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Renal Effects and Metabolism of
Isoflurane in Man
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The intra- and postanesthetic renal effects and
metabolism of isoflurane were studied in nine
su:ryul pauents, six control patients received
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d. P hetic renal function, including
the response to vnsopressm, was normal in both
groups. Intra ions of renal blood

flow (51 per cent of control), glamerular filtration rate
(63 per cent of contral) and urinary flow rate (34 per
cent of control) during isoflurane anesthesia were
similar to those seen with halothane. Metabolism of
isofl to i ic fluoride is of insufficient
magnitude to cause renal dysfunction. (Key words:
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ISOFLURANE (CHF-O-CHCICF;; Forane§) is
a pentafluorinated methylethyl ether. It is
metabolized to inorganic fluoride in man! and
animals,’2 but to a lesser extent than methoxy-
fl Previous animal studies with isoflu-
rane have demonstrated an absence of nephro-
toxicity associated with its administration.>?®

The p study the intra- and
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postanesthetic renal effects and metabolism of
isoflurane in surgical patients.
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Methods and Materials

Fifteen male surgical patients, ASA phys:ca@g
status 1, from whom informed consent hadd
been obtained, were randomly divided inta
isoflurane and halothane (control) groupsg
Patients with abnormalities in renal ﬁmctiorf
or diseases with possible renal complications’
were excluded from the study; these criteri®
have been reported.* Preoperatively, meass
urements were made of serum and urinar;é
osmolality, sodium, potassium, uric acid®
creatinine, urea nitrogen, and inorganig
fluoride concentrations. Twenty—four—houg
urine volume and organic fluoride excrehox@
were also determined. From the above datam
24-hour urinary solute excretions and clears
ances were calculated. Overnight urine-conZ;
centrating ability was determined by restnct{“o’
ing all intake beginning at 7 PM, cbtaining g
urine specimen at 7 AM the next morning and3
another one hour later. Osmolality of the 8 A.\fﬂ
specimen was determined. Laboratory meth-
ods have been described.® Following premed-J
ication with morphine sulfate, 4-10 mg, an >
scopolamine hydrobromide, 0.4 mg, a urethralS
catheter was introduced to permit pre- andg
intra-anesthetic measurement of renal bloodS
flow (RBF) and glomerular filtration rate§
(GFR), employing standard PAH (Crpan) and3
inulin (Cia) clearance techniques. Seveng
patients anesthetized with isoflurane and fiveg
patients anesthetized with halothane wereé
studied. There were three (20 to) 30-minute_
collection periods prior to induction and three>
additional collection periods during main-~
tenance of anesthesia but before the start of t.herj:>
operative procedure.

Anesthesia was induced by inhalation ofo
either isoflurane or halothane in concentra-h
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TaBLE 1. Isofl Patients—P; ive and Operative Data o
Preoperative Anesthesia Dose Arterial 2
Age Weight MAC x  Time = {MAC Isofurane 2
(Years) [07) (Hours) Hours) | (mg/100 ml) Operative Procedure 9
Q
Patient 1 4 670 06 28 L7 66 | Rt inguinal hemiorrhaphy &
Patient 2 75 8L.0 0.6 20 12 7.0 Panendascopy é"
Patient 3 50 920 10 45 45 115 Cholecystectomy 3
Patient 4 48 700 1.0 3.0 3.0 127 Excision of pilonidal sinus =
Patient 5 56 82.0 05 4.0 20 8.7 Rt. dacrocystorhinostomy E
Patient 6 46 89.0 1.0 38 38 112 Ventral hemniorrhaphy =
Patient 7 23 710 0.7 75 53 9.7 Lt tympanomastoidectomy 2
Patient 8 27 56.0 0.6 53 32 86 Lt tympanomastoidectomy o
Patient 9 26 69.0 09 38 34 131 Fascia lata graft to It. fron- IV
talis muscle
Mean 439 752 41
=SE =56 =39 =05
P vs. halothane | >04 >02 >04
TasLE 2. Haloth Pati Preoperative and Operative Data
Preoperative Anesthesia Dose Asterial
Age Weight MAC x Time = (MAC Halothane
{Years) k) {Hous) Hours) (mg/100 ml) Operative Procedure
Patient 1 50 78.0 1.0 25 25 108 Ventral hemiomrhaphy
Patient 2 60 76.1 0.7 25 18 9.6 Skin graft It. heel
Patient 3 24 825 10 30 3.0 10.1 Lt inguinal hemiomrhaphy
Patient 4 31 702 14 5.0 70 122 Thoracotomy and rt. upper
lobectomy
Patient 5 58 850 1.0 73 73 1L7 Rt radical neck dissection
Patient 6 58 909 Lo 8.0 80 101 Esophagogastrectomy and
splenectomy
Mean 468 805 47
= SE =63 =3.0 =10
P s, isoflurane >0.4 >02 >0.4

