These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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NDA 20-478 Rockville MD 20857
JUN 7 1905

Abbott Hospital Products Division

Abbott Laboratories i

D-389, Bldg. AP30

200 Abbott Park Road

Abbott Park, Illinois 60064-3537

Attention: Mr. Frederick A. Gustafson
Director, Regulatory Affairs

Dear Mr. Gustafson:

Please refer to your July 8, 1994, new drug application submitted under section 505(b) of the
Federal Food, Drug, and Cosmetic Act for Ultane (sevoflurane) Volatile Liquid for
Inhalation, 250 mL.

We acknowledge receipt of 28 amendments listed (see enclosed list).

This new drug application provides for the use of Ultane in the induction and maintenance of
general anesthesia in adult and pediatric patients for inpatient and outpatient surgery.

We have completed the review of this application including the submitted draft labeling and
have concluded that adequate information has been presented to demonstrate that the drug
product is safe and effective for use as recommended in the enclosed draft labeling.
Accordingly, the application is approved effective on the date of this letter.

The final printed labeling (FPL) must be identical to the enclosed marked-up draft labeling.
Marketing the product with FPL that is not identical to this marked-up draft labeling may
render the product misbranded and an unapproved new drug.

Please submit fifteen copies of the FPL as soon as it is avaiiable, in no case more than 30
days after it is printed. Please individually mount ten of the copies on heavy-weight paper or
similar material. For administrative purposes, this submission should be designated "FINAL
PRINTED? LABELING" for approved NDA 20-478. Approval of this labeling by FDA is
not required before it is used.

Should additional information relating to the safety and effectiveness of the drug become
available, revision of that labeling may be required.

Food and Drug Administration
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In addition, please submit three copies of the introductory promotions! matesial that you
propose to use for this product. All proposed materials should be submitted in draft or
mock-up form, not final print. Please send one copy to the Pilot Drug Evaluation Staff and
two copies of both the promotional matenal and the package insert directly to:

Food and Drug Administration

Division of Drug Marketing, Advurtising, and Communications, HF-240
5600 Fishers Lane

Rockville, Maryland 20857

Validation of the regulatory methods has not been completed. At the present time, it is the
policy of the Center not to withhold approval because the methods are being validated.
Nevertheless, we expect your continued cooperation to resolve any deficiencies that may
be identified.

We also acknowledge your March 21, 1995 letter, which included the following Phase 4
commitments:

1. To perform a non-human primate study to develop additional information on
Compound A.

2. To evaluate the effect of sevoflurane in patients with renal insufficiency.

3. To evaluate the effect of sevoflurane when used in a low flow
( < 2 liters/mmnute) system.

Please submit protocols for these studies as soon as possible. We encourage you to consult with
our Division of Biopharmaceutics on the design of the protocol for the study of renally-impaired
patients. The original copy of the Phase 4 study protocols and reports should be submitted to
this division, with a copy to the Division of Drug Information Resources, HFD-80. Since that
divisior: is responsible for tracking Phase 4 studies, a copy of all future communications
regarding the Phase 4 studies should also be sent to them.

Please submit one market package of the drug product when it is available.

Under section 736(a)(1)(B)(ii) of the Prescription Drug User Fee Act of 1992, this letter
triggers the remaining 50% of the fee assessed for this application. Within the next morth, you
will receive an invoice for the amount due. Payment will be due within 30 days of the date of
the invoice.
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We remind you that you must comply with the requirements for an approved NDA set forth
under 21 CFR 314.80 and 314.81.

If you have any questions, please contact Millie Wright, Project Manager
at \301) 443-3741. .

Sincerely yours,

Review Team

Pilot Drug Evaluation Staff, HFD-007
Office of Drug Evaluation ;1

Center for Drug Evaluation and Research

RS T e dedrd e
Robert F. Bedford, M.D. Hoi M. Leung, Ph.D.
Acting Director Statistician

m‘lé,ﬂ\M/ . oLivor éf«ziéz)

Anwar Goheer, Ph.D. Almon Coulter, Ph.D.

Pharmacologist Parmacologist
/.;uanita Ross, M.S. Peter Lockwood, M.S.

Chemist Pharmcokineticist

ENCLOSURES (2): List of Amendments
Draft Labeling
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(sevoflurane)
volatile liquid for inhalation.

DESCRIPTION

ULTANE™ (sevoflurane), Volatile Liquid for Inhalation, a nonflammable and nonexplosive liquid administered
by vaporization, is a halogenated general inhalation anesthetic drug. Sevoflurane is fluoromethyl 2,2,2,-trifluoro-
1-(trifluoromethyl) ethyl ether and its structural formula is:

FC
3\
H-C —OCH2 F
/
F3C

Sevofturane Physical Constants are:

Molecular weight 200.05

Boiling Point at 760 mm Hg 58.6°C

Specific gravity at 20°C . 1.520 - 1,525

Vapor pressure in mm Hg 157 mm Hg at 20 °C
197 mm Hg at 25 °C
317 mm Hg at 36 °C

Distribution Partition Coeflicients at 37 °C:

Blood/Gas 0.63 - 0.69
Water/Gas 0.36

QOlive Oil/Gas 47 - 54
Brain/Gas 1.15

Mecun Corponent/Gas Partition Coefficients at 25 °C for polymers uscd commonly in medical applications:

Conductive rubber 14.0
Buty! rubber 17
Polyvinyi chloride 17.4

Polyethylene 1.3



Sevoflurane is nonflammable and nonexplosive as defined by the requirements of Intemational
Electrotechnical Commission 601-2-i3.

Sevoflurane is a ciear, coloriess, stable liqrid containing no additives or chemical stabilizers. Sevoflurane
is nonpungent. It is auscible with ethanol, ether, chloroform and petroleum benzene, and it is slightly
soluble in water. Sevoflurane is stable when stored under normal room lighting conditions according to
instractions.

Sevoflurane is chemically stable. No discerible degradatjon occurs in the presence of strong acids or heat.
The only known degradatiun reaction in the clinical setting is through direct contact with CO7 absorbents
(soda lime and Baralyme®) producing pentafluoroisopropenyl fluoromethyl ether, (PIFE, C4HF¢0), also
known as Compound A, and trace amounts of pentafluoromethoxy isopropyl fluoromethyl (PMFE,
C5HgFg0), also known as Compound B.

The production of degradants in the anesthesia circuit results from the extraction of the acidic proton in the
presence of a strong base (KOH and/or NaOH) forming an alkene (Compound A) from sevoflurane similar
to formation of 2-bromo-~Z-chloro-1,1-difluoro ethylene (BCDFE) from halothane. Baralyme® causes
more production of Compound A than does soda lime. Laboratory simulations have shown that the
concentration of these degradants are inversely correlated with the fresh gas flow rate (See Figure 1).

Figure 1: Fresh Gas Flow Rate versus Compound A levels in a Circle Absorber System
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Sevoflurane degradation in soda lime has been shown to increase with temperature. Since the reaction of
carbon dioxide with absorbents is exothermic, this temperature increase will be determined by quantities of
CO; absorbed, which in turn will depend on fresh gas flow in the anesthesia circle system, metabolic status
of the patient, and ventifzation. The relationship of temperature produced by varying levels of CO; and

Compound A production is illustrated in the following in-vitro simulation where CO2 was added to a circle

absorber system, ~ i f
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Figure 2: Carbon Dioxide Flow Versus Compound A and Maximum>
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Compound A has been shown to be nephrotoxic in rats after exposures ihat have varied in duration from
one to three hours. No histopathologic change was seen at a concentration of up to 270 ppm for one hour.
Sporadic single cell necrosis of proximal tubule cells has been reported at a concentration of 114 ppm after
a 3-hour exposure to Compound A in rats. The LCs, reported at 1 hour is 1050-1090 ppm (male-female)
and, at 3 hours, 350-490 ppm (male-female).



At a fresh gas flow rate of 1 L/min, mean maximum concentrations of Compound A in the ancsthesia
circuit in clinical settings are approximately 20 ppm (0.002%) with soda lime and 30 ppm (0.003%) with
Baralyme® int adult patients; mean maximum concentrations in pediatric patients with soda lime are about
half those found in adults. The highest concentration observed in a single patient with Baralyme® was 61
ppm (0.0061%) and 32 ppm (0.0032%) with soda lime. The concentrations of Compound A measured in
the anesthesia circut when sevoflurane is used clinically are ot known to be deleterious to humans.

Sevoflurane is not corresive to stainless steel, brass, aluminum, nickel-plated brass, chirome-plated brass or
copper beryllium, o M\QLS @&_’r\ L Ct ‘},
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Sevoflurane is an inhalational anestheiic agent for use in induction and maintenance of general anesthesti.
Minimum alveolar concentration (MAC) of sevoflurane in oxygea for a 40 year old aduit is 2.1%. The
MAC of sevoflurane decreases with age. (See DOSAGE AND ADMINISTRATION for details).
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Pharmacokinetics
Uptake and distribution

Solubility
Because of the low solubility of sevoflurane in blood (blood/gas partition coefficient @ 37°C = 0.63-0.69),

a minimal amount of sevoflurane is required to be dissolved in the blood before the alveolar partial pressure
is in equilibrivin with the arterial partial pressure. Therefore there is a rapid rate of increas: in the alveolar
(end-tidal) concentration (Fa) toward the inspired concentration (F;) duning induction.

Induction of anesthesia

In a study in which seven healthy male volunteers were administered 70%N;0/30%0, for 30 minutes
followed by 1.0% sevoflurane and 0.6% isofturane for another 30 minutes the F/ F, ratio was greater for
sevof urane than isoflurane at ail time points. The time for the concentration in the alveoli to reach 50% of
the inspired concentration was 4-8 minutes for isoflurane and approximately 1 minute for sevoflurane.

FAF; data from this study were compared with Fo/ F; data of other halogenated anesthetic agents from
another study. When all data were normalized to isoflurane, the uptake and disiribution of sevoflurane was
shown to be faster than isoflurane and halothane, but slower than desflurane. The results are depicted in

Figued PG dmau
Recovery from anesthesia

The low solubility of sevoflurane facilitates rapid elimination via the lungs. The rate of elimination is
quantified as the rate of change of the alveolar (end-tidal) concentration following ter nination of anesthesia
(Fa), relative to the last alveolar concentration (Fa,) measured immediately before discontinvance of the
anesthetic. In the healthy volunteer study described above, rate of elimination of sevotlurane was similar
compared with desflurane, but faster compared with either halothane or isoflurane. These results are
depicted in Figure 4.

Vies<Spll



Figure 3. Ratio of concentration of ancsthetic Figure 4. Coancentration of anesthetic
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Yasuda N, Lockhart S, Eger El II, et al: Comparison of kinetics of sevoflurane and isoflurane in humans.
Anesth Analg 72:316, 1991.

Protein binding

The effects of sevoflurane on the displacement of drugs from serum and tissue proteins have not been
investigated. Other flucrinated volatile anesthetics have been shown to displace drugs from serum and
tissue proteins in vitro. The clinical significance of this is unknown. Clinical studies have shown no
untoward effects when sevoflurane is administered to patients taking drugs that are highlv bound and have
a smalf volume of distribution (e.g., phenytoin).



Metabolism

Sevoflurane is metabaolized by cytochrome P450 2EIL, to hexafluorcisopropanol (HFIP) with release of
inorganic fluoride and CO,. Once formed, HFIP is rapidly conjugated with glucuronic acid and climinated
as a uriaary metabolite. No other metabolic pathways for sevoflurane have been identified In vivo
metabolism studies suggest that approximately 5% of the sevoflurane dose may be metabolized.

Cytochrome P450 2E] is the principal isoform identified for sevoflurane metabolism and this may be
induced by chronic exposure to isoniazide and ethanol. This is similar to the metabolism of isoflurane and
enflurane and is distinct from that of methoxyflurane which is metabolized via a varnety of cytochrome
P450 isoforms. The metabolism of sevoflurane is not inducible by barbiturates. As shown in Figure S,
inorganic fluoride concentrations peak within 2 hours of the end of sevoflurane anesthesia and retumn to
baseline concentrations within 48 hours post-anesthesia in the majority of cases (67 %). The rapid and
extensive pulmonary ¢limination of sevoflurane minimizes the amount of anesthetic available for
metabolism.



Figure 5
Serum inorganic fluoride concentrations for sevofiurane and other volatile anesthetics

0y — 33—~ Methoxyfurane n=18
T = = & - - Sevoflurone n= 21
- ‘ w—rl~— Enfuraie n=9
60 } 1 ’
- - O - - lsofiurane n=9
~—i— Halothane n=6 J

% w4
»
=l
5
3
[
f )
w
20 4
10 +
0+ + + } —ig:_—'- = °. + +
Rre- 0 1 2 3 4 5 6
Anesth. R
Days Post Anesthesia

Cousins M.]., Greenstein L.R., Hitt B.A., et al: Mectabolism and renal effects of enflurane in man.
Anesthesiology 44:44; 1976 and Sevo-93-044. A

Legend: Pre Anes. = Pre-anesthesia - ) , J ~

L d




Up to 3.5% of the sevoflurane dose appears in the urine as inorganic fluoride. Studies on fluoride indicate

that up to 50% of fluoride c!zarance is nonrenal (via fluoride being taken up: into bone).

Pharmacokinetics of fluoride ion .

Fluoride ion concentrations are influenced by the duration of anesthesia, the concentration of sevoflurane
administered, and the composition of the anesthetic gas mixture. In studies where anesthesia was
maintained purely with sevoflurane for periods ranging from 1 to 6 hours, peak fluoride concentrations
ranged between 12pM and 90uM. As shown in Figure 6, peak concentrations occur within 2 hours of the
end of anesthesia and are less than 25uM (475ng/mL) for the majority of the population after 10 hours.
The half life is in the range of 15-23 hours.

It has been reported that following administration of methoxyflurane, serum inorganic fluoride
concentrations > 50 M were correlated with the development of vasopressin-resistant, polyuric, renal
failure. In clinical trials with sevoflurane, there were no reports of toxicity associated with elevated fluoride
ion levels.

Figure 6: Fluoride ion concentrations following administration of sevoflurane
(mean MAC = 1.27, mean duration = 2.06 hr)
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l'"uondc eoncamauons have measured aﬁersmglcm)ded, and repeat exposure to sevoflurane in
normal surgical and special patient populations, and pharmacokinetic paiameters were determined.

Compared with healthy individuals, the fluoride ion half-life was prolonged in patients with ren
impairment, but not in the elderly. A study in 8 patients with hepatic impairment suggests a slight
prolongation of the half-life. The mean half-life in patients with renal impairment averaged
approximately 33 hours (range 21-61 hours) as compared 0 a mean of approximately 21 hours
(rangze 10-48) in normal healthy individuals. The mean half-life in the elderly (> 65 years)
approximated 24 hours (range 18-72 hours). The mean half-life in individuals with hepatic impairment
was 23 hours (range 1647 hours). Mecan maximal fluonde values (Cmax) determined in individual
studies of special populations are displayed below.

Table 1. Fluoride ion estir.iates in special populations
following administration of sevoflurane

Age Duration of Dose Cmanx
anesthesia
PEDIATRIC PATIENTS s Om () (MAC-h® M)
Anesthetic

Sevoflurane-O, 76 0-11 0.8 1.1 12.6
ngoﬂum-oz 40 1-11 2.2 3.0 16.0
Sevoflurane/N0 25 513 1.9 2.4 21.3
scvoﬂu“ndnzo 40 "] 1 2.0 2.6 :5-5
ELDERLY 33 65-93 2.6 1.4 25.6
RENAL 21 29-83 2.5 1.0 26.1
HEPATIC 8 42-79 3.6 2.2 30.¢
OBESE 35 24-73 3.0 1.7 38.0

n = number of patients studied
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TABLE 3: RECOVERY VARIABLES FOR EVALUABLE ADULT PATIENTS IN
TWO COMPARATIVE STUDIES: SEVOFLURANE VERSUS ISOFLURANE

Sevoflurane Isoflurane
Time to parameter; (min) Mear: + SEM Mean + SEM

Emergence 7.7+03 91+03
(n=395) (n=348)

Response to command 81+03 97+0.3
(n=395) (n=345)

First analgesia 427430 529+42
(n=269) (n=228)

Eligible for recovery discharge 876+53 79.1+5.2
{n=244) {n=252)

n = number of patients with recording of recovery events. @_\m

TABLE 4: META-ANALYSES OF INDUCTION AND EMERGENCE YARIABLES FOR EVALUABLE
ADULT PATIENTS IN COMPARATIVE STUDIES:

SEVOFLURANE VERSUS PROPOFOL N 0 N3
AR
Parameter No. of Studies Sevoflurane v Propofol
' Mean + SE Mean + SEM
Mean maintenance anesthetic exposure + SD 3 1.0 MAC-hr"+0.8 7.2 mg/kg/hr +2.6
(n=259) (n=258)
Time to induction (min) 1 3.140.18* 2.2+0.18%*
(n=93) (n=93)
Time to emergence (min) 3 £.6+0.57 11.0+0.57
{n=255) (n=260)
Time to response to command (min) 3 9.9+0.60 12.1+0.60
(n=257) {n=260)
Time to first analgesia (min) 3 43.8+3.79 57.9+3.68
(n=177) (n=179)
Time to eligibility for recovery 3 116.0+4.15 115.6+3.98
discharge (min) {n=257) {(n=261)

*Propofol induction of one sevoflurane group = mean of 178.8mg +72.5 SD (n=165)
**Propofo! induction of all propefol groups = mean of 170.2mg +60.6 SD (n=245)

n = number of patienis with recording of evenis



Cardiovascular Effects

Sevoflurane was studied in 14 healthy volunteers (18-35 years old) comparing sevoflurane-03 (Sevo/07)
to sevoflurane-N20/02 (Sevo/N20/072) during 7 hours of anesthesia. During controlled ventilation,
parameters measured are shown in figures 7-10:

Figure 7: HEART RATE Figure 8: MEAN ARTERIAL PRESSURE
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A study investigating the epinephrine induced arrhythmogenic effect of sevoflurane versus isoflurane in
adult patients undergoing transsphenoidal hypophysectomy demonstrated that the threshold dose of
epinephrine (i.c., the dose at which the first sign of arrhythmia was observed) producing multiple
ventricular arrhythmias was 5 mcg/kg with both sevoflurane and isoflurane. Consequently, the interaction
of sevoflurane with epincphrine appears to be equal to that seea with isoflurane.

12



Clinical Trials

Sevoflurane was administered to a total of 3185 patients. The types of patients are summarized as follows:

TABLE 5: PATENTS RECEIVING SEVOFLURANE IN CLINICAL TRIALS

TYPE OF PATIENTS ER STUDIED
Adult . 2223
Cesarean Delivery 29
Cardicvascular and patients at risk of 246
myocardial ischemia
Neurosurgical 22
Hepatic impairment 8
Renal impairment 35
Pediatric 962

Clinical experience with these patients is described below.

Adult Anesthesia

The efficacy of sevoflurane in comparison to isoflurane, enflurane, and propofol was investigated in 3
outpatient and 25 inpatient studies involving 3591 adult patients. Sevoflurane was found to be comparable
to isoflurane, enflurane, and propofol for the maintenance of anesthesia in adult patients. Patients
admuristered sevoflurane showed shorter times (statistically significant) to some recovery events
(extubation, response 10 command, and orientation) than patients who received isoflurane or propofol.

Mask Induction

Sevoflurane has a non-pungent odor and does not cause respiratory irmitability. Sevoflurane is suitable for
mask induction in adults. In 196 patients, mask induction was smooth and rapid with complications
occuning with the following frequencies: cough, 6%: breathholding, 6%; agitation, 6%; laryngospasm, 5%.

13



Ambulatory Surgery
Sevoflurane was compared to isoflurane and propofol for maintenance of anesthesia supplemented with NyOin
two studies involving 786 adult (18-84 years of age) ASA Class I, I1, or III patients. Shorter times to emergence

and response 1o commands (statistically significant) were observed with sevoflurane compared to isoflurane and
propofol.

TABLE 6: RECOVERY PARAMETERS IN TWO OUTPATIENT SURGERY STUDIES:

LEAST SQUARES MEAN +SEM
Mean maintenance 0.64 +0.03 0.66 + 0.03 08+05 73423
ansthesia exposure+SD MAC-hr MACHr MAC-hr mg/kg/hr
(1r=245) (n=249) {n=166) {n=166)
Time 1o etmergence (min) 82 0.4 9,310 83+07 10.440.7
n = 246) (n=251) =137) (@=142)
Time Lo responsd (o commands (min) 2.5+ 04 9.8+04 81207 1.5+0.7
(n=246) (n=248) {n=139) (n=143)
Time to first analges:a (min) 459147 $9.1£ 6.0 461454 60047
(n=160) {n=252) (n=23) {n=88)
Time to eligbility for discharge from 876153 1252 105.1+3.8 105.1+3.7
recovery area (min) (n=244) (n=252) (n=13%) (n=143)

n = number of paiients with recording of recovery events

Inpatient Suigery :

Sevoflurane was compared to isoflurane and propofol for maintenance of anesthesia supplemented with
N;O in two multicenter studies involving 741 adult ASA Class I, IL, or IIT (18-92 years of age) patients.
Shorter times to emergence, command response, and first post-anesthesia analgesia (statistically
significant) were observed with sevoflurane compared to isoflurane and propofol.

TABLE 7: KECOVERY PARAMETERS IN TWO INPATIENT SURGERY STUDIES:

LEAST SQUARES MEAN +SEM
Sevoflurane™;0  Isoflurane/ N;O Sevoflurane/ N Propafplf NO

Mean maintenance 1.27 MAC-hr 138 MAChr 1.43 MAC-ir 7.0 mg/kg/he
anesthetic exposure +SD +0.05 +0.06 +054 +29

{n=271) (n=282) (n»93) (n=92)
Time to emergence (min) 110206 164106 Bt 1324 1.2

(n=270) (n=281) (n~92) (=%2)
Time to respond to commands (min) 128107 184107 11.0£).20 14.4%1.21

{n=270) (n=281) (n=92) (n=91)
Time to first analgesia (min) 46.113.0 554132 378433 492433

(n=233) {n=242) (n=82) (n=79)
Time to eligibility for discharge from 139.2+15¢ 1659+ 163 1484189 141 4189
recovery area (min) (n=268) (n=282) {n=92) (n=92)

n = number of patients with recording of recovery events

14



Pediatric Anesthesia

The concentration of sevoflurane required for maintenance of general ancsthesia is age-dependent (see
DOSAGE AND ADMINISTRATION). Sevoflurane or halothane was used to ancsthetize 1588 pediatric
paticnts aged I day to 18 years, and ASA physica! status I or II (927 sevoflurane, 661 halothane). In one
study involving 90 infants and children, there were no clinically significant decreases in heart rate
compared to awake values at | MAC. Systolic blood pressure decreased 15-20% in comparison to awake
values following administration of 1 MAC scvoflurane; however, clinically significant hypotension
requiring immediate intervention did not occur. Overali incidences of bradycardia {more than 20 beats/min
lower than normal (80 beats/min)] in comparative studies ‘were 3% for sevofiurane and 7% for halothane.
Patients who received sevoflurane had slightly faster emergence times (12 vs 19 r1inutes), and a higher
incidence of post-anesthesia agitation {14% vs 10%).

Mask Induction
Sevoflurane has a non-pungent odor and is suitable for mask induction in children. In controlled pediatric

studies in which mask induction was performed, the incidence of induction eveuts is shown below
(See ADVERSE REACTIONS: Possibly/Probably Causally Related):

Table 8: Incidence of Pediatric Induction Events

Sevoflurare  Halothane
(n=836) (n=660)

Agitation 14% 11%
Cough 6% 10%
Breath holding 5% 6%
Secretions 3% 3%
Laryngospasm 2% 2%
Bronchospasm <1% 0%

n =number of patients

Ambulatory Surgery
Sevoflurane (n=518) was compared to halothane (n=382) for the maintenance of anesthesia in pediatric

outpatients. All patients received N0 and many received fentanyl, midazolam, bupivacaine, or lidocaine.
The time to eligibility for discharge frem post-anesthesia care units was simiiar between agents (see
CLINICAL PHARMACOLOGY and ADVERSE REACTIONS).

:5



Cardiovascular Surgery

Coronary Artery Bypass Graft (CABG) Surgery

Sevoflurane was compared to isofluranc as an adjunct with opioids in a multicenter study of 273 patients
undergoing CABG surgery. Anesthesia was induced with midazolam (0.1 - 0.3 mg/kg), vecuronium (0.1 -
0.2 mg/kg), and fentanyl (5 - 15 mcg/kg). Both isoflurane and sevoflurane were administered at loss of
consciousness in doses of 1.0 MAC and titrated until the beginning of cardiopulmonary bypassto a
maximum of 2.0 MAC. The total dose of fentanyl did not exceed 25 mcg/kg. The average MAC dose was
0.49 for sevoflurane and 0.53 for isoflurane. There were no significant differences in hemodynamics,
cardioactive drug use, or ischemia incidence between the two groups. Outcome was also equivalent. Ia
this small multicenter study, sevoflurane appears to be as effective and as rafe as isoflurane for
supplementation of opioid anesthesia for coronary bypass grafling.

n-Cardiac Su Pati Risk for rdial Ischemi
Sevoflurane-N>O was compared to isoflurane-N;O for maintenance of anesthesia in a muiticenter study in
214 patients, age 40-87 years who were at mild-to-moderate risk for myocardial ischemia and were
undergoing elective non-cardiac surgery. Forty-six percent (46%) of the operations were cardicvascular,
with the remainder evenly divided between gastrointestinal and musculoskeletal and small numbers of other
surgical procedures. The average duration of surgery was less than 2 hours. Anesthesia induction usually
was performed with thiopental (2-5 mg/kg) and fentanyl (1-5 mcg/kg). Vecuronium (0.1-0.2 mg/kg) was
also administered to facilitate intubation, muscle relaxation, or immobility during surgery. The average
MAC dose was 0.49 for both anesthetics. There was no significant difference between the anesthetic
regimens for intraoperative hemodynamics, cardioactive drug use, or ischemic incidents, although only 83
patients in the sevofluraie group and 85 patients in the isoflurane group were successfully menitored for
ischemia. The outcome was also equivalent in terms of adverse events, death, and postoperative
myocardial infarction. Within the limits of this small multicenter study in patients at mild-to-moderate nsk
for myocard:al ischemia, sevoflurane was a satisfactory equivalent to isoflurane in providing suppiemental
inhalation anesthesia to intravenous drugs.

Cesarean Section

Sevoflurane (n=29) was compared to isoflurane (n=27) in ASA Class I or II patients for the maintenance of
anesthesia during cesarean section. Newbom evaluations and recovery events were recorded. With both
anesthetics, Apgar scores averaged 8 and 9 at 1 and 5 minutes respectively.

Use of sevoflurane as part of general anesthesia for elective cesarean section produced no untoward effects
in mother or neonate. Sevoflurane and isoflurane demonstrated equivalent recovery characteristics. Thers
was no difference between sevoflurane and isoflurane with regard to the effect on the newborn, as assessed
by Apgar Score and Neurological and Adaptive Capacity Score (average=29.5). The safety of sevoflurane
in labor and vaginal delivery has not been evaluated.

Neurosurgery

Three studies compared sevoflurane to isoflurane for maintenance of anesthesia during neurosurgical
procedures. In a study of 20 patients, there was no difference between sevoflurane and isoflurane with
regard to recovery from anesthesia. In 2 studies, a total of 22 patients with intracranial pressure (ICP)
monitors received cither sevofluranc or isoflurane. Therc was no difference between sevoflurane and
isoflurane with regard to ICP response to inhalation of 0.5, 1.0, and 1.5 MAC inspired concentrations of
volatile agent during N>0-0,-fentanyl anesthesia. During progressive hyperventilation from PaCO; = 40
to PaCO; = 30, ICP response to hypocarbia was preserved with sevoflurane at both 0.5 and 1.0 MAC
concentrations. Ir patients at risk for elevations of ICP, sevoflurane should be administered cautiously in
conjunction with ICP-reducing maneuvers such as hyperventilation.
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Hepatic Impsirment

A multicenter study (2 sites) compared the safety of sevoflurane and isoflurane in 16 patients with mild-to-
moderate hepatic impairment utilizing the lidocaine MEGX assay for assessment of hepatocellular function.
Al patients received intravenous propofol (1-3 mg/kg) or thiopenta! (2-7 mg/kg) for induction and
succinylcholine, vecuronium, or atracurium for intubation. Sevoflurane or isoflurane was administered in
either 100% O or up to 70% N0/07. Neither drug sdversely affected hepatic function. No serum
inorganic fluoride level exceeded 45uM/L, but sevoflurane patients had prolonged terminal disposition of
fluoride, as evidenced by louger inorganic fluoride half-life than patients with normal hepatic function (23
hours vs 1048 hours). ‘

Renal Impairment

Sevoflurane was evaluated in renally impaired patients with baseline serum creatinine >1.5 nig/dL..
Fourteen patients who received sevoflurane were compared with 12 patients who received isoflurane. In
another study, 21 patients who received sevoflurane were compared with 20 patients who reccived
enflurane. Creatinine levels increased in 7% of patients who received sevofturane, 8% of patients who
received isoflurane, and 10% of patients who received enflurane. Because of the small number of patients
with renal insufficiency (baseline serum creatinine greater than 1.5 mg/dL) studied, the safety of
sevoflurane administration in this group has not yet been fully established. Therefore, sevofiurane should
be used with caution in patients with renal insufficiency.

INDICATIONS AND USAGE

Sevoflurane is indicated for induction and maintenance of general anesthesia in adult and pediatric patients
for inps ti~nt and outpatient surgery.

CONTRAINDICATIONS
Sevoflurane can cause malignant hyperthermia; it should not be used in patients with known history of
sensitivity o sevoflurane or to other halogenated agents,

WARNINGS

Sevoflurane should be administered only by persons trained in the administration of general anesthesia.
Facilities fo; mainten-ince of a patent airway, artificial ventilation, oxygen enrichment, and circulatory
resuscitation must be iramediately available. Since levels of anesthesia may be altered rapidly, only
vaporizers producing predictable concentrations of sevoflurane should be used.

Compound A is produced when sevoflurane interacts with soda lime and Baralyme® (See
DESCRIPTION). Its concentration in a circle absorber system increases with increasing absorber
temperature and increasing sevoflurane concentrations and with decreasing fresh gas flow rates. Although
Compound A is a dost-dependent nephrotoxin in rats, the mechanism of this renal toxicity is unknown and
has not been established in humans. Because of limited clinical experience with sevoflurane in low-flow
systems, fresh gas flow rates below 2 L/min in a circle absorber system are not recommended.

Because clinical experience in administering sevoflurane to patients with renal insufficiency (creatinine
>1.5 mg/dL) is limited, its safety in these patients has not been established.
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Malignant Hyperthermia

In susceptible individuals, potent inhalation anesthetic agents. including sevoflurane, may trigger a skeletal
muscle hypermetabolic state leading to high oxygen demand and the clinical syndrome known as malignant
hyperthermia. In clinical trials, one case of malignant hyperthermia was reported. In genetically
susceptible pigs, sevoflurane induced malignant hyperthermia. The clinical syndrome is signaled by
hypercapnia, and may include muscle rigidity, tachycardia, tachypnea, cyanosis, arthythmias, and/or
unstable blood pressure. Some of these nonspecific signs may also appear during light anesthesia, acute
hypoxia, hypercapnia, and hypovolemia.

Treatment of malignant hyperthermia includes discontinuation of triggering agents, administration of
intravenous dantrolene sodium, and application of supportive therapy. (Consuit prescribing information for
dantrolene sodium intravenous for additional information on patient management.) Renal failure may
appear later, and urine flow should be monitored and sustained if possible.

Sevoflurane may present an increased risk in patients with known sensitivity to volatile halogenated
anesthetic agents.

PRECAUTIONS

During the maintenance of anesthesia, increasing the concentration of sevoflurane produces dose-dependent
decreases in blood pressure. Due to sevoflurane’s insolubility in blood, these hemodynamic changes may
occur more rapidly than with other volatile anesthetics. Excessive decreases in blood pressure or
respiratory depression may be related to deptl: of anesthesia and may be corvected by decieising the
inspired concentration of sevoflurane.

The recovery from gencral anesthesia should be assessed carefully before patient is discharged from the
post-anesthesia care unit.

Drug Interactions

In clinical trials, no significant adverse reactions occurred with other drugs commonly used in the
perioperative period, including: central nervous systern depressants, autonomic drugs, skeletal muscle
relaxants, anti-infective agents, hormones and synthetic substitutes, blood derivatives, and cardiovascular
drugs.

Intravenous cnesthetics:

Sevoflurane administration is compatible with barbiturates, propofol, and other commonly used
intravenous ancsthetics.

Benzodiazepines and Opioids.

Benzodiazepines and opioids would be expected to decrease the MAC of sevoflurane in the sane manner
as with other inhalational anesthetics. Sevofluranc admimistration is compatible with benzodiazepines ard
opioids as commonly used in surgical practice.

Nitrous oxide:

As with other halogenated volatile anesthetics, the anesthetic requirement for sevoflurane is* decreased
when administered in combination with nitrous oxide. Using 30% N7O, the MAC equivalent dose
requirement is reduced approximately 50% in adults. and approximately 25% in pediatric patients. (See
DOSAGE AND ADMINISTRATION)
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Neuromuscular Blocking Agents:
As is the case with other volatile anesthetics, sevoflurane increases both the intensity and duration of

neuromuscular blockade induced by non-depolarizing muscle relaxants. When used to supplement
alfentanil-N, O anesthesia, sevoflurane and isoflurane equally potentiate neuromuscular block induced with
pancuronium, vecuronium or atracurium. Therefore, during sevoflurane anesthesia, the dosage
adjustments for these muscle relaxants are similar to those required with isoflurane.

Potentiation of neuromuscular blocking agents requires equilibration of muscie with delivered partial
pressure of sevoflurane. Reduced doses of neuromuscuiar blocking agents during induction of anesthesia
may result in delayed onset of coxnditions suitable for endotracheal intubation or inadequate muscle
relaxation.

Among available nondepolarizing agents, only vecuronium, pancuronium, and atracurium interactions have
been studied during sevoflurane anesthesia. In the absence of specific guidelines:

1. For endotracheal intubation, do not reduce the dose of nondepolarizing rnuscle relaxants.
During mairtenance of anesthesia, the required dose of nondepolarizing muscle relaxants is likely
to be reduced compared to that during NoO/opioid anesthesia. Administration of supplemental
doses of muscle relaxants should be guided by the response to nerve stimulaiion.

The effect of sevoflurane on the duration of depolarizing neuromuscular blockade induced by
succinylcholine has not been studied.

Renal or Hepatic Function

Resuits of evaluations of laboratory parameters (e.g., ALT, AST, alkaline phosphatase, and total bilirubin,
etc.), as well as investigator-reported incidence of adverse events relating to liver function, demonstrate that
sevoflurane can be administered to patients with normal or mild-to-moderately impaired hepatic function.
However, patients with severe hepatic dysfunction were not investigated.

Occasional cases of transient changes in postoperative hepauc function tests were repoited with both
sevoflurane and reference agents. Sevoflurane was found to be comparable to isoflurane with regard to
these changes in hepatic function.

Based on the incidence and magnitude of changes in serum creaiinine, in patients with exposure up to 9.6
MAC-hours of sevoflurane anesthesia, no svidence for increased nsk of developing renal dysfunction was
found.

Serum fluoride levels increased with duration and concentration of exposure to sevoflurane. The higiest
measured serum fluoride level was 111 pM and a level or 29.5 pM was seen as late as 92 hours post
exposure, A 25% reduction in maximum urine-coicentraiing ability has been seen following enflurane
anesthesia with mean peak serum inorganic fluonde levels of 33.6 uM and values above 20 uM for I8
hours. Elevated fluoride levels after sevoflurane were not associated with impairment of renal function,
presumably because of its rapid elimination at the end of anesthesia.

Carcinogenesis, Muiagenesis, Impairment of Fertility

Studies on carcinogenesis have not been performed. No mutagenic effect was noted in the Ames test and
no chromosomal aberrations were induced in cultured mammalian cells,
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Pregnancy Category B

Reproduction studies have been performed in rats and rabbits at doses up to 1| MAC (minimum alveolar
concentration) without CO, absorbent and have revealed no evidence of impaired fertility or harm to the
fetus due to sevoflurane at 0.3 MAC, the highest nontoxic dose. Developmental and reproductive toxicity
studies of sevoflurane in animals in the presence of strong alkalies (i.¢., degradation of sevoflurane and
production of Compound A) have not been conducted. There are no adequate and well-controlled studies in
pregnant women. Because animal reproduction studies are not always predictive of human response,
sevoflurane should be used during pregnancy only if clearly needed.

Labor and Delivery Sevoflurane has been used as part of general anesthesia for elective cesarcan section
in 29 women. There were o untoward effects in mother or neonate. (See CLINICAL
PHARMACOLOGY, Clinical Trials) The safety of sevoflurane in labor and deiivery has not been
demonstrated.

Nursing Mothers The concentrations of sevofluranc in milk are probably of no clinical importance 24
hours after anesthesia. Because of rapid washout, sevoflurane concentrations in milk are predicted to be
below those found with many other volatile anesthetics.

Geriatric Use
MAC decreases with increasing age. The average concentration of sevoflurane to achieve MAC in an 80
year old is approximately 50% of that required in a 20 year old.

ADVERSE REACTIONS

Adverse events are derived from controlled clinical trials conducted in the United States, Canada, and
Europe. The reference drugs were isoflurane, enflurane, and propofol in adults and halethane in pediatric
patients. The studies were conducted using a variety of premedications, other anesthetics, and surgical
procedures of varying length. Most adverse events reported were mild and transient, and may reflect the
surgical procedures, patient characterisiics (including disease) and/or medications admiristered.

Of the 5182 patients enrolied in the clinical tials, 2906 were exposed to sevoflurane, including 118 adults
and 507 pediatric patients who underwent mask induction. Each patient was counted once for each type of
adverse event. Adverse events reported in patients in clinical trials and considered to be possibly or
probably related to sevoflurane are presented within each b.dy system in order of decreasing frequency in
the following listings. One case of malignant hyperthermia was reported in pre-registration clinical tnials.
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Adverse Events During the Induction Period (from onset of anesthesia by mask induction to surgical
incision) Incideace >1%

Adult patients (N=118

Cardiovascular . 1} **., Hypotension 4%, Tachycardia 2%
Nervous System:
Respiratory Sy sm 8%, Airway obstruction 8%, Breathholding 5%. Cough Increased 5%

Pediatric Patients (N=507)
Cardiovascular: Tachycardia 6%, Hypotension 4%
Nervous System: Agitation 15%
Respirotory System: Breathholding 5%, Cough Increased 5%, Laryngospasm 3%, Apnea 2%

Digestive System: Increased salivation 2%

Adverse Events During Maintenance and Emergence Periods, Incidence >1% (N = 2906)
Body as a whole: Fever 1% , Shivering 6%, Hypothermia 1%, Movement 1%, Headache1%
Cardiovascular: Hypotensicn 11%, Hypertension 2%, Bradycardia 5%, Tachycardia 2%
Nervous System; Somnolence 9%, Agitation 9%, Dizziness 4%, Licreased salivation 4%
Digestive: Nausea 25%, Vomiting 18%

Respiratory: Cough increased 11%, Breathholding&%, Laryngospasm 2%

Adverse Events, All Patients in Clinical Trials (N = 2906), Al Anesthetic Periods, Incidence < 1%
(reported in 3 or more patients)

Body as a whole: Asthenia, Pain

Cardiovascular: Arthythmia, Ventricular Extrasystoles, Supraventricular Extrasystoles, Complete
AV Block, Bigeminy, Hemorrhage, Inverted T Wave, Atrial Fibrillation, Atrial
Arrthythmia, Second Degree AV Block, Syncope, S-T Depressed.

Nervous System: Crying, Nervousness, Confusion, Hypertonia, Dry Mouth, Insomnia

Respiratory: Sputum Increased, Apnea, Hypoxia, Wheezing, Bronchospasm, Hyperventilation,
Pharyngitis, Hiccup, Hypoventilation, Dyspnea, Stridor

Metabolism and Nutrition: Increases in LDH, AST, ALT, BUN, Alkaline Phosphatase, Creatimine,
Bilirubinemia, Glycosuria, Fluorosis, Albuminuna, Hypophosphatemia, Acidosis, Hypergivcemia

Hemic and Lymphatic Sysiem:. Leucocytosis, Thrombocytopenia
Skin and Special Senses: Amblyopia, Pruritus, Taste Perversion, Rash, Conjunctivitis

Urogenital: Urination Impaired, Urine Abnommality, Unnary Retention, Oligunia

See WARNINGS for information regarding malignant hyperthermia.
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Laboratory Findings

Transient elevations in glucose, liver function tests, and white blood cell count may occur as with use of
other anesthetic agents.

OVERDOSAGE

In the event of overdosage, or what may appear to be cverdosage, the following action should be taken:
discontinue administration of sevoflurane, maintain a patent atrway, initiate assisted or controlled
ventilation with oxygen, and maintain adequate cardiovascular function.

DOSAGE AND ADMINISTRATION

The concentration of sevoflurane being delivered from a vaporizer . ing anesthesia shouid be known.
This may be accomplished by using a vaporizer calibrated specificaliy for sevoflurane. The administration
of general anesthesia must be individualized based on the patient’s response.

Pre-anesthetic medication: No specific premedication is either wndicated or contraindicated with
sevoflurane. The decision as to whether or not to premedicaic and the choice of premedication is l2ft to
the discretion of the anesthesiclogist.

Induction: Sevoflurans has a non-pungent odor and docs not cause respiratory umtability; it is suitable for
mask induction in pediatrics and adults.

Maintenance: Surgical levels of anesthesia can usualiy bz achieved with concentrations of 0.5 - 3%
sevoflurane with or without the concomitant use of nitrous oxide. Sevoflurane can be administered with any
type of anesthesia circuit.

MAC Values for Adults and Pediatric Patients According to Age

Age of Patient Sevoflurane Sevoflurane
(years) in en in 63% N;G/35% O,
0* - | months 3.3%
I - < 6months 3.0%
6 months - <3 years 28%
3-12 2.5% 2.0%°
25 2.6% 1.4%
40 2.1% 1.1%
60 1.7% 0 %%
80 1.4% 0.7%

# Neonalss are full-term gestational age. MAC in premature infants has not been determined.
@ In 3-<5 year old pediatric patients, 60% N;0/40% O, was used

HOW SUPPLIED
ULTANE™ (sevoflurane), Volatile Liquid for Inhalation, is packaged in amber colored bottles containing
250 mlL sevoflurane, List 4456, NDC # 0074-4456-02.
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SAFETY AND HANDLIEG
Occupational Caution:
There is no specific work exposure limit established for sevoflurane. However, the National Institute for

Occupational Safety and Health has recommended an 8 bour time-weighted average limit of 2 ppm for
halogenated anesthetic agents in general (0.5 ppm when coupled with exposure to N»O).

STORAGE :

Store at controlled room temperature, 15° - 30°C (59° - 86°F).
Cautioa: Federal (USA) law prohibits dispensing without prescription.
Manufactured by:

ABBOTT LABORATORIES, North Chicago, IL 60064, USA under license from Maruishi
Pharmaceutical Company LTD. 2-3-5, Fushimi-machi, Chuo-Ku, Osaka, Japan.

©Abbott RAQ4892-R2-Rev. December 1994  Printed in USA
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EXCLUSIVITY SUMMARY FOR NDA # _J0-478 SUPPL #
Trade Name “/fﬂﬂﬂ(JfZOéZ‘m ac) Generic Name _$¢;n Zzﬂmmx
Applicant Name 2850t — HFD ¥ 007

Approval Date If Known é?xﬂllcqjgﬁg

PART I IS AN EXCLUSIVITY DETERMINATION NEEDED?

1. An exclusivity determination will be made for all original
applications, but only for certain supplements. Complete PARTS II
and III of this Exclusivity Summary only if you answer "yes" to one
or more of the following question about the submission.

a) 1Is it an origiral NDA?
YES /1/ NO/ /

b) Is it an effectiveness supplement?

YES / __ / NO /_::}

If yes, what type? (SEl, SE2, etc.)

¢) Did it require the review of clinical data other than to
support a safety claim or change in labeling related to
safety? (If it required review only of bicavailability or
bicequivalence data, answer “no.")

YEs /¥4 No /__/
If your answer is "no" because you believe the study is a
bioavailability study and, therefore, not eligible for
exclusivity, EXPLAIN why it is a biocavailability study,
including your reasons for disagreeing with any arguments made
by the applicant that the study was not simply a
biocavailability study.

————i

/

If it is a supplement requiring the review of clinical data
but it is not an effectiveness supplement, describe the change
or claim that is supported by the clinical data:

\/

Form OGD-011347 Revised 7-90
cc: Original NDA 20-97¢ Division File  HFD-85 Mary Ann Ward




d). Did the applicant request exclusivity?
YES / u/7 NO /[

If the answer to (d) is "yes," how many Years of exclusivity
did the applicant request?

-

IF YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO
DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

2. Has a product with the same active ingredient(s), dosage form,
strength, route of administration, and dosing schedule, previously
been approved by FDA for the same use?

YES [__/ No /_v77

If yes, NDA # . Drug Name .

1F THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8.

3. 1Is this drug product or indication a DESI upgrade?
YES /___/ No / V]

IF THE ANSWER TO QUESTION 3 IS "YES," GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8 (even if a study was required for the upgrade).

PART IX FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES

(Answer either #1 or #2 as appropriate)

1. Single active ingredient product.

Kas FDA previously approved under section 505 of the Act any drug
product containing the same active moiety as the drug under
consideration? Answer “yes®™ if the active moiety {including other
esterified forms, salts, complexes, chelates or clathrates) has
been previously approved, but this particular form of the active
moiety, e.g., this particular ester or salt (including salts with
hydrogen or coordination bonding) or other non-covalent derivative
(such as a complex, chelate, or clathrate) has not been approved.
Answer "no" if the compound reguires metabolic conversion {(other
than deesterification of an esterified form of the drug) to produce

an already approved active moiety.

. YES /__/ no 1 V')
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If "yes," identify the approved drug product(s) containing the
active moiety, and, if known, the NDA ¥#(s).

NDA#

NDAF#

NDA#

2. combination oduct.

If the product contains more than one active moiety(as defined in
Part II, #1), has FDA previously approved an application under
section 505 containing any one of the active moieties in the drug
product? If, for example, the combiration contains one never-
before-approved active moiety and one previously approved active

moiety, answer "yes." (An active moiety that is marketed under an
OTC monograph, but that was never approved under an NDA, is
considered not previously approved.) rUAA

YES / / NO /_

If "yes," identify the approved drug product(s) containing the
active moiety, and, if known, the NDA #(s).

NDA#

NDA#

NDA#

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART II IS "NO," GO DIRECTLY
TO THE SIGNATURE BLOCKS ON PAGE 8. IF "YES" GO TO PART III.

PART III THREE-YEAR EXCLUSIVITY POR NDA'S8 AND SUPPLEMENTS

To qualify for three years of exclusivity, an application or
supplement must contain "reports of new clinical investigations
(other than bioavailability studies) essential to the approval of
the application and conducted or sponsored by the applicant." This
section should be completed only if the answer to PART II, Question

1l or 2 was "yes."
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1. Does the application contain reports of clinical
investigations? (The Agdency interprets "clinical investigations"
to mean investigations conducted on humans other than
biocavailability studies.) 17 the application contains clinical
investigations only by virtue of a right of reference to clinical
investigations in another application, answer "yes," then skip to
question 2(a). If the answer to  3(a) is "yes" for any
investigation referred to in another application, do not complete
remainder of summary for that investigation.

YES / \// NO / /
IF “NO,"™ GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

2. A clinical investigation is "essential to the approval” if the
Agency could not have approved tne application or supplement
without relying on that investigation. Thus, the investigation is
not essential to the approval if 1) no clinical investigation is
necessary to support the supplement or application in light of
previously approved applications (i.e., information other than
clinical trials, such as bioavailability data, would be sufficient
to provide a basis for approval as an ANDA or 505(b) (?\ application
because of what is already known about a previously approved
product), or 2) there are published reports of studies (other than
those conducted or sponsored by the applicant) or other publicly
available data that independently would have been sufficient to
support approval of the application, without reference to the
clinical investigation submitted in the application.

(a) In 1light of previously approved applications, is a
clinical investigation (either conducted by the applicant or
available from some other source, including the published
literature) necessary to support approval of the application

or supplement? V/,
YES / / NO /__ 7

If "no," state the basis for your conclusion that a clinical
trial is not necessary for approval AND GO DIRECTLY TO
SIGNATURE BLOCK ON PAGE 8:

(b) Did the applicant submit a 1list of published studies
relevant to the safety and effectiveness of this drug product
and a statement that the publicly available data would not
independently support approval of the application?

: YES / _/ No ; L
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(1) If the answer to 2(b) is "yes," do you personally
know of any reason to disagree with the applicant's

conclusion?

YES /___/ NO /___ [/

If ves, explain:

(2) If the answer to 2(b) is "no," are you aware of
published studies not conducted or sponsored by the
applicant or other publicly available data that could
independently demonstrate the safety and effectiveness of

this druvg product?
7

YES /__/ NO /

If yes, explain:

(c) If the answers to (b)(1) and (b)(2) were both "no,"
jigentify the ‘clinical investigations submitted in the
application that are essential to the approval:

Studies comparing two products with the same ingredient (s) are
considered to be biocavailability studies for the purpose of this

section.

3. In addition to beilr.g essential, investigations must be "new" to
support exclusivity. The agency interprets '"new clinical
investigation" to mean an investigation that 1) has not been relied
on by the agency to demonstrate the effectiveness of a previously
approved drug for any indication and 2) does not duplicate the
results of another investigation that was relied on by the agency
to demonstrate the effectiveness of a previously approved drug
product, i.e., does not redemonstrate something the agency
cornsiders to have been demonstrated in an already approved

application.
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a} -For each investigation identified as "egssential to the
approval," has the investigation been relied on by the agency
to demonstrate the effectiveness of a previously approved drug
product? (If the investigation was relied on only to support
the safety of a previously appcsoved drug, answer "no.")

Investigation #1 YES /] NO / 7

Investigation #2 YES /__/ NO / V7

If you have answered "yes" for one or more investigations,
identify each such investigation and the NDA in which each was

relied upon:

b) For each investigation identified as vessential to the

-approval", does the investigation duplicate the results of

another investigation that was relied on by the agency to
support the effectiveness of a previously approved drug

product?
Investigation #1 YES /_ _/ NO /[ v/

v

Investigation #2 YES /___ [/ NO / /

If you have answered "yes" for one or more investigation,
identify the NDA in which a similar investigation was relied
on:

c) If the answers to 3(a) and 3(b) are no, identify each "new"
investigation in the application or supplement that is
essential to the approval (i.e., the investigations listed in
#2(c), less any that are not "new"):

\—éﬁd P2- 083 Lo Ga - 010
Bevo 95 —pol
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4. To be eligible fur exclusivity, a new investigation that is
essential to approval must also have been conducted or sponsored by
the applicant. An investigatjion was nconducted or sponsored by"
the applicant if, before or during the conduct of the
investigation, 1) the applicant was the sponsor of the IND named in
the form FDA 1571 filed with the Agency, or 2) the applicant (or
its predecessor in interest) provided substantial support for the
study. oOrdinarily, substantial support will mean providing 50
percent or more of the cost of the. study.

a) For each investigation identified in response to guestion
3(c): if the investigation was carried out under an IND, was
the applicant identified on the FDA 1571 as the sponsor?

Investigation #1 !

IND # YES [/ V/} NO [/ / Explain:

o p -

Investigation #2 b///,
IND # YES /7

[T )

NO / / Explain:

e

(b) For each investigation not carried out under an IND or for
which the applicant was not identified as the sponsor, did the
applicant certify that it or the applicant's predecessor in
interest provided substantial support for the study?

Investigation #1

YES / / Explain NO / / Explain

Investigation #2

YES / / Explain NO / / Explain

fam joum demk Gmm fem S SR hew fam fub Smb Bk fem Jub bmm G
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(c)‘Notwithstanding an answer of "yes"

there other re

pe credited with having wconducted or

(Purchased studies

exclusivity. However,
on the drug),

{not Jjust studies
considered to have

sponsored or conducted by its pred

asans to believe that the
sponsored” the study?

may not be used

if all rights to the
the applicant may be

to (a) or (b), are
applicant should not

as the buasis for
drug are purchased

sponsored or conducted the studies

®

YES /___/

ecessor in interest.)

A

NO / Y

1f yes, explain:

Signature v
Title: s

Signature of office/ )
pivision Director

cc: Original NDA

20 Y

4-10-25

Date

oo

Date

pivision File
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DRUG STUDIES IN PEDIATRIC PATIENTS
(To be completed for all NME's recosmended ror approval)

W ¢ _Lo-47¢ Trade (generic) m.&mw—

Check any of the following that apply and explain, as necessary, on the next

page:

e 2

?g L. A proposed claim in the draft labeling-is directed toward a specific

pediatric illness. The application contains adequate and well-
controlled studies in pediatric qatunts to support that claim.

The draft labeling includes pediatric dosing inforsation that is not

Mmmummmsmmm. e
tion contains a request under 21 CFR 210.58 or 314.126(c) for

applica
: mmdmmnmtatzlu’am.ﬂ(f)forMsm.sm

children.
a. mmmmm&mmtmmofm
similar

" from sdults to children. The waiver request should be
amastatmnttottntefﬂctuimwmtm

granted
action letter.

b. The information included in the application aces not
. adequately support the walver request. The reguest should
mtmgrmmmasmttomtmntumm

the action letter. (Complete #3 or #4 below as approprists.)

Pediatric stuaies (e.g., dose-finding, pharmecokinetic, agverse
reaction, adequate and well-controlled for safety and efficacy) should
be done after spproval. The drug product has somes potential for use
in children, but there is nO reason to expect early widespread

tric use (because, for exasple, alternative drugs are available
or the condition is uncommon in children). -

a. The applicant has committed to doing such studies as will be
required.
(1) Studies are ongoing.

(2) Protocols have been subaitced and approvea.
(3) Protocols have been submitted and are under

review.
(4) If no protocol has been submitted, on the next
page explain the status of discussions.

b. If tre sponsor is not willing to do pediatric stuaies,

attach copies of FUA's written request that such studies De

oone ang of the sponsor's written response Lo that request.

Pediatric studies do not need to be ancouraged because the darug
proauct has little potential for use in chiidren.




4

Page ¢ -- Unug Studies in Pegliatric Fatients

“w, if none of the above apply, expiain.
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Explain, as necessary, the foregoing items:
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

March 22, 1995

DIVISION DIRECTOR'S OVERVIEW OF CLINICAL STUDY REVIEWS
AND NDA-DAY SUMMARY
PILOT DRUG EVALUATION STAFF

NDA# 20478 MR 22 085
Drug: Sevoflurane (Sevorane): '

Sponsor:  Abbott Laboratories .
Abbott Park, IL 60064 ‘

Reviewer: Robert F. Bedford, M.D., Medical Officer.
NDA submitted: July 11, 1994

Advisory Committee Meeting Date: Jan 17-18, 1995
CSO: Leslie Vaccari

Resume and Background

This NDA is for a new inhalational general anesthetic. It has been in use
of Japan since 1990, with several million patient exposures. Its efficacy is
not in doubt. Unlike other volatile anesthetics, it is not unpleasant to
inhale. Due to its low solubility in blood and fat, it is characterized by rapid
onset and termination of action. Toxicity reports from Japan suggest that
its safety profile is virtually identical to other halogenated inhalational
anesthetics.

-

The most controversial aspect of this drug pertains to a breakdown
product, (Compound A) produced by the interaction of
sevoflurane with the carbon dioxide absorbents use? in rebreathing
anesthesia systems. Compound A is nephrotoxic to rats, with an LD5p of
approximately 200 ppm after 6 hours of exposure and a minimal toxic
concentration of 50-100 ppm. Early commercial development of sevoflurane
was delayed due to recognition of this toxicity, (see Dr. Terrell's
correspondence in attached appendix). An additional source of potential
nephrotoxicity is due to hepatic metabolism of sevoflurane by cytochrome
P450-2E1. This pathway releases free fluoride, a known nephrotoxin
correlated with nephrogenic diabetes insipidis following exposure to
methoxyflurane anesthesia. Safety concerns regarding sevoflurane, then,
relate to the possiblitiy that patients might be exposed to two nephrotoxins,
parﬁcm?irly if they have been exposed to enzyme-inducing drugs such as
isoniazide.

Clinical Studies:

The sponsor submitted 40 clinical studies to the NDA. Sevoflurane was used
as the primary anesthetic in over 3000 patients, including children less
than a year of age. The agent was found to be rapid-acting and easily
controlled in a wide variety of surgical procedures. Patients usually

€. -ged from anesthesia faster from sevoflurane than from comparator
ir...- wtional agents. This was not unexpected, hewever, because: 1) the
comparator agents were more soluble anesthetics and 2) higher dose-
equivalents of comparator agents tended to be administered in the trials.
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Almost -all submitted studies used relatively high fresh gas flows, thus
bypassing the carbon dioxide absorber and resulting in low levels of
Compound A, when it was measured. Since Japanese clinicians also tend
to use high-flow anesthesia, the overall human experience with Compound
A exposure is limited at this time and the Japanese database is somewhat
suspect regarding the possible occurence of postanesthetic renal
dysfunction.

Serious Adverse Events: :

One cases of malignant hyperthermia and one case of post-anesthetic
hepatic necrosis were reported in the clinical trials. These are consistent
with the extensive sevoflurane experience in Japan and not unlike other
halogenated inhalational anesthetics.

Extensive pre- and postanesthetic laboratory testing of hepatorenal
function was performed in the studies submitted to the NDA. While there
were occasional episodes of transient hepatic dysfunction (see Dr. Spyker's
safety review), there was no evidence of sevoflurane’s being more toxic
than isoflurane or enflurane except in the case of elderly patients, where
there was a statistically higher incidence (4% vs 2%) of transient elevation
of liver function tests following sevoflurane. Based on these experiences,
the individual clinical reviewers all concluded that sevoflurane was both
safe and effective.

Anesthesia and Life Support Drug Advisory Committee proceedings:

During the public comment portion of the meeting, Drs. Edmund
Eger and Jackie Martin, both consultants for a competing sponsor,
presented results of their unpublished research suggesting that the toxic
threshold for renal injury in humans from Compound A might occur at a
much lower level than previously thought (see Appendix). Furthermore,
they questioned the validity of the standard postanesthetic renal function
testing which, they felt, was insensitive to the type of proximal tubular
damage induced by Compound A in rats.

The committee's deliber ations were clearly influenced by these
individuals' presentations, even as it discussed the extensive preclinical
and clinical safety studies. Ultimately, the committee voted 10-1 to approve
the drug with a warning that the Compound A issue is unresolved and that
a fresh gas flow rate of 2 I/'min should be maintained during clinical
anesthesia. This flow rate was shown to result in Compound A levels
between 10 and 15 ppm.
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Phase 4 Commitments:

ALSAC recommended that the Compound A issue be resolved before
the 2V/min fresh gas flow rate warning could be removed from the label.

1) It was requested that a primate study be performed utilizing
prolonged, progressively increasing exposure to Compound A during
sevoflurane anesthesia, with detailed post-anesthetic testing of renal
tubular function to include urinary condentrating ability and
protein/creatinine ratios.

2) The sponsor committed to completing a clinical study of low-flow
general anesthesia with sevoflurane in renally impaired patients, with
detailed followup of post-anesthetic renal function, as above.

3) The sponsor committed to developing a safety database for low-flow
anesthesia in a large number of patients using standard postoperative
renal function tests.

Orig NDA # 20-478 ’15:’5—‘2—*4%1\“\ 32+/as
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CLINICAL REVIEW SUMMARY

NDA 20-478 Ultane (sevoflurane)
Liquid anesthetic for general anesthesia

SPONSOR: Abbott Laboratories

NDA submitted: July 8, 1994 .
NDA received: July 11, 1994

The Clinical Section of this NDA was reviewed by members of the
Anesthetic and Life Support Drugs Advisory Committee (ALSAC) and
Consults, as well as Robert Bedford, M.D., HFD-007 and Dan
Spyker, M.D., HFD-007. The attached document consists of their
reviews of the assigned clinical studies by each reviewer..

1. Renee K. Landesman, M.D., ALSAC I
Review of seven clinical trials categorized as
Metabolism/Safety Studies.

2. C. Philip Larson, Jr., M.D., ALSAC
Review of twelve clinical trials categorized as Adult
Inpatient and Outpatient Use of Sevoflurane.

3. Robert G. Merin, M.D., ALSAC
Review of four clinical trials categorized as Cardiac
Studies.

4. Margaret Wood, M.D., ALSAC
Review of six clinical trials categorized as Pediatric
Studies.

5. Marie L. Young, M.D., ALSAC
Review of six clinical trials categorized as Special
Population Studies in Renal and Hepatic Impaired and
and the Elderly.

6. James C. Eisenach, M.D., ALSAC
Review of two clinical trials, one for use in Cesarean
Section, and a second for effects of sevoflurane on
muscle relaxants.

7. Robert F. Bedford, M.D., Acting Director HFD-007
Review of three clinical trials categorized as
Neurosurgical Studies. Review of one clinical trial for
the use of sevoflurane in adult surgical patients.

8. Dan Spyker, M.D., Medical Officer HFD-007
Clinical Safety Review

The combination of these individual reviews provides the
conclusion that the safety and efficacy of sevoflurane has been
established.

TN F TR N
te/q¢
. Robert F. Bedford, M.D. :y/ //
Acting Director, HFD-007



MEDICAL OFFPICER REVIEW

NDA # 20,478
Sevofluranea
Abbott Hospital Products
NDA submitted: July 11, 1994
Reviewer: Renees K. Landesman, M.D.
September, 1994

Study # 3

Purpose: ldentify the role of cytochrome P450 2E1 in sevoflurane
defluorination.

Investigator: Rvan Karasch, University of Washington

Study Design: Open-label, ravndomized study comparing the
production of inorganic fluoride and hexafluoroisopropanol (BFIP)
during sevoflurane anesthesia in patients pre-treated with
disulfiram to a control group.

Blood concentrations of sevoflurane, and serum and urinary
concentrations of inorganic fluoride and hexafluoroisopropanol
(HFIP) were determined during and after exposure to the
anesthetic. .

All treated patients were included in safety and efficacy
analyses.

Regsults:

Twenty-two ASA Class I and II patients were exposed to 3.0-4.2
MAC-Houxrs of sevoflurane anesthesia while undergoing elective
surgery. The average MAC exposure was 1.3, with a range of 1.2-
1.4. Twelve patients had received a single (500 mg) dose of
disulfiram the evening before to surgery; ten patients made up
the control group. Duration of surgery was between 136-184
minutas.

The peak gserum fluoride concentration in the control group was
59.5 uM 3 hours after anesthesia, with a mean peak of 32.3 uM.
Seven of the 10 subjects sustained serum fluoride levels of 20 uM
or over for 10 to 26 hours.

There was a 3-4 fold reduction in the measured amounts of
inorganic fluoride and HFIF excreted in the group pre-treated
with disulfiram. Mean renal clearance of total HFIP was not
statistically different in the two groupa.

Cytochrome P450 1El1 appears to be the predominant isoform
rasponsible for metabolism of sevoflurane in humans.

Based on the HFIP data, the mstabolism of sevoflurane is 4.9%.




Safety: No clinically significant adverse effects attributable to
the anesthetic technique were identified. Vital signs monitoring,
hematology, blood chemistry, urinalysis, and physical assessments
were evaluated throughout the study and up to 96 hours post-
operatively where feasible.

i

Stu 4:

Purpose:
Evaluate the production of Compound A in a rebreathing circuit

with soda lime using sevoflurane for induction and maintenance of
anegthesia in pediatric patients.

Invegtigator: Edward J. Frink, M.D., The University of Arizona

Study design: Open-label. Pilot study of three patients using a
non-rebreathing circuit at a flow rate of approximately 250
ml/kg/min. Nineteen patients in group 2 received sevoflurane
using a 2L/min. rebreathing circuit containiny soda lime
(Sodasorb).

No patients were excluded from analysis.

Results:
Patients in the scda lime group ranged in age fxrom 0.2-7.5 years,

and in weight from 4.1 to 27.6 kg. Surgery lasted from 52-521
minutes, with an anesthetic exposure from 1-14 MAC-Hours. The
average MAC was 1.09, with a range of 0.7-1.4.

Maximum concentration of Compound A in the inspiratory gases
ranged up to 14 ppm.

Safety: Physical examination, vital sign monitoring, and

laboratory data showed no clinically significant abnormality
attributable to the anesthetic technique.

Study # 5:

Purpoge:
Evaluate the effect of phenobarbital pre-treatment on
defluorination of sevoflurane.

Investigator: Jeffrey Apfelbaum, M.D., Pritzker School of
Mediciue.

Study Degign: Open-label, randomized (1l:1). Pre-treatment
{phenobarbital, approximately 2 mg/kg, taken orally at bedtime)

—2 —



for a minimum of 14 days.

Results: :

Sixteen healthy males, ages 23-34 years completed the study.
Anesthesia exposure 3 MAC-Hours at an average of 1 MAC.

Two patients were discontinued prior to anesthetic exposure - one
for non-compliance, and one for an allergic reaction (rash) to

the phenobarbital.

Antipyrine elimiration rate constant and clearance were
significantly higher in the phenobarbital group than the placebo
group.

Maximum serum fluoride concentration measured was 47.6uM/L;
mean inorganic fluoride Cmax was 23% higher(p=.047) in the
phenobarbital + sevoflurane group compared to the placebo +
sevoflurane group. Elimination rate constant, area under the
curve, cumulative amount excretiad, and renal clearance were not
significantly different batween the two groups.

Safety: No safety issues attributable to the anesthetic exposure
were identified.

tu 6:
Purpgogse: Evaluate the metabolism and degradation products of

sevoflurane in adult patients when administered via a low flow
circle absorption system.

Investigator: Edward J. Frink, M.D., University of Arizona

Study Degign: Open-label, uncontrolled. Low flow{(<l L/min) circle
absorption using soda lime(N=1l2) or baralyme(N=8). Surgeries
anticipated to be from 3-8 hours duration.

Regultg:
All twenty patients compleced the study and were included in the

safety and efficacy analyses.

Degradation products were not obtained for the first four
patients due to problems developing the assay method.

Duration of surgery ranged from 84 minutes to 450 minutes, with a
mean of 210 minutes. The anesthetic exposure ranged from 0.8-5.4
MAC Hours, with a the MAC ranging from 0.2-0.8. The mean MAC for
the soda lime group was 0.4; for the baralyme group 0.5.

The only degradation product detected in the circuit was Compound
A. The highest level of Compound A in the inspired limb was
60.8ppm (mean 17.15) in the Baralyme group, compared to 15.2ppm
(mean 6.95) in the Soda Lime group. This was not statistically

-___3 —_ ~ ¥
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significant bhowever.

Plasma fluoride concepntrations peaked within two hours post
anesthesia in all except one patient, whose level peaked at four
hours. Mean Cmax was 41.28, with a range between 20.8-101.2.

The fluoride half-life by log-linear regression of the normalized
concentration was 11,0 hr.

Ten patients maintained fluoride concentrations over 20uM for
over ten hours.

An unusually high baseline level cf fluoride(8.13-16. 74un) was
noted in five of the 20 patients.

Safety: Physical observation, laboratory data, and vital sign
monitoring did not identify any unusual safety concerns
attributed to the anesgthetic technique.

1i ions for L ling;
Under CLINICAL PHARMACOLOGY:
The paragraph concerning the concentrations of Compound A
should include the statument "The maximum level of Compound A
measured in the anesthesia circuit was 60.8 ppm.”

Study # 7:

Purpose: Determine the concentration of Compound A in adults
using sevoflurane in a low flow rebreathing circuit.

Inv i or: R, Jones, M.D., St. Mary‘s Hospital, London

Study Design: Open-label, uncontrolled, randomized. After twenty
minutes of sevoflurz.e administered at a fresh gas flow rate of
4L/min, 16 patients continued at 0.5L/min, amnd 15 patients
continued the anesthetic at a fresh gas flow rate of 2 L/min for
the remainder of the procedure.

Regulis:

All thirty-one patients were included in the safety and efficacy
analyses.

The mean MAC-Hours of anesthesia was 1.73 vB 1.65 for the two
groups, with a range of 0.6-3.9. The average MAC exposure ranged
from 0.5-1.2, with a mean of 0.81 and ¢.88.

The maximum concentration of Compound A in the inspiratory limb
of the circuit ranged from 10-32 ppm, with no significant
difference between the two groups.

Safety:
No clinically significant adverse effects attributed to the

— é/ — .
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anesthetic technique were seen.
Study 8:

Purpose: :
Evaluate the effects of repeat exposures to sevoflurane on
safety, fluoride concentrations and hepatic response.

Inves a H
Multicenter - 4 sites.
Geoxrge B. Bikhazi, X.D., Jackson Memorial Hospital, Miami, FL
1 patient, 3 exposures
Robert F. Finnegan, M.D., Upniversity of Texas Health Science
Center, Houston, TX
15 patients, 13 second and 4 third exposures
Charles B. BEantler, M.D., University of Texas Health Science
Center, San Antonio, TX
7 patients, 4 second and one third exposure
Roger I. Kaiser,Jr., M.D., Erie County .iedical Centexr, Buffalo,
NY .
2 patients, one second exposure, no third exposures.

St ign:
Multicenter, open-label. Patients undergoing 2-3 surgical
operations of at least 1 hour duration, within a 2 week period.

Results:

For the twenty-five patients in the first exposure group, a mean
dose of 0.85 MAC-Hr was administered over a mean duration of 1.67
hours. The mean fluoride Cmax was 25.2 uM with a maximum value of
80.9uM.

The nineteen patients with a second exposure received a mean dose
of 2.17 MAC-Hy over a mean duration of 3.67 hours. Mean fluoride
Cmax was 42.5 uM with a maximum level of 111 uM.

Six patients were exposed a third time to a mean dose of 1.25
MAC-Hr over a mean duration of 2.72 hours. Mean fluoride Cmax
was 49.9 uM with a maximum of 99.5 uM.

The fluoride Cmax after the second and third exposure were
significantly different from the first exposure. Anesthetic
exposure was 2.17 MAC-Hr and 2.72 MAC-Hr for the second and third
exposures compared to 0.85 MAC-Hr for the first exposure. The
higher levels thus are at least partly due to the longer
exposure.

Patient # 61, a 36 Yo M, reached a Cmax of 80.9 uM after the

first exposure, 87.1 uM after the second exposure, and 99.5 uM
after the third exposure. His serum fluoride was stil] at 34.1 uM

— 5 _ o



67 hours after the initial procedure (244 minutes and 1.8 MAC-
nr)-

Patient # 5, a 56 yo ¥, had Cmax levels of 47.9, 111, and 65.8 uM
after his respective exposures. His serum levels ware still at
34.1 uM 39 hours following his second exposure (769 minutes, 9.67
MAC-Hr), and 29.5 uM 92 hours following the third exposure (0.71
MAC-Hr) .

Both patient # 5 and # 61 were electrical burn patients, and they
were the cnly two burn patients in the series.

Safety:
No clinically significant adverse effects other than fluorosis

were attributed to the anesthetic. No unexpected changes in renal
function were observed.

Implicationg for Labeling:
Under CLINICAL PHARMACOLOGY:

The sentence concerning the inorganic fluoride

concentrations should end as follows " ......and return to
baseline concentrations within 48 hours post anesthesia in
the majority of cases".

