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Infants with severe and moderate bronchopulmonary dysplasia (BPD) are characterized by long-term persistence of
apnea of prematurity and often have a pulmonary hypertension (PH). Respiratory pauses, accompanied by intermittent
hypoxia, do not clinically manifest themselves, therefore cardiorespiratory monitoring (CRM) is required. We hypothesized
that the persistent of apnea, as the cause of hypoxemia episodes, may be associated with the persistence of PH in in-
fants with BPD. The aim of the study was to evaluate the dynamics of cardiorespiratory parameters and to study the re-
lationship between obstructive apnea and PH during the first year of life of premature infants with BPD + PH.
Materials and methods. CRM was performed in 58 infants were born at 26 0/7-31 0/7 weeks gestation and with birth
weight less than 1500 grams, before discharge from the hospital (35-44 weeks of post menstrual age). 14 infants did
not have BPD (group without BPD). 44 infants had BPD and 17 of them had a complication of this disease PH (BLD + PH
group). Other infants with BPD did not have PH (BLD-PH group). Eight infants with BPD also underwent a study at home
(aged 9 to 10 months of life). Results. Preterm infants with BPD + PH were more significant decrease in the average SpO,,
higher desaturation index and more a number of desaturation episodes of <10% compared to infants with BPD-PH and
without BPD. There was no difference in the apnea/hypopnea index and frequency of occurrence of different types of
apnea between groups. There was no difference in cardiorespiratory performance in infants with BPD+PH compared to
infants with BPD-PH in 9-10 months of life. Conclusions. There was a positive dynamics of cardiorespiratory parameters in
infants with BPD+PH in 9-10 months after discharge from the hospital. The number of infants with an index of OA> 1/hour
is higher in the group BPD+LH.
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[etn c TXKenbiM M CpefHeTsaXenbiM TeyeHneMm bBpoHxonerouHon aucnnasum (bJ1[) xapakTepusyTca ANUTENbHON
NepcUCTEHUMEN anHOD HELOHOWEHHbIX M Yale UMET OCNOoXHeHWe 3aboneBaHns B BUAE pPa3BUTUA BTOPUYHOW fe-
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royHon runepteHsum (JIF). OpHako ANS aHanM3a MU MOHUTOPUPOBAHMA MCTUHHBIX pecnuMpaTopHbIX nay3 TpebyeTcs
npoBeAeHne KapauMopecnupaTtopHoro MoHuTtopupoBaHus (KPM), mockonbky AbixaTenbHble May3bl, CONPOBOXAAl0-
Wwuecs UHTEPMUTTUPYIOLWEN TMMOKCUMEN, YAacTo KNMHMYECKM cebs He nposiBAsoT. Mbl NpeanonoXuin, YTo Hanuuue
anHoO3 KakK MPWYUHbI 3MU30A0B TMMNOKCEMMM MOXET OblTb accouuMmpoBaHo C nepcucteHuuei JII y peter ¢ BJAO.
Lenblo uccnepoBaHna 6bi1a OULEHKA AMHAMUKM KapAMOPeCnMpaTOpPHbIX NoKasaTenen M ulyyeHue B3aUMMOCBSA3M
Hanuumsa anHo3 u JII y peTten nepBOro rofa >XuM3HW, POAMBLIMXCS HEAOHOWEHHbIMUM M cTpagatwnx b/, oc-
noxHeHHoun JII. Matepuanbl u Mmetoabl. boino nposeneHo KPM 58 pertam, poamswumcs Ha 26 0/7-31 0/7 Hepe-
Nax rectauum M C Maccoi Tena npu poxaeHun meHee 1500 r, HenocpeACTBEHHO Mepef BbINMUCKOW M3 CTauMoHapa
(35-44 Hepenu nocTMeHCTpyanbHOro Bo3pacta). 14 neteit He umenu b1 (rpynna 6e3 BJ1[). Y 44 peteit 6bina ana-
rHoctupoBaHa bJ1[1, npuuem 17 u3 HUX uMenu ocnoxHeHue B Buae passutusa JIT (rpynna BJI4 + /IT). Opyrvue netu
c B/14 He umenu NI (rpynna B4 - JITN). Takxe BocbMu petam ¢ BJ1 6bino npoBeaeHo KPM B poMalwHMX ycnoBusax
(8 Bo3pacTe 9-10 ckoppurMpoBaHHbIX MecaLeB XU3HKW). PesynbTtaTtbl. Y HepoHoweHHbIX aeten ¢ bJ11 + JII otMeyanoch
6onee 3HauMMoe cHuxeHue cpepnHeit SpO,, bonbliee 3HaYeHMe MHAEKCA AecaTypaLMu U Yucna aNu3on0B fecaTypauuu
<10 % no cpasHeHuto ¢ getbmu ¢ BN - JIM u 6e3 BJ1[1. He nonyyeHo pasHULbl MO MHAEKCY anHO3/TUMMNOMHO3 M YacToTe
BbISIBNIEHUS pa3HbIX BUAOB anHo3 Mexay rpynnamu. MNpu 3tom getu ¢ b1 + Il yawe umenn nHAEKC 06CTPYKTUBHbIX
anHo3 > 1/4 (AMArHOCTUMYECKU 3HAYMMOE KONIMYeCTBO OBCTPYKTMBHbIX anHO3), YeM AeTu B Apyrux rpynnax. He no-
JIYy4EHO Ppa3HMLblI B KapaMopecnupaTopHbix nokasatensax y geten ¢ bJ14 + 1N no cpaBHeHuto ¢ pgetbmu ¢ b4 - I
B 9-10 ckoppurnpoBaHHbIX MecsLeB X13HWU. BeiBoabl. OTMeYaeTCca NONOXUTENbHASN AMHAMMKA KapAMOpecnMpaTopHbIX
nokasartenew y pgetew, ctpagawowmnx b + /I, yepe3 9-10 mecsueB nocne BbINMUCKKU U3 CTauMoHapa. Yucno aeten ¢
nupekcom OA > 1/4 6onbwe B rpynne c b4 + /T

