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Volume guarantee pressure support ventilation in extremely
preterm infants and neurodevelopmental outcome at
18 months
BM Stefanescu1, N Frewan2, JC Slaughter3 and TM O’Shea4

OBJECTIVE: Compared with pressure-controlled ventilation (PCV), volume-targeted ventilation is associated with decreased
neonatal complications, including the combined outcome of death or bronchopulmonary dysplasia. However, little is known
about its effect on neurodevelopmental outcome. We evaluated the hypothesis that as compared with PCV, volume-targeted
ventilation reduces the risk of the combined outcome of neurodevelopmental impairment or death in very low birth weight
infants.
STUDY DESIGN: We studied a cohort of extremely preterm infants managed with either volume guarantee pressure support
ventilation (VGPSV; n= 135) or PCV (n= 135). Infants were evaluated at 18 months adjusted age with a standardized neurological
examination and the Bayley Scales of Infant and Toddler Development-third edition. Logistic regression models were used to
evaluate the association of ventilation mode and neurodevelopmental outcome.
RESULT: Rates of pulmonary interstitial emphysema (odds ratio 0.6; 95% confidence limits: 0.4, 0.8), hypotension (odds ratio: 0.7;
95% confidence limits: 0.5, 0.9) and mortality (odds ratio 0.45; 95% confidence limits: 0.22, 0.9) were lower among infants treated
with VGPSV. The infants in the VGPSV group had a significantly shorter duration on mechanical ventilation compared with infants in
the PCV group (log-rank test Po0.01). Seventy percent (155/221) of survivors were evaluated at 18 months adjusted age. A trend
towards benefit for the combined outcome of death or neurodevelopmental impairment was seen in the VGPSV group but did not
reach statistical significance (odds ratio: 0.59; 95% confidence limits: 0.32, 1.08).
CONCLUSION: VGPSV was associated with a decreased risk of short-term complications but not long-term developmental
impairment in this modest-sized cohort.
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INTRODUCTION
A majority of extremely preterm infants are treated with
mechanical ventilation, which is associated with an increased
risk of chronic lung disease, neonatal brain damage and neuro-
developmental impairments (NDIs).1–3 Interventions to decrease
the risk of chronic lung disease include innovations in mechanical
ventilation. Volume guarantee pressure support ventilation
(VGPSV) is a hybrid mode, which delivers a set tidal volume
within a set pressure range, using a computer-controlled feedback
mechanism.4 At lower lung compliance, higher pressures are
generated to deliver the desired tidal volume, and as compliance
improves the pressure needed to achieve the set tidal volume
is automatically reduced. A consistent tidal volume could be
particularly beneficial to patients with rapidly changing lung
compliance, such as extremely premature infants with respiratory
distress syndrome who receive surfactant.5–9

Volume-targeted ventilation is associated with a decreased
risk of at least three risk factors for NDI, that is, prolonged mec-
hanical ventilation, severe intraventricular hemorrhage, and
hypocarbia.10–15 Published studies of neurodevelopmental out-
comes after introduction of this ventilation mode are limited by
small sample sizes.16,17 In this study, we used data from a larger

cohort of very low birth weight (VLBW) infants to evaluate the
hypothesis that VGPSV is associated with a decreased rate of
combined outcome of severe NDI or death.

METHODS
Study design
This was a retrospective observational study comparing the neurodevelop-
mental outcomes at 18 months postmenstrual age of VLBW infants born
before (1 July 2007 to 30 June 2008) or after (1 July 2008 to 31 December
2009) a change in the type of mechanical ventilator used in our neonatal
intensive care unit (NICU) at Forsyth Medical Center, Winston-Salem, NC
USA. The research protocol for this study was approved by the Institutional
Review Boards of Wake Forest School of Medicine and Forsyth Medical
Center, Winston-Salem, NC, USA.

