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HEMODYNAMIC PATTERNS DETERMINED BY NON-INVASIVE CW-DOPPLER
ULTRASOUND CARDIAC MONITORING (USCOM) IN PRETERM NEONATES WITH
RESPIRATORY DISTRESS SYNDROME DURING NON-INVASIVE RESPIRATORY
SUPPORT
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Aim: To determine the hemodynamic patterns in preterm neonates with respiratory distress syndrome (RDS) using the
USCOM-1A technology. Materials and Methods: The USCOM device is a bedside method of evaluating cardiac output (CO)
based on continuous-wave Doppler ultrasound. Hemodynamic parameters were measured daily for 7 days in 32 preterm
neonates 32 * 1 weeks of gestation (1688 + 111 g) with RDS requiring noninvasive respiratory support (NCPAP, NIPPV, HFNC)
and no catecholamine support in comparison with 28 healthy term neonates (3100 * 690 g). Results: At day 1, preterm neo-
nates had lower SVI (18 £ 5 vs 28 £ 8 ml m™, p = 0.043) and higher SVRI (1585 * 245 vs 1035 = 358 dyn s cm™ m?, p = 0.013)
with a tendency for lower cardiac index (2.6 £ 0.8 vs 4.0 = 1.3 L min m™2, p = 0.089). Together with no difference in SMII,
it indicates the presence of diastolic dysfunction with low preload. It is noted that all parameters had not changed by day 7
in preterm neonates, whereas term neonates demonstrated significantly increased SMII reflecting postnatal cardiovascular
adaptation. Compared with preterm neonates with RDS requiring NCPAP/NIPPV, preterm neonates requiring HFNC had high-
er levels of FTc (330 = 59 vs 388 £ 41 ms, p = 0.045), SVI (13 £ 3 vs 18 £ 4, ml/m?, p = 0.007), SMII (0.41 £ 0.09 vs 0.57 £ 0.21,
p=0.02), and Cl (2.2 0.6 vs 4.5 0.9 l/min/m?, p =0.006). Conclusions: Noninvasive respiratory support in preterm neo-
nates with RDS may lead to diastolic dysfunction that is less prominent in neonates with HFNC.

