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ABSTRACT. We studied healthy and saline lavaged rab- 
bits during high frequency oscillatory ventilation to deter- 
mine what combination of frequency (0, tidal volume (V,), 
and mean airway pressure (Fa,) produced the lowest peak- 
to-peak alveolar pressure amplitude (Pal,) and physiologic 
blood gas tensions. Sinusoidal volume changes were deliv- 
ered through a tracheostomy by a piston pump driven by a 
linear motor. Tracheal pressure amplitude (P,,) was meas- 
ured through a tracheal catheter and alveolar pressure 
amplitude was measured in a capsule glued to the right 
lower lobe. Paoz, Pacoz, P,,, and Pa,, were measured at the 
following settings: Fi02 = 0.5, frequency 2-28 Hz, V, 1-3 
mL/kg (50 150% dead space) and Paw 5-15 cm H20. Many 
combinations of frequency and V, resulted in the same 
Pa02 and Paco2. Paw had a large effect on Pal, and minimal 
effect on blood gas tensions. In lavaged rabbits, the com- 
posite variable f X V: described the trends in Pa,, and 
blood gas tensions. As the product of f x V: increased, 
Paoz initially increased and then decreased, whereas Pacoz 
decreased and Pal,increased. No single combination of 
frequency, V, and Paw simultaneously provided the lowest 
Pal, and physiologic blood gas tensions. Adequate blood 
gas tensions and low Pa,, were o b t a i ~ d  at frequencies less 
than 12 Hz, a V, of 2 mL/kg and a Pa, of 10 cm HzO. In 
healthy and lavaged rabbits Pao2 increased and Paco2 
decreased as frequency increased at lower V,.Pao2 de- 
creased as frequency increased at higher V, in lavaged 
rabbits only. Pa,, tended to be greater in lavaged rabbits. 
(Pediatr Res 27: 64-69,1990) 

Abbreviations 

f, frequency 
V,, tidal volume - 
Paw, mean airway pressure 
P,,, peak-to-peak tracheal pressure amplitude 

Selected effects off, V,, and paw on gas exchange and pressure 
amplitude have been studied previously in healthy and lung 
damaged animal models during HFOV. Oxygenation and ven- 
tilation have been shown to depend on frequency and V, (1, 2). 
Previous work indicating there is a relationship between C02  
elimination and the product of oscillatory frequency and Vt 
[VC02 = a(Qb(V,)" where a, b, c are constants] (3, 4) led us to 
evaluate the relationship of arterial blood gas tensions to the 
product f x V? (5). We observed that many combinations of 
frequency and V, produced equivalent blood gas tensions and 
that the composite variable f x V: was a good descriptor of our 
mean arterial blood gas tensions during HFOV in healthy rabbits. 
Others have found that different combinations of frequency, V, 
and Paw can produce equivalent blood gas tensions (3, 4) but the 
resultant pressure swings in the trachea and alveolus may not be 
equivalent. Near the resonant frequency of the respiratory sys- 
tem, pressure swings in the alveolus may exceed those at the 
airway opening during HFOV (8, 9). Allen et al. (10) reported 
that the ratio, Pa,,/P,,, increased as &, increased near the reso- 
nant frequency in excised rabbit lungs. Although increasing Paw 
has not been shown to improve gas exchange in healthy animals 
(1 1) it does improve oxygenation in lung damaged animal models 
(12-14). 

We wished to determine whether there is a combination of 
frequency, V, and &, that provides adequate blood gas tensions 
(i.e. the highest Pao2 and a Pac02 between 35 and 55 tom) and 
minimizes airway pressure amplitude. We examined systemati- 
cally the combined effects of frequency, V, and Faw on gas 
exchange and airway pressure swings during HFOV. Because of 
the previous conflicting results of Paw effect on Pao2 in healthy 
and lung damaged animals, we also compared healthy and saline 
lavaged rabbits to determine how frequency, V, and Paw affected 
gas exchange and airway pressure swings in each model. 