Mechanical intervention
In the earlier 12-month epoch, pressure-limited ventilation was used,
whereas in the later 18-month epoch, volume-targeted ventilation was
used as the only mode of conventional ventilation. Both forms of
mechanical ventilation were provided with Dräger Babylog 8000 Plus
ventilators (Dräger, Lübeck, Germany). A failure of conventional mechan-
ical ventilation in either group was an indication for high-frequency
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ventilation. Infants born between 1 July 2007 and 30 June 2008 constituted
pressure-controlled ventilation (PCV) group, whereas infants born between
1 July 2008 and 31 December 2009 constituted the VGPSV group. The
criteria used for initiating mechanical ventilation in the two epochs were
similar. In general, mechanical ventilation was initiated for all infants with
significant respiratory distress or apnea and was not initiated for infants
who had neither respiratory distress nor apnea. The following criteria were
used in the delivery room: (1) intubation with administration of surfactant
then maintenance on mechanical ventilation for transport and initial care
in NICU for the least mature category of infants of 22 0/7 to 24 6/7 weeks
gestational age; (2) intubation with administration of surfactant then
extubation to nasal continuous airway pressure with positive end
expiratory pressure of +5, if FiO2 requirement was o0.4 for the category
of infants born between 25 0/7 and 26 6/7 weeks gestation; (3)
management on nasal continuous airway pressure with positive end
expiratory pressure of +5, if FiO2 requirement was o0.4 for infants with
gestational age⩾ 27 weeks. If FiO2 requirement exceeded 0.4, one dose of
surfactant was administered; extubation was subsequently performed in
the delivery room if FiO2 requirement dropped below 0.4.

Participants
We studied all VLBW infants with birth weight⩽ 1250 g who were
intubated and treated with mechanical ventilation by 6 h of postnatal
age, excluding those with lethal congenital or chromosomal anomalies,
terminal conditions or treatment with high-frequency ventilation prior to
treatment with conventional ventilation.

Data sources
Maternal and neonatal data were collected from review of medical records.
Neonatal data during initial hospitalization included the total duration of
mechanical ventilation, air leak syndrome, sepsis, patent ductus arteriosus,
grade 3 and 4 intraventricular hemorrhage, periventricular leukomalacia
and retinopathy of prematurity.
Data about follow-up outcomes were collected at ~ 18 months of

adjusted age. Using a standardized neurological examination and assess-
ment with the Gross Motor Function Classification System, we identified
infants with moderate or severe cerebral palsy.18,19 We obtained scores for
the Cognitive, Motor and Language Scales using the Bayley Scales of Infant
and Toddler Development-third edition.20 Examiners were not aware of the
type of conventional mechanical ventilator with which infants were treated.

Data definitions
We defined chronic lung disease as use of Supplementary oxygen at
36 weeks postmenstrual age in association with characteristic radiographic
changes. Infants were classified as having pulmonary interstitial emphy-
sema, if this condition was mentioned in a radiologist’s interpretation
of a chest radiograph. Pneumothorax was defined as a pneumothorax that
required chest tube placement. Necrotizing enterocolitis was defined as
stage I or higher as per modified Bell’s criteria.21 Sepsis was defined
as a positive blood culture treated for at least 7 days with antibiotics.22

Severe intraventricular hemorrhage was defined as either intraventricular
hemorrhage with ventricular dilatation or intracerebral (parenchymal)
hemorrhage on cranial ultrasound.23 Periventricular leukomalacia was
defined as periventricular cystic lesions. Severe retinopathy of prematurity
was defined as retinopathy diagnosed by a pediatric ophthalmologist that
required laser treatment.24 Bevacizumab injections were not used in our
NICU during the study interval. Hypotension was defined as treatment with
intravenous vasopressor agents for the purpose of increasing blood
pressure.25 Infants were classified as having NDI if they had moderate-to-
severe cerebral palsy (cerebral palsy with Gross Motor Function Classifica-
tion System 41) or a Bayley Scales of Infant and Toddler Development-
third edition Cognitive or Motor Scale o70.

