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Abstract
Background. Respiratory distress syndrome (RDS) is the most common cause of respiratory failure of in-
fants born prematurely with very low birth weight (VLBW). Essential elements of RDS management include 
ventilatory support and endotracheal administration of a surfactant.

Objectives. To assess the effect of volume-targeted compared to pressure-controlled mechanical ventilation 
(MV) on circulatory parameters and cerebral oxygenation StO2 in extremely preterm infants.

Material and methods. This prospective, cross-over trial enrolled neonates born before 28 weeks of ges-
tation. The patients were ventilated for 3 h in pressure-controlled assist-control (PC-AC) mode, followed 
by 3 h of volume-guarantee assist-control ventilation (VG-AC). Pulse oximetry (saturation (SpO2) and heart 
rate (HR)), near-infrared spectroscopy (NIRS), StO2, and electrical cardiometry (EC) were used in monitoring 
of the patients.

Results. Twenty preterm infants with a mean gestational age of 26 weeks were studied. The patients’ mean 
postnatal age was 7.7 days. The SpO2 values and HR were comparable during PC-AC and VG-AC. The mean 
values of peak inspiratory pressure (PIP), mean airway pressure (MAP) and expiratory tidal volume (VTE) 
were lower, while the respiratory rate (RR) was higher during PC-VG. There were no significant differences 
in the mean values of StO2, but based on a comparison of the standard deviations (SD) the StO2 variability 
was significantly lower during VG-AC. The circulatory parameters were comparable.

Conclusions. The StO2 is more stable during VG than PC ventilation. These findings support the use of VG 
mode in premature infants.

Key words: respiratory distress syndrome, volume-targeted ventilation, preterm infant, cerebral oxygenation, 
electrical cardiometry
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Introduction

Respiratory distress syndrome (RDS) is the most common 
cause of respiratory failure in infants born prematurely with 
a very low birth weight (VLBW).1 Its course may also influ-
ence other important complications of prematurity, such 
as intraventricular hemorrhage (IVH) or periventricular 
leukomalacia.2 Essential elements of RDS management in-
clude ventilatory support and endotracheal administration 
of a surfactant.1 The aim of mechanical ventilation (MV) 
is to ensure adequate gas exchange while avoiding lung inju-
ry.3 Neonatal MV can be provided using pressure-controlled 
(PC) or volume-targeted modes (VTV) such as volume-
guarantee (VG), pressure-regulated volume control (PRVC) 
or volume-controlled ventilation (VCV). Historically, PC 
ventilation that directly controls inspiratory pressure used 
to be the standard mode for preterm infants until technol-
ogy advanced enough to allow accurate delivery of small ex-
piratory tidal volumes (VTE) using VTV. A meta-analysis 
conducted in 2017 presented the advantages of VTV over 
PC ventilation in the treatment of acute respiratory fail-
ure of newborns. Its use is associated with a reduced risk 
of death or bronchopulmonary dysplasia (BPD) and a reduc-
tion in the occurrence of pneumothorax, IVH stage III or IV, 
and periventricular leukomalacia.4 According to the Euro-
pean Consensus Guidelines on the Management of RDS 
2019, VTV is the preferred mode of ventilation because 
it enables clinicians to ventilate with less variable VTE and 
to lower the pressure in real time as lung compliance im-
proves.1 Despite the reported benefits and recommenda-
tions, VTV is not used routinely in every neonatal inten-
sive care unit (NICU). One recent study conducted in Italy 
reported that VTV was chosen during the acute phase 
of RDS in only 27% of 113 tertiary NICUs, while in 45% 
of them this mode was only set during the weaning phase.5 
The knowledge of the physiological effects of VTV is incom-
plete; therefore, the aim of this study was to assess the ef-
fects of VG ventilation on circulation and cerebral oxygen-
ation (StO2) in extremely premature infants.

Material and methods

This prospective crossover study was conducted at the De-
partment of Neonatology of Poznan University of Medical 
Sciences, Poland, after approval from the Bioethical Com-
mittee (decision No. 388/16). Premature infants born before 
28 weeks of gestation were enrolled in the study with writ-
ten parental consent when the following criteria were met: 
1) respiratory failure in the course of RDS requiring MV, 
2) stable condition with pH > 7.2 and pCO2 < 60 mm Hg 
in the blood gas analysis, and 3) no identified genetic syn-
dromes or serious congenital malformations.

The study was carried out after initial stabilization when 
no other interventions that could influence the ventilatory 
status had been performed (e.g., surfactant administration, 

rescue high-frequency ventilation, pneumothorax, or sur-
gical treatment). In each newborn, pressure controlled as-
sist-control (PC-AC) ventilation was carried out for 3 h fol-
lowed by AC VG ventilation for 3 h using a Dräger Babylog 
VN500 ventilator (Drägerwerk AG, Lübeck, Germany). 
The VTE was set in the range of 4–6 mL/kg, aiming for 
the values observed during PC ventilation. The FiO2 was 
titrated manually to keep the peripheral oxygen saturation 
(SpO2) in the range of 90–95%.

