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Abstract Objective: To compare
the effectiveness and safety of very
early high-frequency oscillatory
ventilation (HFOV) with conven-
tional mechanical ventilation
(CMV) in treatment of the respira-
tory distress syndrome (RDS) and
to evaluate their impact on the inci-
dence of chronic pulmonary disease
and early and late morbidity of very
low-birthweight neonates.
Design: A prospective randomized
clinical trial.
Setting: Tertiary neonatal intensive
care unit in the Perinatology Center
in Prague.
Patients: 43 premature newborns,
delivered in the Department of Ob-
stetrics in the Perinatology Center,
were randomly divided into two
groups (HFOV and CMV) immedi-
ately after delivery; 2 patients in
each group died, 2 fulfilled cross-
over criteria from CMV to HFOV,
and 2 were excluded because of
congenital malformations. Nineteen
patients treated with HFOV were
therefore compared with 18 infants
in the CMV group.
Methods: The two contrasting
modes of ventilation were intro-
duced immediately after intubation.
Maintenance of optimal lung vol-
ume in HFOV to optimize oxygen-
ation and the therapeutic adminis-
tration of surfactant after fulfilling
defined criteria are important points

of the strategy and design of the
study.
Measurements and main results: Ex-
cept for a higher proportion of
males in the HFOV group
(p < 0.02), the basic clinical charac-
teristics (gestational age, birth-
weight, Apgar score at 5 min, um-
bilical arterial pH), the two groups
were similar. In the acute stage of
RDS, infants treated with HFOV
had higher proximal airway distend-
ing pressure with HFOV for 6 h af-
ter delivery (p < 0.05). For a period
of 12 h after delivery lower values
for the alveolar-arterial oxygen dif-
ference (p < 0.03) were noted. The
number of patients who did not re-
quire surfactant treatment was
higher in the HFOV group (11 vs 1,
p < 0.001). In the HFOV group the
authors found a lower roentgeno-
graphic score at 30 days of age
(p < 0.03) and a lower clinical score
in the 36th postconceptional week
(p < 0.05), using these two scoring
systems for assessing chronic lung
disease according to Toce scale. The
incidence of pneumothorax, pulmo-
nary interstitial emphysema, intra-
ventricular hemorrhage and retin-
opathy of prematurity in both
groups was the same.
Conclusions: HFOV, when applied
early and when the clinical strategy
of maintenance of optimal lung vol-
ume is used, improves oxygenation
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Introduction

At the present time new methods are being explored to
reduce not only the mortality but also the morbidity of
very low-birthweight newborns. High frequency oscilla-
tory ventilation (HFOV), which uses tidal volumes low-
er than dead space, seems to be promising from this
standpoint and has been studied since the early 1980 s.
In 1989 the Multicenter HIFI Group [1], comparing of
HFOV and conventional mechanical ventilation
(CMV), did not confirm any benefit of HFOV and re-
ported a higher incidence of intraventricular hemor-
rhage (IVH) and other complications in the HFOV
group. These results may not present a valid argument
against the administration of HFOV now because there
were some methodological weaknesses. The late appli-
cation of HFOV and the apparent use of a low volume
strategy in the HFOV group are crucial flaws in the
methodology of the study. Subsequently, during the
1990 s there have been several clinical trials which have
documented the benefits of HFOV in the following
cases: (1) rescue therapy of acute lung failure in new-
borns and children [2, 3], (2) combination of nitric oxide
inhalation and HFOV administration in the treatment
of pulmonary hypertension of newborns [4], (3) pre-ex-
tracorporeal membrane oxygenation mode of artificial
ventilation [5, 6], (4) treatment of respiratory distress
syndrome (RDS) and effect on occurrence of acute and
chronic complications of prematurity [7±9].

