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Renal Responses to “Light” Methoxyflurane
Anesthesia

W. D. Hetrick, M.D., B. Wolfson, M.B., FF.ARC.S,
D. A. Garcia, M.D., E. S. Siker, M.D.

Fifty-five patients scheduled for relatively short
(1-2 hours) eclective surgical procedures were
divided into methoxyflurane and control groups.
In both groups the potent inhalation agent used.
methoxyflurane or halothane, was administered
llest t ible with ade-
quate anesthesia. Renal function was assessed
by preoperative and p ative measurements
of serum urea, creatinine, sodium, and osmolality
and urinary creatinine and osmolality and by
calculation of creatinine, osmolar, and free-water
clearances. In ten patients in each group serum
and urinary fluoride levels were determined pre-
and postoperatively. In addition, serum fluoride
levels of 33 patients who had received methoxy-
flurane for vaginal deliveries were measured post-
partum. No clinical or laboratory evidence of
renal dysfunction was observed, and fluoride lev-
els were markedly lower than those previously
associated with renal toxicity. (Key words: Me-
thoxyflurane; Nephrotoxicity; Fluoride.)

in the

Ix 1966, Crandell ¢t al.? described a syndrome
of high-output renal failure following opera-
tion which they believed was associated with
the administration of methoxyflurane (Pen-
thrane). The syndrome was characterized by
polyuria, dehydration, hypernatremia and ele-
vated BUN. Additional findings included high
serum osmolality coupled with low urinary
osmolality and failure of exogenously adminis-
tered pitressin to exert an antidiuretic effect.
Since then, much evidence has accumulated to
reinforce the etiologic association between me-
thoxyflurane,>-$ or more specifically the fluo-
ride ion produced in its metabolism,® 1 and
high-output renal failure. Perhaps the most
conclusive proof of this association has been
the work of Mazze and associates.®>° How-
ever, a report by the National Research Coun-
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¢il 1t has stressed the need for further investi-
gation, especially under conditions closer to
common clinical usage than those studied by
Mazze et al.$ The following is a report of
such an investigation.

Method

Healthy patients (ASA risk 1 or 2) with no
known pre-existent renal problems, scheduled
for elcctive operations which were expected
to Inst between one and two hours, were con-
sidered eligible for this study. Random allo-
cation to either methoxyflurane or control
group was made by the toss of a coin prior
to the preoperative visit. If the first patient
scheduled for cholecystectomy was allocated
to the methoxyflurane group, then the second
such patient was placed in the control group.
Patients having other operations were treated
similarly, thus maintaining a balance between
the two groups.

Every patient received a barbiturate, a nar-
cotic, and atropine or scopolamine preopera-
tivelv. Thiopental (Pentothal) was used for
induction, and anesthesia was maintained with
nitrous oxide and oxygen, using at least 50 per
cent nitrous oxide in a total flow of 4 1/min.
Muscle relaxants, succinylcholine chloride (An-
cctine) to facilitate intubation and d-tubocura-
rine (Tubarine) during operation, were used
as needed. Twenty-six patients received me-
thoxyflurane and 29 patients, comprising the
control group, received either halothane (Fluo-
thane) or a narcotic. No specific course of
fluid management was mandated by the pro-
tocol. Approximately 30 minutes after induc-
tion, light planes of anesthesia (characterized
by such signs as lacrimation and increases in
pulse rate and/or blood pressure) were de-
liberately achieved by reducing the inspired
concentration of methoxyvflurane or halothane
or omitting intravenous increments of nar-
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cotic. At this point the concentration of me-
thoxyflurane or halothane was increased for
approximately 15 minutes or a further incre-
ment of narcotic was administered. This se-
quence was repeated as often as necessary to
assure administration of minimal quantities of
anesthetic agent. Methoxyflurane was men-
sured in arterial blood samples obtained just
prior to the initial reduction in methoxyflu-
rane concentration and at the end of the op-
eration.

Delivered methoxyflurane concentrations in
excess of 1 per cent were rarely used, and
never after the initial 30-minute stabilization
period. Because of this and because of con-
stant efforts to reduce methoxyflurane concen-
trations, it is unlikely, although not impossible,
that the levels of methoxyflurane ever ex-
ceeded those of the first arterial blood sam-
ples obtained. For this rcason these initial
levels are referred to as the “peak” levels in
both Results and Discussion below.

