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EFFECT OF NON–INVASIVE VENTILATION ON CENTRAL AND BRAIN  

HEMODYNAMICS IN TERM NEWBORN INFANTS WITH HYPOXIC –  

ISCHEMIC ENCEPHALOPATHY 

 

E. Klevakina, I. Anikin, O. Mykhalchuk  
 

The aim of the research. To study the effect of invasive and non-invasive lung ventilation in full-term infants 

with moderate and severe HIE on cerebral perfusion and central hemodynamics. 

Materials and methods To study the effect of non – invasive lung ventilation on central hemodynamics and cere-

bral perfusion, 60 infants with moderate and severe YIE were examined, thirty of them had early tracheal extu-

bation 72 hours after birth and were transferred to non–invasive nasal lung ventilation with intermittent positive 

pressure (NIPPV), another 30 new-borns formed a comparison group. They had a traditional MV. 

Results No differences were found between the mean blood pressure and heart rate in the newborn core and 

comparison group, both during the first day of stay and during the fourth day, when the core group infants were 

extubated and transferred to NIPPV, but the mean BP level increased significantly after the core group infants 

were transferred to NIPPV, compared to the values of this indicator during the first day (p<0.05). 

The study of central hemodynamics indices in the new-born infants of the main group within a day after extubation 

and transfer to NIPPV did not reveal any differences in comparison with the new-born comparison groups. Stroke 

volume, heart index and left ventricular ejection fraction did not differ in the main group and comparison group. 

When studying the effect of non-invasive lung ventilation on brain perfusion, no reliable differences between the 

study groups were also found. 

Conclusions. No statistical difference was found between НI and EF in the main group and the comparison 

group, respectively. Non-invasive ventilation in NIPPV mode does not affect cerebral perfusion indices com-

pared to conventional ventilation NIPPV and can be used in intensive care of new-borns with HIE 

Keywords: hypoxic ischemic encephalopathy, new-born, non–invasive ventilation, hemodynamics, cerebral per-

fusion 
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1. Introduction 

Hypoxic-ischemic encephalopathy (HIE) remains 

one of the most important medical and social problems of 

modern neonatology and neonatal intensive care, because 

it is due to these patients that the number of children with 

disabilities is increasing. The frequency of this pathology 

is 2–3 cases per 1000 full-term new-borns in developed 

countries and up to 26 cases per 1000 full-term new-

borns – in underdeveloped countries [1]. 

In intensive care of new-borns with moderate and 

severe HIE, the leading place is occupied by respiratory 

support, which allows to achieve a correspondence between 

the delivery of oxygen and energy substrates and the meta-

bolic needs of the brain [2, 3]. The main, effective way to 

improve the results of treatment of children with HIE – is 

the procedure of therapeutic hypothermia [1]. According to 

most authors, artificial ventilation (AV) should be per-

formed in neonates with moderate and severe HIE through-

out the period of therapeutic hypothermia and the early pe-

riod after warming, generally 3–5 days [4–6]. 

HIE is often associated with increased pulmonary 

hypertension, meconium aspiration syndrome, and unsta-

ble central hemodynamics. The main purpose of the cor-

rection of central hemodynamics is the prevention and 

treatment of secondary disorders of cerebral perfusion [7]. 

In addition, HIE is accompanied by cerebral reper-

fusion and excessive oxidative stress [8]. Hypothermia 

causes a decrease in metabolic rate, while reducing oxygen 

consumption (O2) and carbon dioxide (CO2) production 

[9]. Despite numerous evidences of harmful effects of 

hypocapnia, it is difficult to achieve normocapnia in these 

patients [10, 11]. 

Usually, new-borns use artificial ventilation with 

pressure control in the airways – pressure control ventila-

tion (PC). The main advantage of this mode is the uniform 

distribution of gas in inhomogeneous lungs [12]. A signif-

icant disadvantage of this regime is the lack of control 

over tidal volume, which can lead to significant fluctua-

tions in CO2 levels, which in turn negatively affects cere-

bral perfusion [13, 14]. Volume control ventilation (VC), 

although devoid of this disadvantage, is associated in neo-

nates with a high percentage of ventilator-associated com-

plications, barotrauma, and air leakage syndrome [15, 16]. 

The aim of the work. To study the effect of inva-

sive and non-invasive artificial ventilation in full-term 

infants with moderate and severe HIE on cerebral perfu-

sion and central hemodynamics. 

