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Abstract: The purpose of this study was to elucidate the res- 
piratory depressant effects of isoflurane (0%-1.0%) using air- 
way occlusion pressure (POD, a known index of the output of 
the respiratory centers, in ten anesthetized patients. P0.~ was 
measured as the pressure change obtained after the first 0.1 
sec of spontaneous inspiration against the occluded airway. A 
significant decrease in minute volume (VE) and a significant 
increase in Paco2 were not observed during the periods of 
isoflurane 1.0% at the end-tidal concentration compared with 
those of control period (0% isoflurane) (P < 0.05), whereas a 
significant decrease in P0.1 was observed during the period of 
isoflurane 0.5%. Our results suggested that P0.~ was a more 
sensitive indicator of respiratory depression than P a c o  2 o r  "QE, 
and the respiratory center was depressed with a considerably 
lower concentration (0.5%) of isoflurane. 
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Introduction 

Airway occlusion pressure (PoD is defined as the pres- 
sure generated after the first 0.1 sec of inspiration when 
the airway is occluded at functional residual capacity 
(FRC) and is considered to be an index of the output  of 
the respiratory centers [1]. Recently, P01 has been re- 
ported to be a useful predictor for successful weaning in 
mechanically ventilated patients with chronic obstruc- 
tive plumonary disease (COPD) [2]. The respiratory 
depressant effects of volatile anesthetics have been 
evaluated using minute volume ('QE) and blood gas 
analysis. However,  the effects of volatile anesthetics on 
P0.1 have never been reported.  This study was per- 
formed in an at tempt to clarify the respiratory depres- 
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sant effect of isoflurane using P0.1 as an alternative 
index. 

Patients and methods 

Ten female patients undergoing gynecological surgery 
were included in the study after approval by the ethical 
committee of the Toride Kyodo General  Hospital, and 
informed consent was obtained from the patients. The 
patients ranged in age from 31 to 52 years and were 
of ASA physical status I or II. All patients were free 
of cardiovascular, respiratory, and neuromuscular 
diseases. 

No patient received preanesthetic medication. The 
study was performed in a supine position. Anesthesia 
was induced with thiopental 4 -5  mg.kg -1 I.V., and 
succinylcholine 1 mg.kg -1 I.V. was administered to 
facilitate tracheal intubation. After  intubation with an 
endotracheal  tube, spontaneous breathing was allowed 
to resume while the patients breathed 66% nitrous ox- 
ide in oxygen. A 22-gauge catheter was placed in the 
radial artery for blood sampling. No muscle relaxant 
was used other than the induction of anesthesia. 
Rectal  temperature was monitored and maintained at 
37 ~ _+ loc .  

The patient's endotracheal  tube was connected to an 
experimental  apparatus incorporated into a semiclosed 
anesthetic circuit. This consisted of a pressure trans- 
ducer (Nihon Kohden,  Tokyo,  Japan), a one-way.Hans- 
Rudolph valve and a side stream spirometer [3]. VE was 
measured from this spirometer and a Datex anesthetic/ 
respiratory gas analyzer (Capnomac, Ultima, Helsinki, 
Finland). Esophageal pressure (Pes) w a s  measured by 
means of a thin-walled latex balloon positioned in the 
middle third of the esophagus and a pressure trans- 
ducer. Transpulmonary pressure (Ptp), the difference 
between tracheal airway pressure (Paw) and P~s, was 
monitored to maintain the FRC. P0.~ was measured as 
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Fig. 1. Measurement of airway oc- 
clusion pressure (P0.0 

the change  of Paw dur ing  the first 0.1 s of spon taneous  
inspi ra tory  effort against  the airway closed by a one-  

way valve (Fig. 1). Hea r t  rate and  ar ter ia l  b lood  pres- 
sure were measu red  noninvas ive ly .  Ar te r i a l  b lood  gas 
was m e a s u r e d  with a 178 p H / b l o o d  gas analyzer  (Corn-  
ing, Medfield,  Eng land) .  

W h e n  all of the respi ra tory  and  h e m o d y n a m i c  vari- 
ables were stable, isof turane was admin i s t e red  th rough 
a vaporizer .  The concen t r a t i on  of isof lurane was moni -  
to red  with a Datex  anes the t ic / resp i ra tory  gas analyzer  

(Capnomac ,  Ul t ima) .  Af t e r  cont ro l  m e a s u r e m e n t s  (0% 
isoflurane),  isoflurane was added  stepwise to the in- 
spired gas to end- t ida l  concen t ra t ions  of 0.5% and  
1.0%, in this order.  Al l  var iables  were measu red  after 
achieving 10 min  of each stable end- t ida l  isoflurane. 
Al l  the m e a s u r e m e n t s  were done  wi thout  surgical 
in te rven t ion .  

