Methohexital and Its Effect on Liver Function Tests

A Comparative Studv
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MeTHOHENITAL (Brevital), an ultrashort-act-
ing intravenous barbiturate, two and one-half
to four times as potent as thiopental or thi-
amvlal,’-¢ is now available for routine clinical
use. The duration of action of methohexital
is shorter than thiopental by one-half to two-
thirds,> * and its accumulation propertics are
less than those of thiopental, even over three
or four hours of use.2? Coupled with the
brevity of action and decrease in accumulation
of methohexital is a more rapid rate of dis-
appearance from the plasma. This rate is 13
to 19 per cent per hour for methohexital * and
3 to 15 per cent per hour (average of 71, per
cent per hour after diffusion equilibrium has
been established) for thiopental.®

It has been established * that the liver plavs
the major role in the detoxification of metho-
hexital.  Thiopental also depends on the liver
for detoxification. Thiopental produces de-
pression in hepatic function tests with the
usual clinical doses.® Patients with liver dam-
age show a decreased ability to metabolize
thiopental. However, patients can still ade-
quately metabolize thiopental with only a
small amount of functional liver tissue ? 11-1¢

Since the deactivation of methohexital is
more rapid than thiopental and thiamvlal,* the
question arises as to whether there is impair-
ment of hepatic function with methohexital.
It is the purpose of this study to answer this
question.

Method

The liver function of one-hundred fourteen
patients was studied preoperatively by means
of the sulfobromophthalein (BSP) retention,?”
alkaline phosphatase,’® inorganic phosphate,!*
thymol turbidity,'®* serum glutamic oxalacetic
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transaminase (SGO-T), and cephalin-choles-
terol flocculation 2 tests. On the third post-
operative day the above studies were repeated.
The upper limits of normal for these tests were
taken to be as follows:

Thymol Turbidity: Less than 3 units.

Serum Glutamic Oxalacetic Transaminase
(SGO-T): Less than 40 units.

Cephalin-cholesterol Flocculation: Negative
at 24 and 48 hours.

Alkaline Phosphatase: Less than 6 units.

Inorganic Phosphate: Less than 4.7 units.

Sulfobromophthalein (BSP) Retention: Less
than 3 per cent retention in 43 minutes at
the 5 mg. ’kg. dose level.

These patients were given meperidine or
morphine and scopolamine or atropine as pre-
medication one and one-half hours before in-
duction of anesthesia. A phenothiazine de-
rivative, either prochlorperazine 5 mg. or
promethazine 12.3 to mg. 25, was also given.
The patients were anesthetized with 1 per
cent methohexital, 214 per cent thiopental,
or 21/ per cent thiamylal, administered by in-
termittent injection according to patient re-
quirement, Nitrous oxide and oxygen were
administered at a flow rate of 4 liters per min-
ute and 11; liters per minute, respectively.
When endotracheal intubation was used, a
single dose of succinvlcholine (60 mg. to 100
mg.) was administered No
other drugs were given.

We recorded the type and duration of anes-
thesia, total dosage, intervals of administration,
and interval dose of barbiturate. The patient’s
age, weight, condition, and type of surgical
procedure were also noted.

intravenously.

Results and Discussions

Of one hundred and fourteen
studied, 77 received methohexital,
pental, and 11 thiamylal,

patients
26 thio-
The ntjority of
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patients in each group had breast or thyroid
surgical procedures. The distribution of pa-
tients having other types of surgical proce-
dures was approximately equal for the three
groups. However, almost five-sixths of the
patients who had orthopedic surgical pro-
cedures received methohexital. In over one-
third of the patients, all the preoperative liver
function tests were normal. The remainder
had one or more tests above the upper limits
of normal and were considered to be “ab-
normal.” The average duration of anesthesia
and weight and age of the patients for each of
the three groups closely approximated the
average for the entire series. The average
total dosage of thiopental as compared to
methohexital was two-to-one. This rate was
slightly less for thiamylal.

GENERAL Gross COMPARISON

As changes in alkaline phosphatase and in-
organic phosphate levels were negligible for
most of the patients, these results were not
used in this comparison. Comparison of the
sum effect on the five remaining liver func-
tion tests was made initially on a qualitative
basis for patients receiving different drugs and
between “normal” and “abnormal” patients re-
ceiving the same drug.

In a given comparison, each patient was
matched according to weight, type of surgi-
cal procedure, physical condition, age, and
duration of anesthesia with a similar patient
from the opposite group. These “matched”
pairs were then assembled into opposing
groups. Patients who could not be matched
with a similar patient in the opposite group
were not considered. If one member of a
matched pair had no value for one of the func-
tion tests, the other member’s corresponding
test result was excluded from consideration.
This method of matching patients into op-
posing groups tends to compensate for many
major variables, since it assured that the
groups were sufficiently alike to make com-
parisons valid.

