Effect of Subanesthetic Concentrations of Halothane and
Methoxyflurane on Pain Threshold in
Conscious Volunteers
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Algesimetric studies were carried out in volun-
teers during the inhalation of sub thetic con-
i of hoxyflurane and  haloth

Blood levels of ngcnls were measured in venous
! btait liately after cach deter-

of pain Significant increases
in threshold were seen with both agents but a
lincar relationship between pain threshold and
blood levels was not seen consistently with cither
agent. ducti in threshold were

hre<hald

thresholds were estimated with an inverted
spring balance pressed on the anterior tibial
surface, a method described originally by
Clutton-Brock * and modified by Dundce and
Moore3 In a later study, Dundee and his
co-workers ¢ again reported that 0.5 per cent
halothane in oxygen caused a decrease in pain
threshold.  Further, the administration of a
halothane-ether azeotrope produced no altera-

Significant re in
seen occasionally with both mcthoxyflurane and
halothane and were most probably related to the
onset of d i The of Igesi:
with low blood levels in the majority of subjects

tion in pain threshold despite the markedly
analgesic effect of ether alone.

ln a recent study using the same method of
1

lends support to the current tice of reinf
ing nitrous oxide oxygen :mes(h:cn with low con-

of halotk or

Tue uvsk of potent inhalational agents to re-
inforce the analgesia provided by nitrous oxide
has become common anesthetic practice. The
apparent value of low concentrations of these
agents for this purpose has precipitated in-
terest in the degree of analgesia they allord
when used alone.

The evidence currently available is limited
and conflicting.  In an initial study in 1960
carricd out in conscious volunteers, Dundec
and Moore! reported that trichlorethylene
(0.5 and 0.35 per cent) and diethyl ether (2.0
and 1.0 per cent) both caused an increase in
pain threshold while 0.3 per cent halothane
caused a decrease (antanalgesia).  Pain
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try, Rol and his associates* re-
ported significant elevations in pain thresholds
with 0.5 per cent halothane in oxygen in four
of five conscious volunteers. In  addition,
using a thermal method of algesimetry,® these
investigators tested the cffect of halothane on
established nitrous O\idc-o“ gen  analgesia.
Five subjects received 23 per cent nitrous
oxide in oxygen to \\hlch 0.15 to 0.25 per
cent halothane was then added for 10 minutes.
In all subjects, these of halo-
thane caused further increases in pain thresh-
old.  Thus the results reported by Dundee
et al.t- % are in direct contrast to the work re-
ported by Robson ¢t al.®

In 1963, Dundee and Love® were unable
to demonstrate a consistent elevation in pain
threshold with 0.25, 0.4 or 0.3 per cent
mcthoxyflurane in oxygen. They noted that
the early onsct of drowsiness was a limiting
factor in their studies. This lack of analgesic
effect with subanesthetic concentrations of
methoxyflurane is at variance with the clinical
impression of analgesia reported in obstetrical
practice.5?
The discrepancy between the work of Dun-

ration:
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dee -4 and Robson * might be explained if
there were a significant difference in the blood
levels of halothane in the respective sets of
subjects. For this reason, we decided to at-

tempt a correlation between blood levels of
1

SIKER, \WOLFSON, CICCARELLI, AND TELAN

mined by gas chromatography employing tech-
niques previously described.-13
Methoxyflurane. At zero time methoxy-
flurane was added to the inspired oxygen from
a “Pentec” vaporizer set at 0.4 per cent and

halothane and methoxyflurane and alg
ric findings.

Methods

Twenty subjects took part in this study; 14
received methoxyflurane, 10 received halo-
thane and 4 received both. An earlobe al-
gesimeter previously deseribed 1° was used to
determine pain theshold. Experiments were
begun in the morning with the subjects in a
fasting state. Each subject reclined in a quict
room for 20 to 30 minutes during which time
an bital vein was ¢ lated in order to
obtain blood samples. Three determinations
of pain threshold were then made at 10 min-
ute intervals with the subject breathing 100
per cent oxygen from a nonrebreathing system.
The average of these was taken as the control
threshold.  All the subjects were experienced
in the use of the algesimeter having partici-
pated in prior studies.’®

Each subject served as his own control and
the pretest pain threshold was noted as 100
per cent with subsequent readings taken as
per cent of control.  Concentrations of meth-
oxvilurane and halothane in blood were deter-