Despite these encouraging results, the benefits of
HFOV reported in clinical studies were not as dramatic
as those in animal models of RDS. We believe that the
reason for this difference is the relatively late use of
HFOV in the clinical studies, unlike the animal studies
where HFOV was applied immediately after intubation.

The objective of our prospective randomized study
was to compare the effectiveness and safety of early
HFOV and CMV in very immature infants with RDS
and to evaluate their impact on the incidence of chronic
pulmonary disease, as well as early and late morbidity.

Materials and methods

From October 1995 to May 1997, very low birth-weight newborns
(birthweight 500±1499 g), with estimated gestational age less than
31 completed weeks who might require mechanical ventilation for
respiratory insufficiency, were eligible to be entered into the ran-
domized study, provided they were not small for gestational age,
had no major congenital anomalies or neuromuscular condition af-
fecting respiration, and were not ventilated because of central ner-

vous system (CNS) or circulatory failure. In that period, 76 very
low-birthweight infants were born , among them 46 with a birth-
weight below 1000 g, in the Perinatology Center of Prague. This is
the level III maternity and newborn center for Prague and Central
Bohemia. Of the 76 eligible infants, 33 had to be excluded. Twenty-
four infants with mild or moderate clinical sings of RDS after ini-
tial stabilization in the delivery room (stimulation, inhalation of
oxygen, or lung inflation by brief bagging) were supported by nasal
continuous positive airway pressure (CPAP) and given surfactant
within 2 h, as they required a fractional inspired oxygen (FIO2)
of > 0.30. Nine infants needed only a short inhalation of oxygen af-
ter delivery. This left 43 infants, who were entered into the study
and randomized into the two treatment groups.

Approval to conduct the trial was given by the Ethical Commit-
tee of the First Medical Faculty, Charles University. Eligible new-
borns were selectively intubated in the delivery room, if good oxy-
genation could not be achieved despite repeated bagging and/or
oxygen administration with early development of respiratory dis-
tress and grunting. The intubated patients were randomly assigned
to receive either HFOVor CMV using sealed envelopes with treat-
ment assignment based on a table of random numbers. The infants
were moved to the neonatal intensive care unit (NICU) immedi-
ately to start one of the two modes of artificial ventilation. The
NICU is located next to the delivery room so that the period of
bagging was minimized. Rapid initiation of ventilation within
20 min postpartum was a key aspect of the study design. After ini-
tial respiratory stabilization, performed by adjusting the ventilato-
ry parameters to achieve good oxygenation according to defined
strategies, the first dose of surfactant was administered if the crite-
ria for surfactant administration were fulfilled. Then the umbilical
or radial artery was cannulated to measure systemic blood pressure
and obtain arterial blood samples. A chest radiograph was ob-
tained to confirm the position of the endotracheal tube and arterial
catheter and to assess lung volume and the extent of lung disease.
These procedures, including the initial blood gas determination,
had to be completed within 3 h of delivery.

HFOV (SensorMedics 3100 A)

The oscillation frequency for HFOV was set at 15 Hz and the in-
spiratory-to-expiratory time ratio was maintained at 0.33 in all in-
fants throughout the study. The pressure amplitude (DP) was ad-
justed to achieve adequate vibration of the thorax. The proximal
airway distending pressure (PAwDP) was increased step by step to
reach optimum lung inflation and alveolar recruitment and to opti-
mize oxygenation as soon as possible. DP was adjusted to the low-
est value consistent with normocapnia. PAwDP was adjusted as
lung compliance changed using chest X-rays for guidance with a
goal of the right diaphragm at the 9th rib in the midclavicular line.
Once adequate lung inflation was achieved and oxygenation was
optimized, the FiO2 was weaned to keep normoxemia (PaO2
55±80 mmHg).