Under RENAL OR HEPATIC FUNCTION:

The second paragraph should read:

*Bagsed of the incidence and magnitude of changes in serum
creatinine, no evidence for increased risk of developing
renal dysfunction was found with sevoflurane.

Serum fluoride levels increased with duration and
concentration of exposure to sevoflurapne. Peak serum
fluoride levels up to 111 uM were seen, and a level of
29.5uM was seen as late as 92 hours post exposure.

A 25% reduction in maximum urine-concentrating ability
has been seen following enflurane anesthesia where the
kidneys were exposed to a mean peak serum inorganic
fluoride of 33.6 uM, with values above 20 uM for 18
hours. The clinical implications of this are not clear.

Study # 9

Purpose:
Evaluate the effects of repeated exposure to sevoflurane in
pediatrics.

Invegtigators:
Multicenter (4 investigators, 6 sites)

-

Study Design:
Open-label study in pediatric patients having two anesthetic

procedures within 28 days, each at least one hour.

4 -



Regults: -

Thirteen patients entered the study. Ten patients had a second
exposure. The second exposure was refused by the parents for the
first three patients.

The mean MAC-Hrs for the firgt exposure was 3.1 at an average 0.8
MAC; the second exposure was a mean 2.6 MAC-Hrs at 0.8 MAC.

There was no statistical difference in the Cmax fluoride between
the two exposures.

Safety:

No safety concerns associated with the anesthetic technique were
identified by routine laboratcry and physical assessments
throughout the study.



MEDICAL REVIEW
NDba 20-478
NDA submitted: July 11, 1994

NAME: Sevorane (Sevoflurane) > %/
REVIEWER:; C. Philip Larson Jr., M.D.M s
REVIEW DATE: September 1994
RESUME: MAC of Sevoflurane in Elderty and Young Adult Patients
STUDY NUMBER: 2 (Pivotal study) ‘

PROTOCOL NUMB: SEVO 92-034

BACKGROUND:

The minimum alveolar concentration (MAC) for sevofiurane has been determined by two
groups of investigators, and the values published. The first study was performed in Japanese
patients ranging in age from 30 to 59 years, and the MAC value was reported as 1.7%
(Anesthesiology, 1987; 66:301-303). The second study was performed in Americans ranging
in age from 30 fo 48 years, and the MAC value was reported as 2.05% (Can J Anaesth, 1988;
35:163). The sponsor also states that it has been demonstrated that the MAC for sevoflurane is
greater in children than adults, but the data documenting this claim have not been published in
peer reviewed journals. Study 2 (Sevo 92-034) was designed to determine whether
sevoflurane, like halothane and isofiurane has an age-related decrease in MAC as age increases;
and the magnitude of the decreasa in MAC in young adults and elderly when nitrous oxide 60%
was added to the inspired gas mixture.

METHODS:

A total of 56 surgical patients was studied, half of whom ranged from 18-35 years and the
other half from 70-87 years. They were randomly assigned to receive either sevoflurane in
air or nitrous oxide (60%). The patients did not receive any premedication; and anesthesia was
induced with the patients breathing sevoflurane 2% and nitrous oxide 60%. Once endotracheal
intubation had been completed using succinylcholine or vecuronium, and the end-tidal
sevoflurane concentration was stable for 15 min (Datex gas analyzer), a skin incision was made
and purposeful movement noted. Grimacing or straining were not considered purposeful
movements. Depending upon the patient response, the sevoflurane alveolar concentration was
either increased or decreased 0.25% in the next patient fo be studied. All data were recorded by
a trained, unblinded, independent observer. Three patients in the sevoflurane/air group were
axcluded from the MAC study because two received other medication (morphine, N2O), and in

one the vaporizer malfunctioned. Safety was determined by standard monitoring during
anesthesia, by laboratory analysis (hematology, blood chemistry, and urinalysis)
postoperatively, and by 24 hr followup questionnaire. Appropriate statistical analyses were
performed using logistic regression and one and two way ANOVA,

RESULTS:

MAC showed a progressive decrease with age, being 2.9% at 18 years, 2.2% at 35 years,
1.5% at 70 years and 1.3% at 87 years. By extrapolation, the MAC at 42 years was 2.05%.
The MAC values were decreased by 40-50% by the addition of nitrous oxide 60% (1.6-1.2% in
young adults, and 0.8-0.6% in aelderly).



EFFICACY ASSESSMENT:

Anesthesia was easily and smoothly induced using sevoflurane/nitrous oxile by inhalation,
and sevoflurane either alone or with nitrous oxide provided complete amnaesia and analgesia. The
MAC values were similar to those reported in the prior studies cited above.

i

SAFETY ASSESSMENT:

Sevoflurane proved to be safe in this study. The inhalation induction and recovery were
uneventful, and generally devoid of respiratory or circulatory complications. One 79 y.o.
patient developed a myocardial infarction two days postoperatively, one 26 y.o. patient
developed ST depression late in the anesthetic procedure, and one 62 y.o patient developed
protracted nausea postoperatively. While changes in clinical chemistries occurred, none were
of sufficient magnitude to be clinically meaningful.

CONCLUSIONS FROM STUDY:

The MAC for sevoflurane is 2.9% at age 18 and decreases progressively to 2.05% at age 42
and 1.3% at age 87. The values are decreased by 40-50% by the addition of nitrous oxide 60%.
The drug is an effective anesthetic, and proved to be safs in this patient poputation.

RECOMMENDATION REGARDING LABELING:

The MAC value listed on page 9 for a 40 year old adult should be . The
table on page 28 should read:

age sevoflurane % in O, sevofiurane% in N,O 60%

&



NAME: Sevorane (Sevoflurar.e)

REVIEWER: C. Philip Larson Jr., M.D.

REVIEW DATE: September 1994

RESUME: Maintenance of Anesthesia: Sevofiurane vs Isoflurane in Inpatients

STUDYNUMBER: 10 (Pivotal study)
PROTOCCLNUMB:  SEVO 92-003

BACKGROUND:

This study was designed to compare the maintenance of anesthesia, the rapidity and ease of
emergence and recovery, the drug metabolism, and the safety in surgical patients administered
either sevotlurane or isofiurane as the primary anesthetic.

METHODS:

A total of 555 adult surgical patients undergoing operationg of at ieast one hour duration
were studied in one of 12 institutions, seven of which were in the US and the remainder in
Europe. The patients ranged in age from 18-92 years and were assigned ASA Class I|-Ill. They
were randomly assigned to receive either sevoflurane (272 pts) or isoflurane (283 pts) with
nitrous oxide (60-70%). The patients received standard premedicant drugs and induction
agents. Endotracheal intubation was tacilitated using succinyicholine or vecuronium, and in
some patients fentanyl by bolus or infusion was administered during maintenance anesthesia.
The inspired sevolflurane concentration was less than 3%, and the inspired isoflurane
concentration averaged 1.8%. End-tidal gas concentrations were monitored continuously using
a Datex gas analyzer. The mean MAC hours of anesthesia were shorter in the sevoflurane group
(1.3) as compared to the isoflurane group (1.6). Standard patient monitoring included EKG,
BP, PS, pulse oximeter, temp, capnography, and n-m blockade. A trained, unblinded observer
recorded all of the data.

Efficacy of sevoflurane compared to isoflurane was determined by its ability to maintain
surgical anesthesia, the rapidity and ease of patient emergence and recovery, need for
postoperative analgesics, and rate of recovery of normal psychomotor performance.
Comparative safety was determined by standard monitoring during anesthesia, by posioperative
evaluation of all adverse experiences, by laboratory analysis (hematology, blood chemistry, and
urinalysis) postoperatively, and by 24 hr followup questionnaire. Appropriate statistical
analyses were performed.

EFFICACY ASSESSMENT:

Anesthesia was as easily and readily maintained with sevoflurane/nitrous oxide as with
isoflurane/nitrous oxide as evidenced by similar low (<5%) incidences of cardiovascular
changes, and no evidence of recall on posioperative evaluation. Postoperatively, time to
emargence (open eyes on comimand), time to responsa to commands (squeeze hand), time to
orientation to name, birthdate and age, and time to need for postoperative analgesics ware 5-10
min shorter for sevoflurane than for isoflurane. These differences, which were significant,
may be due in part to the fact that the average MAC hours value was significantly shorter for
sevoflurane than for isoflurane. It is of interest that the time from termination of the
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anesthetic to extubation of the trachea, and total time until eligible for discharge from the
recovery room were not diflerent batween the two drugs. Finally, the degradation in
psychomotor function was less for sevoflurane than isoflurane in the first 15-90 min

postoperative.
SAFETY ASSESSMENT:

The overall incidence of adverse experiences was the same for patients given sevofiurane
(95%) as for those given isoflurane (92%). The most common adverse experiences were
somnolence (33%) and nausea (50%) in both groups. Postoperative fever and tachycardia
were significantly more frequent following isoilurane (21 and 4%) than following sevoflurane
(14 and <1%). While some significant changes in blood chemistries were observed, none were
clinically important. Three patients administered sevoflurane developed peak serum inorganic

fluoride concentrations greater than 50 uM (52, 53, and 63 uM), but the increases were e

transient and did not affect renal function.

Five patients in the sevoflurane group had serious adverse experiences, four of which
(postoperative burning in legs-1, pulmonary embolism-2, gall bladder leakage-1} seemed
unrelated to the anesthetic. One patient undergoing an orthopedic procedure developed a sudden
increase in end tidal carbon dioxide. A diagnosis of malignant hyperthermia was made, the
anesthetic was discontinuad, and the patient was treated with dantrolene. Postoperatively the
CPK increased to 9941 1U/l, and a muscle biopsy was interpreted as MH susceptible. Six
patients in the isofiurane group developed operative or postoperative surgical complications
that were unreiated to the anesthetic.

CONCLUSIONS FROM STUDY:

Sevoflurane is as efficacious and sale as isoflurane when administered under conditions
similar to this study.

RECOMMENDATION REGARDING LABEUNG:

While recovery of some variables (amergence, ability to follow commands, and
orientation) was more rapid from sevoflurane than isoflurane anesthesia, the differences were
not clinicaily important. Furthermore, the most important variables, time to extubation and
time to discharge from the recovery room were not significantly different between the two
groups. Finally, the differences that were significant may be due in part to the fact that the
mean MAC hours value was less for sevoflurane than isoflurane.

Page 23, paragraph 3: Since one patient in this study developed MH, | believe that the first
sentence of this paragraph should read * In susceptible individuals, potent inhalation anesthetic

agents, including sevoflurane may trigger...etc”
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IND #

NAME: Sevorane (Sevoflurane)
REVIEWER: C. Philip Larson Jr.,, M.D.

REVIEW DATE: October 1994

RESUME: USE OF SEVOFLURANE IN PATIENTS
BACKGROUND: :

The following studies, 11 through 14 evaluate the use of sevoflurane in a variety of
patients and anesthesia and surgical conditions.

Study 11: COMPARISON WITH PROPOFOL

This study was designed to compare the induction and maintenance of anesthesia with
sevofiurane vs. propofol in healthy (ASA t &2) patients who were undergoing surgical
procedures of 1-3 hrs in length. A total of 186 patients in four institutions (3 US, 1 Canada)
were randomly assigned to receive either an inhalation induction and maintenance with
sevofiurane, or induction and maintenance with propofol. Both groups received N2O 60-70%,
and fentanyl 2 ug/kg prior io induction. The sevoflurane concentration varied from 0.25 to
2.7% (average 1.4%), and the propofol dose ranged from 20 1o 4300 mg with an average
infusion rate of 7 mg/kg/hr. The patients underwent a wide variety of surgical procedures, but
the most common operatiocns were back or Gl surgery or hysterectomy.

Efficacy Assessment:

Times for induction and intubation of the trachea were significantly longer (1 and 2
min) for sevofiurane, but times for emergence, extubation, response to commands, orientation
and first p/o analgesia were significantly shorter (4, 4, 3, 5 and 11 min) for sevoflurane than
propofol. While these times are clinically significant, they are not clinically important.
Furthermore, it is impossible to know if the two anesthetics were compared at equipotent doses,
since there were no measurements of anesthetic depth. Also, most of the patients received
nondepolarizing neuromuscular blocking drugs which would lessen ability to detect need for
analgesic drugs.

Safety Assessment:

Nausea and vomiting were the most common p/o complications with the incidence being
about 40% for both groups of patients. Hypotension occurred with less frequency with
sevoflurane than with propofol, but bradycardia occurred with greater frequency (10 vs. 2%).
Four serious adverse experiences were reportad with sevoliurane, and all were rated as being
unrelated to the drug. However, from my reading of the case reports, | believe that two events
may have been related to the drug. One casae, Patient 22 aeveloped bradycardia to the low 50's
while undergoing a cystocele/rectocele repair. Atropine 0.4 mg was administered, and shortly
thereafter the patient went into 5 sec of asystole. Sevoflurane was discontinued and isoflurane
started. No further episodes of bradycardia occurred. Since sevoflurane is associated with
bradycardia in about 10% of patients, it is poscible that it contributed to the adverse event.
Furthermore, thosa administering the anesthetic must havs thought so or thoy would not have
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switched agents. Another petient, no 1001 developed anuria postop following a total
splenectomy for multiple myeloma and hereditary spherocytosis. While the creatinine was
elevated preop (151 uM/), the permanent need for dialysis postop may have been due in part
1o the use of sevoflurane. | do not see how the drug can be exonarated in this patient.

STUDY 12: COMPARISON WITH ISOFLURAME IN OUTPATIENTS

This study compared the anesthetic and recovery effects of equianalgesic doses of
sevoflizzana and isoflurane in 500 ASA 1 and 2 patients undergoing surgical procedures as
outpatients in 11 institutions, 6 in the US and 5 in Europe. The patients ranged in age from 18
to 4 (av 36) years, and about 56% were women. The most common operations were diagnostic
laparoscopy, knee arthroscopy, and laparoscopic sterilization. About 50% of patients received
midazolam and 36% fentanyl for premedication. Anesthesia was induced with either propofol or
thiopental, and nitrous oxide 50-70% was used in virtually all patients. About 70% of patients
received a nondepolarizing neuromuscular blocking drug, usually vecuronium. While the MAC
concentrations of sevoflurane and isoliurane varied considerably during the anesthetic, the
mean MAC concentration for sevoflurane was significantly lower (0.61 v. 0.70 MAC, MAC
assumed to be 2.05% for sevoflurane and 1.15% for isoflurane), but the duration of exposure
was longer so the MAC-hours were similar for the two drugs (0.64 v. 0.66).

Efficacy Assessment:

While the times to emergence, response to commands and orientation were significantly
shorter for sevoflurane, they were not clinically important differences (1, 1, and 2 min).
While not statistically significant, the times to extubation of the trachea and ability to walk
without dizziness were shorter for isoflurane (3 and 40 min), even though the MAC values for
isoflurane were greater. The average times for discharge from hospital were not significantly
different for the two drugs. Posloperatively, subjective feelings, psychomotor performance,
analgesic requirements, and modified Aldrete scores were not different between the two drugs.

Safety Assessment:

The most olten observed postoperative complications were cough, (47%), nausea (45%}),
and vomiting (23%) with no significant differences between the two drugs. Bradycardia (not
defined) was four times more common (12 pts) with sevoflurane than isoflurane (3 pts). The
incidence of drug-related adverse experiences was the sama for the two drugs (22%). Fourteen
patients given sevoflurane exhibited severe postoperative complications (pain, vomiting,
syncope) all of which did not seem to be related directly to the administration of this drug. An
equal number of patients given isoflurane exhibited the same complications postoperatively. A
significantly higher percentage of patients given sevofiurane (28% v. 19%) demonstrated a
decrease in hemogiobin concentration postoperatively, and one patient had a decrease in platelet
count from 163 to 65 p/o. It is not possible to determine whather these changes were due to the
drug or other events that transpired during or early after surgery.
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STUDY 13: COMPARISON OF RECOVERY WITH ISOFLURANE

This study was designed to compare the recovery and safety of sevofiurane with isoflurane
in 75 ASA 1 & 2 patients undergoing routine surgical pre cedures, the most common being
hysterectc my. Fifty of the patients received sevoflurane, and 25 isoflurane. The average sevo
concentration was 2.6 or 21% above MAC, while Ihg average isoflurane concentration was
1.67% or 41% above MAC. While the MAC-hours were not different, the average MAC exposure
was (sevo 1.27 v. isoflurane 1.46. Both drugs were administered with oxygen; no nitrous oxide
was used. Most of the patients received midazolam premedication, about half received fentany!,
and virtually all patients received thiopental for induction of anesthesia and vecuronium for
muscle relaxation.

Efficacy Assessment:

The times to extubation, emergence, and first requirement for analgesia were significantly
shorter for sevo (8, 8 and 13 min) than for isoflurane (19, 20, and 27 min). The sevo
patients were more awake, aiert and oriented at emergence than the isofiurane patients. A blood
sevo pharmacokinetic analysis showed a typical value for t 1/2 a of about 1 hr and a Cmax of
511 uM. The typicai fluoride values were t 1/2 of 10.4 hrs and C max of 31 uM.

Safety Assessment:

About 33% of the patients in both treatment groups developed nausea which was not
serious. One patient in the sevo group emerged from anesthesia with bradycardia that
progressed to asystole which retumned to sinus rhythm after several chest compressions. The
investigator assigned the cause to the administration of neostigmine, but because there is
accumulating evidence that sevo is associated with bradycardia in some patients, it may have
contributed to the asystole. Seven sevo patients had peak inorganic fluoride concentrations
greater than 50 uM (50 to 75 uM) all on the day of surgery while none of the isoflurane
patients reached these values. None of these patients evidenced any abnormalities in BUN or
creatinine postoperatively.

Conclusion:

While the investigators concluded that sevo has a faster recovery, the differences in dose
may explain in part or entirely why the sevo patients emerged from anesthesia more rapidly. |
was not able to confirm that there were fewer adverse respiratory etfects with sevo than
isofiurane. No serious injury was observed despite the level of inorganic flurcride in 7
patients. Clearly inorganic fluoride levels are higher in sevo patients, but renal impairment
does not seem to result from this,

STUDY 14: COMPARISON OF RECOVERY WITH ISOFLURANE WITH AND WITHOUT PROPOFOL
This study performed at one institution was designed 1o evaluate the recovery phase of sevo
with isofiurane in patients when intravenous induction agents are or are not used. All patients

were women ASA 1 or 2, most of whom were undergoing a hysterectomy. They all received
fentany| prior to induction of anesthesia. Patients were divided into three groups of 25 each: Gp
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A received sevo by mask induction; B received propolol induction and sevo anesthesia; and C
received propofol induction and isoflurane anesthesia. All received 60-70% nitrous oxide. The
MAC concentration was significantly greater for the isoflurane patients (0.6 MAC) than for the
other groups (0.4 MAC); and the MAC-hours were greater for the isoflurane group (1.6 v. 1.1
and 1.0). Al of the patients received succinyicholine, vecuronium and most received morphine
during surgery. | was not able to determine the mean dose or range of propofol used for
induction.

Efficacy Assessment:

Induction time was shorter with propofol/sevo than propofol/iso or sevo alone. Whether
this was due to the difference in uptake of the two volatile agents, or to a difference in dose of
propofol could not be determined from the data. Times fo extubation and emergence weére
significantly shorter (5-7 min) with sevo than with iso (9-11 min). Induction and emergence
were smooth and uneventful with all three techniques. -

Safety Assessment:

The maximum concentration of inorganic fluoride occurred about 2 hrs after conclusion of
anesthesia and were 47 and 42 uM in the sevo groups and 16 uM in the iso group. The mean
concentrations were 25, 19 and 2 uM. There were no significant ditferences among the groups
in values of BUN or creatinine postop. The most common postop complication was nausea which
occurred in about 50% of all patients. No other serious adverse experienses occurred in any of

the groups.

Conclusion:

This study demonstrates that sevo can be used safely and effectively for mask induction in
aduits. The finding of a more rapid emergence and extubation with sevo, while statisticatly
significant is not clinically significant, and may have been due in part or wholly to the
difference in dosage of the sevo v. iso groups.

SUMMARY OF FOUR STUDIES:

From these four studias we can conclude:

. Sevo can be used effectively and safely for mask induction anesthesia.

2. Recovery from sevo is more rapid than with isoflurane, but the differences are not

clinically important.
3. Itisn't clear from these studies whether recovery from sevo is more rapid because of
its lower solubility or because it was used in lower doses.

Sevo causes bradycardia in some patients, which may be serious.

. Sevo increases levels of inorganic fluciide above thosc observed with isoflurane, but no
patients exhibited renal insufficiency as evidenced by abnormal values of BUN or
creatinine.

-
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IND #

NAME: Sevorane (Sevoflurane)

REVIEWER: C. Philip Larson Jr., M.D.

REVIEW DATE: November 1994 o
RESUME: USE OF SEVOFLURANE IN PATIENTS
BACKGROUND: ‘

The following studies, 15 through 20 evaluate the use of sevofiurane in a variety of patients and
anesthesia and surgical conditions,

Study 15: COMPARISON WITH ISOFLURANE IN NORMAL, ELDERLY AND OBESE PATIENTS
UNDERGOING NON-CARDIAC SURGERY AND PATIENTS UNDERGOING CARDIAC SURGERY

This study was designed to compare sevoflurane vs. isoflurane anesthesia in ASA 1-3
patients who were undergoing surgical procedures of 1-6 hrs in lengih. A total of 450 patients
in 10 US institutions were randomly assigned in a ratio of 4:1 to receive either sevo or
isoflurane. Of this group, 25 underwent cardiac surgery, and 425 non-cardiac surgery, with
two subpopulations of patienis, one being elderly (>65 yrs) 53 pis, and the other being obese
{>100 kg) 63 pts. Of the 450 pts, 359 received sevo (80%) and 91 {20%) received
isofiurane.

The cardiac patients all had good left ventricular function. In this group anesthesia was
induced with fentanyl and etomidate, and maintiined with either sevo 3% (20 pts) or isoflurane
1.8% (5 pts) with nitrous oxide until bypass. Wash-in and wash-out studies of each drug over
30 min were performed during bypass.

Efiicacy Assessment:

Times to extubation, emergence and first anaigesia were significantly shorter for
sevoflurane {3, 8, and 38 min), than isoflurane (14, 12, and 45 min), but the time tor
eligible discharge from the recovery room was not different. The cumulative Aldrete score for
respiration and consciousness was higher for the sevo than for the iso patients, but were equal
at the time of discharge. The elderly and obese pis did not have significantty different times than
the other pts. The wash-in and wash-out curves in cardiac patients were more iapid for sevo
than iso, but the differences were not statistically significant.

Safety Assessmant:

Emergence complications were trivial in both groups. A significantly higher percentage
of patients given sevo (42-45%) had postop nausea compared to iso (29%). In the 139
patients in whom inorganic fluoride was measured, mean Cmax was 31 uM, Tmax was 122 min,
and t1/2 was 9 hrs. The values were not significantly higher in the obese or elderly, Ten
patients in the sevo group had inorganic fluoride concentrations >50 uM; none showed any
evidence of renal insufficiency postop. The incidence of bradycardia was not greater in the sevo
group. One carciac patient given sevo died on p/o day 1, probably unrelated to sevo.
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Conclusion:

1. While the recovery from savo was faster, the differances from iso were not clinically
important. Furthermore, most or all of the faster recovery from sevo may have been due to the
fact that the dose of iso was greater (MAC-hours 33%> and average MAC exposure 20%>).
Because of the higher sevo dose, the sponsor cannot conclude from this study thet sevo has better
recovery characteristics than iso. .

2. None of the sevo patients developed clinical renal insufficiency despite the higher
levels of inorganic fluoride compared to the iso group.

STUDY 16: COMPARISON WITH ENFLURANE

This study compared the anesthetic and recovery effects of equianalgesic doses of
sevoflurane and enflurane in a 2:1 ratio in 277 ASA 1-3 patients undergoing surgical
procedures as inpatients in 9 institutions in Europe. The patients ranged in age from 18 to 88
(av 54) years, and were equally divided in gender. The most common operations were bowel
resection for cancer and disk surgery. All of the patients received fentanyl 2 ug/kg during
induction, and many received a fantanyl infusion during surgery at a rate of 1-3 ug/kg/hr. All
patients received vecuronium for relaxation, and nitrous oxide 60%. The unique feature of this
study was the fact that 26% of the patients were administered sevo or enflurane via a
nonrebreathing system. In the remainder, a conventional circle system was used. The mean
MAC concentration (0.47 v 0.44) and MAC-hours (1.9 v 1.8) were not significantly different
in the two groups.

Efficacy Assessment:

While the times to emergence, response to commands and orientation were shorter for
sevoflurane, the differences were not statistically significant. The average times for discharge
from hospital were not significantly different for the two drugs. The fact thai the differences
were not statisticaily significant may be due in part to the use of fentanyl infusions in many of
the patients.

Safety Assessment:

The most often ob=erved postoperative complications were cough, (25%), nausea (25%),
and bradycardia (16%) with no significant differences between the two drugs. The Cmax for
sevo was significantly greater (32, ranje 7-114 uMj than for enflurane {22, 9-45 uM); and
the Tinax was significantly shorter (97 v. 173 min). Ten patients in the sevo group had serum
inorganic fluoride concentrations of >50 uM/I, but none evidenced any impairment in renal
function. Only 2 of the 10 patients evidenced any increase in BUN cr creatinine postop. Five
patients evidenced mild to moderate increases in BUN ur creatinine following sevo, but none had
peak fluoride concentrations above 50 uM. There were no significant changes in mean BUN or
creatinine levels in either group. Thirteen patienis in the sevo group had mild to moderate
increases in SGOT or SGPT postop while only 4 patients in the enflurane group showed similar
increases. None of these patients demonstrated any sequelae from these changes.
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Conclusion:

1. It woukd be helptul to know from the sponsor whether there were any differences in
postop adverse events such as higher inorganic fluoride, BUN, creatinine or SGOT-SGPT lavels
in patients in whom a conventional circle was used compared to those administered sevo by a
nonrebreathing system. : '

STUDY 17: COMPARISON WITH PROPOFOL.

This study was designed to compare the maintenance, recovery and safety of sevoflurane
with propofol in 52 ASA 1 & 2 patients undergoing routine surgical procedures of up to 3 hrs
duration in one institution in Austria, All but one of the patients were female, most of ' whom
underwent breast, gallbladder or thyroid surgery. Anesthesia was induced with propofol with
both groups, following which half received sevo at an average concentration of 1% {range 0.7-
1.3%), and the other half received propofol by continuous infusion at an average rate of 6.5
mg/kg/hr (range 4-9) or a total dose of 521 mg (range 210-908). Both groups received
nitrous oxide 60-70%. A nonrebreathing system was used in 4 of the seve and 3 of the propofol
patients; a circle system was used in the rest. The mean duration of anesthesia was not
significantly different between the two groups (82 v. 74 min).

Efficacy Assessment: .

The times to emergence and orientation were significantly longer for sevo (9 and 13 min)
than for propofol (7 and 9 min), but the differences are not clinicaily important. No other
differences were observed during maintenance or emergence from anesthesia between the two
groups. There were no significant differences in subjective iaelings (visual analog scale) or
digital substitution test scores up to 120 min postop between the two groups.

Safety Assessment:

There were no serious complications in either group thai could be assigned to the anesthetic
drugs used. The incidence of nausea (35%) and braziycardia (23%) following sevo were
similar to values reported in other studies. Four patents in each group had increases in SGOT-
SGPT, creatinine, and/or BUN values postop which may have been due to the use of the
anesthetic drugs; but none of these patients evidenced any adverse sequelae postop. No studies of
inorganic fluoride levels were done,

Conclusion:

1. The maintenance and recovery from sevoflurane anesthesia was not clinically different
from propofol anesthesia in this group of patients.

2. It would be helpful if the sponsor could compare postop laboratory values between those
patients who did not rebreath anesthetic and those who did, although the number in the former
category is so small that any differences would not be significant.

"
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SUMMARY OF THREE STUDIES:
From these three studies we can conclude:

1. Concentrations of inorganic fluoride are higher foliowing sevoflurane than enflurane or
propofol, but the levels attained which are occasionally above 50 uM/l do not appear to cause
any renal impairment, ’

2. There was no comelation between those patients who had increases in serum inorganic
fluoride levels and those who had postop increases in BUN or creatinine.

3. Some patients who received sevo had increases in SGOT or SGPT or both. The
significance of these changes is unclear. '

4. In two of the studies, some of the patients were administered sevo via a nonrebreathing
circuit. Unfortunately, the sponsor does not distinguish whether use of this anesthetic system
affected the results compared to a circle system.
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IND #

NAME: Sevorane (Sevoflurane)
REVIEWER: C. Philip Larson Jr,, M.D.

REVIEW DATE: November 1994

RESUME: USE OF SEVOFLURANE IN PATIENTS
BACKGROUND: '

The foliowing studies, 19 and 20 evaluate the use of sevofiurane in a variety of patients
and anesthesia arnd surgical conditions.

Study 19: COMPARISON WITH ISOFLURANE IN PATIENTS UNDERGOING AMBULATORY SURGERY

This study was designed to compare sevofiurane vs. isoflurane anesthesia in ASA 1- 2
patients who were undergoing ambulatory surgical procedures of less than 1 hrin length. A
total of 246 patients in 5 US institutions were randomiy assigned in a ratio of 60:40 to receive
either sevo or isoflurane. Eighty percent of patients were women; 70% of operations were on
the female genital tract. In all patienis anesthesia was induced with propofol 2 mg/kg and
fentanyl 1 ug/kg, succinylcholine was used for tracheal intubation, and if additional relaxation
was needed, vecuronium 0.04 mg/kg was administered. Both groups received nitrous oxide
60%. The duration of operation was significantly shorter for the sevo patients than the
isoflurane patients (38 v. 46 min), so the MAC-hours were significantly less for the sevo v.
the isoflurane patients (0.57 v 0.76).

Efficacy Assessment:

Times to emergence, response to commands, orientation, and ability to sit up without
nausea or vomiting were significantly shorter for sevo (7, 7.5, 9 and 51 min), than isoflurane
{9, 10, 12 and £2 min}, but the tmes for eligible discharge from hospital were not different.
Aldrete scores for activity and consciousness were higher on admission to the PAR for the sevo
than for the iso patients, but were equal at the time of discharge. Subjective feelings {visual
analog scale) and psychomotor performance (digital symbol substitution test) were similar in
the two groups.

Safety Assessment:

The most common postop complication was nausea which was significantly less with sevo
than isoflurane (36 v 51%), but one patient in the sevo group had protracted nausea (12 hrs)
which the investigator thought was probably due to sevo. The incidence of postop somnolence
was significantly less with sevo than isoflurane (15 v. 26%). Bradycardia was not more
common in the sevo group, but one sevo patient with a history of vagal reactions (?7) developed
sinus arrest for 20 sec and hypotension for 2 min that required atropine, ephedrine and 8-10
cardiac compressions 1o resolve. While the investigator did not believe that this event was
related to the use of sevo, itis not possible to exclude that this event may have been caused by
sevo from the data provided. No important mean changes in laboratory values were observed,
including no changes in SGOT-SGPT, BUN or creatinine. Inorganic fluoride values were not
measured. .
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Conclusion:

1. Sevoflurane provides an anesthetic state and recovery that is similar to that for
isoflurane in this outpatient population.

2. While some recovery characteristics were fastar following sevo, the differences
from iso wero not clinically important, and did not “result in earlier readiness for discharge
from the ambulatory unit. Furthermore, most or all of the faster recovery from sevo may have
been due to the fact that the dose of sevo was significantly less. Because of the lower sevo dose,
the sponsor cannot conclude from this study that sevo has better recovery characteristics than
is0.

STUDY 20: COMPARISON WITH PROPOFOL IN OUTPATIENTS S

This study compared the anesthetic and recovery effects of sevoflurane and propofol in
283 ASA 1-2 patients undergoing surgical procedures as outpatients in 3 institutions in Europe
and 4 in the US. The patients ranged in age from 18 to 75 (av 35) years, and were equally
divided in gender. The most common operations were laparoscopy, knee arthroscopy and
septoplasty. The mean duration of surgery was 54 min for the sevo patients and 60 min for the
propofol patients. Anesthesia was induced in all patients with propofol 176 mg (range 60-
700), and about half of the patients received fentanyl. The average seve concentration was
0.6% (range 0.3-1.2), and the average propofol dose was 656 mg (range 89-2230). Nitrous
oxide 60% was administered to both groups. About 40% of patients received fentanyl and
vecuronium during maintenance of anesthesia.

Efficacy Assessment:

The times to emergsncs, response {o commands, ability (o waik without dizziness, and
eligibility for discharge from hospital were significantly shorter for sevoflurane (8, 9, 153
and 364 min) than for propofol (10, 12, 176 and 472 min). Other times (extubation,
orientation, eligibility for PAR discharge and ability to sit up without dizziness) were not
significantly different. While the average time for walking without dizziness was significantly
shorter for sevo, there were marked variations among investigators (4 of 7 had sevo shorter,
and 3 of 7 found propofo! shorter).

Safety Assessment:

The most often observed postoperative complication was cough, (37%), nausea (35%),
and emergence secretions (19%). Bradycardia occurred in only 8% of sevo patients. There
were no statistically different values for modified Aldrete score, pain discomfort, subjective
feelings (visual analog scale), or psychomotor performance between the groups. Four patients
in the sevo group developed more serious complications, ie: postop hypoxia, nausea and
vomiting, urinary retention, and excessive bleeding. None of these seemed to be due primarily
to sevoflurane administration, although it could have been a contributing factor. One patient in
the sevo group developed a marked increase in SGOT postop (29 to 330 UM, and two patients in
the propofot group developed either an increase in SGOT (19 to 144 UA) or creatinine (71 to
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159 uM”).
Conclusion:

1. Sevoflurane produced anesthesia and recovery variables that were as favorable as
those for propofol, except for the significantly highel__' incidence of nausea postoperatively.

SUMMARY OF TWO STUDIES;
From these two studies we can conclude;

1. Sevoflurane provides anesthetic conditions and recovery variables that are -
comparable to those for isoflurane or propofol in patients undergoing ambulatory surgical
procedures.

2. The incidence of postoperative nausea woulkd appear to be higher for sevoflurane than
propofol.



Date: . November 11, 1994

To: Bob Bedford, M.D.
Acting Director, PCES

./

- T
From: C. Philip Larson Jr., M.D. {:\:LL;_L\Q\-M
Subjeci: Sevorane Draft Label

The following are my recommendations regarding the Sevorarie Draft
Labe!.

1. Page 12: While the conclusion stated below the table on this page is
true, without further information it is misleading. In most if not all of
the studies cited in this table, the differences between sevoflurane and
the reference drugs weie:

*  statistically significant but not clinically important

* due to the fact that the duration of exposure to sevoflurane was
significantly shorter than the reference drug, the doses of the
reference drug were not equipotent, or equipotency as in the
case of propofol is not kriown.

* did not lead to significantly earlier discharge from the hospital or
ambuiatory service.

2. Page 14: In the section on Adult Anesthesia, the concluding statement
is that sevoflurane is associated with shorter times for recovery events.
Again this is misleading because the statement is true for some recovery
events but not for others (ie: time to extubation, time to sitting without
dizziness, time to discharge from hospital, etc. In the Ambulatory
Surgery paragraph, while the ability to walk without dizziness was
significantly shorter sevofiurane than propofol, the results were
extremeiy variable among investigators (ie: 4 found sevoflurane better; 3
found propofol better).



3. Page 15: Again the table and conclusions are misleading because in the
case of isoflurane the dose of sevoflurane was less; and in the case of -
propofol, there is no way to know whether equianalgesic doses were used.

4. Page 23: The paragraph on MH is misleading in that it does not state in
direct terms that sevoflurane may trigger MH in susceptible patients. The
fact that one case did occur in the clinical studies would dictate that it
be made clearer that sevoflurane is a triggering agent for MH, and should
not be used in susceptible patients.

5. Page 24: In the section on renal function, it should state that
sevoflurane does cause higher levels of inorganic serum fluoride that the
reference drugs, and that in some patients the level may exceed 50 uM/l.
Whether this proves to be of clinical importance will only be known as
many more patients are exposed to the drug. There is at least one case in
these clinical trials of a patient who developed renal insufficiency after
exposure to sevofiurane. The clinician should know that infrequent renal
insufficiency due to sevoflurane has not been ruled out.

6. Page 26: Sevoflurane is associated with a substantial incidence of
nausea (40%) in most of the studies, and in some patients may be
protracted. This should be stated. Severe bradycardia seems to occur in
some patients as well, and perhaps deserves special mention.
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MEDICAL OFFICER REVIEW

NDA#: 20,478
NAME: Sevorane (Sevoflurane)
SPONSOR: Abbott Hospital Products
One Abbott Park Road
Abbott Park IL. 60064-3500
Phone (708) 937-3216
REVIEWER: Robert G. Merin, M.D., Medical Officer
REVIEW DATE: October 1994
SUBMISSION TYPE: NDA
CSO: Leslie Vaccari
RESUME: Cardiovascular Studies: 26, 27, 28, 29

Background
Studies 27 and 28 were pharmacologic studies using either human
volunteers or healthy patients. References 26 and 29 were multicenter clinical
studies investigating CABG patients (26) and patients at risk for CAD undergoing
non-cardiac surgery (29).

Pharmacologic Studies
Study 27:
Design: 21 healthy human volunteers were scheduled to receive 1.0, 1.5 and
2.0 MAC sevoflurane-O: (n=7); isoflurane-Oz: (n=7) or sevoflurane-Nz0 (n=7) in
three phases; 1.) controlled ventilation, I1.) spontaneous ventilation, TT1.) controlled
ventilation at the end of the experiments investigating only 1.0 and 2.0 MAC
concentrations of the respective anesthetics.

State-of-the-art cardiovascular measurements were employed with arterial
and thermal dilution pulmonary artery catheter; transthoracic (awake) and
transesophageal {anesthetized) echo. Hemodynamic measurements included heart
rate (HR), mean arterial pressure (MAP), cardiac output, central venous pressure
(CVP), pulmonary artery pressures; mean (MPAP) and diastolic (PAD). Echo
recordings included left ventricular end diastolic area (LVDA) and left ventricular
end systolic area. Calculated hemodynamic indices included cardiac index (CI),
struke volume index (SVI), systemic vascular resistance (SVR). Echo calculations
included systolic wall stress (SWS), left ventricular ejection fraction (LVEF), and
velocity of circumferential fiber shortening (Vcfs). Statistical evaluation relied on
one way analysis of variance and paired t-test.
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Results

A major problem with this study was the fact that one isoflurane volunteer
was withdrawn before the study began so that the isoflurane n was only 6 to start
with. Twe volunteers did not complete the 1.5 MAC isoflurane and one more did
not complete the 2.0 MAC isoflurane studies because of hvpotension. Hence the
numbers for statistical analysis of these higher concentrativ:s of isoflurane are
inadequate and any statistical comparison is invalid. In addition, the effects of 1
MAC isoflurane in this study are very differeht from those recorded for previous
human volunteer studies. Consequently, I choose not to use the isoflurane data in
this study for comparative purposes.

Body temperature and arterial blood gases were well controlied for both
phases I and ITI of the study. The baseline demographics, arterial blood gases and
hemodynamics were also comparable between the anesthetics except that MPAP
and PVR were increased awake in the sevoflurane-oxygen group compared with the
other groups.

1)  Controlled ventilation
Sevoflurane produced marked and significant decreases in MAP at all doses

versus awake.
The effect of 1.5 MAC was greater than 1.0 MAC.

Sevoflurane produced a mild but significant decrease in SVR at 2.0 MAC
versus awake.
The decrease in SVR at 1.5 MAC was greater than 1.0 MAC.

There was no significant change in HR at any dose versus awake.
However, HR was higher at 1.5 MAC versus 1.0 MAC and at 2.0 MAC
versus 1.0 MAC.

There was a moderate and significant decrease in CI at 1.0 MAC and 1.5
MAC.

There was a marked and significant decrease in SVI at all doses versus
awake.

Sevoflurane decreased CVP, MPAP, PAD at 1.5 MAC versus awake.
Sevoflurane produced no change in LVEDA, LVEF, or LVcfs at any dose
versus awake.

Comparison: ,
Compared to previous human volunteer studies with isoflurane and

desflurane, sevoflurane produced:

Less tachycardia than either isoflurane or desflurane.

-More decrease in ClI and SVI than isoflurane or desflurane at 1.0 and 1.5
MAC.

Less decrease in SVR than isoflurane or desflurane at all doses.

Note: the maximal desflurane dose in these studies was only 1.6 MAC.
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TABLE
AWAKFE 10 L5 2.0 MAC
pHa 7.42 7.35 7.31 7.24
PaCO:2 39 4 51 55
PaO: 89 498 486 495

More decrease in SVR.
No change in other measurements

Sevoflurane during spontaneous ventilation produced results very similar to
both those seen with desflurane and isoflurane except: CI actually increased
during spontaneous ventilation with both desflurane and isoflurane.
Likewise LVEF and Vcfs increased during spontaneous ventilation with
desflurane. These differences suggest that either sevoflurane is more
cardiodepressant or more SNS depressant than desflurane since the
respiratory acidosis resulting from spontaneous ventilation produced less
modification of the cardiodepressant effects of sevoflurane.

Conclusion
The isoflurane data in this study is questionable. Certainly the results at 1.5
and 2.0 MAC are not subject for statistical evaluation.

Sevoflurane is a dose related cardiac depressant.

The increased heart rate at 2.0 MAC partially counteracts this effect.

Sevoflurane appears to produce less tachycardia at 1.0 MAC than isoflurane
and desflurane and less tachycardia at 2.0 MAC than desflurane.

Sevoflurane is a less potent systemic vasodilator than either desflurane or
isoflurane.

Qualitatively however, the cardiovascular effects of desflurane, sevoflurane
and isoflurane in human volunteers are similar except for the effects
on heart rate.

This study has been published in Anesthesioclogy (Navarro, et al 80:545-549,
1994))

‘This is a repeat of previous studies by the same group with desflurane and
isoflurane in patients for transsphenoidal hypophysectomy.

In these patients submucosal epinephrine in doses of 10, 13.3 or 20 meg/ml
were injected during 1.0-1.3 MAC sevoflurane or isoflurane.

3
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No ventricular arrhythmias were seen after epinephrine injection with either
anesthetic at less than 5 mcg/kg doses of epinephrine. There was ro
differences between the anesthetics.

A previous study with desflurane versus isoflurane (Anesthesiology 79:943-
947, 1993) indicated an epinephrine arrhythmxc threshold of 7 meg’kg
for both anesthetics.

Conclusion
It is unlikely that there is a real difference in arrhythmogenic potential of
epinephrine between the three anesthetics, The difference between the
thresholds is undoubtedly due to individual variation. In addition, this is a
less than quantitative study. For real accuracy, intravenous epinephrine
should have been injected rather than submucosal. )
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Resulte:

Clinical Multicenter Studies

This study was conducted in 13 centers in the US and 4 other countries.
Patients were uncomplicated coronary artery bypass grafting candidates with
good ventricular function, no recent myocardial infarction and stable angina.

Premedication and induction were standardized; the latter with midazolam
(0.1-0.3 mg/kg) fentany!l (5-25 mcg’kg) and vecuronium (0.1-0.2 mg'kg).

One MAC sevoflurane (2.05%) or isoflurane (1.15%) were begun at a loss of
consciousness. .

The drugs were titrated throughout the pre-cardiopulmonary bypass period
to a maximum of 2.0 MAC. Neither drug was administered during or after
cardiopulmonary bypass,

Besides standard monitors, continuous two lead ST segment monitoring for
12 hours prior to anesthesia through the beginning of cardiopulmonary
bypass was accomplished. The tapes were given a standard evaluation by a
blinded cardiologist.

CPK-mB concentrations were measured every 8 hours for the first 3
postoperative day.

Standard definition of postoperative myocardial infarction was employed.

Ventricular failure was defined as a CI of < 2 /min/m? and or the use of an
intra-aortic balloon pump. There was no mention of the use of inotropes
incidence of pulmonary edema, etc.

Statistical Evaluation was adequate.

140 patients were randomized to sevoflurane and 133 to isoflurane. Pre- and
intraoperative demographics were comparable except that cross clamp and
total cardiopulmonary bypass time were not documented. The average MAC
dose was approximately 0.5 for both anesthetics. The mean MAC hours were
1.0 for sevoflurane and 0.92 for isoflurane.

"All outcome data were entirely comparable including hemodynamics, use of
cardioactive drugs, and ischemia incidence during anesthesia. There were no
differences in postoperative incidence of myocardial infarction or ventricular
failure as inadequately defined in the protocol.

5
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It was curious that: 1.) there was an increase incidence of hypertension with
sevoflurane in as much as concentration of sevoflurane should be more easily
manipulated than isoflurane; 2.) there was a very low incidence of non-
hemodynamically related iachemia; 3.) one sevoflurane patient (#1456) was
described as having sevoflurane discontinued because of hypotension. Yet
nowhere could I find the description of this patient.

Conclusion
1. The n was barely adequate especially for a multicenter study.
2. The inhalation anesthetics were definitely used as supplements only prior
to cardiopulmonary bypass.
3. The low incidence of continuous ST segment ischemia casts some doubt on
the adequacy of monitoring or interpretation of this data.
4. As presented, there no significant differences in the conduct of anesthesia
nor postoperative complications between sevoflurane and isoflurane in these
relatively healthy coronary artery bypass graft patients.

Study 29: .

This was a multicenter {13) multinational (3) study. All patients were New
York Heart Association 1 (70%) or 2 (30%). Most patients did not have
angina (72%).

The surgery was predominately cardiovascular (46%), GI (19%) and
musculoskeletal (15%). There was a standardized diazepam premedication:
induction was “consistent for each site” and utilized predominately
thiopental, low dose fentanyl with or without vecuronium.

Anesthesia was initiated with approximately 1.5 MAC (sevoflurane 3%)
(isoflurane 1.8%) supplemented with 50-70% nitrous oxide and titrated
versus HR and BP. The continuous ST segment monitoring and criteria for
postoperative myocardial infarction were the same as Study 26 except that
the ST segment monitoring was continued for 48 hours postoperatively.

There were no cardiac output or filling pressure measurements reported.

" The statistics were good.
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Results:

106 patients were randomized to sevoflurane and 108 to isoflurane. Pre- and
intraoperative demographics were entirely comparable.

The average MAC doses for both anesthetics were 0.49! No documeritation
was provided as to what the rest of the anesthesia for these major surgical
procedures consisted of. No dose for opiate agonists, intravenous hypnotics
or even concentrations of nitrous oxide were provided.

1t is of some interest that 99 and 100% of the sevoflurane and isofturane
patients respectively were noted to have received vecuronium yet only 56%
rece1ved an anticholinesterase for reversal.

Only 83 in each anesthetic category were reported with continuous ST
segment monitoring. Again, there was a very low incidence of non-
hemodynamic related ST segment ischemia (although this was a much lower
risk group than the coronary bypass patients).

There was no significant difference in the incidence of tachycardia,
bradycardia, hypertension, hypotension or ischemia intraoperatively between
the two groups. Likewise there was no difference in incidence of
postoperative myocardial infarction. In addition, there was no difference in
the other non-cardiac adverse events in the intraoperative or postoperative
period.

Problems:

1. The definition of the “at risk” patients.' As noted, most of the patients
were New York Heart Association class 1 and most had no clinical symptoms.
Any patient with peripheral vascular disease or having peripheral vascular
surgery was included as well as the patients with 3 risk factors including age
> 65, hypertension, cholesterol > 240 mg/dl, diabetes mellitus, smoking
history, so that in fact this was not a high risk group of patients.

2. For a multicenter study, especially considering the drop out for the ST
segment monitorings I believe that the n is inadequate.

3. The anesthetic drugs need to be better defined. There were major surgical
operations and the average dose of inhalation anesthetics was 0.5 MAC.,

4. Again, there was a very low incidence of non-hemodynamically related ST

“segment ischemia contrary to reported results from patients with coronary

artery disease.
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Conclusion
Within the limits of this study as indicated above, in patients at mild to
moderate risk for myocardial ischemia undergoing relatively short surgery
(mean duration 110 and 114 minutes) there was no difference at all in
incidence of intra- and postoperative complications in well matched cohorts
when sevoflurane and isoflurane were compared.

Labeling

Page 2:
The significance of the interaction of sevoflurane with soda lime and
baralyme is, to say the least, controversial. The labeling on Page 2 is not
adequate. At the very least I believe that the agency should suggest in
labeling that baralyme should not be used with sevoflurane. A new study
published this year in Anesthesiology (Bito and Ikeda 80:71, 1994)
documents in a clinical study the difference between the effect of baralyme
and soda lime on the production of compound A.

Page &
The table needs to be totally redone. I would prefer that the isoflurane
segment be totally eliminated but at the very least the 1.5 and 2.0 MAC
segments need to be eliminated because of the low n and the lack of validity
of statistical evaluation (see the medical officer summary).

There needs to be a summary statement which should be similar to my
summary in the medical officer summary such as:

Sevoflurane in human volunteers is a dose related cardiac depressant.

In contrast to previously reported studies with desflurane and isoflurane,
heart rate increases only at 2.0 MAC doses of sevoflurane, so that at lower
and more clinically applicable doses, sevoflurane produces less tachycardia
than isoflurane or desflurane. On the other hand, cardiac output is
decreased even at 1.0 MAC in contrast to both sevoflurane and desflurane
and as a result of the dose related decrease in mean arterial pressure,
sevoflurane is a less potent systemic vasodilator than either desflurane or
isoflurane.

A study investigating the epinephrine induced arrhythmogenic effect of
sevoflurane versus isoflurane in adult patient undergoing transsphenoidal
hypophysectomy demonstrated that the threshold dose of epinephrine
‘producing multiple ventricular arrhythmias was 5 meg/kg with both
sevoflurane and isoflurane. Consequently it seems that, the interaction of
sevoflurane with epinephrine is equivalent to that seen with isoflurane.

8
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I beheve tlus section should be markedly changed as follows

Sevoflurane was compared to isoflurane as an adjunct with narcoticsin a
multicenter study of 273 patients undergoing CAB surgery. Anesthesia was
induced with midazolam 0.5-0.3 mg/kg; vecuronium 0.1-0.2 mg/kg and
fentanyl 5-15 mcg/kg. Both isoflurane and sevoflurane were administered at
loss of consciousness in doses of 1.0 MAC and titrated until the beginning of
cardiopulmonary bypass to a maximum of 2.0 MAC. The total dose of
fentanyl did not exceed 25 mcg/kg. The average MAC dose was 0.49 for
sevoflurane and 0.53 for isoflurane. There were no significant differences in
hemodynamics, cardioactive drug use or ischemia incidence between the two
groups. Outcome was also equivalent. In this small multicenter study, it
would appear that sevoflurane is as effective and as safe as isoflurane for
supplementation of opioid anesthesia for coronary bypass grafting.

More mformauon is necessary for labehng as md1cated in the medical officers
review of Study 29. Assuming that this information is satisfactory, I would
amend the labeling as follows:

Sevoflurane-nitrous oxide was compared to isoflurane-nitrous oxide for
maintenance of anesthesia in a multicenter study in 214 patients, age 40)-87
years, who were at mild to moderate risk for myocardial ischemias and were
undergoing elective non-cardiac surgery. 46% of the operations were
cardiovascular with the remainder evenly divided between gastrointestinal
and musculoskeletal and small numbers of other surgical procedures. The
average duration of surgery was less than 2 hours. Anesthesia induction was
performed usually with thiopental (2-5 mg/kg) and fentanyl (1-5 mecg/kg).
Vecuronium (0.1-0.2 mg/kg) was also administered either to facilitate
intubation, muscular relaxation or immobility during surgery. Either
sevoflurane or isoflurane was administered at loss of consciousness in 1.5
MAC doses which were then titrated through the rest of the procedure. The
average MAC dose was 0.49 for both anesthetics. There was no significant
difference between the anesthetic regimens, for intraoperative
hemodynamics, cardioactive drug use or ischemia incidents, although only 83
patients in each category were successfully monitored for ischemia. The
outcome was also equivalent in terms of adverse events, death and
postoperative myocardial infarction. Within the limits of this small
multicenter study in patients at mild to moderate risk for myocardial

‘ischemia, sevoflurane was a satisfactory equivalent to isoflurane in providing

supplemental inhalation anesthesia to intravenous drugs.
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MEDICAL OFFICER REVIEW

NDA #: 20,478

NAME: Sevorane (Sevoflurane)

SPONSOR: Abbott Hospital Products
One Abbott Park Road
Abbott Park IL 60064-3500
Phone (708) 937-3216

REVIEWER: Robert G. Merin, M.D., Medical Officer

REVIEW DATE: November 4, 1994

SUBMISSION TYPE: NDA

CSO0: Leslie Vaccari

RESUME: Cardiovascular Studies: 42

Background
Both isoflurane and desflurane stimulate the sympathetic nervous system
(SNS) transiently upon rapid increase in inspired concentrations both during
induction and steady state anesthesia producing significant tachycardia and
hypertension (1-3). The same laboratory that discovered this effect for desflurane
has now studied sevoflurane.

Pharmacologic Studies

Design: 10 male volunteers were instrumented with:

intravenous and radial artery catheters

peroneal nerve electrodes at the right fibular head for recording of SNS
peripheral nerve traffic

forearm vascular resistance by strain-gauge plethysmograph

arterial epinephrine and norepinephrine concentrations

baroreceptor stress testing using hypotension with sodium nitroprusside and
hypertension with phenylephrine.

Protocol: Anesthetic induction was accomplished with 2-3 mg/kg propofol.

Mask oxygen (30%), air and sevoflurane (1%-1 min., 2%-1 min., 3%) until
endotracheal intubation (ETI).

Vecuronium for neuromuscular blockade.

After 10-12 minutes, ETI.

Sevoflurane concentration was:

Decreased to 1% for 30 minutes.

- Increased to 2% with q 1 minute measurements maintained at 2% for 15

minutes.

Increased to 3% with q 1 minute measurements maintained at 3% for 15
minutes.
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All measures except for baroreceptor stress testing were recorded during
induction and change of sevoflurane concentrations during
maintenance. Baroreflex stress testing was done at only awake and
steady state end-tidal concentrations.

Statistics
There was inadequate description of stetistics (Full Summary-Page 15).
Appendix C. (named a Statistical Evaluation) recorded only mean, standard error,
minimum and maximum values for the recorded variables.

Results _
From graphs, Full Summary Page 22-31 and tables, Appendix C. Page 192-
211.
Note: 1. As indicated before, there was inadequate presentation of

statistics.

2. Appendix C. Page 220-223 lists tabular data for central venous
pressure recording. There is no mention of a central
venous pressure catheter in the complete summary.
Justification for this catheter and route of insertion need
to be documented.

Induction: There was a gradual reduction in mean arterial pressure; a small
increase in heart rate; a marked decrease in muscle SNS activity (MSNA) and a
marked decrease in forearm vascular resistance (FVR). Most of these effects were
probably related to the propofol induction.

Sevoflurane: With the introduction of sevoflurane during induction, there
was continued decrease in mean arterial pressure and forearm vascular resistance
with no change in heart rate or MSNA (? statistical significance [SS]).

Mean arterial pressure, heart rate, MSNA and forearm vascular resistance
all increased markedly with endotracheal intubation (? SS).

Steady state Sevoflurane: Heart rate was back to baseline at 1% sevoflurane
and increased slightly at steady state 2% and 3% sevoflurane (? SS).

Mean arterial pressure returned to baseline at 1% sevoflurane and was
decreased at 2 and 3% (? SS).

MSNA did not return to either baseline (decreased) or the level after propofol
induction (increased). There was no change with increasing concentrations of’
sevoflurane.
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FVR was decreased at 1% sevoflurane and further decreased at 2 and 3%
sevoflurane (7 SS).

Plasma nor epinephrine was decreased at 1% sevoflurcne and returned to
baseline at 2 and 8% sevoflurane. There was no change in plasma epinephrine
although there were many missing values. .

Peripheral baroreflex slope (MSNA) was markedly and dose dependently
decreased by sevoflurane (? SS).

Cardiac baroreceptor slope (? heart rate) was markedly and dose dependently
depressed by sevoflurane during hypotension (? SS).

Cardiac baroreceptor slope was unchanged unti! 3% sevoflurane during
hypertension.

) Discussion

The discussion on Page 41 of the Full Summary is generally accurate. However,
the conclusion needs to be modified because, in fact as indicated above there was
marked decrease in baroreceptor function with hypotension both as evaluated by
MSNA and heart rate respense. It is true that during hypertension baroreflex
response was preserved until 3% (1.5 MAC) sevoflurane. The general results and
conclusions of this study suggest that unlike desflurane and isoflurane, sevoflurane
is not associated with any SNS activation either during induction or increased
inspired concentrations during steady state. In addition, this study suggests that
sevoflurane produces significant sympathetic nervous system depression that
appears to be dose related.
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An Affirmative Action/E qual Opporiunity Educational institution

L} 4(?



MEDICAL REVIEW
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NAME: Sevorane (Sevoflurane)

Reviewer: Margaret Wood, MD
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Resume: Pediatric Studies #1,21,22,23,24,25

Background

Sevofluiane was evaluated in two pivotal studies and four supporting studies in pediatric
patients undergoing variou: types of surgical procedures. In Study #1, sevoflurane alone was
evaluated, while in Study #21, halothane was used as the comparative anesthietic.

Study 1: MAC of Sevoflurane in Pediatric Patients.

90 patients 0 - 10 years old (ASA I, II) undergoing surgical procedures of less than 60
minutes duration received sevoflurane in O, or sevoflurane in 60% N,0/40% O, administered
throagh an Ayres T piece, so no interaction with soda lime was possible. MAC was
determined by using the response to incision as the stimulus and the "up and down" method
of Dixon." The MAC values determined for sevoflurane in oxygen (O;} in pediatric patients
were:

3.26% in 0 - <1 month, 3.01% in 1 - <6 months, 2,80% in 6 - <12 months, 2.65 in | - <3
years, 2.53% in 3 - <5 years and 2.41% in 5-12 years. The MAC values for sevoflurane in
N,0/0, was 1.98% in 1 - 3 years age group.

Efficacy Assessment
Mean induction time for 78 patients was 1.1 £ 0.0 min (range 1-3 min). MAC exposure
varied from 0.4 to 3.6 hours for all patients. Mean time to emergence was 12.3 + 0.9 min.

Safety Assessment

Most common adverse experiences included somnolence (28%) and vomiting (16%). Cmax
(max observed concentration) for fluoride ranged from 1.5 to 27.0 uM. One patient had post
discharge bleeding (not considered to be related to the anesthetic) and another experienced
post extubation apnea prior to emergence. None of the laboratory values were considered to
be abnormal.

Study 21: Induction and Maintenance of Anesthesia: Sevoflurane vs Halothane

525 patients ASA I, 11 were studied as part of a muiticenter randomized open label study
comparing sevoflurane to halothane in pediatric patients. Ratio of halothane to sevoflurane
was 1:1. Anesthesia exposure was 1.10 £+ 0.03 MAC hours for sevoflurane and 1.27 + 0.03
MAC hrs for halothane. It is not clear in the Methods section as to type of anesthetic circuit
and flow rates used.
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Efficacy Assessment

Induction times were 1.7 &+ 0.06 and 2.2 + 0.06 min for sevoflurane and halothane
respectively (p<0.001); while emergence was more rapid for sevoflurane than halothane (11.9
% 0.59 vs 19.4 mins + 0.59 p<0.001). The most common adverse experience was agitation,
31% in the sevoflurane group and 18% in the halothane group. 21% of patients in both
groups received vecuronium, while there was no significant difference in fentanyl dose
between the two groups. Sevoflurane patients had significantly higher objective pain
discomfort scores than halothane patients in the first 40 minutes post-anesthesia, which may
be related to postoperative restlessness.

Safety Assessment
There was no significant difference for overall cardiovascular parameters between the two

groups, but cight patients in the halothane group as opposed to one patient in the sevoflurane
group experienced bradycardia. The incidence of agitation was higher in the sevoflirrane
group than the halothane group of patients. Seven patients in the sevoflurane group and two
in the halothane group experienced severe adverse experiences. In the sevoflurane group two
paients experienced apnea and one patient laryngospasm. In the halothane group, one patient
exhibited drowsiness/somnolence.

No fluoride or Compound A estimations were carried out as part of the safety assessment of
sevoflurane in this study. None of the laboratory values were considered by the investigators
to be clinically significantly abnormal. Two halothane outliers were reported for SGPT/ALT.

Study 22: Induction and Maintenance of Anesthesia: Sevoflurane vs Halothsse in
Pediatrics

Sevoflurane was compared to halothane anesthesia in 50 pediatric (ASA I, II) patients, as part
of an open label randomized study in which the ratio of sevoflurane to halothiane patients was
1:1. Anesthesia exposure was 2.44 + 0.254 MAC hours for sevoflurane and 3.06 + 0.254
MAC hours for halothane. Vecuronium and fentanyl were given as clinically indicated.

Efficacy Assessment
Patients were induced and emerged in 1.0 + 0.09 minutes and 17.1 £ 3.05 minutes with

sevoflurane compared to 1.7 + 0.09 minutes and 35.4 + 3.05 minutes with halothane
(p<0.001). Time to response to commands, orientation and first analgesia was significantly
faster in the sevoflurane group than the halothane group. The modified Trieger dot test score
at 1 and 2 hour post anesthesia was only statistically different at 1 hour post-anesthesia.

Safety Assessment
The maximum fluoride concentrations (Cmax) ranged from 14.0 to 45.00 pM, with a peak

concentration occurring at approximately 1.4 hours. No serious adverse experiences were
reported, and there were no significant differences between halothane and sevoflurane study
patients for adverse effects. In one sevoflurane patient, BUN was increased to 21 mmo/L on
Day 2. In one halothane patient, a clinically significant abnormal value for WBC was

reported.
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Study 23: Induction and Maintenance of Anesthesia: Sevoflurane vs Halothane in
Pediatric Patients

This was a multi center (12 sites) randomized study comparing sevoflurane to halothane in
428 pediatric patients (ASA I, II) 1 month - 18 years of age. Sevoflurane patients were
induced in 2.1 £+ (.28 minutes compared to 2.9 + 0.26 minutes in halothane patients, while
emergence was 10.3 + 0.87 minutes for sevofiurane and 13.9 + 0.80 minutes for halothane
patients. Vecuronium and fentanyl were administered if clinically indicated.

Efficacy Assessment
Sevoflurane produced a slightly faster induction than did halothane; similarly for emergence

(see above). Anesthesia exposure was 2.15 % 0.115 MAC hours for sevoflurane and 2.22 +
0.106 MAC hours for halothane (NS). Time to orientation, first analgesia and eligibility for
discharge from recovery revealed no significant differences between groups. However,
objective pain discomfort scale total scores were significantly higher for the sevoflurane
patients for 20 minutes post-anesthesia. VAS scores were essentially similar for both groups
during the post-anesthesia period (up to 120 minutes).

Safety Assessment
Cmax for fluoride concentration ranged from 7.1 to 34.2 uM. The mest common adverse

experience was vomiting, 31% in sevoflurane patients and 40% for halothane patients (NS).
2% of sevoflurane patients exhibited bradycardia compared to 12% of halothane patients
(p<0.001). Five patients in the seveflurane group were reported as having serious adverse
experiences; but none appeared to be related to the study drug. In the halothane group, 7

patients experienced serious adverse experiences, | patient developed malignant hyperthermia.

The other adverse experiences appeared to be unrelated to the study drug. Four sevoflurane
and 4 halothane patients had clinically significant abnormal BUN values, while 2 sevoflurane
patients had abnormal creatinine levels. One halothane and ! sevoflurane patient had
abnormal SGOT/AST levels.

Study 24: Induction and Maintenance: Sevofiurane vs Halothane in Pediatric Patients

120 patients (2 sites) were randomized to receive sevoflurane/O,, sevoflurane/N,0/0, or
halothane/N,0/O, = ratio being 1:1:1. Anesthesia exposure was 3.57 £ 0.267 MAC hours for
sevo/O,; 3.09 £ 0.267 for sevo/N,0/0, and 2.82 £ 0.267 for halothane/N,0/0,.

*

Efficacy Assessment
Patients were induced in 1.7, 1.6 and 1.9 minutes with sevo/O,, sevo/N,0/0, and Hal/N,0/0,

respectively, while emergence times were 12.5, 15.5, and 25.7 minutes following sevo/O,,
sevo/N,0/0, and hal/N,0/0,. The most common adverse experience was vomiting, but there
was no statistical significance between the groups.

Safety Assessment
Fluoride Cm~x for sevo/O, was 16.04 and for sevo/N,0/0, was 15.51 pM. No range was

reported. However, it is important to investigate the "outliers” in regard to possible fluoride
induced toxicity. Two patients in the sevoflurane group experienced serious adverse effects,
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but none were related to the study drug. None of the patients in Study 24 had laboratory
values considered to be clinically significantly abnormal.

Study 25: Induction and Maintenance: Sevoflurane vs Halothane in Pediatric Patients

375 patients (ASA I, II) were randomized to rec:ive seveflurane /N,O or halothane/N,O for
induction and maintenance of anesthesia. Ratio of sevoflurane to halothane patients studied
was 2:1. Anesthesia exposure time was 1.09 MAC hours for sevoflurane and 1.24 MAC
hours for halothane.

Efficacy Assessment
Sevoflurane induction was faster than halothane induction (1.3 £ 0.0 vs 1.6 % 0.1 p<0.001)
and similarly for emergence (11.3 £ 0.7 vs 19.4 & 1.0 p<0.001).

Safety Assessment

Again the most common adverse effect was vomiting, 22% for sevoflurane and 35% for
halothane, p = 0.006. The objective pain discomfort score was significantly higher for
sevoflurane patients than halothane patients for the first 30 minutes post-anesthesia. Agitation
was increased in sevoflurane patients compared to halothane patients. One sevoflurane patient
had a serious adverse experience - apnea, which was probably related to the study drug. One
halothane patient experienced airway obstruction and hypoxia, considered to be a serious
adverse effect. No fluoride concentrations were measured. No clinically significant abnormal
laboratory values were reported.

CONCLUSIONS FROM STUDIES

Abnormal chemistry (liver/kidney) occurred in a few patients. No studies were performed
using more sophisticated methods of investigation of renal function. In view of some
relatively high fluoride concentrations, this may be required if sevoflurane is to be considered
for more prolonged administration in pediatric patients. in addition, no mention was made of
gas flow/circuit type which may be of importance for possible compound A production.
Future studies regarding preoperative drug therapy and fluoride production may be required,
e.g. inducers of CYP2E].

The Pediatric Studies demonstrate that sevoflurane may produce a faster induction and more

rapid emergence and recovery. Restlessness/agitation may be more common after sevoflurane
than halothane, possibly due to discomfort from surgery.

RECOMMENDATIONS REGARDING LABELING

- Pediatri ia section

First paragraph is satisfactory

Second Paragraph - Mask Induction



pivotal study 21 - Induction and Maintenance of Anesthesia: Sevoflurane vs Halothane in
Pediatric Patients. The induction time was significantly shorter P<0.001 1.7+0.0.6vs22
0.06 miins, see next paragraph. I think that they sboyld give the actual induction time here with

Third Paragraph - Ambulatory surgery
Relates to 525 patients - study 21

No mention is made of increased agitation wit}; sevoflurane.
Sevoflurane (max %) etc . . . Sentence does not read correctly - verb is missing.

I would like to comment on Some asp=cts of the label that were not assigned to me:

1. Page2 - last paragraph
Cytochrome P450 2E1, thus far, is the only . ..

2. CYP 2E1 s not induced by barbiturates, but is induced by ethano! and isoniazid, an
therefore these drugs have the potential to induce sevoflurane metabolism. This may need to
be considered for the drug interaction sectjon.
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RESUME: Renal, Hepatic, Elderly Studies

Background:

Sevoflurane was evaluated for effects on renal function, hepatic fun~tion and the elderly in

six studies. Two studies addressed renal concentrating ability in healthy volunteers (#30,

35), two studies addressed renal effects in patients with renal compromise (#31, 34), one
study compared sevoflurane to isoflurane in the elderly (#32), and one study compared
sevoflurane to isoflurane in hepatically impaired inpatients (#33). Table 1 summarizes the
parameters measured in each study.
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Table 1. .

Measurement Parameters Study #
30135 |31

Efficacy assessment:

renal function .
renal concentrating ability (urine osmolality)
seruin creatinine and/or creatinine clearance
BUN, urine specific gravity

time to recovery events

clinical evaluation success rates

recovery parameters
VAS: Visual Analog Scale
DSST: Digit Symbel Substituiion Test
Modified Aldrete Score X
OPDS: Objective Pain-Discomfort Scale

intraoperative recall X

Safety Assessment:
| serum inorganic fluoride measurements
Cmax: maximum observed fluoride
concentration (uM) x |x X
Tmax; time of maximum observed flucride
concentration (min) x | x
AUC; area under the fluoride concentration
versus time curve (uM/min) x [ x
| clinical lab data (hematology, blood chemistry,
| urinalysis)
i pre/postop LFTs
adverse experience monitoring
| physical assessment

* = pivotal study

Eo A T B
™

E

E I
Mo oo
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Clinical Studies

Study 30 (pivotal)

This single center, open label randomized study of 28 healthy male volunteers ages
21-35 years (Tucson, AR) compared 7 subjects receiving 3.0 MAC-hours sevoflurane Q,/air
to 7 receivinz enflurane Q,/air, then 7 subjects receiving 9.6 MAC hours sevoflurane Q,/air
to 7 receiving enflurane O,/air to assess renal concentrating ability with prolonged
anesthesia exposure. Subjects received propofol 1-2 mg/kg for induction and d-tubocurarine
(3 mg) plus succinylcholine 1-2 mg/kg for intubation.

A semi-closed circuit system containing soda lime was used; maintenance gas flows
were not specified. The planned number of enrollees (28) was achieved.

Efficacy Assessment:

Sevoflurane did not produce any defect in renal concentrating ability determined by
desmopressin acetate (DDA VP) administration and fluid restriction pre-study, 1 day post-
anesthesia and 5 days post-anesthesia. In the 9.6 MAC-hour group, 2/7 enflurane subjects
had maximal urine osmolality values <800 mQOsm/kg; the lowest maximal urine osmolality
value for sevoflurane was 864 mOsm/kg. The decrease in urine osmolality was greater in
the 3.0 MAC-hour than the 9.3 MAC-hour group, presumably due to shorter collection
times. Renal function was not affected as measured by BUN, creatinine and urine specific
gravity.

Clinical evaluation success rates and emergence success were comparable between
groups at 3.0 and 9.6 MAC-hours. Sevoflurane subjects had faster recovery than enflurane
with some measures and better recovery characteristics, especially with shorter exposure.
They had shorter emergence times, performed better than enflurane subjects at DSSTs and
had better modified Aldrete scores at 3.0 and 9.6 MAC-hours. Ability to sit up, walk and
discharge eligibility were comparable between groups at 9.6 MAC-hours. Average MAC-
hour exposure was slightly but statistically significantly less in both sevoflurane groups.
Differences were clinically different at 3 MAC-hours but not 9.6 MAC-hours.

No subjects had any recall of “intraoperative™ events when quasiioned at recovery and
at 24 hours post-anesthesia.

Safety Assessment:

Fluonide levels exceeded 50 uM/L in 3/14 sevoflurane subjects on the day of
anesthetic exposure. None of the 14 enflurane subjects had inorganic plasma fluoride
concentrations = 50 uM. The mean Cmax and highest single value for fluoride
concentrations in the 7 sevoflurane subjects were 48.4 uM and 63.2 uM, respectively.
Despite production of higher inorganic fluonde levels than erflurane, sevoflurane had less
impact on urine concentrating ability as measured by Cmax, Tmax and AUC. These elevated
concentrations were transient, substantially reduced 24 hours post-anesthesia and not
associated with an effect on renal function.

