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KETAMINE has been shown to cause cardiovas- 
cular stimulation, which has been attributed to 
both sympathetic stimulation, ~'2 and a vagolytic 
action. -~'4 Because of its cardiovascular stimula- 
tion, ketamine has been recommended for induc- 
tion of anaesthesia in poor-risk patients. ~ as well 
as in patients with cardiac disease and/or cir- 
culatory insufficiency. 6 Recent reports have 
shown that ketamine increases pulmonary vas- 
cular resistance in both patients with coronary 
artery disease v.s and in non-cardiac patients. 9 
Although ketamine increases cardiac work, 9 no 
study has shown that cardiac work exceeds that 
found during only moderate exercise in patients 
with known arteriosclerotic heart disease. '~ The 
rise in pulmonary artery pressure caused by 
ketamine in patients with coronary artery disease 
appears to be inversely related to the initial pul- 
monary pressure. 8 Since patients with valvular 
hea.t disease, especially mitral disease, often 
have a high normal or even an elevated pulmo- 
nary artery pressure, we decided to study the 
cardiovascular changes caused by ketamine 
when used for induction in patients with cardiac 
valvular disease scheduled for valve replacement 
in order to evaluate its effect on the systematic 
and pulmonary circulations. We hoped to confirm 
an inverse relationship between the initial pul- 
monary pressure and the rise caused by 
ketamine. 8 The confirmation of such an action 
would add an important piece of information re- 
garding the place of ketamine as an anaesthetic 
agent for patients with heart disease where coro- 
nary perfusion is not impaired. 

MATERIALS AND METHODS 

Six patients (3 women and 3 men) with valvular 
heart disease who were scheduled for mitral or 
aortic valve replacements were studied. 

The experimental protocol was approved by 
the chairmen of the Department of  Anaesthesia 

H. Spotoft, M.D., J.D. Korshin, M,D., M. Bred- 
gaard Serensen, M.D., and P. Skovsted, M.D. The 
Department of Anaesthesia and the Department of Car- 
diac Surgery, Rigshospitalet (University Hospital), 
Blegdamsvej 9, 2100 Copenhagen ~, Denmark. 

and the Department of Cardiothoracic Surgery. 
Informed consent for the study was obtained 
from all patients participating in the study. De- 
tailed information about the risk of  both anaes- 
thesia and surgery was given to all patients, as is 
the usual practice of the cardiac surgical team. 
The mean age of the patients was 63 years (range 
58-66 years). Three patients suffered from mitral 
valvular disease and underwent mitral valve re- 
placement; three patients suffered from aortic 
valvular disease and underwent aortic valve re- 
placement. Four patients were in functional 
group 11, and two patients in functional group ill 
according to the New York Heart Association 
classification. The mean preoperative cardiac 
index determined at cardiac catheterization was 
2.5 I/rain. m 2 (range 1.8-3.4). Premedication con- 
sisted of diazepam 0. I rag- kg - t  and scopolamine 
0.005 nag. kg- '  given intramuscularly two hours 
before induction of  anaesthesia. Under local 
anaesthesia a radial artery was cannulated, a 
Swan-Ganz flow-directed thermodilution cathe- 
ter was inserted through the right internal jugular 
vein by a percutaneous technique, ~ and a central 
venous catheter was inserted from a cubital vein 
for drug injection, as done routinely for all adult 
patients undergoing open heart surgery. Ket- 
amine was injected over a period of  20 to 30 
seconds. During the control period the patients 
breathed 100 per cent oxygen delivered by face 
mask for five minutes. If respiration appeared 
depressed after induction with ketamine, as 
judged clinically and by an in-circle flowmeter, 
ventilation was assisted manually, using a semi- 
open circle system with a flow of  10 litres of 
oxygen per minute. Five minutes after the ad- 
ministration of ketamine, morphine 1.0 rag- kg -~ 
was given for maintenance of anaesthesia. Three 
to five minutes after morphine administration, 
when stable cardiovascular parameters were 
achieved, the trachea was intubated. 