A two-hour urine sample and a clotted ve-
nous blood sample were collected before op-
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Tancr 1. General Patient Data*

Control
29 Patients

Methosy flurane

Weight (pounds) !
Height (inches)
Surface area (mm®)
Duration of il
anesthesia (mnin)
Bloud methoxy-
flurane (peak)
(mg/100 ml) , —
Blood methoxy- i
flurane (final)
{mg '100) m!) -

;
Age (vears) }
i
|

(G0-2 "’ ))

66.1 = O.S
1.80 == 0.04
ot =

65-1

S.6 %= 0.8
(1.3-16.0)
3203

(0.6-6.4)

* Values are means
are ranges. No statisti
between groups were observ od.

SE. Values in parentheses
iy signifieant differences

eration and daily for three days thereafter.
Urea, creatinine, sodium, and osmolality were
measured in serum, and creatinine and osmo-
lality in urine samples. In addition, both
serum and urinary fluoride levels were de-

TabLe 2. Preoperative and Postoperative Serum and Urinary Data, Control Values
amd Values after Methoxyflurane

! Day 1

Comtrol Day | Day 2 ! Day 3
BUN (mg/100 ml) " ; | i
Control FI33208T 2 | 102209 (20)* | 94206 (24)* IL3x10 27)
AMethoxyflurane ‘ Q007 (24)* 0.8 (23)* | 104208 (26)*

Creatinine (mg. 100 mD
Control
Methoxyflurane

Serum sodium (mEq/1)
Control
Methoxyflurane

Serum osmolality (mQO=m 1)
Control
Methoxyflurane

Urinary osmolality

{mO=m, 1)
Control
Methoxyflurane

Serum fluoride (gmol,; 1}
Control
Methoxyflurane

Urinary fluoride (xmol/

2hr/173 m?)
Control
Methoxyflurane

12.6:20.5 (2601
-

1.39£0.18 (10)
2.00£0.51 (10)

7.
8.

S
2

=1
18 (10)

=

3 )

0 20)
=04 (26)

11601 (29)
L152=0.05 (26)

1=0.7 (2)

26)

1 N
575 (28) | 176453 (2
0.4 (25) [412.0£43.9 (26)* ¢

L30£0.13 (10)
29243 (10)*F

714 (10)

1612227

7.2 (10)°1

26)*

Q2m. -

L1I=0.04 (29)
L14=20.04 (23)

=0.9
208 (23)

138.2210.3 (10)*F

@

£0.04 (27)

12
16005 (26)

1.
1.

HAZ09 (27)
136.2£08 (26)

281120 (27)*
266.0£2.2 (26)

467.564.5 (-
4114245

1.22::0.0S (10)

2224 (10)*F

9

526 (10)
79.8£9.4 (10)*f

Data are means==SE. Numbers in parentheses are numbers of observations.
* Significant difference (P < 0.05) between control day and observation day within each group.
T Significant difference (P < 0.035)) between control and methoxyflurane groups.
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termined using a fluoride-specific electrode {
in the last ten patients in each group. Cre-
atinine, osmolar, and free-water clearances
were calculated from these measurements.

Statistical comparisons between the values
obtained on control and postoperative days
were carried out using a two-tailed Student’s
t test. Comparisons between groups were
also made for each day.

From an additional 33 patients who had re-
ceived nitrous oxide, oxygen, and methoxyflu-
rane for analgesia during vaginal delivery,
blood samples were obtained within 12 to 36
hours of delivery and analyzed for fluoride
content.

§ Orion Research Incorporated, Cambridge,
Massachusetts 02139.

Results

Table 1 shows the two groups to be com-
parable with respect to age, height, weight,
surface area, and duration of anesthesia. It
also shows the peak blood levels of methoxy-
flurane and levels at the end of the procedure.
Table 2 shows the findings in blood and urine
for the two groups before and after operation,
and figures 1 through 4 are graphic repre-
sentations of the serum and urinary changes
in osmolality and fluoride.

