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ABSTRACT 

Using a chronic sheep preparation, with induced foetal acidosis, the effects of low and high 
dose thiopentone and ketamine on maternal and foetal cardiovascular dynamics were 
studied. Ketamine 4 mg. kg -t and thiopentone 10 rag. kg -I were both associated with 
marked reductions in foetal cerebral blood flow and cerebral oxygen delivery. Blood 
pressure and cerebral blood flow in the acidotic foetus was better preserved, however, 
following the lower dose of ketamine 2 mg. kg -1 than following thiopentone 6 rag-kg -l. 
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PERINATAL ASPHYXIA is a major cause of perma- 
nent neurological damage, t Investigations in 
both sheep and humans have demonstrated that 
the normal foetal response to an acidotic or 
asphyxial stress is an increase in cerebral blood 
flow by vasodilation, and loss of autoregulation 
of cerebral perfusion in response to changes in 
blood pressure. 2'3 This results in two potential 
hazards to the asphyxiated foetus or neonate. 
First, drugs or factors which promote hyperten- 
sion may predispose to cerebral haemorrhage 
and, second, drugs or factors which promote 
hypotension may predispose to cerebral 
ischaemia. 4 

Ketamine and thiopentone have both been 
advocated as induction agents in obstetrical 
anaesthesia and are currently the most popular 
drugs for induction of general anaesthesia in 
both emergency and elective situations. 5 The 
present investigation was designed to determine 
the effects of low and high doses of ketamine and 
thiopentone on the cardiovascular and cerebro- 
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vascular systems of foetal sheep made acidotic 
in utero. 

METHODS 

The study was approved by our Animal 
Experimentation Committee as conforming to 
guidelines for the humane use of animals in 
research. Fourteen pregnant ewes with single 
foetuses estimated to be between 130 and 140 
days of gestation (term-150 days) were used in 
the studies. The animals were prepared at least 
one day before any study in the following 
fashion. The ewe was anaesthetized with halo- 
thane and oxygen, intubated and ventilated to 
maintain, normal Paco:. A maternal femoral 
artery and vein were cannulated. The foetus was 
exposed through a hysterotomy incision, and a 
foetal axillary artery catheter was passed into the 
common brachiocephalic trunk. A catheter was 
also passed into the foetal inferior vena cava 
through the femoral vein, and a femoral artery 
catheter was inserted into the abdominal aorta. 
An inflatable cuff was placed around the umbili- 
cal cord. All lines were brought to the skin in the 
ewe's flank and the incisions were closed. Prepa- 
rations similar to this have been used success- 
fully in several previous studies from our labor- 
atury. 2.6,7 

The mother and foetus were allowed to re- 
cover for 1-2 days before the study. On the 
morning of study, maternal and foetal blood 
gases, acid-base balance and blood pressure 
were measured. If these values were not in the 
normal range, the preparation was not used. 
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TABLE I 

THIOPENTONE -- MATERNAL DATA (MEAN -t- SE) 

Thiopentone 

Control Acidosis 6 mg. kg -~ 10 rag. kg -~ 

ArterialBloodPressare(torr) 95 + 5 91 - 4 94 - 7 95 -+ 4 
Pao2 (tort) 89 -+ 2 97 --- 3 80 -+ 3* 56 _+ 10" 
Pao2 (torr) 24 + I 21 -+- 2 25 --- 1 32 -+ 3* 
Ph 7.46 - 0.03 7.44 __ 0.02 7.41 - 0.01 7.37 "4" 0.02t 

* = significant change from control & acidosis values. 
t = significant change from control only. 

