
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 169, 47-53 (1982) 

Effects of Expiratory Positive Airway Pressure vs Continuous Positive Airway 
Pressure in Conscious, Spontaneously Breathing Dogs' -3 (41 305) 

JOSEPH T. KANUSKY,4 STANLEY M. HALL,",? WILLIAM B.  STRAWN," AND 

MICHAEL G. LEVITZKY" 
*Department of Physiology, LS U Medical Center, New Orleans, Louisiana 701 12, and ?Department of 

Anesthesiology, Charity Hospital, New Orleans, Louisiana 70140 

Abstract. The purpose of this study was to compare the cardiopulmonary effects of 
expiratory positive airway pressure (EPAP) and continuous positive airway pressure 
(CPAP) in conscious, spontaneously breathing dogs. Nine conscious dogs with elec- 
tromagnetic flow probes on their pulmonary arteries, catheters in their left atria and pulmo- 
nary arteries, and chronic tracheostomies, stood partially supported by slings, and breathed 
100% oxygen through endotracheal tubes, pneumotachographs, and nonrebreathing valves 
which were part of either an EPAP or CPAP system. The effects of EPAP only were studied 
on four dogs while five were exposed to both EPAP and CPAP. After a 20-min control 
period, they breathed through either the EPAP or CPAP system for 10 min each under 5-, 
lo-, 1 5 ,  and 20-cm H,O airway pressure. The mean pulmonary artery pressure, mean left 
atrial pressure, pulmonary vascular resistance, and minute ventilation were found to be 
significantly higher in the CPAP-treated group. Stroke volume and cardiac output were 
significantly higher in the EPAP-treated group. Both groups showed a significant carbon 
dioxide retention. 

Positive end-expiratory pressure, in 
conjunction with mechanical ventilation, is 
often used in the treatment of patients with 
pulmonary edema and adult respiratory 
distress syndrome. One potential disad- 
vantage of this therapy is a decrease in car- 
diac output (1 - 3). 

This study was done to determine if de- 
creases in cardiac output accompany posi- 
tive airway pressure breathing in normal 
awake spontaneously breathing dogs. Two 
different modes of therapy were used in 
comparing the effects on cardiac output. 
Since there is no generally accepted ter- 
minology for the various treatment modali- 
ties utilizing positive airway pressure ven- 
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tilation, we have adopted Grenvik's (4) 
terminology in this study. EPAP is defined 
as expiratory positive airway pressure 
when the individual is breathing spontane- 
ously. CPAP is defined as continuous posi- 
tive airway pressure during spontaneous 
breathing. Therefore, this study compared 
the cardiopulmonary effects of EPAP and 
CPAP in healthy, awake, mongrel dogs. 
The effects of EPAP and CPAP on car- 
diovascular parameters in animals have 
never been compared to our knowledge. 
Gherini (15) compared the effects of CPAP 
and EPAP on the work of breathing and 
functional residual capacity in humans, but 
not the cardiovascular effects. 

Materials  and Methods.  Nine heart- 
worm-free mongrel dogs, weighing between 
15.2 and 23.3 kg (average weight 18.3 kg) 
were anesthetized with intravenous so- 
dium pentobarbital (30 mg/kg). The sur- 
gical techniques employed were a modifi- 
cation of those previously described (5). A 
left thoracotomy was performed via the 
fourth intercostal space for placement of 
noncannulating electromagnetic flow probes 
(Biotronex type 5000) on the main pulmo- 
nary artery. At this time, a Silastic cath- 
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eter was placed into the left atrial append- 
age. A chest  tube was inserted and was 
used to reestablish expansion of the lung 
upon closure of the surgical wound. 

After approximately one week of recov- 
ery, a second surgical procedure was per- 
formed. The dogs were premedicated with 
atropine (0.4 mg intraatrially) and anes- 
thetized with sodium methohexital (3 to 
4 mg/kg intraatrially). A chronic trache- 
ostomy was performed and a large-bore 
Silastic catheter (0.132-in. i.d. x 0.183-in. 
0 .d . )  was placed into the right external 
jugular vein. After surgery the dogs were 
trained to  stand partially supported by 
slings and breathe through endotracheal 
tubes inserted into their tracheostomies. 

