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20-32 ppm with soda lime and barium hydroxide

lime, respectively (9-16). Compound A- e4posures

(AUC,-.-i in these investigations averaged 65 (12)' 67

i9|,, z g (s), 120 (1 0), 124 (14), L92 {16), 250 (1 1), and 260

ifbl ppt 't. Most of these fvestigltions- evaluated

"t"t 
di.a dinical measures of renal function (creati-

nine clearance, serLun creatinine, and BUN) and formd

no clinically significant effect of low-flow sevoflurane

on renal fo",.riot in surgical patients (9-76)' as did

others in which Compound A was not measured

(lnS). Because proteimrria, glucoeul-a, and en-

"y "tiu 
are rnore sensitive than serum B{JN and cre-

.-titit" in detecting Compound A nephrotoxicity in

rats (3519), intereJt arose in aPPlying these biomark-

ers in humans. Using these theoretically more sensi-

tive, althouglr clinically unvalidated' malkas of peri

operative r&ral tubular inteqrfy (2021),-t^/o initial
irivestigations found no signfficant rqrA 

1{fect 
of lo'v-

flow (if/nrin) sevoflurane, assessed with both con-

ventional and experimental narkers of renal toxicrty

(14,15). Iow-flow sevoflurane was considered as safe

as tow-Bow isoflurane {74,1521)'The Food ard Drug

Adminisration subsequof$ Permitted a drange in the

sevoflurarre labeling from a recommsrded lower limit
of 2 to 7 L/lrnrr, but with a 2 minimum alveolar anes-

thetic concsttration-hour (MAC-h) maximurt elPosure

(because of a lack of data rmder the latEr con-

ditiors).
Comparatively less information is available at

highettompo*td A exposuret: Flqiyation stud-

iei at 11 {11i, 7 t1o),13 (13)' and 9 (L6) }vIAC-h, using

only BUN and creatinine, also showed no dinically

significant'renal effects of low-flow sevoflurane' hn

.ollt *t, Higuchi et al. (16), who used urinary as well

as serum inlices, rqrorted that low-flow sevoflurane

with high Compound A exposures was associated

with mild" clinically insignificant postoper-

ative proteinuria, said- to be positively correlated with
Comfound A AUCi,,.p' Nevertheless, asPects of this

invesjtigation wete q,tite r:nconvsttional (anesthetic

concenlations were unusually Large, two vaporizers

in tarrdem were used to adrieve larger sevoflurane

and thus Compor:nd A concsrtratiors, and arresthesia

was extensively prolonged both before and after sur-

gery), and upptii"UiUty of the of this investi-

lation to coniientional anesthesia were therefore ques-

f,oned. Thus, the renal effects of greater Compound A
exposures remained incompletely resolved'

th" p,rtpo"" of this investigation" $":=fo*, was to

.o*ptiu 6e effects of low-flow (<1 L/min) sevoflu-

ranJ and isoflurane anesthesia on rerral function in
humans rmdergoing long-duration (targEt G to &h)
surqery and to use conventional serum as well as

r.#ty markers of renal firnction' Effects on hepatic

frrnction were also evaluated.

Methods
Fifty-five ASA status I-III patients undergoing elective

rntgoy with planred duration >8 h were studied at

thrJe hospitaG {Universify of Washington' n : 28;

Puget Sound VA Medical Centel, n : 15; and Univer-
si{ of Arizona, n : 12). The lyestig3tional protocol
wJs approved by the IRB in all instituiions' Atl pa-
tients fiovided ir.ritten inforrred consent' Eligible pa-
tients iere >18 yr old and without history of hepatic
or rsral disease iserum creatinine =L.5 rr:tg/ dL' on the

basis of screening laboratory investigatioru performed
at each hospitallMost patients were undergoing neck
resection for tumor or spinal reconstruction surgery'
Patients undergoing cardiopulmonary bypass, aortic
cross-clamping, transplantation, or intraoperative ar-
teriograph| *l.e excLtded, as were those having un-
detg6ne general anesfhesia within 1 wk or those

hea"ted *ith uty experimental drug within ?3 days of
surgery. Women of childbearing potential were anes-

thetized only after a negative urine pregnancy,test was

obtained. patients werE randor;tire.d by blocks to re-
ceive sevoflur:rre or isbflurarte by using seParate ran-
dorrization sctremes at each hospital.

