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ON['- LUNG VENTILATION with high inspired oxy- 
gen fi'action and a volatile anaesthetic agent- 
muscle relaxant sequence is a commonly used 
technique for endobronchial anaesthesia for pul- 
monary resection and has been associated with 
significant arterial hypoxaemia in 15 to 25 per" 
cent of cases.t The major determinant of  the 
hypoxaemia is continued perfusion in the non- 
ventilated lung. 2 Contributory causes are: 
(1) abolition of the hypoxic vasoconstrictive 
reflex by inhalational agents; 3 (2) direct myocar- 
dial depression consequent on the use of  
halothane, which causes a decrease in total car- 
diac output without parallel changes in shunt;  ~3) 
atelectatic areas in the dependent ventilated and 
perfused lung;: (4) possible increase in absorp- 
tion atelectasis due to high inspired oxygen con- 
centration; 4 (5) increase in shunt fi'action due to 
positive pressure ventilation. 5'6 

This experiment was designed to study the ef- 
fects of a continuous infusion of ketamine on 
Pao2. cardiac output and shunt fraction during 
one lung anaesthesia compared with the effects of 
halothane under similar experimental conditions. 

METHOD 

Six mongrel dogs weighing 21-28 kg were 
anaesthetized with an intravenous injection of 
sodium pentobarbitone 4 mg .kg  -~, intubaled 
with a cuffed Gordon-Greene endobronchial tube 
and paralyzed with d-tubocurarine at an initial 
dose of  0.2 rag" kg -t .  Supplemental doses of 0. l 
mg.kg  -~ were given as necessary but never 
within 15 minutes of  a measurement. (Although 
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the Gordon-Greene endobronchial tube is a long, 
right-sided single lumen device, it was chosen 
because it enabled ventilation of both lungs with 
ease, and, at appropriate times, the extra length 
was employed when the tube was advanced into 
the lung to be inflated, so ensuring total isolation 
of  the unventilated lung.) The femoral artery was 
cannulated and the chest was opened by a median 
sternotomy. The right atrium and pulmonary ar- 
tery were cannulated directly and left atrial pres- 
sures were obtained by puncture of  the left atrium 
with a 21-gauge needle. All cannulae were at- 
tached to Statham P 23 ID transducers and con- 
tinuously flushed using a Sorenson MK-3-40 
monitoring set. Pressures, waveforms and lead I[ 
of  the electrocardiogram were continuously dis- 
played on an Electronics for Medicine Physio- 
logical monitoring and recorder system. 

The dogs were ventilated with oxygen- 
enriched air mixtures using a Bennett MA-I ven- 
tilator at 12 breaths per minute with a tidal vol- 
ume of 10-12 ml/kg. Inspired oxygen fi'action 
was continuously monitored with an InMrumcn- 
tation Laboratories 1. L, 404 oxygen analyzer and 
halothane was added at appropriate times using a 
Fluotec Mark II vaporiser incorporated into the 
inspiratory limb of the breathing circuit. 

in each dog, control values were oblained with 
pentobarbital-curare-oxygen anaesthesia alone 
and these values were then compared with the 
effects due first to ketamine and second to 
halothane in all dogs. (Table l indicates the ex- 
perimental flow pattern.) The dogs were allowed 
to stabilize with each anaesthetic agent at 50 per 
cent and 100 per cent inspired oxygen and also 
during one and two hmg anaesthesia. No attempt 
was made to selectively collapse the right o1" left 
lung initially; but subsequently the same lung was 
collapsed throughout the individual experiments. 
Blood was withdrawn from the femoral and pul- 
monary arteries at specified times during the ex- 
periment and determinations of  pH, Po2, Pr 
base excess, standard base excess,  and haema- 
tocrit were made, Saturation was measured di- 
rectly with an Instrumentation Laboratories 182 
co-oximeter. Cardiac output was measured as 
determined by protocol using an indocyanine 
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TABLE I 