MATERIALS AND METHODS 
~,~;,-~eak-to:~eak alveolarbressure amplitude 
HFOV, high frequency oscillatory ventilation Animal preparation. Ten juvenile male New Zealand White 

V,,,, oscillatory ventilation rabbits ranging in wt from 2.05 to 3.03 kg were studied. They 

VA/Q, ventilation-perfusion ratio were anesthetized with ketamine (40 mg/kg), acepromazine (0.4 

VCO2, expired COZ mg/kg), and xylazine (6 mg/kg) by intramuscular injection. A 
tracheostomy was performed and a 3.0 mm inner diameter 
endotracheal tube was inserted. The animals were paralyzed with 

Received February 28, 1989; accepted September 7, 1989. pancuronium (0.8 mg) and ventilated. Sinusoidal volume 
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rics, Floating Hospital for Infants and Children, New England Medical Center, 750 changes were through the tube by a piston 
Washington Street, Boston, MA 02 1 1 1. pump ventilator, driven by a linear motor (Hummingbird High 
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A high impedance bias flow (6 L/m) supplied fresh humidified 
gas. 

To produce a model of lung injury, we used a modification of 
Lachmann's pulmonary lavage technique (1 5). The rabbit was 
disconnected from the ventilator. Thirty mL/kg of warmed saline 
were instilled through the endotracheal tube at a pressure of 50 
cm H 2 0  and left for 10 s before drainage. The rabbit was 
reconnected to the ventilator. No sustained inflation was given 
before the next lavage. The lavage was repeated every 5 min 
until the Pao2 was less than 70 torr at Fi02 = 1.0. A median of 
two lavages (range 1-5) with 9 1 % (range 84-97%) saline returned 
was required to reach the desired impairment of gas exchange. 
Body temperature was continuously monitored with a rectal 
temperature probe, and heating pads were used to maintain 
normothermia. 

Measurement of Vr. V, was measured by integrating the flow 
signal from a no. 0 Fleisch pneumotachograph connected to a 
high fidelity differential pressure transducer (Celesco Transducer 
Products, Inc., Canoga Park, CA). The pneumotachograph was 
calibrated by adjusting the volume signal to equal a known V, 
measured using a 30L pressure plethysmograph. The frequency 
response of the pneumotachograph-transducer system was stud- 
ied by comparing its output with that of a pressure plethysmo- 
graph with a known dynamic response. The pneumotachograph 
had a flat amplitude response + 16% from 3 to 30 Hz. Correction 
factors were obtained from the frequency response curve. The 
ventilator stroke volume was adjusted appropriately to ensure 
that equal V, were delivered at all frequencies. Brusasco et al. (7) 
have shown that during HFOV, delivered gas volume to the 
lungs may differ from the stroke volume delivered by the piston 
pump. To validate that the V, delivered to the lung was equal to 
the V, measured by the pneumotachograph, we placed a trache- 
ostomized rabbit in the plethysmograph and attached the endo- 
tracheal tube to the pneumotachograph and compared V, as 
measured by the plethysmograph and pneumotachograph at 
different frequencies. The plethysmograph and pneumotacho- 
graph measured V, were equal at frequencies of 4 and 28 Hz in 
the unlavaged rabbit. The pneumotachograph V, was no more 
than 5% more than the plethysmograph V, at a frequency of 28 
Hz and equal at a frequency of 4 Hz in the lavaged rabbit. 

Measurement of airway pressure. To measure peak-to-peak 
tracheal pressure amplitude about the mean P,,, an air filled side 
hole catheter was placed next to the endotracheal tube so that its 
tip extended 0.5 cm beyond the endotracheal tube. Both the 
endotracheal tube and the pressure catheter were secured in place 
with an umbilical tie and sealed with cyanoacrylate glue to 
prevent air leaks. 

To measure peak-to-peak alveolar pressure about the mean 
Pal,, a plastic capsule was attached to the visceral pleura of the 
right lower lobe in a modification of the method of Fredberg et 
al. (8). After the chest was opened at the 6th right intercostal 
space, the lungs were distended to 10 cm H20. A thin sheet of 
soft plastic wrap, cut approximately 1 cm more than the capsule, 
was attached to the flat surface of the capsule with cyanoacrylate 
glue, and the plastic surface glued to the right lower lobe. Four 
punctures were made into the visceral pleura through the opening 
of the plastic capsule with a 20-gauge needle to a depth of 3 mm. 
The pressure transducer was then connected to the capsule. The 
chest remained open throughout the experiment. All pressures 
were measured using piezoresistive pressure transducers (En- 
devco Corp., San Juan Capistrano, CA). 

From previous studies we have found that both transducer 
and catheter or transducer and alveolar capsule combinations 
had a flat amplitude response within + 0.5% and a flat phase 
response + 5" from 0.5 to 30 Hz (16). All signals were amplified 
using Tektronix AM502 amplifiers (Tektronix Inc., Beaverton, 
OR) and displayed on an oscilloscope. 

