AYIIHON cMecH; V, — SKCHUPATOPHBIN ABIXaTEb-
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Group Il / Tpynna Il

Fig. 1. Dynamics of neuromuscular and physical maturity
in preterm infants according to the J. Ballard scale

Puc. 1. AuHamMuka HelpOMbIWEYHOW U (U3UYECKON 3penocTu
Yy IY60KO HeAOHOLIEHHbIX HOBOPOXAEHHbIX MO LWKane
J. Ballard

The pain level on the first day of life was 7
[range, 7-9] points in group I and 7 [range, 6-9]
points in group II (p > 0.05), which is interpreted
as moderate pain. The daily assessment of pain
intensity in extremely premature infants throughout
the early neonatal period is presented in Fig. 2.

In the first two days, the pain level in patients of
both groups was also statistically indistinguishable
(p > 0.05). The maximum pain intensity in children
of the group I was noted on the third day of life,
and the EDING score was 9. Starting from the third
day of life until the end of the early neonatal pe-
riod, the intensity of pain was significantly higher
in children of group I (p <0.05).

When analyzing the frequency of painful manip-
ulations, children of group I in the early neonatal
period underwent a significantly greater number of
manipulations (20.8 = 2.14 manipulations per day
in group | versus 17.7 £2.05 manipulations per
day in group II; p=0.016) that caused pain or
exerted stress. The most frequent procedures (% of
the total number of manipulations) causing acute
pain in extremely premature infants were chang-
ing baby linens and diapers (43%), changing body
position (21%), puncturing the skin for taking tests
(12%), manipulations for correct fixing the inter-
face to provide CPAP therapy (9%), cleaning the
trachea (6%), weighing (4%), cleansing the oral
cavity and nasal passages (4%), inserting a naso-
or orogastric tube for feeding children (3%), and
others (10%). In addition, all newborns experi-

Days / Cytkwu

2

3 4 5 6 7
Points (Me) / bannbl (Me)

M Group Il / Tpynna I

8

Group | / Tpynna |

Fig. 2. Pain level on the EDING scale in preterm infants in the
early neonatal period

Puc. 2. YposeHb 60onn no wkane EDIN6 y rny6oko HepoHo-
WEHHbIX HOBOPOXAEHHbIX B PaHHEM HeOHaTa/lbHOM
nepuoge

enced the background effects of pain and/or stress
during respiratory support using CPAP or APV.
Depending on the group, these effects occurred
from the placement of an endotracheal tube for
APV in children of group I, the constant presence
of an orogastric tube during respiratory support,
continuous infusion through the deep venous line,
and phototherapy.

The analysis of respiratory support revealed that
in those children who, during APV (group I) re-
quired a mean airway pressure (MAP) of 10 cm
H,O or higher [n=6 (17.6%)], the pain level was
11 [range, 10—11] points, which meets the criteria
of severe pain on the EDING6 scale and is signifi-
cantly higher (p = 0.001) than in children on APV
with a MAP lower than 10 cm H,O (Fig. 3).

It was established that in children who required
a MAP level of 6.5 ecm H,O or higher [n=9
(15.5%)] for CPAP therapy, the pain level was re-
corded as an 8 [range, 7-9] points, the highest in
the group, and met the criteria for moderate pain
(Fig. 4).

Monitoring children over time showed that at
the end of the neonatal period, body weight was
1450 [range, 1130-1610] g in children of group I,
and 1520 [range, 1150-1650] g in children of
group II (p > 0.05); body length of newborns was
35 [range, 31-38] c¢m in group I and 36 [range,
31-39] cm in children of group II (p > 0.05);
head circumference was 28 [range, 27-31] cm in
children of group II, and 27 [range, 26-29] cm
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Pain level (Me), points /
YpoBeHb 6onu (Me), 6annbl
o

MAP =10 cm H,0 /
MAP =10 c™ Bog. CT.

MAP <10 cm H,0 /
MAP <10 c™m Boa. cT.

Fig. 3. The level of pain in preterm infants with mechanical
ventilation (group |) depending on the MAP
Puc. 3. YposeHb 60onmn y perteir, kotopbiM nposoautca UBJI

(I rpynna), 8 3aBucumoctu ot MAP

in children of group I (p =0.043). A statisti-
cally smaller head circumference in children of
group I at the end of the neonatal period may in-
dicate significant influences of various factors ac-
ting in the early neonatal period (the presence of
invasive ventilation, duration of APV, FiO,  du-
ring respiratory support, others), including the pain
intensity.

An inverse correlation was revealed between the
average number of manipulations in the early neo-
natal period in extremely premature infants of both
groups and the head circumference by day 28 of life
(R =—-0.64; p = 0.004), and an inverse relationship
between the average number of manipulations in
the early neonatal period in extremely premature
infants of both groups with a Ballard Score on
day 28 of life (R =-0.57; p=0.008).

DISCUSSION

Within the implementation of the concept of de-
veloping care for extremely premature newborns,
much attention is paid to preserve the child’s life
successfully and reducing the incidence of late de-
velopmental disorders. Also, the influence of ma-
nipulations and actions of medical personnel dur-
ing the first days of life affect long-term disease
outcomes.