EXPERIMENTAL PATTERN AND SCHEMA OF SAMPLING ORDER 

395 

Sampling order 

Pentobarbitone - curare 
CI 21~ oxygen both lungs cardiac output 1 
C2 50~ oxygen both lungs 
C3 1007o oxygen both lungs cardiac output 2 
C4 1007. oxygen one lung cardiac output 3 
C5 507o oxygen one lung 

Ketamine - curare 
KI 50~ oxygen one lung cardiac output 4 
K2 1007.. oxygen one lung cardiac output 5 
K3 1007o oxygen both lungs cardiac output 6 
K 4  50~o o x y g e n  b o t h  lungs  

Halothane - curare 
HI 507. oxygen both lungs cardiac output 7 
H2 100~ oxygen both lungs 
H3 1007, oxygen one lung cardiac output 8 
H4 50~ oxygen one lung 

End experiment - 30 minutes after cessation of halothane 
50~ oxygen both lungs cardiac output 9 

Blood  was  w i t h d r a w n  as  s ta ted  at  each  insp i red  oxygen concen t r a t ion .  

green dye dilution technique utilizing a Columbus 
cardiac output computer coupled to a Harvard 
constant infusion/withdrawal pump and to a di- 
rect writing X-Y plotter. Measurements were 
made in duplicate and only when the second out- 
put differed by more than two percent  of  the first 
was a third measurement necessary. This oc- 
curred on only three occasions, attesting to the 
stability of  the preparation. At the time of each 
sampling, systemic and pulmonary pressures 
were recorded and a permanent copy of the wave 
forms was made, These data were subsequently 
used to calculate the full range of frequently used 
cardiovascular parameters, 

Ketamine was given at an induction dose of 2 
rag. kg- '  by bolus intravenous injection and ac- 
curately maintained at I rag-kg-~/hr using an 
IVAC 530 infusion pump for the duration of  the 
relevant experimental period. A 30-minute period 
free of  stimulation or challenge followed the ces- 
sation of  ketamine infusion, Halothane was then 
introduced incrementally until a slight decrease 
in left atrial pressure occurred or to a maximum 
concentration of 1.5 per cent, I f a  drop in filling 
pressure was noted, the concentration was re- 
duced by 0.2 per cent. Halothane percentage was 
adjusted by keeping left atrial pressure constant 
in an attempt to minimize decrease in cardiac 
output while at the same time maximizing the 
abolition of the hypoxic vasoconstrictor reflex. 
Calculation of  the shunt fraction will be altered by 
any significant change in cardiac output. 7 Once 

this percentage level of halothane was estab- 
lished, it was used for the duration of'thls portion 
of  the study. 

Po2. Pco2, pH, base excess and standard base 
excess were measured and calculated using an 
ABL-I machine. Shunt fi'action was calculated 
using the original shunt equation: 

Qs/Qt = (Coo= - Caot) 
( C c o 2 -  C0o2) 

utilizing Severinghaus correction factors. 
Po2 values greater than 150 tor," (19.95 kPa) 

were corrected for linearity using the formula: 
Actual Po2 = indicated Po2 ((Pp.. indicated 

- 1 5 0 )  x 0 ,  I )  

The oxygen content of  pulmonary capillary 
blood, CCo~ was calculated by assuming that this 
would be the oxygen content that arterial blood 
would have if fully equilibrated with alveolar air. 
This is a standard assumption and necessary be- 
cause of the inaccessibility of  pulmonary capil- 
lary blood for direct measurement.  The formulae 
used resulting from this assumption are as fol- 
lows: 

Cco2= [Sao2(Hb x 1.39) + Pap2 x 0.0031] 
mffl00 ml blood 

PAo~ = PB - Pacoz-  PHzO -- Pan z 
PANs "~ partial pressure of nitrogen in the al- 

veolus determined by subtracting Fie2 
fi'om I and multiplying the resulting 
(PB - P n z o -  Pace2) 
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T A B L E  ]I  