During the experiments, the main pulmo- 
nary artery blood flows were obtained using 
a Biotronex Model 613 EZ flow meter. 
Mean flows were used to determine cardiac 
output (CO). The left atrial catheter was 
connected to a Statham blood pressure 
transducer for monitoring mean left atrial 
pressure (MLAP). A Swan-Ganz catheter 
was inserted into the pulmonary artery via 
the right external jugular Silastic catheter. 
The Swan-Ganz catheter was connected to 
a Statham blood pressure transducer for 
monitoring mean pulmonary artery pres- 
sure (MPAP). The transducers were cali- 
brated prior to the experiment with a mer- 
cury manometer and zero pressure was ref- 
erenced to the level of the left atrium. Air 
flow was measured by using a pneumo- 
tachograph (size 0) connected to an endo- 
tracheal tube and a Statham Model PM 
15E differential air pressure transducer. A 
needle was inserted into the endotracheal 
tube and connected via iv tubing to  a 
Statham blood pressure transducer for 
monitoring airway pressure. The outputs of 
the three Statham blood pressure transduc- 
ers, differential air pressure transducer, and 
the main pulmonary artery blood flow 
transducer were recorded continuously on 
an eight-channel Beckman Dynagraph. 

The EPAP system utilized a Rudolph 
nonrebreathing valve. The inhalation port 
of the Rudolph valve was connected to a 
5-liter reservoir bag which received a con- 
tinuous oxygen supply. The exhalation port 

of the Rudolph valve was connected to 
wide-bore tubing which was submerged 
under water to produce expiratory positive 
airway pressure. The breathing port of the 
Rudolph valve was connected t o  the 
pneumotachograph and endotracheal tube 
of the dog. 

The CPAP system utilized two Hudson 
nonrebreathing valves, one on the inspira- 
tory limb and one on the expiratory limb. A 
gauge was used to measure pressure and a 
5-liter reservoir bag, located on the in- 
spiratory limb, was connected to the source 
of oxygen and the bag was kept distended 
to generate inspiratory positive airway 
pressure. The inspiratory valve was located 
between the reservoir bag and a T tube 
which was connected to a pneumotacho- 
graph and endotracheal tube of the dog. The 
expiratory valve was located between the T 
tube and a wide-bore tubing which was 
submerged under water to produce expira- 
tory positive airway pressure. 

The dogs first breathed 100% oxygen for 
20 min through either the EPAP or CPAP 
system; this served as the control period 
and was termed 0 cm H 2 0  EPAP or CPAP. 
Following this, the dogs breathed through 
either of the systems for 10 min each under 
5, 10, 15, and 20 cm H 2 0  EPAP or CPAP. 
This order was varied in several experi- 
ments to rule out the effects of fatigue. 
Then the dogs breathed for 10 min at 0 cm 
H 2 0  EPAP or CPAP. At the end of each 
period, MPAP, MLAP, cardiac output 
(CO),  pulmonary vascular resistance 
(PVR), arterial and mixed venous blood 
gases, and ventilatory parameters were 
determined. 

Blood gases were analyzed at 37” using 
standard electrodes. Pulmonary vascular 
resistance was calculated using the equa- 
tion: PVR = PI - P2/C0. P I  was MPAP. P2 
was the greater of either MLAP or end- 
expiratory pressure. End-expiratory pres- 
sure was used when it was greater than 
MLAP because “waterfall” conditions 
were assumed to exist at those times (6). 
Tidal volume (VT) was calculated by deter- 
mining the area under the air flow curves 
with a planimeter. This included mechani- 
cal dead space, which was identical for both 
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systems. Minute ventilation (VE) was cal- 
culated by multiplying VT by ventilatory 
frequency. 

The electromagnetic flow probes were 
calibrated in vitro using whole blood which 
flowed by gravity from an elevated reser- 
voir through freshly excised sections of 
blood vessels similar to those used in the 
experiments. While a period of flow was 
timed, a measured volume of one liter of 
blood was allowed to flow through the ves- 
sels. Each flow probe was subjected to 
three calibration runs. The results of this 
method of determining CO compares favor- 
ably with the results of the dye dilution car- 
diac output determination method (7). 