KntoueBble cnoBa: HeJOHOLIEHHbIE AeTH; 6p0HXOJ’l€I’OHHaFI ancnnasna; nerovyHaa runepTeH3nd; anHo3; KapamopecnupaTtop-

HOEe MOHWUTOPUPOBaHMUE.

INTRODUCTION

Preterm birth is a major cause of death and
a significant cause of long-term loss of human
potential amongst survivors all around the world.
Complications of premature birth are the single
largest direct cause of neonatal deaths and the sec-
ond most common cause of under-5 deaths after
pneumonia [11].

Bronchopulmonary dysplasia (BPD) is a serious
chronic lung disease in premature infants and is
especially common in extremely low birth weight
infants, who have had respiratory distress syndrome
and perinatal infections [16, 19].

Pulmonary hypertension (PH) is a well-known
complication of BPD that occurs in 4% of infants
with mild BPD and 33% of infants with moderate
and severe BPD [5]. Mortality from this disease
is 33-48% within 2 years without treatment [15].
Development of PH is associated with impaired
growth and a remodeling of pulmonary vessels and
is supported by permanent or intermittent episodes
of hypoxia/hypercapnia and vasoconstriction, which
are typical for BPD [6]. Immature respiratory con-
trol, the predisposition for the upper airway ob-
struction from muscle hypotension, small diameter
of airways, prolonged intubation with subsequent
inflammation, and narrowing of the upper airway
also contribute to the development of intermittent
hypoxia. According to the literary sources, several
parameters must be simultaneously recorded with
the possibility of a specialist analyzing the epi-
sodes for the analysis and monitoring of respiratory

pauses because these pauses accompanied by inter-
mittent hypoxia are not often clinically manifested.
One study found that recording respiratory pauses
using bedside cardiac monitors or by nursing staff
is ineffective [7]. Polysomnography (PSG) and
cardiorespiratory monitoring (CRM) are the most
objective methods to record respiratory pauses and
intermittent hypoxia. However, PSG is difficult in
premature infants. CRM is acceptable for these pa-
tients. We presumed that apnea that causes episodes
of hypoxia might be associated with PH persistence
in infants with BPD. We also analyzed the CRM
data in BPD patients at 9-10 corrected months of
age to assess the dynamics of cardiorespiratory
parameters.