MEAN VALUES OF RESULTS WITH STANDARD DEVIATIONS 

Systemic Blood Pressure 

Pulse Systolic Diastol ic  Mean PA P A O P  CVP Q Qi 

CI 148+__19 1 4 1 4 _ 1 8  9 0 4 _ 1 6  1 0 8 + 1 4  2 0 + 9  1 3 4 - 9  9 + 3  4 . 1 4 - 0 , 9  5 . 2 + _ 1 . 7  
C2 150 + 17 140 -4- )0 90 _+ 12 104 _4._ 10 20 + 8 11 _ 3 9 _ 2 4 .1  _ 0 . 9  5 .2  + 1.7 
C3 152 _+ 23 147 + 13 86 5: 9 107 _+ 10 19 + 6 12 _ 3 9 + 2 4 . 2  _+ 1.1 5 . 2  _+ 1 .8  
C4 145 __+ 15 142__+ 16 85 __ t3 106_____ 14 20__ 8 12 4- 6 9 4- 3 3 .7  4- 1.3 4 . 3  __ ! . 1  
C5 147 -I- 12 146 + 20 91 _ 14 106 ___ 14 19 + 7 12 _ 6 8 + 2 3 .7  + 1 .3  4 . 3  _ 1.1 
KI  137 _ 18 140 _ 20 88 5: 21 99 _+ 19 20 _ 9 14 _+ 8 9 _+ 5 3 .7  + 1.1 4 . 4  + 0 , 9  
K2  137 __. 16 ) 4 0 _  25 88 4- 18 104 4_ 20 21 _+ 9 13 4_ 6 11 + 4 3 .5  +_ 0 . 8  4 . 2  4- 0 , 6  
I(3 138 _ 13 137 + 20 89 + 11 105 + 12 16 __. 4 I1 + 2 9 4_ 2 3 . 4  + 7 4 . 2  + ! . 2  
K4  133 + 14 140 ___ 21 92 + 14 105 _ 15 17 + 6 12 __. 5 9 5: 2 3 . 4  _ 0 . 7  4 . 2  _+ 1 .2  
HI  120 + 9 122 -+ 12 77 + 6 89 4- 7 15 _+ 6 I I  -I- 5 8 4- 2 2 . 9  4_ 0 .8  3 .6  4- 1 .4  
H2  1 1 5 _ + ! 5  1 1 4 _ + 5  7 2 4 - 1 5  8 7 - 1 - 1 0  1 5 4 - 5  1 0 + 3  8 4 - 2  2 . 9 _ + 0 . 8  3 . 6 4 - 1 . 4  
H3  116_.+19 1 1 5 _ + 1 5  7 0 5 : 1 2  8 2 5 : 9  1 7 _ + 7  1 1 5 : 6  1 0 5 : 6  2 . 8 5 : 0 . 5  3 . 5 + 0 . 8  
H4 123_+21 114_+ 17 6 8 + 1 3  8 3 + 1 4  184-  8 1 2 +  7 1 0 _ + 6  2 . 8 + 0 . 5  3 . 5 4 - 0 . 8  

PA -- pu lmonary  ar te ry  pressure. PAOP = pu lmonary  ar tery  occluded pressure. CVP = central  venous 
pressure. Q = card iac  output .  Qi = card iac  output  indexed for body  surface area. 

Pressures are recorded as m m  H g  (torr). 

T h e  T h a i  f o r m u l a  w a s  u s e d  b e c a u s e  the  e x p e r i -  
m e n t a l  d e s i g n  d id  no t  i n c l u d e  m e a s u r e m e n t  o f  the  
r e s p i r a t o r y  q u o t i e n t ,  w h i c h  is n e c e s s a r y  if  t he  
m o r e  c o r r e c t  a l v e o l a r  a i r  e q u a t i o n  is u s e d .  Al-  
v e o l a r  o x y g e n  s a t u r a t i o n  o n  50 pe r  c e n t  a n d  100 
pe r  c e n t  o x y g e n  is a s s u m e d  to  be  100 p e r  c e n t ,  
s a m e  a s  D ( A - a ) o r  s 

T h r o u g h o u t  the  e x p e r i m e n t  n o r m o t h e , ' m i a .  
n o r m o v o l a e m i a  a n d  h a e m a l o c r i t  w e r e  m a i n -  
t a i n e d .  