The study results demonstrated that the total
number of painful procedures during the early neo-
natal period in extremely premature infants who
received respiratory support averaged 18.8 + 1.6 per
day. The results obtained are comparable with the
results of other authors, demonstrating that new-
borns can experience 10—18 painful manipulations
per day [9, 11]. Although many procedures that
we consider painful (diaper change, skin treatment
in cases of local infection, use of nasal cannu-

Pain level (Me), points /
YpoBeHb Gonu (Me), 6annbl

O = N W B~ Ul Oy 1 o

MAP 26,5 cm H,0 /
MAP=6,5 cm Bog. CT.

MAP <6,5 cm H,0 /
MAP<6,5 cm Bog. CT.

The level of pain in preterm infants with CPAP
(group Il) depending on the MAP

Puc. 4. YpoBseHb 60nu y peteit, nonyyatowmx CPAP (Il rpynna)
B 3aBucumoctu ot MAP

Fig. 4.

las) are common in the neonatal RICU and most
often are not defined as stressful by most doc-
tors, their ability to influence other outcomes, in
particular, the psychoneurological development
of the child, must be considered in the future
[1, 18, 25].

Particular attention should be paid during the
first two days of life since there was no signifi-
cant difference in pain intensity in children of
both groups. The maximum pain intensity was
noted in all children on the third day of life.
Therefore, during the first two days of life, in
extremely premature infants, protective mecha-
nisms are activated, including the production of
opioid peptides with analgesic and sedative effects
and the presence of endogenous glucocorticoids
[4, 14, 16]. However, in the presence of severe
pathology, compensatory mechanisms are quickly
depleted, and the pain intensity increases. The
concentrations of endogenous active substances in
extremely premature infants requiring respiratory
support decrease over time. Therefore, one of the
main tasks of the RICU personnel on the third
day of life consists of controlling pain intensity
by expanding the measures aimed at eliminating it
[14, 16].

By the end of the early neonatal period, pain in-
tensity tended to decrease in both groups (p = 0.003
and p = 0.001, respectively). In contrast, the mean
values in group II on the seventh day of life bor-
dered moderate and minimal pain levels. This
result is probably due to the stabilization of pa-
tients and regression of the primary pathological
process during therapeutic measures by the end of
the early neonatal period. In children who under-
went invasive APV, the intensity of pain, starting
from the third day of life, was significantly higher
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(p =0.001) than in newborns on CPAP therapy. Dif-
ferences were revealed in pain intensity depending
on the average airway pressure.

We believe that in the presence of signs of se-
vere pain (an EDING6 score greater than 10 points),
both drug and non-drug methods of analgesia must
be used to eliminate it [10, 16].

In children who required the MAP level of
6.5 cm H O or higher during CPAP therapy, pain
intensity was recorded as the highest in the group
(“moderate” pain on the EDING6 scale). This can
be explained by the negative effect of high flow
and medium pressure on irritated receptors of the
nasal passages [16].

When assessing neuromuscular and physical
maturity according to the Ballard Scale (Fig. 1),
a minimum increase (p =0.047 in group I and
p=0.031 in group II) in points was registered
in both groups by the end of the early neonatal
period. This increase might be explained by the
severity of the condition in children requiring in-
tensive care. Also, there was further significant
(p =0.001 in both groups) improvement in devel-
opment by day 28 of life. According to the results
of the correlation analysis, many manipulations
performed by extremely premature newborns con-
tributed to a decrease in the increment in head cir-
cumference and a reduction in neuromuscular and
physical development by the end of the neonatal
period. Studies have revealed [13] that stressful
events predict poorer development of motor skills,
strength, and orientation in premature infants. Many
painful procedures were directly associated with
the subsequent decrease in head circumference
growth and brain function in extremely premature
infants. Also, recurring pain during the stabiliza-
tion period can activate a stress signaling cascade
that affects subsequent growth and development
[24, 25]. The revealed differences in anthropomet-
ric parameters and the dynamics of neuromuscular
and physical development (according to the Ballard
Scale) of the newborns examined, depending on the
pain level, will be necessary for the further neu-
ropsychic development of an extremely premature
child.

Based on the study, we calculated the risk of
slowing down neuromuscular and physical devel-
opment by day 28 of life in extremely premature
infants who require respiratory support. When the
number of painful manipulations during the early
neonatal period exceeds 21 procedures per day, the
risk of delayed development in a child increases
by more than 3.5 times (p =0.009; OR =3.68;
Cl=1.12-8.36).

CONCLUSIONS

1. The total number of painful manipulations in
extremely premature infants requiring respiratory
support is 18.8 £ 1.6 per day. The maximum pain
intensity in the early neonatal period is typical for
three days of life when most invasive procedures
are performed.

2. Pain intensity in extremely premature infants
requiring respiratory support is moderate, with the
maximum EDIN6 score in infants requiring inva-
sive APV.

3. MAP is one of the main factors determin-
ing pain intensity in extremely premature infants
who require respiratory support. When conducting
invasive APV, the “critical” MAP value is consid-
ered to be 10 cm H,O or higher, and in patients
who received CPAP therapy, it was 6.5 cm H,O
or higher.
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