This study aimed to evaluate the dynamics of
cardiorespiratory parameters and to study the inter-
relationship between apnea and PH in premature
infants with PH-associated BPD within the first
year of life.

MATERIALS AND METHODS

We examined 58 infants born at 26 0/7-
31 0/7 weeks of gestation with a birth weight <1500
from 2015 to 2017 at Perinatal Center and Sleep
Laboratory of Almazov National Medical Research
Centre (Saint Petersburg, Russia). BPD was diag-
nosed in 44 infants according to Jobe and Bancalari
definition (2001) [13] and definition of Russian Re-
spiratory Society (2008) [1]. All 58 infants received
4- to 6-h daytime CRM while sleeping without oxy-
gen support and SpO, routine monitoring just before
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discharge from the hospital (35-44 weeks of post-
menstrual age (PMA)). The parents of infants gave
informed consent for monitoring.

We also performed CRM eight BPD infants at
9-10 corrected months of age. In these cases, moni-
toring was conducted at home for 8-10 hours at
night.

The exclusion criteria were premature infants
with congenital abnormalities of the upper and
lower respiratory tracts, hemodynamically signifi-
cant congenital heart defects (except patent duc-
tus arteriosus), diaphragmatic hernia, phenotypic
signs of chromosomal abnormalities, congenital
endocrine diseases (congenital hypothyroidism),
tracheostomy.

We used Embletta device (Natus Medical Incor-
porate, Pleasanton, CA, USA) and recorded nasal
airflow, pulse oximetry, one -electrocardiography
(ECG) channel and chest and abdominal movements.
The results were analyzed by RemLogic program.
After it a specialist analyzed these results too. The
infants’ mothers kept a patient monitoring diary,
developed by the research team, in which they re-
corded the patient’s periods of sleep, awake peri-
ods and feeding. Later a specialist guided by this
diary when decoding and evaluating of monitoring
records. Feeding, specialists examinations and awake
periods were excluded from the analysis during de-
coding and evaluating monitoring data. CRM did not
was performed on routine ophthalmologic examina-
tion day because frequency of apnea increased after
ophthalmoscopy [8].

Apnea was determined according to the crite-
ria of The American Academy of Sleep Medicine
(the 2012 edition) for count the incidence of sleep
breathing disordered in children regardless of age
[9]. Central apnea (CA) was associated with simul-
taneous absent respiratory movements and airflow
in the upper airway; obstructive apnea (OA) was
associated with absent respiratory movements but
save of airflow in the upper airway; mixed apnea
(MA) was associated with periods of presence or
absence of respiratory movements but save of air-
flow in the upper airway.

The data were statistically processed using a
personal computer and SPSS v. 16.0 (SPSS Inc.,
Chicago, IL, USA). Indicators of descriptive sta-
tistics, such as the median (me), minimum (min),
and maximum (max), were calculated using non-
parametric methods with samples that did not
correspond to a normal distribution. Mann—Whit-
ney criteria were used to compare the quantita-
tive variables; the Mann—Whitney and Wilcoxon
criteria were used for repeated studies. Statisti-

cally significant differences were considered when
p <0,05.