During the study, StO2 was measured using a near-in-
frared spectroscopy (NIRS) monitor (NONIN SenSmart 
X-100; Nonin Medical Inc., Plymouth, USA) with the pe-
diatric sensor (EQUANOX Advance; Nonin Medical 
Inc.) placed on the patient’s forehead. A pulse oximetry 
module integrated with the NIRS oximeter was used si-
multaneously to assess heart rate (HR) and SpO2 which 
allowed the fractional oxygen extraction to be calculated 
(FOE = (SpO2 − StO2)/SpO2).6

Continuous, non-invasive monitoring of hemodynam-
ic parameters, such as stroke volume (SV), cardiac output 
(CO), stroke index (SI), cardiac index (CI), stroke volume 
variation (SVV), and index of contractility (ICON), was 
performed using electrical cardiometry (EC) with 4 elec-
trocardiography (ECG) electrodes placed on the left side 
of the infant’s body (ICON; Osypka Medical, La Jolla, USA).

The Shapiro–Wilk test, Student’s t-test, and the Wilcox-
on test were used in the statistical analysis (STATISTICA 
v. 12; StatSoft, Inc., Tulsa, USA) with p-values <0.05 con-
sidered significant.

Results

Twenty-five neonates were included in the study. Four pa-
tients had to be excluded due to the poor quality of the re-
cords and 1 due to prenatal exposure to methamphetamine 
(confirmed in the urine test). All patients received surfactant 
replacement therapy after birth. Data from 20 newborns was 
included in the final analysis. The patients’ demographic and 
clinical parameters are presented in Tables 1 and 2.

The expiratory minute volumes (MVE) were comparable 
during PC and VG ventilation. With VG ventilation, mean 
airway pressure (MAP) and peak inspiratory pressure (PIP) 
were significantly reduced, whereas the standard deviation 
(SD) of MAP and PIP were higher in VG mode. A lower 
VTE was delivered at higher respiratory rates (RRs) dur-
ing VG ventilation (Table 3).

No significant differences in mean StO2 values were 
found between PC and VG ventilation (Table 4), though 
the StO2 SD was significantly higher during the PC mode, 
suggesting higher variability (Fig. 1).

The mean values and SD of hemodynamic parameters 
were not significantly different during PC and VG venti-
lation (Table 5). Mean values of HR were similar during 
both modes of ventilation, but there was a trend for low-
er variability of this parameter during the VG ventilation.
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Discussion

The purpose of the study was to investigate the effect 
of VG ventilation on StO2 and cardiac function in extreme-
ly premature infants. We found that while cardiac param-
eters were similar with both modes of ventilation, StO2 was 
more stable during VTV.

The challenging aspects of MV in premature infants 
include the high RR, the low and rapidly changing lung 
compliance, and the very short inspiratory time and small 
VTE in combination with a relatively large gas leakage and 
dead space volume.7 The prevailing influence of volutrau-
ma over barotrauma on the risk of ventilator-induced lung 
injury (VILI) in neonates confirmed in animal models and 
in clinical trials make VTV the preferred “lung-protective” 
strategy of MV.3

The results confirm the beneficial respiratory effects 
of VTV. As in previous studies, VG ventilation provided 

Table 1. Characteristics of the study group

Parameter Mean Median Standard deviation Minimum Maximum

Gestational age [weeks] 25 4/7 25 3/7 1 24 4/7 27 6/7

Body weight [g] 848 803 138 620 1070

Postnatal age [days] 7.7 5.5 5.3 2 21

Surfactant doses 1.6 1 0.7 1 3

Starting FiO2 0.27 0.24 0.08 0.21 0.5

Table 2. Selected perinatal data and complications in the study group

Parameter Value

Age of the mother [years] [mean; range] 30; 19–41

Pregnancy-induced hypertension (n, %) 1; 5%

Prenatal steroids (n, %) 16; 80%

Cesarean section (n, %) 13; 65%

Premature rapture of membranes (n, %) 8; 40%

Early onset sepsis (n, %) 2; 10%

Pneumothorax (n, %) 1; 5%

Pulmonary interstitial emphysema (n, %) 3; 15%

Pulmonary hypertension (n, %) 1; 5%

Bronchopulmonary dysplasia (n, %) 19; 95%

Patent ductus arteriosus requiring treatment (n, %) 11; 55%

Severe intraventricular hemorrhage (grades III–IV) (n, %) 3; 15%

Retinopathy of prematurity requiring treatment (n, %) 9; 45%

Death before discharge (n, %) 2; 10%

Table 3. Ventilation parameters during PC and VG ventilation

Parameter PC VG p-value

RR [1/min]
mean 49 53 <0.02

SD 7.6 10.7 ns

PIP [mbar]
mean 18.3 16.7 <0.0001

SD 2.9 3.2 <0.00001

MAP [mbar]
mean 8.7 8.4 <0.01

SD 1.1 1.3 <0.01

MVE [L/min]
mean 0.25 0.25 ns

SD 0.07 0.08 <0.001

VTE [mL/kg]
mean 6.1 5.8 <0.04

SD 1.2 1.1 <0.0001

RR – respiratory rate; PIP – peak inspiratory pressure; MAP – mean airway pressure; MVE – expiratory minute volume; VTE – expiratory tidal volume; 
SD – standard deviation; ns – not significant.