One enflurane subject experienced elevated SGOT/AST on Day 1 post-anesthesia
S # !

H"#'f‘“ 3
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which had returned to normal by Day 5 post-anesthesia. One sevoflurane and 1 enflurane
subject each had slightly elevated SGOT/ASTSs which were not considered to be clinically
significant by the investigator. Adverse experiences were mild-to-moderate; no serious
adverse experiences were reported. No subjects withdrew from the study due to adverse
experiences. The most common reported adverse experiences were:
nausea: 3/7 sevoflurane subjects at 3.0 and 9.6 MAC-hours
6/7 enflurane subjects at 3.0 and 9.6 MAC-hours
headache: 4/7 sevoflurane subjects at 3.0 MAC-hours
5/7 enflurane subjects at 3.0 MAC-hours
vomiting: 3/7 sevoflurane subjects at 9.6 MAC-hours
6/7 enflurane subjects at 9.6 MAC-hours
These differences were not statistically significant, but the n's were smail.

Study 35 (supportive) -

This single center, open-label randomized study (U.K.) in healthy male volunteers
ages 18-35 compared sevoflurane Q,/air to enflurane Q,/air (mask induction,
vecuronium) in concentrations up to 1.3 MAC for effects of prolonged exposure on renal
concentrating ability following 6 MAC-hours (n=6 sevoflurane, 6 enflurane subjects) or 9
MAC-hours anesthesia (n=5 sevoflurane, 5 enflurane subjects). In addition, serum inorganic
fluoride levels were measured prior to, during and up to 6 hours following anesthesia,

A noncomparative first phase studied 5 subjects exposed to 3 MAC-hours of
sevoflurane, then 5 additional subjects exposed to 6 MAC-hours of sevoflurane. The
comparative study between sevoflurane and enflurane followed. Twelve subjects received 6
MAC-hours of sevoflurane or enflurane anesthesia; another 10 subjects received 9 MAC-
hours of sevoflurane or enflurane anesthesia. Average MAC exposure was comparable
between the 6 MAC-hour groups; in the 9 MAC-hour group, average MAC exposure was
slightly less in the enfluiane group.

Maintenance gas flows were not specified.

Efficacy Assessmcrt:

Urine concentrating ability (osmolality} was evaluated following 18 hours of fluid
restriction and creatinine clearance. In the 9 MAC-hour group, 1 sevoflurane subject had a
urine osmolality of 654 mOsm/kg on day 3 post-anesthesia, which increased to 1019
mOsm/kg on day 5 post-anesthesia. No other urine concentrating defect was observed.
Urine osmolality values at 6 MAC-hours and 9 MAC-hours:

on day 1 post-anesthesia were comparable for sevoflurane (6) and enflurane (6).

on day 3 post-anesthesia were comparable for sevoflurane (6) and enflurane (6).
Later measurement points are difficult to interpret because of the loss of subject measurement
data with increasing time post-anesthesia.

Creatinine clearance values were comparable between sevoflurane and enflurane.
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Safety Assessment:

Serum inorganic fluoride peak values were measured at 8.2-16 hours for 6 and 9
MAC-hours exposure. Mean Cmax at 3, 6 and 9 MAC-hour anesthesia exposure were
comparable. Mean AUC by dose at 3, 6 and 9 MAC-hour was 184 + 65sd, 134 + 31sd
and 101 + 14sd, respectively. No subject had serum inorganic fluoride concentrations = 50
M at any measurement point.

The most commonly reported adverse experiences in the comparison groups involved
the nervous system (agitation in 5/6 sevoflurane and 4/6 enflurane subjects) in the 6.0 MAC-
hour group and the digestive system (vomiting in 1/5 sevoflurane and 5/5 enflurane subjects)
in the 9.0 MAC-hour group.

One of 21 sevoflurane patients experienced elevated SGPT/ALT (>45 U/L)
postoperatively.

Study 31 (pivotal)
This multicenter (3 sites - France, Germany, Belgium), randomized, open- label study

of 41 inpatients (21 sevoflurane, 20 enflurane), ASA PS II-III, ages 29-83 with renal
compromise (baseline serum creatinine + 1.5 mg/dL) compared the effect on laboratory
parameters of sevoflurane N,0/0, to enflurane N,0/0, anesthesia of up to 3 hours
duration in renal compromised inpatients. Patients underwent intravenous induction and
received various other anesthetic agents for supplementation. Average MAC-hours and
MAC exposure were comparable between groups.

A rebreathing circuit was used; maintenance gas flows were not specified. The
estimated sample size (40) wds aftained.

Efficacy Assessment:

Serum creatinine, BUN, hemoglobin, hematocrit, sodium or potassiuin were measured
in both groups at the end of anesthesia, and 48 and 72 hours post-anesthesia.
Sevoflurane was comparable tc enflurane for anesthetic maintenance and recovery parameters
in renal compromised adults. Mean times to response to commands were statistically
shorter with sevoflurane. Neither drug caused further impairment of renal function as
determined by pre and postoperative values for serum creatinine.

Safety Assessment:

One sevoflurane patient had serum. inorganic fluoride concentration = 50 uM (51.8
uM) on the day of anesthetic exposure. The majority of patients in both groups reached peak
inorganic fluoride concentrations at the end of anesthesia.

Pre and post anesthesia valu2s for hemoglobin, hematocrit, creatinine, BUN, sodium
and potassium were comparable between groups. However, 1 enflurane patient experienced
elevation in BUN from 30.2 mmol/L to 70.3 mmol'L on post-anesthesia day 10,

Pre and postoperative values for SGOT/AST, SGPT/ALT and serum creatinine were
not significantly different. One sevoflurane patient experienced elevation in SGOT/AST
from 10 —» 56 U/L and elevation in SGFI/ALT from 7 - 71 U/L; follow-up values on post-
anesthesia day 12 were normal.
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Adverse experiences were mild or moderate, and they were comparable between
groups. The most commonly reported adverse experience was hypotension in 11/21
sevoflurane patients and 10/20 enflurane patients. There were no withdrawals from the study
due to adverse experiences. Two sevoflurane patients had possibly study drug-related
experiences; ted SGPT/ALT and SGOT/AST in ] panent and ted BUN, creatinine in
another patient.

Thre: sevoflurane patients had serious adverse expenences none of which were
considered related to sevofiurane exposure. One PS III patient died on postoperative day 7;
the most likely czuse of death was pulmonary embolism and pneumonia. Another PS III
patient died on tenth dav post sevoflurane exposure following attempted repeat peripheral
vascular surgery, left AKA under isoflurane ancsthesia, and subsequent severe
cerebrovascular accident. A third PS 1II patient experienced postoperative fever. One PS 111
patient who received enflurane had a serious adverse experience, ie., deterioration in renal
function 72 hours postoperativel r; his renal function was stabilized, but he left the hospital
before the etiology of renal dysfunction could be determined.

Study 34 (supportive)

This multicenter (4 sites - U.S.), randomized, open-label study compared
sevoflurane/O, (n=14) to isoflurane/ O, (n=12) administration in patients with renal
insufficiency (serum creatinine of 132.6-265.2 umol/L) during operations lasting 1-6 hours.
Propofol 2.0 mg/kg was administered for induction, and patients received various other
anesthetic agents during maintenance. Most patients received vecuronium, fentanyl,
neostigmine and glycopyirolate. MAC-hours and average MAC exposure were comparable
between groups.

Only 1 patient was enrolled at the Miami site; this patient was excluded from
statistical analyses evaluating investigator effects, duration of surgery or anesthetic
administration, and times to anesthesia and recovery events,

Anesthetics were administered via a rebreathing circuit; maintenance gas flows were 5
L/min. The study design anticipated 40 enrollees; 26 were obtained.

Efficacy Assessment:

Renal function as assessed by serum creatinine, creatinine clearance pre and 24 hours
post-anesthesia (also at 48 and 72 hours post-anesthesia if the patient remained hospitalized).
was essentially unchanged. One isoflurane and 1 sevoflurane patient each experienced
elevated postoperative serumn creatinine concentrations.

Sevoflurane and isoflurane were equally effective and well tolerated. Induction and
emergence success rates were comparable. There were no instances of intraoperative recall.

Safety Assessment:

Plasma inorganic fluoride concentrations were determined preoperatively, at the end
of anesthesia, at 1, 2, 4, 6, and 24 hours post-anesthesia and at the time of discharge or at
72 hours post-anesthesia for patients remaining hospitalized. Peak values were generally
observed within 6 hours of the end of anesthesia, but 2 patients had peak concentrations at 24

6
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hours post-anesthesia. One sevoflurane patient experienced maximum plasma inorganic
fluoride concentrations = 50 uM. Mean Cmax (33.37 + 11.3 uM) was similar to values in
patients with normal renal function (study 30), but the fluoride half-life (t,,) was prolonged
(mean t,, = 28.61 hours).

The most commonly reported drug-related adverse experience in both groups was
hypotension (4/14 sevoflurane and 4/12 isoflurane patients). Two of the 26 patients had
serious adverse experiences. One isoflurane patient PS III experienced hyperkalemia on
study day 1 post-anesthesia which was considered unrelated to anesthetic administration.
One sevoflurane patient PS I1I suffered cardiopulmonary arrest 11 days postoperatively; his
postoperative course had been complicated by fever, acidosis and hypotension, and his arrest
was considered unrelated to anesthetic administration. This patient also experienced serum
inorganic fluoride concentration of 51.2 uM at 48 hours post-anesthesia.

One isoflurane patient experienced postop SGOT/AST elevations; no patients
experienced postop elevations in SGPT/ALT. No patient withdrew from the study-due to
adverse experiences.

Study 32 (supportive)

This multicenter (6 U.S. sites), randomized open-label study of elderly male and
female inpatients (ages 57-93, mean age 72.5 years; only 2 patients were < 65 years of
age), ASA PS I-III, compared sevoflurane N;0/0, (n=62) to isoflurane N,0/0; (n=64)
administration during surgery of up to 3 hours duration in concentrations between 0.5
and 1.5 MAC (assumed to be 2.05% for sevoflurane, 1.15% for isoflurane) for
maintenance of anesthesia and rapidity, ease of emergence and recovery. One hundred
thirty-six patients were enrolled; 124 patients completed the study. Patients underwent
intravenous induction and they received various agents for anesthetic maintenance. Fifty two
sevoflurane patients and 57 isoflurane patients received N,O. Most patients (55 sevoflurane,
56 isoflurane) received vecuronium relaxant.

Two patients were prematurely discontinued from the study; 1 sevoflurane patient due
to vaporizer malfunction, and 1 isoflurane patient due to adverse experiences of bradycardia
and blood loss. A minimum of 50 patients per group was anticipated; this number was not
based on statistical analysis power considerations.

A rebreathing circuit was used; maintenance gas flows were not specified.

Efficacy Assessment:

No differences in emergence, recovery times were noted between groups. Post-
anesthesia recovery was measured by OPDS, VAS, DSST, and Modified Aldrete Scale (
MAS favored sevoflurane patients for circulation and consciousness).

Safety Assessment: ,

Inorganic fluoride concentrations were statistically significantly higher in sevoflurane
patients; however, only 2/62 patients had concentrations = 50 uM, and there was no
evidence of renal damage. Sevoflurane patients had prolonged terminal disposition of
fluoride, evidenced by longer inorganic fluoride t;, than patients with normal hepatic
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function. The harmonic mean inorganic fluoride concentration t,, was 15.4 hours vs. 11.4
hours in normal adults.

No statistically significant differences in adverse experiences were observed. The
most commonly reported adverse experience was hypotension in both groups. Drug-related
adverse experiences were mild-to-moderate in 54/62 sevoflurane patients and 59/64
isoflurane patients. There was a greater incidence of nausea and vomiting in the isoflurane
patients (53 vs 32 for nausea and 30 vs 13 for vomiting; p < 0.05). One sevoilurane
patient had impairment of urination which was considered a possible drug-related adverse
experience; 1 isoflurane patient each experienced somnolence, nausea and vomiting or
hypotension which was considered a possible drug-related adverse experience. No deaths
occurred in either group.

Study 33 (supportive)

This multicenter, open label randomized study evaluated 16 PS II-III patients with
hepatic impairment (as determined by Child-Pugh class A or B, ie., scores of 5-9) ages 21-
79 years, who received sevoflurane O,, sevoflurane N,0/02, isoflurane O, or isoflurane
N,0/0; to determine the degree of anesthetic metabolism of sevoflurane compared to
isoflurane in hepatically impaired patients. Patients received propofol (1-3 mg/kg) or
thiopental (2-7 mg/kg) for induction, and they were intubated using either succinylcholine,
vecuronium or atracurium. Only 2 of 3 sites enrolled patients; 15/16 patients were at 1 site.

A semi-closed system with soda lime and maintenance gas flows of 2-5 L/minute
were used. The planned sample size (40) was not attained.

Efficacy Assessment:

The lidocaine-MEGX assay was measured preoperatively and 24 hours post-
anesthesia for the assessment of hepatocellular function. MEGX concentrations were
comparable between the 2 groups at baseline, and there were no statistically significant
differences between treatment groups as to changes from baseline in MEGX concentrations
post-anesthesia. MEGX concentration 24 hours post-anesthesia indicated neither drug
adversely affected hepatic function.

Safety Assessment:

Serum inorganic fluoride levels were measured preoperatively, every hour during
anesthesia, at the end of anesthesia, at 1, 2, 4, 6, 12, and 24 hours post-anesthesia and (if
the patient was hospitalized > 24 hours post-anesthesia) at discharge or 72 hours post-

. anesthesia. No serum inorganic fluoride levels exceeded 45 uM. Inorganic fluoride

concentrations generally peaked at the end of administration or within 1 hour of end of
anesthesia. Sevoflurane patients had prolonged terminal disposition of fluoride, evidenced by
longer inorganic fluoride t,, than patients with normal hepatic function. The harmonic mean
inorganic fluoride concentration t,, was 23 hours vs. 11.4 hours in normal adults.

All adverse experiences were either mild or moderate. The most commonly reported
drug-related adverse experience was hypotension (5/8 sevofturane and 4/8 isofiurane
patients). No patient deaths or withdrawal due to adverse drug reactions occurred. One
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isoflurane patient (no sevoflurane patients) experienced elevated SGOT/AST on day 1 post-
anes thesia that was considered possibly related to the study drug. Sevoflurane patients had
increased blood pressures from pre-surgery to final evaluation.

CONCLUSIONS FROM STUDIES:

Efficacy

Sevoflurane did not produce any defect in renal concentrating ability in noimal
volunteers or patients with impaired renal function as determined by pre and post-exposure
osmolalities. Renal function was not affected as measured by BUN, creatinine and urine
specific gravity.

Despite production of higher inorganic fluoride levels than enflurane, sevoflurane had less
impact on urine concentrating ability in patients with normal renal function, as measured by
Cmax, Tmax and AUC. These elevated fluoride concentrations were transient (substantially
reduced 24 hours post-anesthesia) and not associated with an effect on renal function.

Sevoflurane subjects had faster recovery than enflurane with some measures and
better recovery characteristics, especially with shorter exposure.

Sevoflurane was comparable to enflurane or isoflurane for anesthetic maintenance in -
renal compromised adults. Neither drug caused further impairment of rena! function. Renal
impairment appears to result in a longer inorganic fluoride half-life without impacting on the
maximum blood concentration.

In elderly patients, sevoflurane was comparable to, or had slightly better recovery
charactenistics than isoflurane. Renal function does not appear to be adversely affected, but
inorganic fluoride elimination is prolonged.

MEGX concentration 24 hours post-anesthesia indicated neither sevoflurane nor
isoflurane adversely affected hepatic function in patients with preexisting hepatic impairment.

Safety

Inorganic fluoride concentrations were statistically significanily higher in sevoflurane
patients; 7/140 patients who received sevoflurane in the 5 studies combined had
concentrations = 50 uM, but there was no evidence of impaired renal function. Peak
inorganic fluaride concentrations were reached at the end of anesthesia in most patients.

Impaired renal function, impaired hepatic function, and advanced age each prolonged
inorganic fluoride half-life.

Drug-related adverse experiences were mild-to-moderate, and they were comparable
between sevoflurane and enflurane or isoflurane groups (see Table 2). The most commonly
reported drug-related adverse experiences were hypotensicn (studies 31, 32, 33, 34), nausea,
headache and vomiting (study 30). Severe adverse experiences did not appear to be causally
related to sevoflurane administration in any of the studies. There was a greater incidence of
nausea and vomiting in the isoflurane patients in 1 study. One sevoflurane patient had
impairment of urination which was considered a possible drug-related adverse experience.
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| study # 30 (35 {31 |34 [32 |33
| # of patients 28 132 |a1 |26 126 |16
# serious adverse experiences related
| to study drug 0/28 1 0/32 0/26 { 0/126
‘ sevoflurane ?
enflurane 1720
isoflurane ?
| # patients with ted LFTs
| sevoflurane 1714 { 1/21 | 1721 | 014
enflurane 2/14 | 0/11 | 0/20
isoflurane 1112
# patients with inorganic FT > 50 |
0/32
sevoflurane 3/14 1721 | 1/14 | 2/62
enflurane 0/14 0/20
isoflurane 0/12 | 0/64

RECOMMENDATIONS REGARDING LABELING:

Under "Clinical Trials: Hepatically impaired” section, I recommend describing the

patients as having mild-to-moderate hepatic impairment, rather than Child-Pugh scores which
are less familiar to the typical reader. I would modify the discussion as follows:

A multicenter (2 sites) study compared the safety of sevoflurane and isoflurane in 16
patients with mild-to-moderate hepatic impairment, utilizing the lidocaine MEGX
assay for assessment of hepatocellular function. All patients received intravenous
propofol (1-3 mg/kg) or thiopental (2-7 mg/kg) for induction, and succinylcholine,
vecuronium or atracurium for intubation. Sevoflurane or isoflurane was administered
in either 100% O, or up to 70% N,0/0,. Neither drug adversely affected hepatic
function. No serum inorganic fluoride levels exceeded 45 uM, but sevoflurane
patients had prolonged terminal disposition of fluoride, as evidenced by longer
inorganic fluoride half-life than patients with normal renal function.

Under "Clinical Trials: Renally impaired” section, I would say "sevoflurane was

evaluated in renally impaired patients with baseline serum creatinine = 1.5 mg/dL during
anesthetic administration of up to 6 hours duration. Based on the incidence and magnitude of
changes in serum creatinine concentrations from baseline to post-anesthesia values,

10
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sevoflurane did not further impair renal function®. I don’t think the table is of any additional
value.

Under "Renal or Hepatic Function®, the fisrt statement should be modified to read
"...sevoflurane is comparable to isoflurane in patients with normal or mild-to-moderately
impaired hepatic function. Patients with severe hepatic function were not investigated®.

4

“No evidence... Although renal impairment appears to result in a longer inorganic
fluoride half-life, elevated fluoride concentrations were not associated with impairment of
renal function.

The table "Change from Baseline to Postanesthesia for Kidney Function Parameters”
does not provide information on the level of renal function of these patients from 30 different
studies. I find it to be confusing and/or misleading and think it should be drastically modifed
to include more demographic imformation or removed.

The table "Incidence of Renal Insufficiency Based on the S.H. Hou Criteria” is
cryptic; I attempted to find the Hou Criteria without success, even after questioning the Chief
of the Renal Division at my institution. I feel they are sufficiently obscure to question the
merit of their use. Further, I'm not sure of the purpose of this table,

11
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RESUME: Obstetric Study (#39) and Muscie Relaxant Study (#40)
Background

Sevoflurane was evaluated in one study in patients undergoing elective cesarean section
and in another study in nonpregnant adults receiving muscle relaxants. lsoflurane was
used as the comparitor in both studies.

Qbstetric Study
Study 39:

Patients scheduled for elective cesarean section under general anesthesia were
randomly assigned to isoflurane (n=27) or sevoflurane (m=29) in an open-label study.
Anesthesia was induced with intravenous thiopental and MAC-equivalent delivered
concentrations of isoflurane (0.5%) or sevoflurane (1.0%) were administered throughout
the operation, in conjunction with N,O and, after delivery, intravenous opioid. The groups
did not differ in neonatal Apgar scores, Neonatal Adaptive Capacity Scores (NACS) at 2
and 24 hrs, or in the incidence of neonates with abnormally low Apgar or NACS scores.
The groups did not differ in maternal variables.

Efficacy gssessment. Anindependerit observer recorded recovery times, including
time to extubation, emergence, response to commands, orientation, first post-operative
analgesia, eligibility for recovery area discharge, and ability to situp without
nausea/dizziness. The groups dic rnt differ in any of these variables except the time to
first analgesia, which was earlie: - .. sients receiving sevofiurane (45 min) than in those
receiving isoflurane (59 min), a an:=rw.ace of questionable statistical (p=0.046) or clinical
significance. MAC exposure was equivalently low (0.45) and brief (0.45 hr) in both
groups.

Safaty assessment. Safety was evaluated in mothers by measurements of biood
pressure and heart rale; adverse experience reporting, screening and post-treatment
laboratory evaluations and in neonates by 1 and 5 min Apgar and 2 and 24 hr NACS
testing. Serum inorganic fluoride concentration was 3.5 uM/L in mothers at the time of
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delivery and was 2.3 pM/L in umbilical blood at the time of delivery. One patient in the
sevoflurane group had an increase in SGOT to 371 UL 4 days after surgery. Four
neonates had NACS values < 14 at any time, 2 having been exposed to sevoflurane and
2 having been exposed to isoflurane. Of these, one neonate in each group had jaundice.

CONCLUSIONS FROM STUDY:

As noted in Dr. Bedford’'s summary, this study ailso noted an occasional patient
with abnormal LFT's following sevofiurane exposure. A meta-analysis of all the studies
would be appropriate. This small exposure study suggests there is no common severe
adverse event related to sevoflurane exposure to heaithy women at term and their
newborns. Within the limitations of this small study, sevoflurane appeared similar to
isoflurane for use in general anesthesia for elective cesarean section. It provides no
useful information regarding the use of sevoflurane during labor and delivery.

RECOMMENDATIONS REGARDING LABELING:

Such a limited study does not allow sweeping statements regarding safety of
sevofiurane, such as in the Labor and Delivery statement. | would suggest a change
such as , "Use of sevoflurane in 29 women as part of general anesthesia for elective
cesarean section produced-no untoward effects in mother or neonate. The safety of
savoflurane in labor an delivery has not been demonstrated.”

in the CLINICAL TRIALS section, | would suggest deleting the phrase , "except for
time to first post-anesthesia analgesia which was significantly shorter for the sevofiurane
group” since this difference was of borderline statistical significance and would be highly
dependent on the manner of anesthetic maintenance after delivery of the baby. | would
favor removal of the table, as it provides no information of educational or safety value
beyond the concluding sentence.

Muscle Retaxant Study
Study 40:

Patients scheduled for operations lasting at least 90 min (primarily ENT
procedures) were stratified to receive one of 3 muscle relaxants (vecuronium,
pancuronium, or atracurium) and randomized to receive N,O-0,-alfentanit alone (n=32).
or with .75 MAC sevoflurane (n-32) or isoflurane (n=34). Following 30 min of
hemodynamic stability, an initial dose, then 3 incremental boluses of each muscle
relaxant were given with monitoring of mechanomyography (MMG) and electromyography
(EMG). Compared to alfentanil without a volatile anesthetic, both isoflurane and
sevoflurane potentiated and prolonged the action of the muscle relaxants to a similar
degree. The ED50 and ED95 of each muscle relaxant were reduced by approximately
30% with: each volatile agent, and the duration of time to various degrees of recovery
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nearly doubled by each volatile agent. Average MAC exposure was 0.80 - 0.80 with
duration of 1.5-3.2 MAC-hrs with a simllar distribution among groups.

Efficacy agsessment;

Recovery characteristics were not evaluated in this study, which focussed solely
on muscle relaxant effects.

Safety assessment;

Safety was evaluated by measurements of blood pressure and heart rate; adverse
experience reporting; screening &nd post-treatment laboratory evaluations. Hypotension
occurred more commonly in patients receiving sevoflurane (38% incidence) than those
receiving isoflurane (3%) or those not receiving a volatile agent (3%). One patient
receiving sevoflurane experienced hypoxemia one hr after surgery which required
reintubation. This was though to be due to pre-existing disease and not due to drug.
One patient receiving alfentanil without a volatile agent had a iow platelet count (57 x
10’/L on the first postoperative day.

CONCLUSIONS FROM STUDY:

This study suggests that potentiation by sevoflurane of muscle relaxants is similar
to that observed with isoflurane. The number of muscle relaxants studied and the
multiple methods of data analysis suggest this is a general phenomenon and nearly
identical between the two volatile agents.

RECOMMENDATIONS REGARDING LABELING:

| like the wording regarding this section of the tabel, but think there’s too much in
the 2 tables. | would suggest combining the ED50 and ED95 table with the duration table
below it, reducing all numbers to only 2 significant tigures (hundredths of a min are not
exactly important with pancuronium) and indicating significance with symbols rather than
adding 3 columns for p-values.
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MEDICAL OFFICER REVIEW

NDA#: 20,478
NAME: Sevorane (Sevoflurane)
SPONSOR: Abbott Hospital Products
One Abbott Park Road
Abbott Park, IL 60064-3500
Phone (708) - 937-3216
REVIEWER: Robert F. Bedford, M.D., Medical Officer.
REVIEW DATE: August, 1994.
SUBMISSION TYPE: NDA
CSO: Leslie Vaccari

RESUME: Neurosurgical St lies : #36, 37, 38

Background ]
Sevoflurane was evaluated in three studies of patients undergoing
craniotomy Isoflurane was used as the comparator in each study, 2 of
which utilized ICP monitoring.
Clinical Studies
Study 36:

Patients underwent craniotomy for cerebrovascular indications (8),
pituitary disorder (1) or tumor (5). All were monitored for changes in ICP
and cerebral blood flow velocity (CBVF) in addition to standard vital signs.
Background anesthetic was 60%-70% N20 in 02, with mild hyperventilation
(PaCO2 = 3547 and 3844 in sevo and iso groups, respectively). Addition of
0.5, 1.0 and 1.5 MAC anesthetic resulted in dos>-a:pendent increases in
ICP and decreases in MAP with isoflurane (6 pat':nts), whereas no such
change in ICP or MAP occurred with sevoflurane (8 patients).

Efficacy assessment: No attempt was made to evaluate patients’
emergence fromn anesthesia, presumably because all patients went to the
neurc-ICU intubated and paralysed. Average MAC exposure was not
statistically greater in the sevo patients (3.23 MAC-hr) than in the ise
patients (2.34 MAC-hr).

: Safety was evaluated in all patients by
measurements of blood pressure and heart rate; adverse experience
reporting; screening and post-treatment laboratory evaluations. Four
patients sustained postoperative-neurologic complications, none of which
were related to the anesthetic. Two iso patients developed transient
increases in SGOT/AST, as did 1 sevo patient. One sevo patient had a
serum fluoride level of 60 uM on POD #1, another had an elevated BUN
which may have been related to 2 postoperative angiograms.

£Ts



Sevoflurane for Neurosurgical Anegthesia page 2

Patients undergoing craniotomy were evaluated with regard to
speed of emergence from either sevo (10 patients) or iso (10 patients) in N2O
with 02. Anesthetic exposure was 3.24 and 3.32 MAC-hours, respectively.
All patients received benzodiazepine preoperatively, all were induced with
thiopental. No attempt was made to measure ICP or evaluate the quality of
brain relaxation intraoperatively.

: There was no statistically significant difference
between the two anesthetics with regard to time to acheive emergence
parameters. Sevo patients awakened with significantly higher pain-
discomfort scores tha.: did iso patients at 10 and 20 min in the PACU, but
this did not result in any more postoperative hypertension and there was
no difference between agents with regard to postoperative opioid
requirement or need for vasoactive agents.

Safety agsessment: Safety was evaluated as in Study 36. One patient
in the Iso group sustained a postoperative neurologic complication
unrelated to the anesthetic. One sevo patient developed a transient increase
in SGOT/AST. One iso patient had an elevated BUN on post op day 4
without an increase in creatinine.

Eight patients (4 sevo, 4 is0) were evaluated with regard to ICP
response to inhalation of 1/2- and 1-MAC concentrations of volatiie agent
added to N90O-02 -fentanyl anesthesia. PaCO2 was progressiveiy lowered
from 40 mm Hg to 30 mm Hg in 5§ mm Hg increments. ICP was regarded
as "controlled” if it remained within 5 mm Hg of values recorded during
normocapnia with baseline N20-02 -fentanyl anesthesia alone. ICP was
essentially the same in both groups prior to introduction of volatile agent.
Despite hyperventilation to PaCO2 of 30 mm Hg, 2 patients at 0.5 MAC
iso,and 3 patients at 1 MAC iso had ICP >5mmHg above control values. No
sevo patient had ICP > 5mm above baseline with PaC0O2 = 30 mm Hg.

Efficacy assessment: There was a stepwise reduction in ICP with
progressive hypocapnia in both the sevo and iso groups. Due to the small
sample size in each group, there is neither clinical nor statistical support
for superiority of sevo over iso. On the other hand, based on these limited
data, sevo does not appear to be any more likely than iso to cause elevated
ICP in the presence of hypocapnia.

sessment: Safety was evaluated as in Study 36. 2 patients (1
in each group) sustained postoperative neurologic complications unrelated
to anesthetic. There was no abnormality of liver or renal function after
anesthesia.
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CONCLUSIONS FROM STUDIES:

As occurs in many other studies in this NDA, the occasional patient
given sevoflurane sustains an increase in postoperative LFT's. The
incidence and severity of this problem should be evaluated with a meta-
analysis of data from all submitted studies in which LFT's were performed.

The Neurosurgical studies demonstrate that sevoflurane has no
more impact on ICP than isoflurane in some neurosurgical patients. The
decrease in ICP in responge to hyperventilation indicates that
cerebrovascular reactivity to hypocapnia is maintained at least up to the 1-
MAC level. In study 38, both the small number of subjects and the small
changes in ICP preclude drawing clinical conclusions about the relative
impact of sevo va iso on patients with intracranial mass lesions.

RECOMMENDATIONS REGARDING LABELING:

Under "Pharmacodynamics: Nervous system effects” the label
indicates that there is no difference between sevoflurane and isoflurane
regarding ICP response to the agent or to hyperventilation. This statement
is repeated in the "Neurosurgery Section.” 1 think this is not s¢ profound
that it requires repetition. Recommend deleting the "Pharmacodynamics:
N-rvous system effects” paragraph, particularly since the lack of
sympathetic stimulation is addressed in the "Cardiovascular Effects”
section.

The Neurosurgery Section of Clinical Trials contains cryptic text and
an clblverly-detailed table. I would prefer just to see adequately descriptive text
such as:

" Three studies compared sevoflurane to isoflurane for
maintenance of anesthesia during neurosurgical procedures In a study of
20 patients, there was no difference between sevoflurane and isoflurane
with regard to recovery from anesthesia. In 2 studies, a total of 22 patients
with intracranial pressure (ICP) monitors received either scvoflurane or
isoflurane. There was no difference between sevoflurane and isoflurane
with regard to ICP response to inhalation of 0.5, 1.0 and 1.5 MAC inspired
concentrations of volatile agent during N20-0O2 fentanyl anesthesia.

During progressive hyperventilation from PaCOg2 =40 to PaCOg = 30, ICP
response to sevoflurane was preserved at both 0.5 and 1.0 MAC
concentrations. In patients at risk for elevations of ICP, sevoﬂurane should
be administered in con_]unctlon with hyperventilation.”
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NAME: Study #18: Maintenance of Anesthesia: Sevoflurane vs Isoflurane
in Adult Patients (Non-Pivotal)

SPONSOR.: Abbott Hospital Products
One Abbott Park Road
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phone (708) - 937-3216
REVIEWER: Robert F. Bedford, M.D., Medical Officer.
REVIEW DATE: Dec 14, 1994,
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1. RESUME:

Sevoflurane is a new inhalational anesthetic which has been
undergoing extensive evaluation. This is a non-pivotal multicenter study
from Spain examining maintenance and emergence from either
sevoflurane/N20 or Isoflurane/N20 given for general surgical procedures.

Clinical Study

Investigator: Gilsanz and Planas: Spain
Eligibility: Healthy adults undergoing surgery lasting at least 1 hour.

Total number of patients receiving Sevoflurane: 40
Total number of patients receiving Isoflurane: 40

Ps Clinical Objectives :

* To compare the safety and efficacy of sevoflurane and isoflurane for
maintenance of anes.hesia .

* To evaluate and ease and rapidity of emergence from sevoflurane and
isoflurane.

* To evaluate the relative impact of sevoflurane and isoflurane on
standard laboratory tests, including hepatic and renal function.

Secondary Objectives :

* To compare the objective pain-discomfort scores of patients recovering
from both sevoflurane and isoflurane in the PACU.
* To identify patients that might have had intraoperative recall.

Treatment Plan: This was a multicenter open label randemized trial.
General anesthesia was induced in all patients with propofol and
maintained with 70% N20 in 02 and fentanyl and vecuronium. Ansesthesia
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was sui)plemented with either sevoflurane or isoflurane, as needed, in
concentrations not to exceed 3% and 1.56%, respectively.

Times to emergence (opening eyes on command), response to verbal
stimuli, first postoperative analgesia and eligibility for PACU discharge
(patient awake and vital signs stable for 30 min) were recorded. Ease of
emergence was asseased by observing for complications such as coughing,
breath holding, excitement, shivering or other adverse events.

Safety assessment:

Safety was evaluated in all patients by measurements of blood pressure and
heart rate ; adverse experience reporting; recovery room evaluations;
screening and post-treatment laboratory evaluations, physical
examinations, and vital signs.

Statistical Analysis: ANOVA, Fisher's Exact Test and Cochran-Mante!-
Haenszel tests, as appropriste.

SUMMARY OF RESULTS; ~

Efficacy agsessment:Mean duration of anesthesia (92 vs 101 min) and
average anesthetic exposure (0.72 vs 0.81 MAC-hr) were not different
between the sevoflurane and iscfluran: groups, respectively. Mean times to
emergence from anesthesia ( 8.3 vs 7.9 min), orientation (i2.3 vs 12.1 minj,
mean pain-discomfort scores and discharge from PACU (129 vs 219 min)
also were not different between the sevoflurane and isoflurane groups,
respectively.

Safetv assessment: There was no significant difference between the agents
with respect to complications experience during induction, maintenance or
emergence from general anesthesia,

In the sevoflurane group, two female patients, 47 and 58 yo, who had
normal SGOT/AST and SGPT/ALT values preoperatively, sustained
markedly elevated LFT's that peaked on the 2nd POD. In one case elevated
LFT's persisted up to 3 days, in the other up to 14 days. No data are
supplied on total duration of the elevated LFT's and there is no diagnosis
given for causation. One additional patient with mildly abnormal LFT's
preop continued to have elevated LFT's postop. All three of these patients
underwent biliary surgery.

In the isoflurane group 4 patients with normal preop LFT’s had transiently
elevated LFT's for 3 days postoperatively. None of these cases was as severe
as those in the sevoflurane patients described above. All but one of these
patients underwent biliary surgery. In addition, there were 4 patients who
have elevated preoperative LFT's and had persistently increased LFT's
postoperatively. Again, all but one of these patients underwent biliary
surgery.
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CONCLUSIONS:

This study demonstrates that sevoflurane and isoflurane are comparable
_with regard to maintenance and emergence from anesthesia thh
regard to the variables studied. .

The 2 pationts who sustained markedly élevated LFT's following
gevoflurane are of concern, although they underwent biliary surgery,
which may have been responsible. However, other reports of the same
problem have emerged in other study reports and it is troubling that
there was inadequate followup of these patients to find out how long and
how severe the liver funtion abnormalities persisted.

RECOMMENDATIONS

Careful consideration of the impact of sevoflurane on postoperative liver
function tests should be given in the safety summary , which is currently in
preparation.

Orig IND #20-478
HFD-007/Div File
HFD-007/RBedford

HFD-007/
HFD-502

F/T by Robert F. Bedford, MD
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Executive Summary

The principal safety issues result from sevoflurane's relative instability in virro (production of a
toxic olefin, compound A) and in vivo (production of inorganic fiuoride). Compound A is
readily measurable in closed circuit anesthesia systems at concentrations producing renal toxicity
in rats (50 ppm), but no clinical evidence of toxicity has been detected.

Inorganic fluoride (Fi°) results from the hepatic metabolism of sevoflurane (about 3% during
a typical anesthesia) via the Concentrations of F1* associated with
nephrotoxicity of methoxyflurane (50 uM) are frequently found in patients receiving sevoflurane,
but nephrotoxicity has not been detected in the clinical trials or clinical use. The short half-life of
F1- following sevoflurane use is cited as a likely reason for the lack of detectable renal effects.
The highly specific (possibly exclusive) dependence on and the absence of renal
may also account for the lesser renal toxicity. In any event, the FI~ concentration provides 2
surrogate marker (subclinical indicator) of the fluoride nephrotoxicity.
The relative renal safety of sevoflurane in humans appears to reflect:

*  lower renal bioactivation of compound A (low renal B lyase activity), and

. lower renal metabolism of sevoflurane to F1” (low renal ctivity)

Hepatotoxicity of the halothane hepatitis variety has riot been reported in the NDA studies and
only five cases of hepatitis have been attributed to sevoflurane anesthesia in clinical use. Changes
in hepatic enzymes (ALT, AST, 3GT) in clinical trials were not different between sevoflurane
and comparator agents except in elderly patients. Glutathione s-transferase (GST) appears (0 be a
more sensitive indicator of the hepatic effects of sevoflurane (and other halogenated agents).

Thus GST may be a possible surrogate marker of subclinical hepatotoxicity.

Recommendsiions: The reviewers believe that the Jata so far gathered are adequate to support
NDA approval with the following recommendations for post-marketing studies. The sponsor
should:

1 - develop a subclinical (surrogate) marker for compound A toxicity. Such
would necessarily be based on a clear understanding of the mechanism toxicity.

2 - conduct an evaluation of the clinical and subclinical hepatotoxicity (including
GST responses) involving sensitive patients and maximal sevoflurane exposure.

3 - conduct an evaluation of the clinical and subclinical effects of FI- elcvations
involving sensitive patients, maximal sevoflurane exposure, active axd
reduced renal clearance. Study endpoints might include:

- subclinic2l renal toxicity (maumal renal concentrating ability), and
- neasurement of c2icium-dependent hemostasis parameters.

2
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- Overview

The risk: benefit ratio of sevoflurane has been called into question as regards its relative instability
in vitro (production of a toxic olefin, compound A) and in vivo (production of inorganic fluoride).
See, for examrle, the editorial by Mazze [1992, 289-C).

In this review we will consider some of the major safety issues along both dimensions — chemical
substances and target organs. Sevoflirane’s effects on the central nervous, cardiovascular, and
muscular systems do not appear substantially different from those of other inhalational
anesthetics. Thus, we are principally concemed here with sevoflurane's hepatic and renal
toxicities. Table 1 lists the substances of primary interest. (See Appendix 1 for sevoflurane
breakdown summary.) '

Table 1. Summary of Safety Issues

(site of FI nroduction}

Substance Heovatotoxicity Rena! toxicity
Sevoflurane probable unlikely
Inorganic Fluoride likely Target organ

HFIP Hepatic deformations unlikely
after IP injections in rats
Compound A unlikaly probable target
Compounds B,C, D& E unlikely unlikely

HFIP = hexafluoroisopropanol

This NDA reports our experience with 5464 patienis, 3220 of whom received sevoflurane. Six
studies (#30-35) examined patients at particvlar risk (elderly, hepatic or renal failure) and
monitored these patients for clinical toxicity, especially hepatic and renal. Table 2 summarizes the

adverse events (AE) 1ates from these studies.
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Table 2. Tabulation of Adverse Events from High-Risk Patients
All patients in Studies 30-35, N=269 patients

Number of Patients with Adverse Event
FI' Cmax > 50 uM Renal AE . TAST/ALT Number Exgosed
[Study #] Sevo lisoflurEnflur] Sevo (isoflurlEnflur] Sevo |IsofiurfEnflur] Sevo JIsoflu| Enflu

30 | 3 0 0 o 0 o |14 14
31 1 o 0 1 3 21 20
32 | 2 0 0 0 62 | 64

aa | o 0 0 0 0 1 8 | 8

34 1 0 2 2 0 0 14 | 12

as | o 0 0 0 0 o |21 11
sum | 7 0 ) 2 2 1 3 1 2 |140| 64| 45
Exposed} 140 | 84 | 45 | 140 | 84 | 45 [ 140 | 84 | 45

Percent|5.0% | 0.0% | 0.0% }1.4% [2.4% | 2.2% [2.1% | 1.2% | 4.4%

Sevoflurane has been approved in five countries and has been used in two million anesthetics in
Japan since approvai in 1950. Neither the NDA nor the clinical experience have demonstrated
clinical toxicity at rates substantially greater than other inhalational agents. The issues discussed
here are thus focused on indicators of subclinical toxicity and susceptible patients.

Material reviewed included summaries of the clinical trials (N=40), comments of Ross Terrell
in his letter 10 Commissioncr Kessler of 9/28/94, comments of piimary consultant reviewers
(N=7), primary data sets received from th. sponsor, and selected published reports.

Compound A

Sevoflurane is defluorinated under the harsh alkaline conditions in CO; absorbents to form 5
breakdown products. The hexafluoride olefin compound A is the most problematic since it
appears in the largest concentration and exhibits the highest organ toxicity. Folks at UCSF
[Gonsowski, 1994, 38-P, 39-P] carried out duraiion-response LCsg studies of compound A in
Wistar rats for a 3, 6 & 9 hr exposure as summarized in Figure 1
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-Figure 1. Compound A Toxicity in Wistar Rats
From Gonsowski, et al [38-P & 39-P)

——&®— Renal toxic -—8—— Leathal l
1000 v
<
2 & 1004 —a
g » *~——
o —
Q
10 : ‘- ~t } i
2 4 6 8 10 12
Duration of exposure (hr)
Duration of Exposure (hours)
3hr 6hr 12hr
Renal toxic 50 ppm 50 ppm 25 ppm
Lethal (LCsp) 331 ppm 203 ppm 127 ppm
SEM (LCg) 7 ppm 4 ppm 9 ppm

Bito [1994, 233-C] compared soda lime vs. Baralyme in 16 patients with fresh gas flow of 1
L/min (low flow) in surgical procedures lasting > 10 hr. The ratios of concentration of compound
A to sevoflurane were about 0.0011 for soda lime and 0.0015 for Baralyme. Thus for the soda
lime group, sevoflurane concentrations of 1.4-1.9% were associated with compound A
concentrations of 11-20 ppm. This ratio remained constant or decreased slightly during 15 hr
procedures. Earlier studies reported compound A ratios of 2:1 in Baralyme vs. soda lime.

Table 3. Compound A production in Soda lime and Baralyme

Soda lime Baralyme
Compound A : sevoflurane 0.0011 0.0015

Sevoflurane 1.4-1.9% ->

11-20 ppm 15-27 ppm
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The mechanism of compound A toxicity is not well understood, but may be mediated by inorganic
fluoride.

No toxicity associated with compound A exposure has been reported in clinical studies or clinical
use. One possible contributor to the apparent lesser toxicity of compound A in humansisa
difference in bioactivation. Lash [1990, 219-C] studied renal 8-lyase activity, a known bio-
activator of renal toxins. Human renal B-lyase activity is about 10% of that in the rat and
induction of B-lyase activity by keto-acids was only 1.3x in human vs, 30x in rat.

Factors which increase compound A concentration include high sevoflurane
concentration, high temperature of the CO» absorbent, low gas flow in the anesthesia circuit, and
fresh (unused, dry absorbent). .

Compounds B, C, D & E

When sevoflurane reacts with CO; absorbents. other breakdown products are produced at high
temperatures and high sevoflrrane concentration. Compound A reacts with methanol to form
compound B, the only other breakdown olefin detected in human anesthesia circuits. Compound
B is typically undetected [Bito, 1994, 245-C] or at low concentrations (detected in 7 of 10 patients
[Bito, 1994, 233-C]). The highest concentration reported in clinical anesthesia is < 2 ppm.
Compound B is much less toxic than compound A — compound caused no adverse cffects in rats
exposed to 2400 ppm for 3 hr.

Inorganic Fluoride

Pharmacokinetics: Oral fluoride in therapeutic amounts is completely absorbed following
therapeutic oral doses.
*  Peak blood levels occur ~ 30 min after an oral dose

¢ Not protein bound, but distributes to bone (10% to 60%), particularly in children. A
recent study found 58% of an oral dose in 25 y-olds went to bone [9).

*  Biphasic (two-companment) elimination with half-lives of 2-9 hours reported
. 1.5 mg dose -> peak blood levels of 6 jug/dL
* 6 pg/dL =60 pg/L = 3.2 uM (based on FI” molecular weight of 15).
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Therapeutic fluoride in the prevention of tooth caries has been appreciated since 1931.

FI" in
drinking water Oral alternative  Clinical effect
< 0.7 ppm 0.05-0.07 mg/kg/day Mwumal benefit
> 1.5 ppm 0.1 mg/kg/day weeth discolor (fluorosis).

Oral NaF1 with calcium has been given to treat ostzomalacia for 6 months without serious toxicity

e 320 mg/day to aduits and
e 80-200 mg/day to children (3-6 y/0)

Acute FI" intoxication with inorganic fluoride (F17) disrupts numerous physiological
systems. :
+  tightly binds (most clectroncgative clement) many cations (hypocalcaemia -> inhibidon
of normal blood coagulation)
. stimulates enzymes (adenylaie cyclase)
«  inhibits enzymes (Na¥-K*-ATPase, carbohydrate metabolism)
o  fatal overdose (>30 mg/kg) can result from these processes of from a delayed, explosive
hyperkalemia.
Table 4 indicates the clinical effects associated with oral exposure (in terras of mg of F1'). The
second column (Expected Cmax) is based on a linear extrapolation of the above (1.5 mg dose ->
3.2 uM Cnmiax).

Tshie 4. Fl1- Dose, Expected Cmax, and Clinical Effects

Dose Fl | Om Reported Clinical Effects
(mokg) | W)
1 150 Symptoms (17% of pabents)
3 450 Gl ooicly kel
] 1200 Trage: pecac + mik + MD
10 1500 Maajor cedchy kely
17 2500 Minimum lethal dose (MLD)
32-64 5-10,000 Median lethal dose (LDso)

Sevoflurane is metabolized (about 3% of a typical anesthesia dose) to FI” and
hexaflueroisopropancl (HFIP). The kidney, the organ of elimination, is particularly susceptible
to FI” toxicity. Serum F1” concentrations were measured in Studies 03, 08, 09, 10, 13, 15, 22-
24, 27, 28, 36, 38, and 39 all 6 high-risk patient studies (Studies 30-35). As seen in Table 2 and
numerous published studies, sevoflurane usc is associaied with a greater frequency of FI™ peaks >
50 M than other anesthetics. None of these studies have reported an association or correlation
between Fi” peaks or area under-the-curve (AUC) and clinical toxicity. In Frink's comparison

7
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[1994, 122-C] of sevoflurane and enflurane, 3 of 7 enflurane patients showed reduced urine
concentrating ability at Day 1 (66%, 77%. 80% & 81% of baseline values) compared to 0 of 7
sevoflurane patients (none <87%) despite mean F1” peaks of 47 pM for the sevoflurane group and
23 uM for the enflurane group.

HFIP

Organic fluoride metabolites of methoxyflurane and enflurane can bind to liver macromolecules
and trigger an idiosyricratic reaction (like halothane hepatitis), HFIP (hexafluoroisopropano!), the
other major sevoflurane metabolite (along with FI°) is about 80x more toxic by intraperitoneal (IP)
injection (IP LDsg = 0.14-0.2 mg/kg) than sevoflurane (IP LDsg = 10-18 mg/kg). IP injections
of HFIP are associated with tissue adhesion and hepatic deformation. Jiaxiang [1993, 57-P]
reported an HFIP half-life of 55 hr in clinical studies while the half-life of HFIP in rats is < 10
minutes, HFIP is rapidly conjugated with glucuronic acid and eliminated. This difference (55 hr
vs. 10 min) probably reflects continued production of HFIP in hv-nans after sevoflurane is
discontinued and suggests the enzyme production system is saturated at low levels of sevoflurane.
Rapid glucuronidation of HFIP probably accounts for the low concentrations and minimal
systemic toxicity,

P450 2E1

More than 14 human cytochrome P450 isoforms have been identified. P450 2E1, believed 10
reside on Chromosome 10, contributes to the metabolism of methoxyflurane, sevoflurane,
enflurane, isoflurane, and desflurane. This isoform is predominately (? exclusively) hepatic, and
significant amounts of human renal 2E1 have not been found [de Waziers, 1990, 20-C].
Kharasch [1993, 22-C] identified 2E| as the principal, if not sole, metabolizer of sevoflurane and
the principal metabolizer of methoxyflurane. At saturating substrate concentrations, the rank
ordering of metabolic rates (Vimay) was: methoxyflurane > sevoflurane > enflurane > isoflurane >
desflurane > 0. Factors known to increase 2E1 activity and knowa {or presumed) W increase in

ethanol exposure. In addition, men may have higher activity of 2E1 than women [23]. Genetic
polymorphism in the P450 2E1 gene has been described in Japanese [3].
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Substrates for P450 2E1 Inhibitors of P450 2E1
Acetaminophen Diallyl sulfone (garlic)
Acetone Disulfiram (Antabuse)
Analine 4-methylpyrazole
Benzene
Chlorinated hydrocarbons
Chlorzoxazone (Parafon Forte) :

Enflurane Inducers of P450 2E1
Ethanol . Ethanol
Fluorinated hydrocarbons Isoniazid
Halothane

Isoflurane

Methoxyflurane

N-alkyl-formamides

Sevoflurane

Clinical circumstances likely to increase the metabolism of sevofiurane based on
our understanding of the role of P450 2E1 include obesity and compounds which induce 2E1
(isoniazid and ethanol). Substances associated with general F450 induction including barbiturates
and phenytoin, do not induce 2E1 in humans although they may induce metabolism of
sevoflurane, enflurane, and isoflurane in rodents [Wrighton, 1992, 157-P].

Renal toxicity

Despite the FI” concentrations and presence of compound A, there has been a Aistinct paucity of
reported renal toxicity associated with the clinical use of sevoflurane. We belixve that a case of
syndrome of inappropriate antidiuretic hormone (SIADH) in a 6 y-o male afier two sevoflurane
anesthetics reported by Yoshida [1993, 333-C] is unlikely to represent renal toxicity.

Fluoride nephrotoxicity following oral fluoride overdoses are distinctly uncommon. A
literature review via Medline from 1966 to 1/15/94 showed 587 articles dealing with fluoride
poisoning/overdose, 40,337 reporting nephrotoxicity, and 10 in common to the two categories
[10-19] Two non-English papers (20, 21} were reported in the Poisindex [22]). Most of these
reports appear to deal with coexisting renal failure [11-15], and three dzal with methoxyflurane as
the FI" snurce {17-19].

Methoxyflurane nephrotoxicity (high-output renal insufficiency unresponsive to
vasopressin) has been recognized since 1966 . The predominant pathological lesion in rats was
found in the proximal convoluted tubule {Mazze, 1972, 236-P). We are left with a distinct need
to explain the lack of renal toxicity of sevoflurane,
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Renal effects of sevoflurane have not correlated with peak FI° concentrations or AUC in
clinical trials, Frink, et al, [1994, 122-C] studied FI" concenti..ions, renal concentrating ability,
creatinine clearance (Ccy), and n-acetyl-B8-glycosaminidase (NAG) for 5 days after 9.5 MAC-hr
sevoflurane or enflurane exposure in 14 volunteers carefully screened to exclude exposure to 2E1
enzyme«induciiig agents, Peak FI” concentrations were 47 and 23 M after sevoflurane and
enflurane respectively. Mean renal concentrating ability compared to baseline was 94% for
sevoflurane and 85% for enflurane patienis (not statistically significant, p=0.12). Neither Ccy or
NAG showed any change from baseline. This inverse relation (renal effects in patients with a
lower FI” exposure) suggests some direct effect (or protection) of the sevoflurane. Studies
carried out by Kharasch at the U of Washington [1994, 180-C] offer a plausible explanation -
human renal tissue shows a much lower metabolic activity for the production of FI” as compared
to methoxyflurane.

Thus the relative renal safety of sevoflurane in humans appears to reflect:
*  lower renal bioactivation of compound A (Jow renal P lyase activity), and

. lower renal metabolism of sevoflurane to FI™ (low renal activity)

Hepatotoxicity

Preclinical studies showed ALT, AST, LDH & Alk phos elevated after prolonged exposures
(pharmacology review, pack page 219). Sevoflurane did uot appear to alter hepatic blood flow in
preclinical studies.

Five cases of hepatic toxicity [1, 2,4-6] have been attributed tc sevoflurane in clinical use in Japan
(see appendix 2).

From the analyses of the AEs and laboratory data in the NDA studies, the only statistically
significant result was the comparison of AST/SGOT increases across all elderly patients
(Integrated Summary of Safety, page 55). Table 3 sherwe the rates and the statistical analyses.
The statistical significance (p < 0.05) was only appsent vsing the Cochran-Mantel-Haenszel test
(correcting for study). '

10
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Table 3. Frequency of AST / SGOT Elevation in Elderly Pat/ nts
All comparative studies in the elderly, N=680

Treatment Savoflurane Comparator
Normal AST/SGOT 359 - 301
Elevated 15 5
AST/ISGOT i
Total 374 306
*% Elevatod 4% 2%

Cochran-Mantel-Haenszel's stratifying by study
Chi-Square p-value = 0.0480

Exact Binomial Comparison
Two tailed p-value = 0.1055

Binomial Comparison by Corrected Chi-Square
Chi-Square p-value = 0.1103

In the absence of a rise in the more frequently measured hepatic enzymes, it would be desirable to
have seme other indicator of subclinical sevoflurane hepatic injury. Hussey [1988, 49-C] studied
plasma glutathione s-transferase (GST) as a more sensitive indicator of hepatocellular 1oxicity
after halothane, enflurane and isoflurane anesthesia. He reported GST rises to above normal
levels in 19 of 70 adult patients including late (24 hr) rises in 4 receiving halothane (1.8 hr of 1-
1.2 MAC) and 3 receiving enflurane. Only one of Hussey's patients had an associated increase in
ALT, all other hepatic enzymes remained in the normal range. Allen [53-C] studied GST in 60 yr
olds and found elevations in 13 of 37 (35%) receiving halothane/N20, 4 of 17 (24%) receiving
halothane in O, and none of 17 receiving isoflurane.

GST response was assessed in one of the NDA studies. Taivainen [1994, 127-C] (NDA Study
22 in pediatric patients 5-13 yrs old) found GST elevations with both sevoflurane and halothane
including two patients in each group with late GST rises. Figure 2 shows the mean GST
concentrations from these two-groups of patients.

11
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Figure 2. GST Concentrations after Sevoflurane and Halothane
All patients from Study 22, N=50
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0.0 12.0 24.0 36.0 48.0

Hours after Anesthesla Start

Nominal Sevoflurane Halothane
Time N Min | Max | Mean D N Min | Max | Mean D

Prestudy 25 0.8 | 18.2 | 3.2 | 3.5 25 1.4 |17.1} 4.8 | 3.6
Endanesth § 25 0.5 | 16.9 | 4.1 | 4.1 25 1.4 |20.8| 5.8 | 4.7

1 hr 25 1.4 128.0} 5.8 6.0 25 1.0 | 23.8] 6.6 5.6
2 hr 25 1.5 130.8] 5.6 .6 25 0.6 | 32.6 | 7.7 7.6
4 hr 25 0.5 121.8] 3.9 4.3 25 1.4 |36.5| 6.1 7.3
§ hr 25 0.1 ]10.3] 2.9 | 2.3 25 0.7 | 9.0 | 3.5 2.2

24 br 25 0.6 ]11.9! 2.3 | 2.5 24 0.7 1 16.6 | 3.7 3.4
48 bhr 24 0.1 {224 11,6 145.4 ) 21 0.6 | 14.7 ; 3.7 3.6
Late F/U 2 1.0 | 3.1 2.1 1.5 2 1.1 4.3 | 2.7 2.3

Patient GST Response
Min 25 0.1 7.2 1.7 1.5 25 0.6 6.3 2.2 1.5
Max 25 1.6 224 1 16.2 ; 43.9 25 2.0 |36.5|10.5| 9.2

Max-Pre 25 0.2 223 |1 13.0 | 43.9 25 0.0 |30.2| 5.6 7.8

48-24 hr] 24 -3.7 | 223 9.7 | 45.6 21 -1.4 | 7.2 0.4 2.1

Our anesth{ 25 0.8 | 3.7 1.8 0.8 25 0.0 | 4.1 1.8 0.9

ULN = Upper Smit of GST nomnal range

The late rise in GST for the sevoflurane patients (48 hr value of 11.6) results in a single high level
in Patient 16 (see Figure 3). .

A normal GST level has not been established in pediatric patients, but is < 4 ptg/L in adults.

Study 22 cites upper limits of reference values for adults as 6 pg/L for females and 14 pg/L for
males. (In Study 22 there were no baseline differences between sexes, 3.1 £ 1.9vs. 3.812.6
pg/L for females and males, respectively). The "Prestudy” GST in the sevoflurane group was 0.8

12
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- 18.2 (mean 3.2) ug/L and suggests we need to focus on changes from baseline rather than the
upper-limit-of-normal threshold.

The row "Max - Pre" gives the difference between maximum value and the *Prestudy” GST.
Likewise "48 - 24 hr" examines the difference between the 2 day value and the 1 day value (late
increase}. The sevoflurane and halothane groups were stmisti;:ally significantly different (p <
0.05 by t-test) for the "End anesthesia” values, but the ditference was largely accounted for by the
"Prestudy” differences (using "Prestudy” values as a covariate). In the final analysis there were
no statistically significant differences for the two groups in GST patter.

We were particularly interested in the late rises in GST. Figures 3 and 4 display the individual
patient data for each patient whose GST rose more than 0.4 pg/L. between the 24 and 48 hr leveis.
Each figure shows the first 10 hr in the top panel and a 72 hr plot in the lower panel. Note, the
lower panel uses a log ordinate scale. Note also that the abscissa origin (t=0) is based on the
beginning of anesthesia so that the first (t>0) data point is the post-anesthesia value.

13
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Figure 3. GST Concentrations after Sevofiurane Anesthesia
Patients from Study 22 with 48 hr GST increase,> 0.4 ug/L, N=7
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Patient 16 with the highest GST valve « had spondylolisthesis and an unremarkable
anesthesia for spinal fusion (lumbar IV through sacrum I). In the article cited, this patient was
"excluded” from analysis by Taivainen based on receipt of trimethoprim-sulfa on the day of
surgery for asymptomatic lower urinary tract infection,

Fiaure 4. GST Concentrations after Halothane Anesthesia
Patients from Study 22 with 48 hr GST increase,> 0.4 ug/L, N=4

GST (ug/L)

J
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Time
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Tim
GBI
Time

GST
| Time|

ST

Whileunderwhelming in this graphic representation, several of these patients doubicd their GST
between 24 and 48 hr.
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Reviewers' 0Discussion

Halothane, the most commonly used volatile induction agent in pediatric practice, is almost devoid
of toxicity in pediatric patients. Sevoflurane could replace halothane in pediatric pracdce due to its
more rapid equilibration (faster onset and recovery). Isoflurane, probably the most common
volatile anesthetic agent used in adult anesthesia, is nearly devoid of delayed organ toxicity.
Sevoflurane could likewise compete with isoflurane in adult anesthesia.

The principal sevoflurane safety issues result from the relative instability i vitro (compound A)
and in vive (inorganic FI"). Although compound A is readily measurable in closed circuit
anesthesia systems at concentrations producing renal toxicity in -ats (50 ppm), sevoflurane
remains almost d=void of renal toxicity in clinical studies or use. '

Inorganic fluoride (Fi°) results from the hepatic metabolism of sevoflurane (about 3% during
a typical anesthetic adn.inistration) via the P450 2E1 isoform Concentrations of FI° associated
with nephrotoxicity of methoxyflurane (50 M) are frequently found in patients receiving
sevoflurane, but nephrotoxicity has not been detected in clinical trials or clinical use. F1°
concentration provides a surrogate marker (subclinical indicaior) of fluoride nepk.rotoxicity.

Hepatotoxicity of the halothane hepatitis variety has not Yeen reported in the NDA studies and
only two cases of hepatitis have been attributed to sevoflurane anesthesia in clinical use. We must
recall that several million exposures to halothane were required to detect this delayed
hepatotoxicity. The large experience of sevoflurane use in Japan (> 2 million patients) is less of a
comfort since a semiclosed (rather than a closed) circuit system is used in Japan. Plasma
glutathione s—transferase (GST) is a sensitive indicator of hepatocellular damage and is possibly a
surrogate marker of sevoflurane subclinical hepatotoxicity.

Recommendations: The reviewers believe that the data so far gathered are adequat:: to support
NDA approval with the following recommendations for post-marketing stadies. The sponsor
should:

1 - develop a subclinical (surrogate) marker for compound A toxicity. Such
would necessarily be based on a clear understanding of the mechanism toxicity.

2 - conduct an evaluation of the clinical and subclinical hepatotoxicity (including
GST responses) involving sensitive patients and maximal sevoflurane exposure.

3 - conduct an evaluation of the clinical and subclinical effects of F1" elevations
involving sensitive patients, maximal sevoflurane exposure, active P450 2E1, and
reduced rezal clearance. Study endpoints might include:

- subclinical renal toxicity (maximal renal concentrating ability), and

- measurement of calcium-dependent hemostasis parameters.

16
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

December 20, 1994

MEDICAL OFFICER SAFETY REVIEW MR 22 B85
PILOT DRUG EVALUATION STAFF

NDA#: 20-478 m 2B

Drug: Sevoflurane (Sevorane): Review of Safety Update to Pending
NDA submitted July 11, 1994
Sponsor- Abbott Laboratories '
Abbott Park, 11, 60064
Sponsor’s Letter Dated: Nov 21, 1994
Reviewer: Robert F. Bedford, M.D., Medical Officer.
Review Date: Dec 7, 1994
Submission Type: Safety Update
CSO0: Leslie Vaccari

Resume and Background

This NDA is for a new inhalational general anesthetic. It has been in use
of Japan for several years, with over a million patient exposures. It is rapid
in onset, not unpleasant to inhale, and has a rapid termination of action.
This submission updates safety data reported since the NDA was filed in
July.

Clinical Studies
10 clinical studies are included, representing 598 patients and 10 subjects

receiving sevoflurane and 210 patients recciving comparator agents. 3 of
the studies include pediatric patients.

Serious Adverse Events:
10 serious adverse events are reported from the above studies. None appear
to be related to anesthetic management.

Occasional transient postoperative laboratory abnormalities, specifically
elevated creatinine and liver function tests continue to be reported,
aithough the incidence of these findings is identical for both sevoflurane
and comparator agents, usually isoflurane.

Post Marketing Adverse Events:

8 cases of malignant hyperpyrexia have been reported in the Japanese
literature. This issue is addressed in the present draft packaye insert.

1 case of transient postoperative hepatic dysfunction is also reported, and
this may well be related to an effect of sevoflurane, since it did not occur .
after 2 previous isoflurane anesthetics, but did occur in the same patient
after a third anesthetic with sevoflurane.

Additional Pharmacologic Studies:

An article in the Journal of Neurosurgical Anesthesia was alsc submitted.
The study examines intracranial pressure responses in rabbits with
cortical freeze lesions. The results suggest that 1.5 MAC sevoflurane ,
causes more elevations in ICP when blood pressure is elevated than occurs
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that the effz~. of 1 MAC sevoflurane is approximately the same as that of
isoflurane. At this time, no change in the labeling is required.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health: Service

January 12, 1995

MEDICAL OFFICER LITERATURE REVIEW
PILOT DPRUG EVALUATION STAFF

NDA #: 20-478
Drug: Sevoflurane (Sevorane): Review of Literature Update to Pending
NDA submitted July 11, 1994
Sponsor:  Abbott Laboratories ‘
Abbott Park, IL 60064
Sponsor’s Letter Dated: December 22, 1994
Reviewer: Robert F. Bedford, M.D., Medical Officer.
Review Date: January 12, 1995
Submission Type: 1994 Literature
CSO: Leslie Vaccari

Resume and Background

This NDA is for a new inhalational general anesthetic. It has been in use
of Japan since 1990, with several million patient exposures. It is rapid in
onset, not unpleasant to inhale, and is characterized by rapid onset and
termination of action. This submission updates the medical literature
reported since the NDA was filed in July.

Clinical Studies ’

Ninty eight publications and one copy of correspondence are submitted.
The topics covered in these documents include the following: MAC
measurements in special populations, EEG effects of sevoflurane,
quantification of sevoflurane chemical characteristice, sevoflurane
metabolism, production of sevoflurane metabolites including inorganic
fluoride and compound A, interactions of sevoflurane with neuormuscular
blocking drugs, characteristics of sevoflurane for induction and emergence
in special patient populations, clinical comparisons of sevoflurane with
other general anesthetics. None of these studies adds significantly to the
draft label currently under consideration by the Anesthesia Advisory
Committee.

Serious Adverse Events Not Addressed in Lable. None

Post Marketing Adverse Events:

Transient hepatic injury in a patient anesthetized with sevoflurane.
(Omori H, et al: J Jpn Soc Clin Anesth 1994;14:68-71) One report of
malignant hyperthermia associated with use cf succinylcholine and
?el\)rloﬂurane. Both of these complications are addressed in the current draft
able.
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Conclusions:

The only studies which are not addressed in the draft lable pertain to the
effects of sevoflurane oL the EEG. These effects are similar to those of other
halogenated hydrocarben anesthetics and do not raise any safety concerns
such as risks for patients with epilepsy. Ultimately, information on EEG
and cerebral blood flow and metabolism will need to be added to the lable,
but it is not critical for approval at this time.
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Resume and Background

Sevoflurane is a new inhalational general anesthetic under NDA review.
This report was submitted as an amendment to the sponsor's safety update
of Nov 21, 1994, It gives a description of a case occurring in Sweden.

Clinical Case: A previously healthy 32 year old man with no prior history of
neurological disorder underwent an uncomplicated sevoflurare general
anesthetic as part of a compary-sponsored protocol. Approximately 15 min
after awakening in the recovery room he was observed to lose consciousness
and develop symmetical myoclonic movements lasting approximately 5 sec
and occurring every 3-5 min for about 2.5 hr. The patient was unresponsive
during this time, but had normal vital signs and EEG. The episode was
broken with a sleep dose of thiopental and the patient awoke without
neurologic compromise. The following day the patient sustained another
similar episode lasting about 60 min and ending spontaneously.

Comment re: Draft Label. The current draft label lists movement, agitation
and somnolence as adverse drug reactions possibly or probably related to
sevoflurane. Given the presence of a normal EEG pattern and the
uneventful awakening after this episode of somnolence and myoclonus,
there is probably no change required in the label at this time.
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Conclusions: This is an unusual reaction that might or might not be
related to sevofluane. Similar episodes have been noted afte: other general
anesthetics. Given the uneventful recovery, there is probably no regulatory
action required at this time.
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Applicant: Abbott Laboratories
Indications: For induction and maintenance of general
anesthesia in adult and pediatric pdtients
surgery
Documents Reviewed: Vols. 2.42, 2.61, 2.122, 2.137, 2.159,
2.201, 2.224, and 2.244 to 2.259
dated 7/13/94 by CDER and an un-numbered
volume of data diskettes of NDA 20,478 ,
dated 9/2/94 by CDER.
Reviewer: Hoi M. Leung, Ph.D.
Date of Completed Review : 12/7/94

I. Introduction

There were over 40 clinical trials in this submission
to demonstrate the safety and efficacy of sevoflurane in a
variety of patient populations and surgical procedures. The
number of patients in each study ranged from a few to over
500 and some of these studies are still nn-going. This
review evaluates the statistical methodology used by the
sponsor in sevoflurane and examines the results from a
representative sample of control clinical trials submitted
in this NDA. The choseun studies are those with a large
sample size within each type of patient populations so that
estimates of parameters would be more precise than from
studies with small sample size. No studies were reviewed in
the neurosurgery patient population because the largest
study had only 10 patients per treatment. For descriptions
and results of these and other studies, the reader should
consult the medical reviews. The following studies will be
reviewed:

Adult : #10/SEVO 92-003 (n=555),
#11/SEVO 92-009(n=186)
Pediatric: #21/SEVO 92-007 (n=525),
#23/SEVO 92~008(n=428)
Cardiac: #2o/SEVO 92~010 (n=273)
Elderly: #32/SEV0O 92-012 (n=126)
Muscle Relaxants: #40/SEVO 92-013 (n=98)

II. Statistical Methodologiaes

The sponsor's general approach in this submission was
t9 use the analysis of variance (ANOVA) in continuous
variables and the Fisher's Exact test or the Cochren-Mantel-~
Haenszel (CMH) method in binomial or ordered categorical
data. A one-way (treatment) ANOVA was used in continuous



variables to compare sevoflurane with the active control if
the study was a single-center study and a two-way ANOVA was
used in multicenter studies with factors treatment,
investigator, and their interaction. Many of the continuous
variables such as induction, intubation, extubation,
emergence, response to commands, first post-anesthesia
analgesic, etc., were of the time to an event nature. There
were a few outliers in these time to event variables because
some patients required extensive surgical procedures which
typically extended the time to recovery. The sponsor also
investigated several alternative methods of analyses, such
as trimmed means and nonparametric analysis and concluded
that these alternative analyses were consistent with the
protocol defined ANOVA approach. The Fisher's Exact test
was used mainly in variables of binomial outcomes such as
success or failure, e.g., in rate of induction success and
emergence success as well as in the evaluation of adverse
events. The determination of the Minimum Alveolar
Concentration (MAC) for sevoflurane was made by logistic
regression using sevoflurane concentration (%) and log-
transformed age as independent variables. For small sample
sizes, the Dixon Up-and-Down Method (JASA 1965; 60:967) was
used instead. All statistical tests were 2-sided with p=.05
as the level of statistical significance.

The sponsor's. statistical methods are acceptable. An
alternative method of analysis in the time to event
variables is to use the survival analysis technique which
will automatically handle the problem of outliers.

III. Study 10 (SBEVO 92-003)

This was a phase III, 12-center (7 in U.S. and 5 in
Europe), open-label, randomized, study evaluating the effect
of sevoflurane and isoflurane in the maintenance of
anesthesia in adult ASA Class I, II, and III patients. The
primary efficacy variables were Emergence Time, Recovery
Time, Emergence Success, Maintenance Success, and Serum
Fluoride levels,

The planned sample size was 400 patients with 200
patients in each treatment. 1In the actual study, 591
patients were enrolled and 587 patients were randomized. Of
the 587 randomized patients, 555 (sevo 272 - 49% and iso 283
- 51%) patients were treated. There were only three
patients (sevo 2; iso 1) discontinued prematurely due to
adverse reactions. It is obvious that the study was
overpowered by enrolling substantially more patients than
the planned sample size. Demographics were well-balanced
between treatment groups. Primary dlagnosis was generally
balanced also. There was a slight imbalance (not
statistically significant) in surgical procedures in
musculoskeletal system (sevo 39% vs. iso 31%) and nervous
system (sevo 4% vs, 1iso 8%). There was no significant
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difference in duration of surgery between treatments. Study
drug concentration (MAC) during the entire anesthetic period
was significantly lower in sevoflurane than in isoflurane
(sevo: mean 0.57, s.e. 0.012 vs, iso: mean 0.72, s.e.
0.012). However, there were also significant investigator
effect and treatment by investigator interaction. The
interaction was of the guantitative nature which would still
allow interpretation of the pooled data. There was no
signiZicant difference in the duxation of study drug
administrztion. Mean MAC hours of anesthesia was
significantly lower in sevoflurane than in isoflurane (1.27
vs. 1.58).