During each study, maternal and foetal blood 
pressures (BP) and heart rates (HR) were moni- 
tored continuously through the femoral artery 
catheters using Statham P-23 transducers 
adapted to read on a Hewlett-Packard polygraph. 
Maternal and foetal arterial Po2, Pco2 and pH 
were measured on a Coming 165 blood gas 
analyzer and temperature corrected. Base excess 
(BE) and foetal oxygen saturation (Sao~) were 
calculated using the appropriate nomograms, s 
Foetal regional cerebral blood flow (rCBF) 
measurements were made using radioactive 
microspheres as described previously. 9 

On the day of study, control measurements of 
PaoT, Paco~, pH, BP and HR were made with the 
awake ewe standing quietly in her cage. The 
foetus was then made acidotic to a pH near 7.10 
by incremental inflation of the occlusion cuff 
around the umbilical cord over 1-2  hours. When 
the pH had stabilized near 7.10 for 30 minutes, 
measurements of rCBF, blood gas and acid-base 
values, and BP and HR were made (acidosis 
values). The mother was then given either keta- 
mine or thiopentone intravenously in a low or a 
high dose. Following the administration of the 
drug, repeat measurements of all variables were 
done and the mother was allowed to recover until 
all vital signs had returned to control values. The 
second dose of the same agent was then adminis- 
tered and all variables were measured a third 
time. Oxygen was administered and the ewe 
breathed spontaneously throughout the study 
period. Each ewe received only one drug (thio- 
pentone 6 mg. kg -~ and 10 mg. kg -~ or ketamine 
2 rag. kg -I and 4 mg. kg-l). Low and high dose 
administrations were randomized. In all, six 
ewes received thiopentone and eight received 
ketamine. 

Following completion of the study, vital signs 
were allowed to return to control values and the 
mother and foetus were sacrificed. Autopsy was 
dune to confirm foetal size and catheter place- 

ment. Samples were obtained from foetal cere- 
bral cortex, cerebellum, brain stem and basal 
ganglia for radioisotope counting and calcula- 
tion of rCBF for the three periods (acidosis, low 
dose induction agent, high dose induction 
agent). An estimation of cerebral oxygen deliv- 
ery during each period was calculated as rCBF x 
Sao:. Data were analyzed using the paired t-test 
and regression and correlation analysis as indi- 
cated. Means and standard errors for the pH data 
were obtained by analyzing the pH values 
directly. P < 0.05 was used to determine 
statistical significance. 

RESULTS 

Maternal responses to the two induction 
agents are shown in Table I and U. Maternal 
cardiovascular, acid-base and blood gas vari- 
ables were well-maintined following either thio- 
pentone 6 mg. kg -t  or ketamine 2 mg. kg -t  but 
some deterioration was noted after the higher 
doses of both agents. 

Foetal cardiovascular and acid-base responses 
are shown in Tales Ill and IV. As might be 
expected, foetal blood pressure tended to rise 
with acidosis and return toward or below control 
values following the administration of drugs. 
Thiopentone 10 mg.kg  -1 produced the most 
foetal hypotension, a fall to 78 per cent of the 
blood pressure seen during acidosis alone. Re- 
ductions in foetal pH and BE were most marked 
after the higher dose of thiopentone. An unex- 
pected finding was the consistent and marked 
foetal tachycardia seen after both doses of 
thiopentone and not seen with ketamine. 

The corresponding foetal rCBF values are 
shown in Tables V and VI. Both doses of 
thiopentone were associated with sizeable reduc- 
tions in flow although these only reached signi- 
ficance with the 10 mg.kg  -a dose. Ketamine 
2 mg. kg -1 tended to maintain rCBF values but 
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TABLE II 

KETAMINE - -  MATERNAL DATA (MEAN ----. SE) 

Ketamine 

Control Acidosis 2 mg.  kg -I 4 mg.  kg -~ 

Arterial Blood Pressure (torT) 98 --- 6 90 • 4 94 - 7 87 • 3t" 
Paoz (ton) 87 --- 3 87 +- 4 76 --- 3* 73 --+ 4* 
Pao2(torr) 24 - 1 27 • 1 28 --- 1 31 --+- 1~ 
pH 7.56 - 0.01 7.53 • 0.02 7.46 - 0.045. 7.43 • 0.03* 

* = significantly changed from control and acidosis values. 
5" = significantly changed from control only. 