A minimum of 20 subjects per treafment SrouP was

planned. A rwo-group continui$i-c"t Tl* X'' test was

hetermined to hive &% power (a : 0-05) to detect a

difference betrseen a sevoflurane proporticn of A'75

arrd an isoflurane proportion af A-25 in the increased

incidsrce of significant (defined as the naxinral Per-
missible increase) (22) postoperative creatinine con-

centrations with 20 subiecm Per grouP.
The anesthetic protocol *as similar to that used

prwiously (15); ii was desigrr{ !o rgu1t in large

t"-p"r*a a concsttrations.lresh Baralyrrle€ (Allied
Healihcare Products, St. Louis, MO) was used" the

targeted flow rate was 0.8 L/min' and nitrous oxide
wa! avoided and opioid use attenuated to rnaxirdze
volatile anesthetic iequirements. Anesthesia was in-
d.uced with thiopental or propofol and fentanyl (50-

1ffi pg) and was maintained with sevoflurane or
isoflurine in orygert (>307") and air at 5 L/min for
5 min. Nitrous oxiae was not used in any patient'
After 5 min, the btal fresh gas flow was reduced to

0.8-1.0 L/min for the duration of the case' Hemody-

namic stability was maintained by adjusting f" T-
spired ut*stieti. concentratiort or, occasionally, by
using small doses of fantanyl. No inkaoperativ-e
r,"ttt?*iul opioids or local anesthetics were used' End-

tidal anestietic concerrtrations were monitored' and

inspiratory and erqriratory gas samples-in patients
an6sdretized with sevofluiane were obtained, as de-

ssibed previously (15).
Verroirs blood 

-and 
spot urine sarples were ob-

tained for laboratory *"t'f"i" on the rroming of 
"rr1-grly, at 24 and72h afts the errd of surgery, and 2 h

Ifrcr anesthesia for fluori<te measurement. Urine was
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Fieure ?- Serum creatinine and blood urea nitrogen (BUN) concen-

;;.i";-;f"* ard a{ter low-florct anesihesia' Daa are gtptg$
*i*lUo* otot". Shown are the mean (dotted [ine), median' 25th-75th

;.-";A; &"x bormdaries), and L0th-'90th percentiles (whiskers)'
'Ordi"; bevond lV/nWYo are shown as irrdiwidual data points'

There were no significant differences between anesthetic gouPs'

In our previous evaluation of moderate'duration
(average tliree to four hours) low-flow sevoflurane (79

* 5a ipm'h Corpormd A), showing no differmce

"o*p#ua 
with isdflurane, we cautio:red that addi-

tiorril studies were required to assess longer duration

low-flow sevoflruani anesthesia and l'arger Com-
por.rnd A exposures (15). This evaluation of long-

huration (av&age nine hours) low-flow sevoflurane

ComPound A AUCinsP {PPm-ht}

Fisure 3. Creatinine cleara-rrce after low-flow anethesia- (A) Data

rrE a""i.t"a wiEL box plots. Shovrn are the mearr (dotted line)'

;;d, 25*r-75ttr percei'rtile (box boundaries), ad 10th-90th per-

.ertEfo't-f,i-"t 
"")-'Otrttie"s 

beyond \E/r9OT" are drown as indi-

.ria.ra aut" points There wereno sip':ificant dilfererrces between

;;thd S.".P". (B) Relationship between crea:ir-rine dearance

unJCo*po"utta'A eryosure in sevohtT arte patierts24 and 72h aftet

;;tfresi* AUc!."l,: area rnrder tlre curve of in$aied cctrrc€ntra-

tion versus time.

(16S * 95 ppm'h Compound A) addresses that lird-
iation. thlJ investig"tioru which waluated serurn

BLIN and creatinine, as well as urine protein and

glucose exctetion, ad-ds to and extsrds the results of
Iur 

"t 
d others' previous intermediaieduration low-

flow studies witli serum and urine bionarkers' long-

duration low-flow studies with only BUN and <reati'
nine, and more recent longduration low-flow studies

with both serum and urine biomarkers' The Com-
oorrnd A exposure in this investigation was larger
'tt an the SO pi* - h for three hours of sevoflr:rane (26),

65 ppm'h'filr four hours (12,, 67 PPm'h for five
noriri (g), 79 ppm ' h for four hours (15), 120 PIT 'l
for se.rer,'horril (7 MAC-h) (10), and 124ypn 'h for 7

MAC-h (1427) in previous shrdies' I-arger Corrpounrl
A erpoiures'have been studied [ZS0 ppP'h for
16 hours (11 MAC-h) (11), 260 PPm ' h for 13 hours (tr 3
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Figure lL Exoetion of protein (A) andglucose (B)-in urine collected
0-I2+ and 4f,-72 h after anesthesia- Individuaf and mean values are

shown- ltre do,tted line represe,tts the upper hmit of the refersrce
range. Itere were no sgnficui'tt differences between Sevoflurane
(6) and Isoflurane (A) patierLts.

