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Abstract Objective: To evaluate the 
cardiopulmonary effects, especially 
the end-expiratory lung volume 
(EEV) and ventilation inhomogene- 
ity during diminished early expira- 
tory flow ventilation (DEEF), 
which resembles pursed-lips breath- 
ing, with the conventional intermit- 
tent positive pressure ventilation 
(IPPV) in postoperative mechanical- 
ly ventilated patients with chronic 
obstructive pulmonary disease 
(COPD). 
Design: A prospective study mea- 
suring cardiopulmonary parameters 
during IPPV, DEEF, and positive 
end-expiratory pressure (PEEP) as a 
control mode. In the PEEP mode, 
PEEP values were chosen such that 
the mean airway pressure during a 
breath cycle was equal to that dur- 
ing the DEEF mode, which was 
higher than the conventional IPPV 
mode. 
Setting: Surgical intensive care unit 
of a university hospital. 
Patients: 20 postoperative mechani- 
cally ventilated COPD patients who 
were optimally pretreated and had 
normal blood oxygenation. 
Interventions: Measurements were 
started in the IPPV (IPPV0 mode, 
continued in a randomized order 
with DEEF or PEEP, and complet- 
ed with a second IPPV (IPPV2) 
mode, with 1 h equilibration time in 
each mode before each measure- 
ment. 

Measurements and results." A mul- 
ti-breath indicator gas wash-out test 
was used to calculate the EEV and 
ventilation inhomogeneity. There 
was a 9% increase (p < 0.05) in the 
mean EEV during both the DEEF 
and PEEP mode compared to 
IPPV. No significant changes in the 
ventilation inhomogeneity and 
deadspace fractions or the hemody- 
namic parameters were found dur- 
ing the different ventilatory modes. 
Conclusions: There was no im- 
provement in pulmonary and hemo- 
dynamic parameters during the 
DEEF mode in comparison to the 
IPPV mode. The small increase in 
EEV during DEEF was probably 
caused by the slightly higher mean 
expiratory pressures as in the PEEP 
mode. However, this had no effect 
on the hemodynamic parameters. 
As we could not observe any im- 
provement with the DEEF ventila- 
tion in our optimally pretreated 
postoperative COPD patients, we 
do not advise applying this therapy 
in this group of  patients, since this 
mode of  ventilation may cause 
barotrauma if not monitored ade- 
quately. 
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expiratory flow �9 End-expiratory 
lung volume �9 COPD �9 Wash-out 
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Ventilation inhomogeneity 



540 

Introduction 

Clinical observation shows that many patients with 
chronic obstructive pulmonary disease (COPD), especial- 
ly those with emphysema and decreased elastic recoil of 
the lungs, expire through pursed lips, particularly during 
episodes of  dyspnea or increased 02 consumption [1 - 5]. 
This mechanism stimulated Barach to develop the contin- 
uous positive pressure breathing (CPPB) technique to 
treat COPD patients [6]. He showed roentgenographical- 
ly that the diameter of  the branches of  the bronchial tree 
increased when CPPB was applied in patients suffering 
from obstructive lung disease [7]. CPPB, later described 
by Gregory et al. as CPAP, is the application of continu- 
ous positive airway pressure during spontaneous breath- 
ing [8]. This mode was used to prevent premature airway 
closure and improve gas exchange in COPD patients. 
CPAP used in conjunction with mechanical ventilation is 
termed positive end-expiratory pressure (PEEP) and has 
been shown to decrease bronchoconstriction in a number 
of  COPD patients. PEEP improves arterial oxygenation 
but has a number of  detrimental effects, such as hyper- 
inflation and increase in airway pressures, resulting in 
cardiovascular depression [91. 

Diminished early expiratory flow (DEEF) is a ventila- 
tion mode in which the expiratory flow is limited to a 
maximum and can be compared with pursed-lips expira- 
tion during spontaneous breathing. DEEF ventilation, 
providing a more gradual decrease in airway pressures, 
may prevent premature airway collapse, decrease ventila- 
tion inhomogeneity, and improve gas exchange. 

