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Special Article

Pathologic Effects of Chronic
Halothane Inhalation:

An Overview

Louis W. Chang, Ph.D., and Jordan Katz, M.D.

RECENTLY. American Society of Anes-
thesiology-sponsored survey of the effects of
the operntting room environment on pursnnnul
suggested  that  chronie exposure to trce
amounts of the ambient air
might constitute a potential hazard.! The re-
port of the Ad Hoe Commiittee complemented
other animal and human studies suggesting
that prolonged exposure was related to in-
creased incidences of cancer, hepatic disease.
spontancous abortion, and congenital abnor-
malities.*~* These reports supplement existing
concerns of possible toxic effects of acute

anesthetic in

exposure to a variety of anesthetics.

Perhaps the most extensive studies of po:
ble toxicity concern halothane and the liver.
Hepatitis following exposure to halothane
has been reported frequently. 2! Possible eti-
ologies have been reviewed by various in-
vestizators.”" Although there are sugges-
tions to the contrarv*! halothane hepatitis has
generally been aceepted as a pathologic en-
tity.= In addition, recent studies have demon-
strated that hepatic lesions similar to those
found in man could be induced in rats*-
and suinea pigs® after single or repeated ex-
posures to halothane.

We have been studyving the effects of chronic
exposure to halothane i1 the rat, with
particular emphasis on ultrastructural altera-
tions of three organs—the liver. kidney, and
brain. Results indicate that the morphologic
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changes that occur mimic toxie changes cause
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by other evtogenice substances such as (..lll)(lll)
tetrachloride.

This review collates our results with fm(lg
ings reported by others and presents, we fee Ig
a strong case for the toxic potential of lm]n%
thane. For detailed infonnation umu-rnm'g
individual experimental designs and findingsg:

refer to the original articles.

Pathologic Effects on the Liver

EFFECTS OF ANESTHETIC CONCENTRATIONS
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the conceming
and hepatic necrosis, a pa «thnlnf_’_\#
panel was formed as a part of the .\';\tiun:\%
Halothane Study (conducted by the No ltiun.lfﬂ
Academy  of National Rmtuu’do
Council) to inv cxtlu.m- the pathology of h.\lno
thane hepatitis.”™ It was found that (]ILO
hepatic necrosis had no consistent plllvan‘
varving from minor focal lesions with cxtllm‘.:
random or regular zonal distribution to totalg
parenchymal destruction. In some instances
the necrosis tended to occur in the vicinity of3
the centrilobular vein, Ultrastructural studies®
of hepatitis induced by acute exposure to halod
thane have been performed in both man anc
animals.*=*7 The general pathologic changess
consist of swelling and necrosis of the live?
cells. especially in the central zones, withs
inflianmatory infiltrates. The cells uppvurw%
dark and shrunken in some areas,
and pale in others. Active parenchymals
hepatitis with foci of hepatocellular necrosis o
alterations in cytoplasmic reticulum and biled
canaliculi, mitochondrial changes, and=
myelin-figure formation have been found.
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§ OF SUBANESTHETIC
CONCENTRATIONS

Stevens ef al. compared
and

In a recent study,
the toxicities of halothane.
diethy] ether at subanesthetic concentrations
in mice. rats, and gninea pigs® Ttwas found
that after 35 days of exposure, hadothane pro-
duced a greater decrement in weight main

isoflurane,

and a higherincidence of hepatic degenerative
changes than the other agents. In our Jabora-
tories, using electron microscopy, we demon-
strated cellular climzes (such as degeneration
of the mitochondria, endoplasmic reticuling,
and bile canaliculd digs, Fand 20 in the livers
of tts exposed to subelinical levels of halo-
thane. 10=300 ppm. for four to cight weeks
In general, more extensive lesions were found

in aninmals exposed to higher concentrations
of halothane. Additionally, pregnant rats were
exposed to halothane, 10 ppm. thronghout
gestation and degenerative changes (such as
fatty change, leukoeytic infiltration, accumuli
tion of lysosomes, and cellular necrosis) were
observed in the livers of the offspring (figs.
Jand .