The patients were weaned to nasal CPAP (nCPAP) when the
following criteria were fulfilled: (1) PAwDP £ 6.5 cm2O and
FIO2 £ 0.30 and (2) the patient started to breathe spontaneously
and good breath sounds could be heard during spontaneous
breathing.
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in the acute stage of RDS, reduces
the need of surfactant administra-
tion, and can decrease the injury to

lung tissue even in extremely imma-
ture newborns to whom surfactant is
administered therapeutically.
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Crossover criteria from HFOV to CMV

Despite optimum lung inflation (confirmed by X-rays) and arterial
normotension, adequate blood gases could not be achieved (PaO2
> 50 mmHg and/or CO2 < 65 mmHg).

CMV (Bear-Cub 2100, Infant star)

Time-cycled, pressure-limited conventional ventilators with or
without synchronization were used. An initial ventilator rate of
30±60 breaths per min and an inspiratory time of 0.3±0.5 s were
used. The positive end-expiratory pressure (PEEP) was in the
range of 3±5 cm2O. The peak inspiratory pressure (PIP) was ad-
justed to obtain an adequate chest rise. Oxygenation was increased
primarily by adjusting MAwP when FIO2 was > 0.6 and by adjust-
ing FIO2 when FIO2 was < 0.40. CO2 elimination was controlled
by increasing minute ventilation by adjusting DP or frequency de-
pending on the need for MAwP. The frequency was decreased slow-
ly and carefully to maintain normocapnia and avoid labored
breathing.

The ventilation parameters were adjusted as indicated by blood
gases, weaning inspiratory pressure or rate in response to improv-
ing PaCO2 and FIO2 or MAwP in response to improving PaO2.
When spontaneous breathing activity with the following ventilator
settings was reached (MAwP £ 5 cm2O, FIO2 £ 0.30), the frequency
of intermittent mandatory ventilation was decreased below 15 per-
min and extubation to CPAP was attempted within a few hours. If
a CPAP > 7 cm2O and an FIO2 > 0.40 were needed, reintubation
was considered.

Crossover criteria from CMV to HFOV

HFOV was indicated if the following ventilation parameters were
reached to maintain PaO2 > 50 mmHg or PaCO2 < 65 mmHg with
a pH > 7.20: MAwP ³ 15 cm2O, PIP ³ 35 cm2O with FIO2 ³ 0.80.

Surfactant administration

Alveofact suspension 1.2 ml/50 mg (Boerhinger Ingelheim) was
used. The dosage of the surfactant was 50 mg/kg for one dose.
The first dose of surfactant was always administered within 3 h of
intubation if a homogeneous lung disease such as RDS due to sur-
factant deficiency was present and if the ventilator parameters ini-

tial respiratory stabilization did not reach the following values
within the 3 h period after delivery: (1) in HFOV: FIO2 £ 0.35 or
PAwDP < 12 cm2O in newborns weighing ³ 1000 g and
PAwDP £ 10 cm2O in newborns weighing < 1000 g and (2) in
CMV: FIO2 was less than 0.35.

Subsequent doses (up to four) of surfactant were administered
in the HFOV group if the PAwDP had increased by at least 15%
above the lowest value reached after the previous administration
of surfactant, and in both groups if the FIO2 had not decreased be-
low 0.35% or had increased more than 15% from the original val-
ue after the previous administration.

Prenatal induction of pulmonary maturation

Dexamethasone was given parenterally to mothers with signs of
premature labor or with premature rupture of membranes
at £ 32 weeks of gestation. Prenatal steroid use was judged to
have been completed if 3 doses of 12 mg dexamethasone were ad-
ministered to mothers before delivery. Since July 1996, thyroid re-
leasing hormone (TRH) has been used with dexamethasone. The
induction of pulmonary maturation was considered complete after
the administration of 4 times 400 mg of TRH.

Postnatal steroid use

When the oxygen requirement increased (FIO2 ³ 0.35) and the
pulmonary X-ray picture confirmed dysplastic changes without
clinical and laboratory signs of infection in patients older than
10 days, dexamethasone treatment was started with a dose of
0.4 mg/kg per day divided into two doses and continued in decreas-
ing dosage for 10 days. In some patients this treatment was repeat-
ed during the hospitalization period.