Efficacy

Results of the primary efficacy variables showed that
Emergence, Response to Commands, and Orientation were
significantly shorter for sevoflurane patients than for
isoflurane patients. The average difference between
treatment groups was about 5 minutes in these variables.
However, there was no statistically significant difference
in time to eligibility for recovery area discharge between
treatments (sevo: mean 139.2, s.e. 15.6 vs. iso: mean
165.9, s.e. 16.3). The change from baseline in the Digit
Symbol Substitution Test was significantly smaller in
sevoflurane patients than in isoflurane patients. However
only 25 patients were given this test and they were all from
one investigator (Andeen). There were no statistically
significant differences in induction success rate (sevo 92%
vs iso 91%), maintenance success rate (sevo 89% vs. iso
88%), and emergence success rate (sevo 55% vs. iso 48%).
The difference in overall success rate (sevo 48% vs. iso
39%) was statistically significant (p=.048). However, this
p-value was not adjusted for multiple endpoints. When
multiple endpoints are considered, the result would not be
significant.

Safety

There was no signigicant difference in overall ADR rate
(sevo 95% vs. iso 92%) and by body system. The most common
ADRs were uissociated with the nervous (somnolence and
dizziness) and digestive (nausea and vomitting) systems (55%
each). Eleven patients in each group had severe ADRs
considered to be drug related. Three sevoflurane patients
had serum inorganic fluoride concentrations greater than 50
uM but the elevated concentrations were transient and did
not affect renal function.

Conclusions

The lack of significant differences between treatments
in this large study provides substantial evidence that
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sevoflurane is as efficacious and safe as isoflurane in the
study population.

IV. 8tudy 11 (S8EVO 92-009)

This was a phase III, 4-center (3 in U.Ss and 1 in
canada), open-label, randomized, active control study
comparing the effect of sevoflurane and propofol in the
induction and maintenance of anegthesia in adult ASA clags I
and II inpatients who underwent surgical procedures of an
anticipated duration of 1 to 3 hours. The priwary efficacy
variables are induction time, induction success, emergence
time, recovery time, recovery success, and maintenance
success.

The planned sample size was 150 patients (75 per
treatment). The sample size was not based on statistical
power considerations but was adequate in this type of study
to detect even a small difference in continuous variables.
Of the 194 patients randomized into the study, 186 (93 in
each treatment group) patients were administered study drug.
One patient in each treatment group discontinued
prematurely. Demographic variables were well-balanced
between treatwment groups. Females accounted for
approximately 60% and Caucasian 85% of the population. The
mean age was 43 years old. Primary diagnosis was generally
similar between treatment groups with musculoskeletal and
connective tissue (30%) the most common diagnosis. There
was a slight imbalance (not statistically significant) in
surgical procedures in digestive system (sevo 20% vs,.
propofcl 31%) and female genital system (sevo 22% vs,
propofol 12%). There was no significant difference in
duration of surgery between treatments. Study drug
concentration cannot be compared since sevoflurane was
administered by inhalation while propofol was given by
infusion. However, there was no significant difference in
the duration of study drug administration between treatment
groups. The average was about 132 minutes.

Bfficacy

Results of the primary efficacy variables showed that
Emergence, Response to Commands, and Orientation were
significantly shorter for sevoflurane patients than for
propofol patients. The average difference between treatment
groups was between 3 to 5 minutes in these variables. There
was also a significant qualitative treatment by investigator
interaction in the variable Time to Emergence. This
interaction was caused by the opposite result of one
investigator (Blanck) compared to the other 3 investigators.
Sevoflurane patients from investigator Blanck had longer
mean emergence time than propofol patients while the other 3
investigators had opposite results. Even within the other 3
investigators whose sevoflurane patients had shorter time to
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energence, there was a large difference among them.

However, there was no statistically significant difference
in time to eligibility for recovery area discharge between
treatments (sevo: mean 148.4, s.e. 8.9 vs. propofol: mean
141.4, s.e. 8.9). There were no statistically significant
differences in induction success rate (sevo 77% vs. propofol
80%), maintenance success rate (sevo 85% vs. propofol B6%),
emergence success rate (sevo 65% vs. propofol 66%) and
overall success rate (sevo 42% vs,. propofol 46%).

Safety

There was no signigicant difference in the overall ADR
rate (sevo 96% vs. propofol 87%). There was a statistically
significant difference in adverse experience associated with
the body as a whole (sevo 36% vs. propofol 54%). There was
no other significant difference by body system. The most
common ADRs were associated with the nervous (somnolence and
dizziness) and digestive (nausea and vomitting) systems
(approximately 55% each). Overall, 86% of the sevoflurane
patients and 75% of the propofol patients experienced drug-
related adverse events. Most of these ADRs were considered
to be mild and moderate. Ten sevoflurane patients and S5
propofol patients had severe ADRs considered to be drug
related.

Conclusicns

Sevoflurane was as effective as propofol for the
induction and maintenance of anesthesia in adult ASA Class I
and II inpatients. Sevoflurane patients had significantly
shorter time to extubation, response to commands and
orientation while propofol patients had significantly
shorter time to induction and intcubation. The comparison in
time to emergence is somewhat problematic because of the
qualitative treatment by investigator interaction. There
was generally no significant difference in adverse reactions
between sevoflurane and propofol patients. However, severe
adverse reactions that were considered to be drug-related
were numerically higher in sevoflurane than in propofol
patients.

V. 8tudy 21 (BEVO 92-097)

This was a 13-center (5 U.S. and 8 European) open-label
randomized, active control study comparing the effect of
seavoflurane and halothane in the induction and maintenance
of anesthesia in pediatric ASA Class I and II outpatients
with an anticipated duration of surgical procedures up to 3
hours. The primary efficacy variables ar~ identical to
those in Study 11 above. There were 7 amendments to the
original protocol. Three amendments applied to all sites
while the other four amendments were site specific. The
amendments that were site specific were generally criteria
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that limited the inclusion and exclusion of patients who
could enter the study.

The planned sample size was 400 patients with 200
patients in each treatmcnt. This was based on a statistical
power (0.80 and alpha level of 0.05) consideration to detect
a 10% difference between halcthane and. sevoflurane in the
mean recovery time. In the actual study, 530 patients were
enrolled and randomized. Of the 530 randomized patients,
525 (sevo 268 - 51% and halo 257 ~ 49%) patients were
treated. One patient in each group discontinued prematurely
due to adverse reactions. It is obvious that the study was
overpowered by enrolling substantially more patients than
the planned sample size. Demographics weres balanced between
treatment groups. Seventy-four percent of all patients were
male and 91% of all patients were ASA Class I. Primary
diagnosis and surgical procedure were well-balanced between
the two treatments. The most common surgical procedures
were associated with the digestive system (24%), "“nose,
mouth, pharynx®" (21%) and male genital system (19%). There
was no significant difference in duration of surgery (mean
31.5 minutes) between treatments. Although the average
concentration of study drug during the anesthetic period was
significantly lower in the sevoflurane patients than in the
halothane patients, there was also significant treatment by
investigator interaction. Among the 13 investigators, 10
had sevoflurane concentration lower than that of halothane;
two had sevoflurane concentration higher than that of
halothane and one had equal concentration between the two
treatments. There was no significant difference in duration
of study drug administration between treatment groups. The
average duration was about 54 minutes.

Etficacy

Results of the primary efficacy variables showed that
Emergence and Response to Commands were significantly
shorter for sevoflurane patients than for halothane
patients. The average difference betwesen treatment groups
was between 7.5 to 8.5 minutes in these two variables.
However, there was no statistically significant difference
in Orientation and Time to Eligibility for Recovery Area
Discharge between treatments. Induction, intubation, and
extubation were also significantly shorter for sevoflur=ne
patients than for halothane patients. There were no
statistically significant differences in induction success
rate (sevo 61% vs. halothane 63%) maintenance success rate
(sevo 91% vs. halothane %0%), emeryence success rate (sevo
55% vs. halothane 58%) and overall success rate (sevo 39%
vs. halothane 41%).
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There was no signigicant difference in the overall ADR
rate (sevo 77% vs. halothane 78%). There was a
statistically significant difference in adverse experience
associated with the nervous systeam (sevo 41% vs. halothane
30%). Within the nervous system, agitation occurred
significantly higher in the sevoflurane group (31%) than in
the halothane group (18%). There was no other significant
difference by body system. The most common ADRs were
associated with the respiratory (sevc 46% vs. halo 49%)
system. The most common adverse experience within the
respiratory system was increased cough (sevo 33% vs. halo
39%). Overall, 65% of the sevoflurane patients and 69% of
the halothane patients experienced drug-related adverse
events. Most ADRs were considered to be mild or moderate.
Although there was no significant difference between
treatments in the drug related adverse experience in the
cardiovascular system as a whole, within the cardiovascular
system there were significant differences in tachycardia
(sevo 19 vs. halo 7), arrhythmia (sevo 1 vs. halo 10), and
bradycardia (sevo 1 vs. halo 8). Eighteen (18) sevoflurane
patients (mostly agitation and/or apnea) and 11 halothane
patients (mostly agitation, nausea, or increased cough) had
severe ADRe considered to be drug related. Interpretation
of Laboratory and chemistry measurements is somewhat
problematic because of missing values from many patients.
The missing values ranged from 20 to 40% of the patients
depending on the parameters measured. Also, there were more
missing data in the laboratory measurements in the halothane
patients than in the sevoflurane patients.

Conclusions

Sevoflurane is effective in the induction and
maintenance of anesthesia in pediatric inpatient surgery.
It generally has shorter times to extubation, emergence, and
response to ccmmands than halothane. There were no
significant differences in the success rates of induction,
maintenance, and emergence. There was significantly more
respiratory adverse experiences in sevoflurane patients than
in halothane patients. Although there was no significant
difference in cardiovascular system, significantly more
halothane patients had arrhythmia and bradcardia than
sevoflurane patients while the opposite was the case for
tachycardia. There were also more drug-related severe
adverse reactiuvns asswciated with sevoflurane than with
halothane in this study.




VI. S8tudy 23 (SEVO 92-008)

This was a 12-center (6 U.S. and 6 BEuropean) open-label
randomized, active control study compariiig the effect of
sevoflurane and halothane in the induction and maintenance
of anesthesia in pediatric ASA Class I and II inpatients
with an anticipated duration of surgical procedures of at
least one hour. The primary efficacy variables are
identical to those in Study 21 above. In addition, at least
25% of all clinically evaluable patients had serum inorganic
fluoride level determinations at specific time points prior
to and following anesthesia.

The planned sample size was 400 patients with 200
patients in each treatment. This was based on a statistical
power (0.80 and alpha level of 0.05) consideration to detect
a 20% difference between halothane and sevoflurane in the
mean emergence time. 1In the actual study, 432 patients wer.
enrolled and 430 of them were randomized. Of the 430
randomized patients, 428 (214 in each group) patients were
treated. Two sevoflurane patients and 3 halothane patients
discontinued during the intra-operating period.

Demographics were balanced baetween treatment groups.
Sixty-one percent of all patients were male and 63% of all
patients were ASA Class I. The mean age was 6.5 years old.
Primary diagnosis and surgical procedure were well-balanced
between the two treatments. The most common surgical
procedures were associated with "nose, mouth, pharynx" (31%)
and musculoskeletal system (25%). There was no significant
difference in duration of surgery (mean 93.3 minutes)
between treatments. There were no significant differences
in the average concentration (0.87 s.e. .02) of study drug
during the anesthetic period and the duration of study drug
adrministration (mean 130 minutes s.e. 6.4). However, there
was significant difference among investigators.

Etficaocy

Induction and extubation were significantly shorter for
sevoflurane patients than for halothane patients. For the
primary efficacy variables, Emergence and Response to
Commands were significantly shorter for sevoflurane patients
than for halothane patients. The average difference bhetween
treatment groups was between 3.5 to 4.3 minutes in these two
variables. There were no statistically significant
differences in induction success rate (sevo 58% vs.
halothane 49%), maintenance success rate (sevo 91% vs.
halothane 92%), emergence success rate (sevo 42% vs.
halothane 34%) and overall success rate (sevo 27% vs.
halothane 19%).



safctyA

There was no signigicant difference in the overall ADR
rate (sevo 91% vs. halothane 92%) and for any body systems.
The most common ADRs were associated with the respiratory
(sevo 60% vs. halo 603) system. The most common adverse
experience within the respiratory system was increased cough
(sevo 45% vs. halo 53%). Overall, 78% of the sevoflurane
patients and 85% of the halothane patients experienced drug-
related adverse events. Most of these ADRs were considered
to be mild or moderate. A significant difference was
observed between the two treatments for the incidence of
study drug-related digestive system adverse experiences
(sevo 35% vs. halo 48%). Vomiting was the most common ADR
within the digestive system (sevo 31% vs. halo 40% NS).
Although there was no significant difference between
treatments in the drug-related adverse experience in the
cardiovascular system, within the cardiovascular system
there were significant differences in tachycardia (sevo 16
vs. halo 4 patients) and bradycardia (sevo 5 vs. halo 25
patients). The most common study drug-related adverse
experiences were those associated with the nervous systenm
(sevo 46% vs. halo 48%). Eighteen (18) sevoflurane patients
(mostly agitation or nausea) and 27 halothane patients
{(mostly agitation, nausea, or increased cough) had severe
ADRs considered to be drug related. Missing values were
about 10% for most of the laboratory measurements.

Conclusions

Sevoflurane is effective in the induction and
maintenance of anesthesia in pediatric inpatient surgery.
Similar to Study 21, It generally has shorter times to
extubation, emergence, and response to commands than
halothane. There were no significant differences in the
success rates of induction, maintenance, and emergenca.
Safety profile was alsoc similar to that of Study 21 except
that contrary to Study 21, there were fewer drug-related
severe adverse reactions associated with sevoflurane than
with halothane in this study.

VII. 8tudy 26 (SEVO 92-010)

This was a Phase III, 13-center (9 U.S., 1 Canada, 3
European), open-label, randomized, active control study
comparing sevoflurane with isoflurane as an adjunct with
narcotics in adult ASA Class 1II, 1II, and IV inpatients who
underwent elactive coronary artery bypass graft (CABG)
surgery. The primary efficacy variables are the incidence
of pre-cardiopulmonary bypass myocardial ischemia and
maintenznce success. Secondary efficacy variables include
cardiac deaths, myocardial infarction and ventricular
failure.
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The planned sample size was a total of 280 patients
(140 in each treatment). This was based on the assumption
that the incidence of pre-CPB ischemia in the isoflurane
group would be 15%. The said sample size would have a power
of 0.8 (alpha =0.05) to detect a difference of 15% between
treatment groups. Thus the planned sample size could only
detect a two-fold increase in incidence of ischemia. 1In the
actual study, 287 patients were enrolled and 284 of them
were randomized. A total of 273 patients (sevo 140 & iso
133) were treated and 268 of them completed the study.
Demographics, ASA Class, and cardiovascular classifications
were well-balanced between treatment groups. The majority
of the patients were male (85%), Caucasian (96%), ASA Class
IITI (72%) with a mean age of 60 years old. Significantly
more sevoflurane patients (14%) had a cardiovascular history
of significant arrhythmia than isoflurane patients (5%).
Duration of surgery (232 minutes, s.e. 5.3), study drug
concentration {0.51, s.e. .019), and duration of study drug
administration (112 minutes, s.e. 3.63), MAC hours (0.96
s.e. .046) were very much comparable between the two
treatment groups.

Efficacy

Of the 272 evaluable patients, 32 patients (sevo 15 and
iso 17) did not have readable Holter monitoring time. This
casts some doubt on the quality of the Holtering monitoring
data. There was no statistically significant difference in
frequency of ischemic events between treatment groups either
before induction (sevo 12% vs. iso 13%) or between induction
to onset of CPB (sevo 7% vs. iso 11%). This is to be
expected due to the planned sample size and the furtherv
reduction of sample size from unreacdable Holter monitoring
time. There was also no significant difference in duration
of ischemic events between sevoflurane and isoflurane.
Maintenance success rate was comparable between treatment
groups (sevo 94% vs. iso 92%) as was induction success rate
(91% both) and overall success rate (sevo 86% vs. iso 84%).
There were no statistically significant differences in any
of the secondary efficacy variables.

Bafety

There was no signigicant difference in the overall ADR
rate (sevo 76% vs. iso 81%) and for any body systems. The
mrost common ADRs were associated with the cardiovascular
(both 66%) system. The most common adverse experience
within the cardiovascular system was hypotensicn (sevo 26%
vs. iso 32%), hypertension (sevo 26% vs. iso 22%), and
atrial fibrillation (sevo 26% vs. iso 21%). Overall, 29% of
the sevoflurane patients and 30% of the isoflurane patients
experienced drug-related adverse events. Most o these ADRs
were considered to be mild or moderate. The most common
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study drug-related adverse experiences were those associated
with the cardiovasculer system (sevo 18% vs. iso 19%).

Con.lusions

The Holter monitoring was the key to the measurement of
the primary efficacy variable, frequency of pre-CPB
myocardial ischemia. Twelve (12%) percent of the Holter
monitoring data was classified as unreadable. This casts
some doubt as to the quality of the Holter monitoring data.
The observed frequency of pre-CPB myocardial ischemia was
low. Thus, if there were some cases of myocardial ischemia
among those unreadable Holter monitoring data, the
conclusions could be affected. Taking the data at face
value, this study shows that sevoflurane and isoflurane
behaved very much the same as an adjunct with narcotics
prior to cardiopulmonary bypass surgery in adult patients.

VIII. 8tudy 3z (SBEVO 92-012)

This was a Phase III, 6-center (U.S.), open-label,
randomized, active control study comparing sevoflurane and
isoflurane in elderly (age 65 or higher) ASA Class I, 1I,
and III inpatients who underwent surgical procedures of an
anticipated duration of up to 3 hours. The primary efficacy
variables are Emergence time, Maintenance Success, Recovery
time and Success. Serum inorganic fluoride concentrations
were measured at 5 sites.

The planned sample size was 100 patients which was not
based on statistical power considerations. In this study,
136 patients were enrolled and 132 of them were randomized.
A total of 126 patients (sevo 62 & iso 64) were treated and
124 of them completed the study. Demographics and ASA Class
were comparable between treatment groups. The majority of
the patients were male (67%), Caucasian (90%), ASA Class II
and III (554 and 43%) with a mean age of 72 years old. The
most common primary diagnosis was in musculoskeletal system
and neoplasms which were comparable between treatments.
However, significantly more sevoflurane patients (23%) than
isoflurane patients (6%) had a primary diagnosis in the
digestive system. Duration of surgery (143 minutes, s.e.
16), study drug concentration (0.52, s.e. .033), and
duration of study drug administration (173 minutes, s.e.
16), MAC hours (1.52 s.e. .017) were not significantly
different between the two treatment groups.

Efficacy

There were no statistically significant differences
between the two treatments in any of the primary efficacy
variables. Emergence and Response to Commands were
numerically shorter for sevoflurane patients than for
isoflurane patients. The average difference between
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treatment groups was 3.2 and 4.6 minutes in these two
variables, respectively. The sample size was too small to
detect this magnitude of difference. The difference would
have been statistically significant had the sample size been
tripled as demonstrated in Study 23. The induction success
rate was 60% for sevoflurane and 44% for isoflurane. The
maintenance success rate (sevo 71% vs. iso 73%), emergence
success rate (sevo 80% vs. iso 78%) and overall success rate
(sevo 38% vs. iso 22%) between treatment groups were also
not statistically significant.

Bafety

There was no signigicant difference in the overall ADR
rate (sevo 87% vs. iso 92%) and for any body systems. The
most common ADRs were associated with the cardiovascular
(sevo 63% vs. iso 75%) system. The most common adverse
experience within the cardiovascular system was hypotension
(sevo 37% vs. iso 52%) and hypertension (sevo 34% vs. iso
28%). Overall, 57% of the sevoflurane patients and 72% of
the isoflurane patients experienced drug-related adverse
events. Most of these ADRs were considered to be mjild or
moderate. The most common study drug-related adverse
experiences were those associated with the cardiovasculer
system (sevo 39% vs., iso 53%). There were more isoflurane
patients experienced drug-related incidence of nausea (sevo
18% vs. iso 31%) and vomiting (sevo 5% vs. iso 19%). Two
patients had serum inorganic fluoride concentrations greater
than 50 uM with no evidence of »enal damage.

Conclusions

The sample size of this study was too small to detect
the magnitudes of differences similarly observed in other
studies both in efficacy and safety. However, the mean
times to most of the primary efficacy variables were
numerically shorter than those of isoflurane which were
consistent with other studies. The safety profile of
sevoflurane was also comparable to that of isoflurane.

IX. 8tudy 40 (SEVO 92-013)

This was a Phase II, single center (Netherlands), open-
label, randomized, active control study comparing the
potentiating effect of sevoilurane and isoflurane on muscle
relaxants (vecuronium, pancuronium, and atracurium) in adult
ASA Class I and II inpatients. Within each of the three
muscle relaxant groups, patients were randomly assigned to
receive sevoflurane + alfentanil, isoflurane + alfentanil,
or alfentanil alone, as their primary anesthetic agent (with
nitrous oxide/oxygen) during the anesthetic maintenance
period. Neurcomuscular function was assessed by
mechanomyogram (MMG) and electromyogram (EMG). Secondary
efficacy variables included recovery parameters which were
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similar to those used in the other studies discussed
previously.

O0f the 102 patients enrolled, 101 were randomized and
98 of them were treated. Eight patients were excluded from
the efficacy analysis because the initial dose of muscle
relaxant provided complete muscle relaxation, prohibiting
the establishment of a dose response. The remaining 90
patients were distributed equally among the 9 cells (3
muscle relaxants by 3 treatements : 10 patients per cell).
Fifty percent of the patients were males and about 90% of
the patients were classified as ASA Class I. Demographics
among treatment groups within each muscle relaxant category
were not statistically significant execept for the tobacco
use history within the alfentanil group (significantly more
tobacco users) in the atracurium category. Since the sample
size in each cell was only 10, it would be difficult to
compare statistically whether there was any significant
difference among treatments within a muscle relaxant.
Duration of surgery was the shortest (mean 85 minutes s.e.
12.7) with atracurium, followed by vecuronium (mean 134 s.e.
27), and pancuronium (mean 171 minutes s.e. 31.7).

Efficacy

There were no_statistically significant differences
between sevoflurane + alfentanil and isoflurane + alfentanil
within each of the 3 muscle relaxant categories in any of
the primary efficacy variables. Their mean values were
numerically close also. The alfentanil alone group was
quite different from the other two treatments. Most
pairwise comparisons between alfentanil alone and the other
two treatments resulted in statistically significant
differences. For the secondary efficacy variables, the
pooled analysis of all muscle relaxants categories resulted
in statistically significant differences between sevoflurane
+ alfentanil and isoflurane + alfentanil in emergence,
response to commands and orientation. Sevoflurane patients
had shorter time in each of the three comparisons. However,
there were no significant differences between sevoflusane +
alfentanil and alfentanil alone in any of the recovery
parameters. Strangely, the various success rates
(induction, maintenance, emergence, and overall) showed that
sevoflurane + alfentanil had the lowest success rates among
the three treatment groups with a statistically significant
difference in the maintenance success rate.

Safety

There was no significant difference in the overall ADR
rate (sevo + alf 91% vs. iso + alf 91% vs. alf 81%). There
was a statistically significant difference in the
cardiovascular system (sevo +alf 44% vs. iso+alf 12% vs. alf
16%). The most common ADRS were associated with the
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digestive (sevo+alf 69% vs. iso+alf 68% vs. alf 56%) system.
Overall, 81%,56%, and 69% of the sevoflurane + alfentanil,
isoflurane + alfentanil, and alfentanil patients,
respectively experienced drug-related adverse events. This
difference was significant between sevoflurane + alfentanil
and isoflurane + alfentanil. Most of these ADRs were
considered to be mild or moderate. The most common study
drug-related adverse experiences were those associated with
the digestive and cardiovasculer systems. There were
significantly more sevoflurane + alfentanil patients than
isoflurane + alfentanil or alfentanil alone patients
experienced drug-related incidence of hypotension (sevo+alf
38% vs. iso+alf 3% vs. alf 3% ) and chills (sevo+alf 25% vs.
iso+alf 6% vs. alf 3%).

Conclusions

This was a Phase II study investigating the
potentiating effect of sevoflurane with different muscal
relaxants. The sample size was small resulting in
inconclusive comparisons with isoflurane. However, at least
for the primary efficacy variables MMG and EMG, sevoflurane
+ alfentanil behaved very much like isoflurane + alfentanil
in each of the three muscle relaxants. On the other hand,
sevoflurane + alfentanil patients generally experienced more
hypotensions and chills. A definitive comparison will
require a larger sample size in a Phase III study setting.

X. Overall Conclusions

The statistical methods are generally acceptable. A
consistent analysis approach was used througout the
application. A caution is in order in interpreting the
statistically significant findings from individual studies.
Since there were large number of variables tested at
multiple time points from many studies and all the stated p-
values were nominal p-values unadjusted for multiple
comparisons, occassional significant results by chance alone
are unavoidable. It is advisable to see if a significant
result is replicated in similar studies before drawing
conclusions. Also, the large sample sizes in many of these
studies have high power to detect a very small difference
between treatments. Thus, clinical significant difference
is important in judging a statistically significant finding.

Based on the results of the seven studies reviewed
here, it is clear that sevoflurane is effective in adult and
pediatric patient population compared to isoflurane and
propofol for adults and halothane for pediatrics when used
for induction and maintenance of general anesthesia. There
was consistent evidence that sevoflurane had shorter
recovery times than its comparators. However, this could be
due to the lower concentrations used in sevoflurane. There
was also a lack of information of the comparablity in the
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depth of anesthesia between treatment groups. There was
essentially no difference in the success rates of recovery
parameters between sevoflurane and its comparators. The
safety profile was generally similar to that of isoflurane
or halothane in terms of adverse experiences. There may be
some differences in adverse reactions from individual
studies, but such differences were not consistent across
studies. There were a few patients who had serum inorganic
fluoride above 50 uM in those stydies where serum inorganic
fluoride level was measured. However, this seemed to be a
transient effect. In the cardiac surgery of elderly
patients, the study was somewhat tarnished by the quality of
the Holter monitoring data in which 12% of the data was
unreadable. Since the incidence of ischemia from the
readable data was low, any potential ischemia incidence from
the unreadable data could alter the findings of the study.
For the muscle relaxants study, the sample gsize was too
small to draw a definitive conclusion though sevoflurane
hehaved similarly to isoflurane in the presence of three
kinds of muscle relaxants.
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REVIEW OF SEVOFLURANE PHARMACOKINETICS

1 BACKGROUND
This submission seeks approval for Sevoflurane which is a fluorinated derivative of methyl
isopropyl ether (fluoromethyi-2,2,2-trifluoro-1-{trifluoromethyl}-ethylether) an inhatational
anaesthetic. The product was initially developed for clinical use by Maruishi Pharmaceutical
Co., Osaka, Japan and the product was approved for marketing in Japan in January 1990.
Clinical development in the United States was subsequently undertaken by Maruishi in
In 1992 Martfishi initiated a licensing
agreement with Abbot Laboratories under which Abbot Laboratories assumed responsibility for
the worldwide clinical development of sevoflurane. The delineation of the pharmacokinetics of
sevoflurane and its metabolites. hexafluoroisopropanol (HFIP) and inorganic fluoride are based
on the results of 12 studies assumed by Abbot (designated . and
12 Abbot sponsored studies (designated SEVO-xx-xxx). There is some speculation that high
fluoride ion blood concentrations may be nephrotoxic. This is based on reports that the bio-
transformation product of a similar fluorinated agent (methoxy-flurane) is nephrotoxic.

2 OVERVIEW OF PHARMACOKINETIC ASSESSMENT OF INHALATIONAL
ANESTHETICS.

In previous NDA submissions and refereed journals, the pharmacokinetics of an inhalational
agent have been characterized by determining the rate of rise of the alveolar concentration to the
inspired concentration (F,/F)) with time (referred to as washin) or the rate of decline of the
alveolar concentration during recovery from anaesthesia (F,/F,,) (referred to as washout). In
this submission, the sponsor has delineated the PK of this inhalational anesthetic via the analysis
of venous blood concentration measurements and is the first spcnsor to do so.

The delineation of the pharmacokinetics of a volatile anesthetic agent are complicated by the fact
that it is difficult to quantify the dose of anesthetic administered to each patient, unless this is
a particular study requirement. Patients are administered drug until a desired endpoint is reached
{depth of anesthesia) and this endpoint is dependent on physiological (e.g. tidal volume, cardiac
output, age), mechanical (e.g. flow rate, carrier gas or circuit volume) and pharmacodynamic
variables (relationship between partial pressure of anesthetic in the brain and depth of
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anesthesia). The physiological variables are never constant during induction or maintenance of
anesthesia and therefore the dose must be adjusted accordingly during the course of surgery to
maintain anesthesia at the desired depth. The consequence of this difficulty in quantifying the
dose, is that. pharmacokinetic parameters determined from the various studies in this submission
cannot be interpreted with any real degree of confidence.

Furthermore, it could be argued that the sampling of venous blood is a poor choice of sampling
compartment and poorly represents the partial pressure in arterial blood or the partial pressure
of the anesthetic gas in the end-tidal gas. However, in a study conducted by Carpenter et al.
(1989), where P, (end-tidal partial pressure), P, (arterial partial pressure) and Py (venous partial
pressure) were measured for isoflurane and halothane, it was demonstrated that both P, and P,
correlated with P,. The correlation was better for P, (R=0.960 vs 0.878) and there was less
scatter in the data. When both P, and P, data were correlated with P,, and P, data were
limited to highly arterialized venous samples!, (a-v O, content difference less than 1 vol %),
the R value improved to 0.945. P, in general was more accurate for isoflurane. Thus, results
of this study suggested that inaccuracies in pharmacokinetic parameter estimates arising from the
choice of sampling at venous sites are likely to be mininal.

Cross-study comparisons of parameter estirnates which are usuaily inherent in the course of any
review are complicated for inhalational anesthetics, because as has already been aluded to,
subjects in the study received different doses. Compounding this, is the fact that different
anesthetic gas mixtures may be administered in different studies. For these reasons, less
emphasis is placed on cross study comparisons in this review. Finally, for purposes of
completeness a summary and review of the published and unpublished information on the
disposition and metabolism of sevoflurane in animals is provided in Appendix 6.

3 SYNOPSIS

Twenty-four (24) studies were submitted in this NDA to delineate the pharmacokinetics of
sevoflurane in patients and healthy volunteers. These studies were primarily safety and efficacy
studies and included a few plasma concentration measurements although generally the studies
were not designed as true pharmacokinetic studies. Three studies (SEVO 93-037, 520
& 522) conducted in healthy patients, measured blood concentrations of the parent drug
while the remainder focused on measuring the concentrations of inorganic fluoride (a
biotransformation product of sevoflurane). It has been reported that following administration of
methoxyflurane, serum inorganic fluoride concentrations > 50uM? were correlated with the
development of vasopressin resistant, polyuric, renal failure”. In study SEVO 93-037, estimates
of sevoflurane dose were made from inspiratory and expiratory sevoflurane vapor concentrations
and minute ventilation. Dose estimates, in conjunction with quantities of the biotransformation

! Cutaneous blood flow is grestly increased during ancsthesia*nd direct aneriovenous shunis open in the hand such that venous
blood i the forearm and hand is “anerialized” and the Py, is neardy identical 10 that in ancial blood™.

: Throughout the course of the review, concenirstions are expressed as uM. To describe sevoflurane and inorganic flouride
concentrations in lerms of ag/ml, the conversion faciors for are as follows; sevoflurane - | uM = 2.25 ng/mL; flouride - | uM
.= ¥ ng/mL. (mw sevollurane = 200.15, stomic wi inorganic flouride = 19)
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products (conjugated hexafluoroisopropanol (HFIP) and fluoride ion collected in the urine,
permitted estimation of the percent of the total sevoflurane dose eliminated as metabolite (up to
approximately 7%).

Cous AUC, .2, AUC,, and half-life for sevofluranc were determined in these three studies
but displayed wide variability due to administration of sevoflurane for different durations and
in different mixtures of carrier gas. Estimates of the half-life of sevoflurane in oxygen from
blood measurements varied from between 0.81hr and 3.17hr. The 0.81 hour estimate probably
reflects the dosage and sampling regimen. It is likely that insufficient samples were collected to
capture the true terminal elimination phase in the studies which reported these lower values. In
two studies (SEV0-93-037, . -520) in which sevoflurane was administered with pure
oxygen, C_. ranged from 345-1641 uM. The mean C_,, for both studies was 761uM and
716uM respectively. Maximum concentrations of sevoflurane were assumed to occur'during or
at the termination of the anesthetic administration.

The results of these studies suggest sevoflurane exhibits triphasic blood disposition
pharmacokinetics although the sponsor concludes that sevoflurane exhibits biphasic blood
disposition pharmacokinetics. A three compartment model is more consistent with what is
reported in the literature. ¥

A second annalysis based on a NONMEM (nonlinear mixed effects modeling) Bayesian
POSTHOC approach was conducted by the sponsor. Individual parameter estimaters were
determined by a convolution technique. However in generating the individual parameter
estimates, assumptions relative to the input rate function and disposition function were violated.
Specifically the input rate was considered constant and the disposition function bi-exponential.
The impact of this assumption violation is unclear and thus the ouicome of this analysis is
questionable.

In a study conducted in healthy subjects (the results of which have already published™)
sevoflurane demonstrated a more rapid increase in Fa/Fi and more rapid decrease in Fa/Fa, than
isoflurane, where Fa is the alveolar (end-tidal) anesthetic concentration, Fi is the inspired
concentration, and Fa, is the last alveolar concentration prior to termination of anesthetic
administration. These results are to be incorporated in the label but a report of this study was
not included in the submission. Never-the-less, because some of the data contained within the
publication was formally reviewed in a previous NDA (Desflurane NDA No) and assessed by
a journal referee, the inclusion of the above-mentioned information in the label in the absence
of any formal review by this reviewer is acceptable. This decision was endorsed by senior
management from the FDA’s Division of Biopharmaceutics.

The effects of sevoflurane on the displacement of drugs from serum and tissue proteins has not

: AUC, ,, was computed using a linear irspezoidal rule from the stant of ancathesia (1 = 0) to the time of the last sample for
each patient. AUC, , , was computed by division of the conceniration at the last sampling time predicted by log-linear regression,
-by the terminal climination ratc constamt. AUC, ., was the sum of AUC, .. and AUC, ...
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been investigated. Other fluorinated volatile anesthetics have been shown to displace drugs from
serum and tissue proteins in vitro. It is specuiated that the displacement of highly bound drugs
which have a low extraction ratio would have no clinical significance because these displaceable
compounds have an extremely large unbound volume in which to distribute. Thus the change in
the unbound blood concentration is likely to be minimal. There is a report however, of phenytoin
intoxication in a child following halothane anesthesia’, see Karlin and Kutt, 1970, J. Pediatr. 76,
941). :

Gender was considered as a covariate in the analysis’of pharmacokinetic data obtained in study
520. Sevoflurane AUC's were observed to increase proportionally with dose for females
but disproportionly for males. However due to the fact that the amount administered is
governed by a pharmacodynamic endpoint (depth of anesthesia) and that accurate quantification
of the dose administered is extremely difficult, the dose which is traditionally an independent
variable now must be considered as a dependent variable. The consequence of this, is a2 much
greater degree of variability observed within the data set and this confounds the drawing of
meaningful conclusions. Thus no firm conclusions were drawn from the gender analysis.

As depicted in Appendix 5, sevoflurane is metabolized to HFIP with release of inorganic fluoride
and CO,. Once formed HFIP is rapidly conjugated with glucuronic acid and climinated as a
urinary metabolite. Inorganic fluoride pharmacokinetic parameters following sevoflurane
administration were determined in eight studies. Fluoride concentrations were measured after
single, extended and repeat exposure to sevoflurane, in normal surgical and special patient
populations including pediatric, elderly, renally-impaired and hepatically-impaired patients. >
19 Collectively, these results suggest the elimination of fluoride is complex and not well
understood. The studies indicate that peak fluoride concentraiions are generally observed within
2 hours after termination of sevoflurane administration. In sixty healthy patients receiving
sevoflurane in pure oxygen (mean 1.27 MAC; range 0.72-2.13) for 1-6 hours, peak
concentrations ranged from 12-75 uM. Biphasic elimination was observed in up to 30% of adult
patients. However, due to possible fluctuations in baseline fluoride concentrations, diurnal
variation, pH effects etc., the observation of raultiphasic fluoride disposition following
sevoflurane administration must be interpreted with caution.

Dose proportionality of inorganic fluoride concentrations in blood following sevoflurane
administration (3, 6, and 9 MAC-hr)* were assessed in healthy male subjects in Study SEV0-93-
044 and Study -536.> ¢ The results of these studies indicate that fluoride concentrations
increase less than proportionally with increasing sevoflurane dose where dose was approximated
as MAC-Hr. This suggests that either clearance is increasing with increasing doses or that
fluoride production is capacity limited for doses greater than 3 MAC-hr. In contrast, in Study

531, fluoride ion production was shown to correlate with sevoflurane doses of lower
MAC (0.54; 36%CV) and shorter duration (1.64hr, 84 %CV).

¢ MAC is defined as the minimum slveolar concentration, in percent, necessary 10 achisve & predefined depth of anczthesia. For
sevoflurane this is 2.05% in adults, Thus 2.05% sevollursne represenis one MAC. MAC-hours (MAC-Hr) are defined as he
-average snesthelic conceniration (in MAC units) multiplied by \he duration (in hours) of anesthetic administration.
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Repeat exposure (2nd and 3rd surgical procedures) were investigated by the sponsor |

531) but the results were largely meaningless. The duration and MAC of the second exposure
were generally greater than the first and varied extensively. Additionally the time between
administrations varied extensively among subjects. As a consequence of these uncontrolied
variables it was not possible to draw any firm conclusions regarding the kinetics of fluoride
accumulation following repeated exposure, other than infer that the safety of the patients was
not affected by fluoride ion concentrations following repeat exposure. The maximum fluoride
ion concentrations observed all occurred in one patient following sequential exposures. These
concentrations were 81uM, 86xM & 98uM at each ‘exposure respectively.

Inorganic fluoride pharmacokinetics following sevoflurane administration were assessed in a
number of studies involving special patient populations.’*? These include six studies in pediatric
patients,’>'* two studies in elderly patients,”'? two studies in patients with renal impairment, 2!
one study in patients with hepatic impairment.?, and one study in obese patients’.

Mean fluoride C,,, values (range™ 12-21uM) in pediatric patients were lower and half-life
values were Shorter (1), mcampnee: range™ 1.7-9.7hrs) following sevoflurane administration, than
those observed in adults (C_,, range™ 25-45uM, t)1, pucpheec, TaNEE™ 9-15 hrs). Mean fluoride
. AUCG,.,. and dose-normalized AUC,.,, values were significantly greater in elderly (= _65 years)
patients following sevoflurane administration compared to a younger adult population (mean
AUCGC,.,, elderly 781uM*hr, mean AUC,, . young 474uM*hr); however, C_,,, T..., and half-life
were not significantly different (mean C_,, elderly 25.6uM, young 24.7uM; Mean t,; pomsrase,
elderly 15.5hrs, mean t,; puopme YOUng 15.4hrs; mean t,, ., clderly 24.4hrs, mean t,, g,
young 23.2hrs). Fluoride half-life was significantly prolonged in patients with renal impairment
(Mmean by, pucpne 35hrs; range 15-61hrs) with accompanying increases in AUC,., (mean
AUCGC,., 1072uM*hr) and dose-normalized AUGC,.,, (mean AUC,./dose 1259uM*hr/MAC*hr).
Fluoride half-life was also significantly prolonged in hepatically-impaired patients (mean t,,
moacphase 33018, range 21-47 hrs); this may be a result of effects of hepatic impairment on renal
elimination of fluoride. It has been suggested that hepatic insufficiency may lead to intra-renal
vasoconstriction, stimulation of the renin-angiotensin system and reduced renal blood flow.4
The obese patient study group had a higher mean fluoride C,,, (38.0 uM) compared with non-
obese patients (29.0uM) but the overall ranges were comparable for the two groups (obese,
23.1-77.5 uM; non-obese, 8.7-62.0 uM). .

In vitro evidence suggests that sevoflurane is primarily metabolized by cytochrome P450 (CYP)
2E1.* Uniike other isoforms, CYP 2E! is not present in the human kidney,** and is not
inducible by barbiturates and phenyioin.***? The effect of phenobarbital on fluoride
pharmacokinetics following sevoflurane administration was assessed in healthy subjects in Study
SEV0-92-014.2 The effect of disulfiam (1 x S00mg), a selective inhibitor of P450 2El
activity, on fluoride and HFIP pharmacokinetics following sevoflurane administration, was
assessed in adult patients in Study SEV0-93-037.2 Administration of phenobarbital did not alter
fluoride pharmacokinetics following administration of sevoflurane. No significart differences

’ “rangs” - represents range of mean values
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were observed with respect to T, t,, elimination rate constant, area under the curve,
cumulative amount excreted or renal clearance for inorganic fluoride between subjects
administered placebo or those adminisiered phenobarbital for 2 weeks prior to sevoflurane
e~posure. Administration of disulfiram significantly inhibited the production of fluoride and
HFIP following sevoflurane administration. This confirms the hypothesis that sevoflurane
appears to be primarily metabolized by cytochrome P450 (CYP) 2El.

Maternal and neonatal serum fluoride determinations following sevoflurane administration (mean
of 0.42 MAC-hr for 0.9 hrs) were obtained in patients undergoing cesarean section. Matemal
blood samples were obtained preoperatively and 24 hours post anesthesia. Arterial umbilical
samples were collected at birth. At approximately 24 hours post-anesthesia, the mean maternal
serum fluoride concentration was 3.5uM (range: 1.7-7.7xM). The mean duration of neonatal
exposure to sevoflurane was 9 minutes, with a maximum duration of 20 minutes. The mean
fluoride concentration in the neonate at birth was 2.3uM (range: 0.9-6.3uM).

Compound A concentrations were measured in one pharmacokinetic study -522).
Sevoflurane was administered via a low flow circle absorption delivery system. Flow rate,
temperature of the CO, absorbent canister and dose were not indicated in the study report.
. Sodalime was the absorbent used for twelve subjects and baralyme was used for eight subjects.
The mean maximum inspired and expired concentrations were approximately 17ppm
(CV=121%, range 2-61ppm) and 11 ppm (CV=113%, range 2-38ppm) respectively for the
baralyme group. The mean maximum inspired and expired concentrations were approximately
Tppm (CV=80%, range 3-15ppm) and 4 ppm (CV=T70%, range 1-7ppm) respectively for the
sodalime group.  Other investigators (Bito and Ikeda have reported concentrations of 19.5 ppm
(range 12.0-30.0ppm) with sodalime and 27.9 (range 18.3-37.8 ppm) with baralyme at a fresh
gas flow rate of 1L/min. It is of concern that the sponsor has elected to pay minimal heed to the
kinetics of this product in the pharmacokinetic section of the submission, particularly since it
has been reported to have toxic properties in rats, Further details will be requested from the
sponsor concerning Compound A concentrations as 2 function of flow rate and dose of
sevoflurane administered.

4 RECOMMENDATIONS

In conclusion, the sponsor has provided evidence of adequate investigations of the
pharmacokinetics of this new volatile agent and thus the product is approvable according to the
requirements of the Division of Biopharmaceutics.

As the sponsor has committed to completing a clinical study of low-flow general anesthesia with
sevoflurane in renally impaired patients during a recent Anesthetic and Life support Drug
Advisory Committee meeting (Jan 17 - Jan. 18, 1995), the sponsor is encouraged to design a
protocol that would permit the validation of a physiological model. The availability of such a
model would enhance the understanding of the disposition of this agent particularly in special
populations (eg obese population, pediatric population) or in those populations which manifest
a particular disease state (particulary respiratory diseases). The sponsor is encouraged to develop
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the protocol in conjunction with pharmacokinetic representatives at the FDA.
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7 PHARMACOKINETICS
7.1 Pharmacokinetic parameters of sevoflurane; (non-compartmental analysis)

In the three studies in which sevoflurane blood concentrations were measured, adult patients
were exposed to sevoflurane at concentrations and durations appropriate to their surgical needs.
Blood concentrations were obtained during and following anesthesia in studies SEV0-93-037
and 320 and preoperatively and following anesthesia in study -522. The standard
compartmental analysis parameter estimates are displayed below and in some instances reflect
exposure to sevoflurane in the particular studies rather than being characteristic of the drug.
C,.x estimates determined from -520 and SEV(0-93-037 are comparable. This is to be
expected given the similar MAC for both studies. The lower C_,, determined in study -
522 is attributable to administration of sevoflurane in a 1:1 nitrous oxide/oxygen mixture.

Table 1 Comparison of non-compartmental parameter estimates determined after administration of sevoflurane

|| Study SEV(.93-037 (a=12) ! 520 (u=50) 522 (m=20) n

II Mean | CV Range Mean | CV Rauge Mean cv Range II

f MAC 129 | 4% 1.16-1.39 127 | 20% } 072213 0.44 0% | 023- 0.76<H
Duratios (br) 29 9% .| 2253.1 206 | 7% | 158 432 0% | 21 -87
Dose Mac-hr) | 3.7 10% | 342 2.6 s1% | 114747 1.9 55% | 037-0.56
AUC, .t %72 | 26% | 11494077 1370 nd .
(uM.br)
AUCinf 2676 | 26% | 11514080 | wa - nd -

| wman

I Co M) 761 5% | 384114t e 5% | 3451614 178 40% | 105-314 I

E tn ar) 3.7 | % o94-=3.7__[ 084 | nd 0.81 6% | 057-1.67

S -
od not determined

The volume of distribution at steady state (V,)) was determined according to the relationship
Vss = Cleararce (Cl) * Mean Residence Time (MRT).

The MRT was approximated as, MRT = AUMC / AUC - duration of anesthetic administration/2.
Apparent Ci was computed as the sevofiurane dose / sevoflurane AUC, .

These parameter estimates are displayed in Table 2 However, it must be borne in mind that these
estimates are approximations only and that assumptions inherent within their calculation are
violated. For example, the administration of sevoflurane was not a constant rate infusion and the
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use of statistical moment theory to calculate V,, in this regard implies a constant rate infusion.
It is unclear as to what extent the violation of this assumption affects the size of the difference
between the true and estimated parameter values.

Table 2 Parameter estimates from statistical moment theory for sevoflurane (SEV0-93-037).
H Parameter (n=22) mean cv range
MRT (min) 80 22 % | 50-126
AUC,,; (tM.hr) 2677 26 % | 1151-4080
AUMC, ., (uM.hr) 441255 26 % 223278-
625003
V,, {liters) 51.6 59 % 23-133
CL Vmin 0 .61 38 % | 0.31-1.1 H

7.2  Disposition anq disposition curves

The sponsor argues that sevoflurane exhibits biphasic blood concentration versus time disposition
based on the results obtained in 520. This appears to be an oversimplification due to the
fact that the sampling did not capture the true elimination phase and the duration of
administration was too short. For exampie, in study -520, 8 samples were collected over
the first 2 hours, 1 sample at 3 hours and the following sample at 8 hours. The duration of
administration was approximately 2 hours and in virtually every instance no sevoflurane
concentrations were detected at 8 hours. What the sample collection appears to have captured
is the distribution and rapid clearance from two compartments, probably the vessel rich and
muscle compartment.

In contrast, the sampling frequency in SEVO-93-037 was at 0, 1,2, 3, 4, 5, & 7 hours after
anesthesia and the average duration was approximately 3 hours. The average MAC was similar
for the 2 studies. Inspection of individual and mean (see Figure 1) concentration-time profiles
from SEV0-93-037, clearly suggest that the disposition and elimination of sevoflurane may be
more adequately described by a triple exponential function rather than a biexponential functicn.
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Figure 1 Mean ( — ) and individual (—- ) concentration-time curves afier admin. of sevoflurane (1.3
- MAC for approx 3 hrs). Clearance from 3 compartments is indicated.

Sevoflurane conc (uM
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7.3  Compartmental parameter estimates

In Study GHBA-520, a second analysis based on a nonlinear mixed effects model.ng approach
was performed in order to better characterize the pharmacokinetic parameters of sevoflurane.
A linear systems approach was used to derive the model equations, i.e a unit impulse response
function was convolved with the input function. Ideally the result of this convolution gives an
equation suitable for approximating sevoflurane blood concentrations. However, the input
function used by the sponsor was not a true reflection of the surgical setting and the disposition
function was oversimplified. Therefore the convolution is a poor representation of the system
being characterized. This was emphasized when the individual fits following the post-hoc
analysis were viewed. In almost every instance the model failed to fit peak concentrations.
Additionally the variance associated with the typical value parameter estimates was high
(approximately 50%) and the sponsor did not conduct any covariate analysis. Inspection of the
relative standard error of the estimates (SE*100/Parm. estimate) in conjunction with the
observed versus prediction scatter-plot, indicated that the model was not biased, but was
imprecise. Furthermore there is no account of the predictability of this model. Thus, in
conclusion, the outcome of this analysis is questionable. Population parameter estimates
derived from the typical value estimates are summarized in Table 3.
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Table 3 Sevofiv.ane pharmacokinetic parameters from study 520. Non-compartmental and

sevoflurane dosing Compartmental
| duration (hr) 2.06 47%

| dose (MAC-hr) 2.6 a7 %

| AuC,, (M ho) 1370 |64 % 131

.. oM 716 35 % 511

| AUC ./ dose Mw/MACHY) | 526 |47 % 435

i 08 |%  Joo

7.4  Elimination and Half-life

Due to the different sampling schedules and durations of sevofiurane administration, the sponsor
reported different values for the terminal half-life in the different studies. As has already been
alluded to, sampling schedules’ and duration of anesthesia, will affect the half-life estimate.
Assuming disposition may be more adequately described by a tri-exponential function, data from
SEV0-93-037 suggests the terminal half life is more likely to approximate 3 hours (80% CV).

In study SEVO-93-037, estimates of sevoflurane dose were made from inspiratory and expiratory
sevoflurane vapor concentrations and minute ventilation. Dose estimates (approximated in moles
from puimonary uptake computation used by Yasude et al.,”), in conjunction with quantities of
fluoride and conjugated HFIP collected in the urine (approximated in moles), permitted
estimation of the percent of the total sevoflurane dose eliminated as metabolite. Approximately
3.7% of the sevoflurane dose appeared in the urine as inorganic fluoride.

Prior work on sevoflurane (SEV0-92-014) indicates that up to 50% of fluoride clearance is
nonrenal (via fluoride being taken up into bone). The results from SEV0-93-037 in conjunction
with the results from SEV0-92-014, suggests that approximately 7.0% of the sevoflurane dose
may be converted to fluoride. This is probably an over-estimate however, due to the fact that
the uptake of fluoride into bone decreases with age and the mean age of patients in study SEVO-
93-037 was almost twice that of those patients in SEV0-92-014.

The determination of the extent of the sevoflurane dose which may be converted to fluoride can

be affected by diurnal variation, gastric pH, intestinal and urinary pH, food, the quantity of
fluoride in the diet and fluoride toothpaste. Thus this should be kept in mind when considering
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the above estimate. The total quantity of fluoride produced by metabolism of sevoflurane is
further complicated in SEVO-93-037 because pre-dose baseline urinary fluorides were not
obtained. Baseline concentrations from endogenous sources were estimated from background
serum concentrations. Irrespective of the potential discrepancies, these results demonstrate that
under steady state conditions, greater than 93% of sevoflurane dose inhaled is excreted via the
lungs.

7.5 Dose Proportionality

Dose proportionality was assessed by examining the regression of dose-normalized AUC
(AUC/dose) versus dose for male, female and all patients receiving sevoflurane in Study

520. However, given that the dose administered to each individual is determined by the effect
and is therefore variable amongst individuals and that the physiological factors affecting the
AUC will be variable amongst the individuals, it becomes difficult to draw clear conclustons
regarding dose proportionality. The inferences derived from the correlation of two dependent
variables are far less robust then the correlation derived from a dependeat (dose) and
independent variable (AUC). It is not surprising then, that a large degree of variability was
observed when AUC/dose normalized to body weight was correlated with dose ror all
individuals in the study (see Figure 6). To have a clear understanding of dose proportionality
in a true pharmacokinetic sense, subjects should be administered the same dose in a cross-over
design study.

Bearing the above in mind, any inference from these results should be regarded with caution.
Dose was approximated as MAC-Hr. The correlation coefficient of the regression was 0.0062
for females suggesting that the slope of the regression was not significantly different from zero
(see Figure 1). The correlation coefficient of the same regression for males was 0.37 (see 7).
A regression of AUC/dose normalized to body weight versus dose was conducted for males (R
= ,0004) and females (R* = 0 .0004) (see Figures 2-5).

Figure 2 AUC normalized to dose versus Figure 3 AUG, ., normalized to dose vs
dose in females, dose in males.
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The sponsor evaluated dose proportionality in the absence of a gender covariate and determined
that there was no relationship between AUC/dose and dose (see Figure 6). In any event the
relationship between dose and inverse clearance requires a more controlled clinical study.

Figure 6 AUG, ., normalised to dose vs
dose in males and females
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the above estimate. The total quantity of fluoride produced by metabolism of sevoflurane is further
complicated in SEVO-93-037 because pre-dose baseline urinary fluorides were not obtained.
Baseline concentrations from endogenous sources were estimated from background serum
concentrations. Irrespective of the potential discrepancies, these results demonstrate that under
steady state conditions, greater than 93% of sevoflurane dose inhaled is excreted via the lungs.

7.5  Dose Proportionality

Dose proportionality was assessed by examining the regression of dose-normalized AUC
(AUC/dose) versus dose for male, female and all patients receiving sevoflurane in Study

520. However, given that the dose administered to each individual is determined by the effect and
is therefore variable amongst individuals and that the physiological factors affecting the AUC will
be variable amongsi the individuals, it becomes difficult to draw clear conclusions regarding dose
proportionality. The inferences derived from the correlation of two dependent variables are far
less robust then the correlation derived from a dependent (dose) and independent variable (AUC).
It is not surprising then, that a large degree of variability was observed when AUC/dose
normalized to body weight was correlated with dose for all individuals in the study (see Figure
6). To have a clear understanding of dose proportionality in a true pharmacokinetic sense,
subjects should be administered the same dose in a cross-over design study.

Bearing the above in mind, any inference from these results should be regarded with caution.
Dose was approximated as MAC-Hr. The correlation coefficient of the regression was 0.0062 jor
females suggesting that the slope of the regression was not significantly different from zero (see
Figure 1). The correlation coefficient of the same regression for maies was 0.37 (see 7). A
regression of AUC/dose normalized to body weight versus dose was conducted for males (R? =
.0004) and females (R? = 0 .0004) (see Figures 2-5).

Figure 2 AUC normalized 1o dose versus Figure 3 AUC, .., normalized to dose vs dose
dost n females, in males.
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7.5.1 Washin-Washout Characteristics

The kinetics of sevoflurane (1.0% in 65% N,O & 35% O,) and isoflurane (0.6% in 65% N,O
& 35% 0O,)) with respect to equilibration with and elintination from tissue, were compared to
that of nitrous oxide in seven healthy male subjects. The rate at which the alveolar (end-tidal)
concentration (Fa) of nitrous oxide increased toward an inspired concentration (Fi) of 65-70%
was measured. Sevoflurane or isoflurane was administered after administering nitrous oxide for
30 minutes, The concurrent rise in Fa and mixed expired concentrations (Fm) for these gases
were then measured for 30 minutes. The ratio of Fa/Fi was used to define the pharmacokinetics
during anesthetic administration. The ratio of Fa/Fa, was used to define anesthetic elimination,
where Fa, is the alveolar concentration of anesthetic found immediately before discontinuing
administration of sevoflurane and isoflurane. The Fa/Fi and Fa/Fa, variables determined in this
study were compared with those determined for desflurane and halothane in a paraliel study. The
outcome of the above-mentioned comparisons have been previously published but were not
included in this NDA. Mean (1 SD) Fa/Fi values during the 30 minutes of administration,
Fa/Fa, values for up to 5 days after discontinuing anesthesia are indicated in Figures 7 & 8.

Figure 7 Washin and washout kinetics of sevoflurane compared with other volatile anesthetics,
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Figure 8 Elimiation of sevoflurane over § days compared with other volatile anesthetics.
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7.6  Compartmental analysis

For each subject, a five-compartment mammillary model was fit simultaneously to the
concentration of sevoflurane in end-tidal gas (Fa) and the rate of excretion of the anesthetic via
the lungs by using five differential equations to describe the rate of change in anesthetic
concentration in each compartment. The same was also done for isoflurane. The five
compartments were interpreted as representing the lungs, vessel-rich group, muscle group, a
layer of fat that receives anesthetic from adjacent vesscl-rich organs by intertissue diffusion
(fourth compartment), and fat group. From the mammillary rate constants, time constants were
calculated. Time constants reflect the time a molecule of gas would spend in a compartment.
given that there is no input. (The use of time constants (reciprocal of the rate constant) is
derived from tracer kinetics). Sevoflurane mammillary time constants were smaller than those
for isoflurane for the lungs but did not differ for the other compartments. Constants are
displayed below. Perusal of the ratio of rate constants indicates the sink capacities of the 4th and
5th compartments; i.e. for the Sth compartment, the amount of time that drug is time required
to leave is 64 times greater than the amount of time required to enter. These constants were
determined from the washout data only and the reason for this is unclear. It would have been
more appropriate to model both the washin and washout data simultaneously. This may have
reduced the variability obtained in the parameter estimates and provided a more robust model.
Validation of the model is yet to be described.
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Table 4 Rate constants determined from comparimentsal analysis of sevoflurane washout data. (Yasuda

et al., 19917,
ratio
ki2A21 .
K20 0.0094 182% | k1331 10
I k12 0.709 20% | kld/k441 40
I k13 0.223 16% | k15/KS1 64
k14 0.125 5%
k15 0.032 63% ]
k21 0.194 47%
I k31 0.0231 89%
Im ! 0.00313 60%
K51 0.0005 24%
P S S B

7.7  Protein Binding

Although not clinically relevant, sevoflurane exhibited saturable, fatty acid-displaceable binding
to bovine serum albumin (K,=4.5 mmole/L). Comparable in vitro results were obtained with
halothane (K,=1.3 mmole/L) and methoxyflurane (K,=2.6 mmole/L). This suggests that the
fatty acid binding domains are probable sites of volatile anesthetic interaction with albumin.
Sevoflurane, halothane and methoxyflurane were found to displace isoflurane from albumin fatty
acid binding sites. The inhibitory binding constants (K) closely resembled the dissociation
constants. This data indicates that volatile anesthetics can bind at similar sites on a protein but
have different affinities. Furthermore this might be considered as evidence for voltile anesthetics
acting by binding to a target protein site in contrast to the traditional view of their being *non
specific drugs’ that act by perturbing the structure of lipid membranes. Differences in potency
might therefore be attributable in part to differences in affinity for a target protein.

The binding constants are 3-10 times the contentrations required to produce anesthesia in
animals. This is not surprising since albumin is not a target protein responsible for producing
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anesthesia. The binding to fatty acid sites on albumin may yield clues as to the actual target
sites. -

7.7.1 Interaction of sevoflurane with albumin binding drugs.

No studies have been conducted which specifically investigate the influence of sevoflurane on
the binding to human serum albumin (HSA) of highly bound drugs. Studies have been conducted
with other fluorinated volatile anesthetics however and an elevation of the free fraction of highly
bound drugs has been demonstrated in the presence of these compounds. Since it has been
demonstrated that sevoflurane displaces isoflurane from albumin and that there may be a
common albumin binding site for fluorinated anesthetics, then binding studies using other
fluorinated agents may be characteristic of sevoflurane activity. Thus the influence of isoflurane,
halothane and enflurane on the in vitro binding of diazepam, phenytoin and warfarin (2.25
uM/L, 85uM/L & 10xM/L) 10 albumin are reported below.

The influence of the anesthetics on drug binding was determined by placing dialysis cells in a
gas-tight glass desiccator into which anesthetic was delivered by a vaporizer. Isoflurane under
clinically relevant conditions (1 MAC (1.1%), 37 degree C) increased the free fractions of
diazepam and phenytoin by 16% and 11% respectively. Isoflurane did not interact with warfarin
binding. Enflurane (1 MAC (1.7%), 37 degree C) increased the free fraction of diazepam by
approximately 60%. No effect was apparent for halothane (1 MAC (0.8%), 37 degiee C) The
difference between enflurane and isoflurane may be a consequence of the higher MAC value.
Enflurane (5%) decreased the serum binding of propranolol and prazosin by 40% & 25%

respectively.

Therefore, based on the displacing properties of other fluorinated volatile anesthetics, there is
evidence to suggest that sevoflurane will displace drug from serum bound proteins. Whether this
has an impact will be determined by the change in free drug concentration which is in tumn
govemed by the extent of redistribution and the intrinsic clearance of the displaced drug (CL,,
= Cl_f*ub). The consequences of drug displacement will be complicated by the simultaneous
displacement of drug from tissue proteins since volatile anesthetics penetrate all biological
barriers. This may counteract any redistribution that takes place following displacement from
serum proteins and increase the likely-hood of side effects. (Drugs 25, 495; McElnay and
Darcey).  Altematively, clinical concentrations of the anesthetic may affect (decrease or
inhibit) metabolism. (Acta, Parmacol & Toxicol., Aune et al., 1983, 53, 363; Acute effects of
halothane and enflurane on drug metabolism) and thus have clinical significance in the first few
hours following anesthesia.

In conclusion, based on the evidence of other fluorinated volatile anesthetics, it would appear
that sevoflurane may displace drugs from serum and tissue proteins causing increased free drug
concentration. The relevance of this to clinical anesthesia remains to be settled and should be
determined.
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7.8 Metabolissm and metabolites
7.8.1 Pharmacokinetics of HFIP

Previously published studies have demonstrated that sevoflurane is metabolized to
hexafluoroisopropanol (HFIP) i man 'with release of inorganic fluoride. ™3 The characterization
of inorganic fluoride levels in blood during and after administration of sevoflurane is the subject
of the following section. Blood HFIP concentrations were determined in two studiez (SEVO-93-
037 & 522) of adult patients undergoing elective surgical procedures.? ** In study SEVO-
93-037 free plus conjugated HFIP were measured in blood and urine. Free HFIP concentrations
were negligible (generally below the limit of quantitation, 5 uM), and therefore the results
reflect bound HFIP. Individual and mean concentration-time plots are displayed in Figure 9 and
indicate a wide range of intersubject variability. The maximum concentration observed in one
subject was 71.6 uM at 2 hours post anesthesia. Two other subjects exhibited maximum
concentrations of approximately 60uM at 2 and 4 hours post anesthesia. It is difficult to
determine whether these measurements are true or artifactual because of the deficiency of
measurements in the vicinity of C,,,. What is clear however is the long half life of this
compound.

In Study 522, free (not conjugated) plasma HFIP concentrations were detectable in 4
of 20 patients at only two or three sampling times. (The sampling schedule for 522 was
at0, 1, 2, 4, 6, 8, 12, & 24 hours after termination of anesthetic administration). The maximum
observed HFIP concentration was 66uM, occurring 4 hours after termination of sevoflurane
administration in one patient.

In control patients of Study Sevo-93-037, urinary excretion data collected over 96 hours was

used to caiculate the harmonic mean. Excretion rate (log scale) versus time was plotted for each
individual and the data points fitted by linear regression. Individual half-lives were
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Figure 9 Individual and mean concentrationtime curves for HFIP during and after administration of
- sevoflurane (mean MAC =1.27(CV=5%), mean durstion =2.9hr (CV=9%))

80
70 4
60 4

s 50 4

2

e an |

[re

b =t

0

&

[

o

“ 2 4 ¢ 2 4 6 8

time during and post anesthesia (hr)

determined from the slope of each fit and meaned to obtain an average t,, of 19.1 (CV=43%)
hours. Collection intervals were of 12 hours duration.

The area under the conjugated HFIP concentration versus time curve from the start of anesthetic
administration through the end of blood sampling, AU, ., hr was determined by the linear
trapezoidal rule. This, in conjunction with the amount of conjugated HFIP collected in the first
urine collection of 0-12 hours was used to approximate the renal clearance for each individual.
The mean renal clearance for HFIP was 284 mL/min (CV=39%). Since the magnitude of the
renal clearance exceeds normal glomerular filtration rates (120mls plasma water/min., it is
inferred that this metabolite is both filtered and actively secreted. Approximately 4.9% of the
sevoflurane dose was collected in the urine as HFIP (free plus conjugated).

7.8.2 Pharmacokinetics of Inorganic Fluoride Metabolite

Inorganic fluoride concentrations in blood following sevoflurane administration were
characterized in 24 studies.'? These include two studies in healthy subjects, eight studies in
adult patients undergoing elective surgical procedures, one study in patients involving multiple
exposures to sevoflurane, six studies in pediatric patients, one study in elderly patients, two
studies in patients with renal impairment, one study in patients with hepatic impairment, and one
study in patients undergoing elective cesarean section, Two additional studies addressed drug
interactions with sevoflurane including one study in healthy subjects examining the effect of
phenobarbital on serum fluoride concentrations following sevoflurane administration, and one
study in patients examining the effect of disuifiram on sevoflurane defluorination.
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7.8.2.1 Inorganic fluoride non-compartmental pharmacokinetic
results in studies of adult patients

Inorganic fluoride C,,,, T..,, and t,, following sevoflurane administration were determined in
nine studies involving adult patients undergoing elective surgical procedures.'?*'° The estimates
of these parameters are listod in Table 6.

As with sevoflurane, fluoride ion concentrations are influenced by the duration of anesthesia,
the MAC administered and the composition of the anesthetic gas mixture. In studies

520, -523 and SEV0-93-037 anesthesia was maintained purely with sevoflurane for
periods ranging from 1 to 6 hours. Peak fluoride concentrations for these studies ranged between
12uM and 90uM. Peak concentrations occurred within 2 hours of the end of anesthesia.
Sphagetti plots of fluoride ion concentration versus time are displayed in Figures 10-13 for
studies 520 (n=50)) and SEV0-93-037 (n=10). (Plots were not examined for 523
due to the limited sampling). These plots demonstrate that fluoride ion concentrations do not
exceed 70 uM. In most instances fluoride ion concentrations are below 30uM after 5 hours (see
Figure 11). The mean C_,, for - 520, SEV0-93-037 and « -523 were 33uM, 36uM
and 45:zM respectively.

It would be anticipated that administration of sevoflurane at a iower MAC for longer durations
would produce similar results to those previously discussed. Mean values for C_,, were fairly
consistent across the eight studies ranging from 24.7uM to 45.1uM. The maximum observed
concentrations in each study ranged from 48.4uM to 110.7uM.

The sponsor argues that there is a correlation between T, and the duration of sevoflurane
administration; i.e. the time to peak fluoride concentration following termination of sevoflurane
administration was shorter with a longer duration of administration®. The sponsor corroborates
this observation with results from a simulation. The simulation does show that the time to peak
fluoride concentration following termination of sevoflurane administration was shorter with
longer duration of administration but there is a strong case for arguing that the model is
inappropriate (bi/triphasic not monophasic disposition; 300% variability in precision and error
of parameter estimates, 700% variability in residual error estimate).

With regard to the studies that the sponsor uses to support the supposition, they are all deficient
in terms of either subject number or aberrant sample collection. Additicnally, the difference in
measured concentrations varied by less than the coefficient of variation for up to 2 hours after
administration of the anesthetic was terminated in some subjects; (i.e patient 1, =522,
19.77uM at end of anesthesia, 20.8xM at 1 hour and 20.2uM at 2 hours; CV at this
concentration =5%). Variability in the assay will have a marked effect on the T,,, estimate.

In conclusion, this relationship should be considered as speculative.

* (.c. Study GHBA-522 (4.3 hr. T_, = 0.75hr) Study GHBA-528 (durstion = 6.4hr, T, = 0.25 hr), and Study SEV(-93-035
Aduration = 46 hr, T, = 0.15h)
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7.8.2.2 Fluoride disposition curves and half-life

Inspection of individual fluoride ion concentration-time curves indicated monophasic and biphasic
fluoride ion elimination. Generally about 70%-80% of the study population demonstrated
monophasic pharmacokinetics. The sponsor reports that, based on eight studies the harmonic
mean half-lives for this group ranged from 9 to 21 hours. It is the reviewers opinion that 15-22
hours is a more approximate estimate for the following reasons and that half-life estimates below
15 hours should be excluded. The half-life determined in Study -528 was the mean of
only three subjects. The half-life determined intC ¢ 520 was an overall half-life estimated by
normalizing the data to C,,, and the time of C_, was normalized to zero for all patients. The
half-life was computed as In(2)/K where K is the negative slope obtained by linear regressicn
of log-transformed normalized concentration time data for all patients. Study GHBA-525
included elderly, obese and patients undergoing cardiac surgery. Additionally all data was treated
as a declining mono-exponetially when inspection indicated that the disposition of the fluoride
ion for some individuals was more appropriately described in terms of biphasic disposition
kinetics. Thus this data should be reanalyzed. Finally, the sampling schedule in study GHBA-523
may not have captured the true fluoride elimination phase. The longer half-lives observed in
Studies SEV0-93-037 (21.4 hr), SEV0-92-003 (15.4 hr), SEV0-92-005 (14.7 hr), and SEVO-
93-035 (12.0 hr) may be a result of being able to quantify fluoride at lower concentrations and
being able to resolve two pharmacokinetic phases for a subset of patients in each of these
studies.

The most reliable half-life estimate would be from the two studies with larger patient numbers;
SEV0-92-003 and SEVO-92-005. Approximately 20-30% of the patients exhibited biphasic
elimination. The mean a-phasc half-lives ranged from 1.4 to 2.7 hours and the mean S-phase
half-lives ranged from 20.1 to 22.9 hours. These estimates of the S-phase half-lives are more
consistent with the 15-22 hour range determined from the monophasic population.

Although multiphasic fluoride disposition has been reported previously,*-*? caution in
interpretation of these results should be exercised. The ability to detect multiphasic dispositional
pharmacokinetics is dependent upon several factors including duration of dnig administration,
sampling scheme, and baseline fluoride concentrations. Baseline concentrations of fluoride may
fluctuate as a function of fluorinated drinking water, circadian variation,*® and meal-related
changes in gastric fluoride absorption.“*’ In the computation of half-life, pre-dose fluoride
concentrations were taken as baseline values and were subtracted frem fluoride concentrations
obtained during and after anesthesia administration. Error in haseline estimates and/or
fluctuation in baseline fluoride concentrations may make a log-linear disposition appear non-
linear. Thus, some of the apparent multiphasic nature of the disposition curve may be artifactual.
Nonetheiess, the pharmacokinetic characterizations presented herein provide a reasonable
description -of the magnitude and duration of fluoride exposure following sevoflurane
administration.
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7.8.2.3 Dose proportionality

In study SEV0-93-044 sevoflurane and enflurane were administered for induction and
maintenance of anesthesia in healthy male subjects. During maintenance, a constant concentration
of 1.3 MAC was administered in an O,/air mixture (minimum inspired oxygen concentration of
30%); duration of anesthesia was varied to produce exposure of 3, 6 or 9 MAC hours. In study
-536, following intravenous induction sevoflurane was administered in 30-40% oxygen
at a rate of 1.0-1.2 MAC for 2.5-3.0 hours (3.0 MAC-hr group) or 8.0-9.6 hours (9.6 MAC-hr
group) to heaithy male subjects. In both studies blood samples for determination of inorganic
fluoride concentrations were collected prior to induction, dunng sevoflurane administration, and
post-anesthesia. The pharmacokinetic parameter results are summarized in Table 5:

7.8.2.4 Extended and repeat exposure

Inorganic fluoride concentrations following extended exposure (approximately 1.07 MAC for 3
and 6 hours, and 1.14 MAC for 8 hours) to sevoflurane were compared to those following
enflurane (1.05 MAC for 6 hours and 1 MAC for 9.15 hours) in healthy male subjects (Study
SEV0-93-044). Following administration of up to 9 MAC-hr of sevoflurane, peak serum
fluoride concentrations and half-life values were similar (not statistically significantly different)
to those observed after administration of lower sevoflurane doses. Mean peak serum fluoride
concentrations were similar for all three doses. A slightly higher mean C_,, was observed
following exposure to 9 MAC hours of sevoflurane (approximately 37uM vs 3lp.M) and this
could be accounted for by the higher MAC at this duration.

