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Abstract
Objective: Changes in cerebrovascular hemodynamics associated with head position may be important in the pathogenesis
of periventricular-intraventricular hemorrhage (PIVH) in premature infants. This study evaluated the effect of elevated
midline head positioning on cardiopulmonary function and the incidence of PIVH.
Study design: ELBW infants were randomized to FLAT (flat, supine) or ELEV (supine, bed elevated 30 degrees) for 96 h.
Cardiopulmonary function, complications of prematurity, and the occurrence of PIVH were documented.
Results: Infants were randomized into FLAT (n= 90) and ELEV groups (n= 90). No significant differences were seen in
the incidence of BPD or other respiratory complications. The ELEV group developed significantly fewer grade 4 hemor-
rhages (p= 0.036) and survival to discharge was significantly higher in the ELEV group (p= 0.037).
Conclusions: Managing ELBW infants in an elevated midline head position for the first 4 days of life appears safe and may
decrease the likelihood of severe PIVH and improve survival.

Introduction

The incidence of periventricular-intraventricular hemor-
rhage (PIVH) in preterm infants has decreased over the past
several years with the advent of antenatal steroid adminis-
tration and improvements in neonatal care. However, the
incidence of PIVH in extremely low birth weight (ELBW)
infants remains high. The incidence of PIVH is inversely
proportional to gestational age, and hence the burden of
PIVH related complications such as cerebral palsy, hydro-
cephalus, seizures and neurodevelopmental disability is
greater in the ELBW population [1].

The pathogenesis of PIVH is multifactorial due to the
intrinsic vulnerability of immature cerebral germinal matrix
vessels subjected to changes in cerebral blood flow [2].
PIVH originates in the germinal matrix, a highly vascular-
ized area of neuronal-glial precursor cells, most prominent
in the developing brain from 22–32 weeks of gestation [1].
Regardless of gestational age, 90% of PIVH occurs in the
first 3 days of life [1]. Significant fluctuations in cerebral
blood flow, increases in cerebral venous pressure, and
impaired autoregulation have been reported in ELBW pre-
mature infants with respiratory distress syndrome, the group
of patients at greatest risk for PIVH [3]. Routine procedures
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in critically ill newborns such as endotracheal tube adjust-
ment, suctioning, repositioning of the infant, and even
diaper changes have been associated with major cerebral
circulatory fluctuations [4, 5].

Position associated changes in cerebral blood flow are
enhanced in ELBW infants during the first days of life while
on respiratory support suggesting impaired autoregulation
[6–8]. Doppler studies before and after head rotation have
demonstrated decreased superior sagittal sinus blood flow
velocity, increased intracranial pressure [9, 10], as well as
increased cerebral blood volume [6, 7] potentially placing
stress on fragile germinal matrix vessels. A reduction in
cerebral venous pressure has been associated with elevated
midline head positioning thought to be the result of
improved hydrostatic drainage from the brain [9–11]. Other
studies have shown improvement in oxygenation and
hypoxemic events with elevated head positioning [12, 13].

Elevated midline head positioning of preterm infants has
been included in published PIVH prevention bundles or
“Best Practice Guidelines” [14, 15]. However, tilting man-
euvers influence not only cerebral hemodynamics but also
heart rate, blood pressure and mechanics of ventilation [16].
A decrease in regional cerebral oxygenation has been
documented in preterm infants during kangaroo care using
near-infrared spectroscopy [17], and a decrease in cardiac
output with a simultaneous increase in systemic vascular
resistance was shown in late-preterm infants placed in the
prone position [18]. These latter effects have not been
extensively studied in a prospective randomized study.

The primary goal of this study was to determine if
maintaining ELBW infants in an elevated midline head
position (ELEV- supine, head of bed elevated 30 degrees,
head kept in midline) versus standard head positioning
(FLAT–flat supine, head turned 180 degrees every 4 h)
during the first 4 days of life would decrease in the inci-
dence of PIVH. The secondary goal of the study was to
determine the safety of elevated midline head positioning by
comparing indices of cardiopulmonary function between the
two groups.