MAC+) (13), and 26Apprr. ' h for 16 hours (11 MAC-h)
(28)1, although these evaluated only BUN and creati-
nine. Until recently, only one study with larger Com-
pound A exposure (192 pprrh for severt hourc; 9
MAC-h) examined udnary Protein and glucose excre-
tion as well as BUN and creatinine (16). Coinciding
with the condud of this investigation, and reported
recently, Obata et al. (29i evaluated long-duration (16

MAC-h) sevoflurane (777 yptt'h Compound A for
16 hours) b;r using both serum and urinary evalua-
tions. The nraximum Compound A exposure (428

Ppm'h) in *€ pressd investigation was much larger
than that (302 ppm'h) in the study daiming dranges
in renal funAion (16).

There is nearly uniform congnrcnce that low-flow
sevoflurane anesthesia and Compound A fonnation
have ro significant rerral effects in surgical patients, as

compard with low-flow isoflurane and/ ot high-flow
se-tohn 

"ne 
(with minimal Compor.rnd A exposure)-

By using standard dinical measures of renal function
(creatinine clearance, serum creatinine, arxl BUN), nei-
ther this nor .my other investigation has found any
specific effect oflow-flow sevoflruane on renal fr-rnc-

tion (9-1-829"30). Of particular irtportance is that
longd.uration sevoflurane was devoid of rsral effecb,

0 100 200 300 40t

Cornpound A AtJCinsPiFed (ppnFhr)

Figure 5. Relationship betweert urine grotein gxgetion and Com-
po-und A erposure in patierrts anesthetized with low-flow sevoflu-
iane in this (e) ana otrr prior {o) investigati,on (15)- The latter data,
obtained by usrng an iderrtical protocol, are added to increase the
toal n. AUQ*t* : area under the curve of inhaled corrcentration
versus tirre; NS : not significanl

preserrtly and previously (\0,77,73,D),- Because serum
SUN and creatinine were less ssrsitive than protein-
uria, glucosuria, and enz5rmuria in detecting Com-
pound A nephrotoxicity in rats {35,19), interest arose
in evaluating these biomarkers in humans. Although
clinically unvalidated with the meaning of a positive
result yet undefined, these sensitive tests none-
fheless possess prefictive negative value (15,2Q21).

The present evaluation and previor:s evaluations
(14,7529;n) of low-flow sevofluane, measuring uri-
nary excretion of protein, glucose, albumin, N-acetyl-

lloglucosarrinidase, alanine aminopeptidase, a- and
zrglutathione.gtransferases, ot a conibination of
these also showed no dfect on postoperative renal
fimction compared widl other anesthetics. Most nota-
bly, the most recent investigatiorg whide evaluated
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Figure 6. RelationsFrip betweet urine glucose..excretion and Com-

t.r-,-d A exDo6ure in patierrts anestheized with L*r'v-flow sevo{lu-

;JJ; ril ist "'d ori prior (c; investigation (1-5): The latter data'

ortaittJ;y';ittg "tt 
iaLti*i protocol, are.added to increase the

total z- AU'Q'*IJ, = -uu undd the curwe of inhafed concenhation

versus ti.re; IS : not signi$canl

ultra-longduration (17 M4C-h) low-flow sevo-

fluraneb! usingsemm and urinary rnark-e::, foundno
renal effects of-Compound A formation (29)'

The exception to^these rrultiple investig-ations is

the one thit reported that longduratiorr low-flow
sevoflnr;me wis associated with mild, transient

postoperative proteinuria, albeit clinically insignifi-
^cant 

GO). Alttiough there was no change in serum

creatinine and BfN, creatinine clearance, urine p2-

microglobulin, or N-acetyl-po-glucosaminidase' in
agreeirent with all other 

-investigations, the isolated

nild proteinuria was at variance' frotgin excretion

was iaid to be significantly correlated with Com-

pound A exposurE (up to 507-ff*'h)' Higuchi et
h. (fO suggested tfraf the difference between their
results 

"t 
E"tho"" of previous investigations mi-ght

arise because their iompound A exposures [13{i-
302 vs ffi-243 PPm 'h (f4) ot 1o-22i PPm'h (15)l

Fieure 7' Serusr aspartate a-rtinohansferase (AST) atd alanine ami-

no"tttJfou* (ALi) concentrauo*s 24 and' 77 h after mesthesia-

ili"*- "* 
r^)t"!tual arvt stean values (=so)- The dotted line

...ot "*ls 
ttre rpper timit of tle refere*ce ratge' Thee were no

;d;d"".t ax?".H*o between Sevoflurane {ls) ad Isoflura'ne (A)

patients.