Despite increasing evidence that halothane
is hepatotoxic, the incidence of fully recog-
nizable hepatic necrosis in human subjects
following halothane anesthesia is very low. ™
However, Stevens ef al. cantioned that per-
haps hepatic injury following halothane anes-
thesia in man is not so rare as the incidence
Sfmassive hepatitis would suggest. Elevations
of SGPT and BSP retention have been found
following halothane anesthesia 1% snguesting
that & mild hepatic injury following exposure
to halothane may not be uncommon.

At least two explanations have been sug-
gested for the hepatotoxic effects of halothane.
Since granuloma formation and cosinophilia
are  sometimes with  halothane
hepatitis, hypersensitivity may underlie the
pathogenic mechanism #7% A sensitivity
phenomenon of the antibody-antigen type
could oceur i a haptene is formed by con-
jugation of hepatic protein to the halothane
molecule, or a metabolite of it. However,
increasing evidence has indicated that halo-
thane, or its metabolite, probably has a direct
hepatotovic effect on the liver. Damage to Ii\'u
cells h)llu\\ ing exposure to halothane in (lmf\
pigs ™ and s

associated
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has been reported. As is the case with the
volatile anesthetic chloroform and other halo- §
wenated compounds snch as carbon tetra- g
chloride, there may be a toxic metabalite tlh tg

‘e

accumultes  within biological  tissue
Cohen and Hood reported accumulations ot S

rions volatile anestheties §

metitholites from vi
in the monse, but these metabolites conld
not be identified becanse they were hound to8
tissue constituents from which they could not o >

- 7]

be extructed. o
Of interest is the fact that halothane metab-2,
olism is apparently concentration-depend-§
(]

ent® More metabolism and breakdown of§
halothane ocenrred in the Tivers of animals 2-
(& \pnwd to lower concentrations of the agent. 8

If the metabolites of halothane are responsi- %
ble for hepatic damage. chronic exposure tog
low levels of halothane might then be more &
toxic than acnte exposures. 2
z

9]

. . <

Pathologic Effects on the Kidney 5

=
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Methoxvilurmme is now known to beo
nephrotoxic in - clinical  concentrations.™ ""8
. =

There is no evidence that halothane lias ak
similar effect. Raventos.™ in his classic paperg

(o2}

in 1936, reported that some elements of renal
S

damage. primarily dilatation of the proximal
convoluted tubules, did oceur when aninals
were subjected to repeated exposures to halo-
thane. In our laboratory we studied the renal
morphologic changes following chronic ex-
posure to subanesthetic concentrations of’ l()
and 300 ppm halothane by light and vlmmmA
microscopy.®  In adult rats lesions were 9
demonstrated in the proximal convoluted -2
bules. Degeneration of the mitochondria with®
formation of large membranous bodies was
frequently found (fiz. 5). Accumulation andS
fusion of lysosomes were ;\lxn observed in theg
tubular cplthch.\l cells fig. 6. Similar changeso
in the Ivsosomes have lwcn rcpnrtvd to oceur 3
in methoxyturane nephropathy ® choline-de-3
ficient rats.” manganese-deficient mice.™ and§
the Chediak-Higashi syndrome. It has heen®
proposed that these abnormal Iysosomal strue-3
tures are directly related to alternations ing
lysosomal function.™ Ps
Iu addition to the mitochondrial and lyso-
somal changes, accumulation of spherical p;lr-§
ticles in the basement membrane (fig. 7). ex-®