Statistical analysis
Patient characteristics and outcomes were summarized as proportions and
means, s.d.s and ranges. Unadjusted comparisons were performed using
Χ2-tests or Fisher’s exact test for categorical outcomes, t-tests for
continuous variables and the log-rank test for event times. We used
multivariate logistic regression models to estimate odds ratios and 95%
confidence limits for the association between ventilator group and
outcomes, adjusted for confounders. The data analysis plan included an
analysis of the association between ventilator group and the outcome of
interest in the smallest category of infants with birth weight ⩽ 1000 g,
infants at the highest risk for NDI or death. For inclusion in multivariate
models, we selected variables that were associated with both the
ventilator group and the outcome at a significance level of 0.2.

RESULTS
Between 1 July 2007 and 31 December 2009, 420 infants who
were ⩽ 1250 g at birth were admitted to the intensive care unit at
Forsyth Medical Center (Figure 1). Of these, 270 VLBW infants met
eligibility criteria and were enrolled in our study. Among the
infants enrolled, 135 infants were treated with PCV and 135 were

Infants screened
n= 420

Infants included
n= 270

 - 88 required noninvasive 
respiratory support or remained 
on room air by 6 hours of life
- 58 placed on high frequency 
ventilation by 6 hours of life
- 4 had congenital anomalies

PCV group
n= 135

VGPSV group
n= 135

Survivors
104 (78%)

Lost F/up
26 (25% )

Evaluated
78 (77%)

Survivors
117 (87%)

Lost F/up
40 (34%) 

Evaluated
77 (66%)

Total deaths 
31 (23%):

- 29 NICU deaths
- 2 postdischarge 
deaths

Total deaths
18 (13%):

-15 NICU deaths
-3 postdischarge
deaths

150 infants excluded:

Figure 1. Flow diagram of study infants.
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treated with VGPSV. Seventy-eight infants in the PCV group and
77 in the VGPSV group were seen at 18 months postmenstrual age
for neurodevelopmental assessment. There were no significant
differences between the two study groups with regard to any of
the baseline maternal demographics and characteristics or infant
characteristics (Table 1).
Data for short-term morbidities are presented in Table 2. Infants

treated with volume-targeted ventilation had lower rates of
hypotension, pulmonary interstitial emphysema and mortality
prior to discharge from the NICU. The lower rates of pneu-
mothorax in the volume target group did not reach statistical
significance. Infants in the VGPSV group had a shorter time on
mechanical ventilation than infants in the PCV group (median of
26.2 versus 13.7 days in the PCV as compared with VGPSV group,
respectively; log rank Po0.01). Infants treated with VGPSV had
significantly higher rates of stage 1 or higher necrotizing
enterocolitis (NEC) per modified Bell’s criteria as compared with
infants treated with PCV.
The demographic and clinical characteristics of mothers of

infants who survived but did not return for neurodevelopmental
assessment were similar to those of infants who returned for
follow-up at the 18 months (see Supplementary Table 1).
Compared with infants not seen for follow-up evaluation, infants
seen at follow-up were smaller at birth and had higher rates of
periventricular leukomalacia, and patent ductus arteriosus
detected with echocardiography.
Twenty-nine infants (21%) in the PCV group and 15 infants

(11%) in VGPSV group died during their initial NICU hospitalization
(P= 0.02). After discharge from neonatal intensive care, two
infants in the PCV group and three in the VGPSV group died.
The overall mortality rate was not significantly different between
study groups (23% in the PCV group and 13% in the VGPSV group;
P= 0.06).
Univariate analysis of neurodevelopment outcome data is

summarized in Table 3. Two infants in the PCV group who were
diagnosed with cerebral palsy were not testable with the Bayley
Scales. A trend towards lower rates in the VGPSV group was found
for each individual component of neurodevelopmental outcome.
The composite outcome of NDI or death reached statistical
difference between study groups in the smallest category of
infants with birth weight ⩽ 1000 g. The PCV group has a greater
proportion of infants below each of the three cognitive compo-
site cut points (55, 70 and 85, respectively), and the difference
is significant when the cut point is at 55 or 70 (Figure 2).
Similar results were seen for motor composite and language
scores. However when motor composite, cognitive compo-
site and language scores were considered as continuous variables,
there was no difference between the study groups in Bayley