Methods

Subjects

In this prospective randomized study, we obtained written
informed consent from parents to enroll ELBW infants
(birth weight < 1000 grams) admitted to the neonatal
intensive care unit at the Children’s Hospital of The King’s
Daughters in Norfolk, Virginia. The study was approved by
the Institutional Review Board (Protocol number 12-08-FB-
0223) at Eastern Virginia Medical School. In order to best
detect an effect of position change on the occurrence of
PIVH, only infants that could be randomized, placed into
FLAT or ELEV position, and undergo an admission cranial
ultrasound (US) within 4 h of birth were included in the
study. Infants with congenital anomalies were excluded.

Technique of maintaining elevated midline position

ELBW infants were admitted to the neonatal intensive care
unit and placed supine in the incubator (Giraffe™ Incu-
bator, Ohmeda Medical, GE Healthcare, Chicago, Illinois)
while umbilical lines were placed and radiographs obtained.
Infants were randomized using a block randomization table
to standard care (FLAT, supine/flat with turning of the head
90 degrees right or left every 4 h) or study position (ELEV,
supine, elevation of the head/body 30 degrees above the
horizontal with the head maintained in the midline) for the
first 4 days of life. After the fourth day all infants were
placed in the flat position.

In order to maintain an elevated 30 degree position, a
custom wedge-shaped frame (Fig. 1a) was prepared by our
biomedical department to slide beneath the Giraffe™
incubator bed platform (Fig. 1b, c). The infants randomized
to ELEV were placed in a SnuggleUp™ (Philips Medical
Systems, Andover, Massachusetts) with midline head
positioning maintained by gel pillows (Tarry Medical Pro-
ducts, Danbury, Connecticut). The endotracheal tube was
supported on the incubator extension arm (Fig. 1c)

Fig. 1 a shows the custom
wedge frame designed the hold
the bed at 30 degrees of
elevation as seen in b, c shows
an ELBW manikin in the ELEV
position
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Maternal demographic and health data

We obtained data on maternal health, pregnancy, and labor
and delivery at the time of admission. Specifically, we recor-
ded diagnoses of chronic hypertension, diabetes, HELLP
syndrome, preeclampsia, preterm labor, intrapartum hemor-
rhage and chorioamnionitis. Maternal medications were noted,
as well as evidence of fetal distress and type of delivery.

Neonatal demographic, respiratory and
hemodynamic data

Gestational age, birth weight, gender, multiple gestation,
Apgar scores and type of resuscitation required were noted.
The time of birth, time of placement in the randomized posi-
tion and admission cranial US were documented. Respiratory
and hemodynamic data were collected daily for the first 4 days
of life. The daily maximal FiO2, the lowest pH, and the highest
pCO2 were recorded, as well as the level of respiratory support
including high frequency ventilation, conventional ventilation,
continuous positive expiratory pressure and high flow nasal
cannula. Arterial or capillary blood samples were obtained at
regular intervals no less frequent than every 8 h during the
4-day period. Additionally, the number of chest radiographs,
the occurrence of pneumothoraces, time to extubation, time to
achieve room air ventilation, the occurrence of pulmonary
hemorrhage and the incidence of BPD were documented. BPD
was defined as the requirement for supplemental oxygen at
36 weeks postmenstrual age [19]. Ventilator changes were
made at the discretion of the attending neonatologist.

Mean blood pressure (MBP) was measured with an
indwelling umbilical arterial catheter when possible. How-
ever, when placement of an arterial line was unsuccessful,
MBP was measured with a size 1 or 2 blood pressure cuff at
least every 4 h. The lowest mean blood pressure and the
requirement for vasopressor support were documented.
Vasopressor medications were used if a blood pressure was
<10th percentile for birth weight and postnatal age as
determined by the attending neonatologist [20]. The pre-
sence of a hemodynamically significant PDA was assessed
at least daily by clinical exam. If a significant PDA was
suspected, echocardiography was performed and manage-
ment was at the discretion of the attending neonatologist.
Protocol variations were documented by the bedside nurse.