Keywords: neonates; respiratory distress syndrome; heart-lung interactions; continuous positive airway pressure; noninvasive
respiratory support; cardiac output; USCOM.
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Llene uccnedoeanus: oueHWUTb BASIHUE HEMHBA3WMBHOWM pecnupaTopHoi Tepanuu (HPT) Ha nokasaTtenu LeHTpanbHOW reMoaun-
Hamuku (L), v3MepeHHble C NOMOLLbIO YNbTPA3BYKOBOIr0 MOHMTOpPA cepaeyHoro Bbibpoca (USCOM) y HelOHOWEHHbIX AeTen
C CMHAPOMOM AbIxaTenbHbix pacctpoicTs (CAP). Mamepuansi u Memoodsl. 06cnenoBaHo 32 pebeHka 32 = 1 Hepfena rectauuu
c Maccoi Tena 1688 £ 111 r, y koTopbix 6bin auarHoctuposaH CLAP, notpeboBasluunii npoBeaernns HPT. KoHTponbHyto rpynny
coCTaBuAM 28 30,0pOBbIX JOHOLWEHHbIX AeTel ¢ Maccor Tena 3100 = 690 r. NMokasatenu LUl nsmepsanuces ¢ nomowbtio USCOM
exefHEeBHO B TeYeHne 7 nepBbiX AHEN XU3HWU. Pesynbmamel. Y HeLOHOLWEHHbIX AeTel B 1-1 AeHb N0 CPAaBHEHUIO C NaLMeHTa-
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MU KOHTPONbHOWM Fpynnbl HabAAanuch 6onee HU3KMIM MHAEKC cepaeyHoro Beiopoca (SVI) (18 #5128 = 8 mn - M2, p = 0,043)
u 6onee BbICOKUI MHAOEKC CMCTEMHOrO cocyauctoro conpotuBneHus (SVRI) (1585 %245 u 1035+ 358 AuH - - cM™° - M2,
p=0,013), a Takxe TEHAEHUMS K CHUXEHUIO cepaeyHoro uHaekca (Cl) (2,6 £0,8 u 4,0 1,3 I/MuH/M?, p = 0,089). MpuHu-
Masi BO BHUMaHWe OTCYTCTBME pas3nnyus nokasartenei MHoTponHoro uupekca (SMIl), nonyyeHHble AaHHble NO3BONSIOT Ay-
MaTb O HaZIMYMKM Y NALUEHTOB OCHOBHOW rpynmnbl AUACTONNYECKOM AUCDYHKLUM U CHUXKEHUM NPEAHArPY3KM, YTO MOXET ObiTb
cnepcteuem HPT. B TeueHne nepBoi HeAENM XU3HM 3TU NapameTpbl He U3MEHANUCh Y HeJOHOLWeHHbIX aetei ¢ CAP, B 10
BpeMSs KaK Yy AeTei KOHTPONbHOM rpynnbl Habnoaanoch 3HauMTenbHoe nosbiweHne SMII, 4To pacLeHeHO Kak OTpaxeHue
MOCTHaTaNbHOM afanNTaLuM 340POBbIX LOHOWEHHbIX AeTei. B cpaBHEHUM C HUMM HEAOHOLWEHHbIE AETU UMENIU 3HAUMTENBHO
6onee HM3KMe nokazatenn SVI (183 u 305 mn - M2 p=0,007), 4To CBMAETENBCTBYET O CHUXKEHUU UHOTPOMHOMN YHK-
uun. B cpaBHeHMU C HefOHOLWEHHbIMU AeTbMU, noTpeboBaBwmMu nposeneHns NCPAP uaun NIPPV, HepoHoweHHble ¢ CAP,
Hy>xxaaswuecs B HENC, nmenn 6onee BbiCOKMI ypoBeHb KopperpoBaHHoro Bpemenu notoka (FTc) (330 £ 59 n 388 + 41 mc,
p=0,045),SVI (13 £3 1 18 = 4, mn/m?, p = 0,007), SMII (0,41 £0,091 0,57 £0,21, p=0,02) n Cl (2,2 £0,6 n 4,5 £ 0,9 n/MuH/M?,
p =0,006). Bbigodsl. Y HepoHoweHHbIX aeTei ¢ CAP npu HPT HabntopaoTcs reMoamMHaMUyYeckme naMeHeHus, 06ycnoBneHHble
AMACTONMYECKOM AMChYHKLUMER MMOKapAa, KOTOpas B MeHbLUEN CTeMeHMU BbipaXkeHa npu npoeaeHun HPT ¢ ucnonb3oBaHu-

em HENC.

KntoueBble cnoBa: HOBOPOXAEHHbIE LETHU; CUHAPOM AbIXaTeNbHbIX PACCTPONCTB; KAPAMOPECTMPATOPHbIE B3aUMOOTHOLIE-
HWS; NOCTOSAHHOE MONOXUTENBHOE AABNEHWE B AbIXaTENbHbIX NYTSX; HEMHBA3UBHASA pecnupaTopHas NOALEPXKKA; cepaey-

Hbl BbIOPOC; YNbTPa3BYKOBOM MOHMTOP CEpAEeYHOro Bbibpoca.

The ability to conduct noninvasive respiratory
therapy in premature newborns with respiratory dis-
tress syndrome (RDS) has improved. To create posi-
tive end expiratory pressure (PEEP), high flow nasal
canulae (HFNC), nasal continuous positive airway
pressure (NCPAP), and noninvasive positive pres-
sure ventilation (NIPPV) are utilized [1]. However,
like any method of intensive therapy for premature
infants in critical condition, the creation of a constant
positive airway pressure (CPAP) can adversely affect
immature organs and systems, including cardiopul-
monary relationships that occur during inspiration
and expiration. Because of this, the aim of the pres-
ent study was to evaluate the indices of central hemo-
dynamics in premature newborns with RDS during
noninvasive respiratory therapy (NRT).