TABLE 1II 

THIOPENTONE - FOETAL DATA (MEAN • SE) 

Thiopentone 

Control Acidosis 6 mg .  kg -t  10 mg.  kg - l  

Arterial Blood Pressure (torr) 58 --. 4 63 --- 6 
Heart Rate 160 • 11 160 • 24 
Pao2(torr) 16 +_ 1.4 18 • 1.6 
Paco~(torr) 35 ---- 1.2 46 -- 3.1"t" 
pH 7 . 3 5 -  + 0.02 ' 7 . 1 0 " "  0.021" 
BE(mmol /1)  - 4 . 1  • 0.8 - 1 5 . 3  • 0.95. 
Sao2 (%) 32 -+ 6.4 23 -4- 4.81" 

* = significant change from control and acidosis values. 
5" = significant change from control only. 
:~ = significant change from acidosis only. 

TABLE IV 

54 - 6 49 • 6~: 
243 • 16 '  255 --. 7* 

19 - 1.9 18 • 2.8 
46 _+ 3.1t" 51 --- 6.41" 

7.08 -+ 0.02t" 6.99 • 0 .07I  
- 1 5 . 9  -+ 1.35. - 2 0 . 2  •  

25 • 5.9 21 • 8.9 

KETAMINE -- FOETAL DATA (MEAN • SE) 

Control Acidosi 

Ketamine 

2 mg.  kg -I 4 mg.  kg -~ 

ArterialBloodPressure(torr)  64 • 3 71 • 5 
Heart Rate 144 -4- 12 186 • 19" 
Pao2(torr) 18 • 1.3 19 • 0.7 
Pacoa(torr) 35 --- 1.6 47 • 2.3* 
pH 7.39 --. 0.03 7.09 • 0.03* 
B E ( m m o l l l )  - 1 . 5  • 1.5 - 1 5 . 9  • 1.2" 
Sao2 43 • 5.2 21 • 1.5" 

66 • 6 
199 • 23* 

18 • 1.0 
46 • 2.9* 

7.08 • 0.01" 
- 1 6 . 5  - 0.7* 

19 • 2.0* 

64 •  
187 - 22* 

18 --- 1.4 
52 • 3.4* 

7.03 • 0.03* 
- 1 6 . 7  •  

18 • 3.5" 

* = significant change from control. 

TABLE V 

THIOPENTONE -- FOETAL rCBF (MEAN -F SE) 

Thiopentone 

6 mg.  kg -1 10 rag- kg -t 

Acidosis %Change from %Change from 
ml/100g/min ml/100g/rain Acidosis ml/100g/min Acidosis 

Cerebral Cortex 208 -'- 39 166 - 32 - 1 6  
Cerebellum 325 --- 56 260 • 44 - 2 0  
Basal Ganglia 414 • 82 296 �9 70* - 2 5  
Brain Stem 475 -+ 87 361 • 82 - 2 0  

113 ~ 30* - 3 7  
203 • 56* - 4 2  
233 • 67* - 3 9  
271 • 66* - 3 8  

* = Significant change from acidosis values. 
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TABLE VI 

KETAMINE- FOETAL rCBF (MEAN + SE) 

Ketamine 

2 rag. kg -l 4 mg. kg -I 

Acidosis %Change from %Change from 
mlll00g/min ml1100g/min Acidosis ml/100g/min Acidosis 

Cerebral Cortex 178 • 34 166 - 33 - 7  121 • 31" -32  
Cerebellum 264 • 31 261 • 40 -1  195 • 39* -26  
Basal Ganglia 347 • 69 325 • 72 - 6  220 -+ 52* -37 
Brain Stem 408 • 74 356 -+ 66 -13 251 -+ 60* -38  

* = Significant change from acidosis value. 

TABLE VII 

THIOPENTONE & KETAMINE - FOETAL CEREBRAL OXYGEN DELIVERY AS PER 
CEr~T or AClOOSlS VALUES (MEAN --+ SE) 

Thiopentone Ketamine 

6 rag. kg -l 10 mg- kg -~ 2 rag. kg -t 4 rag. kg -~ 

Cerebral Cortex 92 -+ 16 51 --- 18' 82 • 11 56 --- 13' 
Cerebellum 89 - 17 62 --- 22 88 --- 10 64 • 14" 
Basal Ganglia 84 • 9 53 • 18" 85 • 12 53 -+ 12' 
Brain Stem 89 • 16 57 • 18" 78 + 10" 50 • 11" 

* = Significant change from acidosis value. 

