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ABSTRACT 

The mechanism which normally affects distribution of blood flow through unventilated areas 
of the lung is hypoxic pulmonary vasoconstriction; this acts to divert the blood to well 
ventilated alveoli, resulting in a better ratio of ventilation to perfusion. 

Several reports have focused attention on the reduction or abolition of this reflex in the 
unventilated lung by most of the volatile anaesthetic agents used in clinical practice. This 
response was not abolished by the intravenous anaesthetic agents. 

One hundred and ten patients undergoing elective pulmonary resection were studied to 
evaluate the effect of a continuous infusion of ketamine during one-lung anaesthesia, by 
observing the changes in Pao~aS a reflection of shunt. Ketamine was chosen as the intravenous 
agent for its positive inotropic and chronotropic action. Additionally, by providing both 
analgesia and hypnosis, we were able to admininster inspired oxygen concentrations of 
50-100 per cent without concern that the patient might have recall for events during operatior, 

We have demonstrated that in all cases a Pao2 in excess of 9.31 kPa (70 ton-) was achieved 
with ketamine and Flo~ 1.0 as well as an increase in shunt fraction from 25.9 per cent (Ftoz0.5) 
to 36.0 per cent (Flo~ 1.0). 

We feel that ketamine provides a satisfactory alternative to the volatile agents for one-lung 
anaesthesia in patients where relative hypoxaemia might be unacceptable during operation. 

ONE LONe VENTILATION with a high inspired 
oxygen  fraction,  a volatile anaes the t ic  agent  and 
a musc le  relaxant  is c o m m o n l y  used for endo- 
bronchial  anaes thes ia ,  despi te  the  fact that this 
technique  has  been associa ted  with significant 
arterial hypoxaemi a  (Pao2 less than  9.33 kPa (70 
torr)) in 15-25 per cent  of  cases .  '-3 This  figure 
agrees  with our own review of  100 cases  of  pul- 
monary  resect ion for ca rc inoma anaes the t ized  
with halothane and Flo2 1.0 during one-lung 
anaes thes ia ,  where  the Pao2 was less than  9.33 
kPa (70 torr) in 20 per cent.  The  main factors 
contr ibut ing to this arterial hypoxaemi a  are: (1) 
Excess ive  pu lmonary  shunt ing  in the unvent i -  
lated,  non-dependen t  lung. 4-6 (2) The  develop-  
ment  of  atelectatic areas  in the venti lated depen-  
dent  lung, secondary  to a reduct ion in functional 
residual capaci ty and increase in airway closure,  
leading to a relative mismatch ing  of venti lat ion 
and blood flow with an increase  in venous  ad- 
mixture .  6-8 (3) A reduct ion in cardiac output  due 
to anaes the t ic  agents ,  9-It mechanica l  ventila- 
tion, 6,~:'~3 and manipula t ions  during operation.  

The major  cause  of hypoxaemi a  during one- 
lung anaes thes ia  is pers is tence  of  blood flow 
through the unvent i la ted lung. Hypoxic  pulmo-  
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nary  vasocons t r ic t ion  is normally an important  
m e c h a n i s m  for reducing the amoun t  o f  blood 
flowing through unvent i la ted  regions of  the lung; 
this diverts  the blood to well venti lated al- 
veoli.la-16 

Several repor ts ,  both in exper imenta l  animals  
and,  most  recently,  in man,  4,~'~7-19 have  focused  
at tent ion on the reduct ion or abolit ion of  this 
reflex in the unvent i la ted lung by most  of  the 
volatile anaes the t ic  agents  used  in clinical prac- 
tice. This  response  was not abol ished by the in- 
t r avenuous  anaes the t ic  agents ,  z~ The  use  of  
con t inuous  ke tamine  by "mic rodr ip  t echn ique"  
after  induction with d iazepam and ke tamine  has  
been repor ted for mos t  types  of  surgical proce-  
dure  in all risk categories .  22'23 Vaughan  and 
Stephen 24 reported on 19 thoraco tomies ,  includ- 
ing six pu lmonary  resec t ions ,  us ing a ni trous 
ox ide /oxygen/curare  technique  with intermit tent  
ke tamine ,  given arbitrarily every  40 to 60 min- 
utes.  They  did not  indicate whe the r  endobron-  
chial t echn iques  were employed ,  nor  did they re- 
port on arterial blood gas  values .  