RESULTS 

T h e  m e a n  v a l u e s  a n d  s t a n d a r d  e ta 'ors  fo r  e a c h  
m e a s u r e d  p a r a m e t e r  a r e  s h o w n  in T a b l e s  11 a n d  
111. 

A. Shunt  
A v e r a g e  s h u n t  f r a c t i o n  w a s  h i g h e r  b y  6 .50  _+ 

2.51 u n d e r  h a l o t h a n e  t h a n  u n d e r  k e t a m i n e  
a n a e s t h e s i a  - T a b l e  IV.  T h e  d i f f e r e n c e  w a s  
s t a t i s t i c a l l y  s ign i f i can t  a t  the  five p e r c e n t  level  b y  
S t u d e n t ' s  t - t e s t  w i th  five d e g r e e s  o f  f r e e d o m .  Y e t  
m o r e  c l e a r l y  s ign i f i can t  c o n t r a s t s  w e r e  f o u n d  f o r  
o x y g e n  (100  p e r  c e n t  v e r s u s  50  p e r  c e n t )  5 .25 __+ 
0.75 a n d  fo r  o n e  lung  v e r s u s  t w o  l u n g s  16.84 • 
2 .34.  T h e  b a s i s  o f  t h e s e  t e s t s  w a s  the  c o n s i s t e n c y  
f o r  t he  g i v e n  f a c t o r  a m o n g  the  six d o g s .  A s  s h o w n  
in the  t ab l e ,  t he  a v e r a g e  s h u n t  f r a c t i o n  in t he  f o u r  
p e r i o d s  u n d e r  o n e  c o n d i t i o n  w a s  s u b t r a c t e d  f r o m  
t h a t  f o r  the  f o u r  p e r i o d s  u n d e r  t he  o p p o s i t e  c o n -  
d i t i on ,  s e p a r a t e l y  f o r  e a c h  dog .  T h e  six r e s u l t i n g  
c o n t r a s t s  w e r e  a v e r a g e d  a n d  t h e i r  v a r i a n c e  ca l -  
c u l a t e d  to  o b t a i n  the  t - t es t .  A m o r e  d e t a i l e d  f o r m  

o f  s t a t i s t i ca l  a n a l y s i s ,  the  a n a l y s i s  o f  v a r i a n c e .  
a l so  s h o w n  in T a b l e  IV,  g a v e  c o n s i s t e n t  bu t  m o r e  
e x t e n s i v e  r e s u l t s .  D i f f e r e n c e s  in a v e r a g e  s h u n t  
f i-action a m o n g  d o g s  w e r e  s t a t i s t i c a l l y  s ign i f ican t  
(p < 0 .01) .  T h e  t h r e e  m a i n  f a c t o r s  w e r e  a l so  
s ign i f i can t  b y  this a n a l y s i s  w h e r e  in the  ca se  o f  
the  h a l o t h a n e  v e r s u s  k e t a m i n e  c o n t r a s t  the  

s i gn i f i c ance  level  w a s  p < 0 .01 .  E v i d e n c e  th~ll a n y  
o f  the  t h r e e  m a i n  f a c t o r s  a f f e c t e d  the  r e s p o n s e  to  
e i t h e r  o f  the  o t h e r  w a s  t e s t e d  f o r  a n d  f o u n d  ab -  
s en t .  N o n e  o f  the  i n t e r a c t i o n  t e r m s  w a s  c lose  to  
s i gn i f i c ance .  F ina l ly ,  t he  s h u n t  f i ' ac t ion  w t r i a n c e  
w a s  S z = 35 .87 ,  r e f l ec t ing  a level  o f  u n a c c o u n t a -  
ble v a r i a t i o n  p e r  p e r i o d  in a n y  d o g  o f  •  