were greater. However, this investiffqT $5-428
ppm'i) and recent (735-478 pFT'ttl (29) investi-

!lti""", witlt larger Cortpound- A exposures' and

It o-iog no increlsed proleinuria (versus other an-

esthetici) and no correlation between protein excre-

tion and'Compormd A e;posure' {o 1o-t 
sup-port this

surrposition. bth"t aspelts of the Higuchi et al'

"tidy 
*ut" also atypilal- Inspired anesthetic con-

centrations were tmusualy latge, two vaPonzers rn

irndem were used, and artestttesia was extensively
orolonsed both before and after surgery' I:r addi-
to", tf," albuminuria was considered to indicate

changes in glomerular permeability rather than tu-
bulai toxici-"ty. Nevertfreless, even at the largest
d.oses in rats,-Compound A caused proximal tubular
necrosis but no structural glomenrlar changds (fO;'

An explanation for the results of Higuchi et af is not
apparint, and they remain divergert frorn all other

investigations in surgical patients'
Anofier notable usle.t bf orrt results,.rl the high

frequsrcy of proteinuria and glycosuria' With labora-

tory normal ii*its, "abnormal" proteinuria occurred

in irearly all patiatts and glulosur! inal4rroximatell
or," thi.d. Oih"." also formd proteinuria in nearly all
patients and glucosuria in approximatety half (with

sevoflurane
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both sevoflurarre and isoflurane) (29)' This is even

more thun the one thir'l of patients showing protein-

uria after shorter anestl"retics (15)' Proteinuria also oc-

.,rrrea wfth desflr:rarre and even af,ter pr9ryfol

irt"rll Thus, proteinrrria (defined with normal labo-

;;r;; values)tafter anesthesia and surgery is a com--

;;'fi"dt"g and does rrotper se (andin the absence of

u .o*p-iin or conb:ol gro-up) (33) indicate rmal

i"Jaty. Application of normal laboratory values' usu-

aUy alavea from awa,ke healthy young subiects or

voiunteers, to surgical patients or perhalx even anes-

,h;dr"J rro*.ttgii"r ,tilt*tott does not seem justi-

6ed (34).
Another imPortant aspect of these results is the lack

of correlationietween ienal function and serum flu-

oride concentration, as obsewed before (1535)' Until

;;a;.Iy, the 50 piM serum fluoride threshold for me-

ttorrrftrt-," nephrotoxicify {36) was considered ap-

pfi."'Ufu to all 
-defluoridated anesthetics' Flowever'

iubsequertt experience with enflurane' isoflurare'

uta, i.ott,..6ttly' sevoflulane, with fluoride rou-

tinelv >50 rrM witirout renal consequence' altered this

."..Lpa tsi 353n-Ind'eed, serum fluoride averaging

iiO 1,ju{ ies) "ft"i 
sevoflurane had no effect on renal

."tt.".tt.tiog abfity (39), the metabolic defect tradi-

i"""ffy ass&ated wlth methoxyflgtT"' Rather than

the former concept that hepatic defluo:idation and

svstenric fluoride >50 pM portend nephrotoxicity' a

;;;;-;"t hypothesis(3[and suppo- Lng data (40)

oosit that intarsral metabolism (whidr occurs with
t*.,t""ynt 

rane but not sevoflurane) is more relevant

widr respect to renal toxicity' Continued concerns over

systenrii fluoride concmtrations >50 t'I't with con-

;;p"*ty volatile anesthetics seern rmwarranted'*-lrfht 
tti*. does low-flow sevoflurane not alter renal

funaion in surgical patierrb, whereas Compormd A

can clear\ .u.ts" o.ittotoxicity in anirrals? The ex-

pt n*tiott'ptobably 
^involves 

species- differences in

i*e, aisp"sition, and suscepa:bility Firs! Comporm{

A expoeirres in patients ,ttiaetgoi"g 4-A MAC-h of

low-frow sevoflrirane (F-10 pmol /k$ (41) are sub-

"a-,C"ffy 
less than the ilose nec to glicit (thresh-

oUl toxiaty in rab {200 pmol/kg) (19)' Secon4 there

.te'species differences in Compound A disposition'