tions of as much as 3.5 per cent. For
maintenance, the inspired concentration of the
anesthetic agent was reduced to achieve an
alveolar tration of approxi ly one
MAC, equal to 1.2 per cent for isoflurane and
0.7 per cent for halothane. Succinylcholine, 1
mg/kg, was administered intravenously to
facilitate endotracheal intubation, and d-
tubocurarine, 0.2-0.6 mg/kg, was administered
for surgical relaxation. Barbiturates and ni-
trous oxide were not administered. Intra-
anesthetic blood samples were obtained froma
radial artery to measure pH, Po,, Pco,, and
anesthetic concentration. Electrocardiogram,
esophageal temperature, pulse rate, and direct
radial arterial blood pressure were continu-
ously monitored.

Postoperatively, serum and urinary bio-
chemical measurements were made as
during the preoperative period. Serum inor-

ganic fluoride concentration was also meas-
ured at the termination of anesthesia and six
hours after anesthesia. In addition, 24 to 48
hours following operation all patients re-
ceived 2.5 units of vasopressin in oil, sub-
cutaneously; urine was collected every four
hours and osmolality determined in order to
luate uri rating ability.

No oral intake of food and fluids was
permitted while testing overnight urine-
concentrating ability or after midnight of the
night preceding surgery. Upon arrival in the
operating room, 15 mlkg body weight of a
solution consisting of 1 physiologic saline
solution and %5 5 per cent dextrose in water
was administered, intrav ly; this Ily
resulted in diuresis at a rate of 5-10 mVmin.
During maintenance of anesthesia in the
absence of surgical stimulation, while PAH
and inulin clearances were being deter-

e
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TABLE 3. Pre- and Postoperative Serum Values, Mean = SE

o

Urea S

Na* K Creatinine Nitrogen Uric Acid Osmelality F- 2

(mEqh | (mEaM [ (mg100md) | (me100mb | (me100mb | (mOsmiR) | (umoliR

Q

Isoflurane ]

Preoperative 139.3 4.26 1.01 14.9 5.81 287.1 22,

=0.8| =0.08 =0.06 =13 =0.37 =24 :0.15

Postoperative days 1-4 |139.0 4.11 0.97 113 4.81 284.2 ?.7§

=05| =0.09 =0.05 =18 =025 =19 =025

D

Halothane _ 2

Preoperative 140.6 444 1.03 156 571 285.9 285

08| =0.08 =0.03 =13 =023 =13 =0.5%

)

Postoperative days 1-4  |138.1 4.38 0.98 12.0 645 283.7 23§

=11] =015 +0.03 =05 =0.52 =24 =033

Q

P,* isoflurane vs. halothane { >0.1| >0.3 >05 >0.5 >0.4 >0.5 >0.IS

* Pr. hetic—p hetic diffe )

g

=

TABLE 4. Pre- and Postoperative Laboratory Data, Mean = SE g‘

O

Solute Excretion/24 Hours S

Creatinine Urine ©

Na* K Osmolality F- O F | Clearance | Weight | Volume=:

- (mEqQ) (mEq) (nOsm) (A0 M) | (mlMin &p) WDay) &

5

Isoflurane =Y

Preoperative 1487 73.0 697.1 435 07 1033 754 140 &

=138 =131 =84.6 =73 =02 =71 =3.9 =0.19 g

Postoperative days 1-2 2348 68.0 910.8 1953 13 1011 751 3.03 g

=25.5 =86 =762 =241 =03 =8.9 =41 =047 &

N

Halothane ®

Preoperative 1612 785 8758 548 13 86.0 8L4 223 &

=26.1 =92 =1135 =116 ':92 =93 =3.1 =053 g

Postoperative days 1-2 140.8 822 7733 372 138 91.3 81.1 220 8

=292 =113 =722 =62 =42 =94 =10 =040 8

'y

P,* isoflurane vs. halothane <0.05 >02 >02 <0.01 <0.01 >0.4 >02 <0.025 f

* Preanesthetic-postanesthetic differences. E

g

mined, a decrease in mean blood pressure of STATISTICAL METHODS S

10-30 mm Hg usually occurred. The greatest’
changes were observed in patients anes-
thetized with isoflurane. These patients were
treated by reducing the inspired anesthetic
concentration and by infusing an additional
one to two liters of intravenous fluids. All
measured intra- and postoperative fluid losses,
plus an additional 700 ml/day for insensible
fluid losses, were replaced with the above
or similar salt-containing intravenous solu-
tions untl patients were capable of oral
alimentation. Twenty mEq of KCl were
added to each liter of Auid administered in
the postoperative period.