Arterial blood samples were taken as needed in the acute phase
of RDS. PAwDP in the HFOV group , MAwP in the CMV group,
oxygenation index, alveolar-arterial oxygen difference (A±aDO2),
PaO2/ FIO2 ratio, and PaCO2 were determined during the first
80 h starting with the initial blood gas taken within 3 h of initial sta-
bilization.

Hemodynamically significant persistent ductus arteriosus
(PDA) was diagnosed from the clinical signs and confirmed by
means of complete echocardiographic examination. The h.s. PDA
was treated by intravenous indomethacin (Indocin, Merck Sharp
& Dohme). The occurrence of acute ventilator complications,
such as pneumothorax and pulmonary interstitial emphysema,
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HFOV group CMV group

No. of randomized patients 22 21
No. of excluded patients (reason) 1 (CNSa) 1 (CHD)
No. of patients who died/mortality rate 2/21 (9.5 %) 2/20 (10 %)
No. of patients crossed over 0 2
No. of patients evaluated 19 18
Gestational age (completed weeks) (mean ± SD) 26 ± 1.8 26 ± 1.6
Birthweight (g) (mean ± SD) 824 ± 177 851 ± 189
Male gender 78.9% (15/19)* 44.4% (8/18)
Apgar score (5 min) (median, 95 % confidence limits) 7 (5, 9) 7 (6, 9)
Umbilical cord artery pH (mean ± SD) 7.24 ± 0.09 7.25 ± 0.08
Prenatal steroid use 52.6% (10/19) 50% (9/18)
Prenatal TRH use 21% (4/19) 16.6% (3/18)

* p < 0.02
a CNS pathology, meningitis

Table 1 Demographic data
(CHD congenital heart disease,
TRH thyroid releasing hor-
mone)



were evaluated by chest radiographs. Craniosonography was per-
formed in all patients on days 1, 3, and 10 of life to assess the occur-
rence of IVH. The Papile classification for the grading of IVH was
used [10]. The Toce scale [11], a clinical and roentgenographic
scoring system, was used for the evaluation of chronic lung disease
on the 30th day of life and in the 30th and 36th week postconcep-
tion. The maximum clinical score for the most severely affected
newborns was 15, and the range of scores for a given chest roent-
genograph, from 0 to 10. Roentgenographic score was assessed by
a radiolologist unaware of treatment group. Retinopathy of pre-
maturity (ROP) was classified according to the international ROP
classification from 1987 [12].

Statistical analysis

Data were tested for normal and nonnormal distribution. Normal-
ly distributed data are given as mean ± SD, nonnormal data as me-
dian and confidence limits. Normally distributed variables (airway
pressures, blood gases) were tested by analysis of variance. Non-
normal data (oxygen use, duration of artificial ventilation ) were
analyzed by the Wilcoxon rank sum test.

The roentgenographic and clinical scores according to the Toce
classification are calculated from separate categorical variables to
reach a final value. Categorical variables were tested by Fisher's
exact test. A p value of < 0.05 was considered statistically signifi-
cant for all tests.

Results

Demographic data on the patients are given in Table 1.
From September 1995 to April 1997, 43 patients, who
met the entry criteria, were randomized for treatment.
Of these, 4 patients died, 2 were excluded, and 2 in the
CMV group fulfilled crossover criteria from CMV to
HFOV. The two crossedover patients were successfully
treated with HFOV and survived. They were evaluated
in the original CMV group (intent-to-treat analysis).
The mortality was similar in these two groups ( HFOV
2/21, 9.5 % vs control 2/20,10% ). In June 1997, 37 new-
borns were available for final analysis; 18 in the CMV
group and 19 in the HFOV group. Gestational age,
birthweight, Apgar scores at 5 min, and umbilical ar-
tery pH were similar in the two groups. In the HFOV
group, despite random allocation, there were signifi-
cantly more males than females (p < 0.02). Prenatal ste-
roids and TRH administration to accelerate pulmonary
maturation were not significantly different. The severi-
ty of RDS and the incidence of PDA requiring treat-
ment with indomethacin were also similar in the two
groups.