The following parameters were recorded be- 
fore induction of anaesthesia with ketamine 
2 rag- kg -~ intravenously and in the period from 
three to five minutes after loss of consciousness: 
mean systemic arterial pressure (MAP), central 
venous pressure (CVP), pulmonary arterial mean 
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TABLE I 

HAEMODYNAMiCS DURING INDUCTION OF ANAESTHESIA WITH KETAMINE 1N 
SIX PATIENTS WITH VALVULAR HEART DISEASE. THE VALUES ARE MEANS 

+ 1  SE 

Significance 
Conlrol Ketamine level 

HR 
beatstmin. 66+5.7 1045:5.7 p < 0.01 

CI 
I]min/m 2 1.97_+ 0 . 1 6  2.31 +_ 0 . 2 6  NS 

SI 
ml/m: 30.05:2.6 21.75:1.7 p < 0.05 

MAP 
kPa 12.55:0.5 17.1+0.7 p < 0.01 

CVP 
kPa !.0__.0.2 1.8___0.2 p < 0.01 

PCwP 
kPa 2.75:0.4 4 .6+0.5 p < 0.01 

PAMP 
kPa 3.25:0.6 5.9-1-0.8 p < 0.01 

PVR 
kPa x sec/l 10.65:2,1 27.2_+4.9 p < 0,05 

SVR 
kPa x s e e / 1  2 1 6 . 4 _ . + 2 7 . 2  249.05:30,3 NS 

R.VMW[ 
g.m/min 471.75.1t3.6 1066.45:25"/.3 p < 0,05 

LVMWI 
g.m]min 1963.55:202.6 2988.25:474.6 NS 

Acid-base parametres 
PaD 2 47.605:2.00 52.13 _ 2.00 NS 

kPa 
Paco 2 4.13_+0.28 4.67-1-0.19 NS 

pH 7.43_+0.02 7.405:0.02 NS 

St. bicarb. 
mmol/I 23.8_+ ] ,6 23.3+_ 1.6 NS 

pressure (PAMP). pulmonary capillary wedge 
pressure (PCWP), using Siemens 746 transducers 
positioned at the midaxillary line of the patients 
placed supine on the operation table. Heart rate 
was counted from the pulse curve. The elec- 
trocardiogram together with the parameters 
mentioned above were written out on a 6-channel 
recorder (Mingograph: Elema-Schoenander). 
Cardiac output was measured by the thermodilu- 
tion method by a cardiac output computer (model 
9510 Edwards). The mean of  two cardiac output 
measurements was us~ed for calculations. Cardiac 
index (CI) and stroke index (SI) were calculated 
using the height and weight nomogram of 
DuBois.lZ Systemic vascular resistance (SVR). 
pulmonary vascular resistance (PVR), left yen- 

tricular minute work index (LVMWl), and right 
ventricular minute work index (RVMWI) were 
calculated together with mean syslolic pressure 
and pulmonary arterial mean pressure from the 
formulae shown in the appendix. Blood samples 
were drawn from the arterial catheter and 
analyzed for Poz. Pcoz and pH, using a 
Radiometer ABL2 blood gas analyzer, 

Statistical analyses were done by paired t- 
tests. A p-value of less than 0.05 was considered 
statistically significant. 

RESULTS 

The results of  induction with ketamine 
2 rag. kg -~ are shown in Table I and on Figure I, 
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Palm. Art. Mean Press. Pulm. Vane. Renisl. ing coronary artery by-pass patients, found 
kP,, ~,s,,~-~ dose-related increases in pulmonary arterial 

~ pressure, pulmonary arterial wedge pressure and 
e- ~,o- mean arterial pressure during ketamine anaes- 
s- a0. thesia in doses up to 2 mg' kg- '  given intraven- 

ously, and an apparent inverse relation between 
4- z0. initial pulmonary pressure and the magnitude of 

rise. 
2. t0. Tweed, e t  cal., ~ studying paced and unpaced 

patients under ketamine anaesthesia for cardiac 
co/,t,.~ ,,t~r,,~ C,,,~,o~ ,,~,m,,,  catheterization, found ketamine to enhance 

FIGURE I Changes in pulmonary arteri~d mean myocardial contractility, which was associated 
pressure and pulmonary vascular resistance in six pa- with a rise in oxygen consumption. Our findings 
tients with valvular heart disease during induction of of increased minute work of the left and right 
anaesthesia with kelamine 2 rag. kg -~. A - -  A aortic ventricles and tmchanged cardiac index indicate a 
cases. O - -  O mitral cases. 

considerable strain on the myocardium. We 
found no significant change in systemic vascular 