The “incidents” of increases in test values
were determined for each patient. Any eleva-
tion above a preoperative test result was con-
sidered to be an “incident” of increase. The
number of incidents of increased tests was
tallied for each group and the difference be-

Anesthesiology
Jan.-Feb. 1963

tween the “matched” groups was expressed in
the differences in the totals. There was no
significant difference in the incidents of in-
creased tests between “normal” and “abnor-
mal” patients receiving methohexital. The
same was true for thiopental. When compari-
son was made between “normal” patients re-
ceiving methohexital and those receiving thio-
pental no significant difference was found.
Comparison of these two drugs in “abnormal”
patients showed no difference.

A comparison between the “normal” and
“abnormal” patients receiving thiamylal was
impractical because of the small number of
patients. A comparison was made between
patients receiving methohexital and those re-
ceiving thiamylal. The matched pairs form-
ing these groups were matched as “normal-to-
normal” and “abnormal-to-abnormal.” No dif-
ference in the incidents of increased tests was
found between these matched groups.

DETAILED COMPARISONS

In table 1, the initial detailed comparison
using matched groups of patients is presented.
These were the same previously-described
groups of patients. The average drug dosage,
patient weight, and duration of anesthesia are
indicated. The increment of change between
the preoperative and postoperative tests was
determined for each case. For each test the
amount of change was averaged for the groups,
and comparison was then made between the
matched groups by noting the differences in
the amount of average change for each type
of test.

In each instance the thymol turbidity test
showed a decline from the preoperative level.
This was true for all comparative groups in
table 1. Furthermore, the average decline was
greater in “abnormal” patients as opposed to
“normal” patients who received the same bar-
biturate. To exclude the possibility that this
decline in thymol turbidity was a peculiarity
of the matching technique, the average change
associated with each drug was calculated for
the entire series of unmatched patients. The
decrease still occurred and was greatest in
those patients who received methohexital and
thiamylal. Patients receiving thiopental had
only half the decrease found for the other two
drugs, Again, “abnormal” patients had a
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greater decrease than “normal” patients re-
ceiving the same compound. This phenome-
non is unexplained but can hardly be inter-
preted as meaning that all three drugs im-
proved liver function.

The average increase in cephalin-cholesterol
flocculation at 24 hours and 48 hours was less
than one plus in all matched groups. “Nor-
mal” patients who received methohexital had
the highest average change in the 48 hour
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test, Even here, the associated change in the
cephalin-cholesterol flocculation test was less
than one., Since thymol turbidity and cepha-
lin-cholesterol flocculation changes had no re-
lationship to the amount of drug or to the
duration of anesthesia (as described later)
changes in these tests can hardly be significant.

The changes in BSP and SGO-T were of
greater numerical value than the changes in
the other two tests and merit 2 more complete

TasLe 1. Comparison of Three Barbiturates by Inerement of Change in Liver Funetion Tests

,

C Number Average | Average

Matched  Duration Weight
Pairs (minutes) 1 (ki)

Type Patient and
Barbiturate Comparison

“Normal”' patients re- i
ceiving Methohexital

Compared to: ot

“Abnormal”’ patients
receiving Metho-
hexital 96.7 61.9

“Normal” patients re-
ceiving thiopental 6.7 69.8

Compared to: 6

“Abnormal”” patients
receiving thiopental 90.8 64

“Normal” patients re-
ceiving Methohexital 88.3 64.9

Compared to: 6

“Normal” paticnts re-
ceiving thiopental 6.7

649.8

“Abnormal’ patients
receiving metho-
hexital 85 63.9

Compared to: 10

“Abnormal”’ patients
receiving thiopental 86 62.9

“Normal” and “ab-
normal’’ patients re-
ceiving methohexital 116.4 6-4.8

~1

Compared to:

“Normal”” and “ab-
normal” patients re-
ceiving thiamylal | | 1179 66.5

! . . 24-Hour 18-tour .