Means of each preoperative variable were
determined for all patients anesthetized
with isoflurane and values were compared
with those obtained from all patients anes-
thetized with halothane. Mean preopera-
tive—postoperative differences for each
group were calculated and compared. Values
from only the first two postoperative days
were used for this calculation since almost
all patients were taking fluids orally by
the second postoperative day. Student’s t
test was used for statistical analysis. Because
this method of analysis may be relatively

%20z Iudy 21 uo 3senb Aq jpd-90000
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Fi1G. 1. Serum inorganic fluoride
(F-) concentrations prior to and 401
following isofl and haloth
anesthesia. There was a clinically 304
insignificant increase in serum F- =
concentration immediately follow- 2
ing isoflurane anesthesia (0 time), .
reaching a mean peak value of v
4.4 = 04 uM six hours later. For g 10
comparison, data from a previous 3 oo Isoflurane, n=9
clinical study'® in which patients re- s e— Halothane, n=6
ceived similar exposures to meth- I e Methoxyflurane, n=18
fi are also d. Mean ;
A - - 4 S Mean & SE

peak serum inorganic fluoride con- {'A‘\
centration following methoxy- N
furane was higher, 61 = 8 M/, and 3 T “:{‘
declined more slowly than with $ TwE
isoflurane. Note the change in scale 2 ) I/ SN
of the vertical axis. . 1

1

o Pre 4] 1 2 3 4 5 6

Anes

insensitive when changes occur in only a few
patients at higher dosage, dose-response
curves were also examined using regression
analysis. Anesthetic dosage was considered
to be the mean end-alveolar anesthetic con-
centration expressed as a fraction of MAC
times the duration of exposure.

Results

Preoperatively, the groups did not differ
significantly in any of the variables measured
(tables 1-4). The types and lengths of opera-
tions were also similar. Postoperatively,
significant differences between the groups
were restricted almost entirely to those vari-
ables which measured metabolism of anes-
thetic. Among patients anesthetized with
isoflurane there was an increase in serum
inorganic fluoride level at the end of anes-
thesia, with a mean peak postanesthetic value
of 4.4+ 04 uM/ attained six hours after
anesthesia (fig. 1). However, in no instance
was a value greater than 5.5 M/l measured.
Twenty-four hours after anesthesia, differ-

Days. Post Anesthesia

ences between the isoflurane and halothane
groups were no longer significant. There was
also an increase in postoperative 24-hour
urinary inorganic fluoride excretion (Ur-V)
among patients anesthetized with isoflurane
(195.3 = 24.1 uM/1) compared with those
anesthetized with halothane (37.2 % 6.2
uM/1) (table 4).9 When examined by regres-
sion analysis, the increase in Ur- Vwas seento
be dose-related (fig. 2). Organic fluoride excre-
tion was significantly greater in patients anes-
thetized with halothane (13.8 = 4.2 mM/day)
compared with isoflurane (1.3 = 0.3 m\/day)
and was dose-related for both agents (table 4,
fig. 3).

The only significant differences between
groups insofar as renal function was con-
cemed were in urinary volume and sodium
excretion (table 4), which were greater after
isoflurane approximately in proportion to the
greater intra-anesthetic intake of fluid and
sodium in the isoflurane group. There was no

9§ Fluoride excretion data from three patients in-
cluded in this study have been reported.!
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FiG. 2. Individual urinary inorganic fluoride
excretion (UF-V) values for the first two days

following i and haloth hesia plot-

ted against dosage, ex d in MAC

hnurs There  was a dose-related increase in UFV
T

only. For
sor, the xegmssmn line drawn from UF-V data
from a previous study™ with methoxyflurane is also
shown. UF-V was approximately ten times greater
Follaws, borofl than following isofl

anesthesia at similar anesthetic dosage:. Note the
change in scale of the vertical axis.

significant pre- to postanesthesia difference
in renal function variables within either
group except the increased urinary volume
following isoflurane. Regression analysis did
not reveal a significant correlation of dosage
with any renal function variable for either
agent. The responses to -vasopressin were
appropriate in both groups (fig. 4). In every
case maximum urinary osmolality equaled or
exceeded the preoperative value and was
greater than 600 mOsm/kg.