Infants were followed until death or discharge for the
diagnoses of sepsis, urinary tract infection, necrotizing
enterocolitis, intestinal perforation, retinopathy of pre-
maturity, BPD, and length of hospital stay.

Cranial ultrasound studies

An initial cranial ultrasound exam was performed on each
patient immediately after randomization and placement into

the FLAT or ELEV position using a SIUI CTS-8800 S
series ultrasound system (Shantou Institute of Ultrasonic
Instruments Company, LTD., Shantou, China). Follow-up
ultrasounds were performed daily for the first 4 days of life
and on day 7. Normal scans were repeated at 4 weeks of
age, abnormal scans were repeated weekly. All cranial
ultrasound studies were interpreted by one of five pediatric
radiologists all blinded to the randomization group. Clinical
readings were used. When discrepancies in interpretation
were noted, the investigators reviewed the HUS readings
with the radiologists. If resolution could not be reached, the
interpretation of our pediatric neuro-radiologist was used.

Grading of PIVH was done using previously described
criteria [1]. An echodensity on US consistent with hemor-
rhage limited to the germinal matrix area was termed a
Grade 1 PIVH, while blood found in the lateral cerebral
ventricle but filling less than 50% of the ventricle was
termed a Grade 2 PIVH. If blood distended the lateral
ventricle or filled more than 50% of the ventricular volume,
the lesion was termed a Grade 3 PIVH. Echodensities found
in the cerebral parenchymal white matter lateral to the lat-
eral ventricles were termed a Grade 4 PIVH or periven-
tricular hemorraghic infarction. This latter lesion is
generally associated with an ipsilateral Grade 2 or 3 PIVH.
Although the more precise term is periventricular hemor-
rhagic infarction, for simplicity we will refer to this lesion
as a Grade 4 PIVH. Cystic periventricular leukomalacia was
diagnosed when prominent periventricular white matter
echodensities were seen on early US studies evolving into
cysts over a period of weeks.

Statistical analysis

A review of our patient data over a previous four-year
period indicated an overall incidence of PIVH of 40% in our
population of ELBW infants. Eighteen percent of these
infants developed the more severe forms of PIVH, grade 3
and 4. A power analysis determined that for a Chi-square
test with one degree of freedom, a significance level of α=
0.05, and an anticipated 20% difference in the occurrence of
PIVH, a total sample size of 180 infants would have 80%
power to detect a statistically significant difference in the
occurrence rates of PIVH between the FLAT and ELEV
groups.

Block randomization was performed using SAS V9.4
(Cary, North Carolina, USA). Continuous variables were
described using mean and standard deviation, and catego-
rical variables were described using percentages. A Chi-
square test was used to analyze the difference in percentage
of de-escalation from a regular ventilation mode to lower
modes between FLAT and ELEV groups. The Odds Ratio
(OR) and 95% CI are provided. All statistical analyses were
performed using RStudio Team (2016) and SPSS (Chicago,
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IL, USA). All statistical tests were two-sided and p < 0.05
was considered statistically significant. The effects of
cofounders were considered using multivariate analyses.

Results

From October 2012 to December 2015, 354 extremely low
birth weight infants were admitted to our neonatal intensive
care unit, with an average gestational age of 25.5 weeks and
average birth weight 728 grams. One hundred seventy were
male and 184 were female. Sixty infants were one of twins
and were randomized independently. Forty-nine were out-
born and could not be enrolled within 4 h of birth, the
parents of 10 infants declined enrollment, 1 was admitted at
4 days of age, and 1 infant had an omphalocele. The
investigators were unavailable at the time of admission to
enroll 113 of the infants.

One-hundred eighty infants were enrolled and rando-
mized to FLAT or ELEV positioning. The FLAT group
consisted of 90 infants with an average gestational age of
25.4 weeks, average birth weight of 724 grams, 54%
female, and 12 infants were one of twins. The ELEV group
consisted of 90 infants with an average gestational age of
25.8 weeks, average birth weight of 745 grams, 52%
female, and 17 infants were one of twins (see Fig. 2).