This paper evaluates the effect of  DEEF ventilation on 
gas exchange, end-expiratory lung volume (EEV), ventila- 
tion inhomogeneity, and hemodynamic parameters in 
postoperative COPD patients who were optimally treated 
for impaired lung function. Multi-breath indicator gas 
wash-out tests were performed for the measurement of 
EEV and a new index of ventilation inhomogeneity, 
which we developed [10, 11]. We compared the gas ex- 
change and hemodynamic parameters during DEEF with 
the PEEP mode with the same mean airway pressures in 
order to differentiate changes caused by the higher mean 
airway pressure or by the ventilation mode itself. The aim 
of  our study was to investigate whether the following 
would be achieved with DEEF ventilation: (a) more ho- 
mogeneous ventilation resulting in a decreased pulmo- 
nary shunt and a higher partial pressure of oxygen in arte- 
rial blood (PaO2); (b) increase in alveolar ventilation re- 
sulting in a decrease in the physiological deadspace and 
partial pressure of carbondioxide in arterial blood 
(PaCO2); (c) prevention of premature airway collapse by 
shifting the equal pressure point more to the larynx with- 
out increasing EEV; and (d) fewer cardiovascular side ef- 
fects in comparison to the PEEP mode. 

Materials and methods 

Patient selection 

In this study we selected 20 COPD patients (mean age 71 _+7 years) 
who underwent a major elective abdominal operation (Table 1). The 
operation included a central vascular reconstruction for an obstruc- 

T a b l e l  The sex, age, and 
preoperative lung function pa- 
rameters of the COPD pa- 
tients (FEV 1 forced expiratory 
in 1 s, VC vital capacity, F R C  
functional residual capacity, 
E E V  end-expiratory lung 
volume) 

a Data from the preoperative 
lung function test 
u EEV measured during the 
DEEF mode by the multi- 
breath indicator gas wash-out 
test 
c Ratio of postoperative EEV 
and preoperative FRC 

No. Sex Age FEV 1 (1), ref (%)a FEV1 / FRC (1), ref (%)a EEV (1) b EEV/ 
(years) VC (%)a FRC (%)c 

1 F 74 0.79 (36) 41 3.90 (105) 2.74 70 
2 M 67 1.50 (49) 46 4.16 (113) 2.53 61 
3 M 74 1.50 (50) 50 5.58 (150) 3.00 54 
4 M 71 1.76 (62) 57 5.24 (139) 2.92 56 
5 M 71 1.86 (64) 47 4.36 (120) 1.55 36 
6 M 70 1.66 (50) 67 2.96 (86) 1.40 47 
7 M 62 1.37 (45) 45 4.08 (116) 1.86 46 
8 M 62 1.6i (48) 63 4.35 (117) 2.98 69 
9 M 62 1.51 (50) 76 3.14 (107) 1.55 49 

10 M 77 1.22 (38) 49 3.21 (95) 1.49 46 
11 M 57 2.22 (71) 66 5.35 (120) 2.80 52 
12 M 65 1.69 (54) 50 5.04 (138) 3.63 52 
13 M 63 1.28 (38) 55 3.28 (97) 1.91 58 
14 M 81 2.02 (68) 80 4.05 (110) 1.59 39 
15 M 79 2.27 (71) 69 4.11 (1t5) i.44 35 
16 M 77 1.58 (58) 59 5.25 (119) 1.85 35 
17 F 79 1.06 (61) 74 3.55 (102) 2.07 58 
18 M 73 1.13 (40) 44 5.28 (143) 1.75 33 
19 F 66 1.44 (62) 54 4.26 (153) 3.35 78 
20 F 79 1.06 (61) 64 2.78 (105) 1.65 59 