The results are expressed as the mean ? 
the standard error of the mean. Data within 
each group were tested for significance by 
analysis of variance: single classification 
data and a t test. Comparison of data be- 
tween EPAP and CPAP were tested for sig- 
nificance by analysis of variance: single 
classification data with subgroups and a t 
test (8). Values of P < 0.05 were considered 
significant. 

Fourteen CPAP experiments were per- 
formed on five dogs and sixteen EPAP ex- 
periments were performed on nine dogs. 
Each experiment consisted of two periods 
of 0 PAP and one period of 5- ,  lo-, 1 5 ,  and 
20-cm H,O PAP. The order of exposure to 
the different PAPS was changed in some of 
the experiments. One dog in the EPAP 
group developed a clot in the right external 
jugular catheter and it was not possible to 
measure MPAP, PVR, and mixed venous 
blood gases on this animal. Five dogs par- 
ticipated in both groups. Their results fol- 
lowed the general trend in each of the two 
groups of experiments. 

Results. EPAP. Table 1 shows the data 
collected in the EPAP-treated dogs. There 
were no significant differences at any level 
of EPAP in PVR, CO, stroke volume (SV), 
heart rate, P , 0 2 ,  mixed venous oxygen ten- 
sion ( P v 0 2 ) ,  V , ,  VT, and ventilatory fre- 
quency. 

MPAP increased significantly at 10, 15, 
and 20 cm H 2 0  EPAP. The MLAP also in- 
creased significantly at every level of EPAP 
equal to or greater than 10 cm H,O EPAP. 

Arterial carbon dioxide tension (PaCOz) 
tended to increase at each level of EPAP 
and was increased significantly at 20 cm 
H,O EPAP. It is interesting to note that the 
ventilatory parameters, V , ,  VT, and ven- 
tilatory frequency did not increase signifi- 
cantly despite this increase in P,CO,. The 
mixed venous carbon dioxide tension 
(P,CO,) was significantly elevated at 15 and 
20 cm H20 EPAP. 

The arterial pH (pH,) decreased signifi- 
cantly at 15 and 20 cm H,O EPAP. There 
was a significant decrease in the venous pH 
(pH,) at 10, 15, and 20 cm H,O EPAP. 

CPAP. The results of the CPAP experi- 
ments are depicted in Table 2. There were no 
statistical differences at any level of CPAP 
in heart rate, PaO, , P ,  0, , pH,, or in venti- 
latory frequency. 

The MPAP increased in direct proportion 
to increases in CPAP, and was significantly 
increased at 5 ,  10, 15, and 20 cm H 2 0  
CPAP. The MLAP also was significantly 
increased at all levels of CPAP. There was a 
significant increase in PVR at 10, 15, and 20 
cm H,O CPAP. 

There was a significant decrease in CO at 
levels of CPAP equal to or greater than 10 
cm H2 0 CPAP (Fig. 1) .  This decrease in CO 
was accompanied by a significant decrease 
in SV at 15 and 20 cm H 2 0  CPAP. 

PaCOz, P,C02,  and pH, were signifi- 
cantly elevated at 20 cm H20, CPAP. There 
was a significant increase in VE at 10 and 20 
cm H,O CPAP. The VT was increased sig- 
nificantly at each and every level of CPAP 
when compared to control. 

EPAP vs CPAP. The MPAP was signifi- 
cantly greater in the CPAP group at 10, 15, 
and 20 cm H 2 0  of positive airway pressure 
breathing when compared with the EPAP 
group. 

In comparing the EPAP and CPAP 
groups, the MLAP was significantly greater 
in the CPAP group at all levels of positive 
airway pressure. The CPAP group had a 
significantly higher PVR than did the EPAP 
group at 10, 15, and 20 cm H20.  