Measurement of arterial blood gas tensions. To obtain arterial 
blood samples, a 22-gauge angiocath was placed in the central 
ear artery. Blood gases tensions were measured with a BMS 3 

Mark 2 Blood Micro System (Radiometer, Copenhagen, Den- 
mark), and corrected to 37°C. The electrodes were calibrated 
before each experiment with certified gas standards, and were 
accurate within 0.02%. Duplicate measurements of blood sam- 
ples never varied more than + 0.5 tom. 

Experimental protocol. Five healthy and five lavaged rabbits 
were studied while receiving Fi02 of 0.5. Similar combinations 
of frequency, V, and Fa, were studied but the order was random- 
ized for each rabbit. Frequencies of 4, 8, 16, 24 Hz and V, of 1 
and 3 mL/kg were studied in healthy rabbits. Frequencies of 2, 
12, 20, 24, 28 Hz and V, of 1, 2, and 3 mL/kg were studied in 
lavaged rabbits [a V, of 2.0 mL/kg was estimated to equal 
physiologic dead space (I)]. At the largest V, (3 mL/kg), the 
maximum frequency attainable was 24 Hz. Faw of 5.0, 10.0, and 
15.0 cm H 2 0  were studied in each rabbit at every combination 
of frequency and V,. To ensure that each combination of fre- 
quency, V, and paw was presented after the same volume history 
the lungs were inflated by increasing the Haw to 20 cm H20 for 
10 s before each combination was studied. Arterial blood samples 
were drawn after an equilibration period (10-20 min) determined 
by the f x V? at each setting. From our previous studies in 
healthy rabbits, we found that those settings with a f x V: less 
than 12.0 mL2 kg-2 s-I required a 20-min period for blood gas 
tensions to fully equilibrate. Blood gas tensions at settings with 
a higher f x V: equilibrated faster and samples could be drawn 
after 10 min. PI, and Pal, were measured just before changing to 
the next designated combination. 

Analysis of data. To analyze the data statistically, we per- 
formed an N-way analysis of variance evaluating the effects of 
frequency, V, and Fa, on the dependent variables Pao2, Paco2, 
and Pal,. We also performed a one way analysis of variance using 
Bonferroni cornparkon of dependent variable values at different 
frequencies, V, or Paw. All calculations were made using the 
computer program STATA version 1.5 (Computing Resource 
Center, Los Angeles, CA). Data are summarized as the mean of 
five rabbits + SE with statistical significance taken as p < 0.05. 

RESULTS 

- We will first present results describing how frequency, V, and 
Paw affected blood gas tensions and alveolar pressure amplitude 
in saline lavaged rabbits and then indicate how the lavaged 
animals differ from normals. As frequency increased (Fig. I), 
there was a trend for Pao2 to increase at a V, of 1 mL/kg,remain 
constant at 2 mL/kg and decrease at a V, of 3 mL/kg (Paw = 10 
cm H20), but these trends were not statistically significant. Paco2 
significantly ( p  < 0.01) decreased with increasing frequency at 
all V,. Pal, increased significantly ( p  < 0.05) with frequency at V, 
= 2 mL/kg but not at V, = 1 or 3 mL/kg (&, = 10 cm H20). 

As V, increased (Fa, = 10 cm H20) (Fig. I), Pao2 was relatively 
unaffected, increasing significantly ( p  < 0.05) only at a frequency 
of 2 Hz. Paco2 significantly decreased with V, at all frequencies 
( p  < 0.00 1) and Pal, significantly increased at all frequencies ( p  
< 0.05). 

As Paw increased at a V, of 2 mL/kg (Fig. 2), there was a trend 
for Pao2 to increase, but this was significant ( p  < 0.01) only at 2 
Hz, Paco2 was not affected, and Pal, amplitude significantly ( p  
< 0.05) increased with Paw at all frequencies ( p  < 0.001). 

Pal, amplitude was low (<approximately 6 cm H20) at every 
setting tested. The lowest Pal, was observed when V, was 1 mL/ 
kg (Fig. 1) and Fa, was2 cm H 2 0  (Fig. 2) but values of Pal, at a 
V, of 2 mL/kg and a Paw of 10 cm H 2 0  were not statistically 
different (Figs. 1 and 2). 