TawsLe 1. Effect of Methoxyflurane Inhalation
in Conseious Volunteers

?ai) Al
Pain Threshold o] Level

Time | (Pexeentage of r (/100 1nl.)
0 100 :
10 <001 | 189 =057
2 <001 | 285057
30 <001 | 277 =057
10 <001 | 318 £ 044

Inhalation of methoxyflurane discontinued
at 40 minutes

50 121 = 16.4 <0.01 131 = 0.10
o >0.05 1.06 = 0.43
80 <0.02 0.67 £ 0.14

100 >0.20 —

Average pain thresholds (percentage of control)
and venous blood levels (milligrams per 100 ml.).

i for 40 During this time
the setting of the Pentec was altered in a num-
ber of subjects to 0.3 per cent in order to pre-
vent unconsciousness. In a few instances ad-
ministration was temporarily discontinued for
the same reason. Pain thresholds were re-
corded at 10 minute intervals for a period of 60
minutes with additional determinations at 80,
and 100 minutes. Blood samples were drawn
at the completion of each determination. At
100 minutes blood levels of methoxyflurane
were too low for accurate analysis and further
sampling was abandoned after the first two
studies.

Halothane. A different mode of administra-
tion was followed with halothane in an effort
to determine if the onset of drowsiness had
any consistent effect on pain threshold. Halo-
thane was added to the inspired oxygen from
a “Fluotec” vaporizer at 2 constant setting of
03 per cent At the point where marked
drowsiness supervened or at 30 minutes ad-
ministration was discontinued: thus the period
of administration varied from 20 to 30 min-
utes. Determinations of pain threshold werc
made every 5 minutes for 45 minutes. Blood

samples were withdrawn following cach
determination.
Results
Methoxyflurane.  Significant increases in

pain threshold during inhalation of methoxy-
flurane were found in 12 of 14 subjects; blood
levels varied from 1.25 to 4.2 mg./100 ml. In
one subject minor variations were seen both
above and below the control thresholds at
blood levels ranging from 2.1 to 3.6 mg./100
ml. and in the other subject there was no
change in threshold for the first 20 minutes,
followed by a marked fall. The blood level
at 20 minutes was 3.4 mg./100 ml. and 3.16
mg./100 ml. when the threshold fell markedly
below the control. In four of the 12 subjects
who manifested significant analgesia during
the inhalation of methoxyflurane, thresholds
significantly below control were found in the
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Fic. 1. Average pain
thresholds and corre-
sponding venous blood
levels of methoxyflurane
in subjects showing anal-
gesic response.

Fic. 2. Linear rela-
tion between changes in
pain thresholds and ve-
nous blood levels of
methoxyflurane in one
subject.

Fic. 3. Reduction in
pain thresholds and cor-
responding venous blood
levels of methoxyflurane
in one subject.

SUBANESTHETIZATION EFFECT ON PAIN THRESHOLD
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Tane 2. Effect of Halothane Inhalation recovery period.  Blood levels during reduc-
in Conscious Volunteers tions in pain threshold varied between 0.8
- and 3.16 mg./100 ml.

Time l{f.‘fé,’,‘,“:"::',}' » ('l:::?:&;;ﬁl) Thus with increasing blood levels of meth-
ntrol) oxyflurane an antanalgesic-analgesic sequence
0 100 wias never seen and the appearance of antanal-
5 142 = 2.6 <0.01 0.92 22 0.2 gosia at higher blood levels was seen only
10 <0.05 187 = 0.45 once.  An analgesic-antanalgesic sequence was
1,;; :::.lh ;::ﬁ:: scen with 'dccrc:lsing blood. levels in the re-

a3 <001 Fo74 covery period on four occasions.
30 <0.01 2,49 £ 0.93 The average pain thresholds and blood lev-
els of methoxyflurane in the 12 subjects ex-

Inhalation of halothane discontinued hibiting an analgesic response are shown in

hetween 20 and 30 minutes table 1 and graphically in figure 1. An in-
crease in the average pain threshold can be
seen through 80 minutes. However, this was
not statistically significant at 60 minutes.
There was no linear correlation  between
threshold changes and blood levels although
individual instances of lincarity (fig. 2) ocea-

3 | B340 | >005
40 103 £ 22 >0.50
45 1 14155 | >020

Average pain thresholds (percentage of control)
and venous blood levels (mg. /100 ml.).
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gesic respanse.
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sionally occurred. Figure 3 shows the pain
thresholds and blood levels for the indi-
vidual showing a significant reduction in pain
threshold.

