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Assessment of high-frequency neonatal
ventilator performances

Abstract Objective To assess the ef- creased with endotracheal tube size
ficacy and reliability of neonatal high- with all three ventilators. Increasing
frequency ventilators. test-lung compliance resulted in lower
Design Bench evaluation of neonatal tidal volumes only with OHF 1. De-
high-frequency ventilators. creasing mean airway pressure was re-
Setting Physiology department and sponsible for a decrease in tidal vol-
university hospital neonatal intensive ume delivery with HFV-Baby-

care unit. log 8000.

Interventions HFV-Babylog 8000 Conclusion We found that under our
(Drager Medical), OHF 1 (Dufour), test conditions two of the three venti-
and SensorMedics 3100A (Sensor- lators delivered adequate tidal vol-
Medics) ventilators were connected toumes at the usual frequency of 15 Hz,
a neonatal test-lung. Tidal volume, regardless of the size of the endotra-
peak-to-peak pressure amplitude, andcheal tube and of the mechanical
mean airway pressure were measuregroperties of the respiratory system.
for several ventilator settings, endo- When lung compliance increased or
tracheal tube sizes, and lung com- mean airway pressure decreased, both
pliances. of which are common events during
Measurements and resultsicreasing the recovery phase of hyaline mem-
peak-to-peak pressure resulted in a brane disease, we found that the in-
linear increase in tidal volume deliv- trinsic properties of two of the venti-
ery in the 0-30% range of maximum lators tested were responsible for a
amplitude. No significant increase in decrease in tidal volume. This de-

tidal volume was observed with the crease may account for some cases of
HFV-Babylog 8000 when pressure  heretofore unexplained hypercapnia.
amplitude was above 50%. The maxi-

mum tidal volume delivered was sub-

stantially smaller with the HFV-Baby- Key words High-frequency

log 8000 than with the OHF 1 or Sen-ventilation - Pediatric intensive care
sorMedics 3100A. Tidal volume in-

Introduction

prove outcomes remains unproven, the use of HFV has ex-
panded noticeably over the last 5 years in neonatal inten-

High-frequency ventilation (HFV) uses frequency ratesive care units [4].

above 300/min (5 Hz), which have been shown to provide Several techniques are collectively referred to as HFV,
adequate ventilation and oxygenation in neonates with reemely high-frequency oscillation, high-frequency flow in-
spiratory failure at tidal volumes smaller than the respirgerruption, and high-frequency jet ventilation [1,5]. In
tory dead space [1-3]. Although the ability of HFV to im41987, Fredberg et al. [6] performed a bench evaluation of
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the high-frequency ventilators available at the time, argdn vary within the range 1/2 to 1/1. Pressures are displayed in digits.
found that the tidal volumes delivered were highly depenidal volume is not monitored.

In addition to high frequency oscillatory tidal volumes, large tidal
dent on the frequency used and on the load produced mes, called sighs, can be generated on demand by the HFV-

the endotracheal tubes. No such evaluation has been pghylog 8000 and OHF 1.
formed for the high-frequency ventilators used at present.

In Europe, the most widely used devices include two

high-frequency oscillators, the OHF 1 and the SensorMexperimental set-up

dics 3100A, and one ventilator which provides high-frelz . .

N . he high-frequency ventilators were connected to a lung model com-
quency oscillation of the exhalation valve membrane, theceq of an endotracheal tube and a plexiglass sphere in series [7].
HFV-Babylog 8000. Furthermore, the parameter settings Sik conditions were tested by combining three endotracheal tubes
these ventilators include frequency, peak-to-peak press(iuk 2.5, 3, and 3.5 mm) with two sphere volumes simulating either a
amplitude, and mean airway pressure, and the relationsfﬂﬁgna' neonatal lung (compliance=5 mli/ca®) or a lung with hya-

. e membrane disease (compliance=1 ml/cH
between these settings have not been evaluated. The ventilators were studied with the circuit tubings recommend-

~In this study, we evaluated the main factors that may py the manufacturers. These tubings were tested for leaks.
influence the mechanical performances of commercially “Alveolar pressure” was measured using an 8510-2 Endevco pres-

available neonatal high-frequency ventilators, with thg're transducer (San Juan Capistrano, Calif., USA) placed in the test-