Mean 71 1.50 (54) 60 4.20 (118) 2.2 52 
_+SD +7 _+0.4 ( i l l )  _+14 _+0.9 (+18) -+0.7 -+12 
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t ion  or aneurysm,  or an  esophageal  resection followed by a recon- 
s t ruct ion for a mal ignancy wi thou t  a thoracotomy.  The  diagnosis  of  
C O P D  was based  on  the  history, physical examinat ion,  chest X-ray, 
and  the  lung func t ion  test according to the  ATS cri teria [12]. All  pa-  
t ients had  poor  exercise tolerance combined  with a chronic  cough 
and  were, or had  been, heavy smokers. All  pat ients  were seen pre- 
operatively by a pu lmonolog i s t  and  all were prescr ibed steroids and  
theophyl l ine  in t ravenously  and  nebul ized sa lbutamol .  Preoperat ive-  
ly, the  pat ients  underwent  a lung func t ion  test at  the lung func t ion  
labora tory  of  the  p u l m o n a r y  diseases depar tment .  In clinical prac- 
tice airway obs t ruc t ion  has usually been assessed by measur ing  the 
forced expiratory volume in 1 s vital  capaci ty rat io FEV~/VC,  and  
any C O P D  pat ients  who fulfilled the clinical cri teria of  a 
FEV~/VC value less t h a n  80% of  reference under  op t imal  pulmo-  
nary  t r ea tmen t  were entered in to the study. The  preoperat ive m e a n  
funct ional  residual capacity, measured  by a closed circuit hel ium 
wash- in  test, in these pat ients  was 118~ of  the  n o r m a l  expected 
value, showing slight hyper inf la t ion ,  as expected in C O P D  patients.  
Preoperat ively a p u l m o n a r y  ar tery catheter  (Swan-Ganz)  was intro- 
duced in all pa t ients  for h e m o d y n a m i c  measurements  using the in- 
ternal  jugu la r  vein. All  pat ients  gave in fo rmed  consent  before they 
were included in the  study, and  the  s tudy was approved by the  hos- 
pital  ethical  committee.  The  following cri teria were used to exclude 
pat ients  f rom the study: (1) thorax  or vent i la tor  system leakage; 
(2) acute respiratory distress syndrome ( P E E P > 5  cmHzO, frac- 
t ional  inspired oxygen (FIO2)> 60~ a n d / o r  diffuse shaded chest 
X-ray); (3) pos topera t ive  bleeding ( transfusions);  (4) hemodynamic  
instabi l i ty  (vasopressors);  (5) sepsis or renal  insufficiency; and  (6) 
restlessness (f ight ing the venti lator) .  

Protocol  

All  pat ients  arr ived on  the  intensive care uni t  directly f rom surgery, 
sedated and  paralysed, and  were vent i la ted in the  in te rmi t ten t  posi- 
tive pressure vent i la t ion mode  ( IPPV 0. All pat ients  were venti lated 
wi th  zero end-expiratory pressure, a t idal  volume range of  
7 - 10 m l / k g ,  a frequency of  1 0 - 1 2 ,  an  inspira tory/expira tory  ( I /E)  
rat io of  1 : 2, a cons tan t  inspi ra tory  flow rate, and  a cons tan t  FIO 2 
of  40~ We waited 1 h before  s tar t ing measurements  to achieve a 
s teady state and  con t inued  vent i la t ion with the  P E E P  or D E E F  
mode  in a r andomized  order. All  pat ients  were vent i la ted with the 
same vent i la tor  (Servo 900-B, Siemens Elema,  Sweden) and  the  
same P E E P  valve. The  D E E F  mode  was instal led with the  maxi-  
m u m  expiratory flow knob  (Servo 900-B), where the  flow was 
l imited unt i l  the  expiratory pressure just  reached zero before the  
next inspi ra t ion  started. The  flow, measured  by the  heated  pneumo-  
tachograph,  and  the  airway pressure, measured  by the vent i la tor  
manometer ,  were recorded on  a pr in ter  (Fig. 1). F rom the  pressure 
signal we calculated the  m e a n  airway pressure with an  in tegrator  
bui l t  by our  depar tment .  A small  a m o u n t  of  P E E P  was applied as 
a control  mode  to ob ta in  the  same m e a n  airway pressure as in  the  
D E E F  mode,  thus  equalizing the  h igher  m e a n  expiratory airway 
pressures tha t  occurred in the  D E E F  mode  (Table 2). Af ter  the  
P E E P  and  D E E F  modes,  a control  IPPV mode  (IPPV2) e l iminated 
t ime effects. In  all the  modes  the  vent i la tory parameters  (frequency, 
I / E  ratio, inspi ra tory  flow rate, FIO2) were kept constant .  