 

2. Materials and methods 

A prospective, cohort, randomized study was 

conducted in which 60 (100.0 %) infants born between 

38 and 42 weeks of gestation were treated in the Depart-

ment of Anesthesiology and Neonatal Intensive Care 

(DANIC) of the Municipal Non-Commercial Enterprise 
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“Regional Clinical Children's Hospital” of the Zaporizhia 

Regional Council in the period from September 2017 to 

May 2020 on HIE II and III degree on the Sarnat scale 

(modified by Hill A., Volpe JJ, 1994). The study in-

volved infants who required AV due to the presence of 

respiratory disorders. 

The work was carried out in accordance with the 

World Medical Code of Ethics 

Association (Declaration of Helsinki) and ap-

proved by the Bioethics Commission of Zaporizhia State 

Medical University, the conclusion report №1 from 

16.01.2018. The parents of all patients included in the 

study gave written informed consent to participate in the 

study. 

The study involved neonates in the acute period of 

HIE, with a score on the scale Sarnat II–III,  

age ≤72 hours from birth. 

Children with signs of intrauterine growth retarda-

tion, sepsis, heart defects and less than 37 weeks of ges-

tation were not included in the study. 

All neonates required primary resuscitation and 

received care and intensive care, which included early 

use of total therapeutic hypothermia (target rectal tem-

perature – 33.5 °C), for 72 hours (onset time 2.5± 

±0.56 hours). 

To assess the severity of HIE on admission, the 

Sarnat scale was used in the modification of A. Hill,  

J. J. Volpe (1994) and the Thompson scale. 

In order to diagnose and treat lung lesions, all new-

borns underwent chest radiography on admission to the 

department and thereafter after treatment every 5 days. 

To study the characteristics of different types of 

pulmonary ventilation on the condition of infants and com-

pare the types of respiratory support, formed  

2 groups: the main group which included 30 (50.0 %) new-

borns who were 72 hours after birth with performed tracheal 

extubation and transferred to non-invasive nasal ventilation 

with intermittent positive pressure (NIPPV) by Avea (Care-

Fusion®, USA) and SLE 6000 (SLE®, UK) using silicone 

long nasopharyngeal cannulas (VYGON®, EU), if during 

their installation there were technical difficulties associated 

with the narrowness of the nasal passages, then installed 

short oxygen nasal cannulas (Neotech RAM Cannula®, 

USA). The comparison group consisted of 30 (50.00 %) 

children who underwent invasive auxiliary flow-controlled 

pulmonary ventilation with airway pressure control through 

an intubation tube until the level of consciousness was re-

stored, there was no seizure and a regular pattern of self-

breathing was established. 

Stages of research: 1 stage – at the time of admis-

sion to the department; stage 2 – 72 hours after birth; 

stage 3 – on the 4th day after birth, stage 4 – a day after 

transferring the child to self-breathing. 

At the start of treatment, for the first 72 hours of 

life, all infants underwent forced or assisted flow-

controlled pulmonary ventilation with airway pressure 

control (P – SIMV). 

At all stages of the study were evaluated the indi-

cators of systemic hemodynamics: left ventricle (LV) 

end-diastolic (EDD) and end-systolic (ESD) dimensions, 

left ventricle (LV) end-diastolic (EDV) and end-systolic 

(ESV) volume, stroke volume (SV). The LV ejection 

fraction was calculated automatically. In order to objecti-

fy the above indicators, indices corresponding to the sur-

face area of the body were calculated. The calculation of 

the body surface area (BSA, m2) of infants was per-

formed according to the formula:  

 

BSA (m2) = (0.05 × kg) + 0.05, 

 

where kg – weight of the child. Cerebral blood flow was 

examined in the anterior cerebral artery (ACA): meas-

ured systolic blood flow rate – Vmax (cm/sec.), the aver-

age blood flow rate during the cardiac cycle – Vmean 

(cm/sec.), diastolic blood flow rate – Vmin (cm/sec.). In 

the automatic mode was determined PI – Gosling pulsa-

tion cerebral blood flow index and resistance index (RI), 

as the most used in neonatology. Doppler mapping of 

cardiac activity was performed on an ultrasound scanner 

“Medisson 8000” SA and a portable ultrasound scanner 

“Medisson Pico” (made in Korea), a microconvex sensor 

with a frequency of 2–4 MHz. The examination was 

more often performed from the subcostal position due to 

the increased airiness of the lung tissue, or from the 

standard parasternal position. 