Pao2 and Paco2 from Figures 1 and 2 were replotted as 
functions o f f  x V? at all Paw (Fig. 3). As the product f x V: 
increased, Pao2 initially increased ( p  < 0.001) then decreased ( p  
< 0.05) when the product was greater than 80 mL2 kg-2 s-I. As 
the product f x V? increased Paco2 decreased ( p  < 0.001) and 
Pal, tended to increase for Fa, 5 10 cm H 2 0  but was not 
statistically significant (Fig. 4). 
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- 0 -  vt I m ~ l k g  - + -  vt 2 milkg - 0 -  vt 3 mllkg the trends in Pal, and blood gas tensions such that as the product 
of f x Vt2 increased, Pao2 initially increased, then decreased, 

Blood gas tensions were similar in healthy and lavaged rabbits 
(Fig. 5) but greater Pa,, amplitudes were required to obtain these 

0  

blood gases in lavaged rabbits (Fig. 5). Paw had little effect on 
8 

Pao2 in healthy (Fig. 6A) or lavaged rabbits (Fig. 6B). Compari- 
son of Figures 3 and 7 indicates differing relationships between - 
Pao2 and f x V: in healthy and lavaged rabbits. Pao2 increased 0 6 

with f x V? in healthy rabbits (Fig. 7) but decreased after an X" 
increase in lavaged rabbits (Fig. 3). Paco2 decreased as f x V: E 
increased in both healthy and lavaged rabbits (Figs. 3 and 7). As 0 4 - 
f x V: increased, Pal, tended to increase for P, < 10 cm H20 - > 
in lavaged rabbits but showed no change in healthy rabbits (Fig. m 
8). 
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resulted in the same Pao2 and Paco2. Paw had a large effect on 
Pal, amplitude but little effect on blood gas tensions. We found Frequency (Hz) 
that in lavaged rabbits, the composite variable frequency multi- Fig. 2. Pao2, Pacoz, Pal, as functions of frequency and 'P,,.V, = 2 
plied by the square of the tidal volume (f X V:) well described mL/kg. FiOz = 0.5. Each point is the mean of five lavaged rabbits _t SE. 

- 
Paco2 decreased and Pal, amplitude increased in lavaged rabbits. 
Therefore, we did not find one combination that simultaneously - T T X ----=:-- + 
provided the lowest alveolar pressure amplitude and physiologic 

1 - -.. -_ -. blood gas tensions. Compromises were necessary to reach either 
- I \  . .  1 ---.-+ maximum blood gas tensions or minimal airway pressures. Com- 

binations that simultaneously provide both a low Pa,, amplitude 
- LT and adequate blood gas tensions are frequencies less than 12 Hz, 

i a V, of 2 mL/kg (approximately equal to dead space) and Fa, of 
10 cm H20. - 

Possible sources of errors that may have affected our results 
will be reviewed. All experiments were lengthy because of the 

s 1  time required for equilibration of Pao2 and Paco2 values. The 

1 0 0  - length of the experiment may have resulted in deterioration of 

- 
L 
L 
0 
C - - s o  
0 
V 
a 

the animal preparation resulting in deterioration of blood gas 

.!:: 
tensions toward the end of each experiment. Although Pa02 and 
Paco2 appeared to be well maintained during the experiment, 
the animals did tend to develop a metabolic acidosis toward the 
end of the experiment. The random order of measurements 

T 1 1 should have served to minimize these effects. Although blood 
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Fig. 3. Pao2 and Paco2 functions off  x V: for Pa, 5, 10, 15 cm H20. 
FiO2 = 0.5. Each point is the mean of three to five lavaged rabbits. 

most likely due. to a combination of alveolar hypoventilatgn 
and increased VA/Q inequality (5). At the same V, and Pa, 
oxygenation is adequate at higher frequencies. Fletcher and 
Epstein (I)  suspect the increase in minute ventilation at higher 
frequencies increases mean and end expiratory alveolar pressure, 
thus improving Pao2 by enhancing ventilation of poorly venti- 
lated alveoli and preventing the closure of small airways (I). We 
are unable to say if gas trapping occurred at the higher frequencies 
because we did not measure final lung volume at the higher 
frequencies. 