RESULTS

We examined 44 infants with BPD, 31 of whom
had persistent oxygen dependence at 36 weeks of
PMA and 14 had no BPD (non-BPD group), before
discharge from the hospital. Artificial lung ventila-
tion (ALV) was applied to 37 (84%) infants with
BPD and 3 (21%) infants without BPD during the
early neonatal period because of respiratory distress
syndrome and prenatal pneumonia. PH was diag-
nosed in 17 infants who were oxygen dependent
at 36 weeks of PMA and developed moderate or
severe BPD, based on echocardiography (systolic
pulmonary artery pressure >35 mm Hg and mean
pulmonary artery pressure >25 mm Hg [4]) and
clinical characteristics (the infants were treated with
sildenafil) (BPD + PH group). Most of BPD + PH
infants were males and had a lower gestational
age, lower body weight at birth and longer periods
of ALV and oxygen dependent than infants with-
out BPD and with BPD not complicated by PH
(BPD — PH group) (Table 1). In our study, 38% of
infants had BPD + PH. The data obtained are con-
sistent with the data in literature.

Based on the monitoring results, the group of
infants with BPD + PH had lower average SpO,
(93.6% [89.0-96.6%]) than BPD — PH group (97.2%
[89.7-98.7%]) and infants without BPD (97.5%
[96.3-98.7%]) (p =0.0003) (Fig. 1). Also infants
with BPD + PH had higher oxygen desaturation in-
dex (ODI) and more desaturation episodes <10%
than infants in other groups. At the same time,
there was not differ in apnea/hypopnea index (AHI)
and the occurrence of apnea episodes among these
groups (Table 2).

Apnea is expected in premature infants less than
36 weeks of PMA, and CA can be determined in
infants within the first year of life. The pathology
of the condition is the presence of obstructive apnea.
We focused our attention on a large number of hy-
popnea and central apnea in individual infants in the
study groups, which were associated with episodes
of periodic breathing and CA and are considered
to be physiological for this age period and do not
require treatment [3]. These groups did not differ
on OA index (p =0.6), but it should be noted that
the tendency for OA was identified in infants with
BPD + PH. Five infants with BPD + PH had OA
index more than 1 per hour (a diagnostically sig-
nificant value), and 3 infants had higher OA index
(2.5, 5.8, and 8.6/h). Only three of 27 BPD — PH
patients had OA index >1/h. All infants without BPD
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Clinical data depending on BPD and PH presence

Table 1 (Tabnuua 1)

KnnHuyeckme paHHble B 3aBUCMMOCTU OT Hannums 6p0onnerqu017| ANCNNA3NKU U NNIEFOYHOM rTMNepTeH3nn

Parameters / Without BPD / BPD - PH / BPD +PH /
ITapameTpsl bes BJI/] BJIJ] - JIT p* BJIJI + JIT p**
Me (min-max) n=14) n=27) n=17)

Male, N (%) / , . .
Mansn, N (%) 7 (50 %) 15 (56 %) 0.75 13 (77 %) 0.05
Gestational age at birth (weeks) / 29 (26-32) 28 (23-31) 0.01 26 (23-29) 0.001
T'ecTannoHHBIN Bo3pacT (Hex.)
Birth weight (g) / Maccarena | 166 750 1490) | 970 (590-1370) 0.2 750 (540—1130) 0.003
IpH POXKACHUH (T)
ALV (days) /
Tmaromaaocts MBI (Gyz) 0 (0-1) 2 (0-33) 0.09 15 (0-53) <0.001
O, suppl. (days) / 0 (0-19) 41 (0-70) <0.001 84 (42-133) <0.001
O,-3aBrucUMOCTS (CYT)

Note: the significance of differences; * p < 0.05 when comparing groups BPD — PH and without BPD; ** p < 0.05 when compar-
ing the group of BPD + PH with groups with BPD — PH and without BPD.
Ipumeuanue: BJ1J] — Oponxonerounas nucmnasus; JII' — nerounas runeptrensus; UBJI — uckyccTBeHHast BEHTUIALMSA JIeT-
KHX; 3HAYUMOCTH pasnuuuid: * p < 0,05 npu cpaBuenuu rpynn BJI/] 6e3 JII' u 6e3 BJI/I; ** p < 0,05 npu cpaBHEHHH TPYTIIbI