In the control group, BUN was significantly
decreased on the first and second postopera-
tive days, serum sodium on the second post-
operative day, serum osmolality on each post-
operative day, and urinary osmolality on the
first postoperative day. In the methoxyflu-
rane group BUN was significantly decreased
on cach postoperative day, serum sodium and
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osmolality on the first postoperative day, and
urinary osmolality on each postoperative day.
Significant increases in urinary and serum
fluoride were seen on each postoperative day
in all patients receiving methoxyflurane. There
were significant intergroup differences in so-
dium Jevels on the second postoperative day
and fluoride levels in serum and urine on each
postoperative day.

The highest individual blood urea nitrogen
levels were 22 and 30 mg/100 ml in the me-
thoxyflurane and control groups, respectively;
these were associated with creatinine concen-
trations of 0.8 and 1.7 mg/100 ml. The high-
est individual creatinine levels were 2.1 mg/
100 ml in both groups, associated with BUN’s
of 11.3 and 5 mg/100 ml in the methoxyflu-
rane and control groups, respectively.

The upper limit of normal for serum osmo-
lality in our laboratory is 305 mOsm/l. This
was exceeded postoperatively in five patients
in the methoxyflurane group and three patients
in the control group. One patient in the me-
thoxyflurane group had a serum sodium con-
centration of 147 mEq/] on the third postop-
erative day. This was the only patient in
either group with serum sodium above the ac-
cepted upper limits of normal of 146 mEq/l.

Table 3 shows clearances calculated from
the above values, and figure 5 is a graphic
representation of osmolar and free-water clear-
ance data. Free-water clearance, represented
by the shaded areas, is obtained by subtract-
ing osmolar clearance (area under the solid
line) from urinary output (area under dotted
line), and represents the number of milliliters
of water which would need to be added to, or

33
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subtracted from, urinary output to produce
urine which is iso-osmotic with plasma. Thus,
a negative free-water clearance represents a
concentrated or hyperosmotic urine and a
positive free-water clearance represents a di-
lute or hypo-osmotic urine.

In the control group a significant decrease
in osmolar clearance and increase in free-wa-
ter clearance were seen on the third postop-
erative day. In the methoxyflurane group a
significant increase in creatinine clearance was
seen on the first postoperative day and a sig-
nificant increase in free-water clearance was
seen on the second postoperative day. Inter-
group comparisons revealed a significantly
Jower osmolar clearance in the control group
than in the methoxyflurane group on the third
postoperative day.

Postpartum serum fluoride Jevels in the ob-
stetric patients are shown in table 4.

Discussion

Isolated blood levels of an anesthetic agent
provide only an approximate indication of
depth of anesthesia and an even less reliable
index of total dose. However, the mean peak
methoxyflurane concentration of 8.6 mg/100
ml, roughly equivalent to 0.66 MAC in the
presence of 50 per cent nitrous oxide. repre-

nesthesiology
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senting an additional 0.5 MAC, suggests mod-
erate planes of anesthesia even at peak depth.
The final mean level of 3.2 mg/100 ml, equiva-
lent to approximately 0.25 MAC, is less than
the “MAC awake” value described by Stoelting
¢t al.2? for methoxyflurane, indicating that the
concentration of methoxyflurane had been re-
duced adequately at the appropriate time. It
should be noted, however, that peak values
obtained ranged as high as 16.0 mg/100 ml,
suggesting that some patients were more
deeply anesthetized than necessary.

Although some estimate of total methoxy-
flurane dosage made available to the patient
would be of theoretical value, the technique
employed, involving a semiclosed circuit, rub-
ber tubing, and counstant attempts to reduce
input concentration, made this impossible.
However, it is of clinical interest that va-
porizer settings during the maintenance phase
were commonly in the 0 to 0.4 per cent range,
and that methoxyflurane administration was
needed only rarely after peritoneal closure.

Since total urinarv outputs were not avail-
able in this study, free-water clearances were
calculated from two-hour samples. It is re-
alized that two-hour sampling is a far-from-
optimum technique, due to variations in uri-
nary output and also in urinary and serum

TanLe 3. Preoperative and Postoperative Renal Clearance Data, Control Values
and Values after Methoxyflurane

Countrol Day A

Day 1 3y

Day 2 Dzy3

Creatinine clearance |
(ml/min/1.73

m?)
Control
Methoxyflurane |
Osmolar clearance
(ml/min,/1.73 :
m?) i
Control VOLS6 =015 (28)
Aethoxyflurane ¢ LI7 == 0.14 (25) 202 x

Free-water clearance
(ml/min,'1.73
m?)