The enrolled infants were placed into the randomized
position and examined with the initial US by a mean age of
2.9 h ± 1.03 h (SD), and there was no significant difference
in the age at the time of admission between the two study
groups (p= 0.35). The nursing staff documented protocol
variations in 26 infants randomized to the ELEV group.

354 ELBW infants admi�ed 
(10/2012 to 12/2015)

180 ELBW infants enrolled 

49-outborn, exceeded 4 hour limit
10-parental refusal 
113-inves�gator unavailable 
2-met other exclusion criteria 

ELEV: n = 90 
52% Female 

 Mean BW: 745 grams 
Mean GA: 25.8 weeks 

FLAT: n = 90 
 54% Female 

Mean BW: 724 grams 
 Mean GA: 25.4 weeks 

PIVH – Overall: n = 34 
Grade 1: n=16 
Grade 2: n=7 
Grade 3: n=5 
Grade 4: n=6 

PIVH – Overall: n = 31 
Grade 1: n=10 
Grade 2: n=3 
Grade 3: n=4 
Grade 4: n=14 

Fig. 2 Patient enrollment flowchart

Table 1. Demographic data

Head position

FLAT ELEV P-
value

Maternal demographic data

Age, mean ± S.D. (years) 27.93 ± 5.95 28.23 ± 6.01 0.73

Multiple gestation, n (%) 14 (15.5) 18 (20.0) 0.48

Chronic hypertension, n (%) 15 (16.7) 15 (16.7) 0.99

Diabetes, n (%) 5 (5.6) 11 (12.2) 0.19

HELLP syndrome, n (%) 10 (11.1) 9 (10.0) 0.81

Preeclampsia, n (%) 22 (24.4) 36 (40.0) 0.026

Perinatal bleeding, n (%) 2 (2.2) 1 (1.1) 0.62

Preterm labor, n (%) 52 (57.8) 48 (53.3) 0.46

Antepartum hemorrhage,
n (%)

3 (3.3) 4 (4.4) 0.99

Placental abruption, n (%) 13 (14.4) 5 (5.5) 0.05

Chorioamnionitis, n (%) 7 (7.8) 10 (11.1) 0.61

Fetal heart rate decelerations,
n (%)

None 53 (58.8) 56 (62.2) 0.23

Variable 21 (23.3) 13 (14.4)

Late 16 (17.8) 21 (23.3)

Prolonged rupture of
membranes, n (%)

21 (23.3) 9 (10) 0.018

Antenatal antibiotics, n (%) 58 (64.4) 53 (58.9) 0.36

Antenatal betamethasone, n (%)

None 15 (16.7) 11 (12.2) 0.63

One dose 17 (18.9) 18 (20.0)

Two doses 58 (64.4) 61 (67.8)

Antenatal MgSO4, n (%) 57 (63.3) 59 (65.6) 0.91

Mode of delivery, n (%)

Vaginal 25 (27.8) 18 (20.0) 0.23

Cesarean 65 (72.2) 72 (80.0)

Infant demographic data

Gestational age (weeks),
mean ± S.D

25.39 ± 1.64 25.89 ± 1.74 0.06

Birth weight (grams),
mean+ S.D.

725.83 ±
149.94

7.39.40 ±
170.35

0.58

Size for gestational age, n (%)

AGA 70 (77.8) 64 (71.1) 0.36

IUGR < 10th percentile 13 (14.4) 16 (17.8)

IUGR < 3rd percentile 7 (7.8) 10 (11.1)

Gender, n (%) Male 39 (43.8) 41 (45.6) 0.77

Female 51 (56.7) 49 (54.4)

Hospital, n (%) In-born 79 (87.8) 83 (92.2) 0.61

Out-born 11 (12.2) 7 (7.8)

Epinephrine during
resuscitation, n (%)