There was no difference between GFR’s in
the two groups prior to or during anesthesia
(table 5). RBF and GFR during isoflurane
anesthesia were 51 and 63 per cent of
preanesthetic values, respectively. During
halothane anesthesia GFR was 70 per cent of
control. Technical problems with PAH
analysis prevented this measurement in all
patients anesthetized with halothane and in
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three patients treated with isoflurane. Uri-
nary flow rate during isoflurane andg
halothane anesthesia were reduced to 34 and2
51 per cent of preanesthetic values, respec3
tively. However, mean intra-anesthetic uri-y

Discussion

€//:dny wouy

The administration of methoxyflurane and(,,
its subsequent metabolism to inorganichd
fluoride results in dose-related, polyunc,
vasopressin-resistant nephrotoxicity in man“‘
and animals.**® In man, serum morgamc%
fluoride levels of appmxxmately 50 p.\ill“
result in subtle defects in unne-concen!mhngo
ability, with more overt changes occurrings
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F16. 3. Indwldual unnary nrga.mc ﬂuonde excre-
tion values foll
anesthesia plotted agamst anesthehc dosage ex-
pressed in MAC houxs There were dose-related
ide excretion followmg
both" anesthehcs Five to ten times more organic
fluoride was recovered in the urine following
halothane than following isoflurane anesthesia.
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when inorganic fluoride levels are in the range
of 100 uM/NA5*® When inorganic fluoride
levels exceed 150 upM/l, permanent renal
damage may occur.’*

The present study demonstrates biotrans-
formation of isoflurane to inorganic fluoride,
but to such a small extent that inorganic
fluoride nephrotoxicity is unlikely. Peak
serum inorganic fluoride levels were below 6
M/, even after isoflurane exposures of
seven hours. This contrasts with peak serum
inorganic fluoride levels of 30-175 pM/
(mean 61 = 8 uM/, fig. 1) in our previous
study of surgical patients anesthetized with
methoxyflurane.®® Comparison of urinary ex-
cretion data from that study® and this indi-
cates that at similar anesthetic exposures
there was approximately ten times more
metabolism of methoxyflurane than isoflurane
to inorganic fluoride (fig. 2). Studies in
Fischer 344 rats indicate that methoxyflurane
is metabolized to inorganic fluoride approxi-
mately five times more than is isoflurane.?
The data of Dobkin et al.!! agree with the
finding of minimal metabolism of isoflurane
in surgical patients. In a series of 189 patients
anesthetized with isoflurane for a mean dura-
tion of 178 minutes, they found a mean serum
inorganic fluoride level at the end of anesthesia
of 3.6 uM/l, with 12 M/l the greatest in-
dividual value observed.

The relatively great extent of halothane
metabolism to organic fluoride!? is confirmed
by the present study. Halothane metabolism
was dose-related, with approximately five to
ten times more organic fluoride found in the
urine after its administration than after
isoflurane’s (fig. 3). The principal organic
fluoride metabolite of both drugs is
trifluoroacetic acid.? )

Also of interest was the rapidity with which
serum inorganic fluoride levels retumned to
preanesthetic values after isofl anes-
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was administered 24-48 hours after anesthesia.
There was no difference between the two groups
in urine-concentrating ability. In all cases urinary
osmolahty was greater than 600 mOsmIkg and

d the p ic value ob-
tained from the overnight urine-concentration test.

the blood is probably of little clinical sig-
nificance.