: : - iahilitg -, Jung. Pressure variations in the sphere were assumed to be instanta-
goal of analyzmg their eff|C|ency and re“ablhty In simu neous, since the sphere diameters were much smaller than the wave-

lated clinical conditions. Indeed, the incomplete charactefdngth of the oscillations. Airway pressure was measured using an
zation of these devices and of their mechanical interactio@ntical pressure transducer connected to a hole drilled in a standard
with the respiratory system often complicates the interpﬁndotrachegl tuhbedconrr]]eﬁtor in such "a V}/a% thatbthe h(;a%ddof the trans-
; ; ucer was flushed with the inner wall of the tube and did not inter-
tation of published work on HFV. fere with the streamline of the flow. No tubings were used for these
two pressure transducers, which have a flat frequency response up to
20 kHz. Signals were digitized at 512 Hz, using an MP 100 Biopac
system (Goletta, USA) connected to a 6100 Macintosh computer. Ti-
Materials and methods dal volume (M) was calculated from alveolar pressure amplitude
using the equation ¥=AP-C, whereAP is the amplitude of the alveo-
lar pressure and C the compliance of the test-lung. C was determined
from a calibration procedure during which 2 and 5 ml air were in-

. . . jected into the spheres (in less than 200 ms). Adiabatic conditions can
Three neonatal high-frequency ventilators were studied. Each venrlf@- assumed for both the calibration procedure and the 5-20 Hz oscil-

tor was checked by the manufacturer before the study. The ventilat%rt.?On studies [6]

were the HFV-Babylog 8000 (Dger Medical, Libeck, Germany), the ’

OHF 1 (Dufour, Villeneuve d’Asc, France), and the SensorMedics

3100A (SensorMedics, Bilthoven, The Netherlands). The three main

parameters controlled by these ventilators were peak-to-peak presdifig! volume tests

amplitude, mean airway pressure, and frequency rate. . .

The HFV-Babylog 8000 is based on “membrane oscillation,” i} the first part of the study, mean airway pressure was set at
which a continuous flow (from 10 to 30 I-mil) is modulated by 10cmHO and peak-to-peak pressure amplitude at the maximum val-
high-frequency oscillation of the exhalation valve membrane (5. for each ventilator. ¥ delivery was measured for increasing rates
20 Hz). Control of mean airway pressure (3—30 gi®}is ensured by of frequency (5, 10, 15, and 20 Hz, if possmle). This test was per-
a number of systems that are automatically modulated by the ventfigrmed for the three endotracheal tube sizes and the two volume com-
tor: (a) active expiration, provided by a Venturi effect at the expird/iances. ) .
tory port; (b) modulation of the continuous flow; and (c) modification, The relationship between the peak-to-peak pressure amplitude set-
of the inspiratory/expiratory (I/E) ratio (1/5-1/1). Peak-to-peak pre§Dd and Vr was evaluated by gradually increasing the peak-to-peak
sure amplitude is determined on an arbitrary scale from 0 to 1009§essure amplitude from the minimum to the maximum value for
Tidal volume is monitored by a flow sensor placed in the Y-piece. Afach ventilator (5-100% for the HFV-Babylog 8000, 6-115 ¢@H
these parameters are displayed in digits. for the OHF 1, and 4-90 cmi® for the SensorMedics 3100A). This

The OHF 1 provides high-frequency ventilation by transmittin st was pe_rformed with an endotracheal tube size of 2.5 mm, a test-
the oscillation (1020 Hz) of a piston directly to the Y-piece via a riung compliance of 5 mlicmiD, a frequency of 15 Hz, and a mean
gid tube. A steady transverse (“bias”) flow of fresh gas (0—20 [-#in airway pressure of 10 cmye. )
is delivered to the Y-piece to maintain proper gradients for oxygen 10 €valuate the interdependence betweenavid mean airway
and carbon dioxide transfer. An adjustable resistance is placed at Rf@Ssure set on the ventilator, we measuredav/five predetermined
end of this bias flow circuit. Mean airway pressure can vary from Bl€an airway pressures (5, 10, 15, 20, 25 ¢H This test was per-
to 30 cmH0, according to the bias flow and expiratory resistance sd@'med with an endotracheal tube size of 2.5 mm, a test-lung compli-
tings. Peak-to-peak pressure amplitude can be increased from (Rge of 5 mlicmhbO, a frequency of 15 Hz, and a peak-to-peak pres-
115 cmBO. I/E is set at 1/1. Pressure signals are displayed in digifi'e amplitude providing a-of 2 ml.

Tidal volume is not monitored.