Others have tried to define "optimal settings" based on Paco2. 
Bohn (19) reported the optimal oscillatory frequency to be 15 
Hz because at a fixed stroke volume (1.9 mL/kg) this frequency 
produced the lowest values of Paco2 over a range of frequencies. 
However, V, may have fluctuated due to variable losses through 
the bias flow and due to the frequency dependence of impedance 
of the animals' respiratory systems. If V, rather than stroke 
volume was fixed as in our experiment, a different result may 
have been obtained. Wright et al. (1 3 )  obtained the lowest Paco2 
in rabbits with oleic acid lung damage at a frequency of 20 Hz, 
independent of stroke volume between 2.6 to 8.9 mL. However, 
they believed that the Vt decreased at higher frequencies due to 

Paw + 5 cmH,O A 1 0  cmH,O 0 15 cmH,O 

+ Lavaoed - - Healthy 

Fig. 4. Pa,, as a function o f f  X V: for Pa, 5, 10, 15 cm H20.  FiOz = 

0.5. Each point is the mean of three to five lavaged rabbits. 

gas tensions were similar in healthy and lavaged rabbits (Fig. 5), 
we believe that the lavaged rabbits were lung damaged because 
greater Pal, amplitudes were required to obtain these blood gases 
in lavaged rabbits. 

Our Pal, measurements may not have been representative of 
"global" Pal, because the alveolar capsule samples only those 
units close to the pleural surface in the region of the capsule. 
Allen et al. (17) have demonstrated marked differences in Pa,, 
between the apex and base and slight differences between the 
right and left lung at higher frequencies. Fredberg et al. (18) 
determined that the lung responds in a nonhomogeneous manner 
to inhaled histamine and they assumed that because frequency 
dependence of impedance alone cannot explain the regional Pal, 
difference, intrinsic regional differences must always exist. Inas- 
much as we only measured Pal, in one location we are unable to 
comment on Pal, in other regions of the lung and how they 
affected oxygenation. 

Next we will discuss our blood gas tension results. Our resgts 
suggest that the combined effect of a V, of 2 mL/kg and a Pa, 
greater than or equal to 10 cm H 2 0  arc  necessary to produce 
adequate oxygenation. We assume that Pa, improved oxygena- 
tion by increasing lung volume and decreasing venous admixture 
(14). The suboptimal oxygenation that occurs at lower frequen- 
cies for a V, of 1 mL/kg and Pa, of 5 cm H 2 0  (Figs. 1 and 2) is 

Frequency (Hz) 

Fig. 5. Pao2, Paco2, Pal, as functions of frequency at a V, = 1 mL/kg 
and pa, = 10 cm H 2 0  in lavaged and healthy rabbits. Fi02 = 0.5. Each 
point is the mean of three to five lavaged rabbits + SE. 
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Frequency (Hz) 
Fig. 6. Paoz in lavaged ( A )  and healthy rabbits (B) as a function of 

frequency and Paw at a V, = 1 ml/kg. Fio2 = 0.5. Each point is the mean 
of three to five rabbits + SE. 
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Fig. 7. Pa02 and Pacol as functions off x V; for Paw 5, 10, 15 cm 
H20. FiOz = 0.5. Each point is the mean of three to five healthy rabbits. 

gas compression in the apparatus. When V, was corrected for gas 
compression, they found that Paco2 decreased with increasing 
frequency at a constant V, that no longer suggested a frequency 
optimum. Consistent with Wright's data, we found the lowest 
Paco2 (23 tom) at a frequency of 28 Hz and a V, of 2 mL/kg. 
Lower values may have been reached if greater frequencies and 
V, were tested. 

Perhaps it is not appropriate to think of an optimal frequency 

or an optimal V, in isolation. Slutsky et al. (3, 4 )  found C02 
elimination to be dependent on V,,, as determined by the product 
of oscillatory frequency and V,. Slutsky concluded that although 
V,,, is an important factor in determining CO2 elimination, 
frequency and V, have independent effects with V, having a 
Veater effect on C 0 2  elimination than frequency at any given 
V,,,. In a previous study, we further evaluated this hypothesis by 
plotting Paco2 and Pao2 as functions off  x V: in healthy rabbits 
(5). We found that Pao2 and Paco2 data for many combinations 
of frequency and V, collapsed onto a single curve suggesting that 
Pao2 and Paco2 in healthy rabbits are dependent on factors 
associated with oscillatory flow. 

In this study, we plotted Pao2 and Paco2 as a function o f f  X 
V? for lavaged rabbits. We found that the Pao2 in lavaged rabbits 
unlike healthy rabbits initially increased, then decreased as f x 
V? increased. The relationship of Paco2 to f x V? was similar in 
both healthy and lavaged rabbits, decreasing as f x V: increased. 
Our data suggest the highest Pao2 and eucapnic Paco2 can be 
obtained at frequencies less than 12 Hz and V, equal to 2 mL/ 
kg. 