This  s tudy  was unde r t aken  to evalua te  the ef- 
fect of  a con t inuous  infusion of  ke tamine  during 
one- lung anaes thes ia  by observ ing  the changes  in 
Pao2 and shun t  fraction.  

Ke tamine  was chosen  as the in t ravenous  agent  
for its posit ive inotropic and chronotropic  act ion,  
as we wished to minimize the effect  o f  a re- 
duct ion in cardiac output  on the shunt ,  tl Addi- 
tionally, by providing both analgesia  and hyp- 
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TABLE I 

Palients 
Male 71 
Female 39 
Average age 62.2 years (range 19-91) 

Diagnosis 
Carcinoma 76 
Other malignant 

tumors 16 
Benign tumors 9 
Other 9 

Surgical procedures 
Wedge resection 21 
Lobectomy 65 
Pneumonectomy 24 

nosis, we were able to administer FIo2 0.5 and 1.0 
as required without concern that the patient 
might have recall for events during operation. 

MATERIALS AND METHODS 

One hundred and ten patients undergoing elec- 
tive pulmonary resection were studied (Table I). 
Patients were interviewed extensively by the 
authors before operation and were excluded from 
the study if there was a history of uncontrolled 
hypertension, previous psychiatric disability or 
delirium on emergence from anaesthesia. Patients 
were examined specifically for evidence of ulnar 
collateral flow. A flow-directed balloon-tipped 
thermodilution pulmonary artery catheter was 
placed in those with a history of myocardial dis- 
ease. 

Patients were sedated on the evening before 
operation with diazepam 10-15 mg and premedi- 
cated 90 minutes before induction of anaesthesia 
with diazepam 10-25 mg by mouth and atropine 
0.4-0.6 mg intramuscularly to overcome the ex- 
cessive salivation associated with ketamine 
anaesthesia. 

In the operating room adequate intravenuous 
access was obtained and anaesthesia was induced 
with droperidol 5 mg, diazepam 10-20 mg and 
ketamine 2 rag-kg -~, Relaxation was obtained 
with d-tubocurarine 30-45 mg and the trachea 
was intubated with a previously selected Carlens 
or Robertshaw double lumen bronchial tube. 
Anaesthesia was maintained with a continuous 
infusion of ketamine 2mg.kg-~/hr, using an 
IVAC 530 micro-infusion pump* and curare was 
given in 9 mg increments as required. Ventilation 
was controlled with a n  Engstrom ventilator de- 
livering 50 per cent nitrous oxide with oxygen at a 

*IVAC Corp., San Diego, California. 

rate of 12 breaths per minute with tidal volume set 
initally at 10-12ml'kg -~ body weight and ad- 
justed to maintain Paco2 at 4.0-4.67 kPa (25-35 
torr). During one-lung anaesthesia, full ventila- 
tion and expansion of the dependent lung was 
maintained by using the same tidal volume for 
both lungs. Arterial blood samples and, in 30 
cases, mixed venous blood samples were ob- 
tained once the patient's state had stabilized, 
after ventilation for ten minutes in each of the 
following four situations: 

Ventilation of both lungs at Fro2 0.5 and 1.0 
Ventilalion of one lung at FIo~ 0.5 and 1.0 

Heparinized blood samples were analyzed for 
pH, Pao2, Paco2 BE and SBE using an ABL-I 
machine. Saturation was measured directly with 
an IL 182 co-oximeter. + 

Shunt fraction was calculated using the original 
shurt equation: 

Qs/QI = (CCO2 - CaO2)/(CcQ - CvO2) 

utilizing Severinghaus' correction factors. 
Pao~ values greater than 19.95 kPa (150 ton.) 

were corrected for linearity, using the formula: 
Actual Paoz = indicated Pao2 + (Pao~ indicated 

- 1 5 0  x 0 .1)  
Throughout each case, normothermia, nor- 

movolaemia and hacmatocrit were maintained as 
close as possible to the preoperative levels. 

RESULTS 

During one-lung anaesthesia, none of the 110 
patients had an arterial oxygen tension of less 
than 9.33 kPa (70 ton.) on 100 per cent oxygen, the 
mean being 17.33 kPa (130 torr). With an inspired 
oxygen of 50 per cent the me,in value for the 
arterial oxygen tension was 11.2 kPa (84 torr). Of 
these, five patients representing 4.5 per cent had 
an arterial oxygen tension of less than 9.33 kPa 
(70 torr) and then improved to a tension greater 
than 13.33 kPa (100 torr) on the introduction of 
100 per cent oxygen (Table I1). 