Table 2. Short-term neonatal morbidities

Short-term neonatal
morbidities

VGPSV group
(n= 135)

PCV group
(n= 135)

P-value

Hypotension 36 (27%) 56 (41%) 0.01
PDA ligation 9 (7%) 17 (13%) 0.10
PIE 37 (27%) 63 (47%) 0.001
CLD 50 (37%) 53 (39%) 0.71
NEC (includes stage 1) 33 (24%) 20 (15%) 0.046
ROP 13 (10%) 22 (16%) 0.10
Sepsis 28 (21%) 28 (21%) 0.97
IVH (⩾grade 3) 16 (12%) 15 (11%) 0.85
PVL 11 (8%) 11 (8%) 1.00
Length of stay 70 (49–96) 72 (43–99) 0.96
Deaths during NICU stay 15 (11%) 29 (21%) 0.01

Abbreviations: CLD, chronic lung disease; IVH, intraventricular hemorrhage;
NEC, necrotizing enterocolitis; NICU, neonatal intensive care unit; PCV,
pressure-controlled ventilation; PDA, patent ductus arteriosus; PIE,
pulmonary interstitial emphysema; PVL, periventricular leukomalacia;
ROP, retinopathy of prematurity; VGPSV, volume guarantee pressure
support ventilation. Data are median (25th–75th centile) or number of
infants (percent).

Table 3. Univariate analysis of neurodevelopmental outcomes of study infants at 18 months postmenstrual age in the two study groups

Neurodevelopmental outcome of all study infants VGPSV group (n= 77) PCV group (n= 78) OR (95% CI) P-value

Cognitive composite o70 2 (3%) 4 (5%)a 0.49 (0.09, 2.78) 0.42
Motor composite o70 6 (8%) 12 (15%)a 0.56 (0.16, 1.98) 0.37
Language o70 5 (6%) 10 (13%)a 0.42 (0.12, 1.43) 0.16
Cerebral palsy 9 (12%) 12 (15%) 0.75 (0.30, 1.90) 0.54
NDI/death 26 (28%) 43 (39%) 0.59 (0.32, 1.08) 0.08

Neurodevelopmental outcome of infants with BW⩽1000 g VGPSV group (n= 62) PCV group (n= 62) OR (95% CI) P-value

Cognitive composite o70 2 (3%) 4 (6%)a 0.48 (0.09, 2.74) 0.41
Motor composite o70 4 (6%) 7 (11%)a 0.54 (0.15, 1.95) 0.35
Language o70 4 (6%) 9 (15%) 0.41 (0.12, 1.40) 0.15
Cerebral palsy 8 (13%) 12 (19%) 0.64 (0.24, 1.70) 0.37
NDI/death 23 (30%) 41 (45%) 0.52 (0.27, 0.98) 0.04

Abbreviations: BW, birth weigth; NDI, neurodevelopmental impairment; OR, odds ratio; PCV, pressure-controlled ventilation; VGPSV, volume guarantee
pressure support ventilation. Data are number of infants (percent) and odds ratio (OR) (95% confidence Interval; CI). aTwo infants not tested with Bayley Scales.

Table 1. Maternal and infant baseline characteristics

Maternal and infant baseline
characteristics

VGPSV group
(n= 135)

PCV group
(n= 135)

P-value

Maternal age (years)* 27 (22–32) 26 (22–31) 0.66
Race 0.09
White 71 (53%) 84 (63%)
Non-white 64 (47%) 50 (37%)
Antenatal steroids (⩾1
dose)

120 (89%) 107 (88%) 0.49

Premature rupture of
membranes (⩾18 h)

27 (20%) 23 (17%) 0.53

Pre-eclampsia 54 (40%) 42 (31%) 0.13
Suspected
chorioamnionitis

28 (21%) 35 (26%) 0.31

Vaginal delivery 37 (27%) 42 (31%) 0.50
Gestational age (weeks) 26 (25–28) 26 (24–27) 0.29
Birth weight (g) 830 (680–1020) 770 (660–990) 0.22
Male gender 69 (51%) 75 (56%) 0.46
Small for gestational age 30 (22%) 26 (19%) 0.55
Apgar score o5 at 5 min
of life