Al l  values  were expressed as m e a n  _ s tandard  devia- 
t ion (SD). One -way  analysis of var iance  ( A N O V A )  and  

pa i red  t-tests corrected for mul t ip le  compar i sons  were 
used to compare  the data  acqui red  at each concent ra -  
t ion of isoflurane with cont ro l  data.  A probabi l i ty  value 
of less than  0.05 was regarded  as statistically significant. 

R e s u l t s  

The m e a n  values of age, height,  and  weight  of the 
pa t ients  were 44.3 _ 6.3 years, 156.2 _+ 5.3 cm, and  
51.0 _+ 6.3 kg, respectively.  

M e a n  arter ial  pressure  dur ing  the per iod  of isoflurane 
0.5% was decreased in compar i son  with the control  

value (P  < 0.01) and  decreased with increas ing concen-  
t ra t ion  of isoflurane.  No difference in hear t  rate was 
observed  (Table  1). 

Ar te r ia l  b lood  gas tens ions  are summar i zed  in Tab le  

2. No difference in pH,  Paco2, Pao2, H C O  3 and  base 
excess was observed.  

The re  was no  difference in 9E'P0.1 dur ing  the per iod  
of isof lurane 0.5% was decreased compared  with the 
cont ro l  va lue  (P  < 0.01) and  the decrease  in P0A was 
re la ted  to the increase  in the end- t ida l  concen t r a t i on  of 
isof lurane (Table  1). 

D i s c u s s i o n  

The  m a i n  f inding of this s tudy was that  isof lurane at an 
end- t ida l  concen t r a t i on  of less than  1.0% had  no signifi- 
cant  effect on  "QE and  Paco2 in spon taneous ly  b rea th ing  

pat in ts  while P0.1 was reduced  even  at the lower concen-  
t r a t ion  of 0.5% in compar i son  with the cont ro l  va lue  
(P  < 0.01). 

I sof lurane  has vent i la tory  depressan t  effects which 

are var iously  expressed as an increase  in Paco2, a de- 
crease in CO2 response,  and  a decrease  in t idal vo lume  
and  9E [4]. However ,  our  results showed ne i the r  an 

increase  in Par  2 nor  a decrease in VE dur ing  the per iod  
of isof lurane 1.0% (P < 0.05). 

The  ou tpu t  of the respi ra tory  centers  is i n f u e n c e d  by 

the chemical  or mechanica l  s t imulat ion.  The  chemical  
s t imuli  are hype rcapn ia  and  hypoxia  [1], while the me-  

chanical  s t imuli  inc lude  the changes in the elastic and  
resistive c o m p o n e n t  of the respi ra tory  system [5,6]. In  

Table 1. Hemodynamic and respiratory variables 

Isoflurane (%) 

Variable 0 (Control) 0.5 

HR (bpm) 84 + 11 81 -+ 7 84 _+ 7 
MAP (mmHg) 102 + 17 91 _+ 17" 84 -+ 17" 
"QE (1) 5.7 + 1.2 5.4 --+ 0.9 5.3 --+ 1.1 
P0.t (cmH20) 2.7 + 0.5 2.0 _+ 0.5* 1.8 _+ 0.6* 

All values are expressed as mean _+ SD (n = 10). 
HR, heart rate; MAP, mean arterial pressure; VE, minute volume; 
P~, airway occlusion pressure. * P < 0.01 (vs control). 

Table 2. Arterial blood gas tensions 

Arterial 
blood gas 0 (Control) 0.5 

Isoflurane (%) 

pH 7.40 +_ 0.02 7.40 _+ 0.02 7.39 + 0.02 
Pac% (mmHg) 35.7 _+ 1.5 35.5 + 2.8 36.2 _+ 3.8 
Pao2 (mmHg) 183 _+ 35 183 -+ 26 183 _+ 24 
HCO3- (mEq-1 t) 22.4 + 1.5 21.7 -+ 1.8 22.2 _+ 2.1 
B.E. (mEq-1-1) -0 .9 + 1.9 -1 .6  _+ 1.9 -1.2 + 2.4 

All values are expressed as mean +- SD (n = 10). 
BE, base excess. 
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this s tudy,  t he re  was no  inc rease  in Paco  2 dur ing  the 
p e r i o d  of  i sof lurane  1.0%. The re fo r e ,  it is p r e d i c t e d  
that  the  o u t p u t  of  r e s p i r a t o r y  cen te r s  w o u l d  no t  be  
increased .  H o w e v e r ,  P0.~, an index  of the  ou tpu t  of  
the  r e s p i r a t o r y  centers ,  was r e d u c e d  m a r k e d l y  at  tha t  
concen t ra t ion .  