The effect of repeat exposure to sevoflurane on fluoride concentrations in blood was examined
in patients undergoing multiple surgical procedures in Study -331. Increases in fluoride
Caux velues with second and third exposures to sevoflurane within a 2-week period appeared to
be du¢ to the higher doses of sevoflurane (longer duration of anesthesia) administered during
these surgeries (Mein Coyy; cxpomres = 29.2uM, 57%CV, range 10-81uM; mean C,,. cpoeure2 =
42.5uM, 57%CV, ange 18-111M; mean C_,.. cxpomres = 49.9uM, 56%CV, range 29-100uM).
There were no significant differences in fluoride t,, among the first, second and third exposures.
Mean monophasic half-lives for the first, second and third exposure were 5.3hr (84 %CV; range
1.5-14.7), 5.9hr (64%CV; range 1.9-14.7) and 10.2hr (37%CV; range 6.5-13.4) respectively.

However these results are misleading and are a consequence of a poor study design, The
outcome of this study, is that it should only be considered to evaluate the safety of multiple
doses of sevoflurane. The study fails to offer any insight into the accumulation of inorganic
fluoride due to the absence of any control on the MAC and duration of anesthetic administered
or gap times for sequential surgical procedures. For example, the second exposure for each
individual was of different duration and generally higher MAC from the first, resulting in a
larger dose (MAC-hr). Furthermore there were too few measurements to truly characterize the
half-lives of the study participants such that it was not possible to differentiate whether possible
accumulation was a consequence of the increased dose or residual fluoside concentrations.

Sevoflurane; NDA 20478 26



Finally, there were too few subjects in the last group (third exposure. n=>5) to consider the data

meaningful.

Table 6

SN
I Study

Fluoride parameter estimates following varied exposures to sevoflurane (SEV0-93-044,
536).

2
|

SEV0-93-044
last sample time | (hr) 60 60 60 144 144 I
N 5 10 6 7 7
Duration (hr) 3.0(6%) | 5.8(10%) | 8.05(3%) | 2.8 (4%) 8.6
{%CVY) 4%)
MAC {(%CYV) L1(5%) | 1.1(10%) | L.14 (3%) ] 1.06 (7%) | 1.1(3%)
Dose {(%CV) MAC-hr 3.2 6.2(1%) |9.2(1%) | 3.0(5%) 9.2
(3%) (1%)
Co, (%CV) uM 30.5 32, 36.6 25.4
(26%) (17%) (12%) (15%)
Range . 2142 244) 3041 20-31
t,; (hrs) (%CV) | (monophase) 14 (26%) | 18.5 16.7 mec detoraiand -
(12%) (17%)
lL n 4 9 6 “

alpha phase 5 6.7

beta phase 20.3 18.6

n 1 1

E AUC, . /Dose {(pM.hr/MAC-hr) | 184 (35) 134 (23) 101 (14) od nd
AUC, /Dose 186 127
{41%) (27%)
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7.8.2.5 Special Populations
7.8.2.5.1 Pediatric Populations

Inorganic fluoride concentrations following sevoflurane administration in pediatric patients were assessed
in six studies: SEV0-92-001, SEV0-92-008, SEV0-92-015, 532, -533, and
534.'*1% While recognizing that the definition for MAC in pediatric patients depends on age, the sponsor
used the adult definition of MAC (2.05%) in all studies. Five of these studies included determinations
of fluoride pharmacokinetic parameters as summarized below and displayed in Table 7.

In studies 532 and -533, patients received sevoflurane only. The MAC administered was
similar in both studies and in males and females (approximately 1.4). The duration of anesthesia in
study 533 was approximately twice as long as -532 (2 hours versus 1 hour). The mean
fluoride C_,, was very similar between studies (13-17xM) and within the studies for male and female
subjects. The maximum concentration observed was 27uM in I male subject in study 532.
There was no correlation between age or fluoride ion concentrations for males or females. T,,, was
approximately 35 minutes (50% CV) for males and females in study -532. This is likely to be
the most reli~ble cstimate of T,,,, as this was the only study in which a 30 minute sample was taken.
Parameter estimates are displayed in Table 7 and scatter plots for -532, GHBA-533, SEVO-001
& SEVO-008 are displayed in Figures 15-17.

In studies SEVQ-92-001, SEV0-92-008, and -533, sevoflurane was administered with nitrous
oxide. The composition of sevoflurane/nitrous oxide administered to each individual or the concomitant
administration of other drugs or anésthetics was not detailed in any of these studies. The sponsor does
indicate that where sevoflurane was coadministered with nitrous oxide, up to 70% of the anesthetic gas
mixture was nitrous oxide. What is intriguing with these studies is that administration of N,O with
sevofiurane did not reduce the MAC.

The MAC (1.14-1.3) and duration (2-3 hours) were similar across studies and within male and females,
The mean C_,, for the fluoride ion ranged from approximately 14 to 21uM. A greater preponderance
of subjects between the ages of 11 and 18 years were enrolled in these studies compared with

532 and 533. This was reflected in C_,, concentrations approaching values observed in adult
patients for some individuals. The maximum C_,, observed in these studies was 45uM for a 10 year old
female (SEV0-92-001).

In the remaining study, -534, plasma flnonde determinations were obtained only prior to and at
one hour after anesthetic administration; the results for this study were similar to those previously
obtained.

In Study SEV0-92-015, fluoride pharmacokinetics following multiple (2x) exposures to sevoflurane
were assessed. There was no difference in the mean C,,, following first and second exposure (C,.,
exposure 1 = 18-3“Mv Cnu exposure 2 200““)

In conclusion, the half-life was observad to be lower in the pediatric population compared with adults.
n this submission, mean half-lives in pediatric patients reanged from 1.8-9.7 hrs.
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T ° Parameter estimates in pediatric patients following administration of 1.27-1.44 MAC sevoflurane for 1 or 2 hours.
R
(sevoflurane only) N Age | Duration MAC Dose C T rus
. (%CY) {%CYV) (%CV) {(%CV)
g(‘jn)
(tr) (MAC-hr) (hr)
532 males 61 0-11 JOB(13%) | 1.4 1.1 (41%) | 12,6 0.6
(10%) : (33%) (55%)
fermales 16 1-8 0.9(64%) | 1.4 (9%) | 1.3(73%) | 12.7 0.6
(36%) (50%)
£33 males 28 1-11 | 2.4 (50%) | 1.3 3.0(48%) | 16.7
(13%) (25%)
fernales 12 5-11 | 20(68%) | 1.4 3.0(83%) | 143
(18%) (35%)
(sevoflurane & nitrous oxide) I
SEVO0-92-001 | males I2 5-13 | .74 1.31 2.2(46%) | 21.4 7.5
(45%) (13%) (26%) (96%)
{n=10)
females 13 5-13-] 2.1 (36%) | 1.23 2.6 (32%) | 21.2 9.7
(13%) 41%) (79%)
l (n=12)
{ SEVO-92-008 | males 26 0-183 | 2.3(5i%) | 1.14 2.2(57%) | 184 4.7
(28%) (3i%) (80%)
(n=25)
females 11 3-18 | 24 (61%) | 1.17 2.3(75%) | 18.03 7.8
(27%) (40%) (81%)
(n=16)
533 males 24 1-11 § 2.2(53%) | 1.28 2.8 (60%) | 16.6
X (18%) {(26%)
females 16 39 1.8 (52%) | 1.3 2.3 (49%) | 139
(20%) (G3I%)
SEVO0-92-015 0-18 | 3.2 (69) 0.96 3.1 (47%) | 183 0.2 1.54
Exposure 1 ({I19%) (365 %) (56%)
SEVO-92-015 3.1(713%) | 0.93 2.4 (46%) | 20 (40%) | 0.2 0.97
Exposure 2 0-18 (21%) (260%) (172%;
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7.8.2.5.2 Elderly Populations

Inorganic fluoride concentrations following sevoflurane administration to elderly patients were
assessed in Study SEV0-92-012." and -525. In SEVO-92-012 sevoflurane was
administered with up to 70% nitrous oxide (30-50% oxygen) in patients > 65 years of age (ASA
Class 1, 11 and HII) undergoing elective surgical procedures of up to 3 hours duration. Blood
samples for determination of inorganic fluoride concentrations were collected pre-operatively,
during sevoflurane administration, and post-anesthesia. The mean MAC administered to male and
female patients was approximately 0.5 for a duration of approximately 2.5 hours. There was no
difference in the fluorine C_, for elderly males (mean C_,=24.12, 47%CV, range 7.5-45) or
females (mean C_,=28, 47%CV, range 11-50). A correlation was observed between maximum
fluoride ion concentration for males and females although no correlation was observed between
creatinine clearance per kg and fluoride ion concentration. These correlations are displayed in the
following scatter plots. Peak fluoride concentrations were observed within two hours after
termination of sevoflurane administration. Forty percent of male and female patients displayed
biphasic disposition. Mean half-lives whether determined from a mono or biexponential
disposition function were similar between elderly males and females and similar to values
obtained in younger subjects in SEV0-92-003. Parameter estimates obtained in this study are
displayed in Table 8.

Figwre 13 Scatter plot of max. fluoride in conc Figure 19 Scatter plot of fluoride in conc in elderty
in elderly females versus age (SEV0-92-012). majes versus age (SEVO-92-012).
50.00 - 45.00 ¢
S ) ¢y 0051+ 74333 .00 I
RY= 02255 T
40.00 | 3500 |
?f 3%.00 ¢ 3 30.00 |
5 %00 3 5 2500 |
25- -
3 20m0 | %
§ 1500 |
3 1500 2
10.00 ] 10.00 |
5.00 | LY
0.00 + J 000 | .
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Table 8 Fluoride non-compartmental paremeter estimstes for elderly patients (SEV0-92-012).
I e S e e— ——————
units females | range Cv males | range CvY
n 14 20
age (yr) 71.14 5793 12% 74.1 65-89 8%
Sr Cr sM/L 76.40 53-106 20% 86.63 3513 25%
Cr, ml/min 65.00 42-113 30% 717.70 35-169 371%
Cra/kg mi/min.kg 0.97 0.68-1.4 2% 1.0 0.6-2.4 37%
dose MAC-hr 1.45 1-3 42% 1.27 0.2-3 65%
duration hr 2.40 1-4 I7% 2.65 0.6-8.2 61%
MAC 0.62 0.4-1 26% 0.48 0.1-'0.9 7%
Cos uM 28.00 11-50 42% 24.12 7.5-45 47%
T s hr £.95 c-13 179% 1.52 0.8-12 237%
AUC, , uM.hr 762.32 282-1607 50% 779.26 | 95 - 3732 109%
AUC,,Jdt?se uM.hr/(MAC-hr) | 575.55 217-1027 46% 646.74 | 176 - 60%
tn monophasic (br) | 21.61 9-42 53% 2725 | 84-73 84%
n 8 11
ti a-phase (br) 4.60 1-9 72% 5.83 1.7 -16 9%
o B-phase (hr) 26.84 20 - 44 38% 2430 | 18-33 19%
e —— S —— S R ST
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In -525 elderly patients (defined as having an age greater than 65 years) underwent
statistically longer surgeries than did the young patients, although half of the elderly patients
underwent cardiac surgery and sevoflurane exposure may have been discontinued during the
surgical procedure. The mean of the observed maximum fluoride concentration, C,,, was 23.9
#M (range 8.7-56.2uM) in the elderly group and 33.2uM (range 9.8-77.5uM) in the non-elderly
group. The helf-life was aimost doubled in the elderly group compared with the non-elderly
group (harmoi.ic mean non-elderly t,,=8.2hr, 190%CV,. range 0.6-72.7hr; harmonic mean
elderly t,,=15.1hr, 98%CV range 4.4-45.3) a consequence of reduced renal function. Half-life
estimates for the non-elderly group were similar+to estimates obtained in other studies with
similar sampling regimens and where sevoflurane was administered at similar doses.
Demographics and parameter estimates for the elderly and non-clderly group are displayed
below.

Tabie 9 Fluoride ion parameter estimates and demographics for elderly and non-clderly groups
compared in 525
p——— o —

E 525 non-elderly elderly

I mean cv range mean o range |
N 108 31 4
Age (yr) 43 28% 19-64 7] 8% 65-87
Weight (kg) 89 | 32% 50-218 76.7 18% 50-108
Duration (hrsj 2.91 42% 1-7.15 35 40% 1-5.61

I MAC 0.56 0.38
Dose (MAC-hr) | 1.62 54% 0.43-5.68 | 1.34 41% 0.26-2.55
Coe (M) 332 2% 9.8-77.5 239 53.50% '8.7-56.2
.t:,,-)(hr) Omrmonic 8.2 190% 0.6-72.7 15.1 98 % 4.4-45.3
n 80 12

e ———. m——————— e e—————
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7.8.2.5.3 Renally impaired populations

The effect of renal impairment on fluoride pharmacokinetics following sevoflurane administrati- -
was assessed in two studies of renally-impaired patients undergoing elective surgical procedv .
(SEV0-92-302 and 529).2* 2 Sevoflurane was administered in oxygen/nitrous oxide
(Study SEV0O-92-002) or 100% oxygen { -329) to patients with renal insufficiency (serum
creatinine > 1.5mg/dL) undergoing elective :urgical procedures of up to 3 hours (SEV0-92-002)
or 1 to 6 hours 529) in duration. Fluoride half-life was prolonged in renally impaired
patients compared with those patients with normal renal function (mean non-renal
Ui 2moncphasic = 13.4hr, 45 % CV, range 5.3-36hr; mean renaily impaired t)popopiasc = 3491, 37%CV,
range 15.1-16.1hr). Mean fluoride C,,, values were comparable between the two groups (mean
non-renal C,,= 24.6uM, 43%CV, range 11-62uM; mean renal C, = 26 [4uM, 41%CV,
range 10-52uM).

Comparison of the renally-impaired sevoflurane-treated patients and a demographically matched
subset of patients with normal renal function who received sevoflurane in Study SEV0-92-003
indicated that the two populations were comparable with respect to age, weight, height, and
sevoflurane dose. The duration of anesthesia was shorter for normal patients (2hrs vs 2.5hrs).
While there was no difference between the normal and renally-impaired patients in dose-adjusted
Cax, Patients with renal impairment had significantly greater values for total AUC, dose-
normalized AUC and terminal disposition half-life. The mean clearance determined from the
ratio of does/AUC,, for this population was approximately twice that compared with normal
patients in SEV0-92-003. Parameters and demographics for SEV0-92-012 and SEV0-92-003
are displayed in Table 11.

7.8.2.5.4 Hepatically impaired populations

The effect of hepatic impairment on sevoflurane metabolism was assessed in Study -530.2
Following intravenous induction, sevoflurane was administered in 190% oxygen or up to 70%
nitrous oxide in ASA Class Il or Il patients with hepatic impairment (Child-Pugh Class A or
B) undergoing elective surgical procedures of 1-6 hours duration. Blood samples for
determination of inorganic fluoride concentrations were collected pre-operatively, during
sevoflurane administration, and post-anesthesta. The pharmacokinetic parameter results are
summarized in Table 10.

Peak fluoride concentrations were similar to those observed in studies of patients with normal
hepatic function (normal C,,= 24.6uM, 43%CV, range 11-62uM; hepatic C,= 31uM,
30%CV, range 17-44uM. However, fluoride half-life was prolonged relative to that observid
in normal patients (mean normal 412 momophanc = 15.4hr, 43%CV, range 5.3-36hr; mean hepatically
impaired t; moapresic =33.4hr, 38%CV range 22-47. This may be a result of the effects of
hepatic impairment on renal elimination of inorganic fluoride. It has been suggested that hepatic
insufficiency may lead to intra-renal vasoconstriction, stimulation of the renin-angiotensin
system, and reduced renal blood flow.*® The elevation in dose-normalized AUC can be
explained by the longer fluoride half-life in these patients with hepatic impairment.
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Table 10 Non compartmental parameter estimates and demographics for paients in hepatic

failure study 530).
e e ——— - -
H -530 mean v range
II N 8
age yr 54.75 21% 42-79
dose MAC-hr 222 74% 0.53-4.9
MAC 0.58 38% 0.27-1.02
duration hr 3.61 63% 1.3-8.23 H
Cra uM 30.59 30% 16.5-43.5
AUC_dose | uM.he/MAC-hr | 1405.70 65% 261-2459
t,» (mono) hr 334 38 21.547
n 4
t;» {alpha) hr ) 1.5 - .
t,» (beta) hr 18.8 - .
[N T |
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Table 11 Comparison of demographics and parameter estimates determined in rormal and renally impaired patients; (SEVO-92-

003 & SEV0-92-012).
[ _—a-_l——__mnm
SEV(0-92-002 SEV0-92-003
Renally impaired Normals
mean cv r;nge mean N |Cv
N 21
j age yrs 67.43 23% 29-83 48.12 73 | 8%
ﬁ Cr mg/dL 2.23 45% 1.4-5 nd - - -
ﬂ Cl, ml/min 35.24 2% 1566 nd - - -
F Dose MAC:-hr 1.01 45% 0.2-2.06 1.08 73 | 711% 0.2-3.9
duration hr 2.52 371% 0.64 2.07 73 | 51% 0.76-5.9
MAC 0.41 27% 0.18-.70 0.50 73 | 35% 0.13-0.89
H s M 26.14 41% 9.6-51.8 24.64 7 | 43% 11.1-62.8
H T ez hr 1.1 218% 0.4 -8.2 1.49 6% | 186% -1.25 -14.5 |
f AUC,, pM-hr 1071.59 51% 274-2296 474.03 65 | 94% 116-3282
AUC/dose pM-hr/MAC- | 125940 69% 423-3931 494.94 65 | 58% 178-1737
hr

Dose*1000/AUC,, MAC-he/uM- | 1.12 54% 0.25-2.4 2,59 65 | 471% 0.57-5.60
hr

t,; (monophase) hr 34.86 7% 15.i-61.1 | 15.38 5.3-36

n 14 43.00

i ti» (alpha) hr 3.19 66 % 0.4-7.2 2.73

H t,; (beta) hr 37.17 5% 21.7-53.7 23.15

ll n 7 20

—— — Hm

not deterined
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7.8.2.5.5 Neonate populations

In Study SEVO-92-011, saternal and neonatal serum fluoride determinations following
sevoflurane administration were obtained in patients undergoing elective cesarean section.'?
Following intravenous induction, sevoflurane was administered in oxygen/nitrous oxide.
Maternal blood samples were obtained pre-operatively and 24 hours post-anesthesia. Arterial
umbilical cord samples were collected at birth. Mean neonate fluoride concentrations at birth
relative to the anesthetic dose are displayed in Table 12.

Table 12 Matemal and neonatal maximum serum fluoride concentrations following sevoflurane
administration in patients undergoing cesarean section (SEVO-92-Cil).

- e e
SEV0-92-011
N mean cv range
age ¥r 27 26.56 19% | 17-37
Dose MAC-hr | 27 0.42 35% | 0.2-.80
Duration hr 27 0.90 30% | 0.57-1.57
MAC - 27 0.47 16% | 0.25-0.57
FDuration. neonate exposure hr 27 0.15 46% | 0.05-0.33
II conc at 24 hr #M 25 3.54 35% | 1.7-1.7
umiaiczd cord conc after #M 26 231 47% | 0.9-0.63 ]
ﬂ birih 1

7.8.2.5.6  Obese populations

The effect of obesity and age on sevoflurane defluorination was investigated in study

525. This was a parallel group, multicenter trial conducted in ASA 1, 11 and 111 patients
administered sevofiurane or isoflurane while undergoing regularly scheduled surgery. Obesity
was defined as 66 Ibs. above the ideal weight. Obese patients and non-obese patients underwent
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surgeries of virtually the same duration. The mean of the observed maximum fluoride
concentration, C,,,, was 38.0 uM (29%CV, range 23.0-77.5uM) in the obese group and 28.8uM
(39%CV, range 8.7-62.0uM) in the normal weight group. This difference was statistically
significant. The half-life was slightly prolonged in the obese group (mean t,,=11.3 hr,
125%CV, range 2.1-72.7) compared with the normal weight group (mean t,,=8.3 hr,
205%CV, range 0.6-45.3) but was not statistically significant. Half-life estimates were similar
to estimates obtained in other studies with similar sampling regimens and where sevoflurane was
administered at similar doses. Demographics and parameter estimates for the obese and non-
obese group are displayed below.

Table 13 Fluoride ion parameter estimates and demographics for ocbese and non-obese groups compared
in 525.
E 525 normal weight obese j
mean cv range mean cv range
N 104 35
Age (yr) 51 3% 19-87 45 28% 24-73
Weight (kg) 15.7 19% 104-117.1 117.5 5% 88.5-217.9
Duration (hrs) 3.05 43% 1.75-7.15 3.05 40% 0.58-6.8
MAC!* 0.49 . - - 0.57
Dose (MAC-hr) 1.51 52% 0.26-5.68 L7 52% 0.65-4.58
ﬂ Cax (#M) 28.8 9% 8.7-62.0 33 286 23, 1-77 5
ﬂ typ (hr) * 7.9 _ 205% 0.6-45.3 11.3 125% 2. 1-72 7

t mean MAC determined by duration/dose
¥ mean of monophase and 8-phase haif-lives

8 INHIBITION OF CYTOCHROME P450 2E1 BY DISULFIRAM

Twenty-two patients undergoing cicctive surgical procedures were randomized to receive a single
dose of 500 mg of disulfiram on the evening prior to surgery (n=12) or to be an untreated
control (n=10). Following intravenous induction, sevoflurane was administered in oxygen/air
or oxygen/nitrous oxide for 3 to 4 hours. Blood samples for determination of inorganic fluoride,
sevoflurane and HFIP concentrations were obtained pre-operatively, during sevoflurane
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administration, and post-anesthesia. Urine samples for determination of inorganic fluoride and
HFIP concentration were obtained from 12 hours prior to surgery up to 96 hours post-surgery.
The pharmacokinetic parameter results for inorganic fluoride are summarized below. Disulfiram
administration significantly inhibited the production of fluoride and HFIP via sevoflurane
metabolism. The mean fluoride C,., in the disuliiram-treated group was 49% of that in the
control group, and the mean serum fluoride AUC, . in the disulfiram-treated group was 26%
of that in the control group. Patients generally demonstrated a biphasic serum fluoride
concentration-time profile. The mean fluoride half-lives were 8.4 and 21.4 hours, respectively,
for patients in the disulfiram and control groups. Urine samples for determination of inorganic
fluoride and HFIP concentration were obtained from 12 hours prior to surgery up to 96 hours
post-surgery. The pharmacokinetic parameter results for inorganic fluoride are summarized
below. Disulfiram administration significantly inhibited the production of fluoride and HFIP via
sevoflurane metabolism.

Sevoflurane; NDA 20-478
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Table 14 Fluoride ion pharmacokinetic parameter estimates from disulfiam study
e —— s car—
ﬂ SEV0-93-037 control disulfiram
H mean cv range mean cv range
H MAC 1.27 52% 1.16-1.39 1.3 27% 1.25-1.39
duration (hr) 2.9 9% 2.253.1 2.85 9% 2.33
Dose (MAC-hr) 3.7 10% | 2.96-4.19 3 % 2.974.16 |
C... (um) 36.2 34% | 23.3-61.5 17.6 30% 10.1-24.0
aC, (uM) 34 7% | 22-60 15.9 2% 8.3-22.4
i (Br) ommceic mos) 21.4 41% 13.1-39.8 8.4 60% { 4.5-31.8
fF AUC,, 1113 46% | 442-1973 289 98 % 105-869
amt excreted {96hre) 1949 45% 1534-6948 | 1241 T0% | 338-3046
(uM)
amt excreted from sevoflurane 3305 52% 1207-6230 | 876 2% 131-2578
M)
renal clearance (ml/tnin) 52 27% | 36-72 40 V% | 2265
e e s ssee————— e )
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9 KINETICS CF COMPOUND A

Sevoflurane in the presence of C0, absorbants produces 2 degradation products in the clinical
setting. These have been identified as Compound A and B. High concentrations of Compound A
have been associated with renal injury in rats. Three hours exposure to compound A at 330-360
ppm causes death (LC,,) in rats. The kinetics of compound A in humans and the potential for
toxicity in humans under conditions of low flow and long anesthetic exposure is undetermined at
present and this is an issue of concern. '

Compound A concentrations were measured in one pharmacokinetic study -522) submitted
in the pharmacokinetics section of the NDA. sevoflurane was administered via a low flow circle
absorption delivery system. Flow rate, temperature of the CO2 absorbent canister, or dose
administered were not indicated. Sodalime was the absorbent used for 12 subjects and baralyme
for 8 subjects. The mean maximum inspired and expired concentrations were approximately 7ppm
(CV=380%, range 3-15ppm) and 4 ppm (CV=70%, range 1-7ppm) respectively for the sodalime
group. The mean maximum inspired and expired concentrations for the baralyme group were
approximately 17ppm (CV=120%, range 2.6-61) and 11 ppm (CV=113%, range 3-40ppm)
respectively. In one patient in the baralyme group the maximum observed concentration of
compound A was approximately 60ppm. Other investigators (Bito and Ikeda have reported
concentrations of 19.5 ppm (range 12.0-30.0ppm) with soda lime and 27.9 (range 18.3-37.8 ppm)
with baralyme at a fresh gas flow rate of 1L/min. Figures of individual compound A

Figure 20 Individual compound A concentrations; Figure 21 Indiividual compound A concentrations;
(sodalime adsorbent). (baralyme adsorbent).

Cone. compound A {ppm)
(inspired)
]
Cone. Compound A (ppm)
{inspired)
3 2 858 8 3

concentrations as a function of time for the baralyme and sodalime groups are displayed below.
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Drug Formulation: The analytical data for sevoflurane finished in the proposed market
configuration :
/s
Specifications Lot # Lot# lot#
78-647-DK . 73-649-DK

78-648-DK

||

Pharmacalogic. Class: Volatile anesthetic
Indication: Induction and maintenance of ganeral snesthesia
Bourte of Administration: inhalation

Balated IND:

Balated NDA: 20-118

Balated Daug:  Desflurane (NDA 20-118)

Physical and Chemical Cl .
Boiling Point at 760 mm Hg: 58.6°C
Specific Gravity at 20 *C: 1.52 - 1.525
Vapor Density (air = 1.0 gA): 6.9 g
Vapor Presyure in mm Hg: 157 mmHgat 20°C
197 mmHg at 25 °C
317 mmHg at 36°C

The vapor density was caliculated based on the molecular weight of sevoflurane {200.05) and air
(28.8).
Distribution Partition Coefficients at 37 *C:
Blood/Gas -
Water/Gas
Lard Fat/Gas
Olive oil/Gas
Brain/Gas
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Mai:\ Component/Gas Partition Coefficients at 25 *C:

Conductive rubber
Butyl rubber
Polyvinyi chioride
Polyethylene / '
P
Solubility: Sevofiurane is miscible-with ethanol, ether, chloroform and petroleum benzene
and it is slightly soluble in witer.
Aammability - Non-flammable and nonexplosive as defined by the requirements of

international Electrotechnical Comwmission (IEC).

Physicochemical preperties of Sevofhwane and widely-used volatile anesthetics are given .below:

Physicochemical Pmpe;:{ig Halothane | Enflurane | Isoflurane | Desfluane | Sevofturone
Molecular Weight 1975 184.5 184.5 168.0 200.1
Boiling Point (°C) (at 760 mm H} 49-51 56.5 48.6 23 58.6
Speciﬂc vaity 1.86  1.52 1.50 1.50 1.53
Q5 °C/4 °C)
e ' Vapor Pressure 243 175 238 669 157

(mm Hg @ 20°C) -

Blood/Gas Partition Coefficient | 235 1.91 l4 0.42 0.63
Qil/Gas Paniition Coefficient 4 9% 91 18.7 47
Reacts with Metals Yes No No No No
UV Light Stability No Stable Stable NA Stable
Soda Lime @ Stabilitv No Stable Stable Stable No
Antioxidant Needed Thymol No No No No
Min. Flammable Conc. 43% 5.8% 7.0 NA 1.5%
in 100% O,

NA = Not available

Degradation mechanism of Sevoflurane and in contact with CO, absorbants:
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' adds to Compound A to form Compound B:

By comparison,

Praclinical Studies:

(1} The following studias were reviewed by Clyde Oberlander on Feb 27, 1986 under IND
(i} Preliminary study with sevofiurans in cynomolgus monkeys.
i} An acute inhalation study of sevoflurane in cynomolgus monkeys.
Gill An eight week inhalational toxdcity study of sevoflurane in cynomoigus monkeys.
{ivl Eight week inhalational subacute toxicity study of sevofiurane in rats.

{2) The following additional preclinical data were evaluated by Clyde Oberiancer under IND
and are summarized in IND dated Feb. 27, 1986.

{a} Pharmacology.
{i} Inhalational anesthetic activity in mice.
(i) Drug interaction studies.
i) Cardiac sensitizing properties in dogs
: Acute epinephrine studies
Subacute epineplwine studies
Pressoramine expenments
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{ivl Synthetic impurities and raaction products
Synthetic impurities
Soda kma reaction product.

{v) Blood glucose studies in dogs.

(b} Pharmacokineatics

i) Ruoride excration - rats
(il Metabolism by rat hepatic microsomes of fluorinated ether anesthetics following
ethanol consumption.

{iil Metabolism by rat hepatic microsomes of fiuorinated ether anesthetics following
isoniazid administration.

{iv) Renal effects and metabolism of sevoflurane in Fischer 344 rats.

{v} A comparison of renai effects and metabolism of sevofiurane and methoxvﬂuuno in
snzyme-induced rats.

{vi) Biotransformation of sevoflurane in dogs and rats.

{viil Pharmacokinetic and metabolic studies in dogs.

{c) Toxicology:
Acute Toxicity
il Acute toxicity studies in four species.
(i} Preliminary study with sevoflurane in cynomolgus monkeys.
i) Acute inhalation study of sevofiurane in cynomolgus monkeys

-

Subacute Toxicity

(i) Eight week inhatational subacute toxicity study of sevofiurans in rats.

(i) Subacute toxicity in dogs.

{iii} Subacute toxicity in primates

{ivl Eipht-week inhalation toxicity study of sevoflurane in cynomolgus monkeys

{d) Mutagenicity studies.
{i} Mutagenicity of exparimental inhalational anesthetic agents: sevoflurane, synthane,
dioxychiorana, and dioxyflurane.

{ii) Variations in onset of porcine malignant hyperthermia
i) Thermoregulatory defect in rats during anasthesia.

{e) Special Study:
i) Eye iritation - rabbit

~ - Pharmacology Studiss:

A. Neuropharmacoiogical Studies:

1. The atfect of Savoflurane on central blood flow, cerebral metabolic rate for oxygen, intracranisl
pressure, and the electroencephalogram are similar to those of isoflurane in rabbit. Scheller
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et al , Anesthasiology 1988;68:548-51.

Effects of Sevoflurane on the intracranial pressure in dogs.

Effects of Sevoflurane on electroencephalographic activity in rats-compared with Enflurane and
Halothane. P .

Tha affect of Sevofiurans on somatically induced sympathetic reflaxes. Yanase et al, J Anesth
1988;2:272-5. .

Effect of Sevoflurane on central nervous system.

The effect of Sevofiurane, a new inhalation anesthetic, on spinal reflex action potentials.

Central sffects of the new inhalation anesthetic Sevofiurane - effects on EEG arousal and
recruiting responses and hippocampal after-discharge.

Clinical and experimental studies on the potentiation of neuromuscular blocking effects of
vecuronium and pancuronium by Sevoflurane.

General pharmacological study of HFIP - observation of the effects of HFIP on the central
nervous system and genersl condition.

General pharmacological study of HFIP - effect of HFIP on spontaneous motor activity in mice.

i

8. Cardiovasculat/Respiratory Studies

. Comparison of the apinephrine-induced arrhythmogenic effect of Sevoflurane with Isoflurane and

Halothane. S. imamura and K. lkeda, J Anesth 1987;1:62-8.
Cardiovascular interaction between Sevoflurane and Nicardipine in open chest dogs. Iwatsuki et
al, J Anasthesia 1988;2:146-53.
Archythmogenic thrushold of epinephrine during Sevoflurane, Enflurane and Isoflurane anesthesia
in dogs. Hayashi et al,-Anesthasiology 1988; §9:145-7.
The comparative cardiovascular effects of Sevoflurane with Halothane and Isoflurane. Kazama
st al, J Anesth 1988;2:63-8.
Effect of inhalation 2-iesthetic Sevofiurane on atrioventricular conduction in dogs.
The effect of Sevoflurane on regional . yocardial blood flow in ischemic heart.
Influence on hemorrhagic hypotension under Sevoflurane and Halothane anesthesia on renal
circulation and metabolism.
Effects of Halothane, Isoflurane, Sevofiurane and Enflurane on portal venous pressure in the
isclated perfused rat liver.
Effects of Sevoflurane and Isoflurane on cardiac and coronary dynamics in chronically
instrumented dogs. Bemard et al, Anesthesiology 1990; 72:659-62.
Sevofiurane anesthesia: compatibility with morphine, atropine, succinyicholine, lidocaine and
pentothal.
Synthetic organic chemicals {comparison of arrhythmogenic effects evoked by various
pressoramines under Halothans or Sevofiurane anesthesia in dogs.
Comparative in vivo evaluation of Sevoflurane, Halothane, Methoxyfiurane and Isoflurane in
Sprague-Dawley rats.
The effects of Sevoflurane (BAX 3084) and Halothane on arterial blood pressure and
spontaneous heart rate in dogs.
Sevofiurana causes direct negative inotropic and lusitropic effects in clwonically instrumented
dogs.
Sevofiurane and coronary steal.
MAC value of a naw inhalation anesthetic agent Sevofiurane (MRGS4) in mice and rats.
MAC value of Sevoflurane in rabbits.
Determination of the MAC of Sevoflurane, a new inhalation anesthetic, in rabbits - additional
. information concerning the 95% c- nfidence limits of MAC.
The respiratory effects of Sevoflurans in dogs.
Comparison of MAC and the rate of rise of slveolar concentration of Sevoflurane with
Halothane and Isofiurane in the dog. T. Kazama and K. lkeda, Anesthesiology 1988;
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68:435-437.

21. The minimum alveolar concentration of Sevoflurane in cats. Doi et al , J Anesthesia

1988; 2:113-114,

22. MAC of Sevofiurane in humans and the New Zealand white ribiit. Scheller et al, Can J Anesth
v

1988; 35:153-156

23. The minimum alveolar concentration {MAC) and hemodynamic effects of Halothane, isoflurane

b po

@ o

and Sevoflurane in newbom swine. )

C. Genitourinary Studies:

. Effect of Sevoflurane on isolated rat uterus and vas deferens.

D. Miscellaneous Physiological Studies:

Genera! pharmacological studies of Sevoflurane.

Variations in onset of porcine malignant hyperthermia. G.A. Gronert and J.H. Milde, Anesth -
Analg 1981%; 60:499-503

Malignant hyperthermia induction in susceptible swine following exposure to Sevofiurane.

Sevofiurane effect on control pigs and Halothane comparative effect in triggering malignant
hyperthermia in MHS pig #15, 9, 17.

Study on the hemolytic effect of Sevofturane using human and rabbit erythrocytes.

Hepatic effects of Sevoflurane - the changes of drug metabolizina enzymes and morphic
features.

Thermoregulatory defect in rats during anesthesia. Hitt et al, Anesthesia Analgesia Curr Res
1977; 56:388-394, .

Dnug Metabholiem

. The blood concentration of Sevofiurane after inhalation in rats. Tamada et al, Maruishi

Pharmaceutical Co., Ltd. Report, November 1986.2658/7

Time course of free HFIP and HFIP glucuronide concentrations in blood after intravenous
administration of HFIP to rats. Yoshimusa et al, Maruishi Pharmaceutical Co., Ltd. Report ,
August 1988.

ElininationkinoﬁcsofSevoﬂuramandHaloﬂ:anefromblood.brﬁnandldiposeﬁsmehﬂ\eut.
Stern et al, Anesthesia and Analgesia 1990; 71:658-664.

General anesthetic distribution in rat brain; *F-MR! of Sevoflurane. Xu et al, Anesthesiology
79;A414, 1993,

. lonchromatograhicai analysis of a ghucuronide as a Sevoflurane metabolite. Fujii et al, Hiroshima

J Anesthesia 23:3-7, 1987.

ExucﬁmofaghmoddoinbﬂouaSow&mmmbdheduﬁngSwoﬂwamamsﬂmsia.
Fujii.et al, Department of Anesthesiology,
unpublished report, August 1985.

Deuteration reduced significantly the biotransformation of Sevoflurane. D.A. Holaday and R.
England, Anesthesiology 57:A246, 1982.

Inhibitory cffects of deuterium substitution on the metabolism of Sevofiurcne by the rat. Baker
er al, Drug Metabolism and Disposition 21:1170-1171, 1993.

iAetabolism of Synthane: Comparison with in vivo and in vitro defluorination of other
halogenated hydrocarbon anesthetics. Mazze et ai, Br J Anesthesiology 51:839-844, 1879.

10. Effect of phenytcin (DPH) treatmant on Methoxyflurane metabolism in rats, Caughey et al, J

Pharm Exp Therapeutics 210:180-185, 1979,
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Effects of isoniazid treatment on ssiected hepatic mixed-function oxidases. S.A. Rice and R.E.
Talcott, Drug Metabolism and Disposition 7:260-2062, 1979.

Metabolism by rat hepatic micrasomes of fiuorinated ether anesthetics following Isoniazid
administration. Rice et al, Almd\odo!ogv53489-493 1880.

Metabolism by rat hepatic microsomes of fisorinated ethcr anesthetics following ethanol
consumption. Rice et al, Anesthesiology 58:237-241, 1983.

Biotransformation of Sevoflursns in male SpragueiDawley rat liver slices. Payne et al, ISSX
Proceedings 4:168, 1993,

Biotransformation of Sevofksrane in dogs and rats. Martis et al, Anesthesia and Analigesia
60:186-191, 1981,

Preliminary pharmacokinetic and metabolic studiss of Sevoflurane in dogs. L. Martis and E.F.
Woods, Travenol Laboratories Research Report, February 9, 1978,

A new inhalation anesthetic. Wallin et al, Anesthesia and Analgesia 54:758-765, 1974,

Comparative in vivo evsluation of Sevoflurane, Halothane, Methoxyflurane and Isoflurane in
Sprague-Dawiey rats (IND

A compariss: of the renal effects and metabolism of Sevofiurane and Methoxyflurane in
enzyme-induced rats. Cook et al, Anesthesia and Analgesia 54:829-835, 1975.

Renal effects and metabolism of Sevoflurane in Fisher 344 rats: An in vivo and in vitro
comparison with Methoxyflurane. Cook et al, Anesthesiology 43:70-77, 1975.

Renal yunction after Sevofiurane or Enflurane anasthesia in the Fisher 344 rat. Malan et al,
Anesthesia and Analgesia 77:817-821, 1993.

Metabolic and toxizologic studies with Enflurane in Swiss/ICR mice. Baden et al, J
Environmental Pathology and Toxicology 4:293-303, 1980,

Sevofiurane is biotransformed by guinea pig liver slices but causes minimal cytotoxicity.
Ghantous et al, Anesthesia and Anviigesia 75:436-440, 1992,

Sevoflurane biotransformation and hepatotoxicity in the guinea pig. Lind et al, Anesthesiology
71:A310, 1989.

. Dose-related Sevoflurane metabolism to inorganic fluoride in rabbits. Hossain et al, Hiroshima J

Med Sci, 40:1-7, 1991,

Ethanol-inducible cytochrome P450 in rabbits metabolizes Enflurane. Hoffman et al, Bm:esh
Joumal of Anesthesia 63:103-108, 1989,

Comparison of MAC and the rate of risa of alveolar concentration of Sevoflurane with
Halothane and Isoflurane in the dog. T. Kaza:na snd K. ikeda, Anesthesiology 68:435-437,
1988.

Pharmacokinetics of Desflurane, Sevoflurane, Isoflurans, and Halothane in pigs. Yasuda et al,
Anesthesia and Analgesia 71:340-348, 1990.

Volatile anesthetics compete for common binding sites on bovine serum albumin, A 19F-NMR
study, Dubois et al, Proc. Natl Acad Sci 90:6478-6487, 1993.

Clinical characteristics and biotransformation of Sevofiurane in healthy human volunteers., D.A.
Holaday and F.R. Smith, Anesthesiology 54:100-106, 1981,

. Uptake, elimination and biotransformation of volatile anesthetics in humans: A comparative

study of Sevoflurane with Halothane, Enflurane, and Isofkirane. Y. Shiragishi and K. lkeda,
Hamamatsu University, unpublished report, October 1986.

Comparison of the kinetics of Sevofiurane and Isofiurane in humans. Yasuda et al, Anesthesia
and Analgesia 72:316-324, 1991.

Plasme inorganic fluoride with Sevoflurane anasthesia: Correlation with indices of hepatic and
renal function. -Erink et al, Anesthesia and Analgesia 74:231-235, 1992.

Serum and urinary inorganic fluoside concentrations after prolonged inhalation of Savoflurane in
human. Kobayshi et al , Anesthesia and Analgesia 74:753-757, 1992,

Phase 1 clinical stucy- identificstion of the urinary metabolite of Sevoflurane in man by GC-MS.
Imai st al, Maruishi Pharmaceutical Co., Lid. report, August 1986.

Urinary excretion of hexafluoroisopropanol glucuronide and fluoride in patients after




NDA 20-478 - Page 9

Sevofiurane anesthesia. Gazing et al, Journal of Pharmacy and Pharmacology 45:67-69,
1993.

37. Wdentification of cytochrome P450 2E1 asapfodonimmmcmlvzimwm
microsomal defluorination of Sevofiurane, isoflurane, and'Methoxyflurane. Kharasch et al,
Anesthesioclogy 79:795-807, 1993. -

38. Partition coefficients for Sevotiurane ii human blood, saline, and olive oil. D.P. Strum and E.I.
Eger Il, Anesthesia and Analgesia 66:654-656, 1987.

39. Solubility of 1-653, Sevofiurane, isofiurane and Halothane in human tissus. Yasuda et al,
Anesthesia and Analgesia 69:370-3, 1959.

40. Synthesis of fluoro-dideuteromethyl 1,1,1,3,3,3,-hexafkioro-2-propyl ether (deuterated
Sevofiurane). Baker et al, J Labelled Compounds and Radiopharmaceuticals 33:801-807,
1993.

Toxicology Studi

A. Acute inhalation Toxicity Studies:

Acute toxicity studies in four species (IND

. Inhalational acute toxicity study of Sevoflurane in mice. M. Tamada, Central Resaarch
Laboratories, Maruishi Pharmaceutical Co., Ltd. Study SEVO-4A27:(1985).

An acute toxicity study of Sevofiurane in neonatat mice. M. Tamada, Central Rasearch
Laboratories, Maruishi Phatrmacouticai Co., Ltd. Study SEVO-5A27;(1586).

. Inhalstional acute toxicity study of Sevofiurane in rats. M. Tamada, Central Research

Laboratories, Maruishi Pharmaceutical Co., Ltd. Suudy SEVO-4437:(1985).

. Aanowﬁdwof&wﬂmmhmmmumndmofmwmtaﬁml
administration. Y. Kawai, Central Research Laboratory, Maruishi Pharmaceutical Co., Lud.
{1990} ‘

6. An acute inhalation study of Sevoflurane in cynomolgus monkeys.

inc. Report 84-2815;{1985).

N -

[ I Y

B. Acute Oral Toxicity Studies:

1. Acute toxicity study of Sevofiurane administered orally in mice. M. Tamada, Central Rasearch
Laboratory, Maruirhi Pharmaceutical Co., Ltd., Study SEV0-6A21;(1986).

2. AunotoadcitvswdyofSwoﬂumadmiisteredouuyhm M. Tam.ada, Central Research
Laborstory, Maruishi Pharmaceutical Co., Study SEV0-6A31:(1986).

C. Acute Intraperitoneal Toxicity Studies:

1. Acute toxicity study of Sevoflurane administered intraparitoneally in mice. M. Tamada, \"eitral
Research Laboratory, Maruishi Pharmaceutical Co., Study SEVO-6A24;(1986).

2. Acute toxicity study of Sevoflurane administered intraperitoneally in rats. M. Tamada, Central
Research Laboratory, Maruishi Phurmaceutical Co., Study SEVO-8A34;(1986).

-

1. Eight week inhalational subacute toxicity study of Sevofiurane in rats. M. Tamada, Central
Research Laboratary, Maruishi Pharmaceutic ;i Co., Study SEV0-4537;{1987).
2. Two week subacute to xicity study in dogs. (IND
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Subacute inhalation studies of Sevoflurane and Halothane in Macaca sneciosa.
.ND
An eight wukwuhmnmﬁdtymas“o&xamhwm W. Tiemey,
Report 84-2866;(1985).

’.
e

Deval Land B sactivn Toxicky Studi
inhalation Studies:

. Toxicity study of Sevofiurane given prior to and in the early stages of pregnancy in rats. M.

Tamada, Central Reseurch Laboratory, Maruishi Pharmaceutical Co., Study SEVO-
4R3A;(1986).

Toxicity study of Sevofiurane given during the period of fetal organogenesis in rats. M. Tamada,
Central Research Laboratory, Maruishi Pharmaceutical Co.. Study SEVO-5R3B;{1986). .

. Teratogenicity study of Sevoflurane, an inhalational anesthetic, in rabbits {(sepment It test). H.

Katayama, _ 1986).
Toxicity study of Sevoflurane given du-ing the parinatal and lactation pesiod in rats. M. Tamada,
Centra! Research Laboratory, Maruishi Pharmaceutical Co., Stady SEVO-5R3c;(1986).

M - i

. Mutagenicity study of Sevofkirane by use of microorganisms (Ames tast]. M, Tamada, Central

Research Laboratory, Marusishi Pharmaceutical Co., Study SEVO-5MTA;{1985).

Bacterial reverse mutation assay {Ames test plus E. coli) of Sevofiurane. M. Diehl, Drug Safety
Evaluation Division, Abbott iaboratorias, TX93-076; +XD/93/450, (1993).

Micronucleus test with mice of Sevofiurane. Y. Kawai, Certral Research Laboratory, Maruishi
Pharmaceutical Co., Study SEVO-2ZM27; (1993)

Chromosomal aberration test of Sevoflurane with mammalian cells in culture. T. Mizuno, Central
Rezearch Laboratory, Maruishi Pharmaceutical Co., Study SEV0O-5M1B; (1986)

Sevotlurane L5178YTK + /- mouse lymphoma mutagenicity assay. C, Bigger and J, Clarke,
Microbiolegical Associatas, Abbott Laboratoies, TX93-210; R&AD/93/725, (1993).

In vitro cytogenetics human lymphocyte culture assay of Savoflurane. M. Dishl, Drug Safety
Evaluation Division, Abbott laboratosies, TX93-075; R&D/93/400, (1993).

Mammalian ceil transformation: assay (Balb/c-3T3). D. Putnam,
Abbott Laboratories, TX93-211; R&D/I3I/B7G, (1993).

Sevofiurane ¥P post-abeling DNA adduct essay in mouse liver,

Abbott Laboratories, R&D RALD/93/879, {1993).

Specix! Toxdcity Stidiss

tmmunotoxicity:

. Acute systemic anaehylaxi.s of Sevoflurane in quinea pigs. M. Tamada, Central Research

Laboratory, Manuishi Pharmaceuticai Co., Study SEVO-5T47; (1985).

- Hepatotoxicity Studies:

. Evaluation of hepatotoxic potendal of Sevoflurane in rats. L. Martis, Inc.,
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Project No. CCS108A, Protocol 38-7, (1980).
2. Evaluation of hepatotoxic potentisl of Sevofiurane in guinea pigs, -

{1974).
3. The effect on the liver of beagies by single inhalation of Sevofiurane.
(1989).
4. Glucose stuiy in dogs. E. Woods T 1978 (IND
leritation Studi
1. Eye inritation study in rabbits. {IND

2. Evye irvitation test of Sevoflurane. M. Tamada, Central Research Laboratory, Maruishi
Pharmaceutical Co., Study SEVO-4TSA; {1985)

A. Inhalation Studies:

1. An acute toxicity of hexafluoroisopropanol (HFIP) in rats by inhalational administration. M.
Tamada, Central Ressarch Laboratory, Maruishi Pharmaceutical Co., Study HFIP-6A37:
{(1987). .

B. Intraperitoneal Studies:

1. An acute toxicity of hexafluoroisopropanol (HFIP) in rats by intraperitoneal administration. M.
Tam: Maruishi Pharmaceutical Co., Study HFIP-6A34;
{(1987).

C. Intravenous Studies:
1. An acute toxicity of HFIP in rats by intravenous administration.
Laboratory, Maruishi Pharmaceutical Co., Study HFIP-8A33; (1988c).
2, Seven days intravenous toxicity study of HFIP in rats.
Maruishi Pharmaceutical Co., Study HFIP-8T3A; {1988d).
D. Mutagenicity Studies:
1. Anmagemcnyswdyoﬂnxaﬂummopamlbyuseofniemaouﬁmmusﬂ. T.

Mizuno, Central Research Laboratory, Maruishi Pharmaceutical Co., Study HFIP-TM1A;
{1988a).

Jaxicity Snudias ot Compound A:

inhalation Studies:

1. Acute toxicity of compound A in rats by one hour inhalational administration. Central Rasearch
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2.
3.
4,

5.

2.

Laboratory, Marnuishi Pharmaceutical Co., Ltd., Study CA-7A37; (1987).

Acute { 3 hour} inhalation toxicity study of compound A/Sevoflurans in the rat. G. Hofiman and
W. Wooding, Pharmaco LSR, Inc., Abbortt Laboratories, TA93-423 (1994)

Acute toxicity of compound A in rats by three hours inhalational administration. Y. Kawai,
Central Ressarch Labratory, Maruishi Pharmaceutical Co., Ltd.., Study CA-8A37; (1988 a).

Toxicity of compound A i rats: Effoc-tofus-hwradmustuum. Gonsowski et al,
Anesthesiology 1994; 80:556-65.

Toxicity of compound A in rats: Effect of increasing duration of administration. Gonsowski et al,
Anesthesiology 1994; 80:566-573.

Subacute toxicity of cornpound A on 28 alternate days in rats by inhalation. Y. Kawai, Central
Research Laboratory, Maruishi Pharmaceutical Co., Lid., Study CA-8537; (1989).

Mutagenicity Studies:

. Ames metabolic activatiun test to assess the potential mutagenic effect of -554

{1986).
Chvomosome aberration test of compound A with mammaiian cells in culture. T. Mizuno,
Central Research Laboratory, Maruishi Pharmaceutical Co., Ltd., Study CA-7M1A; (1988b).
Special Toxicity Studies: -
Evaluation of compound A for active systemic anaphylaxis in guinea pigs. K.R. Hahn, Orug
Safety Evaluation Division, Abbott Laboratories, TF83-418; R&D/93/748, (1993).
Taxicity St £C. B

Acute Inhalational Study:

. Azute toxicity of compound B in rats by thwee hours inhalational administration. Y. Kawai,

Central Research Laboratory, Maruishi Pharmaceutical Co., Ltd., Study CB-8A37; {1388b).

Mutagenicity Study:

. A mutagenicity study o7 com WBbyuseofniuoorgarﬁm(Ameshsﬁ. T. Mizuno, Central

Research Laboratory, Mawuishi Pharmaceutical Co., Ltd., Study CB-8M1A; (1988¢).

Note - Portions of the following review were excerpted directly from the sponsor's submission.

Studies reviswed previously are summarized in the evaluation sections.
Abbreviations used in these studias:
*=p<005 **=p:0.01 *** =ps0.001

ppm = parts/million G = groupi{s) D = dayls)
LC,, = 50% lethal concentration
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)] ‘Pharmacology

Pharmacolngy Studies: p;
A. Neuropharmacological Studies: \

1. The effect of Sevofkurane on ceniral binod flow, cersbral metaboiic rate for oxypen, intracranial
pressure, and the electroencephalogram are similar to those of Isoflurane in rabbit. Scheller et al ,
Anesthesiology 1988: 68:548-51. The data suggested that the sifects of sevofiurane at 0.5 and
1.0 MAC on CBF, CMRO,, and EEG are indistinguishabls from those of equivalent concentrations of
isoflurane in tha rabbit.

2. Effects of Sevofiurane on the intracranial pressure in dogs.

Anesthesiology, The ICP was increased dose-dependently in
dogs with sevofiurane inhalation {1 and 2 MAC) for the short duration (30 min.). However, the
increase was not as great as that with halothane.

3. Effects of Sevoflurane on electroencephizlographic activity in rats-compared with Enflurane and
Halothane. . Deparntment of Phammacology, Faculty of Medicine

. Sevofiurane and enflurane produc~d similar pattem of EEG changes. After
inhalation, EEG changes retuned-to baseline rapwaly.

4 The effect of Sevoflurane on somatically induced sympathetic reflexes. Yanase et al, J Anesth
1988;2:272-5. The sympathatic A- {miyelinated) and C-reflexas (unmyelinated) were depressed in
parallet by ssvoflurane administration in a doss dependent manner (2%, 3% and 4%) in six cats.

5. Effect of Sevoflurane on contral nervous system.

of Anasthesiology, . Sevoflurane causad EEG changes very close to those caused
by enflurane. Sevofiurane, like enflurane, at higher concentrations couk. induce spikes and seizures
due to somatic or photic stimulation where spontaneous spike appeared. Since the MAC of
sevoflurane is reported to be 2.36% in dogs, mors or less the same MAC may be expeacted in cats.
Therefore, the spasmogenic concentrstion is considered 1o be much higher than the clinical
concentration,

6. The effect of Sevofiurane, a new inhalational anestheatic. on spinal reflex action potentials,

Central Research Laboratory, Manuishi
Pharmaceutical Co., Ltd. Both sevofiurans and enflurane did not significantly atfected
monosynaptic reflex potential when administered in concentrations ranging from a subanesthetic
dose (2%) to a supra-anesthetic doss (5%) in cats. Neither sevoflurane nor snflurane exerted any
marked influence on the descending inhibitory and excitatory systems from the brain to the spinal
cord.

7. Central effects of the new inhalation anasthetic Sevofiurane - effects on EEG arousal and
recruiting responses and hippocampal after-discharge.
Central Research Laboratory, Maruishi Pharmaceutical Co., Ltd. Sevoflurane
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seleztively inhibited the ascending reticular activating system which project on the cerebral cortex.
Sevofiurane has no remarkabls effect on the nucleus cemrum medianum of the thalamus-corticsl

system.

/

8. mlammdmwmmmmtmﬁaﬂon?fwmmmmof
vecuronium and pancuronium by Sevoflurane. Itagaki et al. Sevofiurane at 1 MAC did not block the
transmission of neuromuscular impulses and produced a greater vecuranium-potentiating effect than
hatothane. This may be due to sevofiurane affect on the nerve fascia including the end-piate,

9. General pharmacotogical study of HFIP - observation of the sffects of HFIP on the central
nervous system and general condition. Bakoshii et al, Central Ressarch Laboratory, Maruishi
Pharmaceutical Co., Ltd. Intravenous administration of hexafluoroisopropanol (HFIP), a metabolite
of sevofiurane, st 26.6 mo/kg did not sffect the nervous system and general condition of ICR male
mice. HFIP at 53.2 mg/kg praducad inhibition of spontaneous motor activity during 0-15 minutes.
after administzation. In the 75.2 mg/kg group (LD, value - 106.4 mg/kg). one animal died
immaediately and 2 showed a loss of righting reflex at 3 minutes post administration. AN animals in
this group showed decreases in motor activity, muscle tone, awareness, and grip strength and
difficulty in body holding.

10. General pharmucological study of HFIP - effect of HFIP on spontanecus motor activity in mice.
Bakoshi et al, Centralt Research taboratory, Maruishi Pharmaceutical Co., Ltd. HFIP inhibited the
degree and duration of spontaneous motor activity in a dose-dependent manner {26.6, 53.2 and
75.2 mpg/kg) in male ICR mice. Unlike induction, recovery was not concentration-dependent.

8. Cardiovascular/Respiratory Studies

1. Comparison of the epinephrine-induced arhythmogenic effect of Sevoifhwrane with Isofiurane and
Halothane. S. imamura and K, Kkeda, J Anesth 1987;1:62-8. The inzan values of the
arrhythmogenic infusion rates of epinephrine and the corresponding levels in mongrel dogs were
17.3 ug/kg/min and 275.7 ng/mi for sevofkwane, 6.7 ug/kg/min and 149.2 ng/mi for isoflurane, and
1.9 ug/kg/min and 39.1 ng/ml for halothane, respectively. The data indicate that sevoflurane may
be better than halothane when epineplvine is used during anesthesia.

2. Cardiovascular imeraction between Sevoflurane and nicarciping in open chest dogs. Iwatsuki et
al, J Anesthesia 1988;2:146-53. The bolus intravenous injection of nicardipine, a calcium channel
blocker, at doses of 15 ug/kg and 30 ug/kg under sevoflurane anasthesis produced transient
decreases in blood pressure, systemic vascular resistance, left ventricular pressure, loft ventricular
dp/dt and -dpidt, and a slight increase in cardiac output. The degrees of these changes were almost
similar to those under thiopental or halothans anesthesia.

3. Arrthythmogenic threshold of epinephrine during Sevofiurane, Enflurane and Isoflurane anesthesia
in dogs. Hayashi et al, Anesthesiology 1988;63: 145-7. The arrhythmagenic plasma levels of
epinephrine was highest during isoflurane anesthesia, lowest during enflurane anesthesia, and
intermediate for sevofiurane.
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4. The comparative cardiovascular effects of Sevoflurane with Halothane and lsoflurane. Kazama
ot al, J Anesth 1988:2:63-8. The suppression of left cardiac function by sevofiurane was grester in
close chest mongrel dogs than that of isoflurane, and less than that of helothane. Heart rate and
systemic vascular resistance with sevofiurtns were siightly lowsr than that of isoflurane. The
coronary sinus blood flows with sevofiursne and isoflurane at 1:0 and 2.0 MAC were higher than
halothane. - ,

[

5. Effect of inhalation msthetnc Smfuane on atricventricular conduction in dogs.

. The mean arterial pressure and heart rate fell significantly
from the control level with an increasing concentration of sevofiurane. The A-H interval showed no
significant different from the control at 0.5 or 1.0 MAC but was sligltly prolonged at 1.5 MAC.

6. The sffact of Sevofiurane on regional myocardial blood flow in ischemic heart.

7 The regional
myocaedial blood flove was decreased dose-dependently in both the ischemic and normal regions in
dogs after sevoflurane administration. The YO ratio was unchanged in the ischemic region but

* increased in the normal region with incressing concentration of sevoflurane to 2.4% and 3.6%..

7. Influence on hemorrhagic hynotension under Sevofiurane and Halothane anesthesia on senal
circulation and membolism.

No statistically significorn diffecences in the affect on renal circulation and metabolism
in mongrel dogs wers observed between halothane and sevofiurane treatment groups.

B. Effacts of Halothans, isoflurane, Sevofiurane and Enflurane on portal venous pressure in the
isolated perfusad rat kver.

Halothane increased poctal venous pressure in isolated perfused rat fiver by 164.5 = 31.0%, unlike
isofiurane and sevofiurane reduced by 41.3 + 6.8 and 26.8 + 3.7%, respectively. Enfiurane
exposure resulted in a small reduction in PVP which did not differ statistically from control.

9. Effects of Sevoflurane and isoflurane on cardiac and coronary dynamics in chronically
Instrumented dogs. Bemard et al, Anasthesiology 1990;72:659-62. Sevofiurane and isofiurane
produced similar effects {aortic hypotansion, systemic vasodilation, decreass in stroke volume snd
decrease in left ventricular dP/dt) except for hearnt rate. At 1.2 MAC, sevoflurana produced 8
greatur increase in haart rate than isofurane {+60 £ 12% vs 23 = 9%).

10. Sevofiurane anesthesia: compatibility with morphine, svropine, succinyicholine, idocaine and
pentothal. Study performet submitted and reviewed under IND

Administration of morphine, atropine, succinylcholine, lidocaine and pentothal prior to or
during sevoflurane administration anesthesia did not cause unusual effects on arterial blooJ
preasurs, respiration ot_gulsa rates in dogs.

11. Synthetic organic chemicals {comparison of arrhythmogenic effects evoked by various
pressoramines under Halothane or Sevoflurane anesthesia in dogs. QOriginally submitted
undac IND on May 15, 1969, Sevoflurane was lss sensitizing to the
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myocardium in the presence of pressoramines than halothane.

12. Compacative in vivo evaluation of Sevofiurane, Halothane, and Isofiurane in
Sprague-Dawley rats. This study was originally submitted IND Significant increase
huanmfkmndoocmeduptoﬂmsaﬂumﬂumamadmmm Halothane
did not cause and significant change in fluoride excretion.

13. The effects of Ssvofiurane (BAX 3084) and Halothane on arterial blood pressure and
spontanacus heart rate in dogs. Adult mongre! dogs survived the sxposure of ssvoflurane up 1o 6%,
while 8% BAX 3084 (sevoflurane) was lathal.

14, Sevoflurane causes direct negative v otropic and lusitropic sffects n chronically instrumented
dogs. Sevotflurane produced a d: se-
related decreases in mean arterial pressure, left ventricuiar systolic pressure, candiac output snd
calculsted myocardisl oxygen consumption (pressure work index) with relative maintenance of
systemic vascular resistance and diastolic coronary blood fiow velocity in clwonically instrumented
dogs with intact autonomic nervous system reflexes.

15. Sevoflurane and coronary steal.

Sevoflusane produced dose-dependent decreases in mid-myocardial and
transmuiral perfusion to left ciccumflex coronary artery stenotic region which were restored to
conscious leveis following elevation of mesn arteri=l pressure in chronically instrumented canine
maodel of muttivessel coronary arntery disease. Sevofiurane did not cause a reduction in collaterally-
derived myocardial perfusion to the occluded region. Adenosine reduced coliaterally-derived
myocardiai perfusion to the occliuded region and caused coronary steel.

16 MAC value of a new inhalation anesthetic agent Sevoflurane (MRG6S4) in mice snd rats.
Tamada et al, Central Research Laboratory, Maruishi Pharmaceutical Ca., Ltd. The MACs of
savoflurane, ethrane and fiuothane in mice were 2.3, 1.4 and 0.9%, respectively. MACs equivalent
in rats were 2.2, 1.45 and 0.95 for revoikwane, sthrane and fiuothane, respeciively.

17. MAC value of Sevofiurane in rabbits & 18. Determination of the MAC of Sevoflurane, a rnew
nhatation anesthetic, in rabbits - additional information conceming the 95% confidence limits of
MAC. Bakoshi et al, Central Research Laboratory, Maruishi Pharmaceuticai Co., Ltd. The MACs of
sevofiurane, enflurane and halothane using nesdle stimulation method were 1.97%, 1.92% and
1.03% in Japanese white rabbits, respectively. The MAC equivalent measured by use of the tail
clamping mathod were 3.61%, 3.84% and 1.55% for sevofhwans, enflurane and halothane,
respectively.

19. The respiratory sffects of Sevoflurane in dogs.

. Sevofiurane anesthesia produced a lower respiratory
rate than halothane anesthesia at the same depth of anesthesia. At 2.0 MAC, sevoflurene produced
a greater respiratory depressant effect than halothane.
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20. Comparison of MAC and the rate of rise of aiveolar concentration of Sevofiursne with
Halothane 2nd isoflurane in the dog. T. Kaza-na and K. lkeda, Anesthasiology 1988;58:435-437.
The minimum alveolar concentrations of sevoflurane, isofiurane angd halothane were 2.36 +0.46
{(n=18), 1.39 £0.25 (n=10), snd 0.89+0.20 {n= 12), respectively, in monyre! dogs.

21. The méinimum alveolar concentration of choﬂwane“m cats. Doi et al , J Anesthesia
1988;2:113-114. MAC values for human, cat and dog are given below.

Cat Dog

2.58+0.3

2.36+0.46

1.19x0.15

0.87+0.04

2,3720.16

2.06+£0.13

1.61+0.10

1.284+0.25

2,19

22N

1.09

1.14

1.6

1.84

The value for sevofiurane in the cat is from this study.

22. MAC of Sevoflurane in humans and the New Zealand white rabbit. Scheller et al, Can J Anesth
1988;35:153-6. The MAC of sevofiurans in ths rabbit was 3.7 £ 0.16%. MAC ratios of various
volatils anesthetic pairg in the human (this stixly), rabbit (this study) and human (Katoh et al.,
Anesthesiology 1987;66:301-303) are given beiow.

Sevoflurane
Isoflurane

1.78

Human (Katoh et al)

The possible explanation for the discrepancy between thase two data may be due to differences in
the methodology used and/or pnpulation studied.,

T

23.; The minimum alveolar concentration (MAC) and hamodynaimic effects of Halothane, Isoflurane
and Sevoflurane in newbom swine.
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= The MAC values for halothane,
isofiurane and sevoflurane were 0.90+0.12, 1.48 +£0.21 and 2.12+0.39, respectively. Awake
hemodynamic pasrameters did not differ among the three anesthetic groups.

’

C. Genitourinary Studies: - i

1. Effect of Sevoflurane on isciated rat uterus and vas deferens. Bakoshi et al, Central Research
Laboratory, Maruishi Pharmaceutical Co., Lrd. A linear relationship (from 0.5 10 8%) was found
between bubbling concentration and dissolved concentration of enflurane, halothane and
sevoflurane. The inhibitory action on the contraction of spontaneous movement of estrous and
pregnant uterus was weakest for sevofiurane, followed by enflurane and halothane. The relative
strengths of the inhibitory action on the contraction of segments of epinephrine-induced contracted
vas doferens were halothane > enflurane > sevoflurane,

D. Miscelianeous Physiological Studies:

1. General pharmacoiogical studies of Sevoflurane. Makoshi et al, Central Research Laboratoiy,
Maruishi Pharmaceutical Co., Ltd. Sevoflurane showed inhibitory activity against convulsions and
analgesic effect on pain or deep pain sensation due to tail pinching. The effective concentration of
sevoflurane for muscle relaxation was higher than enflurane or halothane. Sevofiurane caused less
decrease in blood pressure and body temperature during anesthesia as compared with the control
drugs. Sevoflurane has some direct effects on cardiac function and gastrointestinal system.

2. Variations in onset of porcine malignant hyperthermia. G.A. Gronert and J.H. Milde, Anasth
Analg 1981;60:499-503. Poland China swine were susceptible to malignant hyperthermia after
exposure to sevoflurane or halothane.

3. Malignant hyperthermia induction in susceptible swine following exposure to Sevoflurane. C.H.

Sevofiurane caused weak
malignant hyperthermia (MH) in Poland China swine. Several hours of sevoflurane exposure were
required to trigger tha MH syndrome.

4. Sevoflurane effect on control pigs and Halothane comparative effect ir: triggering malignant
hyperthermia in MHS pig #15, 9, 17.

Halothane was more potent triggering agent for malignant hyperthermia
than ssvoflurane as evidenced by the shorter time required to trigger MH in Poland China swine

5. Study on tha hemolytic effect of Sevoflurane using human and rabbit erythvocytes. Yoshimura
et al, Central Research.Laboratory, Maruishi Pharmaceutical Co., Ltd. Sevoflurane showed no
hemolytic effect at 75, 150 and 300 ug/mi in human and rabbit blood.

-

6. Hepatic effects of Sevoflurane - the changes of drug matabolizing enzymes and morphic
features Cytochrome P450 was
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increased in all exposad Wistar rats compared to control animals. The hepatic GOT and GPT were
sither unchanged or reduced by the anesthetic.

'

7. Thermoreguiatory defect in rats during anesthesia. Hitt et al, Anesthesia Analgesia Curr Res
1977:56:388-94. Phenobarbital {1 mg/ml i drinking water) treatment in combination with
sevofiurane (0.5%, 1.4%}, enflurane {0.4%) or methoxyflurane {0.07 %) resulted in a loss of
thermoregulatory ability in rats {Fisher 344, Sprague-Dawley, Brattieboro, Wistar) resulting in lethal
hyperthermia. Harley guinea pigs and Balb/C mice were unaffected. Rats drinking ordinary tap
water and phenobarbital-treated rats not exposed to ¢/ther soda fime or exogenous heat were not
affected by anesthetics.

Summary and Evaluation of Pharmacalogy

Sevoflurane is fast scting and is associated with rapid changes in anesthetic depth and rapid
arousal. Scheller et al (Anesthesiology 1988;68:548-51) had demonstrated that the effect of
Sevofiurane on central bicod flow, cerebral metabolic rate for oxygen, intracranial pressure, and the
electroencephalogram were similar to those of Isofiurane in rabbit.

Sevofiurane appears to have a general suppressive effect on sympathetic A- and C-reflexes, rather
than C-reflax more than A-reflex reported for morphine and fentanyl. Unlike halothane, sevofhsrane
and enflurine do not appear to have muscle relaxant activity at the spinal level in cats.

intravenous administration of hexafluoroisopropanol (HFIP), a8 metabolite of sevofiurane, at 75.2
mg/kg {~70% of the LD,,) produced neurological changes including decreases in motor activity and
muscle tone in ICR male mice.

Mean MAC of sevoflurane for the various species were as follow:

MAC (%)
23
2.2

1.97, 3.61,
3.7

2.36
258

E Swine (newbom) 2.12

Human - Neonates 3.3
_ Infants 26-3.0
* Children 25-2.7
Adults 20-26
Eider (70 - 87 Y) 1.44

.
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It is generally recognized that an inhalational anesthetic agent which does not sensitize the
myocardium 1o epineplvine has clinical advantages. Imamura and lkeda {J Anesth 1:62-68) in 1987
demonstrated that the arrhythmogenic doses of epinephrine in dogs during sevofiurane and
isoflurane anesthesia were significantly higher than thoss during halothans anesthesia. This
indicates that sevofiurane did not stimuiate the sensitivity of the myocardium to epinepliwines as
much halothane did. Sevofiurane may be better than halothane.

Cardiovascular intersction of nicardipine, a calcium channel blockor, and sevofiurane was additive in
dogs similar to that of nicardipine and halothane. The effects of sevofiurane on cardiac function
and coronary blood flow were identical to those induced by isoflurane in the chronically
instrumented dog excapt that 1.2 MAC sevoflurane produced a greater increase in heart rate than
1.2 MAC isoflurane..