Table 4. Cerebral oxygenation, peripheral oxygen saturation and fractional oxygen extraction during PC and VG ventilation

Parameter PC VG p-value

StO2 (%)
mean 80.7 80.4 ns

SD 2.7 2.2 p < 0.01

SpO2 (%)
mean 93.7 93.3 ns

SD 2.8 2.6 ns

FOE
mean 0.14 0.14 ns

SD 0.04 0.04 ns

SD – standard deviation; ns – not significant; StO2 – cerebral oxygenation; SpO2 – peripheral oxygen saturation; FOE – fractional oxygen extraction.



M. Bugiera et al. Cerebral oxygenation during VG ventilation1328

patients with more stable ventilation and lower airway 
pressures (PIP and MAP).8 Lower VT values during VG 
ventilation with an MVE similar to the PC ventilation pe-
riod may explain the increase in RR. The lower variabil-
ity of MVE during VG mode suggests a more balanced 
ventilation.

Continuous measurement of StO2 has been used to iden-
tify newborns with a higher risk of brain damage.9 The StO2 
levels that are either too high or too low have been iden-
tified as risk factors for cerebral injury.10 Our results have 
shown no statistically significant differences between 
the mean values of StO2 and FOE during PC when com-
pared to VG ventilation, which is similar to the findings 
of a small pilot study that compared PC synchronized in-
termittent ventilation (SIMV) with VG SIMV.11 In both 
groups, the mean StO2 was about 80%, which is in the up-
per range of values considered to be normal in the neo-
nate.12 However, we found that the StO2 variability was 
significantly lower during VG ventilation. The more stable 

StO2 during the VTV mode could be attributed to more 
stable ventilation, as CO2 is an important regulator of ce-
rebral blood flow.13,14 The association between CO2 fluc-
tuations and StO2 is well-known in preterm neonates. 
An acute increase in CO2 may result in increased StO2 
with decreased electrical activity, while hypocapnia has 
an opposite effect and increases FOE.15,16 The significantly 
higher variability of StO2 was previously reported in pre-
term infants with RDS when compared to without RDS.2 
Hence, VG ventilation in this group of patients would be 
expected to provide an important “brain-protective” effect 
by better stabilizing the cerebral brain fluid. Data from 
clinical trials and meta-analyses confirm this assumption, 
showing a significantly lower risk of IVH in patients ven-
tilated using VTV modes.17

Mechanical ventilation with VG is thought to facilitate 
a  more constant ventilation-to-perfusion ratio, which 
should translate into improved clinical stability, including 
StO2 as well as hemodynamic parameters. The stable vol-
ume of breath administered with each inspiration causes 
less distension of the lungs, resulting in more constant 
venous return to the left atrium. To our knowledge, this 
is the first study that compared hemodynamic parameters 
between PC and VG modes of MV by the means of EC. 
It is a non-invasive method that evaluates cardiac func-
tion based on modified thoracic electrical bioimpedance. 
The measurement is based on the relationship between 
the change in tissue resistance and blood flow through 
the large arteries.18 This method employs a very low cur-
rent of 2–4 mA and a high frequency of 20–100 Hz, which 
makes it a completely painless and safe method. Numer-
ous comparisons between EC and echocardiography have 
shown a close correlation of the results, even in very pre-
mature newborns.19,20 The selected hemodynamic param-
eters were stable throughout the study and no statistically 
significant differences were found between PC and VG MV. 

Table 5. Hemodynamic parameters during PC and VG ventilation

Parameter PC VG p-value

Heart rate [1/min]
mean 140 145 ns

SD 5.1 4.6 ns

Stroke volume [mL]
mean 1.7 1.6 ns

SD 0.14 0.13 ns

Cardiac output [L/min]
mean 0.24 0.23 ns

SD 0.06 0.06 ns

Index of contractility
mean 115 115 ns

SD 23 18 ns

Stroke index [mL/m2]
mean 19 19.5 ns

SD 1.6 1.7 ns

Cardiac index [L/min/m2]
mean 2.8 2.9 ns

SD 0.4 0.4 ns

Stroke volume variation (%)
mean 14 13 ns

SD 3.8 5.4 ns

Fig. 1. Standard deviation of StO2 during PC and VG ventilation
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However, there was a trend for lower variability of HR dur-
ing VG ventilation. This seems to indicate that VG mode 
does not have equally significant effects on ventilatory and 
circulatory status when PC ventilation is carefully moni-
tored and adjusted.

These results should be interpreted with caution due 
to the limitations of the study, which include the relative-
ly small size of the study group, the limited observation 
time and the lack of transcutaneous blood gas monitoring, 
which could provide additional information on the poten-
tial link between CO2 and StO2 variability.

Our results confirm the beneficial respiratory and ce-
rebral effects of VTV in extremely premature infants. 
The  findings add to  the  existing evidence supporting 
the use of VTV modes of ventilation in a neonatal inten-
sive care setting.
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