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ABSTRACT 

Cerebrospinal fluid pressure (CSFP) by lumbar puncture, systemic blood pressure (BP) and 
pulse rate (PR) were measured for 15 minutes during the induction phase of general anaes- 
thesia in seven groups of six healthy female patients each. 

Intravenous drugs, thiopentone 5 mg.kg-~, alfathesin 50111.kg-~ and diazepam 
0.5 mg. kg -r given in 10 to 20 seconds caused a fall of CSFP and BP, whereas ketamine 2 
mg. kg -~ and a three-minute induction with halothane three per cent, trichloroethylene one 
per cent, or methoxyflurane 0.75 per cent caused a sharp highly significant but short-lived rise 
of CSFP. Unlike ketamine, trichlorethylene and methoxyflurane, halothane caused a simul- 
taneous significant fall of BP. 

To rule out apprehension as the cause of the rise of CSFP with inhalation agents a second 
challenge was given with similar concentrations of the vapours while patients were asleep. 
These still produced a sharp and significant rise of CSFP. 

ANAESTHETIC TECHNIQUES, especially in neuro- 
surgical procedures ,  are generally a imed at en- 
suring a minimal change in the volume of any  of  
the intracranial compar tments .  An increase in the 
intracranial volume is prevented by avoiding 
hypoxia ,  hypercarbia ,  straining, venous  obstruc-  
tion and drugs which are known to increase 
the cerebral blood flow and blood volume directly 
or indirectly by increasing the cerebral oxygen  
requirement .  

The effect of  anaes thes ia  on the cerebrospinal  
fluid pressure  (CSFP) has  been the object  of  many  
investigations and a simple yet effective method 
to moni tor  the changes  of  CSFP is by a lumbar  
puncture  in patients  who have no obstruct ion in 
the flow of  CSF between the inlracranial and 
spinal compar tmen t s .  

It is suggested that many  of  the anaesthet ic  
agents  tend to increase the intracranial pressure  
(ICP) and this can be ser ious in patients  where 
ICP is already raised, t-~ The  present  s tudy was 
aimed at determining the effects o f  commonly  
used agents  on the  CSFP in a heal thy normal  
adult  population during the induction phase  of 
general  anaes thes ia .  
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METHOD 

This  study was carried out on 42 healthy pa- 
t ients undergoing tubal ligation who had agreed to 
participate. The  mean age and weight of  patients 
of  different groups were comparable ,  as shown in 
Table 1. 

In the first part of  the s tudy  anaes thes ia  was 
induced with a single in t ravenous  dose of  one of 
thiopentone 5 rag- kg -1, ketamine 2 rag. kg - t ,  al- 
fathesin 50111. kg - t ,  or  diazepam 0.5 rag. kg -I, in 
groups  of  six patients each.  In the second part of  
the s tudy three groups of six patients each re- 
ceived halothane three per cent,  tr ichlorethylene 
one per cent  or methoxylf lurane 0.75 per cent  
given separately with a carrier gas mixture of  60 
per  cent  nitrous oxide with oxygen.  

The patients were placed in the lateral 15osition 
and lumbar  puncture  was carried out at the Lz-L3 
interspace with a 21-gauge needle under  proper 
aseptic precaut ions,  following local infiltration 
with two per cent  lidocaine. Air compressed  
manomete r  (monoject)  was at tached to the nee- 
dle through a three-way connect ion and after 
three drops of cerebrospinal  fluid had come out. 
CSFP was recorded when  its reading became 
stable. 

For the int ravenous groups,  keeping the pa- 
t ients in the lateral position, the precalculated 
dose of in t ravenous induction agent was given in 
a period of  10 to 20 seconds.  CSFP,  blood pressure  
and pulse rate were recorded at 30 seconds and 
then at every minute up to five minutes .  There-  
after CSFP monitoring was continued every min- 
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TABLE I 

MEAN AGE AND BODY WEIGHT OF THE PATIENTS OF 
THE DIFFERENT GROUPS INDUCED WITH INTRA- 

VENOUS AND INHALATIONAL INDUCTION AGENTS 

Mean + SD 

Drug group Age (yrs) Weight (kg) 

A. Intravenous 
Thiopentone 32.3 (6.55) 49.8 (6.43) 
Alfathesin 31.8 (4.72) 50.0 (7.3) 
Ketamine 29.2 (2.29) 48.8 (4.1) 
Diazepam 30.0 (6.69) 4.63 (5.77) 

B. Inhalational 
Halothane 26.7 (8.16) 46.5 (13.86) 
Trichlorethylene 30.3 (5.29) 41.7 (6.05) 
Methoxyflurane 26.83 (2.23) 43.83 (5.27) 

ute up to 15 minutes but pulse and blood pres- 
sure were recorded at 7, 10, and 15 minutes. 
Patients in the inhalational group received 
anaesthesia from a universal Blease vaporizer 
w i t h  t h e  p r o p e r  h e a d  f o r  e a c h  i n h a l a t i o n a l  a g e n t .  