Statistical processing of the obtained results was 

performed using software packages STATISTICA 13.0, 

TIBCO Software inc. (License JPZ804I382130ARCN10-J) 

and MICROSOFT EXCEL 2013 (License 00331-10000-

00001-AA404). 

Data in the text and tables are presented in the 

form of M±SD (arithmetic mean±standard deviation) in 

the case of normal distribution of the studied trait and Me 

(Q1; Q3) (median of the sample indicating the upper  

(75 %) and lower (25 %) quartiles) - with a distribution 

that is different from normal. 

To assess the significance of the difference be-

tween the absolute values of the mean values, nonpara-

metric methods of statistical analysis were used: Mann-

Whitney test (U) for unrelated groups and Wilcoxon sign 

test (T) for related groups. The criterion p <0.05 was 

accepted as significant in all tests. 

 

3. Research results 
The main and comparison groups did not differ 

statistically in gestational age, body weight and age of 

infants on admission to the hospital. 

No significant difference was found between the 

groups by gender structure: the share of boys in the main 

and comparison groups was 23 (76.7 %) and 16 (53.3 %) 

patients, respectively, girls - 7 (23.3 %) and 14 (46, 7 %) 

respectively; p˃0.05. 

In the main group, 20 (66.7 %) babies were born 

by vaginal delivery, and 10 (33.3 %) by cesarean section. 

In the comparison group – 17 (56.7 %) and 13 (43.3 %), 

respectively; p˃0.05. 

The severity of asphyxia at birth is indicated by 

the score on the Apgar scale at the 1st minute: in the 

main group was 7.0 (3.0; 7.0) points, in the comparison 

group – 7.0 (5.0; 7.0) points; р˃0.05. At the 5th minute – 

7.0 (5.7; 9.0) and 7.0 (5.0; 7.0) points, respectively, 

p˃0.05 (Table 1). 
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Table 1 

Analysis of the main characteristics of the main group and the comparison group 

Indicator Main group (n=30) Comparison group (n=30) р 

Gestation period, weeks 39.3±1.5 38.9±1.3 ˃0.05 

Body weight, kg 3.6±0.6 3.3±0.5 ˃0.05 

Age of infants on admission to the hospital, 

hours 

15.0 (9.0; 28.0) 10.5 (5.0; 32.0) ˃0.05 

Apgar score 1 min., points 7.0 (3.0; 7.0) 6.0 (3.0; 7.0) ˃0.05 

Apgar score 5 min., points 7.0 (5.7; 9.0) 7.0 (5.0; 7.0) ˃0.05 

Severity of HIE on the Sarnat scale, points 2.0 (2.0; 2.0) 2.0 (2.0; 3.0) ˃0.05 

Therapeutic hypothermia, n ( %) 6 (20.0 %) 11 (36.6) ˃0.05 

Boys, n ( %) 23 (76.7 %) 16 (53.3 %) ˃0.05 

Girls, n ( %) 7 (23.3 %) 14 (46.7 %) 

Vaginal delivery, n ( %) 20 (66.7 %) 17 (56.7 %) ˃0.05 

Cesarean section, n ( %) 10 (33.3 %) 13 (43.3 %) 

Meconium aspiration, n ( %) 3 (10.0 %) 5 (16.6 %) ˃0.05 
 

Clinical diagnosis of HIE manifestations from the 

cardiovascular system consisted of measuring heart rate 

(HR) and non-invasive blood pressure (BP) in the ex-

tremities. Comparison of blood pressure and heart rate in 

the groups are presented in Table 2.  

At the time of admission to the hospital in new-

borns of both the main and comparison groups, the aver-

age BP in the analysis of measurements did not differ 

significantly and corresponded to the age norm of 76.0 

(69.5; 84.0) mm Hg and 76.50 (71.00; 93.0) mm Hg; 

p˃0.05, respectively. After transferring the children of 

the main group to nAV, the level of mean BP significant-

ly increased by 82.0 (75.5; 89.0) mm Hg in comparison 

with the values of this indicator on the first day of hospi-

tal stay 76.0 (69.5; 84.0) mm Hg; p<0.05. 