The CO was significantly lower in the 
CPAP group at 10, 15, and 20 cm H 2 0  pres- 
sure when compared with the EPAP group 
(Fig. 1) .  The CPAP group had a signifi- 
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TABLE I .  THE CARDIOVASCULAR EFFECTS OF EPAP 
~~ 

0 cm H,O 5 cm H,O 10 cm H,O 15 cm H,O 20 cm H,O 0 cm H,O 

12.2 t 0.8 

2.3 ? 0.5 

0.0038 
t0.0004 

2530 t 148 

25.0 t 2.9 

115.5 ? 8.7 

460.6 ? 17.9 

42.5 t 1.5 

31.9 ? 0.9 

38.0 t 0.9 

7.42 t 0.01 
7.37 t 0.01 
5478 t 606 

249 t 21 

22.0 f 1.7 
0 

14.8 t 1.0 

3.6 t 0.5 

0.0047 
t0.0006 

2536 t 126 

23.9 t 2.0 

115.2 t 8.7 

445.9 t 10.4 

40.4 ? 1.8 

32.7 f 0.8 

38.7 ? 0.9 

7.41 t 0.01 
7.35 ? 0.01 

5595.4 t 461 

277 t 28 

20.2 ? 1.3 

17.2 ? 0.7** 

4.4 t 0.6** 

0.0053 
?0.0006 

2491 ? 184 

23.6 t 2.1 

111.1 ? 7.6 

432.8 f 12.9 

40.2 ? 1.4 

33.4 ? 1.0 

39.8 t 1.1 

7.41 t 0.01 
7.34 t 0.01 * 

5609.7 t 515 

271 t 22 

20.7 ? 1.8 
2.2 & 0.3** 3.0 t 0.5** 

19.1 t 0.9** 

5.3 ? 0.8** 

0.0064 
t0.0007 

2504 t 141 

22.4 & 1.9 

118.4 ? 8.7 

443.8 t 9.3 

40.3 t 1.7 

34.4 t 0.8 

41.0 t 1.0* 

7.39 t 0.01 * 
7.33 ? O . O l * *  

5429.2 t 490 

277 ? 21 

19.6 ? 1.4 
4.5 f 0.8** 

23.2 t 1.2** 

7.7 t 0.8** 

0.0059 
+0.0006 

2264 5 132 

19.5 t 1.7 

122.8 5 6.8 

446.3 t 11.2 

41.7 ? 1.5 

37.2 f 1.1 ** 

43.6 ? 1.2** 

7.37 ? 0.01** 
7.31 t 0.01** 
4750 t 717 

250 t 19 

19.0 ? 2.2 
6.4 t 0.8** 

13.0 f 0.9 

1.5 ? 0.4 

0.0045 
f0.0005 

2493 f 152 

24.0 2 2.5 

113.9 ? 7.9 

452.2 f 15.7 

39.5 & 1.7 

31.3 2 0.8 

38.3 t 1 .1  

7.43 t 0.01 
7.36 2 0.02 

595 1.4 2 529 

218 f 16 

27.3 ? 3.4 
0 

Note. Mean values t SEM. MPAP (mean pulmonary artery pressure), MLAP (mean left atrial pressure), PVR(pu1monary 
vascular resistance), CO (cardiac output), SV (stroke volume), V ,  (minute ventilation), VT (tidal volume), AirP (mean 
airway pressure). 

* Significantly different from control (P  < 0.05). 
** Significantly different from control ( P  < 0.01). 

cantly higher VE when compared with the 
EPAP group. 

Discussion. In this study we have dem- 
onstrated that there are differences in the 
cardiopulmonary effects of the two differ- 
ent modes of positive airway pressure in 
conscious spontaneously breathing dogs. 
CPAP elevated the MPAP, MLAP, PVR, 
and V ,  to a greater extent than did EPAP. 
The cardiac output and stroke volume were 
maintained with EPAP but decreased with 
CPAP. The reported heart rate, SV, CO, 
and P,C02 during the control period com- 
pare favorably with those reported by 
Kontos et al. (13) in the awake dog. The 
other parameters in the control period are 
similar to those reported by Levitzky (5j.  

Our determination of MPAP and MLAP 
were referenced to atmospheric pressure. 
Our attempts to measure intrapleural pres- 
sure in this preparation failed. We did not 
monitor esophageal pressure since the 
awake dog would not have tolerated the 
presence of an esophageal monitoring de- 

vice. We hoped to monitor intrapleural 
pressure via the chest tube but we were un- 
able to obtain data consistently. 