Compomd A nephrotoxicity, Iike tha! of numerous

othei haloalkenei is g"tt".ully accepted to occur by a

well ctraracterized miciranism involving glutathione

conjugate forsration, cleavage t9 tJTTitt" conjugates'

renal'uptake of cysteine and glutathione coniugates'

and *Jtrarentl *"t"boli"ot by cysteine conjugate

Flyase to toxic reactive intermediates Q4'42)'In oitro'

t"tt"f gfyu* activity and plyase metabolism of Com-

po,rrril A-rysteine coniugates are approxinr'attly 8-30

ii*." gt "to in rat versri truqral kidneys {43)^ In otun-'

th. reltive rretabolic flux of Compormd A tluough

toxification versus detoxification pathways was six-

fold sreater in rats than humans (41)' Greater 5u'54ry-

dbilifr/ in rats versus humans, because of sinoilar rret-
rU"UJ differences, has also been observed with other

t.of,tot"*ic haloalkenes {a4' The threshold for e<lm-

-"ir.J .A. t*,"f tubular necrosis in anirrnls is generally

I.""o."a tu be DO-340 pPm'h in rab (3-5)' 800

pptti'n in cynomolgus (3-kg) monkeys.(6),.and >"612

fim'h (i.e., no toxicity t-tp to tttis dose) in 78-kg

$ine (7), equivalent io 900-t200, 350, and >23

;;;. i-i'.G-o respectively, by tsit€ allosretric
g;l es). 

"n*to-i"g that-the primate value (350

pp*.'rttt.kg-") "ppli"" 
to humans, T equil*nt

[fir"tn"fa fotto*poi-a A nephrotoxiciry in a 75;kg

p*"-r would be^9000.PP-:h (appro>omately 2O

irrres the largestreported 
^humaa expgsrle)' Altrough

uff"*"tti. J"[ng ieormalizes physiologic differences

u..*, species (+b, i does nof accourrt for mebbolic

aiffo*i"t (a0, and renal p-lyase activiY is greater in

tur"-*tt in nonhuman primates (43i;.hence' scaled

values may not be corstant across qxcres'
How sfodd these latest low-flow sevoflurane re-

"lrltt toid" clinical practice? Although it was revised

"n"t 
ititi.f drug ai'proval, the seyo{urane hireling

."rrt"i* the foildwir! waming per the Food and Ilrug
aa*itti"tution: "Altlough dita from controlled din-
ical studies at low flow- rates are limited' findings

taken from patierrt and- animal studies suggest that

tfr"* * 
" 
p"i..,fd for renal futiTy is presurrred

il;-; iompornd A. Animal and hurnan studies

d,emonstate ihat sevoflurane administered for more

than 2 MAC-h and at fresh gas flow rates of <2

il*i. may be associated with proteinrnia and glyco-

suria. To minimize exPosure to eonpormd A' sevoflu-

;;. ;tp*"re shoddiot exceed 2 MAC-hor-rs at flow

i"t"" "fr 
to <2 L/min. Fresh gas flow rates <1 L/min

-. ""t recorrmsrd'ed." Nevertheless, it is now clear

tlnt postoperative proteinuria and glycosuria are

"fioi*"'..d not^limited to sevoflurane' and the

"*il;;; which the above warning were based did

not use comparison grouPs'The-re are now sr"rbstan-

ti"Uy *ot" hata, anl frnm well controltred dinical
studies wiih exposures up to 16 MAC-h and at flow
rates far less than 1-2 L/;kr. They show no dtnically

"igtifi."t* 
renal effects associated with lcvr-flow

s"jooflurane. A recent editorial asked whether tlre flow
rate restriction on sevoflruane is prudent or exces-

"i""fy 
conservative (44: q the basis of accumulated

evidince, we suggest the latter' Continued proscrip-

tion against lo*-flow sevoflurane does not seem

iustified.' l "rro-,try, 
the results of this investigation

slrowed no significant differerrces, by using rerum

creatinine, BIJil, creatinine dearance, or urinary pro-

tein or glucose excretion, betwem the renal effects of

t 
""A#urru 

and isoflurane in surgical patiarts under-

g"*g long-duration low-flow anesthesia for raXr to
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17 hours. There was no correlation between Com-

oound A exposure and any renal function variable'

ti;*";i;";"'f- low-fl ow sevoflurane nephrotoxicity

*ts oUs<rtved' even at large Compound A exposure'

i."a"l**i" and glucosuria were cornmon and nonspe-

"tfi;;t*"*atiie 
findinp' There were no significant

.r;r+"#;5; tut; ";r;* 
between parienb anesthe-

,i"J*itft low-flow set'oflutane and isoflurane' Long-

a.rr.tior, low-flow sevoflurane seems as safe as long-

Jtt"tiot low-flow isoflurane ard moderate-duration

low-flow sevoflurane'