The concentration of each agent was raised to the 
desired level within one minute and continued for 
a further period of two minutes. The inhalational 
anaesthetic vapour was then withdrawn. Four 
minutes later nitrous oxide was discontinued and 
the flow of oxygen was increased to eight litres 
per minute. The sequence of events for both in- 
travenous and inhalational agents is shown in 
Figure 1. A second challenge dose of inhalational 
anaesthetic agent was given to two patients of 
each group when CSFP became stabilized after 
the first three minutes of induction. During the 
second challenge dose only oxygen was used as 
the carrier gas. At the end of the study, regional 
analgesia with five per cent heavy lidocaine 
1-1.5 ml was given for the surgical procedure. 
Statistical significance was determined by Stu- 
dent 's t-test applied to the CSFP, blood pressure 
and pulse rate changes in each group. 

RESULTS 

The mean changes in CSFP, blood pressure 
and pulse rate with the different intravenous and 
inhalational agents are represented graphically in 
relation to time in Figures 2-5. 

Thiopentone caused a definite fall of CSFP. 
This was well sustained and attained statistical 
significance at third and fourth minute after in- 
duction (p< 0.05). The mean peak fall was 1.01 __. 
0.15 kPa (10.3 4- 1.54 cm H20). The mean peak 
fall of blood pressure was 1.82 4- 0.28 kPa (13.7 4- 

,Iv 
~IDUCTION 

1 
r 

rlME(MtNVS~"a'_Z 0 I ~ ~ 4 5 6 7 e g io  14 I z  13 , ,  q~ 

i /  
N t  ISURMEMTS 

CS F p ~ ~ " m  �9 �9 m * . . e . o e 4 o B . 

465 

(crn/H20] 

" O ' , o ~ &  . e . ,  

4, 4 .  ~ , 0 . 0  _ O . . . O . .  i I . .  g . . 4 1 s  ,i, D 

B.P 

- 8 e~&,,, �9 I , ~ 6 T  
- 1 2  e',, & . A ~ A /  

" 8 " ' 0  . . . .  0 ' ' ' " 0 ' ' - -  " " 4 - "  . . . . . . .  41 D 

E'I~. 
(/mr) o t 

1 2 3 4 S 6 7 8 9 I0 I1 12131~151617 
�9 r i M E  IN MfNU'r(S 

FIGURE 2 Mean changes of CSF pressure, mean 
blood pressure and pulse rate from pre-induction values 
following thiopentone (T) and diazepam (D) induction. 

2.14 mm Hg) which was also statistically signi- 
ficant (p < 0.01) as listed in Table II. 

Administration of diazepam resulted in a 
steady and persistent fall of CSEP which became 
statistically significant at 9 minutes and remained 
so till the 14th minute after induction (Table II). 
The mean peak fall was 1.25 -I- 0.12 kPa (12.7 _ 
1.25 cm H20). Diazepam induction did not pro- 
duce any evident variation in pulse rate but the 
mean peak fall of blood pressure observed was 
2,49 kPa (18.7 mm Hg) (Table III). 

Smooth induction with alfathesin resulted in a 
persistent fall of CSFP in two patients in whom no 

INHAL,kTqONAL 

~ .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ c  z I 
i �9 - - | . . . . . . . . . . . . . . .  

T I M E ( M I N T $ ) ~  0 I Z 3 4 ~ 5 7 8 9 I 0  LL 12 13 14 I~ 1617 ;~, 

MeASU~MENTS ~ I 

e p  -~'T " " ' ' '  " " " " 
PULSe ~ a �9 o.. + �9 + r 

FmGURE 1 Time sequence of events during induc- 
tion with intravenous and inhalational agents and ob- 
servations of CSFP, blood pressure and pulse rate. 
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FIGURE 3 Mean changes of CSF pressure, mean 
blood pressure and pulse rate, from pre-induetion val- 
ues observed following ketamine (K) and alfathesin (A) 
induction, 

complicat ions developed.  In the  other  four pa- 
t ients there was a rise in CSFP at different t ime 
intervals  and these  increases  cor responded  with 
the t ime of deve lopment  of  complicat ions  such  as 
coughing,  muscle  rigidity and muscle  t remors .  
The  mean  peak fall o f  0.18 __. 0.27 kPa (1.83 _+. 2.79 
cm H~O) was not statistically significant. Mean 
peak fall of  blood pressure  of  1.22 ___ 0.78 kPa 
(9.17 + 5.89 m m  Hg) and changes  of pulse rate 
after  induction with alfathesin were also not 
significant (Table Ill). 