130.8 == 29.0 (29)
118.6 = 10.2 (26)*

2.09 = .26 (2
: )

78.1 £ 7.2 (27)

103.4 £ 17.8 (29)
. 854 £ 6.8 (26)

= 7.0 23

1.18 = 0.12 (27)
1.60 %= 0.17 (26)

9) 145 == 0.19 (29)
6) 1.56 == 0.12 (23)

Control
Methoxyflurane

—0.62 %= 0.17 (28)
0.6 = 017 (25)

—0.17 = 0.24 29)
—0.16 = .20 (26)

—0.26 = 0.18 (29
0.02 = 0.21 (23)*

0.04 = 0.18 (27)*
—0.21 %= 0.19 (26)

Data are meaus == SE. Numbers in parenthese are numbers of observations.
* Significant difference (P < 0.05) between control day and observation day within each group.
1 Significant difference (P < 0.05) between control and methoxyflurane groups.
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osmolulity from one such period to another
within the day. However, it was known that
the values obtained from these samples were
accurate, being minimally dependent on pa-
tient or nursing-staff cooperation. The same
could not be said had an attempt to obtain
24-hour urine collections been made. Further,
it was hoped that the constancy of hospital
routine with regard to the time and amount of
food and fluid intake would minimize varia-
tions and enhance reliable comparisons be-
tween the two groups. We feel that the re-
sults have justified this hope.

Free-water clearance is accepted as an in-
dication of the ability of the kidney to concen-
trate or dilute urine, although it does not in-
dicate the appropriateness of either response.
Inappropriate diuresis, however, would be as-
sociated with a positive free-water clearance.
Although positive free-water clearances were
observed on one observation day in each
group, consistently positive free-water clear-
ances throughout the observation period were
not seen in either group. Thus, neither group
showed the characteristic continued inappro-
priate polyvuria of methoxyflurane nephrotox-
icitv. Further, no significant difference be-

tween free-water clearances in the two groups
was observed at any time.

The significant reductions in urinary osmo-
lality seen on each postoperative day in the
present methoxyflurane group are similar to
the results cited by Merkle ¢t al.** as a pos-
sible methoxyflurane effect. In the latter se-
ries, however, the urinarv osmolalities in the
control group remained steady throughout the
observation period and were significantly dif-
ferent on each day from those in the methoxy-
flurane group. In the present study, a reduc-
tion in urinary osmolality was also ebserved
postoperatively in the control group. While
the magnitude of this decrease was not sta-
tistically significant after the first day, it was
nevertheless sufficient to negate any statistical
difference between control and methoxyflu-
rane groups. Merkle!® did not report serum
osmolalities. In the present study the sig-
nificant serum hypo-osmolality seen in the me-
thoxyflurane group on the first day returned
towards but not beyond normal on the suc-
cessive two days, while hypo-osmolality per-
sisted in the control group throughout the ob-
servation period. Viewed as isolated findings,
therefore, the changes in serum and urinary

20z ludy 61 uo 3senb Aq ypd°60000-00010EL61-Z¥S0000/16ZE6Z/0E/ L/8E/PA-al011E/ABOjOISBUYISBUE/IOD JIBYDIBA|IS ZESE//:d]Y WOL papEojuMOq



36 HETRICK, WOLFSON, GARCIA, AND SIKER

TasrLe 4. Serum Fluoride Levels in
33 Postpartum Patients

Mean 2 SE Range
Duration of anesthesia
(min) 288 £ 2.3} 1075
Serum fluoride (umol/1) 11.6 = 14| 34449

osmolalities in the methoxyflurane group could
represent a normal renal response to a reduc-
tion in serum osmolality. Mazze et al® re-
ported slight hyponatremia and hypo-osmo-
lality in their control group, a response similar
to that described as a normal reaction to op-
eration and anesthesia by Hayes and Golden-
berg.* The latter authors also described an
increase in urinary osmolality which may oc-
cur even in the face of marked serum hypo-
osmolality, and they suggest that this results
from “forced” ADH secretion during opera-
tion. In the present series, serum hypo-osmo-
Iality occurred in the control group throughout
the observation period, but was seen in the
methoxyflurane group on the first postopera-
tive day only. Hyponatremia was a significant
finding in the control group on the second
postoperative day only and in the methoxy-
flurane group on the first postoperative day
only. Although urinary osmolalities were
areater in the control than in the methoxy-
flurane group, these differences were not sta-
tistically significant. Thus, neither the data
from the methoxyflurane group nor the data
from the control group in this study conformed
to this previously-described “normal” pattern.*