The increase in the alveolar arterial oxygen 
gradient between ventilation of both lungs and 
then one hmg indicates the degree of increased 
venous admixture occurring during one-lung 
anaesthesia. A significant increase of the 
D(A-a)O2 mean to 28.33 kPa (213 ton-) when 100 
per cent oxygen is inspired compared to a mean 
of 10.77 kPa (81 ton) with 50 per cent oxygen 
reflects the influence of 100 per cent oxygen on ab- 
sorption atelectasis in the dependent lung (Table 

+Instrumentation Laboratories, Lexington. Massa- 
chusetts. 
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TABLE II 

MEAN Pao21N 110 PATIENTS 

kPa (+_S.D.) torr (+_S.D,) 

Both lungs Flu2 0.5 21.12 (_+ 12.53) 158.4 (+94) 
FIo~ 1.0 43.73 (_+ 12.53) 328.0 (+_94) 

One lung Flu2 0.5 11.20 (-I-2.80) 84.0 (-t-21) 
FJo2 1.0 17.33 (-I-3.87) 130.0 (+29) 

MEAN O (A-a)O2 

Both lungs Flu 2 0.5 21.89 (+-4.80) 164.2 (-I-36) 
Flu2 1.0 47.12 (_ 14.53) 354.4 (_ 109) 

One lung Fto~ 0.5 32.73 (-I-9.07) 245.5 (-I-68) 
Fro 2 1.0 75.59 (+_17.60) 567.0 (+-132) 
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TABLE I11 

MEAN SHUNT FRACTION (Qs/Qt) PER 
CENT 4-SD IN 30 PATIENTS 

Flu2 0.5 Flux 1.0 

Both lungs 13.6 (-t-4) 14.4 (-I-9) 
One lung 25.9 (-I-6) 36.0 (4-9) 

11). This contention is borne out by the increase in 
calculated shunt from 25.9 per cent at Flu2 0.5 to 
36.0 per cent at FIoz 1.0 (Table Ill). 

DISCUSSION 

Hypoxaemia during selective collapse of one 
lung is unacceptable where the technique is em- 
ployed for surgical convenience only; while it 
may be anticipated in the elderly, the obese, or in 
those with pre-existing abnormal pulmonary 
function, it remains imposssible to predict which 
patient will be unable to tolerate hypoxaemia 
during endobronchial anaesthesia or, for that 
matter, during collapse of the lung by packs and 
retractors. Special situations do exist, however, 
where isolation of the dependent lung is manda- 
tory, as in operations for bronchopleural fistula 
with empyema, traumatic rupture of the bron- 
chus, or inflating solitary pulmonary bullae. 

In these circumstances, ketamine appears to 
offer considerable advantages. 

A decrease in the oxygen tension of alveolar 
gas results in a contraction of smooth muscle in 
the .walls of the small arterioles in the hypoxic 
region: hypoxic pulmonary vasoconstriction. 
This mechanism is obscure; it also occurs in the 
isolated denervated lung, and may be induced 
experimentally by reducing the oxygen tension of 
pulmonary artery blood.~5'~7'2s Furthermore, this 

pressor response is potentiated by a hypercapnic 
acidosis. ~7'26 It may be induced experimentally 
by ventilating one side with an hypoxic mixture 
while peffusing the other with fully saturated 
blood. The effect is to direct the blood flow away 
from the hypoxic regions of the lung to well 
oxygenated areas. More blood is delivered 
throught the relative dead space areas of the de- 
pendent lung because of gravity dependent perfu- 
sion. 27'2s This results in a decrease in dead space, 
reduces the D(A-a)O2 gradient and diminishes 
venous admixture. The end result is an improve- 
ment in arterial oxygen tension. 26 

The abolition of this reflex by volatile 
anaesthetic agents permits the return of pulmo- 
nary blood to the unventilated region, producing 
a true intrapulmonary right to left shunt. Here, 
increasing the inspired oxygen concentration will 
have no effect on the saturation of this portion of 
blood. 

Following pneumonectomy or clamping of the 
pulmonary artery on the collapsed side, there is 
considerable improvement in the Pan2 and di- 
minution in calculated shunt z9 demonstrating the 
persistence of pulmonary blood flow through the 
unventilated lung. This has been documented by 
flow studies with radioactive isotopes, t.~7 

Some degree of ventilation/per'fusion inequal- 
ity exists in the dependent lung and, in some 
instances, can make a considerable contribution 
to venous admixture and arterial desaturation. 