Ketamine  caused a marked  rise in C S F P  for the 
first four  to six minutes  and these  increased val- 
ues  came down to or near  to pre-anaesthet ic  
levels within ten minutes  after  induction (Figure 
3), Mean peak rise of  2.60 + 0.38 kPa (26.5 _.+ 3.88 
cm H~O) was observed and this was highly 
significant (p < 0.01). Ke tamine  also caused  an 
increase  in pulse rate and blood pressure  which 
were found to be statistically highly significant 
(p < 0.01) (Table Ill). 

Adminis t ra t ion  of  ha lo thane  caused  a definite 
rise in CSFP during the induction period and 
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F]GUr~E 4 Mean changes of CSF pressure, mean 
blood pressure and pulse rate following trichlor- 
ethylene (T) and halothane (H) induction. 
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FIGURE 5 Mean changes of CSF pressure, mean 
blood pressure and pulse rate following methoxyflurane 
(M) induction. 
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TABLE III 

MEAN PEAK CHANGES OF CSF PRESSURE, BLOOD PRESSURE 
AND PULSE RATE IN PATIENTS INDUCED WITH INTRAVENOUS 

AN D INHALATIONAL AGENTS 

A. 

Mean peak changes (-t-SE) 

B. 

Mean blood 
CSF pressure pressure Pulse rate 

Drugs groups (cm/H20) (mmlHg) (beats/rot) 

Intravenous 
Thiopentone - 10.33' - 13.7t +2.0 

(1.54) (2.14) (4.67) 
Alfat hesin - 1.83 -9.17 + 10.3 

(2.79) (5.89) (7.94) 
Ketamine +26.55~ +24.33t + 17t 

(3.88) (3.48) (3.72) 
Diazepam - 12.7t - 18.7t +2.3 

(1.25) (3.91) (7.86) 

Inhalational 
Halothane +25.5t -20.5t -26t  

(1.94) (I.89) (4.88) 
Trichlorethylene +26? +0.17 +2.0 

(2.62) (7.73) (11.41) 
Methoxyflurane + 19.2i" -8.2 + 17.3t 

(2.02) (4.05) (3.45) 

*Statistically significant p < 0.05. 
tStatistically highly significant p< 0.01. 

these raised values returned to base line or to 
slightly lower levels within seven minutes in the 
post-induction period. Mean maximum rise in 
CSFP during induction with this agent was 3.65 
kPa (37.2 cm H20) (Table 11) and statistically this 
rise was highly significant (p < 0.01). The second 
challenge with halothane three per cent in oxygen 
also caused a slow and definite rise in CSFP (Fi- 
gure 6). Halothane induction caused a fall in both 
blood pressure and pulse rate which was also 
highly significant (p < 0.01). 

CSFP rose sharply on the introduction of  
trichlorethylene and the increased values came 
down to below pre-anaesthetic levels within five 

minutes in the p0st-inducti0n period. Mean 
maximum rise in CSFP observed during induc- 
tion was 4.02 kPa (41 cm/H20)  (Table II) while 
the mean peak change was 2.55 4- 0.26 kPa (26 4- 
2.62 cm H~O). The second challenge with 
trichlorethylene one per cent in oxygen also 
caused a rise in CSFP in both patients. Blood 
pressure and pulse rate changes at all times were 
not significant. 

Following administration of  methoxyflurane, 
the CSFP rose by a mean peak value of  1.88 ___ 0.2 
kPa (19.2 _ 2.02 cm HzO). This rise returned to 
and then fell below the pre-anaesthetic value 
within six minutes after induction (Table II and 
Figure 5). CSFP  went up during the second chal- 

lenge with 0.75 per cent methoxyflurane in oxy- 
gen but came down to pre-induction within five 
minutes. Mean peak fall of blood pressure was 
1.09 + 0.54 kPa (8.2 + 4.05 mm Hg) which was 
not statistically significant. 

DISCUSSION 

The study demonstrates  that in a normal 
healthy adult population intravenous induction 
with thiopentone,  diazepam and alfathesin 
causes a fall in CSFP, whereas ketamine and 
inhalational induction with halothane, trichlor- 
ethylene or methoxyflurane cause a sharp rise of 

CSFP. 
Although there is a wide range of opinion on 

this subject in the literature s'6 the reasons for the 
effects are generally attributed to changes in 
cerebral blood flow, 7 cerebral metabolism and 
cerebral consumption of oxygen. Hunter ob- 
served excellent to good dural relaxation with 
continuous thiopentone infusion in neurosurgical 
patients a and attributed this to a lowering of 
CSFP. Although Shapiro and his colleagues ob- 
served similar reductions in patients with raised 
intracranial pressure they were unable to demon- 
strate a fall of C SFP in normal patients. 9 

Though there is no reported study on 
diazepam, the similarity of  fall in the CSFP and 
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FIGURE 6 Comparative mean CSF pressure 
changes during three minute s induction (left side graph) 
and three minutes second challenge (fight side graph) 
with halothane (3 per cent), trichlorethylene (I per 
cent) and methoxyflurane (0.75 per cent) in individual 
patients. 

blood pressure to that with thiopentone could be 
due to a reduction of brain metabolism and oxy- 
gen consumption,  aided by a fall in cerebral blood 
flow because of  lowering of  the mean systemic 
arterial pressure as a result of  peripheral vas- 
odilatation and venous pooling. 