Sevofiurane reduced diastolic coronary vascular resistance in chwonically instrumented dog with
intact autonomic nervous system {ANS) reflexes indicating that sevoflurane may possess coronary
vasodilating properties. Sevoflurane also depresse? myocardial contractility, prolonged isovolumic
relaxation, and decreased rapid ventricutar filling without affecting regional chamber stiffness in
ANS intact and blocked dogs suggasting that the left ventricular systolic and diastolic mechanical
consequences of sevoflurane occur indzpendent of ANS activity. Sevotlurane did not reduce
collateral myocardial perfusion or cause coronery steal in chronically instrumented canine model of
muitivessel coronary disease.

The rise of alveolar concentration toward that of the inspired concentration (~a/Fi) was significantly
faster in mongrel dogs for sevoflurane than that for haiothane or isoflurane. The inhibitory effect of
both sevoflurane and enflurane against spontaneous movement and oxytocin-induced contractions
of estrous and pregnant uterus was about the same when IC, and IC,, values weore expressed by
dissolved concentration.

Both halothane and isoflurane depressed the hemodynamics in new bom swine more than
sevoflurana at equipotent concentrations. Sevoflurane triggered slow and reversible malignant
hyperthermia in susceptible pigs (Poland China swine) as compared to halothane..

The hepatic metabolizing enzyme, cytochrome P450, was induced in Wistar rats exposed 0
sevoflurane withuut any cytological or biochemical evidence of hepatotoxicity.

. Pharmacokinetics
Roug Metaholism
1. The blood concentration of Savoflurane after inhalation in rats. Tamada et al, Maruishi

Pharmaceutical Co., Ltd. Report, November 198i: P 2658/V 7. Sevoflurane [Lot No. 6x08] was
administered to Wistar SPF rats { 5 animals/sax/group, 8 weesks old, 134-222 g body weight) by
inhalation in pure oxygen at a concentration of 2.3%. The flow rate was set 2 L/min, the
respiratory rate at 50 per minute, and the respiration time 0.4 second. Seven groups were used for
the datermination of blood concentration at 1, 3, 5, 10, 20, 30, and 60 minutes after initiation of
inhalation and five groups for the determination of blood concentration after 30-minutes Sovoﬂurane
inhalation and subsequent 3, 5, 10, 20, and 30 minutes of pure oxygan inhalation.

Mean Sevoflurane blood concentrations in male and female rats during and after inhalation
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are given below:

Mean Sewoflurane blood concentration

Micrograms Per Milliliter)
Females
Minues Mean =+ - SD . Mean sD
During Sevoflurane Inhalation
1 1426 + 92 1412 <+ 151*
3 1584 = 9.1 1639 < 89
1611 £+ 102 légs =+ 4.0
10 1621 + 182 1992 + 248
20 1756 + 84 2048 = 154
30 1744 + 2211 2160 + 6.0*
60 2086 =+ 230 2491 + 213
After Stopping Sevoflurane Inhalation
145 + 2.2* 183 + 1.4*
106 + 09 107 2.6
10 -89 1+ 22 70 & L1
20 50 % 09 19 + 0.7
30 33 + 08 34 + 09

Legend:

n=35, except * wheren=4 and ** wheren=3
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The biological hatf-ife- was estimated to be 14.4 minutes in males and about 19.2 minutes in

females.

2. Time course of free HFAP and HAP glucuronide concentrations in blood after intravenous
administration of HFIP to rats. Yoshimura et sl, Maruishi Pharmaceutical Co., Ltd. Report, August

1988; P 3406/V 9. Hexafluotoisopropancl (HFIP), a major metabolite of sevofiurane, was

administered into the caudal vein of 5 week old SD rats and the plasma concentration of free HFiP
and HFIP glucuronide were dstermined at intervals as shown below.

Free HFIP:HFIP Glucuronide in plasma of rats after intravenous administration of HFIP

Minutes 60 mg/kg 40 mo/kg
15 29:71 25:7%5
30 . . 12:88 10:90
80 0:100 0:100

Free HFIP was rapidly converted to glucuronide conjugate and by 90 minutes free HFIP could not be
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detected.

3. Elimination kinetics of Sevofiurane and Halothane from blood, brain and adipose tissue in
the rat. Stern et al, Anesthesia and Analgesia 1990; 71:658-664; P 2289/V 6. Male S-D rats,
weighing 250-300 g, were anesthetized with sevofiurang (3% in oxygen) or halothane (1.5% in
oxygen) for 1 hour. The concentrations used were 1.3 times the MAC for each agent.

The rapid, «-elimination rates of sevofiurane from blood and brain were faster than the
corresponding rates for halothane. The slower, p-slimination rates from brain, blood and adipose
tissue were similar for both volatile anesthetics as shown below.

=-elimination {min) p-Elimination {min)
Blood Sevoflurane 0.58+0.03 26+5.0
Halothane 1.29+0.15 36 +5.6
Brain Sevofiurane 1.60 £0.10 34+11
Halothane 2.70 + 0.66 . 24 +7.8
Adipose Sevoflurane - 24153
Halothane 24651

Anaesthetic Elimination Time Constants

4, Geaneral anasthetic distribution in rat beain; "*F-MRI of Sevofiurane. Xu et al, Anesthesiology
79:A414, 1993; ASA Abstract; P 3340/V 9. Adult male S-D rats were anesthetized by sevoflurane
and thres-dimensional Fourier transformation “F-magnetic resonance imaging was used to follow
the distribution of sevoflurane in the brain. Comparison of **F images showed heterogenous
distribution of the anesthetic in brain.

5. lonchromatograhical analysis of a glucuronide as a Sevofiurane metabolite. Fujii et al,
Hiroshima J Anesthesia 23:3-7, 1987; P 396/V 2. The glucuronide of hexafluoroisopropanol was
detected in the bila of sevofiurane treated rats. The concentration of this substance in the rat bile
increased finearly during inhalation and depend on the inhaled sevofiurane concentration.

6. Excretion of a glucuronide in bile as a Sevoflurane metabolite during Sevoflurane anesthesia.
Fujii et al, Department of Anesthesiology, Hirashima University School of Medicine, unpublished
report, August 1985; P 387/V 2. Wistar rats of 100-150 g in body weight, surgically prepared to
tracheostomy and cannulation of the common bile duct, were exposed to sevoflurane (1.0 or 2.0%)
in oxygen for 4 hours and then ventilated with pure oxygen.

The concentration of the substance detected in the bile increased in time and concentration
dependent manner. This increase in the meatabolite was not affected by phencbarbital pretreatment
of the animals. Methylcholanthrene pratreatment of the animais decreased the concentration of this
metabolite in the bile.
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7. Deuteration reduced significantly the biotransformation of Sevofiurane. D.A. Holaday and
R. England, Anesthesiology 57:A248, 1982; ASA Abstract: P 634/V 3. Male Sprague-Dawley rats
(200-250 g body weight) were treated with safine (0.25 mi, i.p. for 7 days), phenobarbital (0.2
/100 ml in drinking water fo- 6 days) or isoniazid (0.5 mo/kg/day,.i.p. for 7 days). Then
sevofiurane or sevoflurane substituted with deuterium for the hydrogen atoms {10 mmole/kg, i.p. in
Tween 80) was given.

Total and inorganic fluoride concentrations in the plasma, tissue and urine were determined. Urinary
excretion of fluoride ion (ug/48 hours) in rats is given below.

Saline Phenobarbital isoniazid
Pre-exposure 116 =+ 6.3 85.8 £ 3.9 106 = 4.2
Sevcflurane 200 + 22.3 367+ 55.2 297 x 36.7
Deuterated 123 + 8.1* 131 + 12.3°* 165 + 12.5*
Sevoflurane

Legend: Significantly different from sevoflurane (rondeuterated) group; *p<0.02; **p<0.001

8. Inhibitory effects of deuterium substitution on the metabolism of Sevoflurane by the rat.
Baker et al, Drug Metabolism and Disposition 21:1170-1171, 1993; P $3/V 2. In Vitro Exposures.
Male Sprague-Dawley rats (180-200 g} were treated with isoniazid (50 mg/kg/day, ip} or sodim
phenobarbital {0.2% in drinking water} for four days before being sacrificed. Hepatic microsomes of
untreated anc treated rats wers incubated in sealed plastic vials under sevofiurane headspacs
concentration of 0.5% for 30 min at 37°C.

In Viva Fxpasuces. Rats {untreatec, isoniazid or phenobarbital-treated) were exposed to either no
anesthetic, sevofiurane or deuterated sevofiurane (3%,v/v) in a 3.8 liter plastic chamber containing
250 g soda kme under a wire mesh floor. Afier 30 minutes of exposure the chamber was flushed
with oxygen for S min. Blood samples were collected within 15 minutes of sevoflurans exposure.

Assays. Fluoride was measursd with ion-specific electrodes.

Basults. Fluoride release from sevofiurane and deuterated sevoflurane metabolism in hepatic
microsomes from untreated, isoniazid-treated, or phenobarbital-treated rats is given below.

Nemol faeacdalme M { Protei
Treatment Sevoflurane Deuterated Sevoflurane
None 1.36 =+ 0.05 0.08 + 0.02
Phenobarbital 0.93 £ 0.10 0.08 =+ 0.04
Isoniazid 5.14 + 0.38 0.90 + 0.06

The metabolism of sevoflurane was ~4-times higher following isoniazid pretreatment whereas
phencbarbital pretreatment did not increase the biotransformation of sevoflurane. The metabolism of
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deuterated sevoflurane was substantiaily inhibited compared to sevofiurane.

Plasma fiuoride levels in untreated, isoniazid-treated, or phenocbaroital-treated rats after exposure to

sevoflurane or deuterated sevoffurane are shown below. p
y
uM Fluaride + SE
Treatment No Exposure Sevoflurane DReuterated Sevoflurane
None 0.6 £ 0.2 8.4 0.7 54 = 05
Isoniazid 0.9 = 0.} 166 £ 1.5 6.2 + 0.5
Phenobarbital 1.6 £ 0.2 19.0 £ 2.4 7.4 = 0.8B*

* Significant difference from the corresponding sevoflurane values.

The fluoride concentrations in the rats exposed to the deuteruted compound were 38% lower in the
control group, 66% lower in the isoniazid group, and 67% lowei in the phenobarbital group. )
Treatment with either phenobarbital or isoniazid resulted in about 2-fold higher fluoride
concentrations after exposure to sevofiurane but not to deuterated sevoflurane.

9. Metabolism of Synthane: Comparison with in vivo and in vitro defluorination of other
halogenatad hydrocarbon anesthetics. Mazze et al, Br J Anesthesiology 51:839-844, 1979; P
1498/V 5. Microsomes prepared from treated and untreated aduit male Fischer 344 rats were
incubated in the presence of various anesthetics and resuits are compared below.

Metabolism of anesthatics by male Fisher 344 rats -
nmole Fimg protein/30 minutes
Substrate Control Phenobarbital inducad  induced/control

Sevoflurane 1.82 + 0.30 3.22 + 0.46 1.90 + 0.25
Maethoxyflurane 20+ 0.1 18.89 + 2.40 9.7% = 1.50
Enfrane 1.31 = 0.23 1.63 = 0.15 1.35 + 0.15
isoflurane 0.51 + 0.09 1.51 £ 0.25 34 + 0.80
Halothane <0.1 <0.1 -

Synthane 0.1 <0.1 -

Dats oxptossod as mean =+ SEM

Halothane snd synthane were not defluorinated.

10. Effect of phenytoin (DPH) treatment on Methoxyflurane metabolism in rats. Caughey et al, J
Pharm Exp Therapeutics 210:180-185, 1979; P 159/V 2. The toxicity and meabolism cf
fluorinsted anesthetic methoxyflurane sre compared in Fischer 344 rats in this paper. In vitro
studies demonstrated that pretreatrnent of rats with phenobarbital {1 mg/ml in the drinking water for
5 days)} or phanytoin {200 mg/kg. p.o. for 4 days) enhanced the microsomal defluorination of
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anesthetics as shown below.

Controt Phenobarbital Phenytoin
{nmol F/mg protein/15 min)
Methoryfluranc 2.5 + 0.1 52.2 £ 3.5°* 32.8 + 2.0%*
Enfiurane 1.4 £ 0.2 2.0 + 0.1 1.7 £ 0.1
Isoflurane 0.7 £ 0.2 1.4 + 0.2¢ 1.3 2 0.1°
Sevoflurane 1.3 205 4.1 & 0.5°* 3.9 + 0.1

Significantly different from respuctive control groups; *p<0.05; **p<0.001

A 10-fold increase in the rate of hepatic microsomal methoxyflurane defluorination were observed
after treatmant of rats with either phenytoin or phenobartital, Defivorination of sevoflurane was
enhanced by 3-fold by each phenobarbital and phenytoin as compared to untreated animais.

11. Etfects »f isoniazid treatment on selected hepatic mixed-function oxidases, S.A. Rice and R.E.
Talcott, Drug Metabolism and Disposition 7:260-262, 1979; P 1819/V 5. Meie Fischer 214 rats
(350450 g, 11-month old) were used in this study. Control rats received i.p. safine. Treated rats -
received either phenobarbital ((.1% wiv in drinking water for 7 days), isoniazid (50 mg/kg/day, i.p.
for 10 days), p-naphthoifiavone (80 mg/kg, i.p. in corm oil for 3 days). The hepatic microsomal
content of cytochrome P-450 and b5, the defluorination rates of the four volatile ether anesthetics
{methoxyflurane, enflurane, isofiurane and sevofiurane; ail at 1 mmoled], and the activities of
selected mixed function oxidases are given below,

The defluorination of four velatile ether anesthetics in rats
nmole F/mg protein/min
Treatment Sevoflurgne  Methaxy(lurane Enflurane Lsoflurane
Salipe 014 + 001 03¢ 3 002 0.13 + 002 008 = 0.0])
Phenobarbital 041 = 005* 284 x= 0.28* 021 2 002 016 £+ 0.02¢
p-Naphthoflavone 008 = 001* 029 + 0.03 008 £ 001* 007 = 001
Isonizzid 056 + 003° 082 + 008* 077 x 007* 027 + 002+
fe/ cin/mi
Aminopyrine p-Nitroanisole  Ethoxyresorufin Aniline
Treatmen( N-Demethylase O-Demcthyiase  Q-Decthylase Hydroxylase
Saline 193 * 019 190 £ 015 024 = 00N 048 = 0.03
Phenobarbital 533 % 0.77* 283 % 042* $325 % 00: 1.28 £ 0.18*
B-Naphthoftzvone 099 & 011 292 % 032° 310 £ 12+ 037 & 0.01¢
Isoniazid 137 + 0.12* 284 % 042* 064 =+ 006 1.72 + (.23*
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The deflugrination of four volatile ether anesthetics in rats
NADPH . Cylochrg;ne
Cytochrome ¢ Cytochrome Cytochrome P450
Reductase bs P450 + CO Apay
Treatment nmole/mg/min nmole/mg nmole/mg nm
Saline 238 « 27 062 + 002 109 = 003 450
Phenobarbital 453 = T2* 093 + 0.02* 281 % 0.15* 4_50
p-Naphthoflavoac 166 + 10 055 + 005 170 = 0.12* 443
Isoniazid 234 £ 27 066 = 005 115 + 008 451
L SE' ificantly different from control SB < 0.05).

Isoniazid treatment significantly increased the rate of metabolism of p-nitroanisole, ethoxyresonufin,
aniline, methoxyflurane, enflurane, isoflurane, and sevoflurane, and significantly decreased the rate
of metabolism of aminopyrine. The activities of NADPH-cytochrome c-reductase and the

microsomal contents of cytociwome bS and p-450 per ing of microsomal protein were not affected.

-
-

12.  Metabolism by rat haptic microsomes of fluorinated ether anesthetics following Isoniazid
administration. Rice et al, Anesthesiology 53:489-493, 1980; P 1814/v 5. Isoniazid (S0 mg/kg/day)
treatment increased the defluorination rate of Enflurane (370%), Mothoxyflurane (259%),
Sevofiurane (283%) and Isofiurane {168%) as comparad with saline. The hepatic microsomal
cytochrome P450 content (exprec sed as nmol P450/mg protein) was not affected by isoniazid,
indicating that one specific form of cytochrome P450 may be effectad.

13. Metabolism by rat hepatic microsomes of fluorinated ether anesthetics following ethanol
consumption. Rice et al, Anesthesiology 58:237-241, 1963. Ethanol treatment enhanced the
defluorination rate of Methoxyflurane by 190%, of Enfiurane by 298% and of Sevofiurane by 301%
as compared to control. There were no differences in body weight, liver weight or hepatic
microsomai cytochrome P450 levels between the ethianol treated and their pair-fed controls (sucrose
fed) male Fischer 344 rats.

14. Biotransformation of Sevoflurane in male Sprague-Dawley rat liver slices. Payne et al, ISSX
Proceedings 4:168, 1993. Liver slices prepared from .. ..«dine (200 mg/kg, i.p., 1 day) treated
animals exhibited greater induction of Sevofiurane tiotransformation (" 12 fold of control) than
phenobarbital {80 mg/kg/day for 4 days) treated anmals (*5 fold of control). The fluoride levels
after incubation of Sevoflurane with liver slices prepared from 5 or 7 day rat pups were comparable
with liver slices prepared from adults rats.

15, Bl:mansformmon of Sevoiiurane in dogs and rats. Martis et al, Anesthesia and Analgesia
€0:186-191, 1981. A comparison of the serum fluoride concentrations batween the Sprague-
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Dawley rat and mongrel dog indicated that the amount of sevoflurane metabolized was lower in the
- the dog.

i
minary pharmacokinetic and metabolic studies of Sevofiarane in dogs.
Febrnuary 9, 1978. Reference is made to IND
reviewed by Ciyde G. Oberander on Sept. 5, 1978, page 10.

17. A new inhalation anesthetic, Wallin et al, Anesthesia and Analgesia 54:758-765, 1975. The
initial evsiusation of savofiurane has been discussed in this article.

18. Comparstive in vivo evaluation of Sevofiurane, Halothane, Methoxyflurane and isofiurane in
Sprague-Dawiey rats {IND Section 6, pp. 33-38, May 31, 1978). Sprague-Dawley rats
were anesthetized for a single 5 hour period sither with halothane (1.5-3.0%), methoxyflurane (0.7-
1.0%), isoflurane {0.25-3.0%), or sevofiurana (2.0-3.0%). Methoxyfiurane produced an increase n
the urinary excretion of inorganic fluoride for several days. In contrast, sevofiurans and isoflurane
produced increase in the urinary fluoride excretion for the first 24 hours after anesthesia but not
after subssquent days. Halothane did not cause any significant change in fluoride excretion

19. A comparison of the renal effects and metaboi sm of Sevofiurane and Methoxyflurane in
enzyme-induced rats. Cook et al.. Anesthesia and Analgesia 54:829-835, 1975. Reviewed by Clyde
Obedander under IND page 26, October 21, 1976,

20. Renal effects and metabolism of Sevoflurana in Fisher 344 rats: An in vivo and in vitro
comparison with Methoxyflurane. Took et al, Anesthesiclogy 43:70-77, 1975. Reviewed by Clyde
Oberdander under IND pane 25, October 21, 1976

21, Renal function after Sevoflurane or Enflurane anesthesia in the Fisher 344 rat. Malan et al,
Anegthesis and Analgesia 77:£17-821, 1993. One year old Fischer 344 rats were anesthetized
with 10 minimal alveolar anesthatic concentration hours sevofiurane or enflurane with or without
pretreatment with biotransfoimation enhancing agents (phenobarbital, ethanol or isoniazid).
Sevofiurane did not effect the maximal urinary concentrating ability and did not enhanced the
excretion of N-acetyl p-glucosaminidass in the urine in non-induced or enxyme-induced rats.
Enflurane produced laboratury svidence of neplwotoxicity under similar conditions.

22. Metabotic and toxicologic studies with Enflurane in Swiss/ICR mice. Baden ot ai, J
Environments) Pathology and Toxicology 4:293-303, 1980. The in vitro rate of defluorination of
enflurane was compared to that of methoxyflurane, isoflurane and sevofiurans. No Cose-response
relationship was evidant in these maetabolic and toxicologic studies.

23. Sevoflurane is biotransformed by guinea pig liver slices but causes minimal cytotoxicity.
Ghantous et al, Anesthesia and Analgesia 75:436-440, 1592. Sevoflurane (2.1 mm) and isoflurane
(2.3 mmi} had no effect on adult male Hartley guines pig liver slices K* content, but depressed
protein synthesis (40-50% of control) after a 24 hour incubation period under 95% oxygen. The
biotransformation of sevoflurane was maximal at 95% O, , with three-fold more F produced from



NDA 20-478 - Page 28

sevofiurane than isoflurane.

24, Sevoflurane biotransformation and hepatotoxicity in the guméu pig. Lind et al, Anesthesiology
71:A310, 1989. Sevoflurane dic' not show direct cytotoxic actions as in vitro tissue slices showed
no loss of K* over 24 hours and in vivo exposure did not produce lesions typical of hepatotoxic
agents. The increase in ALT (2-3 fold) was associated with areas of kver necrosis typical of
ischemia or low oxygen tension,

25. Dose-related Sevoflurane metabolism to inorganic fluoride in rabbits. Hossain et al, Hiroshima J
Med Sci, 40:1-7, 1991. The formation and excretion of fluoride ion after sevoflurane anesthesia
was dependent on the sevoflurane dose. The suthors also concluded that 1-3% of uvoﬂ-.nne for 2
hours of incubation is unlikely to produce renal dysfunction.

26. Ethanolnducible cytachrome P450 in rabbits metabolizes Enflurane. Hoffman et al, British
Journal of Anesthesia 63:103-108, 1989. imidazole (200 mg/kg/day, i.p., for 4 days) produced a
250% increass in the hepatic microsomal metabolism of enflurane, sevoflurane, methoxyflurane and
the control substrate, aniline in male New Zealand rabbits (2-2.5 Kg body weight).

27. Comparison of MAC and the rate of rise of alveolar concantration of Sevoflurane with
Halothane and Isoflurane in the dog: T. Kazama and K. lkeda, Anesthesiology 68:435-437, 1988.
The MAC values for sevoflurane, isofiurane and halothane were 2.36 + 0.46% (n= 18), 1.39 +
0.25% {n = 10), and 0.89 = 0.20% in = 12), respectively, in mongrel dogs (7.5-15.0 kg).

28. Pharmacokinetics of Desflurane, Sevofiurane, isofiurane, and Halothane in pigs. Yasuda et al,
Anesthesia and Analgesia 71:340-348, 1990. Five young female swine (3-4 months, “20 kg)
received simultaneously approximately one-third the MAC of each of desflurane, isoflurane,
sevofiurane, and halothane for 30 minutes via a nonvebreathing circuit. The recoveries of
desfiurans (33 + 7%) and sevoflurane {111 = 17%) ware not different from that of isofiuane
{100%), but the recoveries of all three anesthetics were greater than that of halothane (77 2 6%).

29. Volatile anesthetics compete for common binding sites on bovine serum albumin. A "FNMR
study, Dubois et al, Proc. Natl Acad Sci 90:6478-6487, 1993. The similarity of the K, and K, for

halothane, sevoflurane and methoxyfiurane indicated that they were competing with isoflurane for
binding at the fatty acid-dispiaceable domains.

30. Clinical characteristics and biotransformation of Sevofiurane in healthy human volunteers. D.A.
Holaday and F.R. Smith, Anesthesiology 54:100-106, 1981. Sevoflurane produced anesthesia in six
heaithy volunteers and showed limited biotransformation with minor systemic toxicity.

31. Uptake, elimination and biotransformation of volatile anesthetics in humans: A comparative
study of Sevoflurane with Halothane, Enflurane, and Isoflurane.

uspublished report, October 1986. The advantages of sevofkirane over
halothane, enflurane and isoflurane seemeod to be rapid induction and emergence of anesthesia in 32
male and femaly patients.
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32. Comparison of the kinetics of Sevofiurane and Isoflurane in humans. Yasuda et al, Anesthesia
and Analgesia 72:316-324, 1991. The metabolism of sevofiurane and isofiurane and the
slimination from tissues did not differ, but the ratic of FA/Fl increased and the FA/FAQ ratio
decreased more rapidly for sevofhurane than isoflurane in seven hesithy male volunteers. -

33. Plasma inorganic fluoride with Sevofiurane anesthesia: Correlation with indices of hepatic and
renal function. Frink et al, Anesthesia and Analgesia 74:231-235, 1982. Sevoflurane (50 patients)
or isofiurane {25 patients) was administered with a semiclosed circle absorption system (total gas
flow 2 Umin oxygen) for 1.0 to greater than 7.0 MAC hours during surgical anesthesia. Prolonged
sevoflurane anesthesia in 5 patients led to peak fluoride levels that transisntly exceed 50 pmole/lL.
No increases in postoperative levels of creatinine, blood urea nitrogen, direct bilirubin or hepatic
transaminase occuired in any anesthetic group. There was no svidence of renal dysfunction in any
of the pstients anesthetized with sevoflurane. The effect on the renal-concentrating ability after
sevofiurane was not avaluated in this study,

34. Serum and urinary inorganic fluoride concentrations after prolonged inhalation of Sevoflurane in
. human. Kabayshi et al , Anesthesia and Anasigesia 74:753-757, 1392. The present study in ten

patients without renal dissase demonstrated the significantly higher concentrations of serum

{42.5 £ 4.5 umole fi) and urinary incrganic (1804 + 378 umol/day) fluoride after exposure to lengthy

sevofhkirane anesthesia (10-19 hours). Those increases were rapidly abolished most likely because

of repid excretion through the lungs and kidneys.

35. Phase | clinical study- identification of the urinary metabolite of Sevofiurane in man by GC-MS.
imai ot al, Maruishi Pharrnaceutical Co., Ltd. report, August 1986. A gas clwomatographic-mass
spactrometric {GC-MS) method for the quantification and identification of hexaflworoisopropanol
(HFIP} in B-giucuronidase treated human is described in this paper.

36. Urinary axcretion of hexafiuoroisopropanol glucuronide and fluoride in patients after
Sevofiurane anesthesia. Gazing ot al, Joumal of Pharmacy and Pharmacology 45:867-69, 1993. The
urinary excretion half-life for HFIP glucuronide in six surgical patients, without evidence of hepatic
or renal impairment, was estimated to be 54 9 hours. The urinary axcretion half-lives for inorganic
fworide and organic fluoride were 34.5 hours and 67.1 hours, respectively.

37. identification of cytochwome P450 2E1 as 3 predominant enzyme catalyzing human liver
microsomal defluorination of Sevofiurane, isoflurane, and Methoxyflurane. Kharasch et al,

. Anasthesiology 79:795-807, 1893. Cytoctwome P450 2E1 was the principal human liver
microsomal enzyme catalyzing the defluorination of sevofiurane. The order of anesthetic
metabolism by human liver microsomes was methoxyflurane > sevoflurane > enflurane >
isoflurane > desflurane > 0, as assessed by fluoride production at saturating substrate
concentrations.

-

J38. Pantition coefficients for Sevoflurane in human blood, saline, and olive oil. D.P. Strum and E.I.
Eger Il,-Anesthesia and Analgesia 66:654-656, 1987. The blood/gas partition coefficient of

0.686 £0.047, a saline/gas partition coefficient of 0.370+0.016, and an oil/gas partition coefficient
of 47.2 1 2.7 for sevoflurane was found in 19 patients.
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39. Solubility of 1-653, Sevofiurana, isoflurane and Halothane in human tissue. Yasuda et al,
Anesthesia and Analgesia 69:370-3, 1989. The order of tissue/blood partition coefficient was
halothane > sevoflurane > isoflurane > 1H653. The order of the uawelons partition coefficient
was halothane > isoflurane > sevofiurane > 1-653.

40. Synthesis of fluoro-cdideuteromethyl 1,1,1,3,3,3,-hexafluoro-2-propyl ether (deuterated
Sevoflurane). Baker et al, J Labelled Compounds and Radiopharmaceuticals 33:801-807, 1993,
Sevoflurane was synthesized with deuterium substituents on the fluoromethoxy carbon.

Summary and Fyaluatinn of ADME Studias

Savoflurane was hardly metabolized in Wistar rats and its blood/gas partition coefficient was 0.6..
Therefore, the induction and emergence of the anesthesia produced by this agent are expected to
be very rapid. in Sprague-Dawley rats, the aipha-phase elimination rates for sevofiurane from blood
and brain were approximately twice that of halothane. The beta-phase elimination rates for both
volatile anesthetics were similar in brsin and in blood. Xu et al {Anesthesiology 79: a414; 1993)
had demonstrated the feasibility of using *"F-MRI to characterize the regional distribution of
ssvofturane (fluorinated general anesthetics) in rat beain.

The ratas of metabolism of sevoﬂymne and deuterated sevoflurane in rat liver microsomes and
whole animals were compared by Baker et al (Drug Metabolism and Disposition 1993; 21: 1170-
1171). The results showed that substitution of the two hydrogens on the fluoromethoxy group of
sevoflurane with deuterium substantially (*90% in vitro) inhibits metabolism of this molecule. The
decreased metabolism of deuterated sevoflurane in rats may be an indication that the initial
enzymatic attack involves insertion of oxygen on the mathoxy moisty, with subseguent cleavage of
the ether linkage and release of a single fluoride ion.

The renal effects of sevofiurans and enflurane in Fischer 344 rats have been compared by Malan et
al. (Anesth Analg 1993; 77;817-821). Hepatic cytochwvoms P-450 system inducers were used to
enhance metabolism of anesthetics in order to obtain serum fluaride concentrations equivalent to
humans. Sevoflurane at 10 MAC-hours produced no svidence of fluoride-induced nephvotoxicity
{maximal urinary concentrating ability and effect on N-acetyl p-giucosaminidase) in non-induced or
enzyme-induced Fischer 344 rats. In contrast, enflurane produced laboratory evidence of
nephrotoxicity. Contribution of factors such as systemic hemodynamics, renal blood flow or
tubular sensitivity to fluoride have not been investigated in this paper.

In humans, Sevofiurane is biotransformed to hexafiuoroisaopropanol (HFIP) with the release of
inorganic fluoride and carbon dioxide. HFIP is rapidly conjugated with glucuronic acid (Phase |I
biotrunsformation} and eliminated as a urinary metabolite. P450 28, the major family of cytochrome
PASQ induced by phenobarbital in rats, rabbits, and guinea pigs is expressed minimally in human
liver. Other cytochrome families that sre inducible in human by phenobarbital, P450 3A and P450
2C, da not metabolize sevoflurane. Therefors, the induction of sevofiurane, enflurane and isoflurane
matabolists in rats and rabbits by phenobarbital and phenytoin is expected to have negligible
influence by these inducers on the metabolism of these agents in hwman.
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{nn. Toxicology
Toxicology Studies

A. Acute Inhalation Toxicity Studies:

1. * Acute toxicity studies in four species {IND This study was reviewed on Oct.
21, 1976, page 10, by Clyde Oberlander..

2. Inhalational acute toxicity study of Sevoflurane in mice. M.Tamada, Central Ressarch
Laboratories, Maruishi Pharmaceutical Co., Ltd. Study SEVO-4A27; (1985). The LC,, values
following a8 3-hour inhalation exposure to ICR mice were 2.83% for males and 2.87% for females.
Main acute signs were suppression of respiration and cyanosis.

3. An acute toxicity study of Sevcflurane in neonatal mice. M.Tamads, Central Research
Laboratories, Maruishi Pharmaceutical Co., Ltd. Study SEVO-5A27; {1986G). After three hours
inhalation of sevofiurane, the LC,, values in seven day old ICR mice were 4.48% (4.20 - 4,79%)
and 4.50% {4.04 - 5.00%) for males and females, respectively. The LC,, values for sevoflurane in
14 days old mice were 3.31% (2.92 - 3.76%) for male and 3.34% {3.06 - 3.65%) for female mice.
Cyanosis leading to dyspnea was the primary cause of death.

4. inhaiational acute toxicity study of Sevoflurane in rats. M.Tamada, Central Research
Laboratories, Maruishi Pharmaceutical Co., Ltd. Study SEVO-4A37; (1985). The LC,, values
following a 3-hour inhalation exposure to Wistar rats were 2.68% (2.81 - 2.95%) for male and
2.95% (2.79 - 3.11%) for female rats. Dyspnea and cyanosis were the main causes of death.

5. Acute toxicity of Sevoflurane in neonatal rats at seven days of age by inhalational
administration. Y. Kawai, Central Research Laboratory, Maruishi Pharmaceutical Co., Ltd. {1990).
The inhalation LC,, values of sevofiurane dosed for 3 hours was 4.8% (4.5 - 5.4%) in males and
4.2% (3.9 - 4.5%) in females. Loss of righting reflex »nd oligopnea were observed.

6. An acute inhalation study of Sevoflurane in cynomolgus monkeys. W.Tiemey, Bio/dynamics Inc.
Report 84-2815;{1985). Originally reviewed by Clyde Oberlander under IND page 18, dated
February 27, 1986. The lethal dose of sevofiurane following a 3-hour exposure period was
estimated to be ~6-8% end tidal concentration (3 to 4 MAC).

B. Acute Oral Toxicity Studies:

1. Acute toxicity study-of Sevoflurane administered orally in mice. M. Tamada, Central Research
Laboratory, Manuishi Pharmaceutical Co., Ltd., Study SEVO-6A21;(1386). After a single gavage
dose of.sevofiurane (specific gravity 1.521) to ICR mice, the LD,, values were 24,3 mi/kg (21.9 -
27.1 mi/kg or 33.3 - 41.2 mg/kg) for males and 18.2 mi/kg (16.7 - 19.8 mi’kg or 25.4 - 30.1
mg/kg) for females. Deaths occurred within 24 hours after administration. Loss of righting reflex,
suppression of respiration, opisthotonos and piloerection were obsurved.
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2. Acute toxicity study of Sevoflurans administered orally in rats. M. Tamada, Central Ressarch
Laboratory, Maruishi Pharmaceutical Co., Studv SEV0-6A31;{1986). The LD,, valsas following »
single oral gavage dose to Wistar rats were 16.6 mikg {12.3 - 22.5)formaleand 1osmmmss-
12.1) for female rats. /

C. Acute Intraperitoneal Toxicity Studies:

1. Acute toxicity study of Sevoflurane administered intraperitoneally in mice. M. Tamada, Central
Research Laboratory, Maruishi Pl.armaceutical Co., Study SEVO-8A24;(1986). The acute
intraperitoneal LD, values in ICR mice were 11.7 mi/kg {10.2 - 13.4} for male and 10.5 miXkg (8.3 -
13.4) for female mice. Toxic signs were decreased locomotor movement, staggering gait, loss of
righting reflex, suppression of respiration and piloerection.

2. Acute toxicity study of Sevotiurane administered intraperitoneally in rats. M. Tamada, Central
Research Laboratory, Maruishi Pharmaceutical Co., Study SEV0-6A34;(1926). The LD,, value was
7.4 mifkg (6.2 - 8.9) in male and 5.3 mikg (5.3 - 7.4) in female Wistar rats.

Summary of Acute toxicity

The results of acute toxicity studies performed with sevoflurane are summarized below:

L (%) or LD, {mi/kg)
[maleffemale]

8.3%
2.83-2.87%

7-day old: 4.48/4.50%
14-day old: 3.31/3.34%

24.3/18.2 mi/kg

11.7/10.5 mikg
5.8%
2.88/2.95%
4.8/4.2%
16.6/10.8 mi/kg

7.4/6.3 mikg
10.6%

7.3%
6.0-7.9%

NR = Not reported
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The LC,, value for sevofiurane in young mice {~ 3.3% following a 3-hour inhalation) was higher than
that of the adult mice (~2.8% following a 3-hour inhalation) indicating the weaker acute toxicity to
the young mice. The LC,, value for rats at age 5 weeks {”2.9%) was also lower than neonatal :
{=4.5%) rats indicating that neonatal rodents are moretolennttoameexpows of sevofiurane
than adults.

Toxic signs observed during preclinical acute studies (dfspnea. cyanosis) may be due to suppression

of the central nervous system, the principal action of the tast article (sevofiurane). Lung and liver
congestion were noted in a number of studias but no dose-dependency was cbserved.

Subeheanic B | Dose Stui

1. Eight week inhalational subacute toxicity study of Sevoflurane in rats. M. Tamadas, Central
Research Laboratory, Maruishi Pharmaceutical Co., Study SEV0-4537; (1987). This study has been

previously reviewed by Clyde Oberander under IN( on Feb. 27, 1986.
2. Two week subacute toxicity study in dogs. . (IND Reference
is made to IND reviewed by Clyde Oberlander, dated Oct. 21, 1976, page 14.

3. Subacute inhalation studies of Sevofiurane and Halothane in Macaca speciosa.
1977 {(IND . Reference is made
to IND reviewed by Clyde Oberlander, datad Sept. 5, 1978, page 3.

4. An sight week inhalation toxicity study of Sevofiurane in cynomolgus monkeys
Report 84-2866;(1985). Reference is made to IND reviewed by Clyde
Oberlander, dated Feb. 27, 1986, page 25.

Summary of Subchraonic Toxicity

An 8 week subacute inhalation tuxicity study of sevoflurane (0.1, 0.22, 0.5 and 1.0 MAC) and
enflurane {1 MAC), administered 3 hours daily, 3 days per week , with a two week recovery period
was conducted in SPF Wistar rats. Male and female SPF Wistar rats of the 0.5 and 1.0 MAC
sevoflurane groups displaced a dose-dependent reduction in the body weight gain which persisted
during the recovery period with slight restoration. Sevoflurane treated females showed a dose-
dependent increase in ALP. Dose-dependent changes in brain, thymus, liver, spleen and thyroid
waight (absolute and/or relative weight) were observed in both males snd females treated animals
but generally not ceen at the end of the recovery period. No apparent drug-related histopathology
was observed.

Male and female beagle dogs wers exposed to surgical concentrations of sevofiurane {5-8%), 3
hours daily, 5 days per week for 2 weeks with controlled (16-20 per minute) or spontaneous
respiration. A semi-closed rebreathing system with CO, absorbent was used to administer
sevoflurane with a total gas flow of 500 mi/min. Respiration was depressed, respiratory acidosis
occurred, rectal temperature d - ased three degree C, and EEG decreased in amplitude and
frequency with increased depth .+ anesthesia. Bradycardie requiring treatmant wvvith atropine
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occurred in five of the eight exposed dogs (more fraquently seen in haltothane treated animalis).
Arteriat blood prassure ramained normal. There was no ventricular fibrillation in sevofiurane treated
dogs in response to epineplvine challenge as opposed to halothane treated animals. Premature ‘
ventricular contractions occurred in 5/8 dogs. Both sevofiurane and halothane treated groups
showed focal pulmonary atelectasis and vacuolization of parenchymal cells of the liver.

An eight week inhalation toxicity study of sevofiurane (1, 1.6 and 2.5 MAC) administered daily for

three hours, 3 days per week in a close rebreathing system with CO, absorbent was conducted in

eynomolgus monkeys. Three high doss animals died (two spontaneous deaths on days 5 and 10;

one euthanized in extremis on day 30). SGOT, SGPT and LDH were increased in a dose-ralated

manner and did not retum to normal value until weeks 4, 6, 8, respectively, in high dosed animals,

Urinary inorganic fluoride levels in savoflurane traated animals reached the highast level (3 - 5§ times ¢
pre dose} during the first week of exposure and were found throughout the study period. The

thymus weights weie increased in low, mid and high dose males. Body weights, hematology,

urinalysis, rectal temperature and gross and histopathology showed no apparent drug-related toxic

effects in monkeys. :

Nayel L and Rencoductive Toxicite Studi

Inhalation Studies:

1. Toxicity study of Sevofiurane given prior to and in the early stages of pregnancy in rats. M.
Tamada, Central Rasearch Laboratory, Maruishi Pharmaceutical Co., Study SEVO-4R3A:(1986).
Sevoflurane was administered by whole body inhalation without CO2 absorbent to male {137 - 175
o body weight, 6 weeks old) and female (132 - 185 g body weight, 11 weeks of agu) Slc-Wistar
rats before mating, and to females in the early stages of pregnancy. Males were exposed for 64
days before mating. Females were exposed from day 14 before pregnancy until the day 7 of
gestation. An open {whole body) system without a CQ, zbsorbent was used for exposure at 0.1
{0.22%, 0.3 {0.66%), 0.5 {1.1%), and 1.0 MAC (2.2%, Lot number C12) for three hovu s per day
axery othar day. Ethrane group of 0.5 MAC (0.75%) was used as a comparative control. Each
dose group corsisted of 20 males and 20 females. The effects on the reproduction and on fetuses
were examined.

Results:

Effects on males: Two animals in the 1 MAC group died due to accidental suffocation. General
signs observed were staining around the anus and diarrhea in a sporadic manner. The body weight
gain in the 0.5 and 1.0 MAC males was depressed in a dose-dependent manner. Hepatic tumor was
detected in one animal in 0.3 MAC group and two each in 0.5 and 1 MAC groups. Hypertrophy of
cervical iymph nodes was observed in two animals in 0.1 MAC and ttwee in 0.5 MAC groups of
sevoflurane. Organ weights of prostate and testis were affected in a non dose-dependent manner.

Effects on females: Staining around the anus, diarthea and staining of the vulva with urine were
observed. Body weight-gain was suppressed in 0.3, 0.5 and 1.0 MAC females in a dose-dependent
manner, during the two weeks of sevoflurane administration. Hepatic tumor was detected in two
animals in 0.3 MAC group and one each in other inhalation groups. Opaque eyes were observed in
two animals in 1 MAC group.

Effects on copulation and fertility: The copulation rate was low in most treated groups. No
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differances in the number of corpora lutea and implantation ware observed. Skeletal variations in 1
MAC sevoflurane fetus (separation of thoracic vertebral body, extra lumbar vertebra) were higher
than that of the control.

ra -
2. Toxicity study of Sevoflurane given during the period of fetal organogenesis in rats. M. Tamada,
Central Research Laboratory, Maruishi Pharmaceutical Co., Study SEVO-5R3B;{1986). Slc-Wistar
male rats weighing 200-300 g and females weighing 120-180 g were usad for mating. One
hundred and sixty-two mated females were divided into 5 groups (32-33 animals/group) as shown
below.

Number of animals
Administration Group | Pregnant for caesarean section for littering

32 20 12

0.1 MAC Sevoflurane 33 22 11

0.3 MAL Sevoflurane 3z 20 _ 12

1.0 MAC Sevoflurane 33 22 11

1.0 MAC Ethrane 32 21 n

An open system without a CO, absorbent for sevoflurane {Lot number 13} and Ethwane {enflurane,
positive control, Lot number 69036TT) exposure (three hours/day}! at a gas flow rate of § L/min
during gestation day 7 to 17 {11 consecutive days) was used. The control group was exposed to
the vehicle gas, oxygen.

Measurements and Observations:

1 - F, Maternal

Daily Survival, appearance, behavior
Gestationdays 0, 4, 7, 14, 21

and lactation days 0,7,14,21 Matemal Body Weights, food consumption
Gestation day O - sacrifice Water consumption

Gestation day 20 Gross Necropsy

2 - F, Fetuses

Gestation day 20 Weight, sex

visceral examination {1/2 fetuses)
Skeletal examination {1/2 fetuses)

3 - F1 Offspring

Lactation day 4 8 pupsiitter selected for development and reproduction
studies

Lactation day 35 Skeletal, necropsy examination, 1 M/F
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3. Effects on offspring (F1):
Body weight from birth to 10 weeks of age: Suppressed bodyweight gain in 1 MAC
sevoflurane (6%t in &, 5%1 in 2) and ethrane (4%1 in &, 3%i in 9},
Growth and development: Eydidsopamngwudowuh 1 MAC group. Msoforupuon
and decent of testis were siower in ethrene group.
Function and motor harmony tests:
Visual placing reflex tost - Non-reactive animais 1 in 1 MAC group.

Auditory, pinng, surface or air righting refiex and rotor rod tast - No difference
Emotionality test: No difference in arbulation, rearing, facing, grooming and defecations.
Leaming ability test: Shuttle box and water T-maze tests - No difference
Skeletal examination: Abnormality of caudal vertebrae in one animal each of 0.3 & 1 MAC.
Hematological examination: Increased hemoglobin in 0.3 MAC and ethvane groups.
Necropsy (F1 - 5 weeks old):

Control - Liver tumor {2/129), congestion of submaxillary lymph node (1)

0.1 MAC sevoflurane - Congestive thymus (2], congestion of submaxillary lymph
node {15) .

0.3 MAC sevoflurane - congestion of submaxillary lymph node {14, congestive
thymus {29}, hyperemia of submaxillary lymph node (T 2).

1 MAC sevoflurane - Liver tumor {(2/10 ¢, 2/9¢2) hyperemi-r of submaxillary gland
{19}

1 MAC ethrane - Congestive thymus (1, 1 2), liver tumor (1%}

Organ weights: No dose-elated etfect

4. F1 Adults:

Reproductivity test : No daﬂerence in copulation, impregnation and conception rates

Body weight of F1 in gestation period: Decreased dose-dependently but no significant

differences.

Caesarean section of F1 dams at last stage of gestation:- No difference except liver tumor in
1/6 dam of 0.1 MAC and 3/6 dams of 1 MAC savoflurane. Liver tumor in 1/6 dam
in sthrane group.

Skeletal examination of fetuses (F2) - No difference in skelatal variation in treatment

groups from those in the control.

Blood analysis of F1 at 12 weeks of age -

0.1 MAC sevoflurane -Hematocrit value (5% 1 in J), creatinine {7%! in ?), WBC
(32%1 in9)

0.3 MAC sevofiurane - Blood urea nitrogen (10% 1 in d}

1 MAC sevoflurane females - RBC (5% in #), hemogilobin (4% in ¥), total protein
{5%! in ?) and creatine (8%! in )

Ethrane - Hemoglobin {5% 1 in o), GTP (1 in J), creatinine (4% ind), albumin (79%!1
in d)

Organ weights of F1 at 12 weeks of age: 0.3 MAC - reduced pituitary,
1.0 MAC - Reduced pituitary, brain (%)
~ Ethrane - Reduced spieen and thyroid , brain (?)

Necropsy of F1 at 12 weeks of age:

Control - liver tumor {1/6¢, 2/6 ?}, hyperemia of the lymph node {1¢}, thymus
congestion {14}

0.1 MAC -Hyperemia of the lymph node {17}, thymus congestion {2d)

0.3 MAC - Liver tumor (1/6¢), thymus congestion (2d)

1 MAC - hyperemia of the iymph node (4<), thymus congestion {1}, hyperemia
spots in thymus {12)

Ethrane - Liver tumor {12), hyperemia of the lymph node (24), thymus congestion
(1)
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3. Teratogenicity study of Sevuiiurane, an inhalational anesthetic, in rabbits {segment Il test).
(1986). Ninety inzeminatad Japansse White rabbits (2.8 -

3.9 kg, 3 months or older) were distributed to the groups as showr below. Drugs were

administered with an inhalation mask three hours daily at a fixed time from day 6 to day 18 of

gestation. An open system without a £02 absarbent was used for exposure. The snimals were

ohserved daily for general symptoms and killed on day 29 of gestation. Thoracic and abdominal

organs were examined macroscopically.

Dose

High dose of sevoflurane (1 MAC; 1.8% in O,

Medium dose of sevofiurane (0.33 MAC: 0.6% in
0,)

Low dose of sevoflurane {0.1 MAC; 0.18% in O,)

Comparative control {ethrane 1 MAC; 1.32% in O,)

Vehicle control (O, only}

Controt ino administration}

Results: Effects on Dams:

General symptoms - No significant clinical signs {diarrhea, sneezing, discharge from
eyes etc.) ’

Mean bady weight - High dose {6%\), medium dose {5%!)

Food intake - High dose {35%1),

Water intake - High dose (28%1)

Necropsy - No difference between control ard inhalational groups.

Reproductive system - No effect

Effects on Fetuses: ,

External observation - No difference

Visceral observation - No significant abnormalities except one case of horseshoe kidney and one
case of cleft palate were observed in ethrane group.

Skeletal observation - No significant abnormal cases.

4. Toxicity study of Sevoflurane given during the perinatal and lactation period in rats. M. Tamada,
Central Research Laboratory, Maruishi Pharmaceutical Co., Study SEVO-5R3¢:{1986). One hundred
and thirty one pregnant SLC-Wistar rats were sdministered sevofkurane via whole body inhalation in
an open system without CO2 absorbent. The total rate of gas flow was 6 L/min. The animals were
exposed three hours perday from Gestation Day 17 to Postnatal Day 21. The control group was
exposed to the oxygen, the vehicle gas.
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Control
Sevofiurane 0.1 MAC (0.22%)
Sevoflurane 0.3 MAC {0.66%)

Sevoflurans 1 MAC (2.2%)

Ettwane 1 MAC

Measurements:

1 - F, Maternal
Daily
Gestation days ) - 20
and lactation days Q,7,14,21

Survival, appearance, behavior

Maternal Body Weights, food consumption
Water consumption

Lactation day 20 Gross Necropsy

2 - F, Oftspring
Lactation day O Weipht, sex, external axamination
Lactation day 4 8 pupsilitter selected for developmen: and

reproduction studies

Lactation day 35 Seloction for testing and mating, 20 M/F

Behavioral tosts on lactation day indicated

Day 21- Sensory function
Day 28- Motor harmony
Day 42- Emotionality
Day 49 - 56 Learning ability
Day 35- Skeletal examination and necropsy
Day 49-56 Leaming and memory
3 - F, Adult
Day 70 Reproductivity test
Daily Survival, appearance, behavior

Gestation days 0,7,14,
18, & 20

Gestation day 20

Day 84 of age of F1

Matemal Body Weights,
Gross Necropsy, F, fetal examination
Necropsy

Result:

1. F, Maternal Observations:

Page 39



NDA 20-478 _ Page 40

General symptoms - Staining around the anus or diarrhea in few animals, no significant differences,
Mortality: 0.1 MAC ravofiurane group - One due to miscarriape
1.0 MAC sevofiurane group - (ne due to sufiocation

Mean body weight - No differences among groups
Food intake - Nomuﬁcamdoffmbotwmthoeonﬁolmdtest groups.
Water intake - 0.1 MAC sevofiurane group - 10%:1
Reproductive system - No effect (sex ratio, implantation, birth rate, survival rate)
Necropsy - Control - Henstc iumor {2 animauls)
” 0.1 MAC - Hapatic turmor (2 animals), edema of laft ovary {1 animal)

0.3 MAC - Hepatic nodule (1), pancreatic tumor (1 animatl)

1.0 MAC - Hepatic nodule (1), enlarged heart (1), enfarged cecum (1), uterine edema (1)

2 - Effects on Fetuses:

Mortality: Control - 20 I MAC savoflurine - 1 and 19; ethrane - 1d
External observation - No difference with respact tc sex ratio, birth rate and 4 day survival rats.
Body weight gain - | MAC sevoflurane - 6%, Ethrane - 10%.1
Development of offsprings: 0.1 MAC ssvoflurane - incisor eruption (5%1)
0.3 MAC sevofiurane - incisor eruption (€%1), separation of suricle (16%1)
1.0 MAC sevoflurane - Incisor eruption (6% 1), separation of suricle {12%1)}
Ethrane - Descent of testes (4%1)
Sensory function tests - No differences

After weaning: .
Bodyweight: 1 MAC - Reduced (9% in & and 3% in?)
Ethvane - 10%tindand 4% Lin ¢
Development: Ethrane - Testis descending delayed
Motor harmony test - No difference
General signs: Diarrhea, soft feces or staining around the anus, no significant difference.
Skeletal examination of F1 at 5 weeks of age: Ethrane - Caudal vertebrae (1/20)
Hematologica! examination - No difference in RBC, WBC, hemoglobin and hematocrit value.
Organ weights of offspring at 5 weeks of age:
0.1 MAC savoflurane - spleen (7% in ¢)
1 MAC sevoflurane -  Kidney (10 % tind; 13% 1 in ), liver (10 % 1 in &; 13% in %),
heart {10 % 1 in o), brain (5 % 1 in & &9 ), thymus (10% 1 in &; 13% 1 in ?), lungs
{17%1 in %)
Ethvane - Kidney (14 % 1 in o; 13%1 in 9), liver (13 % 1 in &; 17%1 in 9), heart (13 % ! in
¢, 9% in 2), brain (5 % 1 in o & 2), spleen (10 %t in d; 21% 1 in ?), testes {14%
i}, thymus {(10%1; 13% 1 in 9)
Necropsy of F1 at 5 weeks of age:
Control - Opaque eye {1/10 in ?), congestion of thymus (1/10 in )
0.1 MAC sevoflurane - Opaque eye (1/10 in ¢), congestion of cervical lymph node (1/10 in
e
0.3 MAC sevofiurane - Opaque eye (1/10 in &), hezaiic tumor {2/10 in 9)
1.0 MAC sevofiurane - Opaque eys {1/10 in o), hepatic nodule (1/10 in J), congestion of
thymus.(1/10in & and 1/10in ¢)
Ethrane - Opague eye {1/10 in ¢}, congestion of thymus (1/10 in ¢)
Lezming ability: No difference {shuttle box and water T-maze)

3 - Reproductivity of F1 at 10 weeks of age: 1 MAC sevofiurane - Reduced {5/10 vs 9710}
Body weight at necropsy: 1 MAC sevofiurane - 8%1, Ethvane - 7%:!
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Caasarean section of dams F1: No difference

Hematology & biuchemistry of F1 at 12 weeks of ape:
0.3 MAC savofturane - Hemogiobin (3% in @), GOT {1 v d)
1.0 MAC sevoflurane - Hematocrit (5% in J), hemoglobin (3%7in o)
Ethrane - GOT {7%:1 in d}, GPT {15% tin o), AI.P (8% inc)
Necropsy of Fl at 12 w of age:
Control: Congestion of cervicsl lymph node Hd'l.
0.1 MAC: Hyperemia of cervical lvmph node {17},
0.3 MAC: Hyperemia of submaxillary lymph node {12), thymus congestion {1J], congestion
of thymic lymph node (19}
1.0 MAC: Hepatic tumor (151, congestion of thymic lymph node (14},
Ethrane: Hepatic tumor (241, Congestion of cervical lymph node (19), congestion of
submaxillary lymph node {22) and thymus congestion {1%2)
Organ weight of offspring (F1) at 12 weeks of age:
0.3 MAC sevofiurane - Liver {8%1 in &)
1.0 MAC sevoflurane - Liver (3% 1 In J), kidney ( 7%1 in 7}, testes {(6%1)
Etwane - Kidney (8% 1 in ¢}, testas (5%1)
External and visceral examination of F2: No dose-related differences

Sun £ Devel | and Reneoductive Toxicity Shud;

Sevofiurane did not effect ovulation snd implantation duwing the early stage of pregnancy in rats.
An open (whole body) system without a CO, sbsorbent at 0.1 (0.22%), 0.3 (0.66%), 0.5 {1.1%),
and 1.0 MAC {2.2%) sevoflurane exposure every other day for three hours per day was used.
Delayed ossification in 0.5 and 1 MAC group of sevofiurane may be a secondary effect of fetal
growth suppression that was primarily attributed to the dose-dependent suppression of body weight
gain by dams snd fetuses. No effect levels for parent animals and next generation may be 0.1 MAC
and 0.3 MAC, respectivaly.

Sevoflurane given without a CO, absorbent during fetal organogenesis (gestation day 7 to 17) in
rats produced dose-dependent suppression of body weight gsin during the early stage of drug
administration. Clinical impoctance of iver tumor found in the animails {dams and offsprinps) is
unclear since the tumor was also detected in control animals and its histopathological sxamination
showed no changes in liver parenchyma. According to the sponsor "The background data on Wistar
rats from the same breeder indicated that the tumor in liver occurrad spontaneously”. The high
incidence of total skelatat variation in 1 MAC and sthrane groups may be due to growth inhibition.
Separation of stemebra, ssymmetry of stemebra, and separation of thoracic vertebrsl body can be
caused by delzyed ossification. No drug related abnormalities were detected during extemal and
visceral axaminations. The no effect level of sevot'urane on dams appears to be 0.3 MAC,

The decrease in body weight gain of dams during teratogenicity study in rabbits (segment li} may be
due to the stress at the forced inhalation, but not due to the toxicity of the sevoflurane at 1 MAC..
The cleft lip {1/135 or 0.74%) in the high dose group is very low and comparable to the rate of
spontanaous occurrence.(0.38 - 1.67%). One case sach of cleft palate and horseshoe kidney in
ethrane group may suggest its teratogenicity. - eratogenic effects of sevoflurane without a CO,
absorbent was not significant in rabbits,

The administration of sevoflurane by inhalation without a CO, absorbent to rats during the perinatal
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and lactation periods did not sffect the length of gestation period, mean number of implantations
and mean number of offspring per dam. The bodyweight gsins by offsprings of | MAC sevoflurane
and etivane groups were significantly reduced during 14 days after birth. Birth rate, sex matio,
extemal anomalies and nursing rate were not sffected. immatuwre offsprings, diarrhes, and abnormal
growth of incisor were not dose-dependent. Thersfore, these effécts may be regarded as
sccidental. The bodyweight of dams (F1) in the gestation period was not affected by sevofiurane.
No significant difference in the number of corpora hstea, implantation and resorbed embryocs per dam
were observed. Tha no effect levels of sevoflurane in this study may be 0.3 MAC for dams (P) and
off=prings (F1) and 1 MAC for fetuses (F2) at the last stage of gestation.

Mutage.: ity studias

1. Mutagenicity study of Sevofiurans by use of microorganisms {Ames test). M. Tamada, Cemral
Research Laboratory, Maruishl Pharmacsutical Co., Study SEVO-5M1A;{1985). The mutagenicity-of
Sevofiurane was evaluated by Ames test using Ssimonelia typhimurium strains TA98, TA100,
TA1535, TA 1537 and TA1538 and Escherichia coli strain WP2uwr. The assay was conducted
under sevoflurane vapor at 0.25, 0.5, 1.0, 2.0, 4.0, and 8% (viv) concentration in the presence and
absence of metabclic activator, 5-9 mix. The number of the revertants of every tester strain was
loss than 2-fold of that in the nagative control group and their was no dose-dependency.

2. Bactarial reverss mutation assyy (Amaes test plus E. coli) of Sevofiurane, M. Dishi, Drug Safety
Evalvation Division, Abbott laboratories, TX93-076; R&D/93/450, {1993). Salmonella typhimurium
bacteria (sirains TA-1535, TA-1537, TA-98, TA-100 and TA-102) and Escherichia coli bactmia
strain WP2uvrA- were used for the non-activated and rat liver microsome activated test.
Sevofiurane was used over a range of five concentrations, 1 to 1000 ul per petri plate (1.8 to 186.7
uvi/mi}. The analysis indicated the concentration of sevofkrana between 0.42 10 0.79 ui/mi. This
may be due to the volatilit:' and limited solubility of sevoflurane in buffer. No toxicity or
mutagenicity was observed in this assay.

3. Micronucleus test with mice of Sevoflurane. Y. Kawai, Central Research Laboratory, Maruishi
Pharmaceutical Co., Study STVO-2M27; (1993). Male and female ddY mice (7 weeks okl) were
axposed to sevoflurane vapcrs at concentrations of 0.9, 1.8 or 3.5% for three hours/day for two
consecutive days. The totai rate of ges flow was 6 Limin. An open (whole body) system without a
CO2 absorbent was used to expose the mice. Mitomycin was used as a positive control. Air
(cammier gas} was used as negative contrel. A portion of femoral marrow cells suspension was used
for observation of micronucieus and another portion was used for observation of reticulocyte.
Sevofiurane did not show any evidence of clastogenic effects or inhibitory effect on hematopoistic
function.

4, Chromosomal aberration test of Sevoflurane with mammalian cells in cubture, T, Mizuns, Congal
Research Laboratory, Maruishi Pharmaceutical Co., Study SEVO-SM1B; (1986). A fibroblast cell
line (CHLNU), established from the lung of a newborn Chinese hamstar was used. Two negative
controls, no exposure group and air exposure Qroup, & positive control of MNNG group and three
proups of sevofiurane (2, 4 and 8% v/v for 60 minutes of exposure) were employed. After the
treatmerit cells were cultured for 24 hours or 48 hours. Chromosomal slides were prapared and
examined for polyploidy and structural aberration as gaps, breaks, axchanges, inversion,
fragmentation and ring formation. Sevoflursne exposed celis did not show any significant in:rease
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of polyploics or structural aberration.

5. Sevofiurane L5178YTK + /- mouse lymphoma mutapenicity assay.

Microbiologicsl Associates, Abbott Laboratories, TX93-210; R&D/93/725, 11993). Sevofiurane in
DMSO was added divectly to LE178Y TK + /- mouse lymp/.oma cell ine. The maximum exposures to
ths coll cultures were 428-1037 ug/mi and 64-811 wg/ml without and with exogenous metabolic
activation irat liver 59), respectively. Sevofirane inhibited the cell growth by 40% and 80%
without and with sxogenous metabolic activation, respectively, compared to control cultures. There
was no evidence for any mutageiwc activity of sevoflurane in this assay system.

6. In vitro cytogenetics human lymphocyte culture assay of Sevoflurane. M. Diehl, Drug Safety
Evaiuation Division, Abbott laboratorias, TX93-075; R&D/93/400, (1993}, Human venous blood
was cultured for approximately 44 to 48 hours before sevoflurane addition. The concentrations of
test article wers 0.01, 0.03, 0.1, 0.3, 1.0, 10 and 50 gh/mi. Mitomycin C (0.125 pg/mil) and
cyclophosphamide (12.5 pg/mi)} wers used as positive contro’s for the activation snd non-activation
tests. Taxicity was sean at the two higher concentration { 10 & 50 pl/ml), which were too toxic to
evaluate for chromosomal damage. Sevoflurane at 0.1, 0.3 and 1.0 yi/ml did not show any increase
in aberrant cells when compared to the untreated and vehicle control groups under activation or
non-activation conditions.

7. Mammalian cell transformation assay {Balb/c-373).

Abbott Laboratories, TX93-211; R&D/93/876, (1993). Sevoflurane was solubilized in DMSO and
added directly to BALB/IT3 cell transformation assay in the present and absence of a metabolic
activator. The measwed concentration of sevofiurane rangad from 32.6 to 1380 pgimi in the
beginning of the experiment and was not detectable in celf culture medium after three day
incubation. Swvival at the highast dose tested was 57% in the non-activated study and 55% in the
§-9 activated study. No statistically significant increases in transformation frequency were
observed in either the activated or non-sctivated test system.

8. Sevoflurane =P post-labeling DNA adduct assay in mouse liver.

1, Abbott Laboratorias, R&D/93/879, (1993). ICR mice (five males and five
females per group, £2 to 26 g body weight]} were axposed once by inhalation t0 2.24%, viv,
{22,400 ppm} sevofturana or filtered air for thwee hours. Dimethyinitrosamine (DMN) was
administered intraperitoneally at 150 and 450 mg/kg as a positive control. Upon compleation of the
sxponure period, blood samples were collected from each animals and livers were used for *P post
iabeling assay.

The mice exposed to sevoflurane were unconscious during the three hout treatment interval, but
recovered quickly after termination of axposure. Sevoflurane concentrations in the blood were 5.7
#o/ml and 5.8 pg/mi for males and temales, respectively. DMN-treated animals demonstrated liver
DNA-adducts. There were no DNA adducis detected in the sevoflurane-treated animals.

r

Sevoflurane was non-mutagenic in bacterial reverse mutation assay (Ames assay). Sevoflurane
exposed Chinese hamster lung fibroblast cell did not show any significant increase of polyploidy or
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structural aberration at 2, 4 or 8% exposure concentration following 24 or 43 hours in culture.
Savofiurane did not produce clastogenic effents or inhibitory etfect on hematopoietic function during
micronucieus tast in mice. Treatment with sevoflurane caused toxicity but no evidence for any :
wm.mmmmﬂmduwmm:mmmmmudhm
presence and absence of exogenous metabolic activation. There was no evidence for any DNA
adducts due to sevoflurans treatment during 2P post-labelling DNA adduct assay in mouse fiver,
Since sevotiurane did not show any mutagenic effect in the above mentioned tests, it may be
considered that sevofiurane is not mutagenic.

Spacial Taxicity Studi
Immunotoxicity:

1. Acute systemic anaphylaxis of Sevoflurane in guinea pigs. M. Tamada, Central Research
Laboratory, Maruishi Pharmaceutical Co., Study SEVO-5T47; (1985). Sixty-six male Hartly guinea
pigs {+300 g badyv weight) were administered 1 MAC sevoflurane {2.9%) by inhalation for thwee
hours, three nmeq a day onday 1, 3 and 5 for sensitization and 1 MAC sevoflurane for 1 hour was
administered once either on day 10 or on day 20 for challenge. An open whole body system
without a CO, absorbent was used for exposure. Horse serum was used as a positive control.
Antigenicity challenge (general snaphylaxis} was apparent in horse serum groups but not in
sevofiurane or ethrane groups.

Hepatotoxicity Studies:

1. Evaluation of hepatotoxic potential of Sevoflurane in rats.

Project No. CCS108A, Protocol 38-7, (1980). Male Sprague-Uawley rats {200 - 300 g body
weight) were injected intraperitoneally with sesame oil (5 mi/kg), phenobarbital {50 mo/kg) or 100
mg/kg PCB as given below. Injections were given two times every day for four days. On the fifth
day of treatment period, the animals were exposad for two hours to either oxygen, sevofiurane or
halothane. An open system without CO2 absurbent was used to administer sevofiurane.

28

Pratreatment

]
4

Sesame 0il Oxygen

Sesame oil 2% Sevoflurane in oxygen
Sesams oil 1% Halothane in oxygen
Sesame oil + PCB Oxygen

Sesame oil + PCB 2%Smﬂunnehoxygon_
Sesame oil + PCB 1% Halothane in oxygen
Sesamé oil + Phenobarbital Oxygen

Sesame oil + Phenobarbital 2% Sevoflurane in oxygen

U- B - - - I A - - -

Sesame oil + Phenobarbital 1% Halothane in oxygen
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Three animals from each group were sacrificed at 4, 24 and 48 hours after oxygen, sevoflurane or
halothane exposure. Blood samplas were collocted for clinical chemistry evaluation. Livers were
removed for histopathology and enzymology. '

Vs
Pretreatment of rats with an enzyme inducer {PCB, phenobarbital) resulted in an increase in hepatic
contents of cytachrome P-450 and NADPH-cytochrome dreductase. SGOT and SGPT levels in rats
pretreated with phenobarbital and exposed to either sevoflurane or halothane were not different
from those proper controls. Hepatic tissues did not show any lesion associated with sevoflurane

exposure.

2. Evaluation of hepatotoxic potential of Sevoflurane in guines pigs,

(1974). Gross and microscopic evaluation of hepatic tissues of guinea pigs (600 to YOU grams body
weight) exposed to sevoflurane {2 - 2.5%) for 2 hours/day for four consecutive days did not reveal
any abnormalities. .

3. The effect on the liver of beagles by single inhalation of Sevoflurane.

: {1989}). Sevoflurane (4.2%), enflurane {3.7%) and halothane (1.6%)
were inhaled at 1.8 MAC to beagle dogs (=10 kg body weight, 4 animals/group). The animals were
dosed with a mixture of pure oxygen (1 L/min) and air (4 L/min) as the carrier gas under controlled
respiration with an artificial respirator set at 15 mi/kg per ventilation and a 12 times/min respiration
rate. .

General signs and symptoms did not change during the observation period. Time of awakening was
=10 minutes with sevoflurane, =20 minutes with enflurane and =60 minutes with halothane. During
anesthesia systolic and diastolic blood pressure was reduced by 49% with sevoflurane, 51% with
enflurane and 32% with halothane. All values returned to normal values within 1 hour after the
completion of anesthesia. A mild and transient increase in GOT, GPT, LDH and bilirubin was noted
in all animals and returned to normal values in 48 - 72 hours. No toxic changes in livers wre
observed under the optical microscupe.

4. Glucoss study in dogs. ’ 1978 (IND Reviewed by
Clyde Oberlander in IND page 9, on Sept. 5, 1978.

Irritation Studies

1. Eye irritation study in rabbits. (IND Reference is made to
IND _feview dated October 21, 1976, page 34.

2. Eye irritation test of Sevoflurane. M. Tamada, Central Research Laboratory, Maruishi
Pharmaceutical Co., Sty SEVO-4T5A; {1985). Male Japanese white rabbits {= 2 kg body weight,
eight animals per group) received either 0.1 mi sevofilurane or ethrane applied directly to one eye.
The other eys served as an untreated control. Four animals from each group had their eye washed
wiith 20'ml of lukewarm water four second after drug administration. The cornea, iris and
conjunctiva of all eyes were examined at 1, 2, 4, 24, 48, 72, 95, and 168 hours after treatment.
Slight conjunctival redness and for edema-like swelling was observed in most of the rabbits in both
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the washed and non-washed groups. Al animals recovered within 95 hours of drug administration,
According to the Kay & Calandra method, sevofiurane was classified as minimally initating (M1),
while the ethrane was classified as mildly irritating using the ocular mucous membrane stimulation

classification.. P

A

i

S ¢ ‘al touici "

Sevoflurane exposure for two hours did not show any signs of hepatic damane in male Sprague-
Dawlay rats pretreated with enzyme inducer {PCB or phenobarbital). No antigenic or adverse
hepatic effect was found in sevoflurane treated male Hartly guinea pigs.

The hepatotoxic potential of sevoflurane exposure at 1.8 MAC (4.2%) was studied in beagle dogs.
During exposure systolic and diastolic pressure was reduced by 49% and returmed to normal values
within one hour post-exposure. Sevofiurane did not induced gross or microscopic changes in the
liver. All glucose values (days 1, 2, 7, 14, 16, and 28) were within normal range in mongrel dogs
following a single acute 3 hour exposure to approximately 3-4% sevofiurane.

' Ocular stimulation by sevoflurane was classifiead as mild according to the Kay & Calandra evaluation
method.

A. Inhalation Studies:

1. An acute toxicity of hexafluoroisopropanol {(HFIP) in rats by inhalational administration. M.
Tamada, Central Research Laboratory, Maruishi Pharmaceutical Co., Study HFIP-6A37; (1987).
Sle:Wistar rats (=120 g body weight, 10/sex/group) received 0.13, 0.16, 0.17, 0.18, 0.19, or

0.20 % HFIP. An open system without CO, absorbent was used for a single thres hour exposure.
The total rate of gas flow was 6 I/min. The estimated LC,, values were 0.185% (0.173 - 0.198) for
males and 0.184 {0.178 - 0.189) for females. Pulmonary congestion and opaque eyes were
observed in almost all rats which died. No treatment related findings were observed at necropsy in
rats which survived inhalatiorn.

B. Intraperitoneal Studies:

1. An acute toxicity of hexafluoroisopropanol {HFIP} in rats by intraperitoneal administration. M.
Tamada, Central Research Laboratory, Maruishi Pharmaceutical Co., Study HFIP-6A34; (1987). The
LDy, of HFIP was 0.094 mikg (0.081 - 0.108) for male and 0.132 mi/kg (0.105 - 0.156) for female
Slc:Wistar rats (=140 g body weight). Common findings in those rats which died during the
experiment were congestion of the thymus, liver, lungs, and small and large intestine, as well as
thymus atrophy and intestinai hemorthage.

C. intravenous Studies:
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1. An acute toxicity of HFIP in rats by intravenous administration. Y. Kawai, Central Research
Laboratory, Maruishi Pharmaceutical Co., Study HFIP-BA33; {1988¢c). The acute LD, values were
0.069 mi/kg (0.59 - 0.080) in male (=110 g body weight) and 0.071 mi/kg (0.061 - 0.082} for
female (=100 g body weight) Wistar rats. Animals died during or within 5 minutes after the
administration with reduced respiration rate and convulsion. No abnormality was observed upon
hematological and serum biochemical examinations, urinalysis, ofgan weight and autopsy conducted
at 14 days after the administration. )

2. Seven days intravenous toxicity study of HFIP in rats. Y. Kawai, Central Research Laboratory,
Maruishi Pharmaceutical Co., Study HFIP-8T3A; {1988d). Male and female Slc: Wistar rats (100 -
130 g body weight) received 0.025, 0.033 and 0.044 mi/kg HFIP Ispecific gravity - 1.59, Lot No.
17) for seven consecutive days. A control group received physiological salt solution. The dosage
volume was 2 mi/kg and the rate of administration was 0.5 mi/min.