B. Agreement  between calculated shunt fi 'actinn 
and D (A -alp ~. 

in  th is  sma l l  s a m p l e ,  a s t a t i s t i c a l l y  s ign i f i can t  
bu t  w e a k  a s s o c i a t i o n  b e t w e e n  c a l c u l a t e d  s h u n t  
f r a c t i o n  a n d  a l v e o l a r  a r t e r i a l  o x y g e n  c o n c e n t r a -  
t ion d i f f e r e n c e  w a s  s h o w n .  T a b l e  V s h o w s  s h u n t  
f r a c t i o n  a d j u s t e d  f o r  D(A-a)o2 fo r  i n d i v i d u a l  d o g s  
d u r i n g  the  e i g h t  s a m p l i n g  p e r i o d s  K) t h r o u g h  H4. 
( T h e  a d j u s t m e n t ,  c a l c u l a t e d  b y  r e g r e s s i o n  o f  
s h u n t  f r a c t i o n  o n  D(A-a)o~ wi th in  d o g s .  p o o l e d  
o v e r  the  s ix  d o g s ,  w a s  o b t a i n e d  b y  s u b t r a c t i n g  
f r o m  s h u n t  f r a c t i o n  the  q u a n t i t y  4 .6  p e r  c e n t  o f  
t he  d e v i a t i o n  o f  the  p a r t i c u l a r  D(A-a)u~ v a l u e  
f r o m  331 .0 ,  the  a v e r a g e  D(A-a)o=.)  It is e v i d e n t  
t ha t  d i f f e r e n c e s  o f  s h u n t  f r a c t i o n  a t t r i b u t a b l e  to  
t r e a t m e n t  w e r e  c o n s i d e r a b l y  l e ss ,  a s  w a s  the  re-  
s idua l  e r r o r  t e r m ,  a m o n g  a d j u s t e d  v a l u e s .  T h e  
o v e r a l l  r e d u c t i o n  in v a r i a n c e  w a s ,  in f a c t ,  40  pe r  
c e n t .  N e v e r t h e l e s s ,  h igh ly  s ign i f i can t  d i f f e r e n c e s  
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T A B L E  IV 

SHUNT FRACTION 

D o g  No.  KI  K2 K3 K4 HI Ha Ha H4 Average 

M a n  Fac tors  Averages 

Anaes.  Oxyg,  Lungs  

28 .2  39 .5  18 .0  16.7 21.1 33 .7  45 .7  47 .9  31.35 
43 .5  4 6 . 6  41 .8  36.1 50 .5  51 ,0  62 ,0  55 .2  48 .34  
35 .4  34 .0  23 .6  12.7 18.0  25 ,0  48 .6  34 .6  28 .99  
42 .3  4 6 . 0  22.5  17.9 11.8 27.8  38 .0  34,1 30.05 
27 .5  29 .5  29 .2  23 .9  20 .6  26 .2  51 .4  4 8 . 0  32 .04  
41 .8  34 .6  20 .6  17.3 15.7 23 .4  51.5  43 .3  31 .02  

11.50 5 .75 17.95 
12,68 4 .02  6 .98  
5 .12  7 .62  18,32 

- 4 . 2 5  7 .05  20 ,10  
9 .02  4 .08  14.12 
4 . 9 0  3 .00  23.55 

Average  36 .45  3 8 . 3 7  25 .95  20 .77  22.95 31 .18  49 .53  43 .85  33 .63  

Analysis  o f  Var iance 

Term D.F .  S.S. M.S. 
Dogs  5 2130 .04  426.01 

Main Effects 
I (Anaesthetic) 1 506,35  506.35 

II (Oxygen) 1 331.28 331.28 
I l I  (Lungs)  1 3402.02 3402.02 

Interactions 
I x II I 34 .85  34.85 
I x III 1 93 .24  93 .24  
II  x I ! [  ! 25.37 25.37 
I • II  •  1 0 . 3 9  .39 
Residual  35 1255.42 35.87 = S 2 