The induction of anaesthesia, muscle paralysis 
and mechanical ventilation alters the normal 
ventilation/perfusion relationships with an in- 
creased D(A-a)O: gradient? This is accentuated 
by the lateral position with a downward dis- 
placement of the mediastinum and a cephalad 
movement of the diaphram, resulting, some- 
times, in a reduction in functional residual capa- 
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city and early airway closure, producing areas of 
hypoventilation. 6,~2.27.zg 

In this situation, increasing the inspired oxygen 
concentration can result in improved Paoz by 
minimizing the ventilation to perfusion inequality 
in the hypoventilated area of the dependent lung. 
However, the higher blood solubility of the 
anaesthetic agents and the high inspired oxygen 
fraction may lead to absorption atelectasis and 
the development of areas of true shunt. 39'3~ 

In 95.5 per cent of the patients we demon- 
strated an acceptable level of Pao2 with ketamine 
and inspired oxygen of 50 per cent as well as an 
increase in shunt fraction when the inspired oxy- 
gen is increased from 50 to 100 per cent. 

Undoubtedly, some of the improvement that 
occurs in Pao2 and calculated shunt with 
ketamine is due to greater cardiovascular stabil- 
ity. A comparison between the effects of 
ketamine and halothane on the haemodynamic 
parameters undertaken by Reves, et al. I~ demon- 
strated an increase in cardiac index, blood pres- 
sure and heart rate with ketamine and a decrease 
or an equivocal effect of halothane on those 
parameters. Overall, the negative effect of 
halothane leads to a fall in the ejection fraction, 
lowering the cardiac output and a proportional 
decrease in venous oxygen saturation with arte- 
rial hypoxaemia.9' 10.zt 

The correlation between venous admixture 
and cardiac output is well recognized. Prys- 
Roberts 32 showed that the decrease in Pao2 
paralleled the reduction in cardiac output. Ac- 
cording to the Fick principle, the cardiac output is 
inversely proportional !o the arterio-venous oxy- 
gen difference. A significant degree of hypo- 
tension will have the same result by its effect in 
cardiac output and shunt. 

The rise in arterial blood pressure that accom- 
panies the induction of anaesthesia with ketamine 
was not observed in this study. Diazepam has 
been shown to control the hypertension, 
tachycardia and increase in cardiac output to a 
large extent .33 In addition, our technique requires 
a large dose of d-tubocurarine following the in- 
duction with ketamine. This does not result in a 
significant fall in blood pressure. If blood pres- 
sure starts to rise during operation it can be con- 
trolled by 9mg increments of curare. On two 
occasions administration ofchlorpromazine 5 mg 
returned blood pressure to control values; con- 
sequently, we have not excluded controlled 
hypertensive patients. 

A great initial concern was the possibility of a 

high incidence of emergence reaction disturbing 
to the patient and creating resistance from the 
nursing personnel in the intensive care unit. 
While the probability of prolonged somnolence 
was not a consideration in this group, the major- 
ity were able to respond to commands within two 
hours of operation. Corssen and Domino 34 have 
suggested that the emergence phenomena may be 
related to stimuli during the awakening phase. 
The time'between arousal and full orientation, in 
their study, was 8.5 minutes. An analysis of the 
dreams recalled by ketamine subjects was related 
to this period. They indicated that emergence 
phenomena were less likely to occur if external 
stimuli could be minimized during emergence 
from the anaesthetic. 

There were no halucinatory phenomena, 
emergence delirium, or dreams in this group. We 
attribute our success in eliminating emergence 
penomena to the use of droperidol and diazepam 
immediately before induction, as proposed by 
Hatano 2:'23 and SadoveJS; and diazepam before 
discontinuing the ketamine. In addition, we feel 
that the time during induction with ketamine is 
extremely important, as a bad experience at this 
moment may precipitate anxiety which persists 
into the postoperative period. Therefore we 
maintain close contact with the patient during 
the slow induction with ketamine and during re- 
covery, stroking and reassuring, saying the oper- 
ation is over; it has been successful; they are 
coming around from the effects of the anaesthetic 
and need not be afraid. We make the patients 
aware that they are about to be transferred from 
the operating table to the intensive care bed and 
accompany them back to the intensive care unit, 
where the nurses have been taught to follow the 
same procedures. No questions are asked of the 
patient. Only reassurance is provided. Normal 
routine is followed in post-operative monitoring. 