Measurements  

P u l m o n a r y  parameters  were calculated by a mul t i -brea th  indica tor  
gas wash-out  test t ha t  we have previously described [10, i1]. A 
small  f ract ion of  a poor ly  soluble indica tor  gas (SF6) was added  to 
the  inspi ra tory  gas f ract ion of  the  Servo vent i la tor  with  a low pres- 
sure system by an  indica tor  gas injector  developed by our  depart-  
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F i g .  l a - e  The  pressure and  flow signals IPPV, DEEF, and  P E E P  
vent i la tory modes  are shown, a In IPPV there is a sudden decrease 
of  airway pressure dur ing  the expirat ion to zero. Note  tha t  the end- 
expiratory flow is no t  zero. b In  the  D E E F  mode  there is a more  
gradual  decrease in airway pressure, reaching zero at  the  end of  ex- 
p i ra t ion  and  result ing in a lower init ial  expiratory flow pat tern ,  c In  
P E E P  there is the  same expiratory airway pressure pa t te rn  as in 
IPPV, but  the  pressure will be still positive at  the  end of  expiration.  
The  flow pa t te rn  is comparab le  to IPPV; however, the  init ial  pa r t  
of  the  expiratory flow is retarded by the P E E P  valve 
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Table 2 Respiratory parameters of COPD patients during the dif- 
ferent ventilatory modes 

No. IPPV a PEEP a DEEF a Max. exp. 
flow b 

1 26/13/0 28/16/5 26/14/0 20 
2 18/10/0 19/11/3 18/10/0 18 
3 25/16/0 26/17/3 25/17/0 12 
4 26/17/0 28/19/3 26/17/0 15 
5 18/10/0 20/12/4 20/12/0 12 
6 22/14/0 23/15/3 22/14/0 10 
7 28/17/0 30/19/4 28/18/0 13 
8 25/17/0 27/19/3 27/19/0 15 
9 30/22/0 32/23/3 32/22/0 12 

10 26/19/0 28/20/3 27/19/0 10 
11 23/15/0 24/16/3 25/17/0 10 
12 24/14/0 26/15/3 25/15/0 10 
13 20/12/0 22/14/4 22/14/0 10 
14 18/11/0 20/12/3 19/11/0 15 
15 22/15/0 23 / i6 /4  22/15/0 11 
16 25/14/0 27/16/4 25/15/0 10 
17 18/11/0 20/ t2 /3  19/11/0 9 
18 26/16/0 27/18/3 26/16/0 10 
19 24/15/0 26/17/3 24/16/0 9 
20 21/14/0 23/16/3 22/14/0 l0 

Mean 23.3/14.6/0 25.0/16.1/3.4 24.0/15.3/0 12.1 
• SD 3 . 5 / 3 . 0 / -  3.6/3.0/0.6 3 . 5 / 3 . 0 / -  3.2 

a Peak, plateau, and end-expiratory pressures respectively 
(cmH20) 
b Maximal expiratory flow limitation during the DEEF mode 
(l/rain) 

ment [13]. When the difference between the inspiratory and expira- 
tory fractions of the indicator gas was smaller than 2070, a wash-out 
test was started by stopping the injection of the indicator gas. The 
wash-out measurements continued for 5 min. The indicator and 
metabolic gas fractions were continuously measured with a mass 
spectrometer (Airspec, MGA 3000, Case Scientific, Biggin Hill, 
UK) at a rate of 200 ml/min by means of a teflon capillary. Respira- 
tory flow was measured by a heated pneumotachograph (Fleisch-2, 
Gould Godard, The Netherlands) connected to a differential pres- 
sure transducer (Validyne MP-45-14-871, Northridge, Calif., USA), 
which was placed between the Y-piece and the patient. The signals 
from the mass spectrometer and the pneumotachograph were sam- 
pled at a frequency of 100 Hz by the computer (PDP-I1, DEC, 
Maynard, Mass., USA) (Fig. 2). From these data the EEV, ventila- 
tion inhomogeneity, and Bohr deadspace were calculated off-line. 
The EEV extrapolation is based on the relation between the net 
amount of indicator gas washed out from the lung and the alveolar 
dilution caused by this indicator gas transport. The alveolar dilu- 
tion of the indicator gas is estimated as the difference between the 
indicator gas fraction before the start of the wash-ont and the end- 
expiratory gas fraction [13]. The ventilation inhomogeneity, mea- 
sured as the volumes regression index, is based on the discrepancy 
between the end-expiratory and the mean alveolar indicator gas 
fraction in the course of the wash-out procedure. A value up to 
0.6-0.7 was measured in heakhy patients with no obstructive dis- 
ease and higher values (>  1.0) were significant in patients with ob- 
struction [10]. The Bohr dead space is calculated by the difference 
between the mean expired and the end-expiratory gas fraction, 
where the end-expiratory fraction is assumed to be the mean alveo- 
lar gas fraction [14]. Three wash-out tests were performed for each 
patient in each ventilatory mode to determine reproducibility. The 

FLEISCH 
FLOW METER 

VENTILATOR 
~~,~_ INDICATOR GAS 

MR / OXYGEN 

LUNGS 

Fig. 2 The measurement set-up for the respiratory parameters. The 
indicator gas is injected into the bellows of the ventilator. Respirato- 
ry flow is measured by the Fleisch flowmeter and the gas fractions 
are sampled by the mass spectrometer. The respiratory parameters 
are off-line calculated by the computer 

mean of these three wash-out tests for each parameter was taken to 
evaluate the different ventilatory modes. 