6 .50  5 .25 16.84 
SE = •  •  •  

t = 2 .584  6 ,96  7.21 
p = 0 .05  < 0 . 0 0 1  < 0 , 0 0 1  

F 
11.88 P < 0.001 

14.12 P < 0 0 0 1  
9 .24  P < 0 .001 

94 .85  P < 0.001 

0 .97  
2 .60  
0 .71  
0.01 

T A B L E  V 

SHUNT FRACTION ADJURED* FOR D ( A - a ~  2 

D o g  No .  K t  K2 Ka  K4 H i  H2 H3 H~ Average 

1 32 .0  31 .2  2 2 . 0  25.3  28 .7  32 .0  32,8 50.7  31 .84  
2 46 ,3  33 .8  32.1 39.4  54.5  43 .6  4 9 . 0  58.4  44 .64  
3 40 .9  26 .7  24 .0  22 .2  26.1 25 .6  38.5  40 .2  30 .52  
4 46 ,2  34 .9  22 .9  25 .7  22 .6  27 .4  30.6  39.3  31 .20  
5 33.3 27.7 27.2 29.5 26.3 22,6 38.4 50.9 31.99 
6 46 ,0  26 ,9  21 .7  25 .0  23 .5  22.8  39 .6  47.1 31.58 

Average 40 .78  30 .20  24 .98  27.85 30 .28  29 .00  38.15 47 .77  33.63 

*Adjusted Shunt  Frac t ion  = Shunt  Fract ion --0.04589 (D(A-a)o 2 -- 330.9792). (see text). 

Analysis of  Var iance 

Term D,F .  S.S. M.S. F 
Dogs  5 1174.76 234.95 9 .26  

Main Effects 
I (Anaesthetic) 1 342.94  342.94 13.51 

II (Oxygen) 1 444.69  444 .69  17.52 
III (Lungs)  1 1504.16 1504.16 59.27 
Interact ions 4 252, 34 63,08 2 .49  
Residuals 35 888.23 25.38 ~ S 2 

in a v e r a g e  s h u n t  f r a c t i o n  a t t r i b u t a b l e  to  e a c h  o f  o f  s h u n t  f r a c t i o n ,  D(A-a)o= a p p e a r e d  i n c a p a b l e  o f  
the  t h r e e  m a i n  f a c t o r s  o f  t he  e x p e r i m e n t ,  r e f l ec t ing  all  i m p o r t a n t  c h a n g e s .  In th i s  r e g a r d ,  
a n a e s t h e t i c  a d m i n i s t e r e d ,  o x y g e n  f r a c t i o n  a n d  a p p a r e n t l y  D(A-a)o= w a s  m o r e  s e n s i t i v e  to  the  
n u m b e r  o f  l u n g s  w e r e  still p r e s e n t .  A s  a p r e d i c t o r  Fro2 a n d  less  s ens i t i ve  to  the  f a c t o r  o f  t w o  v e r s u s  
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one lung than the calculated shunt; hence the 
poor cor:,-lation. 

It would seem from the trend observed that 
determination of shunt fiaction by direct mea- 
surement of  arterial and mixed venous samples is 
the only manner in which a true representation 
can be obtained during one lung anaesthesia, 
especially in instances when the Pa0~ is less than 
19.95 kPa (150 tort). 