Acute phase of RDS

The evaluation of the acute phase of RDS treated by
two different modes of ventilation is illustrated in Figs.
1 and 2. Figure 1 shows the MAwP in CMV is lower
than the PAwDP in HFOV in the first 6 h after delivery

(p < 0.05). In the subsequent 74 h, the PAwDP was still
1±2 cm H2O higher in the HFOV group but no longer
significantly different. Lower values of A-aDO2 were
found in the HFOV group in the 12 h after mechanical
ventilation was started in comparison with the CMV
group (p < 0.03, Fig. 1, bottom panel); however oxygen-
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Fig.1 Comparison of PAwDP and MAwP top panel, oxygen index
OI middle panel and A-aDO2 bottom panel between HFOV and
CMV for 80 h after the first arterial blood gas determination. Val-
ues are mean ± SD. On the top panel, PAwDP in HFOV (cmH2O)
is higher than MAwP in CMV. The differences were statistically sig-
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lustrates the lower A-aDO2 in HFOV treated neonates during the
12 h (p < 0.03). After initial ventilatory stabilization, A-aDO2 re-
mained at very similar low values in the HFOV group during the
following 80 h



ation index did not differ between the two groups
(Fig. 1, middle panel). PaCO2 remained in the range of
normocapnia over 80 h after delivery in both groups
(Fig. 2, top panel). PIP, PEEP, and ventilatory frequency
in the CMV infants are shown in the middle and bottom
panels of Fig. 2.

Surfactant dosing and postnatal steroid use

Significantly more patients in the HFOV group did not
require any surfactant when compared to the CMV
group (11/19 vs 1/18, p < 0.0001, Table 2). The number
of surfactant doses in all patients was also different be-
tween the two groups (p < 0.0001). When only patients
who received surfactant treatment were compared (8
HFOV and 17 CMV), there were no statistically signifi-
cant differences in the number of doses between the
HFOV and CMV groups (1.5, range 1±3 vs 2, range
1±4). A lower cumulative dose of steroids was found in
the HFOV group but this was not significantly different
from the CMV group (1.6 mg/kg, range 0±11.3 vs
2.75 mg/kg, range 0±17.5).

Pulmonary outcome (Table 3)

A lower roentgenographic score was found at the age of
30 days in the HFOV group (1, range 0±3 vs 3, range
1±4, p < 0.03), but there were no differences in the clini-
cal scores between the two groups. Later, in the 36th
postconceptional week, the clinical score was lower (0
vs 2) and more patients had a clinical score of 0 in the
HFOV group (p < 0.05). The assessment of the roent-
genographic score at 36 weeks was abandoned because
of ethical considerations, because most of the patients
had no clinical signs of chronic lung disease at that time
(78.9 % in HFOV patients vs 44.4% in CMV patients,
p < 0.05). There were no differences between these two
groups in the incidence of airleaks and the duration of
mechanical ventilation. Oxygen use tended to be short-
er in the HFOV group (20 days, range 1±86 vs 29 days,
range 4±107) but the difference was not statistically sig-
nificant. Fourteen of 19 patients (73.6 %) were extubat-
ed directly from HFOV without the need of further me-
chanical ventilation. Five patients had to be reintubated
and ventilated by CMV for recurrent episodes of apnea
during episodes of late infection in the HFOV group.
The average duration of conventional ventilation after
reintubation in these 5 patients was 8.6 days.