BJIJ + JIT" ¢ rpynnamu ¢ BJIJL 6e3 JII' u 6e3 BJI/{

105
100
° ° u A
°
95 L ata
_.i_
° ] A A
n A
90
A
85
80 - . .
BPD + PH BPD - PH without BPD
BNa +Ir BN -r 6e3 b1/,
97.5 93.6 97.2
(96.3-98.7) (89.0-96.6) (89.7-98.7)

Fig. 1. Average oxygen saturation in infants depending on BPD and PH presence (p=0.0003)
Puc. 1. CpepHsis caTypaums Kucnopoga y AeTeit B rpynnax B 3aBUCUMOCTH OT HalMumMs GPOHXOMIErOYHOM AUCTINA3MM U JIETOYHOM runep-

TeH3um (p = 0,0003): B/1, — 6poHxoneroyHas pucriasus; JIM — neroyHas runepreHsus

had OA index less than 1/h. The differences in the
number of infants with OA index >1/h was statis-
tically significant between these groups (p < 0.05).

One infant with OA index 5.8/h underwent re-
peated examinations at 1 and 3 months after dis-

charge from the hospital, during which OA was not
recorded.

There was no statistically difference in respiratory
data between infants without BPD and BPD — PH
group of infants.
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Table 2 (Tabnuya 2)

Respiratory data before discharge from the hospital depending on BPD and PH presence
PecnupaTopHble naHHble nepepn BbINMMCKOM M3 CTaLMOHapa B 3aBUCMMOCTM OT HanU4mMg BPOHXONEro4YHOM ANCNIa3un

U NeroyHom rTMNepTeEH3NN

Parameters / Without BPD / BPD —-PH/ BPD + PH /
[TapameTpsl Be3 BJ1/] BJIA - JIT p* BJIJ +JIT pr*
Me (min-max) (n=14) (n=27) (n=17)
Desaturation index (events/hour) /
. 20 (1.1-58.8) 24.6 (1.0-104.5) 0.2 43 (13.3-133.5) 0.04
W] (cobprTuii/q)
Desaturation 0—5 % (events/hour) /
. 13.6 (0.7-28.5) 14.4 (0.5-46.2) 0.2 22.5 (8.7-46.2) 0.009
Hecarypanus 0-5 % (coObITHI/™)
Desaturation 5-9 % (events/hour) /
. 4.1 (0.2-26.4) 8 (0.3-64.8) 0.2 19 (3.8-72.3) 0.05
Hecarypanus 5-9 % (coObITnii/4)
Desaturation 10-20 % (events/hour) /
. 0.1 (0-7.7) 0.8 (0-32.3) 0.2 1 (0-18.2) 0.2
Hecarypanus 10-20 % (coObiTHit/4)
AHI (events/hour) /
. 5.2 (0-42.3) 8.2 (0-38.6) 0.4 13.4 (0.4-95.2) 0.1
UAT (cobbrTuit/4)
Hypopnea (events/hour) /
. 4.2 (0-20.9) 1.5 (0-73.1) 0.7 2.2 (0-61.2) 0.6
I'umonHod (COOBITHI/ ™)
Central apnea (events/hour) /
. 0.5 (0-4.8) 1.1 (0-25.5) 0.2 3.1 (0-95.2) 0.1
LA (coObiTHii/q)
Obstructive apnea (events/hour) /
. 0(0-2) 0 (0-1.9) 0.9 0 (0-8.6) 0.6
OA (coObITHI1/9)
Mixed apnea (events/hour) /
. 0 (0-0.3) 0 (0-0.8) 0.1 0 (0-5.9) 0.2
CMA (coObITHii/4)

Note: the significance of differences: * p < 0.05 when comparing groups BPD — PH and without BPD; ** p < 0.05 when compar-
ing the group of BPD + PH with groups with BPD — PH and without BPD.