The advantages of the microdrip technique 
with ketamine, as described by Hatano, et a l . ,  22 

provide for a greater degree of control over dos- 
age and less total drug is administered. It is sug- 
gested that the incidence of emergence phenom- 
ena may be related to the total dose of ketamine 
employed per unit of ti me. 

The use of 50 per cent nitrous oxide with 
ketamine enhances its analgesic effect, reduces 
the dose of ketamine and shortens the recovery 
period. It also provides more adequate visceral 
anaesthesia, thus reducing reflex phenomena; 34 
though when we have used ketamine as the sole 
anaesthetic, the only effect appeared to be an 
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increase in blood pressure  which could be man-  
aged by increasing the infusion rate of  ketamine 

for that period. 

CONCLUSION 

We feel that ketamine provides a sat isfactory 
al ternative to halothane for one-lung anaes thes ia  
in patients where the preoperat ive arterial oxy-  
gen values  are low, for those  who are haemo-  
dynamical ly  unstable ,  or where  relative hy- 
poxaemia  during operat ion might be unaccept-  
able, as in patients  with anaemia ,  cerebrovascu-  
lar or myocardial  insufficiency, as well as in those  
special si tuations where there is no safe alterna- 
tive to the use of  endobronchia l  anaes thes ia .  

In addition to its contr ibut ion to arterial desat-  
urat ion during one-lung anaes thes ia ,  the  general  
use  of halothane is now controversial  for multiple 
reasons:  the d i lemma of hypersensi t ivi ty ,  
operat ing room pollution and,  most  recently,  its 
role as an immuno-suppres san t  36"37 which is of  
part icular  concern  in surgery where the spread of  
malignant tumours  is important .  Ketamine  is not 
implicated in any  of  these  areas.  3s 

While no conclus ion can  be drawn from this 
s tudy  as to the mechan i sm for the super ior  arte- 
rial oxygenat ion  during one- lung anaes thes ia  
with ketamine in man,  our  animal  s tudies  indicate 
the role of  ketamine in the preservat ion of  the 
hypoxic  vasocons t r ic tor  reflex. 3~ 

While the use  of cont inuous  in t ravenous  
ke tamine  in thoracic anaes thes ia  needs to be 
fur ther  invest igated,  it appears  to offer a safe, 
s imple and economical  anaes the t ic  technique.  
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La vasoconstriction pulmonaire rdflexe h I 'hypoxie constitue le m6canisme nm'mal qui vient 
modifier la distribution du volume sanguin dans les r6gions non ventil6es du poumon. Ceci 
permet de d~vier le riot sanguin vers les a i r ,  pies bien venlil~es et d'am~liorer le rapport 
ventilation-perfusion. 

Plusieurs travaux ont faut &at de I'abolition de la diminution de ce r~ltexe, dans les r6gions 
du poumon non ventil~cs, par la plupart des agents volatils d'usage courant, alors que les 
anesth~siques intraveineux ne l 'abolissent pas. 

Nous avons 6tudi~ 110 op6r6s subissant une pneumonectomie 61ective, dans le but d'6va- 
luer I'influence d 'une perfusion continue de k&amine au cours d'anesth6sies b. un poumon. 
Les modifications de la Pao24taient utilis~es comme refletsdu shunt. Le choix de la k&amine 
comme agent d'anesth6sie a ~t6 bas~ sur ses propri~t~s inotropes et chronotropes. En plus de 
fournir h la lois I'analg~sie el I'amn6sie. eel agent nous permettait d'admini st rer de I'oxyg~:ne ~t 
des concentrations de 50 a 1130 pour cent sans crainte de m6modsation de la chirurgie par le 
patient. Dans tousles cas, nous avons observ6 une Pao~ sup6rieure h 9.31 kPa (70 ton-) avecla  
perfusion de k~'tamine et une FJo2 de 1.0, de m~me qu'une 616ration du shunt qui passait de 
25.9 a 36 pour cent en faisant passer la F]o: de 0.5 ~ 1.0, 

En conclusion, nous consid&ons la k6tamine comme une bonny alternative aux 
anesth~siques volatils au cours d'anesth6sie ~t un seul poumon chez les patients susceptibles 
de real tol6rer un certain degr6 d'hypox6mie en tours  de chirurgie. 