DISCUSSION 

This study was designed to evaluate the effect 
of  a continuous infusion of  ketamine as an alter- 
native to the more commonly used halothane 
during one lung anaesthesia. Changes in Pap2 and 
shunt fraction were chosen In delineate differ- 
ences between agents, and attempts were made 
to eliminate all other variables. The abolition of  
the hypoxic vasoconsu-ictor reflex has been im- 
plicated by Sykes 3 as a mechanism for the in- 
crease in shunt fraction during one lung anaes- 
thesia, it is important to differentiate changes in 
shunt fraction due to anaesthetic agents from 
other influences such as differences in anaesthe- 
tic technique, changes in cardiac output, de- 
crease in haematocrit, differing responses in the 
preparations or fatigue in the animals. Randomi- 
zation of the order of anaesthetic challenges was 
eliminated by keeping the anaesthetic technique 
constant. If the order had been reversed in half 
the animals randomly, then it would be possible 
to exclude sequence, fatigue or preparation 
characteristics as causative or contributory fac- 
tors toward the difference observed between 
anaesthetics. As it is. we can grove the difference 
statistically but cannot claim unequivocally that 
it was attributable only to the anaesthetics. How- 
ever, even though the sequence was never re- 
versed, in three dogs (numbers I, 3, and 6) a 
return to control conditions was permitted and, in 
all instances, the measured parameters returned 
to pre-ketamine levels and all animals appeared 
normally responsive within the limits of  the prep- 
aration. Clear and statistically significant differ- 
ences between runs were noted even though the 
sample size was small. Because the order of ad- 
ministration of ketamine followed by halothane 
was the same in all animals it is not possible to 
show that the differences were due to factors 
inherent in the comparison between ketamine 
and halothane. 

Arterial hypoxaemia is also accentuated by 
atelectatic areas in a perfused dependent lung, 

secondary to a reduction in functional residual 
capacity and increase in airway c lo su r e :  '~ This 
effect was minimized by maintaining the animals 
in the supine position and continuing ventilation 
with no change in late or tidal volume between 
one-lung and two-lung periods. 

It can be seen that shunt fraction (see Table IV) 
is significantly greater in one versus two lungs, 
100 versus 50 per cent oxygen,  and halothane 
versus ketamine anaesthesia. These values are 
significant at the p < 0.05 level and were calcu- 
lated by comparing the average differences due to 
these factors against their standard errors in the 

six dogs. The results for one versus two lungs 
were expected and reports in the literature sub- 
stantiate lhe increased shunt in patients venti- 
lated with 100 per cent o x y g e n :  although some 
controversy over this finding has recently 
emerged, to 

With the consistency in results in one versus 
two lung anaesthesia and 100 versus 50 per cent 
inspired oxygen, the increased shunt fraction 
during halothane as opposed to ketamine anaes- 
thesia may be attributed to the inherent proper- 
ties of these two anaesthetics. This conclusion 
rests on the consistency among dogs in the pat- 
tern of responses to the two agents under study. 
within the experimental fix~mework. Any alter- 
native explanation supported by a consistent 
pattern of  variations among the six dogs would 
have been expected to appear in the analysis of 
variance for factor interactions. That analysis 
gave no suggestion of a fourth factor which could 
be responsible for the changes noted. However,  
as observed previously, the time sequence in ap- 
plication of  halothane after ketamine in all dogs 
leaves open the question whether  the effect here 
attributed to anaesthesia may have been pru- 
duced in part by other time-related factors. 

The order halothane following ketamine was 
chosen initially because it was felt that potentially 
beneficial effects on cardiac output consequent 
upon use of  ketamine would, if anything, bias the 
experiment in favor of  halotbane. The myocar- 
dial depressant effects of  halothane could also 
have lasted longer than the time permitted for the 
experiment. Neither of  these effects was noted, 
however,  and the rapid return of  cardiac output to 
pre-ketamine levels in dogs I, 3 and 6 supports 
the contention that further experimentation 
should be performed with randomization of 
anaesthetic challenges. 

It is shown that during one It, ng anaesthesia, 
D(A-a)oz has no consistent relationship to the 
calculated shunt fraction. Therefore,  if accurate 
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calculation af  the  shunt  is indicated, direct pul- 
monary  artery sampling will be required. 