Average BRP S . Thymol reey T
})L;:f(l ! Retention (l'i(l:'h : (l‘fl‘wl;(l'l' ' 'l'uri;:;iry T('(»)‘il
(ng.) | tper cent) (unité) ! ("Il“;) ‘ (units) units)

i
5193 ¢+ +3.15 +.27 +.80 — + 1.7
|
1
H62 +3.79 +.4 + .47 — 90 i 4+ 3.6

1275 +5.75 0 —+.33 - .4 107
995.8 +3.31 +.33 +.33 — .61 + 2.1
570 +5.11 +.17 +.83 — 93— 134

1275 +5.75 0 +.33 — 4 4107
536 +5.64 +.3 +.2 — 07 |+ 144
835.6 | +3.16 +.1 4.1 — .02 4+ 2
614.3 | 41.61 +.14 +.14 — .71+ 4l

C1085.7  43.69 . 4 11 0 — 158 4 649
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analysis. The primary factor to be considered
at this point was the relationship between
these changes and the average dosage of bar-
biturate. 'When similar groups receiving the
same drug were compared, the average BSP
and SGO-T change was greater in that group
receiving the larger dosage. Although the
differences in the average dosage were great
when groups receiving methohexital were com-
pared to groups receciving thiopental or thi-
amylal, BSP and SGO-T changes were not in
proportion to this difference.

A more detailed correlation between the
three barbiturates was made by plotting the
cffect of increasing total dosage of drug on the
preoperative-to-postoperative change in tests
(figs. 1 and 2). This correlation was also
made between normal and abnormal patients
receiving methohexital (figs. 3 and 4). (Work
of others suggested that liver test changes
were influenced by the type and location of

the surgical procedure.?!»22) This correlation
was also carried out only for those patients
having breast or thyroid operations.

Patients receiving the same drug were ar-
ranged in order of increasing total dosage and
were assembled in small groups so that the
increase in total dosage range was 50 mg. to
100 mg. between each group. The amount
of change in the preoperative-to-postoperative
test results was calculated for each small dos-
age group. This average change was then
plotted against the dosage increment.

All three compounds exhibit a direct rela-
tionship between dosage and change in BSP.
A given change in BSP occurred over a dos-
age range which was lowest for methohexital
and greatest for thiamylal. When those pa-
tients having only breast or thyroid operations
were compared, the relation between metho-
hexital and thiopental was the same as that
shown in figure 1. For thiamylal, there was
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an insufficient number of patients to make a
comparison. For all the drugs, the graphs
were roughly parallel and indicated similar
rates of change in BSP with drug dosage but
at different total drug-dose levels.

For each barbiturate, the curves in figure
1 resolved themselves naturally into three seg-
ments. These segments were designated “A,”
“B,” and “C.” Segment “A” covered the low
dose range and “B” and “C” the medium and
high ranges, respectively. As shown in table
2, the slope of each segment tended to show
a certain amount of agreement when com-
parison was made between the drugs. This
was particularly true when only those patients
having breast or thvroid operations were con-
sidered. Furthermore, rate of change in BSP
showed little difference for patients having
breast or thyroid operations when compared
to those having all types of surgical procedures.

The total dosages of thiopental or thiam-
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vlal necessary to produce the same change
in tests as methohexital were derived from
these curves. The differences in total dosage
necessary to produce this change in BSP were
expressed as ratios with the methohexital dos-
age as the denominator. These dosage ratios
are shown in table 2. Over segment “A)” it
required 1.72 times more thiopental and 2.30
times more thiamylal than methohexital to
produce the same degree of change in BSP.
The average dosage ratio for segment “B”
closely agreed with that of segment “C” for
thiopental or thiamylal. Dosage ratios for
thiopental and thiamylal in these ranges were
not as great as in the lower dose range. The
dosage ratios of thiopental for patients under-
going breast or thyroid operations were almost
identical to the dosage ratios of thiopental for
all patients.

The effect of increasing doses of the three
barbiturates on the change in the SGO-T is
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presented in figure 2. Curves 1, 2, and 3
were derived from all patients with the excep-
tion of those who had orthopedic surgery.
Curve 4 included patients who had orthopedic

surgery, Thiamylal (curve 3) produced the
lowest rate of increase of SGO-T with respect
to dosage and thiopental (curve 2) the great-
est increase. When the SGO-T changes of

TasLe 2. Dosage Ratios for Equal BSP Retention and Comparison of Rate of Change

i |
Drug 1 Sv;:ll:i*‘r):‘t \ ! Dose Ratio* Seg{:)(%r):; B i Dose Ratio* \ S(';.ii:’(ﬁft It ‘ Dose Ratio*
Using Patients Having All Types of Surgery
Methohexital ; 007 ‘ 1 023 1 010 ‘ 1
Thiopental ‘ 010 ! 1.72 031 : 1.27 008 } 1.27
Thiamylal ! 01 ‘ 2.30 017 1.40 ‘ 006 ‘ 1.36
Using Patients Having Only Breast or Thyroid Surgery
Methohexital .009 ’1 1 019 1 ‘ .012 ‘
Thiopental | 01 i 1.73 .02 1.21 i 013 1.21

* For equal change in BSDP retention.
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the patients undergoing orthopedic surgery
were added to curve 1, methohexital produced
the greatest change per dosage.