0 (0.0) 3 (3.3) 0.25

Chest compressions, n (%) 1 (1.1) 4 (4.4) 0.37

Surfactant, n (%) 84 (93.3) 88 (97.8) 0.72
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Nineteen infants had relatively brief periods of flat posi-
tioning during repeat surfactant administration (6), PICC
placement (6), and reintubation (7). One infant had a
respiratory deterioration associated with a pulmonary
hemorrhage and one infant underwent abdominal drain
placement, both were placed back in the ELEV position
after stabilization. One infant was kept in the flat position
when a pulmonary hemorrhage occurred on day 3 of life.
Four infants were placed flat when respiratory support had
to be increased to high-frequency ventilation (2 on day 2 of
life, 2 on day 3 of life). Data from all infants were main-
tained in their original randomization group.

Maternal and infant demographic and birth history
data

Maternal and infant demographic data are shown in Table 1.
Significant differences were noted between the FLAT and
ELEV groups in the number of mothers with preeclampsia
(FLAT 24.4%, ELEV 40%, p= 0.026), and prolonged
premature rupture of membranes (FLAT 23.3%, ELEV
10%, p= 0.018). Multivariate analysis of maternal pre-
eclampsia and prolonged rupture of membranes showed no
significant effect on outcomes. There were no significant
differences in the infant data between the two groups.

Respiratory data

Data from blood gas measurements are shown in Table 2,
and respiratory support and respiratory outcome data are
shown in Table 3. The infants in the ELEV group had a
significantly lower maximal FiO2 requirement during the
first 24 h than infants in the FLAT group (p= 0.009),
however the ELEV group had significantly higher maximal
pCO2 levels on days 2 (p= 0.002) and 3 (p= 0.001). The
increase in the pCO2 levels are reflected in the higher levels
of respiratory support required. As shown in Table 3, a
significant escalation in respiratory support to high fre-
quency ventilation was noted for infants in the ELEV group
during the first 4 days of life. The odds of an increase in

support in the ELEV group was 1.3 times higher than the
FLAT group, OR= 1.33, CI (1.07, 1.65), (p= 0.01). Sig-
nificantly higher mean airway pressures were required by
infants on high frequency ventilation randomized to the
FLAT group on day 1 (p= 0.023). By day 4, ELEV infants
on conventional ventilation required significantly greater
mean airway pressure than FLAT infants on similar type of
ventilator support (p= 0.027).

Hemodynamic data

Hemodynamic data is shown in Table 4. On day 1 and day
3, the lowest mean blood pressures were significantly higher
in the ELEV group over the FLAT group (day 1, 20.0 vs.
22.2 mmHg, p= 0.003) (day 3, 26.7 vs. 28.8 mmHg,
p= 0.03). There were no significant differences noted in
dopamine, epinephrine or steroid administration, as well as
the incidence or treatment of patent ductus arteriosus
between the two groups.

Complications of preterm birth

There were no significant differences in the incidence of
sepsis, urinary tract infection, necrotizing enterocolitis,
intestinal perforation, retinopathy of prematurity and length
of hospital stay between the FLAT and ELEV groups
(Table 5). However, infants randomized to the ELEV group
were significantly more likely to survive to discharge
(FLAT 76%, ELEV 88%, p= 0.033).

Table 1. (continued)

Head position

FLAT ELEV P-
value

Apgar score at I minute,
median (range)

2 (0,7) 3 (0,8) 0.44

Apgar Score at 5 min, median
(range)

6 (1,9) 6 (1,9) 0.37

SD standard deviation; HELLP hypertension, elevated liver function
tests, low platelets; PIH pregnancy induced hypertension; AGA
appropriate for gestational age; IUGR intrauterine growth restriction,
statistically significant p values are in bold type

Table 2. Respiratory—Blood gas data

Head position

FLAT ELEV p-value

Day 1 (number of infants) (n= 90) (n= 90)
aMaximum FiO2 46.0 (26.49) 37.5 (15.97) 0.009
aLowest pH 7.162 (0.16) 7.186 (0.10) 0.16
aHighest pCO2 60.4 (19.94) 59.0 (14.73) 0.40