The results of alfathesin induction have shown 
insignificant changes of  CSFP,  even though the 
mean blood pressure showed a slight fall. We 
attribute this to the high incidence (four patients 
out of  six) developing complications of  cough, 
t remor  and muscle rigidity. ~o Pickerdot,  ~ ~' J 2 and 
his associates have earlier described a fall in 
CSFP  after alfathesin in animals to be due to a 
depression of cerebral metabolism and falling 
blood pressure,  resulting in a fall in cerebral 
blood volume. However ,  two patients in the 
present  series who did not have induction com- 
plications behaved in a way similar to thiopen- 
tone and diazepam patients.  

The sharp and short-lived increase in the CSFP  
with ketamine could be because of  increased 
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muscle tone and a rise in systemic blood pres- 
sure, resulting in a sharp increase in cerebral 
blood flow during induction. The disparity be- 
tween the present work and that of others t3,~4'~s 
on the duration of  rise in CSFP after ketamine 
induction could be because no halothane was 
used with carrier gas. Halothane of itself causes a 
sharp and prolonged rise in CSFP as shown in the 
present  work. 

Various authors 2'~6'~7 have demonstra ted 
clearly that halothane in anaesthetic concentra- 
tion almost invariably increases CSFP. This is 
attributed to an increase in cerebral blood flow 
despite a fall in systemic blood pressure;  although 
the rise was transient and would in due course be 
correct  by the re-adjustment of  the various in- 
tracranial compartments .  Similar results were 
obtained with all three inhalation agents, 
halothane, tr ichlorethylene and methoxyflurane. 
To rule out the possibility of apprehension in 
patients because of  the mask and inhalation of 
gases two patients in each of  the halothane and 
trichlorethylene groups received a second chal- 
lenge with the inhalational agents with the 
background carrier gas as 100 per  cent oxygen. 
This resulted again in a sharp rise in all cases,  
although not of a magnitude similar to the first 
challenge (Figure 6). This rules out the possibility 
of  apprehension as the major factor and clearly 
defines a direct effect of inhalation vapours on 
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CSFP, The quick and early rise of CSFP in the 
first two or three minutes of induction with no 
clinical evidence of retention of carbon dioxide or 
hypoventilation rule out the possibility of the ef- 
fects being due to carbon dioxide retention, al- 
though no samples were taken for blood gas 
analysis. 

The striking difference between the effects of 
intravenous induction agents and inhalation 
agents on CSFP (Figure 7) could be of importance 
to anaesthetists dealing with neurosurgical pa- 
tients. 
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R~SUM~ 

On a mesur6 la pression du liquide c6phalo-rachidien (par ponction Iombaire), ainsi que la 
prcssion art@ielle et la fr6quence cardiaque durant 15 minutes lots de I'induction de 
I'anesth6sie chez 42 patientes en bonne sant6. Pour les conditions de l'6tude, on avait form6 
sept groupes de six patients chacun, chaque groupe 6rant assign6 b. un agent different. Le 
thiopental ~. la dose de 5mg.kg -t. l'alfath6sin ~t 501tl.kg -~, ainsi que le diaz~'pam 
0.5 rag. kg-~ administr6s en 10 b, 20 secondes, produisaient une chute de pression du LCR et de 
la pression art6rielle, alors que la k6tamine ~ la dose de 2 mg- kg -1, de m6me qu'une induction 
par inhalation de trois minutes it I'halothane b. 3 pour cent, au trichloro~thylbne 5. 1.0 pour cent 
ou au m&hoxyflurane h 0.75 pour cent, amenaient une 616vation aigui~ et hautement signiflca- 
tire, mais de courte dur6e, de la pression du liquide c6phalo-rachidien. Le trichloro6thyl~ne, 
I'halothane el le m6thoxyflurane provoquaient une chute simultan6e significative de la pres- 
sion art6rielle. Dans le but d'61iminer l'appr6hension comme cause de l'616vation de tension 
du LCR chez les patientes induites avec un agent d'inhalation, on a r6p6t6 Fadministration de 
ces m6mes agents d'inhalation, aux m6mes concentrations, apr~:s stabilisation de 
I'anesth6sie. On a pu observer la m6mc 616ration aigu~ et transitoire de la pression du LCR. 