The SensorMedics 3100A provides HFV which transmits the os-
cillations (3—15 Hz) of a loudspeaker directly to the Y-piece via Wlonitoring test
low-compliance tube. The bias flow (0—40 |I-mipis delivered to the
Y-piece. There is an adjustable resistance at the end of the bias flbovevaluate the reliability of ventilator monitoring, the mean airway
circuit. Mean airway pressure can vary from 3 to 45 g®@Haccord- pressure and fractional inspired oxygen (pIGettings displayed on
ing to bias flow and expiratory resistance settings. Peak-to-peak prige front panel of the ventilators were compared with the actual val-
sure amplitude can be increased from 0 to 90 e@HThe I/E ratio ues measured simultaneously using an independent method. In addi-

Ventilators
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tion, monitored \f values were compared with measured values for Table 1 gives the overall results for changes i at-
the HFV-Babylog 8000 ventilator. Mean airway pressure, andfof c§rding to frequency rate, endotracheal tube size, and test-

the HFV-Babylog 8000 ventilator, were obtained from data gather . . .
during evaluations of ventilator performance. fing compliance. When test-lung compliance increased,

FIO, monitoring was assessed by setting the ventilator,Fo® V1 was lower with the OHF 1, higher with the Sensor-
0.21, 0.25, 0.30, 0.50, and 0.75. Samples of inspiratory gas wévkedics 3100A, and virtually unchanged with the HFV-
taken with a 50-ml syringe and analyzed in duplicate using g®abylog 8000.

ABL 30 blood gas analyzer (Radiometer, Copenhagen, Denmark).

Results 20 1
® Babylog
® OHF1
Frequency- and load-dependence gf V 4 SM 3100A
154

Changes in ¥ in the frequency range 5-20 Hz, with a
2.5-mm endotracheal tube and a test-lung compliance of
1 ml/emH,0 are shown in Fig. 1 for each of the three ven-
tilators. There were striking differences in the performance
of the three ventilators: at a given frequency rate, the max-
imum Vr delivered was noticeably smaller with HFV- /‘
Babylog 8000 than with the OHF 1. When peak-to-peak
pressure amplitude was set at the maximum value, the
SensorMedics 3100A ventilator delivered supraphysiologic 55 30 | 35
Vq, especially at 5 and 10 Hz (Fig. 1). ETT internal diameter (mm)
When endotracheal tube size was increased, iV ig. 2 Tidal volume variations resulting from an increase in endotra
creased SUbStant!a”y’ as shown in Fig. 2. This effect W(%l%al tubeETTsize (2.5, 3, and 3.5 mm%. Three ventilators were com-
more mark_ed with the_ OHF 1 and the Sens_orMed'?)%red: HFV-Babylog 800Babylog OHF 1, and SensorMedics 3100A
3100A ventilators than with HFV-Babylog 8000 (Fig. 2). SM3100A using the same mean airway pressure setting of

10 cmH,0, maximum pressure amplitude, a frequency rate of 15 Hz,
and a test-lung compliance of 1 ml/cry®i

Tidal volume (ml)
o

&4}
1

25+

® Babylog
204 = OHF1

4 SM 31004 Table 1 Tidal volumes delivered by the three high-frequency ventila-
15 tors tested, which were connected to endotracheal tubes with i.d.’s of

2.5, 3, or 3.5mm and to a test-lung compliance ¢ of 1 or 5ml/
cmH,0. Peak-to-peak pressure amplitude was set at the maximum
10 value and mean airway pressure was 10 ¢@HResults are ex-
pressed in ml for the measurements performed with the test-lung com-
pliance of 1 ml/cmHO and as the percent variation of this value

V; (ml)

5 when the test-lung compliance was changed to 5 ml/gtnH
C=1 ml/cmHO (ml) C=5ml/cmHO (%)
0 T T T 1
0 5 10 15 20 25 3 35 25 3 35