MATERIALS AND METHODS

Central hemodynamics (CH) measurement was
noninvasively performed using an ultrasound cardiac
output monitor (USCOM), which implemented a car-
diac output estimation technique using continuous
wave dopplerography. The principle of this method
involves the measurement of blood flow velocity
across the pulmonary or aortic valves, provided ana-
tomical defects are absent. Using a preprogrammed
algorithm based on statistically averaged data mea-
sured by echocardiography, a computer program
based on the patient’s height and weight calculates
the valve diameter; thereafter, blood pressure data
is entered and the program determines a number of
indicators that enable assessment of preload level,
contractility, and postload, thereby revealing cer-
tain hemodynamic patterns. The following indicators

were studied: corrected flow time (FTc), stroke vol-
ume index (SVi), cardiac index (CI), Smith Madigan
inotropic index (SMII), systemic vascular resistance
index (SVRI), potentiokinetic ratio (PKR), and oxy-
gen delivery (DO). Assessment of hemodynamic pa-
rameters using USCOM was conducted daily for the
first seven days of life from 13.00 to 15.00 by the
same researcher.

The study group included 32 premature infants
with an average gestation period of 32 + 1 week and
a body weight of 1688 = 111 g, who were diagnosed
with RDS on the first day of life and required NRT
in NCPAP mode (n =9), NIPPV (n = 16), or HFNC
(n=17). RDS was diagnosed on the basis of clinical
and X-ray data. None of the patients in this group
received vasotonic or inotropic therapy. The control
group consisted of 28 healthy full-term infants with
an average body weight of 3100 + 690 g with a typi-
cal neonatal physiological course.

Statistical analysis was performed using the Bio-
stat program. Reliability of the differences was de-
termined using the Student’s #-test. Differences were
considered statistically significant at p < 0.05.

RESULTS

Measurements of CH parameters in patients and
control groups are presented in Tables 1 and 2. There
were no significant changes in the index values stu-
died in premature infants during the early neonatal
period, whereas an increase in SMII by day 5 of life
compared with day 1 (0.79 = 0.21 and 0.68 + 0.45,
respectively, p = 0.043) and day 7 of life compared
to day 2 (0.78 £0.15 and 0.68 + 0.28, respective-
ly, p=0.045) was observed in full-term children
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in the control group. SVRI also increased by day 4
compared to day 1 (1471 £354 and 1184 + 368
dyne - s - cm™ - m?, respectively, p=0.009) and
by day 5 of life compared to day 1 (1439 +£291
and 1184 +368 dyne-s-cm™-m? respectively,
p =0.023) in the control group.

When comparing patients of the study and
the control groups in premature infants with
RDS, lower SVi values (18 +5 and 28 + 8 ml/m?2,
p =0.043) and higher SVRI values (1585 + 245 and
1035+ 358 dyne - s - cm™ - m?, p = 0.013) were ob-
served on day 1 of life; there was also a tendency for
CI to decrease (2.6 £+ 0.8 and 4.0 = 1.3 l min™' - m2,
p =0.089) in the absence of differences in SMII va-
lues. On day 3 of life, the premature infants in the
study group had lower SVi values compared to the
control group (18 £3 and 30+ 5 ml - m>, respec-
tively, p = 0.007); they also had lower DO values
(90.7 £33.7 and 127.5 +48.3 ml/min/m?, respec-
tively, p = 0.045).

A more detailed study of the hemodynamic effect
of different NRT modes in premature infants was per-
formed: we compared the above hemodynamic pa-
rameters according to the type of NRT used. Among
premature infants, a subgroup of children who re-
ceived respiratory support in the form of NCAP or
NIPPV (n =25) was identified, and this group was
compared to a subgroup of children who received
NRT with HFNC (n = 7; Table 3). When we compared

the group of premature infants with RDS requiring
NCPAP/NIPPV with the group of premature infants
who received respiratory therapy with HFNC, we ob-
served lower FTc values (330 £ 59 and 388 + 41 ms,
respectively, p =0.045), SVi values (13+3 and
18 £ 4 ml/m?, respectively, p =0.007), SMII values
(0.41 £0.09 and 0.57 £ 0.21, respectively p = 0.02)
and CI values (2.2 £ 0.6 and 4.5 + 0.9 1/min/m?, re-
spectively, p =0.006) with no differences in the
SVRI levels.