Arterial blood gases were obtained by a radial artery catheter 
during each ventilatory mode and measured by a blood gas analyser 
(ABL-3 Radiometer, Copenhagen, Denmark). Hemodynamic pa- 
rameters [(pulmonary artery pressure (PAP), pulmonary capillary 
wedge pressure (PCWP), central venous pressure (CVP)] and mixed 
venous blood gases were obtained by the pulmonary artery catheter. 
The cardiac output was measured using the pulmonary artery cath- 
eter with the thermodilution method by injection of 10 ml saline at 
ambient temperature with a pistol, which had a constant injection 
time [151. The pistol was synchronized with the ventilator and the 
average of three measurements in the different phases of a ven- 
tilatory cycle were taken (0%, 33%, 66~ to estimate a mean cardi- 
ac output. Averaging three measurements spread equally over the 
ventilatory cycle has been proven to estimate a reliable mean cardiac 
output in mechanically ventilated patients [16]. 

Statistical analysis 

The lung function parameters, blood gases, and hemodynamic pa- 
rameters during IPPV l were compared with the DEEF, PEEP, and 
IPPV 2 parameters with the Wilcoxon rank test. When p < 0.05, the 
value was considered to be significant. The comparison between 
IPPV 1 and IPPV 2 was done to evaluate the time effect of the mea- 
sured parameters. All values are shown as mean+SD. 

Results 

In  o u r  s t udy  the  m a x i m u m  e x p i r a t o r y  f low d u r i n g  the  
D E E F  m o d e  was 12.1 / + 3.2 1 /min  ( range  9 -  20 1 /min) ,  
w h i c h  c rea ted  the  s a m e  m e a n  e x p i r a t o r y  pressures  equ iva -  
lent  to  3 . 4 + 0 . 6 c m H 2 0  ( range  3 - 5 c m H 2 0 )  o f  P E E P  
(Table 2). T h e  resul ts  o f  t he  c a r d i o p u l m o n a r y  p a r a m e t e r s  
in t he  d i f f e r en t  v e n t i l a t o r y  m o d e s  are  g iven  in Table  3. 
T h e  m e a n  E E V  ca l cu l a t ed  w i t h  IPPV1 was 2 . 2 + 0 . 7 1 ,  
w i th  D E E F  2.4_+0.8 1, w i th  P E E P  2 . 4 + 0 . 7  1, a n d  wi th  
IPPV2 2 . 2 + 0 . 7 1 .  T h e r e  was an  inc rease  o f  9~ wi th  
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Table 3 The pulmonary and 
hemodynamic parameters mea- 
sured during the different ven- 
tilatory modes (mean_+ SD, 
n = 20) ( V D / V  T volume dead 
space/tidal volume, SaO 2 
arterial oxygen saturation, 
SvO 2 mixed venous oxygen 
saturation, M A P  mean arterial 
pressure, M P A P  mean pulmo- 
nary arterial pressure) 

IPPV 1 DEEF PEEP IPPV 2 

EEV (1) 2.2_+0.7 2.4_+0.8 a 2.4+0.7 a 2.2-+0.7 
S b 1.2-+0.2 1.1 +0.2 1.2+0.2 1.2_+0.2 
VD/V T (%) 40-+4 40_+4 40-+3 40+5 
PaO z (kPa) 13.9_+4 i4.1_+3 15.0_+3 14.8_+3 
PaCO 2 (kPa) 4.8 + 0.8 4.7 _+ 0.8 4.9 + 0.8 5.0_+ 0.8 
SaO 2 (%) 97_+2 98_+ 1 98_+2 97_+2 
SvO 2 (~ 70_+5 69_+4 72_+4 71 _+3 
Shunt (%) 17_+5 16_+4 16_+4 19_+5 
MAP (mmHg) 89_+ 15 85 _+ 14 85 _+ 15 86 + 16 
MPAP (mmHg) 21 _+ 7 21 -+ 6 20 _+ 7 21 _+ 7 
CVP (mmHg) 9+4 9_+3 10_+4 9_+4 
PCWP (mmHg) 9 _+ 4 9 + 5 I0 _+ 4 9 _+ 4 
Cardiac output (l/min) 4.8 _+ 1 4.7 _+ i 4.7 _+ 1 5.0 _+ 1 

a Significantly different from IPPV 1 and IPPV 2 (,o<0.05); all other changes were insignificant 
b (S) index of ventilation inhomogeneity 