Airway pressures were negative during 
inspiration in the EPAP group; the airway 
pressures were always positive in the CPAP 
group. The dogs treated with EPAP had to 
generate negative airway pressure in order 
t o  open the valve during inspiration. 
Therefore, in EPAP the intrapleural pres- 
sure during inspiration is assumed to be as 
negative or more negative than that which 
would be generated with spontaneous quiet 
breathing. Mean airway pressures were less 
positive during EPAP than CPAP at corre- 
sponding levels as would be expected. 

The increase in MPAP in both groups 
was probably due to mechanical factors. 
The positive pressure in the airway was 
transmitted to the tracheobronchial tree, to 
the alveoli, and to the intrapleural space. 
The increased pressure in the alveoli com- 
pressed (9) the alveolar vessels and, at the 
same time, there was a compression of the 
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TABLE 11. THE CARDIOVASCULAR EFFECTS OF CPAP 
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0 cm H,O 5 cm HzO 10 cm H,O 

13.4 t 1.0 

3.4 t 0.4 

0.0044 
t0.0005 

2388 t 140 

21.4 t 2.1 

119.2 t 8.4 

447.5 t 11.1 

39.9 k 1.8 

32.1 k 0.7 

40.2 t 0.8 

7.43 t 0.02 
7.35 t 0.01 

6652.1 k 304 

221 ? 12 

30.1 f 2.5 
0 

18.1 t 1.4** 

5.2 f 0.4** 

0.0058 
+0.0006 

2237 222 

19.9 t 2.0 

117.3 t 8.5 

453.9 2 12.1 

38.4 t 1.8 

31.3 t 0.5 

39.0 t 1.1 

7.43 * 0.02 
7.36 f 0.01 

7913.2 t 480 

271 t 22* 

29.2 * 3.1 
3.5 t 0.4** 

19.9 +- 0.5** 

6.9 t 0.5** 

0.0074 * * 
kO.oO08 

1911 t 133* 

17.6 * 1.9 

117.6 k 9.3 

434.6 * 8.7 

38.7 * 1.8 

32.0 t 0.6 

40.1 * 0.9 

7.43 * 0.01 
7.36 t 0.01 

8006.9 589* 

319 t 18** 

25.1 t 2.1 
8 t 0.5** 

15 cm H,O 20 cm H,O 0 cm H,O 

26.5 t 1.4** 

9.1 ? 0.4** 

0.0 108 * * 

1797 * 184** 

15.4 k 1.6* 

*0.0011 

122.4 t 9.8 

427.1 k 7.0 

38.5 t 1.6 

33.6 t 0.8 

42.5 t 1.1 

7.41 t 0.02 
7.33 * 0.01 

7669.2 t 592 

308 f IS** 

24.9 t 1.9** 
12.5 t 0.4** 

30.5 4 0.8** 

10.5 t 0.5** 

0.0141** 
40.001 1 

1562 * 110** 

13.3 * 1.4** 

126.4 k 8.4 

439.3 t 12.1 

37.7 * 1.5 

34.7 * 0.9** 

44.4 * 0.8** 

7.38 * 0.02 
7.31 * 0.01** 

8872.3 * 929** 

307 t 15** 

28.9 * 2.7 
16.5 * 0.5** 

12.5 ? 0.8 

2.6 * 0.4 

0.0053 
t0.0005 

1975 t 112 

19.6 k 2.0 

109.9 k 9.4 

425.7 * 8.0 

39.9 2 1.6 

29.7 ? 0.6* 

39.0 f 0.9 

7.43 k 0.02 
7.35 t 0.01 

6880.4 f 436 

206 * 13 

33.4 * 3.7 
0 

~~ ~~ 

Note. Mean values * SEM. MPAP (mean pulmonary artery pressure), MLAP (mean left atrial pressure), PVRgulmonary 
vascular resistance), CO (cardiac output), SV (stroke volume), V ,  (minute ventilation), V,  (tidal volume), AirP (mean 
airway pressure). 