1%
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Fic. 1. Livel 300 ppm halothane. 4 weeks. Extensive dilatation of the bile canalic
uli (BC) with peribili wcemmulation of lvsosome (La), indicating cellular injuny. Similar ultnstrue
tural changes have been observed in human cases of halothane hepatitis. x 14.500.
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Liver, adult rt, 300 ppin halothane, 4 weeks, Vacnolar degeneration of the endoplsinic
reticulum to form membrane-bound vienoles (V) %7000,
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F1G. 3. Liver. neonatal rat, 10 ppm halothane throughout gestation. Exte
droplets (hatty change within some hepatoeytes.
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FIG. 4. Liver. neonatal rat. 10 ppm halothane throughout gestation. Large areas of necrosis were ob-
cenved in the liver, Infiltration of lenkoeytes (Leuk) at necrotic sites was prominent. x 12.500.
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F1c. 5. Provimad convoluted tubule, adult rt kidney, 500 ppm halothane. Accunmulation of membrino
ies (MIB) within the epithelial cell The membranous bodies are belicved to he derived from de
senertive mitochondrin < 11,500,

F16. 6. Pronimal convolated tabules, adult rat kidney, 300 ppn | Fusion of the
Ivsosatnes (Ly) to form irrecular-shaped dense bodies (2B 11500,
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trusion of Lirge evtoplasmic masses into the
tubular lumen, aggregation of smooth endo-
plasmic reticnlum, and swirling of the basal
plasma membrane were observed in the prosi-
wal tubules (i 7). The clusters of spherical
microparticles within the basement mem-
s well as the extrusion of extoplasmic
material, have been found in both human and
animal kidnevs aftected by disease 7™ Tt s
helieved that these phenomena represent dis-
charge and extrusion of cellular debris and
material from injured cells. The formation ol
smooth endoplasmic reticulum ageregates and
the swirling of basal plasimia membrane, how-
L By represent a compensatory response
since the basal plasma mewm-

brane,

e
of the kidney.
brune is involved in detoxification processes
and transport of the end products into the
tubular lumen. The swirling tound in our ani-
mals” basal plasma membranes indicates
probable compensatory response of the mem-
branes to halothuane metabolites™!

Chang and co-workers also found pathologic
changes in neonatal kidneys of rats subjected
to intrauterine expostre to low levels of halo-
thane (10 ppi).™® General  degenerative
changes such as mitochondrial swelling (fie.
8. accumualation of lysosomes. and enlarge-
ment of the apical vacuoles (fig. 9) were ob-
served. These degenerative changes were
found to be confined to the proximal con-
voluted tubules. Massive cellular casts and
evtoplasmic material were also found within
the tubular lumen, indicating tubular injury
(fig. 10).

The clear-cut nature of the morphologic
alterations tonnd in our laboratory following
chronic exposure suggests that, at Jeast in one
species., halothane acts as a cellular toxin to
the kiduey. Whether such changes oceeur in
nxan has not been determined.

Pathologic Effects on the Brain

Apparently no pathologic effect on the brain
of acute exposure to clinical concentrations
of anesthetics has been reported. However,
there are stuggestions in the literature that
chronic exposnure to subanesthetic concentri-
tions may be deleterious to central nervouns
svstem function. Several reports from the
European literature suggest that headaches
and irritability in operating room personoel
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and patients were cinse ~d by direct action of
seneral anesthetics on the brain or cerebral g
vessel Functional disturbances of the g
NS, such as headaches and depression, wer -%
reported to ocenr in Russian anesthetists &
tollowing prolonged exposure in poorly venti-o

lated operating rooms.” Many in\'L-sti«_';ltorxg
have shown that acute exposure to .sul);mcx-g_
thetic  concentrations  produces tcmpur:lr\‘r’:‘
deficits ina variety of human behavioral fune-5
tions. including memory, mood, and psycho-§
motor actions, ™™ >

a deterion

One of the authors showed

3
tion in psychological fiunction of anesthesic \o

residents from the start of their l’('\l(lcnt\m
to the end of one year (Katz, unpuhlhhcdo

observation). hna part of that study. the Reitan- 3
Halstead  test. @ well-known measure of3
nic brain disorders, was marginally pmi 2
tive in several of the residents. Because ofg
the many variables in that study, conclu-
sions concerning cause and effeet could nof

1

u

Sts

ABodls

be drawn.