Although the level of mean BP was within the ac-

ceptable range for a given age and gestational age, it should 

be noted that inotropic dopamine support was given to chil-

dren of both groups to stabilize hemodynamic disturbances. 

In the main group, at the time of admission 10 (33.3 %) 

new-borns received hemodynamic support at a dose of 5.0 

(5.0; 10.0) μg/kg/min, in the study group – 16 (53.0 %) in 

dose 5.0 (5.0; 7.5) μg/kg/h; p˃0.05. At day 4 of life, after 

switching to nAV, only 1 (3.3 %) child of the main group 

required the introduction of sympathomimetics, while in the 

comparison group 3 (10.0 %). 

The heart rate did not differ significantly and cor-

responded to the age norm at the time of admission in 

children of the main group – 130.0 (116.0; 143.0) per 

minute and the comparison group – 127.5 (117.0; 143.0) 

per minute, p˃0.05. There was also no difference be-

tween this indicator for the 4th day of observation: in the 

main group it was – 138.0 (122.7; 148.2) per minute, and 

in the comparison group – 133.5 (127.0; 146.0) per mi-

nute, p˃0.05. 

HR remained within the age norm after extubation 

on the transfer of children of the main group to nAV and 

amounted to 138.0 (122.7; 148.2) per minute and did not 

differ from this figure on the first day of hospital stay – 

130.0 (116, 0; 143.0) per minute; p˃0.05.  

Given the existing data on the negative impact of 

forced mechanical ventilation on the central and cerebral 

blood flow, we suggested an improvement in cardiac 

output and a decrease in cerebral vascular resistance after 

extubation of infants [17]. The study of central hemody-

namics and cerebral perfusion in infants of the main 

group one day after extubation and transfer to non-

invasive ventilation, did not reveal the expected differ-

ences compared with new-borns of the control group. SV 

in the main group and the comparison group were 

4.9±1.1 ml and 4.6±1.2 ml, respectively; p˃0.05. Ac-

cordingly, there is no statistical difference between SI in 

the main group and the comparison group, which 

amounted to 2886.3 (2101.9; 3268.8) ml/m2 and  

2581.7 (2094.3; 3681.8) ml/m2, respectively; p˃0.05 

(Table 2). 
 

Table 2 

Indicators of systemic blood pressure and heart rate in new-borns in the main group and the comparison group 

Studied indicator Main group (n=30) Comparison group (n=30) р 

Primary respiratory support (up to 72 hours) 

Heart rate in 1 minute 130.0 (116.0; 143.0) 127.5 (117.0; 143.0) ˃0.05 

BP average, (mm Hg) 76.0 (69.5; 84.0) 76.5 (71.0; 93.0) ˃0.05 

Secondary respiratory support (after 72 hours) 

Heart rate in 1 minute 138.0 (122.7; 148.2) 133.5 (127.0; 146.0) ˃0.05 

BP average, (mm Hg) 82.0 (75.5; 89.0) 79.5 (70.0; 90.0) ˃0.05 
 

The study of the left ventricular ejection fraction re-
vealed the absence of a significant deviation of this indicator 
relative to the comparison group – 75 (68.3; 80.0) % and 75 
(66.6; 80.0) %; p˃0.05, respectively.  

When analyzing the effect of non-invasive lung ven-
tilation on cerebral blood flow, no significant differences 
between the study groups were also found. It should be not-
ed that the value of IR was used for the analysis, as the most 

used in neonatology, due to the fact that its value does not 
depend on the angle of the sensor and the operation of the 
operator.  

In the Table 4 showed the indicators of maxi-
mum systolic velocity in ACA, maximum diastolic 
velocity in ACA, resistance index and pulsation index 
against the background of NIPPV application during 
one day.  
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Table 3 

Comparison of central hemodynamics and cerebral perfusion in the study groups on the background of the use of 