We plotted peak-to-peak excursions in Pal, versus f x V: to 
understand the pressure excursions necessary to achieve a given 
Pao2 and Paco2 at any frequency and V, combination. Although 
this is clinically relevant, i.e. it tells us what degree of barotrauma 
may occur at a given combination, a mechanically more appro- 
priate relationship is that of Pal, versus the product of elastance 
and tidal volume. Elastance, or its reciprocal, compliance, is 
dependent on mean distending pressure and has a slight negative 
frequency dependence. One might thus expect the data in Figures 
4 and 8 to collapse onto a single curve if plotted in this fashion, 
and in fact one can glean such an impression from examination 
of the figures. We do not have sufficient data to calculate 
elastance and plot the relationship of interest. 

We found that neither Pao2 no_r Paco, was affected by &,. 
Yamada et al. (I 1) found that as Paw increased, Paco2 increased 
and Pao2 decreased. He associated these findings with decreased 
alveolar ventilation caused by an increase in the volume of the 
conducting airways. The difference between our results and those 
of Yamada may be explained by differences in the animal model 
studied or because any increase in the volume of the conducting 
airways of rabbits may have been small compared to the dead 
space of our ventilator circuit (7 mL). However, Slutsky et al. 
(3) predicted that an increase in lung volume could produce two 
competing phenomena. Increased cross-sectional area of airways 
may either increase C02  elimination as a result of increased 
minute ventilation or decrease C 0 2  elimination as a result of 
decreased velocity of flow in the airways resulting in decreased 

Paw + 5 C~H,O A 1 0  C~H,O o 15 c m ~ , ~  

Fig. 8. Pa,, as a function off x V? for Paw 5, 10, 15 cm H20. FiO? = 

0.5. Each point is the mean of three to five healthy rabbits. 
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gas mixing. Korvenranta et al. (20) found that CO2 elimination 
increased as V, increased up to 3 mL/kg. For V, > 3 mL/kg C 0 2  
elimination began to decrease as a result of inadvertent positive 
end-expiratory pressure resulting from increased gas trapping. 
When inadvertent positive end-expiratory pressure was held 
constant at 5 or 10 cm H20, CO2 elimination increased as Vt 
increased, a finding more consistent with our results. 

We were surprised to find that healthy and lavaged rabbits 
were similar in their blood gas response to changes in frequency, 
V, and Haw. We expected our results to show that increasing Paw 
in lavaged rabbits would improve oxygenation compared to  
healthy rabbits. Kolton et al. (12) and Lachmann et al. (15) 
demonstrated that FRC decreases after lavage. We have previ- 
ously shown that increasing lung volume in lavaged rabbits 
decreases venous admixture and improves oxygenation (14). 
Healthy and lavaged rabbits may not have differed with respect 
to effects of Haw because 5 cm H20, the lowest value studied, 
may have exceeded closing pressure for the lavaged animals, or 
because the inflation maneuver between changes of settings may 
have transiently eliminated differences in lung volume. If the 
animals were maintained at a paw = 5 cm H 2 0  for longer periods 
of time before blood gas specimens were obtained, they may 
develop atelectasis and decreased Pao2. 

Our findings have several important clinical implications. 
First, both oxygenation and carbon dioxide tension depend on f 
x V: such that several combinations of frequency and V, may 
result in similar gas gxchange. Second, Pal, amplitude depends 
on both f x V: and Paw. Thus, to optimize gas exchange while 
minimizing pulmonary barotrauma, one may wish to choose the 
lowest possible paw and f x V: product resulting in adequate gas 
exchange. 

In conclusion, we did not find one combination of frequency, 
V,, and Haw that simultaneously provided the lowest alveolar 
pressure amplitude and physiologic blood gas tensions. Our 
results indicate that trade offs for either more desirable blood gas 
tensions or lower airway pressure swings are necessary. In the 
animals studied, the combination of frequency, Vt and paw that 
provided the greatest Pao2, Pacol between 35-55 torr, and a low 
Pa,, were frequencies less than 12 Hz, a V, of 2 mL/kg and a Paw 
of 10 cm H20.  Higher frequencies may be useful in lowering 
Paco2 in subjects with more severe lung disease but as the product 
f x V: increases, Pao2 may decrease and alveolar pressure 
amplitude may increase. Healthy and lavaged rabbits were sim- 
ilar in that as frequency increased at lower V,, Pao2 increased 
and Paco2 decreased. They differed in that as frequency increased 
at higher V,, Pao2 decreased in lavaged but not healthy rabbits. 

Pal, was slightly greater in lavaged rabbits to maintain similar 
blood gas tensions, but this was not statistically significant. 
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