DEEF and PEEP in the mean EEV in comparison with 
the IPPV mode (p < 0.05). There was a good correlation 
between the increase in EEV and the FEV~/VC ratio. We 
observed a smaller increase in EEV in patients with a 
lower F E V j V C  ratio. The ventilation inhomogeneity as 
measured by the volumes regression index (S) showed a 
small insignificant decrease during the DEEF mode. 
There was a small insignificant increase in peak and pla- 
teau airway pressures during DEEF, with a range of 
1 - 2  cmH20 (Table 2). 

The PaO2 during PEEP and IPPV 2 was higher than in 
the IPPV~ and DEEF mode, and a small increase in arte- 
rial oxygen saturation was measured during DEEF and 
PEEP modes. A small decrease was measured in mean ar- 
terial pressure, cardiac output, and shunt fraction during 
DEEF and PEEP. However, these changes in the different 
ventilatory modes were not significant. 

Discussion 

Pursed-lips breathing is based on the generation of a 
longer-lasting positive mouth  pressure during expiration 
that is reflected to the airways. This may have a beneficial 
effect on the pattern of  lung emptying in some COPD pa- 
tients, especially those with emphysema who have de- 
creased elastic recoil of  the lungs. It has been shown that 
positive expiratory pressure during tidal breathing with 
pursed lips may increase tidal volume and decrease respi- 
ratory rate, resulting in improved oxygenation [2, 3, 17]. 

Since expiratory obstruction is a basic problem in asth- 
ma and emphysema, it is logical to prevent any maneuver 
that would further increase the resistance to airflow. 
However, it has been observed clinically that emphysema 
patients expire through pursed lips, especially during in- 
creased activity [5]. 

A comparable effect can be obtained by the applica- 
tion of  expiratory resistance that causes a more gradual 

decrease in the longitudinal pressure gradient over the air- 
ways, reducing air trapping, increasing tidal volume, and 
decreasing respiratory frequency during spontaneous 
breathing. The lower pressure gradient over the airways 
and the lower initial flow during expiration will shift the 
equal pressure point (EPP) - the point where the in- 
trabronchial pressure equals the pleural pressure - more 
to the mouth  [18]. In healthy subjects EPP  is localized in 
the large airways close to the larynx consisting of car- 
tilaginous tissue that keeps the airways open during the 
whole of  expiration [19]. However, in COPD patients, es- 
pecially emphysema patients due to loss of  lung elasticity, 
EPP is localized more peripherally to the alveoli in the 
smaller, less rigid airways, and dynamic compression will 
cause airway compression, especially in the lower zones 
during end-expiration [19]. The collapsed airways will not 
participate in the ventilation that will increase the shunt 
fraction and decrease the PaO2. Pursed-lips expiration or 
expiratory retard in emphysema patients will shift the 
EPP more to the mouth,  increase the tidal volume, de- 
crease the respiratory rate, and a more homogeneous ven- 
tilation will be expected, resulting in an improved gas ex- 
change. One of  the main goals in the treatment of  COPD 
patients is to improve gas exchange by increasing the tidal 
volume and reducing the ventilation inhomogeneity [2]. 