DISCUSSION

Violations of cardiopulmonary relationships are
inevitable while performing respiratory therapy,
which requires timely diagnosis and rapid decisions
regarding the necessity of correction. It is known
that venous return is determined by the difference
between systemic arterial pressure and right atrial
pressure. Creation of CPAP is accompanied by a de-
crease in venous return and, as a consequence, a de-
crease in cardiac output [3]. This situation may be
aggravated by hyperinflation of the lungs, accom-
panied by compression of the intrathoracic superior
vena cava [4]. In addition, CPAP increases pulmo-
nary vascular resistance, and this increase is pro-
portional to mean airway pressure and the level of
PEEP [5]. In addition, CPAP not only causes com-
pression of the pulmonary vessels but also induces
pulmonary vasoconstriction mediated through action

Table 1

Changes in hemodynamic indices in premature infants with RDS during the first seven days of life (mean * standard devia-

tion)

Tabnuua 1

M3MeHeHWe nokasaTenei reMogMHAMMUKK Y HELLOHOLWEHHbIX HOBOPOXAEHHbIX C CUHAPOMOM [bIXaTe/bHbIX PACCTPOWNCTB B Teue-
HWe NepBbIX CEMU CYTOK XW3HU (CpeAHee 3HaYeHUe = CTaHAAPTHOE OTK/IOHEHWE)

Indices of Days of life
USCOM 1 2 3 4 5 6 7
Fnl;;:’ 362+ 70 354 + 55 369 + 48 399 + 30 380+ 26 355+ 46 419 £ 61
SVI,
23+9 20+ 8 19+3 19+3 17+£3 16 £5 15+3
ml/m?
SMII 0.68 £ 0.36 0.72 £0.55 0.59+0.17 0.62 +0.27 0.43 +£0.11 0.58 £0.24 043 +0.1
C.:I’ , 3.1+0.8 27+£03 2.8+0.34 29+0.6 29+0.6 27+£09 26+04
I/min/m
SVRI
dyne - s - 1453 + 827 1498 + 407 1382 + 407 1382 + 743 1620 + 218 1600 + 426 1522 £+ 94
Sm—S . m2
PKR 39+ 23 37 +£23 31+9 48 £ 16 49 + 19 51+3 55+2
DO,
2 90 + 33 75 +£20 83+ 15 74 + 16 58+17 61 £23 68 + 16
ml/min
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Table 2
Table 2. Changes in hemodynamic indices in healthy full-term newborns during the first seven days of life (mean * standard
deviation)
Tabnuua 2
M3MeHeHWe nokasaTeneit reMoAMHAMUKM Y 300POBbIX AOHOLIEHHbIX HOBOPOXAEHHbIX B TEYEHME NEPBbIX CEMU CYTOK XM3HU
(cpepHee 3HayeHWe £ CTaHAAPTHOE OTKJIOHEHME)

Indices of Days of life
USCOM 1 2 3 4 5 6 7
Fnz(s:’ 362 + 70 354 + 55 369 + 48 399 + 30 380 + 26 355+ 46 419 + 61
SVI,
23+9 20+ 8 19+3 19+3 17+3 16+5 15+3
ml/m?
SMII 0.68 + 0.45 0.68 +0.28 0.73 +£0.28 0.72 £0.22 0.79 £ 0.21 0.81 +0.24 0.78 £0.15
C.I’ 5 32+0.1 32+1.2 37+0.7 3.0+0.7 32+0.3 29+0.3 3.0+£03
I/min/m
SVRI
dyne - s 1184 + 368 1279 + 324 1323 + 362 1471 + 354 1439 + 291 1304 + 206 1333 + 125
sm™ - m?
PKR 37+ 14 35+ 13 34+9 43+9 38+ 9 3443 39+ 11
DO,
2’ 127 + 48 118 + 45 114 + 38 105 + 37 102 + 24 111 £27 108 + 24
ml/min
Table 3

Indices of CH in premature infants with RDS, depending on the type of respiratory therapy used (mean * standard devia-
tion)

Tabnuya 3
Moka3saTenu LeHTpanbHOM reMOAUHAMUKU Y HEAOHOLEHHbIX AeTel C CUHAPOMOM AbIXaTeNbHbIX PaCCTPOWCTB B 3aBUCUMOCTHU OT
BMAAQ peCnMpaTopHOM Tepanuu (CpeaHee 3HaYeHue £ CTaHAAPTHOE OTKIOHEHUE)

Indices of NCPAP/NIPPV HENC
USCOM n=125 n=7 p
FTc, 330+ 59 388 + 41 0.045
ms
SVI’Z 13£3 18+ 4 0.007
ml/m
SMII 0.41 £ 0.09 0.57 +0.21 0.02
cl, 22406 45+89 0.006
I/min/m?
q SVRIL, . 1652 + 734 1509 + 537 0.252
yne-s-cm”-m
PKR 60 + 20 50 +£22 0.179

on calcium channels, the rate of which is also pro-
portional to the level of PEEP [8]. Increased pressure
in the right atrium causes restriction of venous return
and also leads to displacement of the interventricular
septum into the cavity of the left ventricle, thereby
reducing cardiac output [2]. In addition, CPAP af-
fects transmural pressure in the left ventricle, which

is defined as the difference between the pressure in
the left ventricular cavity and pericardial pressure
which increases with CPAP and results in a decrease
in cardiac output [3].