Day 2 (number of infants) (n= 85) (n= 89)
aMaximum FiO2 38.5 (22.44) 36.9 (19.56) 0.68
aLowest pH 7.169 (0.12) 7.147 (0.12) 0.32
aHighest pCO2 58.6 (16.51) 68.1 (22.58) 0.002

Day 3 (number of infants) (n= 84) (n= 89)
aMaximum FiO2 34.4 (19.65) 37.5 (20.51) 0.28
aLowest pH 7.158 (0.13) 7.149 (0.09) 0.56
aHighest pCO2 56.7 (13.11) 64.0 (15.75) 0.001

Day 4 (number of infants) (n= 82) (n= 89)
aMaximum FiO2 31.4 (16.39) 35.7 (18.25) 0.09
aAvg. Lowest pH 7.176 (0.11) 7.169 (0.09) 0.66
aHighest pCO2 54.3 (14.30) 58.5 (13.64) 0.07

aAverage ( ± Standard deviation); FiO2 (%), pCO2 reported in mmHg,
statistically significant p values are in bold type
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Cranial ultrasound results

Five infants in the FLAT group had a PIVH on admission,
3 with grade 1 PIVH, 1 with grade 2 and 1 with grade 3
PIVH. Nine infants in the FLAT group expired during the
first 4 days of life (mean 2.2 days), all received at least

one US. Seven were normal, 1 had a Grade 3 PIVH
and 1 had a Grade 4 PIVH. These early deaths were
associated with severe respiratory disease. Thirteen
infants in the FLAT group expired after 4 days (mean
30.2 days), 4 had normal US studies, 2 had Grade 2 PIVH,
1 had a Grade 3 PIVH and 6 had Grade 4 PIVH. The later

Table 3. Respiratory support and respiratory outcome data

Head position

FLAT ELEV p-value

Day 1 Day 2 Day 3 Day 4 Day 1 Day 2 Day 3 Day 4

Number of infants 90 85 84 82 90 89 89 89

Number on HFV
MAP (SD)

17 21 23 24 8 19 24 27

11.5
(1.8)

10.7
(2.1)

10.8
(1.7)

10.8
(1.5)

9.9 (0.6) 10.6
(2.2)

11.3
(4.3)

11.3
(4.2)

Day 1-0.023, Day 2-0.87,
Day 3-0.59, Day 4-0.57

Number on CV
aMAP (SD)

72 41 33 29 81 53 47 45

8.0 (1.0) 7.6 (1.7) 8.0 (1.5) 7.4 (1.1) 8.3 (2.3) 8.2 (3.0) 8.3 (1.5) 8.0 (1.1) Day 1-0.32, Day 2-0.28,
Day 3-0.29, Day 4-0.027

Number on NCPAP 0 19 17 14 1 15 15 12

Number on HFNC 1 4 11 15 0 2 3 5

Number of XRs (SD) 5.6 (3.14) 6.0 (2.93) 0.36

Pneumothorax (%) 4 (4%) 2 (2%) 0.68

Age at extubation median
(range)

25 days (0,372) 27 days (0,434) 0.36

Age to room air (SD) 54 days (27.30) 62 days (42.90) 0.23

Pulmonary hemorrhage (%) 5 (6%) 6 (7%) 0.99

BPD (%) 30 (43%) 31 (39%) 0.68

HFV high frequency ventilation, MAP mean airway pressure, CV conventional ventilation, NCPAP nasal continuous positive airway pressure,
HFNC high flow nasal cannula, XR radiographs, SD standard deviation, % percent, BPD bronchopulmonary dysplasia, statistically significant
p values are in bold type
aaverage+ standard deviation

Table 4. Hemodynamic data

Head position

FLAT ELEV p-value

Lowest mean blood pressure Average mmHg (SD)