17 (13%) 12 (9%) 0.34

Abbreviations: PCV, pressure-controlled ventilation; VGPSV, volume guar-
antee pressure support ventilation. Data are median (25th–75th centile) or
number of infants (percent).
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Cognitive, Motor or Language Scales. Similar results were obtained
when we restricted analyses to infants with birth weight⩽ 1000 g.
Adjusting for birth weight, race and doses of antenatal steroids,

there was a trend for reduced risk for cognitive composite o70
(odds ratio: 0.17; 95% CI: 0.01, 2.33; P= 0.18), motor composite
o70 (odds ratio: 0.41; 95% CI 0.1, 1.74; P= 0.23), and composite
measure of NDI or death in the VGPSV group that did not reach
statistical significance. The study group difference in the NDI or
death outcome in infants with birth weight ⩽ 1000 g maintained
statistical significance after adjustment for confounders (odds
ratio 0.5; 95% CI 0.25, 0.99; P= 0.05 ). The individual components
of neurodevelopment outcome in this subgroup of infants did not
reach statistical difference.

DISCUSSION
Our primary finding was that VGPSV was not associated with a
higher rate of survival without NDI among VLBW infants (birth
weight of ⩽ 1250 g). The lack of improvement in the combined
outcome of death or NDI might be due to low statistical power.
Our study agrees with a meta-analysis that found shorter duration
on mechanical ventilation, and lower rates of air leak syndrome in
the volume-targeted ventilation group as compared with
pressure-limited ventilation group.10 The lower risk of hypotension
in the VGPSV group could reflect a more stable tidal volume and
systemic venous return.26 Typically, with volume-targeted ventila-
tion, lower airway pressures are required thus minimizing the
hemodynamic impact.27 Change in clinician practices over time

Figure 2. Empirical cumulative distribution function for MDI (a), PDI (b) and language scores (c). The y axis gives the probability of observing
a Bayley Cognitive, Motor or Language Scales score lower than X, where X is the value on the x axis in the two study groups.
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might also have contributed to the lowered frequency of hypo-
tension in the second epoch of our study (that is, the volume-
targeted ventilation epoch). The NEC rate was significantly higher
in the VGPSV group as compared with PCV group. As stages lower
than 2 on the modified Bell’s criteria for NEC were collected,
misclassification of some of the sepsis-like cases as NEC cases is
possible. Small randomized controlled studies of VGPSV that
collected data on NEC as a secondary outcome did not show an
increased risk of NEC with the use of VGPSV as compared with
PCV.28

Two previously published studies investigated but found no
association between volume-targeted ventilation and improved
neurodevelopmental outcome. Singh et al.16 found no difference
in the rate of death or disability in a study that compared PCV with
volume control ventilation, a type of volume-targeted ventilation
that differs from the type we studied. D’Angio et al.17 compared
developmental outcomes of preterm infants treated with either
pressure-regulated volume control, an assist/control mode of
ventilation, or synchronized intermittent mandatory ventilation
mode. Neurodevelopmental outcome at 6 to 9 months’ corrected
age did not differ between the two groups; however, the study
limited by small sample size.
Limitations of our study include the retrospective observational

design, the modest sample size and the lost to follow-up of 30
percent of survivors. To test the hypothesis that volume-targeted
ventilation is associated with a decreased risk of the combined
outcome of death or NDI, our sample provided 80% power to
detect a decrease from 0.42 to 0.23 (41% reduction) in the
combined outcome of moderate-to-severe NDI/death.

CONCLUSION
VGPSV was associated with lower mortality and improved short-
term outcomes in VLBW infants and a statistically nonsignificant
trend toward lower risk for combined death and long-term
neurodevelopmental outcome as defined in our study. To provide
strong evidence of clinical efficacy of VGPS on neurodevelop-
mental outcome, a well-powered, properly executed randomized
controlled trial is warranted.
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