Itre autlrors $al$ully appreciate the excellent technkal assistanc€

of Meghan Creger and TroY |oeePtu

L5. Hisuchi H, fumita S' Wada lI' et aL Effects of sevoflurane and
'"' ';$?;}i;-n'*1l'o'ctiot' u"'a o"' possutt markers o{ neph-

tJ,AC.y-Anesth€siologytlX;S*aVfl' ---
17. Osawa M Sfrinomura ?- Cootp"t-a A concerrtraticur is de-

seased by cooling anaesthdic circuit during-low-flow sevoflu-

;;;;G;' "c"o 
5 Aroesth 19F.8"45272t5-8' -

$. ;;;;;sB' rrtg"" hi' lc'"""t"h ED' 9t arrconparison of
'* ;;l tut"tio,, fou;'^/"ng anesth€sia 9S tgw-ftow sevoflurane

;d t""n;;". J Clin Aneslh !99;11:20't'-:7'

19. A;;A-ED, il,"tt*ts m' carLn K et al'-Role of renal
^' .irt"in".*iuzate }-ly'a* in the mechanbT.g{^**P*-d A

ti"Ji"t"Jii"rtt rats"An€sti€$ ology-l94/ ;f361@-41'

20. Bain€s AD- Sratryes and a*eria foiile"doping rrew urinalysis
--- iot"-fiat'"y Int 5uppt 7994;U:5t37-41'
zr- ilu]r"-nr-,-l'u*lro.t'ttt- t.o*+t"* (1 l/min) eevofh:rane is it
-- 

*le? enes*tedotogy 1997f6l1225J'
22. il;aH;;ht'*ti'oe, vfu'p' 91a! Hospital-acquired r€nal

- ttr*f6d;t Y- Art i Med r9frl:7424l8'
ZS. F'-k-Et 1.,'Gr.ot'WB h' Brqrn EA' €t aL Cor{rorrril A con-

c€rrtratiotls auring sevonurane anes*resia in childreru Anestlre-

siologY 19968LW-7L
24. Kharas,ih ED Thomrng DT, Garton-K et al',Rol'e of renal
'- 

;""t*;G;g"delv;* i^ dre medranism gf-j"'ed A

#pnro=oxiciry-in rats' Anesthesiology 1W'$:160-77'
,s. ;";;?i;A; l.t,z,,xry- RA' et il Acute renal failure after
-' .-aiopuf^otu.y UypL"it rdated to decreased ssum ferritin

r*.L-'l Anl Soo N;ihr ol 1999;10:296 -NL -

,6. ;;;, &edai sff;"*f 
'dtl 

flow rate o1 thg qncentraticn of
-* ;;;;t', products-tenerated by reaction between sevoflu-

;S;;*A [g.e' Brl Anaesfi ffit7*67-9'
zy- ilit" rl, ***tr Y, rkeda K Area urder tle compound A con-

cerrtration *tu" ito*po""a A AUC) analysis' Anesthesiolory

L997;87.715-6.-
23. il H, Ikeda IC longduratio+ bw-flow sevoflurane anestlre-

sia inhumans using tlvo carbon dioxide absoberrts' Anestlresi-

olow 19F,4f.1'340-5'
,r."&:LR"fr;;;,6r,**u lvt et al'rn: d9F of prolonged
-'- t;.-flo- s.rofl*ale aneslhesia on renal and hqratic frmctioru

Anesth Arr:lg MBt:1262-8'
30. if";* S, d-"""f.r f, nu*'tu Ft $ alt.fvoflumne low-flow-
-' 

".**r*i" 
in patierrts with renal insufficierrgn.a multicenter'

randomized, comparative snrdy [abstract]' Arresfhesiology

M93.AI23[,.
fl. Eb.JTI, t,ltt SR Renaf dfects of bryf* anesthesia witlL*' 

;;il;; urd se.roflJr-. in patients labsrract]. Arcsthesiol-

osv 19999LA404'
32.ffi;'i,'-;^t^in n*tr r€sPorses f lo1-Ilow desflurane'

sevoflurane, urta p'cpofa in patients' Anestheeiolory 200093:

74f1-6"
ea. C"fa#g NG, Cantillo L Gratz I' et aI' Dose of comPornd A' not

sevoflurane, d.f"t-it; tl'ttgt" in the biochemical markers of

ilII- ",1*i ;" ftu"ftfty "oit-t""o' 
Anesth Analg 1999'58:

437-45.
3L Maz-zcR[, Callarr Ch4 Galvez ST' et al' Ihe.dfeds 

of sevoflu-

rime on serum creatinine arrd btood ure' nitrogert

concerrlraliorut " 
oe**ptCi"t' tw€trty-two(€nter

evaluation of renal fu;.d-r. in adulisurgical patierrts- Anesth

Analg 200090:68F8'
35- Ic.tr;cl. ED. Sevoflurarte and the kiclney: a cllrrqrt Pe.gc-*'-af"*a.*AclinN;rthAmAnrurAnesthPfutrsracol1996;1:

n5-22-
?6- MazrcRt, Shue Gr, Iackson Sfl Renal dysfr:nction associated
--' #*, *.li."tyn*i^i "^**t*ia: 1-lanllccrized' proopective

Jilt"a .'J"lti""- t !'r\iA tm2t6:/7 8-- p' 
- -

37. IQraIasdt ED f{anldn; DC,Thunrmel I(E. Hrnran kidney me
" ;h"t$'fl;"tt'""d ;"fh;" setaboligr: fluoride

productiort * 
" 

pJiUft -t"ft-t;ttt-o{^cettoxyflurane reph-

"oto*ia-tv' 
ry*ry'iKtfi;'"?ff #;-*t * bitrheudc'l

38. Eger EI II, C'ong D,
narkers ol rernt otJ; 'fter 

sevoflurane versrs desflr:rane an-

*t *f" it "At*teim-'ettesttl 
Analg 19ffi5:11r4-53'

RefercnGe$
1 Wehlck F{- Severe intraoPerativ!-C0-^Po.Gorirn5 should apa-

thy prevail? AnesthesioloSY !y)92U:353-+'

z ii"i""ilrd; K S"t"h N:'"t aL lie'ction of sevoflurane and its

desradatisrp"od.rcs*i-tf't"a"fi-*toxicityofthebyprod-
,t E. ntt 

"tftoiology 
1992'17:1155-6l.

3. i;* i;-C"tl"*g PJ["d*t' P' et al'-Inha]ati'on toxicotogy* 
ildy "iin^r***tt 

a#"at*t oi sevoflurane'Compound A

ipGl, i" Sp-gt*D"fi"y rats' Aresthesiology 195;83:

12n-a2-
4. Gorrsowski C{, t mte" M, EEe' EI I! et al- Toxicity of compound
-' 

I-irr-t"t":"gJ of i"*;;i# duration of administratioru Anes-

ttreiolosy 1994 ff:ffi - :13'

s. il#;;f,'E6;6ir"'-' 
-cvr, 

rn"ming D' * al- Role of the renal
" ;;h* ;"t"8 are p-rvii-'pati'*"v"f ^*eFg 

conpound A

ti.or't"i",oalqt"itl rats''atteittesi o-Iggy 1998'ffi162a 43'
6. il;;iii,-Fr*'tu" M oaeaaaH#era L'et al' Renal toxicitv* 

;f ";p"f,*d 
A plus irloflL"ne compared with iso{lurane in

non-hunan primates [*tl*tl' Anesthesrology- 19859*490'

7. ;;&;u eP, G"t ' W, i;; F' et al' Dehvdration of Baralrme
'' ffiJJJ.;6;# l'""Jti"s fu"* 5f'n*''9 degradation

;; tr""d*d -t*ti*ttt circrit usea to anesthetize swine'

AnesrhAnals 1997;85:13&2-6 .

8. 
.ril 

H, tr""d; r oegr;d"tio" P'9dXP gl5vgflurane durins

Iort-flow arr,aesthesia- Br J Anaesth lyysjlgJb-a'
g. i'J'* si li rrr"rt w, rtl"tg"t-SE' €t +' Quantfication of ihe
' ;;;tiilp.oa""s'"i-*loflurane in y9 cct absorbents

Jrr?ttg to*-do* utt"ttnlit itt 
"*gical 

patients' Anesthesiology

1992:77'a064-g-
rO. ilito'ii, *.a" IC Cfsed-circuit anesthesia with sevofh:rane in
- 

humarst effeds crt renal and hepatic frnction and concenlra-

tions of breakao*rnlrod,rcts with soda lime in *ie cfucuit.