Day 1 20.0 (5.02) 22.2 (5.01) 0.003

Day 2 25.7 (7.44) 27.3 (6.63) 0.11

Day 3 26.7 (7.99) 28.8 (6.76) 0.03

Day 4 28.4 (6.45) 30.1 (7.13) 0.07

Dopamine during the first 4 days 43 (48%) 35 (39%) 0.29

Epinephrine in the first 4 days 20 (22%) 15 (17%) 0.45

Steroids in the first 4 days 19 (21%) 15 (17%) 0.57

Patent ductus arteriosus 48 (53%) 55 (61%) 0.37

Indocin (one course) 10 (11%) 20 (22%) 0.07

Indocin (multiple courses) 8 (9%) 6 (7%) 0.78

Ligation 16 (18%) 18 (20%) 0.85

SD standard deviation, statistically significant p values are in bold type

Table 5. Complications of preterm birth

Head position

Outcome FLAT ELEV p-value

Sepsis 23 (26%) 22 (24%) 0.99

UTI 12 (13%) 11 (12%) 0.99

NEC (suspected) 2 (2%) 3 (3%) 0.99

NEC (medical treatment) 8 (9%) 9 (10%) 0.99

NEC (surgical treatment) 2 (2%) 5 (6%) 0.44

Intestinal perforation (no
NEC)

4 (4%) 8 (9%) 0.37

ROP requiring treatment 11 (12%) 8 (9%) 0.63

Survival to discharge 68 (76%) 79 (88%) 0.033

Average duration of
hospitalization (SD)

92 days
(68.8)

109 days
(69.9)

0.11

UTI urinary tract infection, NEC necrotizing enterocolitis, ROP
retinopathy of prematurity, SD standard deviation, statistically
significant p values are in bold type
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deaths were associated with other complications of
prematurity: NEC (5), sepsis (2), UTI (1), pulmonary
hemorrhage (2), and respiratory failure without evidence
of infection (3). Some degree of PIVH was noted in 31 of
the 90 infants (34%) randomized to the FLAT group.
The number of infants with each grade of PIVH is shown
in Fig. 3.

Six infants in the ELEV group had a PIVH on admis-
sion, 3 with grade 1 PIVH and 3 with grade 2 PIVH. Two
infants in the ELEV group expired during the first 4 days
of life (both on day 3), both early deaths were associated
with respiratory failure and one had a pulmonary
hemorrhage. One of these infants had a Grade 4 PIVH, the
other had a normal US. Nine infants in the ELEV group
expired after 4 days (mean 38.9 days), 2 had a normal US,
2 had Grade 1 PIVH, 1 had a grade 2 PIVH, 2 had grade 3
PIVH and 2 had grade 4 PIVH. These deaths were asso-
ciated with sepsis (2), NEC (4), complications of twin to
twin transfusion syndrome (2), and 1 with respiratory
failure without evidence of infection. Some degree of
PIVH was noted in 34 of the 90 infants ((37.8%)
randomized to the ELEV group. Although some infants
developed subtle white matter echodensities possibly
consistent with evolving periventricular leukomalacia,
none developed cystic lesions detectable with US during
the study period.

The incidence of PIVH for the ELEV and FLAT groups
is shown in Fig. 3. There was no significant difference
between the FLAT and the ELEV group for grades 1, 2

and 3, however the ELEV group showed a significant
decrease in the incidence of grade 4 PIVH (p= 0.036).
Progression of PIVH to a more severe grade that was
documented by US during the course of the study
occurred in 12 (39%) of the FLAT group and 5 (15%) of
the ELEV group (p= 0.033, OR= 0.27, CI 0.08–0.90).
These relationships persisted when infants with PIVH on
admission were excluded.

Discussion

In this study we found that managing ELBW infants in a
position of head elevation to 30 degrees with the head
maintained in the midline is safe, and may even be bene-
ficial in term of lower FiO2 requirement, improved mean
blood pressure and potentially improved survival. Despite
higher pCO2 levels and increased requirement for high-
frequency ventilation in the first 4 days of life in the ELEV
group, there was no significant difference in the incidence
of BPD or the length of hospital stay between the two
groups. Although the overall incidence of PIVH was similar
between the two study groups, infants in the ELEV group
demonstrated a lower likelihood of a progression to the
more severe grades of PIVH, and most importantly, they
developed significantly fewer grade 4 hemorrhages. The
overall incidence of PIVH and the distribution of various
grades of PIVH found in this study are similar to previously
published NICHD data that reported an overall incidence of
PIVH in ELBW infant of 31% and a 9% incidence of grade
4 PIVH [21].