Stabilization o f  cardiac output  was an obvious  
goal th roughout  the exper iment  and this became 
very difficult during halothane anaesthesia .  As 
has been previously  stated,  changes  in cardiac 
output  will definitely change shunt  calculat ions 7 
and yet, even though output  progressively fell 
throughout  the procedure,  filling pressures  and 
haematocri t  were well maintained.  The  fact that 
cardiac output  re turned to pre-ketamine levels at 
the end of  the exper iment  in three animals also 
suppor ts  the  content ion that a direct myocardial  
depressan t  effect of  halothane contr ibutes  to 
arterial hypoxaemia  and calculated shunt .  How- 
ever .  the analysis  o f  variance for individual factor 
interactions does not show which property o f  
halothane exer ts  the major influence in the in- 
creased shunt  observed;  but without infusion of  
an appropriate inotroplc agent during the 
ha lo thane  runs  the answer  to this quest ion will 
necessar i ly  be pos tponed for fur ther  exper imen-  
tation. Maintenance of  left atrial filling pressure  
was initially thought  to be an acceptable means  o f  
support ing cardiac output  with definite clinical 
application during operat ions.  For this reason a 
decrease  in filling pressure  called for a reduction 
in halothane concentrat ion with a concomitant  
increase in forward loading until stability was 
obtained and maintained for 15 minutes  before 
measu remen t  o f  any  physiological variables. It 
was a s sumed  that the max i mum tolerated 
halothane concentra t ion  under  the  above condi- 
t ions would result in the  m a x i m u m  obtainable 
halothane effect on the hypoxic vasoconst r ic tor  
reflex consis tent  with the exper imental  condi-  
t ions.  

In future exper iments ,  fur ther  elaboration of 
these  anaesthet ic  effects will hopefully be de- 
monst rable  by radioactive isotope studies of  the 
lungs and pulmonary  vessels  during compar isons  
o f  halothane and ketamine anaes thes ia  under  
similar exper imental  condi t ions.  

SUMMARY 

It has  been shown that a cont inuous  infusion o f  
ketamine during one-lung anaes thes ia  combined 
with a 50 per cent  oxygen-curare  anaesthet ic  
technique will provide consis tent ly  lower shunt  
fraction and higher  Pap: compared  with halo- 
thane under  the same exper imental  condi t ions.  

Because  no additional factor was observed 
which could account  for these  changes  and be- 
cause  the  responses  o f  the  animals  to the two 

anaesthet ic  agents were similar - the only differ- 
ence being a different initial set point - the ex- 
perimental model may be considered adequate .  
In the authors" view the difference in shunt  fi'ac- 
t ions may be attributed to a more  stable hypoxic 
reflex during ketamine anaes thes ia .  

Further  exper imentat ion will be necessary  to 
fully exclude the  possibility of  sequence-rela ted 
changes  affecting some of  these  results  and to 
determine whether  or not certain groups of  dogs 
respond in a qualitatively different fashion. 

R/:SUME 

Ce travail a drmontrE q u ' u n e  infusion continue 
de kEtamine associre /~ une anes th r s ie  pat" inha- 
lation au moyen de protoxyde d 'azote /~ 50 pour  
cent  chez  des chiens curarisEs assurai l  de fagon 
constante  une PaD2 supErieure et un shunt  
moindre par comparaison aux rdsultats observes  
Iorsque I 'anesthEsie 6tait effectude avec un 
melange de protoxyde d ' azo te  h 50 pour cent 
d 'ha lo thane  et oxygrne ,  ceci en si tuations de 
poumon exclu (tube endotrachra l  poussE dans 
une bronche et ballonnet gonflE). Ces  rdsultats 
semblent  dus / l  un rdflexe de vasoconstr ic t ion 
I 'hypoxie mieux conserve  sous  anes thes ia  h la 
kEtamine, Les  au teurs  es t iment  cependant  
nEcessaire de poursuivre leur Etude afin de 
confirmer leur conclusion.  
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