Anesthesiology 1994:N:7 l- 6'

il. iilA; n*a? r Pias'a inorganic {roridg and intracircuit
" ;;;i"d; f."a"ct tottcetttt"f,otts in longdr'nation' low-flow

*Jofl,r."rr. ines*resia' Anesth AnalS 1994;D9M -51'
12. Osawa M, grinocrura f,-tuturaXavtal{' Mori-K Compormd A--' ;;;F"e". -.a tt. Lo'p*ture of CO2- absorberrts during

lonr-flow *.rono."rtJ*toil""ia in surgical patierrts' J Anesth

L995*1-5.
ra. Sito tL [<eda K- Rerraf and hepatic tunction in "m nffffi

after low-flow sevoflurane or isoflurane ane

Analg,l9B6'f,2:.173-6-
fll Bito I1 il€uchi v, ileda IC Effects of low-flow sevoflurane

anesth€sia * ,.nJ-G.,i"* comparison with ni8h-novv

sevoflurarre -rott."i" J lcw-flow Goflurane aresthesia- An-

esfiesiol%Y 7997'P6;L231-:/'
rS. fc,-asdr- ffD, V;* q It, 7^g- & et al- Ass€ssnerrt of low-fbw
-- 

se.,ofl,rt"rre i"a isoni,ii"t tif"tt" -t rernt {urrtion ustlg^lg-
sitive srarkers "r 

i;"f"t-t*laf' Anestesiology !997fi6:

1238-53.



Attelrtion AuHrols!

Submit Your PaPers Online

you can now have youl PaPer processed and reviewed faster by smding it to us through our new'

web-based RaPid Review SYstem'

Submittingyournanuscrq)torrlinewrllmearrthatthetimeandexPenseofsendingPaPe6ttrroughthe
srail can be eliminated- Mir"o.r"r, beca'se "*1""f"**" 

will alsoie working online' the entire review

pro.""t will be significantly faster'

Youcansubmitmanusaiptselecrronrellyviawww.rapidrevie:V.colnTherearelinkstolhissitefronthe
Anesthesia & Aralgesia #ebsite (*-*.**t*;;J;;a.org), and the IARS website (*t**:* "tg)

To find out more about Rapid Rwiew, go to www'rapidreview'com and click on "About Rapid Review'"

3e. Eser .EI 
tr, Kobrin,"inJr]lxffi:* ilffirffif

sevoflurane versus des

Arr.le79/fra:1@-8'
*.ffi""*:r#'nC"' n' rf"i*t C' Flamoe E hruarenal metabo-

-'iifrlt'.-,aaty%i*!i["ya*"''"[absaact]'Anesthesi'otqgy
200093:4533'

ot- ffi*"i ro,I'$€rt c' Caruoud a yp3k ""{'^1fH-9"' H;;;-'"iut "ta 3fj+ifluoro-2-{Iuorwtetho{rProPanorc
:&3'ifi;'-"t;*"o?i**" *otn""* l-:11k"o 

fo' u'Po

sure, risk assesil!€r't, anJ ittt"ttP"d* eomParisorl Anesrheslol-

ow 1999'91:'12674'
*.ff*K|#ffi{-i,-e'd"o MW' Ntptrrotoxicitv of the sluta-

tironeand"Frd,*s::llq*Tii:5#H"*..iffi
product 2{fluoro
(comporEld A) i" -; Fis&;;34t4- ttl"' i Pharmacol ExP Ther

iggrlz&7:t5la.-51'-
.4il.IverRA,AndersMW-CysEinecorrjugateplyase-dependent

EioEansfornation "f 
ti.-fr"t ir" iir{ugateeof t}re sevoflu-

rane degradati-' p'JJi"-potrrd A in hgan' nonhunran

;;;%;;ttia'*y?t*"f" a mitochsrdria- Anesthesiol-
'ogY t*tBS't+S+-et

mf,i&ffi,93ffii^'ffiff**
A}IESIHA}'IAIC

2001841s11-20

44. Vdlkel W, Friedewald M, Lederer E' et al, Biotransforsration of
-* 

;;;;ah*'t"' dJependent excretion of trictrloroaced'c

acid, di*rloroacetic Ja', -ta T f"tft +-<ttirtttorovinyl)-r-

cvsteirre in rats and huonais after inhalbtrion Toxicol Appl Phar-

iacolLgglS;Lfi'2OJ'
t[5- Travis CC, White RK, Ward RC' Interspecies-exhapotation of
: 

p'f't t-*"ic."u""' I Theor Biol19Pl07142:285-?o4

46. Dahl A& Schf€singer ng, t{"tk HDA' €f aL Corrgrarative do-:' 
Jit 

"oy "f 
ittf,.f"a"matetialst diffaences anong anicral species

and extrapolation to rtrr' F tttd"- Appl Toxicol l99l:J.e'1-al'

47. r'i1fofiRF, Ives HE. The renal mre{iof sevoflurare- Anesth

Arufg 20009050F&


	1511
	1512
	1513
	1514
	1515
	1516
	1517
	1518
	1519
	1520