Cardiac index was unaffected, but stroke index resistance, whereas pulmonary vascular resis- 
declined fi'om 30.0 • 2.6 to 21.7 -t- 1.7 ml/m ~ (p < tance increased more than 150 per cent. 
0.05). which was compensated for by an increase Thus. minute work of  the right ventricle is in- 
in heart rate fiom 66 +__ 5.7 to 104 -I- 5.7 beats per creased to contend with a significantly increased 
minute {p < 0.01). Significant increases were afterload. Goading. e t  al .  9 also found a more pro- 
found in mean arterial pressure, pulmonary uric- nuanced effect of ketamine on the pulmonary 
rial mean pressure, central venous pressure, and vascular system and right-sided cardiac perfor- 
pulmonary capillary wedge pressure. Systemic mance than on the systemic vascular system and 
vascular resistance increased, but the magnitude left ventricular function. Kopriva 7 states that no 
did not reach a statistically significant level, change in ventricular work occurred afterinduc- 
whereas pulmonary vascular resistance in- tion with ketamine. However,  his calculations 
creased by more than 150percent from 10.6+ 2.1 were o f  v e n t r i c u l a r  s t r o k e  work, which does not 
to 27.2 +_ 4.9kPa. sec/I (p < 0.05). Blood gas take into account changes in heart rale. Thecon-  
tensions did not change during induction. Right siderable increase in the preload and afte,'load of  
ventricular minute work index increased in all the right ventricle indicates an increase in minute 
patients (p < 0.05). the mean increase being 175 heart work which was as much as 400 pet" cent in 
percen t ( range3to396percen t ) .  Left ventricular our study and statistically significant, but with a 
minute work index increased in four of the six considerable variation in magnitude. 
patients, but the increase was not nearly as Since we found no significant change in cardiac 
marked as that found for right ventricular minute index, the increase in pulmonary vascular resis- 
work index (mean 60 per cent; range - t3 to 151 tance indicates a vasoconstriction within the 
per cent). All pressure changes observed, were pulmonary circulation not due to changes in Po2 
reversed by the intravenous administration of or Pea2 but caused by ketamine itself. This 
morphine I" nag- kg-L agrees with observations made by de Master, e t  

a l . ,  8 although the inverse relation between initial 
DISCUSSION pressure and extent of increased pulmonary pres- 

sure which they found was not confirmed in out" 
Our results are in accordance with those of study;indeed, not even a trend in such a direction 

Goading, e t  a L  e who measured responses to was observed (Figure 1). 
ketamine in non-cardiac patients and found an Thus ketamine causes a marked increase in 
increase in heart rate and mean systemic arterial pulmonary vascular resistance and minute work 
pressure, with no significant change in cardiac of the right ventricle, in patients with restricted 
output, cardiac reserve, where the right ventricle cannot 

Kopriva, v studying patients scheduled for increase its work in response to an increased 
coronary artery by-pass procedures, found a central venous pressure, the use of ketamine for 
significant increase in cardiac output in addition induction may prove to be deleterious or even 
to increases in heart rateand mean systemic arte- dangerous. This may also be the case when 
rial pressure. De Master, e / a l .  s also investigat- ketamine is administered to patients with severe 
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pulmonary hyper tension.  We found no relation- 
ship, however ,  between the initial pressure  in the 
pulmonary circulation and the extent  of  the rise in 
pressure  after ketamine (Figure 1). 

Tweed and Mymin,  t4 measur ing  myocardial 
force-velocity relations during ketamine anaes-  
thesia for cardiac catheterization in patients with 
coronary artery disease,  found that ketamine in- 
creased ventricular preload and end-diastolic 
volume to such a degree that they concluded that 
it could be detrimental  to patients already utiliz- 
ing the Starling mechan i sm to maintain cardiac 
compensa t ion .  

The  findings in our s tudy definitely confirm 
those of  Tweed and Mymin,  ~" even though the 
patients in our  s tudy suffered from valvular heart 
disease rather than  coronary artery disease.  

Thus  we conclude that ketamine used for in- 
duction in patients with valvular heart disease 
increases pulmonary  vascular  resis tance and in- 
c reases  the minute work of  the heart ,  especially 
o f  the right ventricle. Ketamine could be disas- 
trous in patients with minimal right ventricular 
functional reserve due to the presence o f f a l  clots 
or  amniotic fluid in the pulmonary  circulation, or 
with cardiac tamponade  or constrictive pericar- 
dirts; and especially where there is concomitant  
impairment  o f  coronary circulation to the right 
ventricle. 

SUMMARY 

The effects of  induction o f  anaes thes ia  by 
ketamine 2 mg- kg- '  were studied in six patients 
with valvular  heart  disease before tracheal intu- 
bation and operation. Cardiac index was unaf- 
fected because a mean decrease in stroke index 
was compensa ted  for by a mean increase in heart 
rate. A significant increase was found in mean 
arterial pressure ,  pulmonary  arterial mean pres- 
sure,  pu lmonary  capillary wedge pressure  and 
central venous  pressure .  Systemic vascular  re- 
s is tance increased,  but not significantly, whereas  
pulmonary  vascular  resistance increased signifi- 
cantly by more  than 150 per cent. Right ven- 
tricular minute work index increased in all pa- 
tients,  and the  increase was as much  as 400 per 
cent. Left ventricular  minute work index in- 
creased in four of  the six patients,  but the mag- 
nitude o f  the  increase was not so marked,  it is 
therefore concluded that ketamine causes  pro- 
nounced pulmonary vasoconstr ic t ion and an un- 
desirable strain on the myocardium.  Such effects 
could prove deleterious in patients with limited 
functional reserve o f  the right ventricle. 
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RI~$UME 