One-third of the patients receiving metho-
hexital had orthopedic surgical procedures.
Those patients accounted for 40 to 78 per
cent of the change in the SGO-T at given
dosage levels. Because of this proportionately
larger number of patients and the presumed
effect of muscular damage on the change in
SGO-T, the orthopedic patients were not in-
cluded in comparing dose response curves for
SGO-T.

In figure 2, curves 1, 2, and 3 assumed a
parallel attitude indicating similar rates of
change. Thiopental produced the greater
change in SGO-T at a given total dosage
level than methohexital, indicating a dosage
ratio less than 1.0. Thiamylal produced a
lesser change than methohexital over the mid-
dle and lower dose ranges. One dosage ratio

METHOHEXITAL AND ITS EFFECT ON LIVER FUNCTION TESTS 87

was calculated for thiamylal at the greatest
total dosage difference between methohexital
and thiamylal. This ratio was 1.31.

In figures 3 and 4, the BSP and SGO-T
change with dose of methohexital for normal
and abnormal patients are plotted. These
curves indicate no apparent difference in
amount of change for abnormal compared to
normal patients.

DURATION OF ANESTHESIA

Anoxia and hypotension can be major con-
tributors to the changes in liver function tests.
The probability of an anoxic or hypotensive
episode would be greater as duration of anes-
thesia increases. To test this, patients were
arranged in order of increasing total duration
of anesthesia. These patients were grouped
so that the increasing total anesthesia time
was 15 minutes between each group. The
average change in liver function tests was
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TarLE 3. Dosage Ratios for Iiqual Anesthesia

Thiopental,’
Methohexital

Aunesthesia Tiine
in Minutes

Thiamylal ’
Methohexital

Induction 246 2.37

15 2.8 1.99

30 240 207

15 ‘ 221 1.04

60 2.02 ‘ 1.88

5 1.87 1.83
() .74 1.79
105 1.66 1.79
120 1.60 1.78
135 1.5Y 1.72
150 1.56

determined for cach group. Except in one
observation, no correlation with duration was
found for any of the tests. It was found that
the change in BSP and SGO-T was slightly
above the mean at the longest duration of an-
csthesia  (after two and one-half hours).
However, because of duration of anesthesia,
these patients received a dosage larger than
the mean total dosage. The converse was
true for the first 30 minutes of anesthesia.

Dost To MainTAalN EQUAL ANESTHESIA

The dose of drug in milligrams/kilogram/
minute required to maintain anesthesia was
determined  after the method of Dundee.??
From these determinations, the total dosage
of thiopental or thiamvlal at a given length
of anesthesia was divided by the total dosage
of methohexital at the same length of anes-
thesia. The ratios of dosages at specific time
intervals between methohexital and thiopental
or thiamylal are expressed in table 3. The
time intervals were the induction period, and
then at 15-minute periods thereafter.

The dosage ratios for thiamylal were less
than those for thiopental up to 75 minutes
duration of anesthesia, after which they be-
came larger.  Less methohexital was required
for anesthesia over the entire period of ob-
servations than was required for thiopental
or thiamylal.

CoMPARISON OF D0SAGE RaTios

The data indicated that on an equal weight-
of-drug basis methohexital produced more
change in the BSP than the other two drugs.
However, a much larger dosage of thiamylal

Anesthesiology
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or thiopental was necessary to maintain anes-
thesia, and the total change in BSP was ac-
tually greater with these two compounds. In
table 4 a comparison is made between drug
dosage ratios necessary for equal BSP changes
and equal anesthesia. The dose of metho-
hexital where these comparisons were made
is indicated.

The method of determining dosage ratios
necessary to produce equal change in BSP
was described previously. From the metho-
hexital dose-response curve, the points of in-
flection and termination were found (fig. 1).
The patients representing thesc points were
considered individually. From table 3, the
dosage ratio for thiopental or thiamylal for
theoretical equivalent anesthesia was deter-
mined for each patient. Then the average
dosage ratio was calculated from the indi-
vidual dosage ratios at each point. Except
for the low dosage range, the required dosage
of thiopental and thiamylal for equivalent
anesthesia was approximately 1% and 1%
times the methohexital dosage, respectively.
This is in contrast to 114 and 124 times the
methohexital dosage for equal BSP change.