* Significantly different from control (P < 0.05). 
** Significantly different from control (P < 0.01). 

extraalveolar vessels exposed to positive 
intrapleural pressure: during expiration 
with EPAP; at all times with CPAP. 

The increase in MLAP seen in both the 
CPAP- and EPAP-treated groups also was 
due in part to mechanical compression of 
the left atrium by the increased intratho- 
racic pressure. The increase in MLAP 
could also reflect left ventricular depres- 
sion (lo). 

The increase in PVR in the CPAP-treated 
group was due in part to mechanical com- 
pression of the alveolar vessels. As the car- 
diac output decreased, there was also prob- 
ably a derecruitment of pulmonary vessels 
which could increase PVR. 

Most studies of positive airway pressure 
with mechanical ventilation have shown a 
decrease in cardiac output (10-12). Vari- 
ous reasons have been given as to the cause 
of the decreased cardiac output, including 
the release of a negative inotropic agent ( 1  1)  
and right ventricular enlargement interfor- 
ing with left ventricular filling (10). Cour- 

nand (3) speculated that a decreased venous 
return may act to decrease cardiac output. 
Since our dogs generated negative inspira- 
tory pressure during EPAP, they must have 
generated negative intrapleural pressure 
which would tend to augment venous re- 
turn. There was no significant change in CO 
at any level of EPAP employed in this ex- 
periment. Thus, it is possible that CO was 
maintained in the EPAP group because of a 
relatively uncompromised venous return. 
There was a significant decrease in CO and 
SV with increased levels of CPAP in this 
study. With CPAP, during both inspiration 
and expiration, there was positive airway 
pressure which must have reflected positive 
intrapleural pressure which may have de- 
creased venous return. However ,  the 
mechanism causing the differences in CO 
during equal levels of CPAP and EPAP 
were not revealed by this study. 

Berryhill an$,J3enumof (14) reported an 
increase in en tidal CO, during spontane- 
ous ventilation with PEEP. In the present 
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FIG. 1 .  Changes (mean * SEM) in cardiac output 
with increasing positive airway pressure breathing. 
There was no significant difference in cardiac output at 
any level of EPAP (n  = 16). The cardiac output de- 
creased significantly in the CPAP group at 10, 15, and 
20 cm H,O CPAP ( n  = 14). The CPAP group had a 
significantly lower cardiac output at 10, 15, and 20 cm 
H 2 0  airway pressure when compared to the EPAP 
group. 

study, PaCO2 increased steadily with in- 
creased EPAP. It has been reported by 
Gherini et al .  (15) that there is a significant 
increase in the work of breathing with 
EPAP. Gherini also found that functional 
residual capacity did not increase with 
PEEP but rose in proportion to the level of 
CPAP. In the present study, this increase in 
the expiratory work of breathing with 
EPAP was indicated by increased expira- 
tory efforts. Although elevated PaC02 
would be expected to increase minute ven- 
tilation, there was no increase in V ,  at any 
level of EPAP. The increased PaC02 with 
unchanged VE may be due to an increase in 
Vcq2 from increased respiratory efforts or 
an increase in physiological deadspace. 

The elevated resistance to breathing is 
also reflected in the finding that these dogs 
displayed brief pauses in respiration for in- 
creased periods of time with increased 
EPAP. For example, at 20 cm H 2 0  EPAP, 
the dogs became apneic for about one min- 

ute at the beginning of breathing against the 
pressure. No other periods of apnea were 
noted after this initial episode at each level 
of elevated airway pressure. Other inves- 
tigators report similar apneic periods (16) or 
reduced respiratory drive ( 17) with positive 
end-expiratory pressure. It is also possible 
that the Hering- Breuer inflation reflex 
played some role in the elevated PaC02, 
since an increase in functional residual ca- 
pacity has been reported with positive 
end-expiratory pressure (1). This reflex 
may be overriding the C02 drive to ventila- 
tion and in so doing it may bring about C02 
retention. Either this or some other unex- 
plained mechanism was responsible for the 
lack of an adequate response by the 
chemoreceptors or central controller to an 
elevated PaC02. 