Results of renal function studies support
the conclusion that may be drawn from the
metabolism data, that is, under the conditions
of the present study, isoflurane administra-
tion does not result in inorganic fluoride

h icity. The ab e of postoperative
hypematremxa, serum hyperosmolality, in-

thesia, compared with the slow retum to
baseline levels after methoxyflurane (fig. 1).
This probably relates to methoxyflurane’s
greater solubility in all tissues and therefore
its longer availability for postoperative
metabolism. This would be a factor in
isoflurane’s toxicity were inorganic fluoride
levels higher following its administration. As
it is, the rapid removal of isoflurane from

d serum creatinine and BUN, and
excessive weight loss is strong evidence that
postoperative renal function was normal.
Definitive evidence thata urine-concentrating
defect was not present is found in the
normal response to vasopressin®® (fig. 4).
The finding of normal renal function is in
agreement with the results of previous
studies. There was no increase in BUN or
serum creatinine in surgical patients in the
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TABLE 5. Renal Blood Flow (CPasi) and Glomerular 2. Cousms M], Mazze RI, Barr GA: A comparison

" Filtration Ra!ev(Cln), Mean = SE

of the renal effects of isoflurane andJ
fi in Fischer 344 rats. ANESi

Filtration | Urine
Cran® Cm* Fraction Flow
{mlMin} | (ml\Min} | (Per Cent) | (mlN\Min)
Isoflurane
Pre- 4768 880 21 97
anesthesia =494 =8.6 =4 =06
) @ ) @
Intra- . 2433 55.7 25 33
anesthesia =498 =45 EX =07
) @ 4 @
Halothane
Pre- — 96.0 — 75
anesthesia =142 =18
5} &)
Intra- — 66.8 — 38
anesthesia =64 =09
(5) (&)

* Corrected to body surface area of 1.73 m™.
1 ( ) = number of observations.

report of Dobkin et al. noted above.’* Also,
Fischer 344 rats, an animal strain sensitive to
the nephrotoxic effects of inorganic fluoride,
showed no renal biochemical or morphologic
evidence of toxicity following exposure to
isoflurane at 1 MAC for as long as ten hours2

Both isoflurane and halothane were as-
sociated with mild to moderate decreases in
intra-anesthetic RBF, GFR, and urinary flow
rate (table 5). These decreases in intra-
anesthetic renal hemodynamics and function
are similar in magnitude to decreases found
with other agents when hydration was
maintained.’s! Intraoperative changes in
renal function are usually transient. In this
study, GFR on postanesthesia day 1, as
measured by creatinine clearance, was un-
thetic

THESIOLOGY 38:557-563, 1973

3. Byles PH, Dobkin AB, ]ones DB: Forane
(Componnd 469): 3. Comparative effects ofy
prolonged anaesthesia on mature beagle™
dogs and young rthesus monkeys. Cang
Anaesth Soc J 18:397-407, 1971

4. Mazze RI, Shue GL, Jacl:son SH: Renal dys-»-»
funchon i with

Y w

s 1
cal evaluation. JAMA 216:278-288, 1971
5. MmeRI Cousms MJ, Kosek]C Dose~related'°
icity in rats: A—
and path correlation. ® “‘
ANESTHESIOLOGY 36:571-587, 1972
6. Crandell WB, Pappas SG, Mt;edanaldA.Neph—m

hiochemical 1

anesthesm. ANESTHESIOLOGY 27:591-607, 3
1966 Iy

o
7. Taves DR, Fry BW, Freeman RB, et al:3
Toxicity following methoxyflurane anes-%
thesia. II. Fluoride concentration in neph-
rotoxicity. JAMA 214:91-95, 1970
8. Mazze RI, Trudell JR, Cousins M]J: Meth~
oxyﬂur.me metabolism and renal dysfunchon.
Clinical correlation in man. ANESTHESIOLOGY S )
35:247-252, 1971
9. Mazze RI, Cousins M], Kosek JC: Stram“’
diffe in an -hlllty a
to the h ic effects of meth
in rats. J Pharmacol Exp Ther 184:481-488,
1973
10. Cousins MJ, Mazze RI: Methoxyflurane neph-
rotoxicity: A study of dose-response in
man. JAMA 225:1611-1616, 1973
. Dobkin AB, Kim D, Choi JK, et al: Blood
serum fluoride levels with enflurane
(Ethrane) and isoflurane (Forane) anaes-
thesia during and following major abdominal
surgery. Can Anaesth Soc ] 20:494-498,
1973
12. Rehder K, Forbes J, Alter H, et al: Halothane
biotransformation in man: A quantitative
study. ANESTHESIOLOGY 28:711-715, 1967
13. Gullick HD, Raisz LG: Changes in renal
ing ability iated with major

changed when compared with |
values (table 4).

In summary, isoflurane is minimally
metabolized to inorganic fluoride in man.
Postoperative renal dysfunction did not
occur; intraoperative changes in renal func-
tion were similar to those seen with other
agents.
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