There were no differences in CNS morbidity. The in-
cidence of grade I-II IVH was the same (13/19, 68.4 % vs
12/18, 66.6 %) and the incidence of grade III-IV and cys-
tic stage of periventricular leucomalacia was also similar
(2/19, 10.5% vs 2/18, 11.1%). No intergroup differences
were found in the incidence of PDA treated with in-
domethacin. There was no significant difference in stag-
es 1 and 2 ROP. Stages > 2 were 50 % lower in the
HFOV group but the difference was not statistically sig-
nificant (Table 4).
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Discussion

Very premature infants, among them extremely prema-
ture infants, were intubated in the delivery room for
RDS and immediately randomized into two groups
with either HFOVor CMVand then treated with surfac-
tant if defined criteria were fulfilled. The differences be-
tween the two treatment groups in terms of ventilator
settings, airway pressures, and gas exchange in the acute
phase of RDS, the frequency of surfactant and steroid
administration, and early and late complications of pre-
maturity were then evaluated.

Thus this study design was very similar to Gerstmann
et al.'s Provo Multicenter Trial [8] but with three main
differences. One is that the randomly selected treatment
was started within 20 min of delivery with no use of the
alternative treatment. Second, in our study surfactant
was administered after randomization into a treatment
group and only if defined criteria were met after initial
ventilatory stabilization. Third, our study focused on ex-
tremely premature newborns with significantly lower
gestational age and birthweight than those of Gerst-
mann et al. [8]. These prematures are the most likely to
benefit from HFOV because of being at high risk of
chronic lung disease. Like in Gerstmann et al.'s trial
[8], patients with infection were also included in our
study. The fact that despite random allocation there
was a significantly higher proportion of males in our
study may put the HFOV group at a disadvantage com-

pared to the CMV group, especially for the comparison
of pulmonary outcomes [13, 14].

Recruitment of optimal lung volume was achieved by
approximately 30% higher PAwDP in the HFOV group
in comparison with MAwP in the CMV group during
the early postnatal period. A higher PAwDP in the
HFOV group was the logical result of the optimal lung
volume strategy which is an accepted method of improv-
ing oxygenation and a prerequisite for good ventilation
[15]. This 30 % increase in PAwDP was higher than re-
ported in other studies or than generally applied. Better
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HFOV group CMV group

Surfactant
No. of doses in all patients 0 (0, 3)* 2 (0, 4)

Doses
No. of patients who did not receive surfactant 11/19 (57.8%)* 1/18 (5.6 %)
No. of doses in patients who received surfactant 1.5 (1, 3) 2 (1, 4)

Postnatal steroids
Cumulative dose (mg/kg) 1.6 (0, 11.3) 2.75 (0, 17.5)

* p < 0.001

Table 2 Surfactant dosing and
postnatal steroid therapy. Val-
ues are median (95% confi-
dence limits

HFOV group CMV group

Airleak
Pneumothorax 5.3 % (1/19) 5.6 % (1/18)
Pulmonary insterstitial emphysema 10.5% (2/19) 5.6 % (1/18)

Chronic lung disease
Clinical score at age 30 days (Toce scale) 4 (0, 5) 4.5 (0, 5)
No. with zero score 5.3 % (1/19) 11.1% (2/18)
Roentgenographic score 1 (0, 3)* 3 (1, 4)
Clinical score at 36th week postconception (Toce scale) 0 (0, 4)* 2 (0, 10)
No. with zero score 78.9% (15/19)** 44.4% (8, 18)
Duration of artificial ventilation (days) 5 (1, 70) 7 (3, 52)
Oxygen use (days) 20 (1, 86) 29 (4, 107)

* p < 0.003; ** p < 0.05

Table 4 Clinical outcomes ± early and late morbidity (SEH sube-
pendymal hemorrhage, PVL periventricular leukomalacia)

HFOV group CMV group

PDA
Indomethacin-treated 36.8% (7/19) 44.4% (8/18)