Although DEEF is comparable with pursed-lips expi- 
ration, there are some physiological differences. The 
DEEF mode is applied during controlled mechanical ven- 
tilation, whereas pursed-lips expiration is applied during 
spontaneous breathing. Both create a longer positive ex- 
piratory pressure to prevent premature airway collapse. 
With pursed lips, the respiratory rate is decreased, result- 
ing in prolonged expiration and an increase in the tidal 
volume. However, in the controlled DEEF mode both the 
respiratory rate and the tidal volume are kept constant. 
This could be the reason that this mode had hardly any 
effect on the blood gases, ventilation inhomogeneity, and 
shunt fraction. I f  we compare DEEF with IPPV, in both 
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modes the inspiratory peak and plateau pressures are al- 
most  the same (Table 2), but the expiratory pressure pat- 
terns differ. The conventional IPPV mode shows a sudden 
airway pressure drop and the pressure will become zero in 
an earlier stage of  the expiration. Although the end-expi- 
ratory pressure becomes zero during the DEEF mode 
(Fig. 1), the mean expiratory pressure will be higher than 
in the IPPV mode. An increase in the EEV would theoret- 
ically increase the intrathoracic pressure, increasing the 
CVP and decreasing cardiac output  [9]. In our study we 
found only a small, insignificant decrease in cardiac out- 
put and no changes in CVP and P C W R  Although not 
measured in this study, intrinsic PEEP (PEEPi) may 
have been present, with positive end-expiratory alveolar 
pressures caused by airway closure, compression, or bron- 
choconstruction in our COPD patients [20-22].  We be- 
lieve, however, that  our measurements reliably reflected 
the difference in the EEVs between the three different 
ventilatory modes. We found a good correlation between 
the change in EEV and the preoperative F E V / V C  and 
observed a smaller increase in EEV in patients who had 
more obstruction. Falke et al. could not find any effect up 
to 5 cmH20  of PEEP on cardiac output in patients with 
acute respiratory failure [23]. We found little change in 
the hemodynamic  parameters with DEEF and PEEP in- 
creasing the intrathoracic pressure only with 3 to 
5 cmH20. We used the PEEP mode equivalent to the 
mean airway pressure as in the DEEF mode with the same 
frequency to eliminate the higher airway pressure effects. 
The increase in the EEV during DEEF and PEEP could 
be explained by the increased mean airway pressures and 
absence of  marked intrinsic PEER We measured the EEV 
using a multi-breath indicator gas wash-out test. With the 
indicato~ gas wash-out test we might have underestimated 
the actual EEV, as only the adequately ventilated parts of  
the lung are measured. This is especially true in COPD 
patients, who may have air-trapping. For the best EEV 
estimation an extrapolation is made to reduce the inaccu- 
racy of the ventilation inhomogeneity [10]. This shows 
that  the effect of  inhomogeneous ventilation is included 
in the estimation of  the lung volume. With the DEEF 
mode we would expect an improvement in the ventilation 

inhomogeneity with a more gradual emptying of  the lung 
but only observed a small, insignificant decrease in the 
ventilation inhomogeneity during DEER There was no 
essential change in the dead space fraction during DEEF 
and PEER This may be explained by the small difference 
in the mean airway pressures in these modes of  ventila- 
tion. It  can be seen from Table 3 that the postoperative 
PaO 2 values of  the COPD patients were acceptable, indi- 
cating that the patients were adequately pretreated. The 
lowest PaO 2 value was 9.5 kPa and the mean PaO2 reach- 
ed 14 -15  kPa with an FIO2 of 40%, which supplied ade- 
quate oxygenation. This may be the reason that no signif- 
icant differences were observed in blood gases in the dif- 
ferent ventilatory modes. The PaCO2 values did not 
change in the different ventilatory modes, indicating un- 
changed alveolar ventilation. A change in the amount  of  
airway closure should certainly have influenced the blood 
gases and shunt fraction, which is not the case. The small 
increase in EEV did not affect the blood gases, perhaps 
due to the minimal changes in vent i la t ion-perfus ion  in- 
homogeneity and adequate oxygenation. An essential dif- 
ference between pursed-lips breathing and the DEEF 
mode was that respiratory frequency and tidal volume 
were kept constant during DEEF, in order to compare it 
with the IPPV and PEEP mode. However, an important  
effect of  pursed-lips breathing is a decrease in respiratory 
rate, providing a longer expiration time for more efficient 
ventilation [17], which could explain the marginal effects 
of  DEEF on the pulmonary as well as the hemodynamic 
parameters under these conditions. As the DEEF mode 
was effective in some individual COPD patients, there 
was no improvement in our 20 optimally pretreated 
COPD patients as a group. However, our results cannot 
be extrapolated to COPD patients who have hypoxia, air- 
trapping, and consequently intrinsic PEEP during an 
acute exacerbation. Perhaps in such patients DEEF could 
be an effective treatment mode but it should always be 
carefully monitored as excessive DEEF can cause 
hyperinflation resulting in barotrauma.  
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