Ipumeuanue: 3naunmoctsb paznuuuit: bJI/I — Oponxonerounas aucnnasus; JII' — nerounas runeprensus; UJ| — unnekc neca-
typanun; LIA — nenTpansHOe amHO9; OA — oOCcTpyKTHBHOE anmHo?; * p < 0,05 mpu cpaBHenuu rpynn bJIJ] 6e3 JII' u 6e3 BJI;
** p <0,05 npu cpasaennu rpynnsl BJIJI + JII' ¢ rpynmamu ¢ BJIJ] 6e3 JII" u 6e3 BJI[]

We performed CRM at home on six BPD in-
fants and two BPD + PH infants at 9-10 correct-
ed months of age. There was a positive dynamic
such as increase average SpO, to >94%, a absence
of obstructive apnea, a decreases ODI (6.5/h [1.3—
21.2/h]) and AHI (2.3/h [0-10.2/h]), and the num-
ber of 5-9% desaturation episodes (1.4/h [0-7.5/h]).

Our results confirmed with single literature data and
devoted to the study of age-related changes in the
pulmonary reserve in premature infants with chronic
lung diseases [2]. Five infants had AHI > 1/h result-
ing from CA (two infants with PH). There are no
standards for the occurrence of CA in infants in
this age group.

@ Tlegmarp. 2018.T. 9. Bein. 3 / Pediatrician (St. Petersburg). 2018;9(3)

[SSN 2079-7850



ORIGINAL STUDIES / OPUTUHANDBHbBIE CTATbU

21

DISCUSSION

In our study infants with BPD + PH differed from
infants in other groups by having lower average
oxygen saturation, higher ODI and more desatura-
tion episodes <10%, which is most likely a result
of structural and functional immaturity of the lung
followed by postnatal deterioration of angiogenesis
and alveoli formation.

Dynamic examination of patients revealed an
improvement in cardiorespiratory parameters in in-
fants with BPD + PH, but more extensive prospec-
tive studies are necessary to assess CRM data in
this group of patients at a later age.

Support of necessary level of SpO, in prema-
ture infants with BPD (from 92 to 96% [20]) can
improve growth of infants, reduces the severity of
PH symptoms and reduces the risk of sudden death
associated with hypoxemia [21]. Studies conducted
on rats have shown that intermittent hypoxia can
have a detrimental effect on cognitive function be-
cause of increased oxidative stress and inflammation
[18], while studies on premature infants under NICU
have indicated a negative effect of hypoxemic events
on clinical outcomes [12]. Monitoring respiratory
pauses, especially in infants with BPD + PH, for
which it is important to support of necessary level
of oxygen saturation (>95% [22]), is significant for
timely correction therapy.

In our study, there is a correlation between the
presence of obstructive apnea and PH in premature
infants with BPD; the number of infants who had an
OA index > 1/h was greater in the BPD + PH group.
There is limited information on the occurrence of
OA in infants of this age category [14]. Previous
studies that examined obstructive apnea during sleep
focused on children >2 years old [10]. The recom-
mendations of The American Academy of Pediatrics
are intended for children >1 year old [17]. This is
due to the difficulty in using PSG or CRM on these
patients.

There was no statistically significant difference in
respiratory rates among the groups; however, the CA
index was higher in infants in the BPD + PH group.
Perhaps this is a result of a more immature control
of breathing in these infants because of birth before
28 weeks of gestation.

There were several limitations to this study. The
first, the study comprised a small sample size. The
second, some parents often failed to monitor their
infant or these infants were living in another region
of Russia and we couldn’t have a chance to monitor
them. In addition, monitoring the infants at home
created a problem because it was nearly impossible
to constantly monitor an infant while the parents

were asleep, which led to periodic difficulties in the
interpretation of the results.

CONCLUSIONS

Premature infants with BPD + PH had a more
significant decrease in average SpO,, a greater ODI
and a greater number of desaturation episodes <10%
compared to infants with BPD — PH and infants
without BPD. There was no difference in AHI and
frequency of occurrence of different types of apnea
among the groups.

The number of infants with an OA index > 1/h
was greater in the BPD + PH group. In addition,
there was a positive dynamic among cardiorespirato-
ry parameters in infants with BPD + PH at 9-10 cor-
rected months of age.
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