Although there was an increase in P,C02 
in the CPAP-treated group, it appears that 
the response was different. The PaC02 was 
essentially unchanged at 10 cm H 2 0  CPAP, 
but VE increased. There is also an increase 
in the work of breathing with CPAP when 
compared to normal breathing (15). The 
apnea that occurred at the beginning of 
each change in CPAP did not appear to be 
quite as long as the apnea associated with 
EPAP. However, with 20 cm H 2 0  CPAP 
there was an increase in PaC02 despite an 
increase in VE and VT. This compared with 
20 cm H 2 0  EPAP where there was an in- 
crease in PaC02 and no change in V ,  and 
VT. Thus, it appears that the CPAP-treated 
dogs were able to partially respond to in- 
creased P,C02 and thereby increased V , .  

In conclusion, this study demonstrates 
several different effects on cardiopulmo- 
nary dynamics when CPAP is compared 
with EPAP. Even though both groups had 
elevated MPAP and MLAP with increased 
airway pressure, the increase was greater in 
the CPAP group. Only the CPAP group had 
a significantly elevated PVR with increased 
airway pressure. The stroke volume and 
cardiac output were decreased in the 
CPAP-treated group but there was no sig- 
nificant difference in the EPAP group. The 
increase in P,C02  was greater in the EPAP 
group and this elevated P,C02 apparently 
did not stimulate the chemoreceptors to in- 
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crease minute ventilation. The CPAP group 
responded to the elevated P,C02 with an 
increase in minute ventilation and tidal vol- 
ume. Since CPAP is widely used clinically 
and there is some interest in using EPAP 
clinically ( IS), these differences should be 
considered in choosing the mode of therapy 
to be employed on a particular patient. 

1.  Ashbaugh DG, Petty TL. J Thorac Cardiovasc 
Surg 65: 165 - 170, 1973. 

2. Cassidy SS,  Robertson Jr CH,  Pierce AK, 
Johnson Jr RL. J Appl Physiol44743-750, 1978. 

3. Cournand A, Motley HL, Werko L, Richards Jr  
DW. Amer J Physiol 152:162- 174, 1948. 

4.  Grenvik A. Acta Anesthesiol Scand (Suppl) 

5. Levitzky MG. Resp Physiol 37:151-160, 1979. 
6. Permutt S, Bromberger-Barnea B, Bane H. Med 

Thorac 19:239-260, 1962. 
7. Levitzky MG, Newel1 JC, Krasney JA, Dutton 

RE. Resp Physiol 31:345-356, 1977. 
8. Batson HC. In: An Introduction to Statistics in the 

Medical Sciences. Minneapolis, Burgess, p22, 
1956. 

70:165-171, 1978. 

9. Howell J, Permutt S, Procter J ,  Riley M. J Appl 
Physiol 1671-76, 1961. 

10. Cassidy SS, Eschenbacher WL, Robertson Jr CH, 
Nixon JV, Blomquist G, Johnson Jr RL. J Appl 
Physiol 47:453-461, 1979. 

1 1 .  Patten MT, Liebman PR, Manny J,  Shepro D, 
Hechtman HB. Surgery 84:201-205, 1978. 

12. Qvist J, Pontoppidan H, Wilson RS, Lowenstein 
E, Laver MB. Anesthesiology 42:45-55, 1975. 

13. Kontos HA, Levasseur JE, Richardson DW, 
Mauck Jr HP, Patterson Jr JL. J Appl Physiol 

14. Berryhill RE, Benumof JL. Anesthesiology 51: 

15 .  Gherini S,  Peters RM, Virgilis RW. Chest 

16. Holzman BH, Scarpelli EM. Pediatr Res 

17. Stanley WN, Altose MD, Cherniack NS, Fishman 
AP. J Appl Physiol 38:474-480, 1975. 

18. Gillick JS. Anesth Analg 56:627-632, 1977. 

23~381-386, 1967. 

303-308, 1979. 

76:251-256, 1979. 

13: 1 1  12- 1120, 1979. 

Received January 29, 1981. P.S.E.B.M. 1982, Vol. 
169. 