The data obtained on the reduction of the SVi
in NRT in premature infants with RDS may be due
to a decrease in preload, contractility, and diastolic
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function of the myocardium. However, taking into
account the absence of a difference in the inotropic
index (SMII, characterizing contractility of the myo-
cardium), and the corrected flow time (FTc, which
characterizes preload to a greater extent, the data ob-
tained enable consideration of the presence in pre-
mature infants with RDS in performing the HPT of
mainly diastolic dysfunction which can be a conse-
quence of respiratory therapy with the creation of
CPAP, which limits not so much the flow of blood
to the heart as the diastolic relaxation of the myocar-
dium.

During the dynamic observation of patients of
both groups in the early neonatal period, we observed
that the studied parameters did not change in prema-
ture infants with RDS, whereas there was a signifi-
cant increase in the SMII and a decrease in the SVRI
in the control group; we believe this reflects post-
natal cardiovascular adaptation of healthy full-term
children. To a certain degree, the observed dynamics
may have also been caused by postnatal restructuring
of blood circulation with the closure of fetal arterio-
venous connections. Compared to the control group,
the premature infants had significantly lower indices
of SVi on day 3 of life which may indicate reduced
inotropic function and cause a violation of systemic
hemodynamics, including disorders of cerebral and
mesenteric blood flow. This is confirmed by a lower
DO in premature infants.

However, we observed that the degree of sever-
ity of hemodynamic changes during noninvasive
respiratory support varies depending on the type of
respiratory therapy used. The violations of cardiopul-
monary relationships were observed to a greater ex-
tent in patients who required NCPAP or NIPPV. The
indices of FTc and SMII, CI, and SVI were lower
in infants requiring NCPAP or NIPPV than in those
requiring HFNC. Although NRT through HFNC
and NCPAP/NIPPV is designed to provide PEEP
levels sufficient for treating RDS, it seems that the
HFNC-generated CPAP does not cause serious viola-
tions of cardiopulmonary relationships.

It should be noted that in the present study we did
not conduct a comparative study of hemodynamic pa-
rameters depending on the etiologic cause of RDS,
nor did we investigate the level of airway pressure
created during NRT. Another limitation of this study
is the small number of patients in the group treated
with HFNC-NRT. Further study of the hemodynamic
patterns of different types of respiratory support is
warranted; specifically, investigating the cause of
respiratory disorders in premature infants, and also
determining the influence of NRT on the indices of
systemic blood flow (including cerebral and mes-

enteric blood flow) is required. These indices are
initially compromised in premature infants but can
be significantly impaired when performing respira-
tory, including noninvasive, therapy which can lead
to hypoperfusion in the cerebral and splanchnic ba-
sins; consequently, cerebral ischemia, intraventricu-
lar hemorrhage, and necrotic enterocolitis may re-
sult. In this report, hemodynamics was studied using
only USCOM, the effectiveness of which in detect-
ing patterns of hemodynamic disorders in newborns
has been demonstrated in a number of studies [6, 7].
However, taking into account a certain percentage of
error in the dopplerographic study of hemodynamics
in premature infants with RDS, it is advisable to con-
duct a comprehensive study including echocardiog-
raphy methods.

CONCLUSIONS

Respiratory therapy in premature infants with
RDS is associated with risk of hemodynamic disor-
ders, which can subclinically act as risk factors for
development of internal organ hypoperfusion be-
cause of low cardiac output. In premature infants
with RDS, this is associated to a greater extent with
the development of diastolic dysfunction of the myo-
cardium, which brings into question the efficiency
of bolus infusion load and inotropic therapy for its
correction. At the same time, NRT as treatment with
HFNC may be beneficial in terms of preventing car-
diac output reduction.
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