CNS morbidity
SEH grade I 42.1% (8/19) 38.8% (7/18)
IVH grade II 26.3% (5/19) 27.7% (5/18)
IVH grade III 0% 5.6% (1/18)
IVH grade IV 0% 0%
IVH grade I±II 68.4% (13/19) 66.6% (12/18)
PVL, cystic stage 10.5% (2/19) 5.6% (1/18)
IVH grade III + PVL (cystic) 10.5% (2/19) 11.1% (2/18)

Retinopathy
Stage I±II 78.9% (15/19) 66.6% (12/18)
Stage >II, cryotherapy 10.5% (2/19), 2 22.2% (4/18), 4

Table 3 Pulmonary outcome.
Values are numbers or median
(95% confidence limits)



oxygenation, if expressed as A-aDO2, an indirect reflec-
tion of ventilation-perfusion mismatch, was achieved in
the HFOV patients during the first 14 h after the start
of mechanical ventilation. Our results are in agreement
with other studies [8] and confirm the improvement in
ventilation ± perfusion matching in patients with RDS
[16±18]. However, if oxygenation was expressed as oxy-
gen index, there was no difference between the groups
due to the fact that in calculating oxygen index in the
HFOV group, the higher PaO2 values in the denomina-
tor were offset by the higher mean airway pressure in
the numerator.

Fewer patients in the HFOV group needed surfac-
tant treatment after HFOV was used to recruit optimal
lung volume. This could be explained by better oxygen-
ation achieved with higher PDAwP and lung volumes so
that the gas exchange-based criteria for surfactant
treatment were not met. Another explanation for less
need for surfactant, not tested in this study, might be
the reduction of pulmonary injury, as reported in ani-
mal experiments using combined treatment of surfac-
tant and HFOV [20, 21]. Animal studies have demon-
strated less inflammatory reaction in the lungs and less
hyaline membrane formation with lower protein influx
into alveoli from capillary protein leak during HFOV
[22, 23]. On the other hand, the phasic tidal volume
changes in CMV are believed to induce these patho-
physiologic changes in the lungs [24]. In our study, start-
ing HFOV before any other conventional respirator
treatment may have contributed to avoiding significant
lung injury and to reducing the need for surfactant dur-
ing the acute phase of RDS in these premature new-
borns. However, larger studies and the inclusion of ear-
ly markers of lung injury would be required to test this
hypothesis.

The lower roetgenographic and clinical scores for as-
sessment of chronic lung disease in our HFOV group,
which was given less surfactant, also suggest a reduction
in pulmonary injury. However, this was not supported
by the duration of ventilator support and the use of
long-term oxygen, neither of which was statistically dif-
ferent at the two times of investigation between the
two groups: results contrasting with those of Gerstmann
et al. [8] and Clark et al. [7]. This may represent a Type
II error due to our smaller population, or reflect differ-
ences in study design like including patients with early
and late onset of infection. Thus ventilator support re-
quired for recurrent apnea as a complication of infec-
tion could have biased the total duration of mechanical
ventilation in our study.

There were no differences in the incidence of CNS
and ROP morbidity between the two groups. Despite
the prematurity of the patients, the incidence of serious
stages of IVH and higher stages of ROP, which needed
cryotherapy, was remarkably low compared to other
studies [1, 8]. The two patients initially randomized to
the CMV group fulfilled crossover criteria and were
treated by HFOV successfully. In Gerstmann et al.'s
Provo Multicenter Trial [8] there were also more pa-
tients who failed during CMV than during HFOV.

In conclusion, the immediate use of HFOV associat-
ed with early achievement and maintenance of optimum
lung volume in HFOV is a promising approach in the
treatment of RDS in very and extremely premature
newborns. It resulted in better oxygenation, less need
for surfactant, and a lower incidence of chronic lung dis-
ease compared to conventional ventilation. However,
prospective randomized studies, where lung volume
strategies and optimization of conventional ventilation
are pursued early on , are needed.
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