NIPPV and traditional AV in the day after extubation 

Studied indicators Main group (n=30) Comparison group (n=30) р 

LV EDD, cm 1.5±0.2 1.5±0.1 ˃0.05 

LV ESD, cm 0.9±0.1 0.9±0.1 ˃0.05 

LV EDV, cm 7.3±1.2 7.0±1.7 ˃0.05 

LV ESV, cm 2.0±0.4 1.9±0.7 ˃0.05 

LV SV, ml 4.9±1.1 4.6±1.2 ˃0.05 

СІ, ml/m2 2886.3 (2101.9; 326.8) 2581.7 (2094.3;3681.8) ˃0.05 

LV EF, % 75 (68.3; 80.0) 75 (66.6; 80.0) ˃0.05 

IR, ACA 0.64 (0.5; 0.7) 0.69 (0.61; 0.7) ˃0.05 

IP, ACA 1.12 (0.8; 1.3) 1.28 (1.0; 1.4) ˃0.05 

 

Table 4 

The effect of NIPPV on cerebral perfusion in the main group (n=30) after extubation 

Studied indicator 3rd day  4th day р 

Vmax cm/sec. 43.1 (35.3; 52.7) 50.2 (1.3; 56.2)  <0.05 

V min cm/sec. 13.5 (8.0; 21.5) 18.3 (12.0; 22.6) <0.05 

IR, ACA 0.6 (0.6; 0.7) 0.6 (0.5; 0.7) <0.05  

ІР, ACA 1.2 (1.0; 1.5) 1.1 (0.8; 1.3) <0.05 

 

Analysis of the data given in tab. 3 shows a signif-

icant decrease in IR (p<0.05) and IR (p<0.05) one day 

after the use of nAV in the NIPPV regimen in the neo-

nates of the main group. This suggests that the NIPPV 

mode has a less negative effect on cerebral circulation 

than the AV mode in the SIMV and A/C modes. 

 

4. Discussion 

D. Surkov and co-authors (2014) in their prospec-

tive, observational, multicenter, longitudinal, cohort 

study, which studied the effect of respiratory support and 

its parameters on cerebral perfusion and central hemody-

namics in newborns with severe and moderate HIE, con-

cluded that types of AV do not affect cerebral perfusion. 

No correlations were found between clinical indicators of 

HIE assessment and mechanical ventilation, cerebral 

hemodynamics. The authors claim that conducting AV in 

this category of patients is safe, but this study concerned 

only traditional AV through an intubation tube [18].  

In our study, on the 5th day of life in infants of 

both groups there was a restoration of neurological sta-

tus, the level of consciousness, which in both groups was 

assessed as lethargy. Dynamic score on the Thompson 

scale, revealed a decrease in the total number of points to 

5 (4.0; 6.0) in the main group, and to 7 (5.0; 8.0) in the 

group of children on prolonged intubation, which had a 

statistical difference <0.05. Thus, the median assessment 

of Thompson's neurological status was different, and was 

better in children in the non-invasive ventilation group. 

This result can be justified by the proposed method, 

which helped to reduce vascular resistance detected by 

Doppler in the main group.  

Chang HY et al. (2016) also studied the hemody-

namic effects of NIPPV in a prospective study of clini-

cally stable but preterm infants, and believe that non-

invasive AV does not affect systemic hemodynamics and 

cerebral blood flow, but note that for a more detailed 

study of hemodynamic effects of this type of AV larger 

studies using NIPPV over a longer period of time are 

needed [19]. 

Our study presents treatment outcomes from a 

small sample of patients, which may somewhat limit the 

ability to detect intergroup differences. This problem can 

be solved by conducting additional multicenter random-

ized controlled trials, calculating the correlations be-

tween the obtained indicators.  

Study limitations. The limitations of the study 

are related to a small sample of patients. 

Prospects for further research is to further de-

velop the study of the effectiveness and safety of the use 

of non-invasive nasal ventilation with intermittent posi-

tive pressure in full-term infants with HIE. 

 

5. Conclusions 
1. In the main group, whose children were on tra-

ditional AV and in the comparison group, in which early 

extubation was performed, and the transition to non-

invasive AV, no statistical differences were found be-

tween SI (p˃0.05) and EF (p˃0.05).  

2. Non-invasive AV in NIPPV mode does not af-

fect cerebral perfusion rates of IR and IP compared to 

traditional AV. 

Given that the study did not reveal a negative ef-

fect of non-invasive nasal ventilation with intermittent 

positive pressure (NIPPV) on systemic hemodynamics 

and cerebral perfusion in full-term infants with moder-

ate and severe HIE, it can be argued that NIPPV can be 

used in this neonatal category as a secondary respirato-

ry support after early tracheal extubation due to less 

invasiveness.  
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