4 rag. kg -I was associated with significant re- 
ductions of a magnitude similar to the higher 
dose of thiopentone. 

Estimations of regional cerebral oxygen 
delivery are presented in Table VII. As might be 
expected from the rCBF and Sao2 values, oxygen 
delivery was markedly reduced by the higher 
doses of both agents. 

DISCUSSION 

Thiopentone and ketamine are the two most 
commonly used induction agents for obstetrical 
general anaesthesia. Studies in healthy patients 
have suggested that low doses of either keta- 
mine or thiopentone are safe for the foetus in 
utero. 1o-12 Although the studies have not been 
done with foetal asphyxia, the data from healthy 
patients have been extrapolated to the high risk 
situation to suggest their use in this situation is 
also safe. The present study, albeit in animals, 
would suggest that ketamine might be preferable 
in the face of suspected foetal acidosis. Even at 
the lower dose, thiopentone was associated with 
a more marked reduction in foetal blood pressure 
and cerebral blood flow. 

An explanation for the response observed is 
not difficult to suggest. We and others have 

previously observed that the intact foetus re- 
sponds to an asphyxial insult by increasing its 
blood pressure, maximally vasodilating its cere- 
bral vasculature, and paralyzing its capability to 
autoregulate. 2'3 Cerebral oxygen delivery is 
maintained because of the increase in rCBF. In 
the face of this compensation, any agent which 
produces foetal hypotension will correspond- 
ingly reduce foetal cerebral blood flow, cerebral 
oxygen delivery and potentiate the possibility 
of ischaemic cerebral damage. 6 

The reductions in rCBF observed with thio- 
pentone (about 20 and 40 per cent with the two 
doses) correspond to reductions in foetal blood 
pressure of 15 and 22 per cent while the changes 
in cerebral blood flow seen with ketamine (about 
7 and 33 per cent reduced) correspond to 7 and 
10 per cent reductions in foetal BP (Figure 1). 

At the higher dose of ketamine, foetal BP was 
fairly well maintained but rCBF values fell 
markedly, suggesting some other mechanisms 
for the reduction in cerebral blood flow. Devel- 
opment of foetal cerebral oedema or an elevation 
of foetal cerebral venous pressure could also 
produce a fall in rCBF as could active vaso- 
constriction in cerebral arterioles. The present 
study does not indicate which of those factors 
might be operative. 
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F I G U R E  1 Relationship between total cerebral 
blood flow and mean arterial blood pressure in the aci- 
dotic sheep foetus following thiopental and ketamine. 

Although one must always be careful in 
extrapolating animal data to human situations, 
our data suggest that, in the presence of  foetal 
asphyxia, low dose ketamine may be preferable 
to thiopentone as an induction drug. 
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RI~SUMI~ 

On salt que I'asphyxie et I'acidose provoquent ehez le foetus une augmentation du d6bit 
sanguin c6Mbrai avec perte du m6canisme d'auto-r6gulation de eerie circulation. Le but 
du pr6sent travail 6tait d'Etudier, duns un contexte d'acidose foetale, les repercussions 
eirculatoires cErEbrales de l'administration de deux agents d'induction d'usage courant en 
anesthEsie obstEtricale, ~ savoir la kEtamine et le thiopentone. On produisait une acidose 
chez le foetus de brebis pr6par6es ii cette fin. Des doses de k6tamine 4 mg. kg -1, de mEme 
que des doses de thiopentone 10 mg. kg -t produisaient duns ces conditions une diminution 
marquee du debit sanguin cerebral et du transport d'oxyg~ne ehez le foetus. La pression 
artErielle et le d6bit sanguin cErEbral du foetus acidotique se maintenaient mieux Iorsque 
de petites doses (2 mg- kg -1) de kEtamine Etaient utilisEes que lorsque l'on utilisait des 
doses inf~rieures (6 mg. kg -1) de thiopentone. 