Similarly, it may be shown that on an equiv-
alent anesthesia basis methohexital produced
less change in SGO-T than thiopental or thi-
amylal.  Specifically, thiopental produced a
greater change in SGO-T even on an equal
weight basis. If the dosage necessary to main-
tain the equal anesthesia of methohexital was
added, thiopental would produce even a

TasLe 4. Comparison of Drug Dosage Ratios for
Fqual BSP Change and Equal Anesthesia

Thiopental } Thiamylal
Dose - - T e
Lovel of Number of Times 1 Number of Times
Metho- Aethohexital Dose Methohiexital Dose

hexital in

(N1 to Give Fqual:
AMilligrams |

to Give Fqual:

from

Figare 1 i ('L{:rrgn Anesthesiu | (‘L{:rf;v Anesthesia
236 L 216 2.08 2.80 19
588 1.28 1.71 1.4 1.79
695 1.26 1.72 1.4 1.79
834 1.28 1.73 1.38 1.82

Note: The probability that the observed difference
m ratios between BSP change and anesthesia will
not. occur is I’ < 001 for thiopental and P2 < .05
for thinmylal,
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greater change in SGO-T. On an cqual
weight Dbasis thiamylal did not produce as
much change in SGO-T as methohexital. The
largest dosage ratio for equal change in SGO-T
was 1.31, but dosage ratios necessary to main-
tain equal anesthesia were well above this
(table 3). On an equivalent anesthesia basis
thiamylal would produce a greater change in
SGO-T than methohexital.

The results of the general gross comparison
between the three barbiturates form the basis
of two conclusions: (1) All three barbiturates
affected liver function in the same manner.
(2) Patients with mild to moderate liver im-
pairment were affected no more than normal
patients.

The initial detailed comparison established
a relationship between the type of liver func-
tion test that underwent significant change
and the three barbiturates. Within the dosage
range of this study, the cephalin-cholesterol
flocculation and thymol turbidity as well as
the alkaline phosphatase and inorganic phos-
phate were useless in determination of any
difference between these barbiturates. This
conclusion supports that of Tagnon.” As
Tagnon found, there were significant changes
in the BSP; and as expected from Aperson’s
study,?* there were significant changes in the
SGO-T. In this study, these changes were
directly related to the amount of barbiturate.

Evaluating the effect of other possible
causes for changes in liver function tests led
to three conclusions: (1) Since there was no
correlation between duration of anesthesia and
change in liver function tests, anoxia and
hvpotension were not major contributors to
the test changes found in this study. (2)
Changes in BSP were independent of the type
of surgical procedure. Patients having ortho-
pedic surgery showed a greater increase in
SGO-T, which is not unusual as these patients
had relatively greater muscle damage.22 Type
of surgical procedure had no effect on the
change in cephalin-cholesterol flocculation or
thymol turbidity. (3) BSP and SGO-T
changed at the same rate and amount per
dosage in both “normal” and “abnormal” pa-
tients. Therefore, methohexital is no more
toxic to patients with mild to moderate liver
depression than patients with normal liver
function,

METHOHEXITAL AND ITS EFFECT ON LIVER FUNCTION TESTS 8O

Change in BSP and SGO-T (excluding pa-
tients having orthopedic surgery) was directly
related to the weight of barbiturate, and in-
creased dosage ratios were found between
methohexital and the other two drugs for
equal change in BSP. For equal change in
SGO-T, dosage ratios were decreased between
methohexital and  thiopental but increased
between methohexital and thiamylal,  There-
fore, a given amount of methohexital depresses
or injures the liver more than the same
amount of thiopental or thiamvlal, as meas-
ured by the BSP. As measured by the SGO-T,
methohexital depresses the liver less than thio-
pental but more than thiamylal,

As found in this study and in others, the
amount of methohexital required for anesthesia
is much less than that of thiopental or thiam-
vlal.  The comparison of dosage ratios based
on equal change in BSP and SGO-T and dos-
age ratios based on equal anesthesia between
the three barbiturates leads to the final con-
clusion: Methohexital produces less depression
of liver function than thiopental or thiamylal
on the basis of equal anesthesia.

Summary

A comparative study of the effect on liver
function tests by three ultrashort-acting intra-
venous barbiturates was made. In general,
all three drugs changed liver function in the
same manner. On a weight of drug basis
methohexital produces more depression of
liver function than thiopental or thiamylal.
However, based on amounts of drug required
for anesthesia, methohexital produces less de-
pression of liver function. In patients with
pre-existing liver-function depression, metho-
hexital did not increase this depression more
than in patients with normal liver function.

This study was supported by the Eli Lilly Com-
pany who also supplied the methohexital (Brevi-
tal). ‘The authors acknowledge the aid of Mr. L.
Harkness, Ford Motor Company, for statistical ap-
proach to and evaluation of data.
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