Fig. 1 Tidal volumesVy obtained with the maximum pressure ampli'-_":v-Balbylog 8000

tude settings of the three high-frequency ventilators tested: HF\ :i 3? 1%(; 1;13 _f 8 8
Babylog 8000Babylog OHF 1, and SensorMedics 31002M 3100A 27 39 49 _6 0 1
Measurements were made in the range 5-20 Hz at the frequensies,, 17 26 3.3 ) 2 _4
available for each ventilator. Mean airway pressure was 10nH

endotracheal tube size was 2.5mm, and test-lung compliance Wi~ 1

1 ml/lcmH,0. Horizontal broken linesndicate tidal volumes of 2 ml/ 10 Hz 8.0 114 14.8 —-29 -4 =7
kg for neonates weighing 1000, 2000, and 3000 g. At a frequéncy 15 Hz 6.0 8.9 11.5 -26 -3 -6
of 15 Hz, Babylog delivered adequate tidal volumes in this test condf Hz 4.6 6.6 8.7 =25 -5 -8
tion only to neonates weighing less than 1500 g; at lower frequenci§snsormMedics 3100 A

heavier neonates could be ventilated. In contrast, the two other vendiyy, 21 0 320 48.0 23 18 0
lators were powerful enough to deliver adequate volumes to neongiggy; 12.3 29.0 26.1 26 25 0
weighing 3000 g at frequencies of 15 Hz or less. SM 3100A genergis 8.0 10.0 17.5 58 35 14

ed very high volumes at this maximum amplitude pressure setting
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51 contrast, some advantage was seen with the OHFirY
crease was 32% for the same increase in pressure ampli-
4l tude). The SensorMedics 3100A ventilator generated a
= considerably higher ¥ than the other two ventilators, and
= the increase was 11% when the amplitude setting was
% 37 changed from 50 to 100% (data not shown).
Z 2]
© .
2 . « Babylog Interdependence between mean airway pressure gnd V
1 m OHF1
4 SM 3100A When mean airway pressure varied in the range 5-—
0 ‘ ‘ ‘ ‘ ‘ 25 cmH,0, Vr did not change with the OHF 1 or Sensor-
0 20 40 60 80 100 Medics 3100A (Fig. 4). With the HFV-Babylog 8000,V
Pressure amplitude (%) decreased as mean airway pressure decreased: for instance,

Fig. 3 Tidal volume variation resulting from an increase in pressur% decrease in mean airway pressure from 20 to 10,6nH

amplitude (expressed as a percentage of the maximum pressure arhgfulted in a 30% decrease ir.V
tude). Three ventilators were compared: HFV-Babylog 88abylog
OHF 1, and SensorMedics 31008M 3100A using the same mean
airway pressure setting of 10 crp®, a frequency rate of 15 Hz, an
endotracheal tube size of 2.5 mm, and a test-lung compliance of 5
cmH,0O. Tidal volumes increased quasi-linearly in the 0-30% range . . .
of pressure amplitude, whereas the increase was considerably sm%Né‘ih the SensorMedics 3100A ventilator the I/E ratio
above this range could vary between 1/1 and 1/2. When standard peak-to-
peak pressure amplitude settings for neonates were used

(up to 30 cmBO), a decrease in I/E ratio from 1/1 to 1/2

rITr]VIuence of I/E ratio on mean airway and alveolar pressures

47 had no effect on mean airway or alveolar pressure. By

| Babylog contrast, with higher pressure amplitudes, the mean airway
_ T o io0n pressure rose above the alveolar pressure when the I/E ra-
E ;5. tio was 1/2 (data not shown).
g Monitoring
g 24 m ———
= / The HFV-Babylog 8000 estimated the RI@ith an error of

1 less than 3% when the FjQvas in the range 0.21-0.30 and

less than 5% when the FjQvas 30% or more. Overestima-

1 5 1 0 20 tion in the range 21-30% was more marked with the Sensor-
Medics 3100A and the OHF 1 (6 and 10%, respectively).

Mean airway pressure (cm H,0)

Fig. 4 Tidal volume variation resulting from an increase in mean air-

way pressure. Three ventilators were compared: HFV-Babylog 8000 16

Babylog OHF 1, and SensorMedics 31008M 3100A Pressure am- 14

plitude was set to obtain a tidal volume of 2 ml at a frequency rate of

15 Hz. Endotracheal tube size was 2.5 mm, and test-lung compliance 124 s

was 5 ml/cmHO

[N
o
Il
oo

V, Babylog (ml)
[oe]

Influence of peak-to-peak pressure amplitude gn V 6 -

V+ increased when peak-to-peak pressure amplitude in- 47 y

creased. The relationship between these two parameters 2 ¢

was linear in the range 0—-30% of maximum peak-to-peak

pressure amplitude and clearly nonlinear at higher peak-to- 00 5> 4 6 8 10 12 14 16
peak pressure amplitudes (Fig. 3). In terms of, there V, measured (ml)

was little advantage in increasing the peak-to-peak pres-

. o . . 9.5 Reliability of tidal volume monitoring of HFV-Babylog 8000
sure amplitude above 50% with the HFV-Babylog SOO@T Babylog On the vertical axis, tidal volume is computed as the

ventilator (increasing_the pressure ?mp“tUde setting froflio of expiratory minute volume to the frequency rate. Measured
50 to 100% resulted in an increase ir ®f only 6%). By tidal volumeV; is plotted on the horizontal axis
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Mean airway pressure monitoring was adequate with peak-to-peak pressure amplitude of no more than
the three ventilators (differences with measured valud® cmH0. It is important to bear in mind that with this
were —10%). ventilator a decrease in frequency induces a major increase