Possible explanations for differences between
the two groups include: 1) In the absence of
significant intergroup differences, the results
occurred by chance. 2) Differences in water
and electrolvte intake during and after opera-
tion, which were not controlled in this study,
resulted in apparent differences in response.
3) The fluoride produced by metabolism of
methoxyflurane, albeit in modest amounts,
produced a short-lived antagonistic effect on
the action of the “forced” ADH secretion de-
scribed previously, allowing the kidney to re-
sume normal function at an earlier time. This
explanation would support the suggestion that
fluoride jon produced by methoxyflurane me-
tabolism inhibits the effect of ADH as a dose-
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related phenomenon. Excessive inhibition of
ADH in the patients receiving methoxyflu-
rane was not observed in this study, since a
positive free-water clearance was seen on the
second postoperative day only. No evidence
of dehydration was scen in any patient, and
serum sodium changes revealed no significant
hypernatremia. Six of 12 patients in Mazze’s ®
series had sodium levels in excess of 146
mEq/], and two had levels in excess of 157
mEq/l.

Serum and urinary fluorides were signifi-
cantly elevated in all patients receiving me-
thoxyflurane in this study. However, the lev-
els attained were Iower than those associated
with nephrotoxicity in previous reports.?3°
Thus, the maximum serum level in the present
series was 60.5 pmol/l. This was consider-
ably less than the 275 pmol/l observed in one
patient by Taves.? It was also less than the
mean peaks of 190.4 and 105.8 pmol/l, re-
spectively, in patients with overt renal dys-
function and laboratory evidence of dysfunc-
tion reported by Mazze et al.®® Cousins et al.1*
observed no renal problems in a seres of pa-
tients undergoing open-heart surgery under
light methosyflurane anesthesia. The mean
postoperative fluoride levels were slightly
higher than those reported here. It has been
suggested by Gillies® that a serum fluoride
level below 50 ymol/l is unlikely to be asso-
ciated with renal dysfunction. In the present
study, the one patient with a level of 60.5
pmol/1 developed no renal problems.

Crandell et al.* reported elevations of BUN
in some of their patients, and both Mazze
et al® and Merkle et al.1® cited significant in-
creases in serum creatinine in their patients
who received methoxyflurane. However, the
highest mean postoperative concentrations of
creatinine were 1.22 and 1.19 mg/100 ml! in
Mazze's and Merkle’s series, respectively. As
Dobkin ¥ has pointed out, increases in serum
creatinine which remain within the accepted
normal range, even if statistically significant,
can hardly be considered conclusive evidence
of glomerular dysfunction. The question of
interpretation does not arise in the present
study, however, since no significant increase
in either BUN or serum creatinine occurred at
any time in the postoperative period.
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It is difficult to compare serum osmolality
figures obtained in the present study with
those of Mazze ¢t al.3 because of preopera-
tive differences. However, the marked differ-
ence between the methoxyflurane and control
groups in Mazzes study was not seen in the
present one.

Although the results of this study do not
preclude a remal effect of methoxyflurane,
even when used as described, for operations
of the duration described, they do not suggest
the production of renal dysfunction. The ab-
sence of such dysfunction combined with the
low serum fluoride levels obtained lends fur-
ther support to the etiologic link between the
two. The results also suggest that measure-
ment of postoperative fluoride levels provides
a method of assessing the safety of any tech-
nique involving the use of methoxyflurane.
For example, low fluoride levels were obtained
in obstetric patients, and no renal complica-
tions were observed. The one relatively high
level (44.9 ymol/1) followed an hour of anes-
thesia in a patient who had an obstetric com-
plication. Although no postpartum problem
was seen in this patient, the fluoride level does
reinforce the fact that, when using methoxy-
flurane, as time wears on caution must not be
allowed to wear off.
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