Results:

1. Clinical Observations: Soft feces or diarrhea, dysbasia or staggering gait, depressed
locomotor movement in all treated animals
Mortality: 0.044 mli/kg-2 o
Body Weight: 0.044 mi/kg - Decreased ondays 3 & 7.
Food and Water Consumption: No difference
Hematology: 0.033 mifkg - MCHC (4% in 9)
0.044 mi/kg - Hemoglobin (5% in & and 6% 1 in ¢}, MCHC {4%1 in ?)
Clinical Chemistry: 0.044 mi/kg - GPT (28 % 1 in ¢). ALP {20 %1 in <)
Urinalysis: No significant changes
Organ weights: 0.033 mi/kg - Thyroid (29%71 in o}
0.044 ml/kg - Spleen (16% 1 ind and ¢ },
Necropsy: Slight hyperemia of the renal lymph nodes in some control and treated animals,

MpwN

©No

©

D. Mutagenicity Studies:

1. A mutagenicity study of hexafluoroisopropanol by use of microorganisms {Ames test). T.
Mizuno, Central Research Laboratory, Marvishi Pharmaceutical Co., Study HFIP-7ZM1A; {(1988a).
HFIP in the presence and absence of S-9 mix did not induce reverse mutation in Salmonella
typhimurium strains TA98, TA100, TA1535, TA1537 and TA1538 and Escherichia coli strain WP
2uvr. The results indicated that although some bacterial strains demonstrated a slight increase in
revertant colony formation, the increment ratio was found to be less than two. A dose-dependency
was also not observed. Positive controls showed strong mutagenicity.

The acute inhalation estimated LC,, v=%:&s of hexafluoroisopropanol {the main metabolite of
sevoflurane detected in urine} were 0.185% (0.178 - 0.189) and 0.184% (0.178 - 0.189) for male
and female Sic Wistar rats, respectively. Comparing these LC,, values with that of sevofiurane
{«2.9%), HFIP is more toxic than the parent compound. Abdominal HFIP administration in Slc
Wistar rats was associated with tissue adhesion and hepatic deformation, accretion and
intussug:eption.

The intravenous LD, values for HFIP {specific gravity - 1.59) were 0.069 mi/kg in male and 0.017
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as dose increased-

gross pathology: {survivors] lymph nodes and thymus congestion,

adrenal hypertrophy, fading/hypertrophy of

kidney - tymph node congestion in non-treated

and controls- o
histopathology: slight/moderate coagulative necrosis of renal

tubules or parenchymal cells of kidney, localized

cell infiltration, erythwvocyte in the medullary

part of thymus, reactive proliferation of lymph

node cells, and vacuolization of adrenals-

Congestion and hyperemia in the lungs were observed mainly at necropsy the day of death.
Death was considered to be due to respiratory suppression in animals that died on the diy of
exposure and to renal impairment in deaths thersafter. In addition, rough kidney surfaces wvere seen
in ona or two dead animals in G5-6. Renal toxicity was also seen as slight to moderate coagulative
necrosis of renal tubules or paranchymal cells. Proteinuria was also indicative of renal damage. The
LC,, was 0.105% in females and 0.109% in males. The study considered Compound A to have
high toxicity compared to Sevoflurane.

Report N*: 93-5162, Abbott Study N* TA93-423, Vols 2.9-2.12
Compound: Compound A, Lot N* 930906, 99.84% with BHT preservative;
Sevoflurane, Lot N* 3426, puwrity not stated.

Formulation: Test materials in 40% oxygen/60% nitrogen,
Route: Nose only exposure.
Dosage:

Compound A: 0, 30, 61, 114, 202 ppm

Sevoflurane: 1.9, 2.5, 2.9%

Cpd AlSevoflurane (ppm/%): 27/1.9, 35/1.7, 114/1.7, 265/1.8
Strain: Sprague-Dawley CD, 4-5 weeks okd, mean group body wt

o 182-284 gand ¢ 138-179 g

Number: 5, 15, or 20/sex/group
Control Treatment: 40% 0,/60% N,
Study Site: Pharmaco LSR Inc., East Millstone, New Jersey
Date: November 11, 1993 - May 27, 1994 '
GLP/QAU Statements: Both present and signed.

There were 12 study groups. The minimum airflow rate was 10 Lmin. The rats were
observed daily through Day 15. Body weights were determined at several times during the study.
Blood samples for hematology and blood chemistry parameters were coliected immediately after
exposure and 1, 4, and 14 days after exposure. Urinalysis was done on samples collected 1, 4, and
14 days after exposure. Plasma determinations of the two test compounds were done immediately
after exposure and 1 day later. interim sacrifices were done immediately after exposure and 1 and
4 days after sxposure. All remaining animals were killed 14 days after exposure. Gross
examination was done on all animals. Microscopic examination was evaluated on sslected tissues
from ail animals except those killed immediately after exposure.
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Resul { Di .

-signs: labored breathing (G4-12), decreased activity {(G6-12)
during exposure - red nasal discharge during the first
week after exposure - signs mostly seen during .
Sevoflurane and Compound A plus Sevoflurane exposure-

-mortality: {(from Vcl. 2.9, p 3577) .

Analytical Nominal

Concentration® Concentration

Cpd A Sevoflurane Cpd A Sevoflurane Mortality

Group (ppm} (%) (ppm} (%) d ¢ Total
1 - - - - 0720 120 1/40
2 30 - 39 - 0ns 01s  0/30
3 61 - 72 - ons 0/15 0/30
4 114 - 130 - 0/20 0/20 0/40
5 202 - 340 - 0/20 0/20 0/40
6 27 1.9 42 2.2 215 1715 3730
7 35 1.7 130 20 0/15 115 1/30
8 114 1.7 300 2.6 5120 4/20 9/40
9 265 1.8 490 22 4/20 8/20 12/40
10 - 1.9 - 20 4/20 3120 77120
" - 2.9 - 3.3 4/5 5B . 910
12 . 2.5 - 27 215 2/5 410

* Cpd A and Sevofiurane concéntrations were measured in G1-9 at 15-27,
75-86, and 135-147 minutes into the exposure. Concentrations of
Sevofiurane in G10-12 were measured 7-9 times during the exposure.

-body wt: no significant changes between G1-5 - significant 1
in G6-9 vs G10 on day of exposure-
-hematology: various significant values, but they did not appear to be
of toxicological significance-
-blood chemistry: compared to G1
G4: Day 2 ¢ (1 total protein (*, 8%) and albumin {**, 12%)-
G5: Day 1% | Na*
Day 2 ¢ 1 BUN (**, 51%), 1 creat (**, 75%), | total
protein (*, 10%), 1 albumin (**, 12%) vs G1-
G8: Day 2 ? 1 total protein (*, 9%) vs G10-
G9: Day 1 &1 AP (32%), 1 BUN (**, 2.4x), 1 creat {**, 50%)-
Day 2 & 1 creat {(®, 3.7x), ¢ | total protein (**, 17%),
¢ 1 albumin {**, 16%)-
wrinalysis: G4 ketones and occult biood D2 and D5-
G5 ketones, occult blood D2 and D5, glucose,
protein, and NAG/creatinine D2 only-
G8 ketones and occult blood D2 and DS-
G9 ketones and occult blood D2 and D5-
glucose, protein, N-acetylglucosamidase(NAG)/
creatinine D2 only-
-necropsy: similar findings in controls and treated groups-
heact: acute/subacute inflammation & G1{0%), G2{50%),
G3,6,7(10%), G4,12(6.7%), G5,9{13.3%), G8(6.3%)-
? G1,5(6.6%), G2{10%), G4(13.3%)-
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kidney: discolored toci, discolored areas, dilatation-
lungs: fluid filled, discolored, discolored foci, firm,
hemorrhage-
submandib/max tymph node: discolored, snlarged-
liver: discolored areas-
u. bladder: distended, discolored- .

-histopathology:

heart: scute/subacute inflammation

kidney: tubular necrosis and epithelial hyperplasia G4
{114 ppm, minimal/slight, 10/15¢, 2/15¢%), G5 (202 ppm,
slight/moderaie, 12/15¢, 1211 5%), and G6, more severe
in G8 and G9, most severe D2, least severe D15, higher
incidence and severity in &~
mineralization G3-9,12-
inflammation in all drug groups, higher inG4, 5, 7,
8.9 1-

nasal turbinates:
olfactory epithelium: degeneration and desquamation,
significant in G5, appeared to be lessened in presence
of Sevoflurane-
eosinophilic droplets-
subepithelial mineralization: G5.8,9,12-
bone: endosteal osteoclast hyperplasia: G5.6,8,9,12-

Compound A alone did not produce any préemature mortality at the highest dose (202 ppm).
Blood chemistry increases occurred in BUN and creatinine, with decreases in total protein and
albumin at 202 ppm. Urinalysis revealed ketones, occult blood, ghicose, protein, and an increased
NAG/creatinine ratio at 202 ppm. Microscopic findings were limited to the kidney {tubular necrosis,
epithelial hyperplasia, and mineralization) and nasal turbinates {degeneration and desquamation). [t
appeared that subacute/acute inflalmation was more prevalent in the heart, although inflammation
was seen in most ali groups.

Mortality occurred in all combination groups containing Sevoflurane and in those groups
exposed to Sevoflurane alone. Labored breathing and decreased activity were séen in thess groups.
AP, BUN, and creatinine increased and total protein and albumin decreased. Renal findings were
similar to what was observed in the Compound A exposed animals but were more savere in Groups
Sand 9.

Study N CA-8A37, Vol 2.3, pp 858-899.

Compound: Compound A, CF,=C(CF,JOCH,F, lot N* 8303
Formulation: Liquid, used as is.

Route: Inhalation in a closed system - generated CO, removed.

Dose Levels: Group: 1 2 3 4 5 6
Cancn. (%) d: 0 0.017 0.011 0.025 0.035 0.049
: 9: 0 omitted 0.011 0.029 0.034 0.046

Strain: Slc:Wistar, 5 weeks old, body wt {g): ¢ 110-124, ¢ 96111
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Number: 6/sex/group
Control Treatment: Oxygen
Study Site: Central Research Lab., Marvishi Pharmaceutical Co.

2-2-18 Imazu-naka, Tourumidw, Osaka, Japan © s :
Date: May 11, 1988 - June 28, 1988 e .
GLP/QAU Statement: Both present but not signed.

Douwwuba”dMIWMthmuhwﬁdnﬁlﬁMltmm
between 0.067% and 0.300%, 2/6 died at 0.045%, and no deaths occurred at 0.030%.

the sixmalesorfmlesperoroup. The animals weére observed daily. Clinical sions were recorded,
Body weights weare determined Days 1,2, 3,5, 7, 10, and 14. Urinalysis was done at necropsy
when collection was feasible. Nmpsywudcmmaldmﬁmhwmmmonon 14,
l-listopatholong:soonductodonmlimandkidmnoflmahmdifmloofGSandZmalu
and 3 females of G6.

Resul Y

-deaths: @ 1/6 G5 % hour after dosing
& 6/6 G6 during dosing
? 2/6 G5 4 days atter dosing |
? 6/6 G6 during and up to 1 hour after dosing
-signs: nictitation, ptosis, inhibition of locomotor movement,
piloerection, nasal hemorrhaga, cheomodacryorrhea, tonic
convuisions in animals dying - signs in most drug groups-
-body wt: 1 in G5 and 2G4, in some animals up to DS
-urinalysis: proteinuria in G1-8, plucosuria and ketone bodies
only in dead animals, occuit blood in survivors and
animals dying, no urobilinogen and bilirubin in any
animal-
Necropsy: terminal kil
lungs: congestion in all groups-
kidney: faded color G4-5
uterus: retention of fluid 1 G4
i. nodes: hyperemia
thymus: hyperemia
pancreas: hyperemia
‘necropsy: animsls that died
kungs: congestion, hyperemia, or hemorrhage in ali
kidneys: faded color
testis: undescended 1 G6
<histopathology:
kidney: moderate acute tubular necrosis in 1 s and 1 ¢ {G67)
Lungs: moderate puimonary congestion 1 7% G6

'ﬂ\erewluofﬂisstudeeresiuihrwwhathlsbomobwvcdhmpfcviwsstudy. The
calculated LC,, in this study is iuthenmaof340to490ppm. Exposure to 460-490 ppm was
lethal to alt animals. The lungs {(moderate congestion} and kidneys (tubular necrosis) were the major
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target organs. There weres no significant differences in the toxicity between sexes.

Male Wistar rats (10/group}, five to six weeks old, with an average weight per group of
124-158 g were exposed (whole body) three hours to 0, 25, 50, 100, 200, 300, 350, and 400 ppm
(2 groups) of Compound A, CF, =C{CFJOCH,F, in oxygen. The animals were killed on Day 1 or Day
4, and braing, kidneys, lungs, livers, and the small intestines were examined with the light
MICroscope.

No deaths occurred during the exposure; however, ons death occured Day 3 at 300 ppm,
eight deaths occurred between Day 1 and Day 4 at 350 ppm, and all rats died prior to Day 4 at 400
ppm. The LC,, wWas estimated to be 331 = 13 ppm. Exposure levels 2100 ppm were initating to
the eyes, producing tears. Convulsive activity, such as rigid extension of the hind limbs and clonic
movements of the forelimbs, occurred during snd after exposure to x 350 ppm. Trembling was also
reported. No animals appeared to be anesthetized. A dose related bady weight gain reduction
became significant (p <0.01) at 2100 ppm.

Brain lesions {small pyknotic neuronal nuciei with eosinophilic cytoplasm) were seen at x
350 ppm {10%) and 400 ppm {15%). These lesions were seen in rats with and without convulsive
activity. Periportal fatty infitiration, hepatic ceflular swelling, and occasional pyknotic hepatocyte
nuclei ware sean at 300 ppm (5%). 350 ppm {30%), and 400 ppm (10%). The most damage was
seen in the corticomedullary junction of the kidney of rats exposed to 2 50 ppm (30%), consisting of
swelling and/or necrosis of tubular cells extending into the cortex. These lasions were dose related
and occurred in 75-100% of the animals in the higher exposed groups. The kungs and duodenum
showeii no histologic changes.

The authors state the concentration of Compound A can go up to 61 ppm in clinical
practice. This would be in the range where kidney damage was observed i thazse rats.

In these studies Wistar rats {10 o/group) were whola body exposed to 0, 12.5, 25, 50, 75,
100, 125, 150, 175, 200, 225, and 250 ppm of Compound A for six or 12 hours. Surviving rats
were killed on Day 1 or Day 4. Brains, kidneys, lungs, livers, and small intestines were examined
with the light microscope. The average body weight ranged from 130 to 191 g per group.

A 6 -hour exposure at 2 200 ppm or 12 hour exposurs at » 100 ppm rgsuited in a significant
{p <0.01) weight loss. No deaths occumred during the exposwre periods snd none of the animals
appearad to be anesthetized. Mortality did occurred at » 175 ppm in the 6 hour exposure and one
death occurred at 100 ppm in the 12 hour exposure. The LC,, = 203 + 4 ppm for the 6 hour study
and LCy, = 127 = 9 ppm for the 12 hour study. Evye irritation with tearing was evident at » 100
ppm. Pulmonary congestion and/or edema was seen in 18/50 rats exposad to 175-250 for 6 hours
and killed Day 4; however, there was no difference in the 12 hour exposed rats killed Day 1 or Day
4. Kidney corticomeduliary tubular toxicity occurred at 2 50 ppm and was more severe in rats killed
at Day 4. Dose related injury was also reported in the renal cortex. The threshold for renal injury




Request— 5.

Response:

COMMENT :

Request: *6.

Response;

NDA 20-478 Page 9.

“Itis recommendiad that weight in grams be included in the Stability Report
for Sevofiurane Assay results. The percentage values can be
parenthesized.”

The sevofiurane purity data presented.in the Stability Report are on a % wiw
basis. This is consistent with the specifications of all the other compendial
inhalation anesthetics currently on the market, such as isoflurane, enflurane,
and haiothane etc.

The purity of sevoflurane presented in the Stability Report was obtained by
subtracting from 100% the total impurity found in the product. The
sevoflurane purity of the stability samples reported are all at 99.99% purity,
which is equivalent to 0.9999 9/0. Therefore, the purity of sevoflurane in
weightpergramhallmestabiﬁtydatawi!beo.slegsglg“

Therefore, based on the accepted compendial data presentation i.e. (%) and
meestablishedpwityofmedmgpmdud,wefeelmatthepuﬁtyvalue
expressed solely in % is acceptabie.

Response is acceptable.

it is noted in the labeling section under Dosage and Administration the
staternent, “Surgical levels of anesthesia are usually within concentration of
0.5 - 3% sevofiurane with or without the concomitant use of nitrous oxide ._."
In terms of grams, how much Sevoflurane are we talking about?”

memnoenuaﬁonofsevoﬂmaneusedhmeanesmeﬁcdrcuitreferstome
volumelvolumbasisinmevaporphase. A sevoflurane concentration of
0.5% to 3% (v/v) in the vapor phase is equivalent to 4.1 to 24.5 gram of
sevofiurane per 100 Liters of gas. An exarple of the calculation is shown
below fo indicate the amount of sevofiurane required to generate the desired
concentration of sevofiurane in the vapor phase. Please note that the
volume percent of sevofiurane in the anesthetic circuit is controlled by a
sevoflurane agent-specific vaporizer. The vaporizer is calibrated by the
manufacturer to deliver the required amount of sevofiurane to the circuit.

0.5% (vAV) = 0.5 Liters sevoflurane per 100 Liters of gas



COMMNET:

Request 7.

Response:

Comment:
Request

Response:

COMMENT:

NDA 20-478 Page 10.

At 25°C the volume of 1 mole of sevoflurane gas is 24.47 L (using gas law
=nRT).. The molecular weight of sevofiurane is 200 g/mole. Therefore
0.5L of sevoflurare in gas phase is equal to 4.1 gram of Sevoflurane

0S5t K
—veese——— x 200 g/mole =4.1 g
24 47U/mole :
3% = 3 liters sevoflurane per 100 liters of gas
3L

———  x200g/mole=245g
24.47 Limole

Response is acceptable.

Wm_uwcomems about Compound A in particular, submit a listing of its
physical gnd chemical values. Include the same information for any of the
other impurities.”

This infomation is included in our presubmission page 186 - 189 (See

Attachment 3) The information submitted is as follows:

Compound A-

Response somewhat acceptable.

Please send me a copy of each of the attached chromatograms with legible
retention times shown and peaks identified ...."

Appended in Attachment 4 are the requested chromatographs for Figure 23,
26, 27 which were included in the CMC presubmission.

Legible chromatograms were submitted.
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AMENDMENT : Jan 5,1995 :

L4

S

1. Submit a Certificate of Anal'ysis of your reference
standard showing its quality as compared to the testing of
Sevoflurane in the Table below.

Table IV
Specificatrons for Sevefloranc

Tem I“W-[ Syeotifacarutms




Response:

The firm submitted the table shown below;

NDA 20-478

Corttioie of Analysis of Ralerance Swndvrd Lot § 200153

Vo

COMMENT :

m[ sonat

I
i

Page 12,

In comparing some of the results of the reference standard testing
with those of six production lots, shown in the table below,at the
end of six months, their values are very close to those of the reference
standard and in some instances the results better.

.

Table X000
. Seabillity Data (ountivacd)
138 mL Scrvw Cop Clagure System (Rechaim Preduct)
Tomt
Tam Parlosmed: Toumride | Acidiy** - Wus [ Anp. Wy Ovlem Scv
; - wlotle | Contet [ Cpda | Cpi A | Lagyum Puriey

Toow Slighnd & vinowalomn




Requcst

NDA 20-478 Page

On pages 239-244, datawassubmcuedforsslotsofbutkdrugmamfadured

)

Response:

.

a.)

tested as per wgant test batch methods. -

Batches:
#0-123567891012 1314 15161718192021 23, 24,
25, 26, 27, 28

#71104, #00210, #11224, #1120061

Clarify the absence of such information as:
- Date these batches were manufactured

- Date these batches were tested

- Explain the batch numbering systemn,

For all the above batches dlarify the absence of the following data:
- Refractive Index

ldentification (IR)include copies of spectra
- Fluoride lons

- Largest Single Impurity

Ac:dltylAikahnrty the word "Pass” is not acceptable, include actua’
data. .

¥

Include the chemical names of Compound A, Largest Single Impurity
and any of the known Total Impursities in your Tables.

On pages 239 to 243, some of the values for Largest Total Impurities are
out of specification imits. Please explain.”

Firm submitted a table showing the dates the batches were
manufactured and tested. ( Date range: 10/3/83 - 3/24/86

13,



Response:
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continued: 1. a.)

Firm explained the batch numbering system as follows:

COMMENT:

2b.)

2c.)

1st digit = the last digit of the year in which the bulk drug was filled.
Next two digits = the month in which the bulk drug was filled.

Next two digits = the day in which the butk drug was filled.

Last two digits are used if the lot represents a routine continuous filling

operation. (i.e. 01-09}, or pooled tailings from various routine filling operations
(.e., 10-15).

For example: Lot 211231 represents a lot filled in 1992, in November, on the
23rd day of November, and is a routine continuously filled lot {i.e., not a lot
including pooled tailings from other lots of bulk drug).

Lot numbers containing only five digits represent the same lot numbering
scheme, without identification of filling method. The latest lot numbernng
scheme that is currently standard practice is as described above, with a zero
preceding all single digit numbers used to describe the filling method.

Response acceptable.

At the time these lots were produced, the bulk drug specification
did not rtequire such testing. However, when Abbott Laboratories took over
the developmental program for sevoflurane these specifications were
included.

The firm included the names of "ALL" potential impurities for
Sevoflurane. However, my question was to report the chemical name
of Compound A on all Tables and jdentify the single largest
Empurity in all of their .tables.

I will call this to the firms attention , when they submit future

Tables.

2 d.)

The firm indicated that the lots on pages 239-243 were out

of specificaticn limits for the largest single impurity, but when
Abbott took over and refined the method; the data fell within
acceptable limits.

Responses to question #2 are acceptable.
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Request "3. Inregard to the filling process, what in-process controls are apphied to assure
that the air used to blow-out empty 250 mL bottiés is acceptable and what in-
process controls are applied to assure that the bulk drug prior to filling is
properly filtered. Identify the particles or organism that may be present.

What evidence_ do you have that this product does not support growth? We
call you_:r attention to the fact that the agency is in the process of writing
regulations that require liquid anesthetics to be sterile.”

Response;

The firm indicated that the Pharmacopoeia specified microbial
inhibition test with the required types and concentrations of
bacterial and fungi and the results indicated that sevoflurane

met these requirements for classification an a microbial inhibition

it should be noted that this drug is not directly administered in liquid form to
patients. Only the volatile vapors of sevoflurane are administered to patients.

-

Response:

Firm shouid be requested to submit the evidence that shows
Sevoflurane met the requirements to be clascified an a microbial

inihibition agent. a3

The response to the filtering is accept:ble.
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Request: "4. Itis noted in the Table below, that at the end of six months "ALL" of the lots
are reading much below the specification limits. Explain how your
specification limits were derived and show the quallty of your product at both
extreme ranges for all tests indicated.”

Table X200
| Stability Data (continued)
| ’ 250 mL Screw Cap Closure System (Rerlaira Product)

Total
lnp. wio
Cpd A

Other Scvw
Largest M_q

Walter
Contant

And.lty Noo-
wolatile
& li-lcmhl R madvies

pd. A

Test Performed: I Fluaride

-
L

Test Method Assignstion:

Final Specifications: I

Louss Temp | Month
Stabiticy £ ] Positios,

-

Response:

The firm indicated that their specification limits are based
on data from 36 devclopmental lots. The Table below gives

average high and low valueS from resting these lots

The following table lists the spedfication ranges verified for the 36
deveiopmental iots for the key volatiie anatogues incuded i the established

buk drug specification;
i TEST | sPECIRICATION | LOW | HIGH "]
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COMMENT: Response acceptable for the present time.

Request 5. Clarify the revised specification in your stability protocol for Compound A in
Appendix J, page 492 oi )

Response:

Firm indicates that the specification was incorrect and it should have
Tead - . in the liquid product and this
value is consistent with the levels present in the current manufacturing
process.



DMF Amendment: Dec. 27.1995 Page 18.
Question:
1.Describe the assay and purification tests performed on and

the assay test and free acid test performed on

include actual

calculations and appropriate graphs or chromatogranms.

Response

following page.

COMMENT :

The firm submitted a
retertion area of the

chromatogram, showing the
proposed impurities, namely
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B.) Assay and Free Acid test fo

C.) Free Acid Test: Performed by

Question:

2.Submit the actual supplier/manufacture’s Certificate of Analysis for
’ (English Translation)

Rsponse:
2. Quality control unit performs the analysis of raw material, bu the control
unit does not submit the Certificate of Analysis of It submits Test Record

as shown at attached translated document with {R chart.

2. Comment;

The DMF holder has indicated that the source of
is and upon receiving the

substance they perform the following in-house
testing:

DMF 11 .pages bJd and 14%9- addivonal intormation.
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Question:

3.In regard to recovered describe the assay test and submit
actual calculations and appropriate chromatograms-or graphs.

Response:

3. Comment:

The firm submitted a description of the analytical
methods and the actual formulas used for calculations.
DMF . pPages 10-14- additional information

Question:

-

4.0n page 82, in regard to the following statement,

"A fully characterized and analyzed lot of Sevoflurane will be kept under
controlled conditions as a reference standard.”

Submit the Certificate of Analysis for your reference standard of Sevoflurane.

Response :

4. A sample of certificate of analysis of reference standard (Lot 404011) is shown
on page 26:

4. Comment:

A Certificate of Analyis was submitted for the

reference standard. gee the following page.



page
PU Rq ED
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was 25-50 ppm, with the iower value for the long exposure. No injury was found in the duodenum,
cerebrum, or liver of rats exposed to 250 ppm.

These authors expressed some concem that the safety ratio was less than 8 when -
Sevofiurane is administered using low flow rates of background gas. .

6. Subacute taxicity of rampound A on 28 alternate days in rats by inhatation. Y. Kawai, Central
Research Laboratory, Maruishi Pharmaceutical Co., Ltd., Study CA-8S37; (1989). Seventy-five
male and seventy-five female six-week old Sic:Wistar rats (135 - 159 g males and 105 -123 ¢
females) were divided into five groups. Five animals from each group were assigned to the five
recovery groups. Fifteen animals at a time were placed in a 120 liter chamber filled with pure
oxygen. Oxygen flow was kept at 5 I/min by an air pump. Compound A at a vohune corresponding
to the specified concentration (0.003, 0.006 and 0.012%) was added dropwise to the inside of the
chamber and distritxrted uniformly. Ten liters of 60 mm barium hydroxide was incorporated in the
closed system to eliminate the carbon dioxide gas included in the expired gas. Exposures were
carried out on 28 alternate days for three hours a day three times per week (Monday, Wednesday
and Friday). The animals were kept under observation during the exposure period and two week
racovery period after the final exposure.

Measmemenis and Observations:
General appearance, viability, clinical signs Daily, during inhalation and 2 hours after

inhalation
Bodyweight . Throe times a week
Food consumption : Weekly
Ophthalmology Before inhalation and autopsy
Urinalysis Week 7, end of inhalation and recovery
periods
Autopsy, organ weight and Necropsy End of inhalation and recovery periods
Results
1. . Clinical Observations: No differences (soft stool, diarrhea)
2. Mortality: None
3. Body weight: 0.012% - Decreased in females
4, Food and water consumption: No difference
5. Ophthalmology: No abnormalitias in cornea, iris and fundus of all animals.
6. Hematology: 0.003% - MCV {2 %1 in J), 0.012% -MCV (4% 1in 9)
7. Serum Chemistry: No differences
8. Urinalysis: No change
9. Organ weight: At the end of inhalation.

0.003% - Absolute and relative weights of kidney {4%1 in J}

0.006% - Relative kidney weight (7%1 in J)

0.012% - Absolute and relative weights of kidney {12%1 in & & ?), increased
relative weights of brain (1%), heart (13%}, lung (8%), thyroid {25%) and
adrenal (11%) in females.

Atter the recovery period: No change .

10. Autopsy: Control - Redness in thymus {1¢) lung congestion (14 & 29), liver nodules (1% &
1d)
r 0.003% - Lung congestion {1 ¢)
0.006% - Lung congestion (2 %), kidney fading {12)
11. Histopathology: After inhalation.
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Control - Thyroid ultimobranchial body {1 & 19), liver microgranutoma {3 & & 29},
kidney tubules {1°)
0.003 - kidney tubules {19)
0.012 Thyroid ultimobranchial body (1 & 19! lmr microgranuloma (3 & & 29,
kidney tubules (24}
After recovery period. No dose-related n.hanges
12. Pharmacokinetics: Not determined. ‘

These authors studied the acute and chronic toxicity of Compound A (CF,=CI(CF,)JOCH,F)
and Compound B, CH,0CF,CHICF,JOCH,F, two degradation products of savoflurane. The purity of
Compounds A and B were 99.0%-99.9% and 98.8%-98.6%, respectively. Both compounds were
evaluated in the Ames test. Compound A was also evaluated in a chromosome aberration test with
mammalian cells in culture.

Male and female 5 week old Wistar rats (Slc:Wistar) were exposed 1 hour to 700, 930,
1070, 1150, 1220, and 1400 ppm of Compound A in an atmosphere of oxygen. A 3 hour exposurs
to male(female) at 110{160), 250(290), 350{340), and 4930{460) ppm was also evaluated. in the
chronic part of the study, male and female rats were exposed to 30, 60, and 120 ppm of Compound
A for 3 lw/day 3 days/week for 8 weeks. A 3 hour exposure with Compound B was evaiuated in
male(female} rats at 800(400), 1500{1200), and 2300({2500) ppm.

One Hour Exposure to Compound A:

Toxic signs were decreased locomotor activity, prone position, loss of righting reflex,
tradypnea, cyanosis, lacrimation, and piloerection. Deaths occurred f:om 30 min to 9 days after
exposure. The LC,, was 1,090 ppm in males and 1,050 ppm in females. Lung congestion and
hyperemia wera seen in animals that died on exposure day. Kidneys wera discolored and had rough
surfaces. BUN increased {p<0.01, 31%)} in 3/6 females that survived at 1,150 ppm. Occult blood,
sugar, protein, and ketune bodies were observed in the urine of dead rats. The only histopathologic
findings were degeneration and necrosis of renal tubules in dead animals and slight necrosas in
those that survived one day after exposure.

Three Hour Exposure to Compound A:

Toxic sign were similar to those observed in the one hour exposure. Deaths occurred at »
250(290) ppm - 12/12 died during exposure at 490(460) ppm and 3112 died by Day 4 at 350(340)
ppm. Congestion, hyperemia, and hemorrhage was seen in the lungs of animals that died on the
day of exposure, and degeneration and necrosis of renal tubules occurred in animals that died four
days after exposure. No other lesions were reported. The LC,, was 420 ppm in males and 400
ppm in females,

Chronic Exposure to Compound A:

The body weight of females that were expesed to 120 ppm was significantly less {p<0.01)
on Day 8. No histopathologic changes were said to relate to Compound A at any exposure level.

* Three Hour Exposure to Compound B:
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No deaths occurred. The toxic signs were staggering gait, decreased locomotor activity,
slight bradypnea, and prone position. No change= were found in the urine or at necropsy.

Mutagenicity Tests: ,
Fa -
Compound A was negative in the reverse (Ames) test in the absence of 59 (up to 625 ug) or
in the presence of S9 (up to 1,250 g} in 4 strains of S. typhimurium. it was also negative n 1
strain of E, coli. Exposure of fibroblasts to 7,500 ppm of Compound A for 1 hour did not induce
chromosome aberrations. The micronucleus test with Compound A was also negative. In the Ames
test Compound B was negative up to 1,250 9.

The dagradation of Sevoflurane to Compound A in the presence of soda lime was shown to
increass with time and reach a plateau after 2 hours. The mean plateau concentrations of
Compound A increased linearly aver the 1%, 2%, and 4% concentrations of Sevoflurane that were
studied. Canister temperatures were higher at the gas flow inlet arud decreased toward the outlet,
with temperatures approaching a plateau by 90-120 minutes for the three concentrations of
Sevoflurane.

The suthors measured psak Compound A concentrations in 31 surgery patients (surgery
duration > 1 hour). The patients lungs were ventilated with Sovofiurane in N,0/0,, using a circle
system and soda lime as the CO, absorbent. Fresh gas flows (FGF) were 0.5 or 2.0 Limin. The
end-tidal sevoflurans concentrations were between 1.7% and 2.2%. Soda lime temperatures were
47.5°C-41.6°C. The resuits foilow:

Peak Compound A concentrations {(ppmj
EGE N Maan SD Min MAX
05 16 insp 19 63 12 32

expir 13 50 B 26
20 15 insp 17 49 10 25

expir 11 3.1 7 18

Compound A concentrations are claimed to be significantly different betwesn the two arms
at both fresh gas flow rates. It is also noted that the siower gas flow resuits in a higher
concentration of Compound A in both the inspiration and expiration arms of the system.

Report N*: HRC ANQ 19/861665
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Compound: 1654 (Compound A), batch N* 3776-37, purity 99.9% by GC
Dose Levels: Range finding test: 5, 50, 500, 5000 pg/plate
Mutation test: 14, 50, 150, 500, 1500 ug/plate
. Strain: TA 1535, TA 1537, TA 1538, TA 98, TA 100 .
Number: 3 plates/strain/dose level o
Positive Control:
{+)59: 2-aminoantivacene (2 ug/plate): TA 1535 and TA 1537
2-aminoanthwacene (0.5 wo/plate): TA 1538, TA 98, TA 100
{-159: 2-Nitrofluorene (2 spg/plate): TA 1538
2-Nitrofluorene (1 pg/plate): TA 98
- 9-Aminoacridine {80 pg/plate): TA 1537
N-ethyl-N'-nitrosoguanidine (5 pg/plate): TA 1535
N-athyt-N'-nitrosoguanidine (3 pg/plate): TA 100
Study Site: Huntingdon Research Centre, Huntingdon England
Date: October 30, 1986 10 November 9, 1986
GLP/QAU Statements: Both present and signed.

Compound A [I-554) was toxic at 5000 ug/piate 1o all of the strains. Under the conditions
of the study, the colony counts were not increased twofold above the solvent controls in any of the
tester strains, nor was there a statistically significant dose—rslated increass in the number of
revertant colonies, either in the presence or absence of rat darived S9.

,

Study N*: CA-7M1A, Vol 5. pp 1530-1547.
Compourd: Compound A, Lot N* 1
Route: In vitro cell culture
Dose Levels: 15, 1500, 7500 ppm viv Compound A
Strain: Chinese hamster fibroblast cells (passage lavel 15)
Number: 1.2 x 10* celis/plate, 2 plates/sxposure repeated twice
Control Treatment: (-} control - Cell culture treated with air.
(+) control MNNG, 1.40 pg/mi
Study Site: Central Rasearch Laboratory, Maruishi Pharmaceutical
Co., Ltd., 2-2-18 imazu-Naka, Tsurumi-ku Osaka
Date: May 30, 1987 to May 17, 1988
GLP/QAU: Statements: Both present but no siginatures.

Cells were exposed 10 Compound A in a 10 L chamber for 1 or 2 days and counted. Since
Compound A is not water soluble, the study was not conducted with drug metabolizing enzymes
(59). The plates were incubated in a 5% CO, atmosphere at 37°. The cells were exposed 60
minutes to the Compound A concentration after the chambaers became homogenous. The plates
were covered but contained a space to allow ventilation. The medium is known to change colos,
using a CO, pH indicator, hence it was assumed the cells wers expossd to Compound A vapor, as
the color changed. At 24 and 48 houwrs after exposure, one hundred metaphase chromosomes woere
examined from each plate.
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Basults and Disciission

The average observed concentration for the 3 concentrations in sach of the 2 studies were
14.4 and 15.5, 1390 and 1380, and 7680 and 7660 ppm. Thers were no differences in the 24 or
48 hour cell exposure to Compound A. The structural aberration frequency for the air exposure was
0% compared with 0.5 and 1.5%, 0.5 and 2.5%, and 1.0 and 2.5% for the low, mid, and high
exposure at 24 and 48 hours. The positive contro! value was 28.5% and 43.5% for the 24 and 48
hour exposure, respectively. The results indicate Compound A does nat induce chrormosomat
abe.rations in Chinese fibroblast cells under the conditions in which the study was conducted.

Even though the compound is water insoluble, some of the drug was incorporated into the
cell culture, as some sberrations occurred. Therefore the study should have been done with S9.
The amount of actual cell exposure {uptake) remains unknown in this type of study. This study,
therefore, may not be a valid evaluation of the chromosomal aberration potential of Compound A.

12 Fuakuation of C. { A for Active SyStemic Anaphylaxis in Guine Pios: Ranart A8
BAD/AA/748 - Study N® TEQ3-418: Vol 2.3, pp §45-576.

The potential of Compound A to produce systemic anaphylactic reactions was evaluated in
male CA:JAF(HA)BR six week old hairless guinea pigs weighing 250-350 g. Abbot Laboratories
conducted the study. A QAU statement was present and signed. The test was set up as follows
{from: Vol. 3, p 570): -

Test N*of Sensitization Challenge
Group Animals (1P} Lvy®

To 6 Vehicle® (0} Compound A® (1)
T, 6 Compound A* {1) Compound A* (1)
T, & 4 Compound A® (1}
T, & Egg Aibumin® {i)  Egg Aibumin® {1)

*IP = inraperitoneal; IV = inzavenous

* Vehicle = DMSO: 0.9% NaC1 for injection. USP (1:4, viv), DMSO wae
found to be the beet vehicle for diluting Cormpound A. This
concentration was found to be non-irvitsting when injected IP in
prefieninary testing.

* 0.1% (v/v}) Compound A in vehide.

¢ Animale will not be wested during sensitization,

* 0.1% ogg slbumin in 0.9% NaCt for injection, USP,

The sansitization injections {1 mi/animal) were made three times/week until sach animal had
received a total of six injections. Animals were challenged with Compound A {1 mi/animal) or egg
albumin (1 mi/animal) two weeks after the last IP injection.

A bluish discoloration of the legs or feet occurred in one animal in T, and one animal in T,
Other clinical signs were not seen after 24 hours following challenge. Dyspnea and ataxia occurred
in 8!t animals of T, after iv challenge with egg albumin, with convulsions and death occurring in 2/6
of these animals.

Compound A did not produce systemic anaphylaxis under the conditions of this study.
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P £ Toxicity Studias of C { A

The LC,, vakse in Wistar rats exposed one hour was 1090 ppm in males and 1050 ppm in
females. LC,, values in 3 hour exposure in Wistar rats were 350-430 ppm in maies and 340-460 in
females. In on other 3 hour exposure study in male Wistsr rats, the sstimated the L.C,, value was
331 + 13 ppm. The caiculated 3 hour value reported by Morio, et al. [Anesthesiology 77, 1155 -
1164, 1992) in Wistzr rats was 420 ppm in msles and 400 ppm in females. A 3 hour exposure
study in male and female Sprague-Dawley rats resulted in no mortality at 202 ppm, the highest
exposure used in the study. Six and 12 hour exposures in Wistar rats resuited in LC,, values of 203
+ 4 ppm in males and 127 + 9 ppm in females. Compound A appears to be equally toxic to males
snd females. Respiratory suppression was considered the cause of death in animals that died on
the day of exposure and renal toxicity the cause of death in animais that died thereafter.

Clinical signs were ee irritation, reduced locomotor movement, bradypnea and labored
breathing, loss of the righting reflex, cyanosis, and convulsions prior to death. Serum chemistry
parameters that were significantly chanpes were increases in BUN and creatinine, and decreasas in
total protein and albumin. The urine tested positive for ketones, occult blood, glucose, and protein.

Renal tubular necrosis and epithelial hyperplasia of renal tubules was s common finding in
all of these studies and was reported at : 50 ppm. Pulmonary congestion was also reported.
Degeneration and desquamation of the olfactory epithabum in the nasal turbinates was seen in rals
that were exposad {nose-only) 1o 202 ppm for 3 hours. Small pyknotic neuronal nuclei with
eosinophilic cytoplasm in the brain were reported in animals dosed at » 350 ppm; however, 1S was
suggested as being due to hypoxda. Hepatic injury was reported in rats exposed to 300 rom.

Compound A was negative in the Ames test with 5 strains oi 5. typhimurium in the
presance of absence of 59 and nagative in 1 strain of E, coli. The clwomoscme aberration test with
mammalian cells in culture was also negative.

Yoxicity Studias of Comaound B

Acute inhalational Study:

1. Acute toxicity of compound B in rats by three hours inhalational administration. Y. Kawai,
Central Research Laboratory, Maruishi Pharmmaceutical Co., Lid., Study CB-BA37; (1988bh).
Sle:Wistar rats of 5 weeks okd weighing 106-118 g in males and 93-103 g in females were divided
into 4 groups consisting of 6 rats each. Animals were placed in a close system filled with pure
oxyyer containing barium hydroxide te eliminate carbon dioxids. Although the snimals wers
exposed to 0.2, 0.4 and 0.8% of compuund B for three hours, the observed concentrations are
given on the next page.
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Expected Maximum
concentration (%) concentration (%)

0.2 0.143
0.2 . ; 0.087

0.4 ' 0.256
0.4 - 0.244
0.8 0.330
0.8 0.388

Results:

Mortality: None

Body weight: No difference

General Signs: Staggering gait, depressed locomotor movement and respiratory rate, dysbasia and
prone position in all treated animals,

Urinalysis: 0.2% (0.08%) - Occult blood (12}, urobilinogen (2<, 12), bilirubin {1d)
0.4% {0.14%) - Occult bipod (1), urobilinogen {24), bilirubin (1) '
0.8% (0.24%) - Occult blood (24, urobilinogen (14}

Autopsy: No difference {Congestion of the lungs, hyperemia in renal lymph nodes were observed),

Mutagenicity Study:

1. A mutagenicity study of compound B by use of microorganisms (Ames test). T. Mizuno, Central
Research Laboratory, Maruishi Pharmaceutical Co., Ltd., Study CB-8M1A; (1988c). Compound B in
the presence and absent of 5-9 mix did not induce reverse mutation in Saimonella typhimurium
strains TA98, TA100, TA1535, TA1537 and TA1538 and Escherichia coli strain WP 2uwr. The
resulis indicated that althicugh some bacterial strains demonstrated a slight increase in revertant
colony formation, the increment ratio was found to be less than two. A dose-dependency was also
not cbserved. Positive controls showed strong mutagenicity.

5 £ Toxicity Soadias of £ 'R

Staggering gait, depressed locomotor movement and respiratory rate, dysbasia and prone position
were observed in all Wistar rats treated with compound B by inhalation in the close system. No
treatment related finding were observed at necropsy. The highest amount of compound B observed
in the present study was 0.24% (2,400 ppm) which is = 1000 times as high as the amount formed
during 2.7% sevoflurane circulation in the closed circulation system. Therefore, the safety of
compound B is sound. Compound B was also established to be non-mutagenic using the Ames test.



NDA 20-478 - Page 61

Ovarall Summary and Evalcation

Sevofiurane, a highly fluorinated derivative of methyl isopropyl el:p'er, was synthesized at Travenol
Laboratories during the late 1960s. It is a clear, colorless, nonpungent and nonflammable liquid
with a specific gravity of 1.5 g/ml. This volatile anasthetic agent is approved for use in induction
and maintenance of general anesthesia in Japan {1990), China (1992), Korea {1993), Peru (1994)
and Argentina {(1994). According to the sponsor "Savoflurana has been safely administered to
approximately 2 million Japanese patients”.

Pharmacalagy: Sevoflurane has been demonstrated to be a fast acting, non-iritating anesthetic
agent in a variety of animal species {(mouse, rat, rabbit, dog, cat, swine and human). Itis also
associated with rapid rec:overy following discontinuation of anesthesia, due to its low blood-gas
solubifity. Mean MAC of sevoflurane for various spacies were 2.1 to 3.7%. The MAC for
sevoflurane in human decreases with age {3.3 - 1.446) and with the addition of nitrous oxide (2.02
- 0.72%).

The reuropharmacological effects of ssvofiurane (0.8 - 9.5%) were studied in rabbits, dogs, cats,
mice and rats. The anesthesia with sevoflurane was involved with the suppression of cerebral
cortex activity {loss of awareness and motor refiexes), suppression of the cerebellum and
mesencephalon {loss of righting reflex and cormneal reflex), suppressicn of the spinal cord (loss of tail
pinch response) and suppression of the medulla obiongata (depression of respiration). The
relaxation of skeletal muscle in mice occurred faster with sevoflurana than with enflurane or
halothane. it appears that sevofiurane in animals selectively inhibits the ascending reticular
activating system and does not significantly affect the nucleus centrum medianum of the thalamus-
cortical system. Sevoflurane administration in cats and rats produced a series of EEG changes
including appearance of high-amplitude slow waves, burst suppression and onset of single spike in a
dose-dependent manner {5 % & 9.5 %.) similar to those observed with enflurane. Sevoflurane and
isoflurane produced similar effects on cerebral blood flow, cerebral metabolic rate for oxygen and
intracranial pressure {ICP) in rabbits. Unfike halothane and enflurane, sevofiurane did not increase
ICP in dogs allowed to become hypotensive with increasing concentrations of anesthetic {0.5, 1.0
and 1.5 MAC).

Sevofiurane at equipotent concentration depressed blood flow and cardiac index in newbom swine
1o a lesser extent than did halothans or isoflurane. 1t did not reduce collateraliy-derived myocardial
perfusion or cause coronary steal. During a subacute inhalation study in monkeys (Macaca
specoisa), minute volume and tidal volumes were not significantly altered by sevofiurane {1.5%) and
halothane {1.5%). Arterial pressures indicated that both agents induced hypotension. Mean arterial
pH and PCO, during sevoflurane anesthesia were within normal limits. Respiration and
cardiovascular function remained adequate with sevoflurane and electrocardiographic abnormalities
were not seen. All sevotiurane treated monkeys exhibited periods of electroencephalographic
silence ("burst suppression™). Burst suppression was not observed with halothane, ether or
methoxyflurane, but has been reported in monkeys anesthetized with BAX-3224, a fluorinated
methyl-propyl ether similar to sevoflurane [Anes Analg Cur Res 1975; 54: 144 - 151]. No adverse
effects associated with burst suppression were found in these animals.

Sevoflurane appears to have a lower risk for the potentiation of pressoramine-induced arthythmias
than either halothane or enflurane. The cardiovascular interaction between sevofiurane and the
calcium channel blocker, nicardipine, appears to be additive similar to other inhalational anesthetic
agents. In general the hemodynamic/cardiovascular effects of sevofiurane are comparable to those
of isoflurane,
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Similar to other inhalational anesthetics, savoflurane produced respiratory depression with
increasing depth of anesthesia. Sevoflurane preduced a weak trigper of malignant hyperthermia in
susceptible pigs than halothane. Unlike halothane, sevofiurana did not increase portal resistance in
the isolated perfused rat liver. P

ADME: The absorption of sevofiurane from the inspired:air into the slveolar air is quite rapid and
reasonably similar in dogs, swine and humans. Peak savoflurane concentrations are related to the
anesthetic dose and averaged 25-200 ug/ml. The initial rapid elimination of sevoflurane from blood
{0.58 + 0.03 min} was faster than that of halothane (1.29 + 0.15 min) in Sprague-Dawley rats
{Anesth Analg 1990; 71:658-664). Similarly, the initial elimination of sevoflurane from the brain
{1.60 x 0.10 min) was faster than halothane {2.70 + 0.66 min). The slower p-elimination rates
from brain (s34 min), blood (=30 min) and adipose tissue (=4 hours) were similar for both volatile
anesthetics. This data suggest that the postoperative psychomotor impairment caused by residual
subanesthetic concentrations of anesthetic in tissue might be similar for both anesthetics in
humans. Protein binding characteristics of sevoflurane are similar to those of other fluorinated
inhalation anesthetics. CYP2E1 has besn shown to be the main cytochrome P450 isoform
responsible for the metabolism of sevoflurane in human, rats and rabbits. The elimination rates from
the swine central {pulmonary) compartment were significantly different and decreased in the order
of desflurane > sevoflurane > isoflurane > halothane. The rapid distribution into and elimination
of sevoflurane from tissues is consistent with expectations based on its tissue/blood partition
coefficients.

Taxicalogy: The calculated median lethal concentration for one hour sevoflurane inhalation
exposures ranged from 5.8% in the rats to 10.6% in rabbits. Sevoflurane was less toxic in mice
and rats when administered orally (LD,, 16-37 mg/kg) or intraperitoneally (LD ,, 10-18 mo/kg).
Toxic signs observed during acute studies were decreased locomotor movement, staggering gait,
loss of righting reflex, suppression of respiration and piloerection. Prolonged exposure to rats (8
weeks), dogs {2 weeks) and monkeys {8 weeks) revealed an increass in serum enzyme activities
(ALP, ALT, LDH, CPK, AST} in one or mora species. Both sevofiurans and halothane treated dog
groups showed focal pulmonary atelectasis and vacuolization of parenchymal cells of the liver.
Body weights, hematology, urinalysis and histopathology revealed no apparent drug-related toxic
etfects in monkeys.

Sevoflurane did not effect the fertility and general reproductive performance of rats (Segment 1).
The no effect level of sevoflurane in rats during fetal organogenesis period {Segment li} appears to
be 0.3 MAC. The reduction in fetal weights and increased skeletal variation observed at 1 MAC
(2.2%) may be due to growth inhibition. In rabbits, teratogenic effects (Segment ) of sevoflurane
without CO, absorbent was not significant at 1.0 MAC {1.8%). The no effect ievels of sevoflurane
during perinatal and postnatal study (Segment 1ll) in rats may be 0.3 MAC for dams (P} and
offsprings {(F1) and 1 MAC for fetuses {F2} at the last stage of gestation.

Since sevoflurane did not show any mutagenic effect in the reversion test with bactaria, mouse
micronucleus assay, lymphoma mutagenicity assay, cell transformation assay in Brlb/c-3T3 cells,
chromosomal aberration test with Chinese hamster lung cells in culture, and *’P postlabeling DNA
adduct formation in mouse liver, it may be concluded that sevofiurane is not mutagenic.

Matahalites : Sevoflurane is metabolized to hexafluoroisopropano! {HFIP) and inorganic fluoride is
released. The acute LC,, of HFIP in Slc Wistar rats following 2 single 3-hour inhalation exposure
was approximately 0.185% indicating that HFIP is more toxic than sevoflurane. The acute LD,,
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foliowing intraperitoneal or intravenous injection in rats were 0.14 - 0.2 mg/kg and 0.10-0.11
mg/kq, respectively. Inuwaperitonaal HFIP injections were associated with tissue adhesion and
hepatic deformation. HFIP was not mutagenic in a reverse mutation (Ames) assay,

HFIP is conjugated with glucuronic acid. Cytochrome P450 2E1 is the main isoform identified for
sevoflurane metabolism. Classical inducers such a phenobarbital and phenytoin do not induce this
isoform of P450 in human. Therefore, barbiturates and phenytoin would Le expected to have little
or no effect on Sevoflurane deflucrination. Other P450 2E1 inducer such as isoniaziu, chronic
ethanol consumption, untreated diabetes and prolong fasting would be expected to stimulate
sevoflurane defluorination.

Metabolism of sevofiurane results in the generation of inorganic fluoride, which is known to be
nephrotoxic (JAMA 1973; 225; 1611-1616). Acute toxicity studies in albino rats (1 MAC} and dogs
{1.7 MAC) did not reveal nephrotoxicity (urinary osmolality, Na, K, electrolytes and volume, serum
creatine and BUN values and renal histopathology) indicating that fluoride concentrations did not
reach levels presumably associated with neplwotoxicity {x 50 pM). This fluoride-induced
nephrotoxicity has not been encountered during the development and marketing of sevofiurane in.
Japan despite maximum inorganic concentration » 50 4M in some patients. In humans, the rapid
pulmonary elimination of seveflurane minimizes the amount of anesthetic available for metabolism
{<5% metabolism). After sevoflurane exposure, the inorganic fluoride concentrations usually peak
within 2 hours of anesthesia and retum to baseline levels within 48 hours post-arssthesia. The
minimal intrarenal defluorination may explain the lack of nephrotoxicity of sevoflurane,

Degradantiimpurity: Sevoflurane in direct contact with CO, absorbants !Soda Lime and Baralyme)
peoduces Compound A (pentafluoroisopropenyl fluoromethyl ethes, [PIFE]L, CH,F,0) and Compound
B (pentafluoromethoxy isopropyl fluoromethyl ether, (PMFE], C,H,F,0). Compound A exposure to
rats was associated with renal tubular necrosis, mineralization, and tubular epithelial hyperplasia.
The thweshold for renal injury was 25 - 50 ppm exposure; however as the exposure time is increased
the thweshold will drop. At 32 ppm, a concentration that has been reported to occur in the clinic,
renal toxicity to the rat may be expected to occur, especially if the exposure time is prolonged.
Other toxic effects reported for compound A were degeneration and desquamation of the nasal
turbinates at 202 ppm and pulmonary congestion and edema at expesure of x175 ppm for six hours.
Small pyknotic neuronal nuclei with eosinophilic cytoplasm were reported in the brain of rats
exposed to = 350 ppm for three hours. Hepatic injury, such as periportat fatty infiltration, hepatic
swelling, and occasional pyknotic hepatocyte nuclel ware observed in rats exposed to » 300 ppm.
Compound A was negative in the Ames test, in the clvomosome aberration test with a newbom
Chinese hamster lung fibroblast cell in2, and did not produce anaphylactic reactions in the guinea
pig.

The renal toxicity of Compound A appears to be comparable to that for BCOFE {Z-bromo-2-
chioro,1,1-difluoro ethylene) at concentration of 60 ppm. BCDFE is a metabolite as well as a
degradant of halothane. It is a known nephrotoxic in mice. Strum st al (Anesth Analg 1994; 78:;
340-348) have recently demonstrated that the degradation, absorption, and solubility of volatile
anesthetics in soda lime depend on water content. Baralyme produced higher concentrations of
degradation products than soda lime in low flow {1 I/min) anesthesia with sevoflurane
(Anesthesiology 1994; 81: 340-345). During clinical trials, the mean maximum concentration of
Caompound A measured-in the presence of soda lime in the anesthesia circuit at a flow rate of 0.5
L/min was 19 +6.38 ppm {range 12-32 ppm). In children, the maximum concentration of Compound
A was 7.3 = 3.9 ppm imaximum concentration = 15 ppm, 0.0015%) at a flow rate of 2 L/min.
According to the sponsor “Data from approximately 2 million patiants indicate that Sevoflurane does
not adversely affect renal function™.
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This lack of nephrotoxicity of Compound A in humans may be due to a lower rate of conjugate
formation (activity of p-lyase, an enzyme abundantly found in the renal cortex) and/or a more rapid
biotransformation of Compound A (oxidative pathway, P450 2E1 activity) in humans than in rats,

Compound B did not effect renal parameters or tissue pathology in rats at concentrations up to
2,400 ppm (0.24%) for three hours and was not mutagenic in a reverse mutation {Ames) test.

As predicted by the results of the animal studies, the incidence of adverse experiences related to
sevoflurane has been small and comparable to that found with other anesthetic agents. Therefore,
it is concluded that sevoflurane is a reasonably safe and effective volatile anesthetic under most
anesthetic conditions.

Recommendations

This NDA is approvable from the pharmacology/toxicology point of view. The following underlined
additions in the pregnancy category should be added.

Pregnancy Category B:

Reproduction studies have been performed in rats and rabbits at doses up to 1 MAC {minimum
alveolar concentration) without Cf), abhsarbant and have revealed no evidence of impaired fertility or

harm to the fetus due to sevoflurane at 0.3 MAC, the highest nantaxic dose. Developmental and

: 3 ’ y > arl. There are no
adequate and well-controlied studies in pregnant women. Because animal reproduction ctudies are
not always predictive of human response, sevoflurane should be used during preciancy only if
clearly needed.
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DMF DMF
Title: SEVOFLURANE

1. CHEMIST REVIEW: _1"2 2. REVIEW DATE: Mar. 7,1995

3. DMF INFORMATION REVIEWED:

.

Type of Submission Date of Submission Location of
INtSrmation
Amendment 22-12-94 1.1
4. PREVIOUS DOCUMENTS
Typé of Document Date of Document Comment
NONE '

5. NAME & ADDRESS OF DMF HOLDER AND REPRESENTATIVE (S):

NAME :
ADDRESS :

REPRESENTATIVE:
TELEPHONE:

U.S. AGENT
NAME :
ADDRESS:

REPRESENTATIVE
TELEPHONE :

6. ITEM REVIEWED:
NEME™ Sevoflurane
CHEMICAL NAME: Fluoromethyl 2,2,2,-trifluocro-1-
(trifluromethyl) ethyl ether v

CAS:

MOLECULAR WEIGHT: 200.5

CHEMICAL FORMULA: C H F O
4 3 7

STRUCTURAL FORMULA: F4C
H——C—OCH,F



7.

10.

11.

12.

cc:
DMF

DMF 1132
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_DMF REFERENCED FOR:

NDA 20-478

APPLICANT NAME: Abbott Laboratories

LOA DATE: Jul. 29,1994

DRUG PRODUCT NAME: Sevoflurane

DOSAGE FORM: Volatile Liquid -

STRENGTH: 250 ml .

ROUTE OF ADMINISTRATION: Inhalation

SUPPORTING DOCUMENTS: DMF TYPE

CURRENT STATUS OF DMF:

DATE OF LAST UPDATE: Dec. 27,1994
DATE QF MOST RECENT LIST OF COMPANIES FOR WHICH IOA'S

HAVE BEEN PROVIDED: None
CONSULTS : None
REMARKS/COMMENTS :

Refer to review notes for substance of
review

CONCLUSION/RECOMMENDATIONS :

The firm has responded to the questions sent Dec. 21,1994,

Review Chemist
HFD-007

We find the responses satisfactory.
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PILOT DRUG EVALUATION STAFF HFD-007
Review of Chemistry. Manuifacturing.and Controls

NDA: 20-478
CHEMISTRY REVIEW: 2

SUBMISSION TYPE

Original 02-05-94
Amemdment 05-01-95
Amendment 12-01-95
Amendment 23-01-95
Amendmant 22-12-94
Amendment 25- 2-95

NAME & ADDRESS OF APPLICANT:

DRUG PRODUCT NAME
Proprietary:

DOCUMENT DATE

CBER DATE

R T 6%

DATE REVIEWED:
ASSIGNED DATE

02-05~-94
09-01-95
17-01-95
25-01-95
27T-12-94
I- 3-95
Abbott Laboratories
One Abbott Park Road
Abbott Park.IL. 60064

(PMF 11132)

Nonproprietary/Established/UUSAN: Sevoflurane

Code Name/#:
Chem.Type/Ther.Class:

PHARMACOLOGICAL CATEGORY/INDICATION:

DOSAGE FORM:

STREENGTHS:

ROUTE OF ADMINISTRATION:
DISPENSED:

CHEMICAL NAME, STRUCTURAL FORMULA,

WEIGHT:
Chemical Name:
British Approved Name:
Other Name:
H—C—O0
/
F 3C

Molecular Formula:

Molecular Weight:

74341

Anesthetic
agent/Inhalational/
induction and maintenance
of anesthesia

Volatile Liquid
250 ML
Inhalation

Rx OTC

MOLECULAR FORMULA ,MOLECULAR

Fluoromethyl 2,2,2, -trifluoro-1-
(trifluromethyl) ethyl ether.

1,1,1,3,3,3-hexafluoro-2-fluoro
methoxypropane

Sevofrane ® in Japan

iy

C4H3F70

200.05
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SUPPORTING DOCUMENTS .

RELATED DOCUMENTS:

Mazze,M.D.: The Safety of Sevoflurane ijn Humans,
Anesthesiology 77: 1062-1063,1992

CONSULTS :
No consults outside the Division

Insvections have been requested as of 12/1/94
Analvtical methods have been sent out for validation

The Labeling and Nomenclature Committee approved the
trade name., Ultane.



NDA 20-478 Page 3.

The Anesthetic and Life Support Drug Advisory Committee
met on Jan, 17-18,1985.

Sevoflurane was found approvable and certain safety
issues could be dealt with in A postmarketing fashion.
Specifically, these are: o )

- toxicity of Compound A

~ use of this drug in renally impaired patients

- use of sevoflurane inpatients taking drugs which
could enhance its metabolism

CONCLUSION/RECOMMENDATIONS:

The following pages contain amendments with the firms
responses to FDA's questions. In addition the Comments
are my final concerns to their responses. The last page
contains a question I have faxed to the firm. '

It appears if the inspections are satisfactoy this
application will be approved

Orig. NDA 20-478
HFD-007/Div. File

HFD-007/JMROSS/2-23-95
HFD-Q07 Uancnri

E/T By: JIMROSS/2~23-95
R/7D Init. By:PMaturu .

L e—— { Mclonn 7
SATIS e - . W fioaan
SHQLTDQY. btc-ékv'gkiﬁ\\

Prif37.45 J

Review Chemist



Request 1.

AMENDMENT
January 23, 1995

Under Purity Profile in your presubmission
follows:

.
X

Response is acceptable.

/

NDA 20-478

is defined as

Page 4.




NDA 20-478 Page 5.

Request. “2. In the same paragraph on page 45, the following statement is made ..

“Other impurities which arise from the route of is and pusification such as
are normally not foupd in the product” .

Yet how do you explain the following hydrolysis reaction : ....."

Response:

COMMENT:

Response is acceptable.



Request "3.

Response:

COMMENT:

Request. “4.

Response:

COMMENT:

NDA 20-478 Page 6.

The firm i~dicates that the single largest impurity other than Compound A is
Compound M. Are we to assume that the reference to Other Single Largest
impurity Test stated in the Test and Final Product Specifications and in the
Stability Report is referring to Compoufid M? Explain.” :

1 -

Response is acceptable.

Based on the dates of bulk manufacturing that was submitted for various lots
in your response dated Jan. 5, 1995 and your indication of a 24 months
proposed expiration date, there should certainly be enough data to submit up
to two years in at least three lots.

With this in mind, | would like to have a complete set of data for at least three
lots in the format simitar to the one shown on pages 254-257 of your
presubmission CMC section. | would like to have a transparency included for
the meeting on Jai. 17, 1995, since with all the opinions conceming the
quality of this finished product, it would be wise to have this information on
hand if the committee requests it.”

Agpended in Attachment 2 is updated stability data through 12 months The
filling date of the finished product at Rocky Mount was 7/31/93. Therelore,
24 month data will not be available until 8/35.

In the two attached pages, I have created a table, showing the
data reported for the initial time and at twelve months

under 30°C. for six lots. So far the data appears to

be within scceptable specification limits.
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NDA 20-478
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NDA 20-478 Page 27.

(@ Bacteria. fuapi and Echerichia coli vere mot delvcted in befk sevellurane.
@ Vacierias decreased rapidly in sevallurane and 2lenst died after 24 or 18 pry.

@ B8 swblillis vas coasidered ii had a bil of resistiveiy against Sevolloray |
but iL was conliraed ihatl shea incebation cell is fex Dy ome digid. it died
very rapidiy is sevoliurane.

@ 8. sublillis sepore Shoved resistivi.u differeally from vegetative ce'i, byr
it vas fousd that iL decreased as the Line passed.

@ Fuagi. mold asd yeast shoved the decreasing temdancy, Bul they 4id mot die
eves if 5 days later.
Fros above cesclusion. evea if sevallucaae is coslaminated sith inticater
cell ssed here {or microorganisss vhich have siailar chzracieristic ). it is.
coasidered that the possibitity of grovih of microorganisas ia sevollurane is fov.

423 Physical aad Chemical Charncteristics

¥

i .
Boiling Prunt 3t 760 s He: 86+C
Specific Grawviuy st 20 *C: 1.320 - 1.32%
Vapor Deasity (aic = § OghL): X PR
Vapcs Presoure i mam B 157 mm Hg t 20 °C
197 mm Hg 1 25 °C
37 mm Hg at 36 °C

-mmmymahmm“mwm‘ of Sevaflure
{200.05) and 2is {24 1),

o




VACAL/

BEC 9 19,

PILOT DRUG EVALUATION STAFF HFD-007
Review of Chemistry, Manufacturing,and Controls

NDA: 20-478

CHEMISTRY REVIEW: 1 DATE REVIEWED:

SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
236 Al 9y i

Original 02-05-94 02-05-94 06-05-94

NAME & ADDRESS OF APPLICANT: Abbott Laboratories

One Abbott Park Road
Abbott Park,IL. 60064

DRUG PRCDUCT NAME

Proprietary:
Nonproprietary/Established/USAN: Sevoflurane
Code Name/#: 74341

Chem.Type/Ther.Class:

PHARMACOLOGICAL CATEGORY/INDICATION: Anesthetic
agent/Inhalational/
induction and maintenance
of anesthesia

DOSAGE FORM: Volatile Liquid
STRENGTHS : 250 ML

ROUTE OF ADMINISTRATION: Inhalaticn
DISPENSED: Rx OTC

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOLECULAR
WEIGHT: — )

Fluoromethyl 2,2,2 -trifluoro-1-

Chemical Name: .
: (trifluromethyl) ethyl cther.

1,1,1,3,3,3-hexafluoro-2-fluoro

British Approved Name:
mcthoxypropane

Cther Name: Sevofrane & 1n Japan

133(3\\\\

H——C-—OCH, b
FLC’

Cati3F70
Molecular [ormula. 4H3F7

200 05
Molecular Waight



NDA 20-478 Abbott Laboratories Page 2.

SUPPORTING DOCUMENTS:

RELATED DOCUMENTS :

Mazze,M.D.: The Safety of Seveoflurane in Humans,
Anesthesiology 77: 1062-1063,1992

CQONSULTS : -
————— No consults outside the Division

REMARKS :
Inspections have heen requested as of 12/1/94.
Analytical Methods have yet to be validated.

Refer to" Review Notes" for substance of the
review.

The firm's poposed trade name of SEVORANE was
turned down by our CDER Labeling and Nomenclature
Committee,because of it was too similar to the
established name.

CONCLUSION/RECOMMENDATIONS :

geveral deficiencies were noted and from a chemist
viewpoint should be resoved before approval.
SEE " Draft Deficiency Letters®

a.) Applicant e
b.) Drug Master File Holder,




***SENSITIVE* * *
REVIEW
OF
ENVIRONMENTAL ASSESSMENT
FOR
NDA 20-478
Sevorane
(sevoflurane)
HFD-007 REVIEW DIVISION
CENTER FOR DRUG EVALUATION AND RESEARCH

HFD-102

DATE COMPLETED 1/04/35



EA Review for NDA 20-478

Second review for review of amended EA information dated November 16, 1994
and December 16, 1994 for NDA 20-478 Sevorane (sevoflurane}. Primary review
with deficiencies conducted by A. Mukhejee.

This secondary review has primarily reviewed the material submitted in response to
the deficiency letter.

Item 4
The deficiericy letter requested information on the environmental surroundings for
all sites of manufacture, and disposal. Estimate amount of drug substance used.

Response by applicant:
Adequate. Information was submitted in the 11/16/94 amendment on each

manufacturing , distribution and disposal site. This amendment aiso contains the
information on estimated amount of use of drug substance. There amount of
unused drug was also provided. Based on this information, there appears to be no
signifi<.ant environmental concern from the use or the disposal of the unused drug
substance.

item 5
Provide the structure and physicochemical properties of impurities. Provide a clear
copy of the MSDS.

Response by applicant:
Adequate. Impurity information was submitted in the 11/16/94 amendment. A

new MSDS was submitted that is legible. The impurities do not appear to be a
significant envi-onmental concern.

item €

Please provide emissions information and compliance information from the
Japanese facility. Provide a product specific compliance letter for production of
the drug at the Rocky Mtn. facility. Provide estimated amount of return and off-
spec drugs. Provide MEEC.

Response by applicant:
Adequate. Ti.is information was provided in the 11/16/24 amendment. Based on

the MEEC and effects data, the concentrations in the environment of the drug
product from use there does not appear to be a concern. Compliance information is
also included for emissions from production and disposal.

Additionat information requests:



After review of the original EA submission, the EA review, and the response to the
deficiency letter, we determined there remained a potential concern about the air
emissions of the drug substance from the Rocky Mountain piant. According to
page 7 {or 8) of the EA, it is estimsted that approximately of drug
substance is expected to be emitted into the atmosphere ecosystem {based on 5th
year production expectations). This is approx. of the expected production
volume. According to the air permits submitted for this site, the facility is in
compliance with their permit limits. | verifiad with the applicant that the

kg/yr was the actual exnected emissions. | was assured that it was.
Consequently | consuited with Phil Vincent and we asked the applicant to submit
information of degradation and stabiiity of the drug substance. This information
was submitted in the 12/18/84 response.

Based on this information, and the information contained in the original and
11/16/94 submissions, we have concluded that these air emissions will not affect
the environment significantly. The dispersion of the drug substance in the
atmosphere will most likely be enough to limit the concentration below any NOEC
value reported.

We also requested a non-confidesitial versicn of the EA for the public docket. This
was submitted as part of the 12/16/94 amendment.

The production, use and disposal of the drug product does not appear significantly
affect the human environment. This conciusion is based on the information
contained in the EA, the amendments to the EA’s, and the EA review.




File:20478ea2.rcg

Prepared by / ¢ f (>

Christina L.

concur: Phil Vincent @)xgjj\w;%‘ 0\.30% \c( {

cc:
HFD-007/LVaccari
HFD-102/Good
HFD-102/Vincent
HFD-102/file no20478



FINDING OF NO SIGNIFICANT IMPACT
AND
ENVIRONMENTAL ASSESSMENT

FOR
NDA 20-478

Sevorane (sevoflurane)

CENTER FOR DRUG EVALUATION
AND RESEARCH

HFD-007



FINDING OF NO SIGNIFICANT IMPACT
NDA 20-478

The Food and Drug Administration (FDA) recognizes the National Environmental Policy Act
of 1969 (NEPA) as the national charter for protection, restoration, and enhancement of the
environment. NEPA establishes policy, sets goals (section 101), and provides procedures
(section 102) for carrying out the policy. Environmental information is to be available to the
public and the decisionmaker before decisions are made about actions that may significantly
affect the quality of the human environment; FDA actions are to be supported by accurate
scientific analyses; and environmental documents ar to concentrate on timely and significant
issues, not to amass needless detail.

FDA’s Center for Drug Evaluation and Research (CDER) has carefully considered the
potential environmental impact of this action and has concluded that this action will not have
a significaat effect on the quality of the human environment and that an environmental impact
statement therefore will not be prepared.

In support of their new drug application for Sevorane (sevoflurane), Abbott Laboratories
prepared an abbreviated environmental assessment (EA) (21 CFR 25.31a(b)(3)) (attached)
basec on the fact that this is a general anesthesia drug. The abbreviated EA evaluates the
pote itial environmental impacts of the manufacture, use and disposal of the product.