On a 6tudM les effets de la k61amine ~ la 
dose de 2 me. kg- '  comme  agent d ' induct ion de 
I 'anesth~sle chez six patients porteurs  de car- 
diopathies valvulaires. Les  observat ions  ont  6t6 
effectu6es apr~s I ' induction, avant  I ' intubation 
et la chirurgie. L ' index cardiaque est demeurd 
inchang6, la diminution moyenne  de I ' index 
d'djection ,~tant compensde par une augmenta-  
tion de la frdquence cardiaque. On a observ6 une 
dldvation significative de la pression art6rielle 
moyenne ,  de la pression capillaire pulmonaire 
moyenne ,  de la pression veineuse centrale et de la 
pression capillaire bloqude. La rdsistance vas- 
culaire systdmique s 'es t  dlev6e de fa~on non 
significative, alors que In rdsistance vasculaire 
pulmonaire s 'dlevait  de fagon significative (plus 
de 150 pour  cent). L ' index de travail ventrieulaire 
droit-minute s ' e s t  dlev6 chez t ous l e s  sujets;  on a 
m6me observe des dl6vations de l 'ordre de 400 
pour  cent. L ' index de travail ventriculaire gauche 
minute s ' es t  dlev~ chez quatre des  six patients,  
mats les 616rations n'6taient pas  si importantes 
que celles observdes au niveau du ventricule 
droit. Les  auteurs  concluent  que la Kdtamine 
taxe le myocarde de fa~on ind6sirablr et produit 
une vasoconstr ict ion pulmonaire prononc6e.  Ces 
effets pourraient s 'av6rer  nocifs chez  des 
malades/ t  r6serve myocardique limit6e. 
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APPENDIX 

Symbots  and abbreviations 
HR:  hear t  ra te  (bea ts / ra in)  
CO:  card iac  ou tpu t  (l/rain).  
CI: ca rd iac  index  (l/rain- mZ). 
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s t roke  index  (ml/m~). 
cen t ra l  venous  p re s su re  ( ram Hg 
0.133 kPa).  
p u l m o n a r y  a r te r ia l  m e a n  p ressu re  
( ram Hg  ~ 0.133 kPa).  
p u l m o n a r y  cap i l l a ry  w e d g e  pres-  
sure  (ram Hg ~ 0. 133 kPa).  
sy s t emic  m e a n  b lood  p re s su re  (ram 
Hg ~ 0.133 kPa).  
p u l m o n a r y  v a s c u l a r  r e s i s t ance  
(dynes-  sec- cm -s  ~ 0. I kPa.  s / l ) .  
s y s t e m i c  v a s c u l a r  r e s i s t ance  
(dynes .  sec.  cm -5 ~ 0.1 kPa.  s / I ) ,  
a r te r ia l  o x y g e n  t ens ion  (ram Hg  
0.133 kPa) .  
a r te r ia l  c a rbon  d iox ide  t ens ion  (mm 
Hg  ~ 0.133 kPa).  
left ven t r i cu l a r  minu te  work  index .  
r ight  ven t r i cu l a r  minu te  work  
index.  

Formulae 
MAP: d ias to l i c  p r e s su re  + 1t3 of the  pulse  

amp l i t ude  (mm Hg  ~ 0. 133 kPa).  
P A M P :  d ias to l i c  p r e s su re  + 1/3 of  the pulse  

amp l i t ude  (ram Hg  ~ 0.133 kPa).  
CI = C O l b o d y  sur face  a rea  (l/m 2- min).  
SI = CI  1000/HR (mllm2).  
PVR = ( P A M P  - P C W P )  x go /CO 

(dynes .  sec.  cm -s  ~ 0. I kPa- s / l ) .  
SVR = ( M A P  - CVP)  x g0 /CO 

(dynes .  sec.  cm -s  ~ 0. | kPa.  s / l ) .  
L V M W I  = CI ( M A P  -- P C W P )  x 

13,6 g. m/rain.  
R V M W I  ~ CI ( P A M P  - CVP)  x 

13.6 g- m/rain.  
C o n v e r s i o n  factor :  I kPa  = 7.5 m m  Hg.  