Halothane. In 2 subjects the studics were
abandoned because sleep supervened within
five minutes. In 6 subjects, administration of
halothane was attended by significant cleva-
tions in pain threshold. \ith the onset of
drowsiness the threshold returned to control
in one subject and fell significantly below con-
trol in another. The remaining two subjects
showed little initial effect followed by a re-
duction in threshold associated with the onset
of marked drowsiness and/or disorientation.

The average pain thresholds and blood lev-
¢ls in subjects showing an analgesic response
are scen in table 2 and figure 4. The thresh-
olds were significantly raised through the 30
minute reading. No linear relation was ob-
served between either individual or average
blood levels of halothane and pain thresholds.
Significant increases in pain threshold were
scen with blood levels ranging from 1.0 to
3.8¢4 mg./100 ml. In no instance was an
antanalgesic-analgesic sequence demonstrated
with increasing blood levels of halothane. On
two occasions thresholds significantly below
control were seen in the recovery period.
During inhalation of halothane significant re-
ductions in pain thresholds below pretest lev-
¢ls were scen on three occasions. Al were
associated with the onsct of marked drowsi-
ness combined in one case with disorientation
(fig. 5); blood levels of halothane were 2,54,
3.50 and 6.15 mg./100 ml., respectively. In
only one of these (3.50 mg./100 ml.) was a
significant increase in threshold present prior
to the onset of drowsiness. In another case
an elevated threshold returned to control level
with the onset of drowsiness at a blood level
of 3.84 mg./100 ml.

Of the four subjects who participated in
both studies, three exhibited qualitatively simi-
lar responses with cach agent. The fourth
showed an llent Igesi P to
methoxyflurane but fell asleep within five min-
utes with halothane and was excluded from
this part of the study.

Acceptance of these studies was excellent.
The experience was stated to be pleasant by
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all the subjects for both agents. There were
no instances of nausea or vomiting and normal
activities including eating could be resumed
within two hours in all cases.

Discussion

The characteristic odors of methoxyllurane
and halothane made it impossible to make this
a “blind” study. Previous experience with this
method of algesimetry 13t included the
double-blind testing of saline placebos and
narcotics alone or in combination with pheno-
thiazine derivatives. Intravenous saline pro-
duced little change in threshold determined
at 10-20 minute intervals for three hours
whereas marked analgesic responses followed
1.0 mg./kg. doses of meperidine*® in the
same 16 subjects. As stated previously 10 we
believe that algesimetry with any method can
at best yield crude quantitative estimates of
analgesic potency. This study was planned,
therefore, not to compare the analgesic effects
of methoxyflurane and halothane but in the
hope that measurements of bloed levels of
these agents during algesimetric studies might
explain the discrepancies between the results
of Dundee et al.++ and Robson et al.> This
has not proved to be the case. The present
findings are similar to those of Robson et al.®
Although with methoxyflurane a few deter-
minations in the recovery period suggested the
possibility of an antanalgesic phase fated
with low blood levels, the majority of the
determinations during this phase were not
confirmatory of antanalgesia and results dur-
ing inhalation argued against such a theory.
With halothane there was even less evidence
of an antanalgesic phase. With both agents
the possibility of antanalgesia with high bloed
Jevels was suggested by the few studies done.
However, it is almost certain that the low
pain thresholds obtained in these instances
were associated with the onset of drowsiness
and disorientation. The influence of drow-
siness on reliability of subjects during algesi-
metric readings has previously been mentioned
by Dundce? and by the present authors.lt

Arterial levels during inhalation of meth-
oxyflurane or halothane probably would have
been higher than venous levels. This how-
ever, would not have altered the algesimetric
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patterns and there would still have been no
convincing evidence of an antanalgesic effect
from either agent.

Because of the wide variations both in pain
threshold and in blood levels of the agents

concemned, it is not possible to give a meaning-
P
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low levels of methoxyflurane (1.25 to 4.20
mg./100 ml.) or halothane (1.0 to 3.84 mg./
100 ml.).
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