V1 was monitored only with the HFV-Babylog 8000in Vt associated with a risk of baro-/volotrauma, even
ventilator. We found that the flow sensor underestimatedhen the pressure amplitude setting remains unchanged.
the V; by approximately 20% (Fig. 5). The OHF 1 appeared to be well suited to the delivery
of 15 Hz high-frequency oscillations in neonates. With this
ventilator, we recommend that the frequency rate be de-
creased to 10 Hz when ther\s too small.

Discussion By contrast, the HFV-Babylog 8000 clearly failed to de-

liver adequate Y at frequencies <15Hz, regardless of the
The results of this study show that performance charactsize of the endotracheal tube and of the mechanical proper-
istics vary widely across high-frequency ventilators. Wees of the test-lung. If we assume that the data generated by
found that, under our test conditions, two of the ventilapur model predict the maximum-Vdelivered to an infant
tors provided adequateM2 ml/kg) [8,9] at the usual fre- with RDS, we can conclude from our study that the HFV-
guency of 15 Hz, irrespective of the size of the endotr&abylog 8000, set at a frequency of 15 Hz, delivers ade-
cheal tube and of the mechanical properties of the respigarate f only in small neonates (body weight <1500 g) un-
tory system. In addition, our results demonstrate that ther our test conditions. When the- 6 too small to achieve
intrinsic properties of two of the three ventilators studieddequate C@removal with maximum peak-to-peak pres-
may be responsible for a decrease inwhen downstream sure amplitude, the frequency rate should be decreased
compliance increases or when mean airway pressure @gd/or the endotracheal tube changed if the latter is inap-
creases, two events that occur during the recovery phasepriate. With the HFV-Babylog 8000 ventilator, a de-
of the respiratory distress syndrome (RDS). This decreagease in frequency to less than 8 Hz can result in a de-
in V1 may contribute to the impairment of alveolar ventierease in the I/E ratio to 1/5 with an asymmetric wave-
lation during this phase. form, which is clearly not an oscillatory pattern.

Our experimental set-up was identical to that used in Our study provides clues to the cause of the unexplained
the bench evaluation of high-frequency ventilators penypercapnia sometimes observed during the recovery phase
formed by Fredberg et al [6] — namely, an endotracheail RDS treated by HFV with the OHF 1 or HFV-Babylog
tube connected to a gas compliance system (tube-bo&R90 ventilators (this is a common, albeit underreported,
system). Although this model does not faithfully replicatevent in neonatal intensive care units). Contrary to Fredberg
the mechanical characteristics of the RDS lung, it is et al. [6], we found that modifications in respiratory compli-
value for identifying factors that influence the mechanicaince and mean airway pressure induced unexpected changes
performance of ventilators. Despite wide differences in di V+ delivery. These two modifications are common during
sign among the ventilators tested, we consistently foutite recovery phase of RDS, when the compliance of the dis-
an inverse relation betweent\and frequency oscillation eased lungs improves and when the weaning strategy is
and a positive relation betweeny\and endotracheal tubebased on a gradual decrease in mean airway pressure [3].
size, in keeping with Fredberg’s results. An ideal high-frédur data suggest that hypercapnia may occur as a result of
guency ventilator should have a high “internal impedance’decrease in ¥following a decrease in mean airway pres-
to ensure that its output remains relatively insensitive sure (with the HFV-Babylog 8000) or an increase in lung
moderate changes in respiratory system impedance [6, X@mpliance (with the OHF 1).