CDER has concluded that the product can be manufactured and used without any expected
adverse environmental effects. The concentrations to be emitted at the site of manufacture of
the bulk product are in conformance with the environmental laws of Japan. The
concentrations to be emitted at the packaging site are not expected to be at levels to cause
any environmental effects. Precautions at the manufacture facilities also are expected to
minimize occupational exposures and environmental release. Any residues of Sevorane or its
degradation product entering the environment as a result of administering the drug to humans
are expected to be in such low concentrations as to not be toxic to organisms. Accidental
spill control procedures are available. Disposal will be in accordance with appropriate waste
procedures.



Center for Drug Evaltgation and Research

1 [s9s GQWUM’ @ﬁ‘

DATE Phillip G. Vincept, Ph. D.
Environmental ssment Officer
Center for Drug Evaiuation and Research

Juht Mﬁé’l/

Associfte Director of Chemistry
Center for Drug Evaluation and Rcscarch

Attachment:
FOI Copy of Environmental Assessment for Sevorane NDA 20-478



C)ABBOTT

Abbott Labormiories

D-380, Bidg. AP30

200 Abbott Park Road

Abbott Park, lincls 00084-3537

March 21, 1995

CENTER FOR DRUG EVALUATION AND RESEARCH
PILOT DRUG EVALUATION STAFF, HFD #007

Attn:.  DOCUMENT CONTROL ROOM #9B-23

5600 Fishers Lane

Rockville, Maryland 20857-1708

ATTENTION: Robert Bedford, M.D.
Acting Director

Re: NDA 20-478 Ultane™ (sevoflurane)

Abbott Laboratories hereby amends the above-referenced New Drug Application to provide a
debarrment statement. Appended is the required statement.

We trust that this information is complete.

Sincerely,

ABBOTT LABORATORIES

Frederick A. Gustafson
Director,

Regulatory Affairs
Hospital Products Division
(708) 937-3213

DTG/dg
Attachment
3-95fda.dtg




=) ABBOTT

CERTIFICATION REQUIREMENT FOR ALL APPLICATIONS
FOR APPROVAL OF A PRUG PRODUCT
CONCERNING USING SERVICES OF DEBARRED PERSONS

Under the new law, any application for approval of a drug product submitted on or after
June 1, 1892, must include:

na certification that the applicant did not and will not use in any capacity the
sefvices of any person debarred under subsections (a) o (b) [section 306(a) or
(b)}, in connection with such application.”

Abbott Laboratories certifies that it did not and will not use in any capacity the
services of any person debarred under subsections (a) or (b) [section 306(a) or
(b}, in connection with this application.

RTINS ﬂ»zﬁ N s

Frederick A. Gustafson \ 7™ /Date
Director, Regulatory Aftairs

Hr- -tal Products Division

.« AP30

A . Laboratories

200 Abbott Road

Abbott Park, Hinois 80084-3537




cJABBOTT

Abboit Laborstories

D-369, Bkig. AP0

200 Abbott Park Rosd

Abbott Parik, llinois 80084-3537

March 17, 1985

CENTER FOR DRUG EVALUATION AND RESEARCH
PILOT DRUG EVALUATION STAFF, HFD #007

Attn: DOCUMENT CONTROL ROOM #98B-23

5600 Fishers Lane

Rockville, Maryland 20857-1706

ATTENTION: Robert Bedford, M.D.
Acting Director

Re: NDA 20478 Ultane™ (sevofiurane)

Abbott Laboratories hereby amends the above-referenced New Drug Application, as requested
‘n the January 6, 1995 letter to industry from Robert T. O'Neill, Ph.D., Acting Director, Office of
Epidemiology and Biostatistics, to provide a statement on the use of flawed Pentium chips. As
stated in the referenced communication, the Agency has requested that all sponsors with
pending NDA or NDA supplemenits inform the appropriate medical review division within
CDER, as to whether the submission containet anatyses carried out using a flawed Pentium
chip.

We have verified that the computer equipment used in the analysis of data included in the
subject NDA did not utilized a flawed Pentium chip.

We trust that this information is complete.

Sincerely,
ABBOTT LABORATORIES

"X a &&"X“/o\@

Frederick A. Gustafson
Director,

Regulatory Affairs
Hospital Products Division
(708) 937-3213

., DTG/dg
3-95fda.dtg




MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATICN
CENTER FOR DRUG EVALUATION AND RESEARCH

Date: Sept 22, 1994

From: Asoke Mukherjee Ph.D., HFD-102
Through: Phillip G. Vincent Ph.D., éFD-lOZ
Subject: EA for Servoflurane, NDA 20-478
To: Leslie Vacarri, HFD-007

The initial review of the abbreviated EA submitted on April 29,
1994 has been completed. Following recommendation and comments
have been suggested by the reviewer.

1. For item ¥ 4:

Provide the environment surrounding each of the production,
distribution and disposal sites. Estimated amount of use in
kg/lbs/liter per year need to be mentioned. Also amount of the
drug substance that would be disposed as unused drug product per
year on the fifth year of production needs to he specified.
Provide the address and environment surrounding the site where
recovery and disposal of the returned goods would be made in this
item.

2. For item # 5:

Provide structure and physicochemical properties of impurities
(if any) in this section. Provide a better copy of the material
safety data sheet for the drug substance.

3. For item #6:

Provide estimated emission of the drug substance and other
materials related to the synthesis of servoflurane from the
facilities per year on the fifth year of production. State what
type of control would be taken to minimize emission. Provide
state, local and federal environmental compliance letter issued
to the specific to the product. Certified
copy of the English version should be included. Also provide
product specific compliance letter from the appropriate local,
state and federal authorities for the air and water emission of
servoflurane from the Rocky Mountain plant, and for the site of
disposal of returned and off specification product. Provide
estimated amount of returned and off specification product per
year .for the fifth year of production in this section also. MEEC
data need to be mentioned in this item of the EA.




NDA 20478 4 OF 4
ULTANE




Page 2
NDRA20-478

Endorsement: P ¢ '
A
HFD-102,/007 Ascke Mukherjee Ph.D.

Pharmacoclogist
HFD-102/P.G. Vincent Ph.D. SQ\’W‘
c.c: Original NDA 20-478 4 1084
EA file oct

Div File HFD-007
Supervisory Chemist/ HFD-007




-~

Consult #395 (HFD-007)
ULTANE

Sevoflurane

A review revealed one name which looks like the proposed name:
Altace. However, due to differences in dosage forms, the Committee
does not believe there is a significant possibility of confusion
involving the two names. i

i

The Committee has no reason to find the proposed name unacceptable.

CLER Labeling and Nrmmenclature Committee

ﬁ?Mg Z_;Oﬁ W&Zé , Chair ZA‘A’J'
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MEMORANDUM

TO: CDER Labeling and Nomenclature Committee
Attention: Yana Mille, cChair, (HFD~638) MPN2 204

FROM: Pilot Drug Evaluation Staff, HFD~-007

Attention: Robert Bedford, M.D., Reviewing dical Officer
I.eslie Vaccari, CsoO
’ le) R-27 -Gy
DATE: December 27, 1994

SUBJECT:Request for Assessment of Proprietary Name of a Proposed Drug Product

Proposed Proprietary Name: Ultane

Established name, including dosage form: sevofluane liquid anesthetic for
general anesthesia, 250 mL

Other propretary names by the same firm for companion products: none
i ‘ations for Use: general anesthesia
(T aents:Refer to consult #338 sent 8-22-94 for Sevorane {sevoflurane).

Sponsor was “otified of your finding dated 10-11-94 that Sevorane was
unaccept=kle. This is their new proposed nanme.

Labeling Committee Recommendations:



S)ABBOTT

Abbolt Laborstories

D-380, Bidg. AP0

200 Abbott Park Road

Abbott Park, INnoie S0084-3537

March 8, 1995

i

CENTER FOR DRUG EVALUATION AND RESEARCH
PILOT DRUG EVALUATION STAFF, HFD #007

Attn: DOCUMENT CONTROL ROOM #9E-23

5630 Fishers Lane

Rockville, Maryland 20857-1706

ATTENTION: Robert Bedford, M.D.
Acting Director

Re: NDA 20478 Sevorane® (sevofiurane)

Abbott Laboraiories hereby amends the November 21, 1994 Safety Update to the subject New
Drug Application (NDA). This amendment provides an additional safety report that has been
recently received by Abbott Laboratories since the time of the update.

We trust that this information is complete.

Sincerely,

ABBOTT LABORATORIES

PR VASIVAN

Frederick A. Gustafson
Director, Regutatory Affairs
Hospital Products Division
Phone: (708) 937-3213
Fax: (708) 938-7867

DTG/dg

attachment
Gi\dtg\11-94fda.dig



DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION

APPLICATION TO MARKET A NEW DRUG FOR HUMAN USE
OR AN ANTIBIOTIC DRUG FOR HUMAN USE
(Title 21, Code of Federal Regulations, 314)

Form Approved: OMBS No. 0910-0001
Expiration Date; March 31, 1990 .
See OMBE Statement on Page 3.

FOR FDA USE ONLY

DATE RECEIVED DATE FILED

DIVISION ASSIGNED | NDAJANDA NO. ASS

NOTE: No apphication may be iled unless a completed application form has been recewved (21 CFR Part 314).

NAME OF APPLICANT
Abbott Laboratories

DATE OF SUBMISSION
March 8, 1995

TELEPHONE NO (include Area Code)

ADDRESS (Number, Street, City, State and Zip Code)
Hospital Products Division - Div 23681 (D-389)

200 Abbott Park Road

{708) 937-3213

NEW DRUG OR ANTIBIOTIC APPLICATION
NIUMBER (It previously sssued)

Abbott Park, 1L 60064 20-478
DRUG PRODUCT
ESTABLISHED NAME (e.g., USPIUSAN) PROPRIETARY NAME (H any)
N/A sevorane '™
CODE NAME (i any) CHEMICAL NAME
Sevoflurane fluoromethyl-2,2,2-trifluoro-1-{trifluoro-
ether
DOSAGE FORM POUTE OF ADMINISTRATION STRENGTH(S)
Liquid fnhalation N/A
PROPOSED INDICATIONS FOR USE
Induction and maintenance of snesthesia.
P
/(’-' : v ta

314), AND DRUG MASTER FILES (21CFR 314.420) REFERRED TO IN THIS APPLICATION:

LIST NUMBERS OF ALL INVESTIGATIONAL NEW DRUG APPLICATIONS (27 CFR Part 312). NEW DRUG Ol'l ANTIBIOTIC APPLICAT\ONS (21 CFR Part

INFORMATION ON APPLICATION

TYPE OF APPLICATION (Chezk one)

O THIS SUBMISSION IS A FULL APPUICATION (27 CFR314.50) [ THIS SUBMISSION 15 AN ABBREVIATED APPLICATION (ANDA} {21 CFR 314 55)

IF AN ANDA, IDENTIFY THE APPROVED DRUG PRODUCT THAT IS THE BASIS FOR THE SUBMISSION

NAME OF DRUG

HOLDER OF APPROVED APPLICATION

STATUS OF APPLICATION {Check one)

] PRESUBMISSION
[[] ORIGINAL APPLICATION

AN AMENCMENT TO A PENDING APPLICATION
[] RESUBMISSION

[ SUPFLEMENTAL APPLICATION

PROPOSED MARKETING STATUS (Check one)

(e APPLIC ATION FOR A PRESCRIF TION DRUG PRODUCT (#x)

] APPLICATION FOR AN OVER - THE - COUNTER PROGUCT (OT¢)

FORM FDA 356h {10/89)

Page 1




CONTENTS OF APPLICATION

t. index

This application contains the following items: (Check all that apply)

2. Summary (21 CFR 314.50 (<))

3. Chemistry, manufacturing, and control section {21 CFR 314.50 (d) (1)}

4. a. Samples (21 CFR 314.50 {e) (1)) {(Submit only upon FDA’s request)

b. Methods Validation Package (21 CFR 314.50 (e) (2) (i))

@: ¢. Labeling (21 CFR 314.50 (e) (2) (i)

1. draftiabeling (4 copies)

ii. final printed labeling (12 copies)

5. Nonclinical pharmacology and toxicology section (21 CFR 314.50 {d) (2)}

6. Human pharmacokinetics and bioavailability section (21 CFR 314.50 (d) (3))

7. Microbiology section (21 CFR 314.50 (d) (4))

8. Clinical data section (21 CFR 314.50 (d) {(5))

9. Safety update report (21 CFR 314.50 (d) (5) (vi) (b))

10. Statistical section (21 CFR 314.50 (d) (6))

11. Case report tabulations (21 CFR 314.50 {f) (1))

12. Case reports forms (21 CFR 314.50 {f) (1))

13. Patent information on any patent which claims the drug (21 1J.5.C. 355 (b) or {c)}

14. A patent certification with respect to any patent which claims the drug (21 U.5.C 355 (b) (2) or (j) (2} (A))

15. OTHER (Specily)}

. Labeling regulations in 21 CFR 201

N WA

- In the case of a prescniption drug product, prescription drug advlrtising regulations i 21 CFR 202
Regulations on making changes mapphicationin 21 CFR 314 70,314 7Y _and 314 72

. Regulations on reportsin 21 CFR 314 80 and 314.81
Local, state and Federal environmental impact iaws

If thus apphcation apphes to a drug product that FDA has proposed for scheduiing under the controlied substances Act | agree not 1o market the

product unti! the Or . Enforcement Admimistration makes a tinal scheduhing decision

A LY
! agree to update this application with new safety information about the drug that may reasonably atfect the statement of contramdications,
WaTPINgS, Precautions, or adverse reactions in the dratt labehing. | agree 10 submit these safety update reports as follows: (1) 4 months atter
*he tnitial submussion, (2} following receipt of an app/ovable letter and (3) at other times as requested by FDA. f this appheation s appioved, |
agree to comply with all laws and regulations that apply to approved appikations, including the followsag:
. Good manufactuning practice requlaticris i 21 CER 210 and 211,

NAME OF RESPONSIBLE OFFICIAL OR AGENT
Frederick A. Gustafson

Aedernit &

SIGNATURE OF RESPONSIBLE OFFIC:AL ORAGENT

A

DATE
3/08/95

ADDRESS (Street, City, State, Zip Coge)
One Abbott Park Rd
Abbott Park, 1ilinciz 60004

TELEPHONE NO _(include Area Code)

(T08) 937-3213

(WARNING: A wilifully faise statement is a criminal offense. U.5.C. Title 18, Sec.1001.)

FORM FDA 356h (10/89)

Page 2




electrolytes, glucose were normel. EEG showed normml sweke pattern with
alpha waves. Neurologist comsultant congidered the seizures "functional.»

ABBOTT LABORATORIES Form Approved by FDA 489
HOSPITAL PRODUCTS DIVISION FDA CONTROL NO.
Abbott Park, IL 80084-3600 ACCESSION NO. FUILLI T T F AT
MEACTION IHPORMATION
1. PATENTIS 7THRTIALS (in Confidence) 2 AL VRS, 13. 0% 4.6 . FEACTION OFRSET  [4-1Z CHECK ALL APPRGPRRRTE. |
MO. DA. YR
32 " 02/16/95 [ petart Died
7 DESCRIE FEACTIONS) M| m,,-.-m
Report of wyoclonic seizures, SEVO-94-109. ox. 15 mine after smergence Orug
from anesthesia, pt ltost consciousness, deve wyoclonic movements in E] Rasued In, OF
arms & tegs lasting 5 secs every 3-5 mins for 2.5 hrs. Diszepem 25 mg Prolonged, inpatient
ineffective. Thi tal 250 mg st the movements. Pt slept 1 hr Hosphallzation
oriented upon ening. Hospitalized overnight w/o complications. 27 wrs
post-op at home, pt became dizzy, {ost consciousrwss { developed myoclonic D Retuad In
saizures; regained consciousness 60 mine lster in hospitsl, remained Pemanent Disablty
overnight w/o complicetions. 3 days later pt febrile but no further seizures.
13 RELEVANT TESTS /LABORATORY DATA
D None Of The Above
Arterisl blood gas snalysas during first seizure showed mild respiratory
scidosis. Blood pressure, pulse, pulse oximetry saturation, btood D Uninown

SUSPECT DALG(S) INFORMATION

n
Lu—.mmmmﬁum.mm:m)

SEVOFLURANE [NWALATION AMESTHETIC

Geraral Anesthesia for kree srthroscopy and shaving

usT: LOT:  85-a35vC ABBOVT LABORATORIES O 0 i O
7S, DALY DOSE 1. ROUTE OF ADMINISTRATION Yes Mo A -
End-tidal conc. 0-2X Inhalation
T, y 21. OID REACTION REAPPEAR |
AFTER REINTRODUCTION?

+8. DATER OF ADMINISTRATION 9. ADMINISTRA
(From / To)
02716795 03/16/9% 45 minutes

20. DID REACTION ABATE
AFTER STOPPING DAUG?

Oves Ono D wa [

de 1hose used jo ireal feackion)

Propofol 180 mg, diclofenac 100 mg, Dupivacaine 50 mg, fentanyl 0.1 mg,
nitrous onide 1.5 liters per minute (lpm), oxygen 1-2 lpm, Ringers-glucose

23. OTHER RELEVANT HISTORY (0.0. dagnosss, allergiss, pregnancy with LMP, eic.)

without complications.

No prior history of neurological or psychiatric disease. Patient had general
anesthesia two years ago with propofol induction and enflursne maintenance

. OMLY FOR REPORTS SUBMITTED BY MANUFACTURER v

NITIAL REPOATER (In condidence)

24. NAME AND ADDRESS OF MANUFACTUHER (Wnciuds Zip Gode)

Abbott Laboratories

o7V, AP34

One Abbott Park Road
Abbott Park, IL 80084-3500

26.-26a. RAME AND ADDRESS OF REPOITER (Inchude 2ip Code)

Z8b. TELEPHONE NO. (Inchue arve code)

268c. HAVE YOU AL SO REPORTED THIS REACTION TO THE
MANUFACTURER?

& ves [Ono
02/23/95 [ Hestth Protessional 3 conoumer
5. 15 DAY REPGHT? 2%, REPORT TYPE 260, ARE YOU A HEALTH PROFESSIONALT
ma Oves Clwno 0 wrmaL [ rouwowue idves Owo

NOTE: Required of marwiacturers by 21 CFR 314.80

Form 1529 Facsimlle




DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

T,

vy
" Food and Drug Administration
Rockville MD 20857

MAR -2 1995
TRANSMITTED VIA FACSIMILE

David T. Guzek

Director, Regulatory Administration
Hospital Products Division ;
Abbott Laboratories

D-389, Bldg. AP30

One Abbott Park

Abbott Park, Illinois 60064-3500

RE: NDA# 20-478
Ultane (sevoflurane)
MACMIS 1D #3032

Dear Mr. Guzek:

The Division of Drug Marketing, Advertising and Communications
(CDMAC) has received Abbott Laboratories' (Abbott)

February 21, 1995, request for an advisory opinion for the
proposed logn which now incorporates sevoflurane's new proposed
name, Ultane. DDMAC notes that should the name be rejected and
another product name be reguired, the presentation of the logo
would be retained.

At this time, DDMAC cannot comment on the proposed name, Ultane,
as submitted until Abbott has received approval for the product
name. DDMAC recommends that Abbctt not engage in the use of
promotions that use the proposed product name or logo before it
is cleared by the new drug reviewing division. However, DDMAC
has nc objections to the proposed logo as presented.

If Abbott has any questions or comments, please contact the
undersigned by facsimile at (301) 594-6771, or at the Food and
Drug Administration, Division of Drug Marketing, Advertising and
Communications, HFD-240, Rm 17B-20, 5600 Fishers Lane, Rockville,
MD 20857. DDMAC reminds Abbott that only written communications

are considered official.

In all future correspondence regarding this particular matter,
please refer to MACMIS ID #3032 in addition to the NDA number.

Sincerely yours,

& ﬁaarmal, P A

Jean E. Raymond, P.A.
Regulatory Review Officer
Division of Drug Marketing,
Advertising and Communications
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@ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
ﬁ DA 20-478 Food and Drug Administration

Rockville MD 20857

Abbott

Hospital Products Division

Abbott Laboratories

one Abbott Park Road DEC 23 1934
Abbott Parck, Illinois 60064-3500

Attention: Frederick A. Gustafson
Director, Regulatory Affairs
Hospital Products Division

Dear Mr.Gustafson:

Please refer to your pending July 11, 1994 new drug application
submitted under section 505(b) of the Federal Food, Prug and
Cosmetic Act for Sevorane (sevoflurane) liquid anesthetic for
general anesthesia 250 mL.

We have completed our review of the Chenistry section of your
submission and have identified the following deficiencies:

1. O©On pages 239-244, data was submitted for 36 lots of bulk
drug manufactured in Japan tested as
per current test batch methods.

Batches:
# C-1,2,3,5,6,7,8,9,10,12,13,14,15, 1€,
17,18,19,20,21,23,24,25,26,27,28
#71104, #00210, #11224, #1120061

a.) Clarify the absence of such information as:
-Date these batches were manufactured
-Date these batches were tested
-Explain the batch numbering systemn.

b.) For all the above batches clarify the absence of
the foliowing data:
-Refractive Index
-Identification (IR)/include copies of spectra
-Flucoride Ions
-Largest Single impurity
-Acidity/Alkalinity - the word "Pass"™ is not
acceptalble, include actual data.

c.) Include the chemical names of Compound A, Largest
Single Impurity anda any of the known Total Impurities
in your Tables.

d.) On pages 239 to 243, some of the values for Larcest
Total Impurities as out of specification limits. Please
explain.




NDA 20-478
Page Two

2. Submit a Certificate of Analysis of your reference standa.-d
showing its quality as compared to the testing of Sevoflurane
in the Table below.

Tablc IV
Sypecificatiaas (ar Sevofluranc

Tewt STme Soete shcatmg g

3. 1In regaréd to the filling process, what in-process controls
are applied to assure that t = air used to blow-out empty 250
mL botiles is acceptable and what in-process controls are
applied to assure that the bulk drug prior to filling is
properly filtered. Identify the particles or organism that
may be present.

What evidence do you have that this product does not support
growth? We call your attention to the fact that the agency
is in the process of writing regulations that require liquid
anesthetics to be sterile.

4. It is noted in the Table below, that at the end of six
months "ALL" of the lots are reading much below the specifica-
tion limits. Explain how your specification limits were
derived and show the quality of your product at both extrene
ranges for all tests indicated.




NDA 20-478
Page Three

Table 20000
Stability Dats {continucd)
250 mL Screw Cap Closure System (Reclaim Prodee()

Final Speiications

Total T
Ten Performed. Fluoride | Acidity** Mon- Water | Imp. wia Tther Sevg
o volatile | Contest | Cpd. A §{ Cpd. A Ii.nr;ut Pusit,
Alkaliaity | Residucy imp. )
]
Test Mcthod Assignation:
MMT § NMT | NMT | NMT | NMT | NMT | RMT | MLT

: 1
Reshilts 1 ;
] (I

Lot#? Tonp | Mont
Stability # Position ]
T I I T
| | : [ LI J }
5. Clarify the revised specification in your stability

protocol for Compound A in Appendix J, Page 492 of

We would appreciate your prompt written response so we can continue
our evaluation of your NDA.

If you have any questions, please contact:

Leslie Vaccari
Consumer Safety Officer
(301) 443-3741

Sincerely yours,

Juanita Ross

Chemist

Pilot Drug Evaluation Staff, HFD-007
Office of Drug Evaluation II

Center for Drug Evaluation and Research



SJABBOTT

Hospital Products Division
Abbott Laboratories

D-389, Bidg. AP0
200 Abbott Park Road
Abbott Park, fincis 60064-3537

December 22, 1994

CENTER FOR DRUG EVALUATION AND RESEARCH
PILOT DRUG EVALUATION STAFF, HFD #007

Attn:  DOCUMENT CONTROL ROOM #9B-23

5600 Fishers Lane

Rockville, Maryland 20857-1706

ATTENTION: Robert Bedford, M.D.
Acting Director

Re:  NDA 20-478 Sevorane™ (sevoflurane)

Abbott L aboratories hereby amends the above-referenced New Drug Application to provide
additional clinical and preciinical references. These references are new references that have
been identified since the filing of the New Drug Application (NDA). The Table of Contents
included in these volumes is a cumulative listing of all literature references i.e., those included
in the original application and in this amendment. The new references that are included as
part of this amendment are identifiéd in the Table of Contents with an asterisk (*).

Sincerely,

ABBOTT LABORATORIES

s Q}w&l\n /i

Frederick A. Gustafson
Director,

Regulatory Affairs
Hospital Products Division
(708) 837-3213

DTG/dg

attachment
12-84(da dtg



NDA 20-478 Page 22.

Question:

5 Describe if an alternate synthesis is used.

Response:

5. Sevoflurane is only mpanufactured and supplied to the customers according to the

panufacturing process described in the DMF.
¥hen the manufacturing method may be revised, improved or changed, such process

will be fully validated prior to be used or will be pre-inspected.

5. Comment:

Hesponae acceptable

In regard to the stability data submitted, the following questions need to be

answered:

Question:

6 The data appears to be within specification. However. the specification limits for
total impurity, Compound A and Other single impurity are wide. Explain:

Either show the quality of the bulk substance at these wide ranges or reduce your
specification 1imits to more realistic values.



NDA 20-478 Page 23.

Response:

6. The specifications for bulk sevoflurane were developed based on a review of the
specifications currently in effect for marketed products of the same pharma-
cological, and the statistical review of the historical specification data
available for development lots, and toxicologital properties of the potential
impurities that may be found in this product.

¥hen more data are obtained with the production of consecutive lots of bulk drug
at the new plant, annual review of specification performance will be performed in
compliance with CGMP regulations and the DNF submission will be updated
accordingly, as necessary.

COMMENT -

6. Firms are very reluctant to revise specification limits to
more realistic values, however, as the firm gains more
experience with the product and production lote are monitored
and we evaluate staability data in annual reports, then we can
have a better basis for holding them accountable.

Question:

7.The use of the worg "Pass” j
" ss - -
determined. (Example. - Is not acceptable when a definjte number has been

Response:

7. "Pass” means NMT the specification limit. For example, on page 122 (Table VI-1)

7.Comment :

I"11 accept his response for now.



NDA 20-478 Page 24.

8.Define the“actual number for Ambient Temperature in your tables.

9.Qualify the batches that are used as to pilot, research, or production and

indicate in the Tables and indicate their date of manufacture and date put on
stability. ’ .

Response :

8 and 9 : Table Vi-1, VI-2, VI-3, VI-4, VI-5 and VI-6 were revised as attached.
Actual temperature of ambient temperature is 0 to 2°°C at the plant site area.

Manufacturing date and starting date of stability study indicated were also
shown in the tables.

All lots used for stability test were manufactured for production.

8. and 9.

Co :
mment - ., Tesponse acceptable



AMENDMENT: Feb. 25,1995

NDA 20-478 Page 25.

“In your amendment dated January 5, 1995 the following question was asked
and the following response was given. However, submit the information
requested under my comment

Request *“3.

Response:

COMMENT :

)

4

s

N

In regard to the filling process: what in-process controls are applied to assure
that the air used to blow-out empty 250 mL bottles is acceptable and what in-
process controls are applied to assure that the bulk drug prior to filling is
properly filtered. identify the particles or organism that may be present.

What evidence do you have that this product does not support growth? We
call your attention to the fact that the agency is in the process of writing
regulations that require liquid anesthetics to be sterile.”

Pharmacopoeia specified microbial inhibition tests have been pedformed with -
the required types and concentrations of bactenial and fungi strains (.e.,
Staphylococcus aureus, Bacillus subtilis, Escherichia <oli, Pseudomonas
aeruginosa, Aspergillus niger and Candida albicans}. Boti vegetative and
spore cell forms were used in these tests. These tests reveal that sevoflurane
meets the requirements for classification as a microbial it;hibition agent.
Sevoflurgne contact with these microorganisms resulted in 94 - 100%
destruction of high level inocuium populations, within 24 - 144 hourss of contact
time. '

“We are requesting that data be submitted which show that Sevoflurane meets

the requirements to be classified as a microbial inhibition agent”

Response:

The firm esponded with microbial data and an explanation of the
testing that was performed. ( see amendment for more details)

However, see attached sheet for some of the conclusions reached.

For the present time response is acceptable.




NDA 20-478 Page 26.

Whmitwasmqueaedmatphysicalandmernfcalpmperﬁesof
besubmitted.lvmlteddataundersud\pmperMsasdesaibedbelowfor
, sevoflurane: .... °

4.2.3 Physical and Chemical Characteristics
Sevoflurane

Boiling Point at 760 mun He: . 586°C

Specific Gravity at 20 °C; ' 1.520 - 1.525

Vapor Density (air = 1.0g/L)" . 6.9g/L"

Vapor Pressure in mm Hg: 157 mm Hg at 20 °C
197 mn: Hg at 25 °C
317 mni Hg at 36 °C

Compound A

* The vapor density was calculated based on the molecular weights of Sevoflurane
(200.05) and air (28.8). .

Distribution Partition Coefficitnts at 37 °C.

Blood/Gas “

Water/Gas

Lard Fat/Gas

Olive 0il/Gas

tf Partiti cients at 25 °C:
Conductive rubber + °
Butyl rubber :
Polyvinyl chloride (endotracheal tube)
Polyethylene (circuit tube)

Solubility |

Sevoflurane is miscible with cthanol, ether, chioroform and petroleam benzene and it is
slighly soluble in water.

- Fl ili

Resonse: For the present time the response is acceptable.( see attached
sheet for Compound A data)

c I the future, when stability data is reported, itis suggested that the chemical
name of Comyound A be cited in the Stability Report Table. The term
‘Compound A’ can be parenthesized.”

Response: - We have informed ths appropriate individuals to request that future stability data
utilized the chemical name of Compound A. -

Response acceptable.
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cCJABBOTT

Hospitai Products Division
Abbott Laborsiories
D-380, Bidg. AF30

200 Abbott Park Road
Abbott Park, linois 80064-2537

December 21, 1994

CENTER FOR DRUG E VALUATION AND RESEARCH
PILOT DRUG EVALUATION STAFF, HFD #007

Attn:  DOCUMENT CONTROL ROOM #9B-23

5600 Fishers Lane

Rockville, Maryland 20857-1706

ATTENTION: Robert Bedford, M.D.
Acting Director
Re: NDA 20-478 Sevorane™ (sevofiurane)
Abbott L aboratories hereby amends the above-referenced New Drug Application to provide for

additional revisions to the revised package insert that was submitted to the NDA on
December 8, 1994. The submission of December 8, incorporated revisions and new

. information requested by the Division in their review of our proposed package insert included

in the Original New Drug Application {NDA).

The enclosed package insert has been modified to include editorial comments that were
offered by an Abbott-formed Acdvisory Panel. Accordingly, included herein is a revised
package insert, as well as, an annotated insert which identifies the panel's recommendations.
These changes are identified in the package insert by bold-underiined print. Also included
herein are computer disks {in duplicate) in Word Perfect and MAC format.

Sincerely,

ABBOTT LABORATORIES

DXA\M(\S'O\.- A

Frederick A. Gustafso
Director,

Regulatory Affairs
Hospital Products Division
(708) 937-3213

DTG/dg

attachment
12-841da.dtg



cJABBOTT

Hospital Products Divigion

Abbott Laboraiories
D-380, Bidg. AP0

200 Abbott Park Road

Abbatt Park, linnig 60064-3537

December 21, 1994

CENTER FOR DRUG EVALUATION AND RESEARCH
PILOT DRUG EVALUATION STAFF. HFD #007

Attn: DOCUMENT CONTROL ROOM #9B-23

56800 Fishers Lane

Rockville, Maryland 20857-1706

ATTENTION: Robert Bedford, M.D.
Acting Director

Re: NDA 20-478 Sevorane™ (sevoflurane)

Abbott Laboratories hereby amends the above-referenced New Drug Application as a resuit of
the Administration’s position that the proposed product name, Sevorane™, is not consistent
with USAN guidelines and therefore, should not be approved. Accordingly, wv: are proposing a
new product name for sevofiurane namely, Uttane™. We would request that this name be
presented to the' Agency’s labeling committee to deem its acceptability. Shouid you require

any additional information, please contact me.

Sincerely,

ABBOTT LABORATORIES

Xy @ sy

Frederick A. Gustafs
Director,

Reguilatory Affairs
Hospital Products Division
(708) 937-3213

DTG/dg

attachment
11-94fda dig




v OEPARTMENT OF HEALTH AND HUMAM SERVICES Form Apgroved: OMB No. 0910-0001

Expicati H A .

TUBLICHEALTHSERICE bt

APPLICATION TO MARKET A NEW DRUG FOR HUMAN USE - FOR FDA USE ONLY
OR AN ANTIBIOTIC DRUG FORR HUMAN USE DATE RECHIVED DATE FILED

(Title 21, Code of SFederal Regulations, 314)

DIVISION ASSIGNED-{ NDAJANDA NO. ASS®

NOTE: No application may be filed unless a compieted application foren has been received (21 CFR Part 314).

I APPLICANT DATE OF SUBMISSION
i NAME o:bbott Laboratories . December 21, 1994
% TELEPHOW W%"‘ Code)
| ADDRE S5 (Nymherp SURET £ SR I R P8lar (0-389)
NEW DRUG OR ANTIBIOTIC APPLICATION
200 Abbott Park Road NUMBER (i previously ssued)
Abbott Park, 1l 60064 20-478
DRUG PRODUCT
ESTABLISHED NAME {e.g., USPIUSAN) PROPRIETARY NAME (If any)
NIA Sevorane ™M
CODE NAME (Hany) CHEMICAL NAME
Sevoflurane fluoromethyl-2,2,2-trifluoro-1-(trifluoro-
methyl) ethyl ether
DOSAGE FORM ROUTE OF ADMINISTRATION ] STRENGTHIS)
Ligquid . Inhatation N/A

ROPOSED INDICATIONS FOR USE

Induction and maintenance of anesthesia.

LIST NUMBERS Sr ALL INVESTIGATIONAL NEW DRUG APPLICATIONS (21 CFR Part 312) NEW DRUG OR ANTIBIOTIC APPLICATIONS (21 CFR Part
3143, AND SRUG MASTER FILES (2T1CFR 314 420} REFERRED TO IN THIS APPLICATION:

INFORMATION ON APPLICATION
TYPE OF APPLICATION (Check one)

O THIS SUBMISSION 1S A FULL APPLICATION (21 CFR 314 50) [] THIS SUBMISSION IS AN ABRBREVIATED APPLICATION (ANDA) {21 CFR 314 55)

IF AN ANDA, IDENTIFY THE APPROVED DRUG PRODUCT THAT 1S THE BASIS FOR THE SUBMISSION

NAME OF DRUG HOLDER OF APPROVED APPLICATION
. STATUS OF APPLICATION {Check one)
| PRESUBMISSION [} ANAMENDMENT TO A PENDING APPLICATION [] SUPPLEMENTAL APPLICATION
[} ORIGINAL APPLICATION [ RESUBMISSION
PROPOSED MARKE TING STATUS {Check one)
®) APPLICATION FOR A PRESCRIPTION DRUG “RODUCT (Rx) [7] appLICATION FOR AN OVER - THE - COUNTER PRODVCT (OTC)
FORM FDA 356h (10/89)

Page t



1. Index

CONTENTS OF APPLICATION
This application contains the following items: (Check all that appiy)

2. Summary (21 CFR 314,50 (c;,

3. Chemistry, manutfacturing, and control section (21 CFR 314.50 (d) (1))

4. 3. Samples {21 CFR 314.50 (e) (1)) (Subsinit only upon FDA's request)

b. Methods Validation Package (21 CFR 314.50 (e) (2)1i))

<. Labeling (21 CFR 314.50 {e) {2} (i)}

i. draftlabeling (4 copies)

ii. final printed labeling (12 copies)

|5 ]

. Nonclinical pharmacology and toxicotogy section (21 CFR 314.50 (d) (2))

6. Human pharmacokinetics and bioavaiability section (21 CFR 314.50 (d) (3))

7. Microbiology section (21 CFR 314.50 (d) (4))

8. Clinical data section {21 CFR 314 .50 (d) (5}

9. Safety update report {21 CFR 314 .50 {d) (5} (vi) (b))

10. Statstical section (21 CFR 314.50 (d) (6))

11. Case report tabulations (21 CFR 314.50 (f) (1))

12 Case reports forms (21 CFR 314 50 ({f) (1)}

13. Patent:nformation on any patent which ctaims the drug (21 U.S5.C. 355 (b) or {c)}

14. A patent certification with respect to any patent which claims the drug {21 U 5.C 355(b) (2) or (}) {2) (A))

15 OTHER {Spectfy)
% Proposed Product Name

Labeling regulations in 21 CFR 201V

O W B A =

in the case of a prescription drug product, prescniption drug advertising reguiationsn 21 CFR 202
Regulations on making changes in applcationin 21 CFR3I14 70, 114 71 _and 114 72

Regulations on reportsin 21 CFR 314 80 and 314 89
L al, state and Federal environmental impact laws
1t this application apphes 1o a diug product that FDA has proposed tor scheduling under the controlled substances Act | agree not to market the
product until the Di Ly Enfurcement Admimstration makes a hinal wheduhng degision

| agree to update this apphcation with new safety information about the drug that may reasonably affect the siatement of contraindv.ations,
WarnIngs, precautions. or adverse reactions in the drafr labehing. | agree 10 submit these satety update reports as tollows: (1) 4 moriths after
the mnitial submission, (2} following receipt of an approvable letter and {3) at other tmes as requested by FDA  1f this apphcation is approved, |
agree 10 comply with all laws and regulations that apply to approved applications, including the following:
Good manufactunng practice regqulations in 21 CFR 210 and 211

NAME OF RESPONSIBLE OFFICIAL OR AGENT
Frederick A. Gustafson

SIGNATURE OF RESPONSIBLE OFFICIAL OR AGENT

Sederik

Mlotpirrn_) e

DATE

1272179

ADDRESS {Street, City, State, 210 Code)
-One Abbott Park K¢

Abbott Park, Illinois 60064

TELEFHONE NO (inciude Area Code)

(708) 937-3213

(WARNING: A willfully false siatement is a criminal oftense. U.5.C. Title 18, Sec.1001.)

FORM FDA 356h (10/89)

Page 2
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S)ABBOTT

Hospital Products Division
Abbott Laboratories

D-389, Bidg. AP0

200 Abbott Park Road

Abbott Park, Binois 60064-3537

TR ANEN LN

December 16, 1994

CENTER FOR DRUG EVALUATION AND RESEARCH PG
PILOT DRUG EVALUATION STAFF, HFD #007

Attn: DOCUMENT CONTROL ROOM #9B-23 REC'D
5600 Fishers Lane ' n H
Rockville, Maryland 20857-1706 i DEC 2 0 1994 i
&_ ‘E D007 Jc’
ATTENTION: Robert Bedford, M.D. ‘ ,4,,,; S
i 3 ) g B L
Acting Director .:Lﬁ s.?u{___, -

Re: NDA 20-478 Sevorane™ (sevofiurane)

Abbott Laboratories hereby amends the above-referenced New Drug Application to provide
additional information requested in the December 15, 1984 FAX from Ms. Juanita Ross of the
Divisicn. Included herein is a copy of patents 2,992,276, 3,683,071 and 3,683,092. At the
request of Ms. Ross, these copies have been previously FAX'ed to Dr, Pramoda Maturu of the
Division. :

Sincerely,

ABBOTT LABORATORIES

i S @(%*lwm '

Frederick A. Gustafson
Director,

Reguiatory Affairs
Hospitat Products Division
(708) 937-3213

DTG/dg

attachment
12-04ida dtg



JABBATT DUPLICATE

Hospital Products MNasiecian
Abbott Laboratories

D-380, Bidg. AP0
200 Abbott Park P

- 1
December 7. N (AZ} i ;.

CENTER FOR DRUG EVALUATION AND RESEARCH’
FILOT DRUG EVALUATION STAFF, HFD #007

Attn: DOCUMENT CONTROL ROOM #9B-23

56800 Fishers Lane

Rockville, Maryland 20857-1706

ATTENTION: Robert Bedford, M.D.
Acting Director

Re: NDA 20-478 Sevorane™ (sevoflurane)

Abbott Laboratories hereby amends the subject New Drug Application (NDA) to provide the
clinicai summary report for Sevofiurane protocot SEVO-92-025. The subject protocol SEVO-
92-025 entitied: "A Phase ill, Multi Center, Randamized, Open-Label Study comparing

- savoflurane to isoflurane in the maintenance of anesthesia and rapidity and ease of
emergence and recovery in adult ASA Class |, li, or ill inpatients”, was submitted to the IND on
January 19, 1993. : . :

The study summary is contained in four (4) voiurwes. The Full Clinical Summary, as well as,
the individual Appendices where appropriate, include a Table of Contents to locate specific
pages within that section. Preceding the Full Clinica! Summary is the completed Abbreviated
Summary and associated computer disk (Microsoft Word format). Also included as part of this
submission is a data disk for the datasets included in this clinical study report.

We trust that this information is complete.

Sincerely,

ABBOTT LABORATORIES

J4’< o M d /% W/M

Frederick A. Gustafson
Director, Regulatory Affairs
Hospital Products Division
Phone: (708) 937-3213
Fax: (708) 938-7867

DTG/dg

attachment
G:\dig\10-04fda.dtg
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Heaith Service

* AT
NG Al P

".,,WZ Food and Drug Administration
November 30, 1994 pucville Mgmzoas'y

Frederick A. Gustafson

Director, Regulatory Affairs
Hospital Products Division

Abbott Laboratories

D-386, Bldg. AP30

200 Abbott Park Road

Abbott Park, Illinois 60064-3637

Re: NDA 20-478 Sevoflurane
Dear Mr. Gustafson:

This is in response to your letter of November 29, 1994, concerning
the January 17-18, 19595 meeting of the Anesthetic and Life Support
Drugs Advisory Committee. In that letter you request that the
Advisory Committee meeting be structured to allow for both open and
closed sessions and that information and discussions relating to
the pending application be restricted to a closed session.

In response, I refer you to 21 CFR 314.430 (c) and (d) and 21 CFR
14.35 (c). 1If your organization has never publicly disclosed or
acknowledged the existence of its application for sevoflurane, then
our regqulations preclude uas from disclosing safety and
effectiveness data at an ope: session of an FDA advisory committee.
Hence, we would conduct all discussions of your pending application
in a closed session. If, however, you have disclosed or
acknowledged the existerce of your application, it is FDA policy
that the safety and effectiveness issues for your application are
to be discussed in a open session of an FDA advisory committee and
that issues concerning chemistry and manufacturing are to be
discussed in a closed session.

Thus, the answer to your request depends on whether Abbott has ever
publicly disclosed or acknowledged the existence of its application
for sevoflurane. It would be my presumption that Abbott has
publicly disclosed or acknowledged the existence of its application
and that the discussion of the safety and effectiveness issues will
take place in an open session. If this is not correct, please
contact me today if possible, so that I can meet the deadline for
the Federal Register notice. Further, it is now my understanding
there may be chemistry or manufacturing discussion before the
committee, so we are including a closed session for one hour for
this.purpose and the rest of the meeting will be conducted in open
session.

P
7 e
~- e -

Isaac F. Roubein, Ph.D.
Executive Secretary

Attachment
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O ABBOTT
Hospital Products Division

Abbolt Laboratories
D-389, Bidg. AP0

200 Abbott Park Road

Abbott Park, Winoks 60084-3537

ORIGINAL NEw CORRESP

CENTER FOR DRUG EVALUATION AND RESEARCH
PILOT DRUG EVALUATION STAFF, HFD #007 .
Attn: DOCUMENT CONTROL ROOM #88-23

5800 Fishers Lane

Rockville, Maryland 20857-1708

November 29, 1994

ATTENTION: isaac F. Roubein, Ph.D
Executive Secretary, Anesthetic and
Life Support Drugs Advisory Comniitice

Re: NDA 20478 Sevoflurane

Abbott Laboratories acknowliedges receipt of the notification of the January 17-18, 1985
meeting of the Anesthetic and Life Support Drugs Advisory Committee to discuss the subject
pending New Drug Application (NDA).

Abbott Laboratories requests that this Advisory Panel meeting be structured to allow for both
open and closed sessions. Since this NDA is pending, information contained in this
application, as well as the Agency reviews, are not releasable to the general public.
Accordingly, Abbott Laboratories requests that information and discussions relating to the
pending application be restricted to a closed Advisory Panel session, thereby assuring the
confidentially of this information.

Sincerely,

ABBOTT LABORATORIES /,‘L d

. v [ (et
V)\ AR A &A‘kﬁ/ﬁﬂ (T P
Frederick A. Gustaf % mﬁ}}yg‘}”/ﬂ/ /(r&y

Director, Regulatory Affairs (

Hospital Products Division . )

Phone: (708) 937-3213
Fax:  (708) 938-7867

DTG/dg
G:\dtg\11-84fda.dtg
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ﬁ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville MD 20857

NDA 20-478

Abbott Hospital Products Division

Abbott Laboratories

One Abbott Park Road ‘

Abbott Park, Illinois 60064-3500 OCT 21 1994

Attention:  Frederick A. Gustafson
Director, Regulatory Affairs
Hospital Products Division

Dear Mr. Gustafson:

Please refer to your New Drug Application (NDA) submitted pursuant to section 505(b) of
the Federal Food, Drug, and Cosmetic Act for Sevorane (sevoflurane) liquid anesihetic for
general anesthesia.

We have compleced our review of the environmental impact analysis section of your
submission, and have identified the following deficiencies:

1. For item #4, please provide the environment surrounding each of the production,
distribution and disposal sites. Provide the estimated amount of use in kg/lbs/liter
per year. Specify the amount of the drug substance that would be disposed as unused
drug product per year on the fifth year of production. Provide the address and
environment surrounding the site where recovery and disposal of the returned goods
would be made.

2. For item #5, please provide the structure and physicochemical properties impurities
(if any) in this section. Provide a better copy of the material safety data sheet for the
drug substance.

3. Foritem # 6, please provide estimated emission of the drug substance and other
materials related to the synthesis of sevoflurane from the Facility per year on
the fifth year of production. State what type of control would be taken to minimize
emission. Provide state, local and federal environmental compliance letter issued to
the specific to the product. Include a certified copy of the
English version. Also provide product specific compliance letter from the appropnate
local, state and federal authorities for the air and water emission of sevoflurane from



Page Two
NDA 20-47R

the Rocky Mountain Plant. and for the site of dispogal of returned and off-
specification product. Provide estimated amount of returned and off-specification
preduct per year for the fifth year of production in this section also. Also provide
information ca MEEC data in this item of the environmental assessment.

We would appreciate your prompt written resporise so we can continue our evaluation of
your NDA.

If you have any questions concerning this NDA, please contact Ms. Leslie Vaccari, Project
Manager at (301) 443-3741

Sincerely yours,

Asoke Mukherjee, Ph.D.
Pharmacologist

Pilot Drug Evaluation Staff, HFD-007
Office of Drug Evaluation II

Center for Drug Evaluation and Research



JABBOTT

Hospital Products Division -
Abbott Laboratories

S e DUPLICATE

200 Abbott Park Road
Abbott Park, Hinois 50064-3537

October 28, 1994 N Oh )

CENTER FOR DRUG EVALUATION AND RESEARCH
PILOT DRUG EVALUATION STAFF, HFD #007

Attn. DOCUMENT CONTROL ROOM #9B-23

5600 Fishers Lane

Rockville, Maryland 20857-1706

ATTENTION: Robert Bedford, M.D.
Acting Director

Re: NDA 20-478 Sevorane™ (sevoflurane)

Abbott Laboratories hereby amends the subject New Drug Application (NDA) to provide the clinical
summary report for Sevofiurane protocol SEVQO-83-042. The subject protocol SEV0O-93-042 entitied:
"A Phase |, Single Center, Open-Label Study Evaluating the Effect of Sevofiurane on Autonomic
Nervous System in Healthy Mate Volunteers” was submitted to the IND on November 8, 1993.

The study summary is contained in two (2) volumes. The Fult Clinical Summary, as well as, the
individual Appendices where appropriate, include a Table of Contents to locate specific pages within
that section. Preceding the Full Clinical Summary is the ccmpleted Abbreviated Summary and
associated computer disk (Microsoft Word format). Also included as part of this submission is a data
disk for the datasets included in this clinical study report.

We trust that this information is complete.

Sincerely,

'@u&ca&'u} &qu./
T : ~
ABBOTT LABORATORIES Aepped T "N Meren MDD

M) By A

Frederick A. Gustafson
Director, Reguiatory Affairs
Hospital Products Division
Phone: (708) 937-3213
Fax:  (708) 938-7867

DTG/dg
attachment
G:\dtg\10-94fda.dtg




CIABBOTT

Hospital ivision

Abbolt Laborslories

One Abbolt Park Road

Abbott Park, linols 80084-3500

October 28, 1994

Dr. Robert Merin

Department of Anesthesiology - B1W 2144
Medical Coliege of Georgia

1120 15th Street
Augusta, GA 30912 - 2700

Attn:  Dr. Merin:

Re: Sevorane™ (sevoflurane)
NDA 20-478

At the request of the Pilot Drug Division, the following documents are being provided to you for your
review in support of the above-referenced NDA:

1. Complete Study Report for the following clinical study:

Study Category Study Number Protocol No.
Cardiac 29A SEV0-93.-042
2. ndividual Study Summary (paper copy)

3. Individual Study Summary (Microsoft Word Disk)

A copy of the proposed draft package insert (paper copy and computer disk) have been previousty
provided to you on July 27, 1994 in the initial submission of final study reports.
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Page Two
Qctober 28, 1994

If you have any questions or experience any preblems with the supplied computer disks, please
contact me. Following the compietion of your review and/or approval of the New Drug Application, we
ask that you destroy these documents in a manner that will maintain their confidentiality.

Sincerely,
ABBOTT LABORATORIES

i\ Fiy-
David T. Guzek

Director,

Regulatory Administration
Hosnital Products Division
(708) 937-3216

DTG/dg
attachment

cc.  Dr, Robert Bedford HFD #007
Ms. Leslie Vacami  HFD #007
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Food and Drug Adrmumstranon
Rochville MD 208587
October 31, 1994

Dr. Frederick A. Gustafson
Director, Requlatory Affairs
Abbott Laboratories

One Abbott Park

Abbott Park, Illinois 60064-3500

Dear vr Gustafson:

This is to informw you that your product "Sevoflurane," NDA 20-478,
will be brought before the Anesthetic and Life Support Drugs
Advisory Committee at the meeting of January 17-18, 1995.

Sevoflurane will be discussed in open session except for parts of
the chemistry, manufacturing, and/or other matters, involving
confidential or trade secret information, which will be discussed
in closed session.

Should you have any questions please call me at 301/443~5455.

Sincerely,
HzﬁacegKZanﬁiﬁ%ﬂfzégizz

Isaac F. Roubein, Ph.D.

Executive Secretary, Anesthetic,
and Life Support Drugs

Advisory Committee
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e Food and Drug Administration
Rockville MD 20857

NDA 20-478

Hospital Products Division
Abbott Laboratories

One Abbott Park Road

Abbott Park, Illinois 60064-3500 AN 1219

Attention: Frederick A. Gustafson
Director, Regulatory Affairs
Hospital Products Division

Dear Mr. Gustafson:

We have received your new drug application submitted under section 505(b) of the
Federal Food, Drug, and Cosmetic Act for the following:

Name of Drug Product: Sevorane (sevoflurane)
Liquid anesthetic for general anesthesia
250 mL

Therapeutic Classification: S

Date of Application: July 8, 1994
Date of Receipt: July 1, 1994

Our Reference Number: NDA 20-478

Unless we notify you within 60 days of our receipt date that the application is not
sufficiently complete to permit a substantive ~2view, this application will be filed under
section 505(b) of the Act on September 9, 1994 in accordance with 21 CFR 314.101(a).

Under 21 CFR 314.102(c) of the new drug regulations and in accordance with the policy
described in the Center for Drug Evaluation and Research Staff Manual Guide

CDER 4820.6, you may request an informal conferencc with this Division (to be held
approximately 90 days from the above receipt date) for a brief report on the status of the
review but not on the application’s ultimate approvability. Please request the meeting at
least 15 days in advance. Alternatively, you may choose to receive such a report by
telephone. Should you wish a conference, a telephone report, or if you have any
questions concerning this NDA, please contact me at (301) 443-3741.



NDA 20-478
Page Two

Please cite the NDA number listed above at the top of the first page of any communications
concerning this application.

Sincerely yours,,

Leslie Vaccan

Project Manager

Pilot Drug Evaluation Staff

Office of Drug Evaluation II

Center for Drug Evaluation and Research




cABBOTT

Hospital Products Division
Abbott | aboratories
One Abbott Park Road

ot P B 50 ~ ORIGINAL

July 27, 1994 v (g M).

CENTER FOR DRUG EVALUATION AND RESEARCH
PILOT DRUG EVALUATION STAFF, HFD #007

Attn: DOCUMENT CONTROL ROOM #9B-23

5600 Fishers Lane

Rockviiie, Maryland 20857-1706

ATTENTION: Robert Bedford, M.D.
Acting Director

Re: Sevorane™ (sevoflurane)

NDA 20478
The following documents are being provided to you for your review in support of the above-
referenced NDA:
1. individual Study Summary (paper ccpy)
Study Category Study Number Protocol No.
Neurosurgery 36 528
37 SEVO-92-017
38 SEVO-92.035

2. individua! Study Summary (Microsoft Word Disk)
3. Draft Package Insert (paper copy)

4, Draft Package Insert (Microsoft Word Disk)

if you have any questions or expernience any problems with the supplied computer disks,
please contact m~

Sincerely,

ABBOTT LABORATORIES

T AN
P ey
PN N
. ._' N
. ol

David T. Guzek N i
Director, B P
Regulatory Administration ’ -“3"
Hospital Products Division oy
(708) 937-3216 T
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Hospital Products Division

T ORIGINAL

July 27, 1994

j
I.
Dr. Margaret Wood i
Department of Anesthesiology ‘ L
Vanderbiit University School of Medicine N
2301 TVC N,
Nashville, TN 37232

Re: Sevorane™ (sevoflurane)
NDA 20-478

At the request of the Pilot Drug Division, the following documents are being provided to you for
your review in support of the above-referenced NDA:

1. Complete Study Reports for the following clinical studies:

Study Categorv Study Number Protocol No.

Pediatric 1 532

21 SEV0-92-007
22 SEV0-92-001
23 SEV0-92-008
24 -533
25 534

2, Individual Study Summary (paper copy)

3. individual Study Summary (Microsoft Word Disk)

4 Draft Package insert (paper copy)
5. Draft Package Insert (Microsoft Word Disk)



|IABBOTT
Hospital Products Division o

Abbott Laborstories e e CORNESY
One Abbotl Park Road f

—m—— ORIGINAL

July 27, 1994

Dr. C. Philip Larson. Jr.
Department of Anesthesiology
UCLA School of Medicine

924 West Wood Bivd.

Suite 335

Los Angeles, CA 90024

Attn: Dr. Larson:

Re. Sevorane™ (sevoflurane) NSRS
NDA 20-478

At the request of the Pilot Drug Division, the following documents are being provided to you for
your review in support of the above-referenced NDA:

1. Complete Study Reports for the following clinica) studies:
Study Category Study Number Protocol No.
Adult 2 SEV(0-92-034
10 SEV0-92-003
11 SEVO-92-009
12 SEV0-92-004
13 -520
14 524
15 525
16 SEV(0-92-005
17 SEVO-92-006A
18 SEV0-92-025
19 -526
20 SEV0-92-006
2. Individual Study Summary (paper copy)
3. Individual Study Summary (Microsofi Word Disk)

4, Draft Package Insert (paper copy)

5. Draft Package Insernt (Microsoft Word Disk) -




JABBOTT

” .! 'E ! | Q , .
Abboit Laborsiories
One Abbott Park Rowd

Abbott Park, Minols 60064-3500
July 27, 1994

Dr. Renee Landesman
11073 Gaither Farm Road
Ellicott City, MD 21042

Attn:  Dr. Landesman:

Re: Sevorane™ (sevoflurane)
NDA 20-478

At the request of the Pilot Drug Division, the following documents are being provided to you for
your review in support of the above-referenced NDA:

1. Compiete Study Reports for the following clinical studies:

Study Cateqgory Study Number Protocol No.
Metabolismy/ 3 SEV0-93-037
Safety 4 SEV0-93-039
5 SEV(-92-014
6 -522
7 SEV0-93-040
8 531
9 SEV0-92-015

2. Individual Study Summary (paper copy)
3. Individual Study Summary (Microsoft Word Disk) -
4 Draft Package Insert (paper copy)

5, Draft Package Insert (Microsoft Vord Disk)




5 ABBOTT

Hospita! Products Division

one ot e ORIGINAL

Abbott Park, ilinols 60064-3500
- SuUPrL NEW CORRESP

July 27, 1994 '

Dr. Robert Merin .
Department of Anesthesiology - B1W 2144
Medical College of Georgia

1120 15th Street

Augusta, GA 30912 - 2700

Aftn:  Dr. Merin:

Re: Sevorane™ (sevoflurane)
NDA 20478

At the request of the Pilot Drug Division, the following documents are being provided to you for
your review in support of the above-referenced NDA:

1. Complete Study Reports for the following clinical studies:

Study Category Study Number Protoucol No.
Cardiac 26 SEV0-92-010
27 -535
28 523
29 SEV0.92-033

2. Individual Study Summary (paper copy)
3 Individual Study Summary (Microsoft Word Disk)
4. Draft Package Insert (paper copy)

5. Draft Package Insert (Microsoft Word Disk)




JABBOTT

Hospital Products Division
Abboft Laborsionies
One Abbott Park Read

Abbot Par, licis 60064.3500 SUPPL NEW CORRESP

sty 27, 1994 ORIGINAL

Dr. Marie Young -
Department of Anesthesia . ;_
4th Floor/Ravdin Courtyard

Room 408

Hospital of the University of Pennsylvania

3400 Spruce Street S
Philadelphia, PA 19104 A P X

Attn: Dr. Young:

Re: Sevorane™ (sevoflurane) R
NDA 20-478

At the request of the Pilot Drug Division, the following documents are being provided to you for
your review in support of the above-referenced NDA:

1. Complete Study Reports for the following clinical studies:

Study Category Study Number Protocol No.
Renal/Hepatic/ 30 536
Elderly 31 SEV(0-92-002
32 SEV(0-92-012
33 530
34 529
35 SEV(0-93-044

2. Individual Study Summary (paper copy)
3 Individual Study Summary (Microsoft Word D..%)
4. Draft Package Insert (paper copy)

5. Draft Package Insert (Microsoft Word Disk)



JJABBOTT -SUPPL NEW CORAESH
Hospital Products Division e
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July 27, 1994 C
Dr, James Eisenach

457 Hutchinson Avenue

lowz City, lowa 52240

Aftn: Dr. Eisenach:

Re: Sevorane™ (sevoflurane)
NDA 20-478

At the request of the Pilot Drug Division, the foliowing documents are being provided to you for
your feview in support of the above-referenced NDA-

1. Complete Study Reports for the following clinical studies:

Study Category Study Number Protocol No.
OBMuscle 39 SEV0O-92-011
Relaxants 40 SEVO-92-013
2. Individual Study Summary (paper copy)
3. Individual Study Summary (Microsoft Word Disk)

4. Draft Package Insert (paper copy)

5. Draft Package Insert (Microsoft Word Disk)

If you have any questions or expenence any problems with the supplied computer disks,
please contact me. Following the completion of your review and/or approval of the New Drug
Application, we ask tha. ;'ou destroy these documents in a manner that wilt maintain their
confidentiality.

Sincerely,

ABBOTT | ABORATORIES

O

David T. Guzek

Director,

Regulatory Administration
Hospital Products Division
(708) 937-3216
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville MD 20857

NDA 20-478

Abbott Hospital Products Division

Abbott Laboratories

One Abbott Park Road i MAY | 3 1994
{bbott Park, Illinois 60064-3500

Attention: Frederick 2. Gustafson
Diractor, Regulatory Affairs
Hospital Products Division

Dear Mr. Gustafson:

We have received your presubmission of chemistry, manufacturing
and controls information for the following:

Name of Drug Product: Sevorane {(Sevoflurane)
Date of Application: April 29, 1994

Date of Receipt: May 2, 1994

Our Reference Number: NDA 20-478

We will review this early submission as resources permit. We
will not, hcwever, consider it subject to the 180-day reviaw
time limit or to a filing decision by FDA. Should you have any
questions regarding this information, please contact me at

{(301) 443-3741.

OQur willingness to accept your pre submission is based upon the
condition that the full application will be submitted no sooner
than 90 days nor later than 120 days from the date of your
submission. If such submission is not within this time frame,
the Agency may exercise its right to return the presubmission
to you without further explanation or action.

Please cite the NDA number assigned to this application at the
top of the first page of every communication concerning this
application.

Sincerely yours,

Leslie Vaccari

Project Manager

Pilot Drug Evaluation Statf, HFD-007
Office of Drug Evaluation 1II

Center for Drug Evaluation and Research



NDA 20-478

Abbott Hospital Products Division

Abbott Laboratories — - 3
One Abbott Park Road L , i
Abbctt Park, Illinois 60064-3500 o e

Attention: Frederick A. Gustafson
Director, Regulatory Affairs
Hospital Products Division

Dear Mr. Gustafson:

We have received your presubmission of chemistry, manufacturing
and controls information for the following:

Name of Drug Product: Sevorane ({Sevoflurane)
Date of Application: April 29, 1994

Date of Receipt: May 2, 1994

Our Reference Number: HNDA 20-478

We will review this early submission as resources permit. We
will not, however, consider it subject to the 180~day review time
limit or to a filing decision by FDA., Should you have any
questions regarding this information, piease contact me at (301)
443-3741.

Our willingness to accept your pre-submission is based upon the
condition that the full application will be submitted no sooner
than 9¢ days nor later than 120 days from the date of your
submission. If such submission is not within this time frame,
the Agency may exercise its right to return the presubmission to
you without further explanation or action.

Please cite the NDA number assigned to this application at the
top of the first page of every communication concerning this
application.

Sincerely yours,

Leslie Vaccari

Project Manager

Pilot Drug Evaluation Staff,  HFD-007
Ooffice of Drug Evaluation I

Center for Drusg Evaluation and Research




SIABBOTT

Hospita! Products Division
Abboit Laborstories
One Abbolt Park Road
Abbott Park, Ilincis 60064-3500

April 29, 1994

CENTER FOR DRUG EVALUATION AND RESEARCH

PILOT DRUG EVALUATION STAFF, HFD #007 _ et
o e M N

5600 Fishers Lane
Rockville, Maryland 20857-1708

ATTENTION: Curtis Wright, M.D.
Acting Director

Re: Sevorane™ (Sevoflurane)
NDA 20-478

Abbott Laboratories hereby pre-submits the Chemistry, Manufacturing and Controis (CMC)
Section of the subject New Drug Application (NDA) for the Division's review per
21 CFR 314.50(d){1)(iv).

The subject drug, Sevorane™ (Sevofiurane), is a liquid anesthetic intended for induction and
maintenance of general anesthesia. The finished dosage form will be manufactured at Abbott
Laboratories’ Hospital Products Division, Rocky Mount, North Carolina production faciiity. The
drug product will be supplied as follows:

List No. Product Dosage Form Size
4456 Sevorane™ (Sevoflurane) Liquid 250mL

As discussed and agreed upon in the March 8, 1994 FDA/Abbott pre-NDA meeting with

Ms. Juanita Ross of the Division, the CMC section is being submitted prior to the submission of
the Drug Master File by for the manufacture of the bulk drug
substance in its new manufacturing facility. This master file and the data to demonstrate the
equivalency of the bulk drug manufactured in the current versus new facility will be submitted
in July 1994, The new manufacturing facility which is included in this application
will be ready for a pre-approval inspection in August 1994. The Rocky Mount, North Carolina
manufacturing site for the finished drug product is currently ready for a pre-approval
inspection. Please refer to the accompanying Table of Contents for a list of the data
suppoiting this submission.




J

Curtis Wright, M.D.
Page Two
April 29, 1994

As required by Section 314.50(d)(3) of the Final Rule, published in the Federal Register,
September 8, 1993, page 47351, "The applicant shall submit a field copy of the application
that contains the technical section ........ and a certification that the field copy is a true copy of
the technical section ....... contained in the archival and review copies of the application.” As

required, this field copy will be submitted and cerlification made at the time of the full archivat
NDA submission.

Please direct any inquiries regarding this pre-submission to Mr. David Guzek at
(301) 937-3216.

We trust that this information is complete.

Sincerely,

ABBOTT LABORATORIES

UnurcS A Losiong

Frederick A. Gustafsé
Director, Regulatory Affairs
Hospital Products Division
Phone: (798) 937-3213
Fax. (708) 938-7867

DTG/dg

attachment
G:\dtg\4--O4tda. dig
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NDA 20-478 Food and Drug Administration
Rockville MD 20857
Abbott

Hospital Products Division

Abbott Laboratories

one Abbott Park Road DEC 23 1994
Abbott Park, Illinois 60064-3500;

Attention: Frederick A. Gustafson
Director, Regulatory Affairs
Hospital Products Division

Dear Mr.Gustafson:

Please refer to your pending July 11, 1994 new drug application
submitted under section 505(b) of the Federal Food, Drug and
Cosmetic Act for Sevorane (sevoflurane) liquid anesthetic for

general anesthesia 250 mL.

We have completed our review of the Chemistry section of your
submission and have identified the following deficiencies:

1. On pages 239-~244, data was submitted for 36 lots of bulk
drug manufactured in Japan tested as
per current test batch methods.

Batches:
¢ ¢c-1,2,3,5,6,7,8,9,10,12,13,14,15,16,
17,18,19,20,21,23,24,25,26,27,28
#71104, #00210, #11224, #1120061

a.) Clarify the absence of such information as:
-Date these batches were manufactured
~Date these batches were tested
-Explain the batch numbering system.

b.) For all the above batches clarify the absence of
the following data:
-Refractive Index
-Identification (IR)/include copies of spectra
~Fluoride Ions
-Largest Single impurity
~Acidity/Alkalinity - the word "Pass" is not
acceptable, include actual data.

c.) Include the chemical names of Compound A, Largest
Single Impurity and any of the known Total Impurities

in your Tables.

d.) On pages 239 to 243, some of the values for Largest
Total Impurities as out of specification limits. Please

explain.



NDA 20-478
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2. Submit a Certificate of Analysis of your reference standard
showing its quality as compared to the testing of Sevoflurane
in the Table below.

Table 1V
Specificatiens (or Seeofluranc

Ten ST Speaihicatenmy

3. In regard to the filling process, what in-process controls
are applied to assure that the air used to blow-out empty 250
mL bottles is acceptable and what in-process controls are
applied to assure that the bulk drug prior to filling is
properly filtered. Identify the particles or organism that
may be present.

What evidence do you have that this product does not support
growth? We call your attentiocn to the fact that the agency

is in the process of writing requlations that require liquid
anesthetics to be sterile.

4. It is noted in the Table below, that at the end of six
months "ALL" of the lots are reading much below the specifica-

- tion limits. Explain how your specification limits were
derived and show the quality of your product at both extreme
ranges for all tests indicated.



NDA 20-478
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Table 22000
Stability Data {continued)
250 mL Screw Cap Closure System (Reclaim Product)

S

Totat
Ten Performed Fluoride 1 Acidity** Nop- Waler | Lmp. wio Otha Sevo
or volatile | Content | Cpd. A | Cpd. A | Largen Purity
Alkalinity | Residues lmp. )

Test Mcthod Assignation:

Final Specifications:

Lovss

Stability £

Temp

Month/
T atition

L

o
—8

5. Clarify the revised specification in your stability
protocol for Compound A in Appendix J, Page 492 of NMT

We would appreciate your prompt written response so we can continue

our evaluation of your NDA.

If you have any questions, please contact:

Leslie Vaccari
Consumer Safety Officer
(301) 443-3741

Sincerely yours,

Juanita Ross

Chemist

Pilot Drug Evaluation Staff, HFD-007
Office of Drug Evaluation II

Center for Drug Evaluation and Research




SEVORANE Sevoflurane

A review did not r-=veal names which sound or look like the
proposed name.

The Committee noted the proposed name is composed of 3 of the 4
syllables of the established name. The Agency supports the
spirit of USAN in discouraging the use of the syllables used in
an_established non-proprietary name since the use of these
syllables may interfere with the development of new
nonproprietary names.

The Committee finds the Proposed name unacceptable for the reason
stated above.

CDER Labeling and Nomenciature Committee



ANESTHETIC AND LIFE SUPPORT DRUGS ADVISORY COMMITTEE
Food and Drug Admin:istration
Center for Drug Evaluaticn and Research
Pilot Drug Evaluation Stafft
January 17-18, 1995
Parklawn Ruilding, Conference Rms. D and E
5600 Fishers Lane, Rockville, Maryland

J 7,19 Open Session
NDA 20-478 SEVOFLURANE®-ABBOTT LABORATORIES
8:30 a.m. Call to Order - James Eisenach, M.D., Chairman
Opening Remarks and Announcements (COI)
Isaac F. Roubein, Ph.D., Executive Secretary
Robert F. Bedford, M.D., Acting Director
Pilot Drug Evaluation Staff
9:00 a.n. Open Public Hearing
Sponsor Presentation

FDA Presentation

Clinical Trials Overviews by the Primary Reviewers

Renee Landesman, M.D.: Metabolism and Safety

C. Philip Larson, M.D.: Adults, Outpatients, and
inpatients

Robert Merin, M.D.: Cardiovascular Pharmacology/

Cardiac Surgery
Margaret Wood, M.D.: Pediatric Anesthesia
Marie Young, M.D.: Elderly, Hepatic and Renal
Failure

Robert Bedford, M.D.: Neurosurgical Anesthesia

James Eisenach, M.D.: OB Anesthesia/Muscle
Relaxant Interaction

Daniel Spyker, M.D.: Clinical safety Review

Barbara Palmisano, M.D.

Open Committee Discussion

Questions from the Advisory Committee Members
to sponsor and/or FDA clinical reviewers:




-2

Pharmacology - Anwar Goheer, Ph.D./Almon Coulter, Ph.D.
Pharmacokinetics - Peter Lockwood, M.S.
Biostatistics - Hoi Leung, Ph.D.

11:00 a.m. Closed Session
12 noon Lunch
1:00 p.m. Review of the Product Labeling

(Prescribing Information)

5:00 p.m. End of day one



-
ANESTHETIC AND LIFE SUPPORT DRI'GS ADVISORY COMMITTEE

Food and Drug Administration
Center for Drug Evaluation and Research
Pilot Drug Evaluation Staff

January 17-18, 1995
Parklawn Building, Conference Rms. D and E
5600 Fishers Lane, Rockville, Maryland

January 18, 1995 open Session
8:30 a.m. Questions to the Committee
A. Phase IV -- Issues Identified by Primary Reviewers

1. Metabolism and Safety:

a. Are additional studies examining the production of
Compound A from baralyme and sodalime needed?

b. Should additional studies with Cytochrome P-450
2EI-inducers (isoniazid, EtOH) be performed?

Obstetrical Anesthesia:

Are additional studies on use of sevoflurane for
cesarian section needed? If so, what studies are
recommended?

Neurosurgical Anesthesia:

Are additional Studies on patients at risk for
elevated intracranial pressure needed?

Coronary Artery Disease:

Are additional studies indicated for patients with
significant coronary artery disease?

Pediatric Patients:

Is there increased post-operative agitation following
sevoflurane? Should this be studied further?
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ANESTHETIC AND LIFE SUPPORT DRUGS ADVISORY COMMITTEE

January 17-18, 1995

FDA Consultants:

Renee K. lLandesman, M.D.
Department of Anesthesioclogy
University of Maryland
Baltimore, ™MD

C. Philip Larson, Jr., M.D.
Department of Anesthesia
UCLA School of Medicine
Los Angeles, CA
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