The choice of using a 30 degree head elevation in this
study was somewhat arbitrary. Previous reports have
documented potentially beneficial changes in intracranial
pressure and cerebral oxygenation in infants with head
elevation of 15 to 45 degrees [9–14, 17]. We wanted to
elevate the head of the bed more than the 12 degrees the
Giraffe® incubators will easily allow, and nursing staff felt
they would not have enough space to perform daily care if
the head of the bed were raised to 45 degrees. The effects of
midline head positioning should be studied separately from
head elevation, however since data does exist that both may
be helpful, we chose to do both.

There was a significantly greater percentage of survival
to discharge in the infants randomized to the ELEV group
(FLAT 76%, ELEV 88%, p= 0.033). Previous studies from
the NICHD Neonatal Research Network report survival
rates of ELBW infants born at 25 weeks gestation (the
approximate average gestational age of our cohort of
infants) of 72% ranging from 50 to 90% across all centers
[21]. It has been suggested that providing respiratory sup-
port in an upright position might lessen ventilator associated
pneumonia [22, 23]. This potential benefit of upright

Fig. 3 This graph shows the number of infants in the FLAT and ELEV
groups with the various grades of PIVH, G4 refers to periventricular
hemorrhagic infarction (G1 p= 0.34, G2 p= 0.23, G3 p= 0.72 and
G4 p= 0.036*)
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ventilation could enhance survival of ELBW infants ran-
domized to the ELEV group. Infants randomized to the
ELEV group had insignificant trends for greater gestational
age and birth weight, but more often required vigorous
resuscitation in the delivery room. Survival may have been
influenced by significantly more preeclampsia [24] and less
prolonged rupture of membranes in mothers of infants
randomized to the ELEV group.

One weakness of our study was the number of infants
with protocol variations. Although most of the protocol
variations were brief, some infants randomized to the ELEV
group remained flat for the final 1 to 2 days of the 4-day
period ELEV period possibly altering the study results. In
addition, recording only the extremes of blood gas para-
meters, i.e. the greatest FiO2 and pCO2 and the lowest pH
during a 24 h period does not fully reflect the overall
respiratory health of the infant.

The exclusive use of US as our neuroimaging technique
is another weakness of our study. While hemorrhage asso-
ciated with PIVH is easily seen on US, the ischemic white
matter of non-cystic periventricular leukomalacia is not.
The use of MRI could have provided more information on
the incidence of ischemic cerebral white lesions and prob-
ably detected lesions we missed with US. The addition of
Doppler flow studies and near-infrared spectroscopy could
have shed light on alterations in cerebral blood flow and
cerebral oxygenation associated with changes in head
position and suggested potential mechanisms of mitigating
brain injury

We attempted to study the most vulnerable infants during
their most critical time period for the occurrence of PIVH
[1]. Although we did not demonstrate a significant differ-
ence in the overall incidence of PIVH or a difference in the
individual of grades 1, 2 and 3 PIVH, infants managed in
the ELEV position developed significantly fewer grade 4
hemorrhages, the lesion most responsible for the high rate
of neurologic impairments seen in the ELBW population
[1]. In addition, a decrease in the likelihood of progression
to a more severe grade of PIVH was noted in the ELEV
group.

This study supports the concept that significant changes
in cerebrovascular circulation are associated with position
changes of ELBW newborns and elevated midline posi-
tioning of the head may have important effects on cerebral
blood flow, autoregulation, cerebral venous pressure, and
cerebral venous drainage, with the end result of fewer ser-
ious cerebral hemorrhages. We think these results are
encouraging and are worthy of further study.
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