A l t e rna t i ve ly ,  it is r e p o r t e d  tha t  i sof lurane  at a con-  
cen t r a t i on  of  1.1% causes  no  change  in "QE and  Paco2, 
and  does  no t  inh ib i t  the  o u t p u t  of  the  r e s p i r a t o r y  cen-  
ters  [7]. In  our  s tudy,  howeve r ,  a significant d e c r e a s e  in 
P01 was o b s e r v e d  at  a c o n c e n t r a t i o n  of  0.5% which p ro -  
d u c e d  no  change  in ~Vr E and  Paco2. The re fo r e ,  it can be  
a s s um ed  tha t  P0a is a m o r e  sensi t ive  index of  the  respi -  
r a to ry  dr ive  than  "QE or  Paco2. 

I t  is well  k n o w n  tha t  i sof lu rane  induces  musc le  re lax-  
a t ion  and  dec rea se s  the  abi l i ty  of  the  muscles  to sus ta in  
con t rac t ion .  I t  is d e m o n s t r a t e d  tha t  P0.1 is m e a s u r e d  
dur ing  an i some t r i c  c o n t r a c t i o n  of  r e s p i r a t o r y  musc les  
[1], which  m a y  be  a f fec ted  by  isof lurane.  H o w e v e r ,  a 
p o t e n t  musc le  r e l ax ing  effect  appea r s  a f t e r  app rox i -  
ma te ly  90 min a d m i n i s t r a t i o n  of  i sof lurane  0.5% [8]. In  
our  s tudy,  the  d u r a t i o n  of  i sof lurane  0.5% inha la t ion  
was no  m o r e  than  10 min.  The re fo r e ,  it is s u p p o s e d  
tha t  i sof lurane  0.5% has  a l i t t le  effect  on the  m e a s u r e -  
m e n t  of  P01. H o w e v e r ,  it is poss ib le  tha t  this  vo la t i l e  
agent ,  at c o n c e n t r a t i o n s  ove r  0 .5%,  m a y  c a u s e  P0.1 to be  
u n d e r e s t i m a t e d .  

I t  is k n o w n  tha t  the  ac t iv i ty  of  the  r e s p i r a t o r y  cen te r s  
pa r t i a l ly  d e p e n d s  on  the  level  of  func t iona l  r e s idua l  
capac i ty  ( F R C ) .  T h e  e l e v a t e d  F R C  inhibi ts  the  p re s su re  
d e v e l o p m e n t  by  dec reas ing  the  e lec t r ica l  ac t iv i ty  of  the  
d i a p h r a g m  [9] and  also by  r educ ing  the d i a p h r a g m a t i c  
con t rac t i l i ty  d e p e n d i n g  on  the  r e l a t ionsh ip  b e t w e e n  
length  and  t ens ion  [10]. T h e r e  is a poss ib i l i ty  tha t  F R C  
was r e d u c e d  by  t h i o p e n t a l - i n d u c e d  anes thes ia  in the  
p r e s en t  s tudy.  H o w e v e r ,  F R C  af te r  the  induc t ion  of  
anes thes i a  s eems  to be  wel l  con t ro l l ed  as the  end - t i da l  
Ptp was kep t  cons tan t  b e f o r e  each  m e a s u r e m e n t .  A d d i -  
t ional ly ,  it  has  b e e n  r e p o r t e d  tha t  F R C  falls ini t ia l ly  

wi th  the  induc t ion  of anes thes i a  bu t  does  no t  con t inue  
to  fall  wi th  t ime [11]. 

In  conclus ion,  P0.1 s eems  to be  a m o r e  sensi t ive  indica-  
to r  of  r e s p i r a t o r y  suppress ion  than  P a c o  2 and  ~'E- Wi th  
this  index,  the  r e s p i r a t o r y  de p re s s ion  with  i sof lurane  
s e e m e d  to be  d e t e c t e d  in pa t i en t s  at  end - t i da l  concen-  
t r a t ions  as low as 0.5%. 
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