The load-dependence of{\Wemonstrates that the ventila- In contrast to the OHF 1 and SensorMedics 3100A, the
tors tested in this study are far from ideal. HFV-Babylog 8000 showed a marked decrease fnWen

Removal of carbon dioxide is mainly dependent op \the mean airway pressure was lowered. This feature can
and, to a lesser extent, on oscillatory frequency (f):,C®e ascribed to the design of the ventilator, which cannot
removal=a-W¥"-f>, with b>c [8,9,11,12]. Although the generate negative expiratory pressures of less than
data from our bench evaluation of ventilators cannot acetd cmH,0, in contrast to the two other ventilators, which
rately predict the V that would be delivered by each vencan produce much lower values. With the HFV-Babylog
tilator in a specific clinical situation, they suggest th&000, the only means of achieving a decrease in mean air-
there are substantial differences in delivery of &#mong way pressure are the modulation of the continuous flow
the three ventilators. and lowering of the I/E ratio. When these fail, the de-

The SensorMedics 3100A was the most powerful ventirease in mean airway pressure is accompanied by a de-
lator in our study. When peak-to-peak pressure amplitudeease in peak-to-peak pressure amplitude and, therefore,
was set at the maximum value, this ventilator delivered s+ V.
praphysiologic \, especially at 5 and 10 Hz. This charac- In addition to the decrease in mean airway pressure
teristic has led the manufacturer to recommend a fresed to wean the patient, in the RDS recovery phase there
guency rate of 15 Hz for premature babies with RDS angl an increase in lung compliance. A surprising observa-
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tion was made for the OHF 1 ventilator, which deliverethis observation, and a detailed analysis of the balance be-
lower V1 when test-lung compliance was increased fromtiveen the internal impedance of the ventilator and the ex-
to 5 ml/cmHO. This finding cannot be explained on theernal impedance of the test-lung would be needed to
basis of the simple mechanical model used in our studyftather describe this phenomenon [10]. This paradoxical
replicate the neonatal respiratory system. This model is egecrease in Y when compliance increases may contribute
sentially composed of a resistance (R, the small-diameterthe occurrence of hypercapnia during recovery from
endotracheal tube) and of a compliance (C). It has beRDS. Our data suggest that the pressure amplitude gener-
evaluated by Isabey et al. [13], who found that the preated by the OHF 1 ventilator should be checked carefully,

sure amplitude ratio between the alveolar pressure swiegpecially when respiratory mechanics vary.
(APR,) and the pressure swing at the inlet of the endotra- The HFV-Babylog 8000 is the only high-frequency ven-
cheal tube AP;) was inversely related to the time constantlator that monitors \, whereas all ventilators monitor

of the system (R-C) and to the frequency (f), according peak-to-peak pressure amplitude.

the following formula:

for a givenAPr value. However, the tidal volume\y) re-
mains virtually unchanged,

AP, I
APt \/lJr(2orc~f~R'C)2

1

V142 mfRC)

tions.

A model taking into account the inertance within th
airways can also be used and may lead to different conc
sions when endotracheal tube volume and/or frequency 8

higher than in the present study [13].

In fact, our finding that ¥ was lower when test-lung
compliance increased was mainly due to a decrease
peak-to-peak pressure amplitude. Indeed, with a 2.5-

Since\V=

parameters influence-Mdelivery, mainly the frequency rate
and mechanical properties of the respiratory system, moni-
toring the \t delivered during HFV is very useful and

should be provided by every high-frequency ventilator as
) ) ) _ ) ~a means of improving safety. For instance, partial obstruc-
Any increase in C results in an increase in the timgn of the endotracheal tube by secretions can result in a
constant, and consequently in a decrease inAfReswing decrease in Y responsible for a decrease in £@moval

C'APA, AA—]}; ==

in newborns that can be missed if ¥ not monitored.
| ; ~In conclusion, this study was designed to investigate
or ~ 5_rg under our experimental condi-the performance of newly available high-frequency neona-

tal ventilators. Our findings suggest that efficiency in

endotracheal tube, a 25% decrease in peak-to-peak pres-

sure amplitude was noted when compliance was increai%

erms of \, and interactions between parameters should be
%lgen into account when adjusting ventilation to obtain
pgquate C@removal in neonates. The design of high-fre-
guency ventilators should be improved to meet two re-
quirements: (a) delivery of a constant Vh the range 5-

20 Hz, regardless of the load required by the respiratory
nystem, and (b) ¥ monitoring.

gnowledgements We thank the companies that loaned us the ven-

from 1 to 5 mi/cmHO (,S’ee Table 1). No such decrease Ogpators used for this study: Dger-France for the HFV-Babylog 8000,
curred when the ventilator was connected to a 3-mm Dtfour Medical for the OHF 1, and SensorMedics for the SensorMe-
3.5-mm endotracheal tube. We have no explanation ftigs 3100A.
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