Our laboratory has repeated studies in
more controlled situation using the mat as
model® We have shown thit there was in-g
deed a leaming deficit in animals ex pnwd&
in utero to 10 ppm halothane throughoutd
sestation. The deficit continued many months®
past weaning and after the rts were out oy
the halothane environment. indicating that itg
o

%S\0Tue)

1

d

WIS l’[’rllh“ll'"t
We believe that the work done in this l.llmr.n -S
tory is the first to demonstrate nmrphnlnaltg
changes in the brain as a result of exposure@
to low concentrations of halothane. n adult®
rats after four to eight weeks in an environ-§
ment of 10 to 300 ppm halothane. (Iv"cncr.lt(-
C]ll\""L‘\ \ll(.'l] AN severe n\LlH)I lhl"l ll’ tIIL'O
Golgi complex (fir. 1D and collapse of thvg
rongh endoplismic rvtlculum(hg. 12y could heS
observed in some cortical neurons.™ We

also found degenerative changes in the cortics
nenrons of neonatal rats exposed to haloZ
thane in utero at a level of 10 ppm in ”“ua
ambient air throughout gestation.™ Vacuolag
tion of the Golgi complex w
nent pathologic feature, Weakening and focal3
disruption of the neuromal nuclear membrands
(fig. 13) was a frequent finding. Such changesy
in the nuclear membrane are precursors o
cell death, Acenmulation of ¢ tup].hnnc(lcllrlg
and lysosomes could still be observed w ithins

as again a pmmh-—
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Fie. 7. Kiduev. adult mat. 300 ppm halothane, Accumulation of spherical microparticles (SMP) in s
pocket of the basement membrane (BAD. The SMP's are probably cellular debris being extruded inte
the basement membrme. x 10500,
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FIG. 8. Proximal convoluted tubule, neonatal rt kidney, 10 ppm halotiume throughout gestation. Severe 3
swelling of some of the mitochondria (Ms) in the renal epithelial cells, indicating cellular injury.®
Some mitochondria (AD still appeared normal. x 10,500,



bl PATHOLOGY OF HALOTHANE INHALATION 647

VOIS Nub Daee 19TH

o1118/AB0|0ISBYISBUR/WIOD" JIBYDIBA|IS ZBSE//:d1Y WOol) papeojumoq

Fic. 9. Proxinul comvoluted tubule, neomttal mt kidoey, 10 ppm halothane throughout  gesta
tion. Enlargement of the apical vacuoles (AV) forming membrane-limited vacuolations. Microvill
MV = 14,300,
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F1c. 10. Proximal convoluted tubule, neonatal rat kidney, 10 ppm halothane throughout gestation.
coenerated cellular cast (CC) and evtoplasmic passes 1CM) were being eatrmuded into the tubularR
Timen., x3,000,
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F1G. 11. Cortical nevron, adult rat, 500 ppm halothane. Degeneration and vacuolation of the
Golui complex (G). Nucleus (N). x22,000.

F1G. 12. Cerebral cortes. adult rt, 10 ppm halothane. Collapse of the rough endoplasmic reticulum
(RER) was observed within some neurons. A dense matrical material was found between the stacks of
collapsed reticular membranes, which became devoid of ribosomes. A giant lysosome (Ly) is also evi-
dent. x-41.000.
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FiG. 13. Cerebral cortes. neonatal rat, 10 ppmhalothane throughout gestation. Weakening and focal
ontpouching of the nuclear envelope (- ==>) could be observed in many neurons (N). X 30,500,

Fic. 14. Cerebrl cortex, neanatal rat, 10 ppm halothane throughout gestation. Accumulation of lipids,
lysosomes. and cellular debris within a neuronal process. x 20,000,
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some neuronal processes and macrophages
(fiz. 1) in 100-day-old rats that had been sub-
jected to prenatal exposure to halothane,
indicating that the damage to the nerve cells
in these animals by halothane or its metabolite
is an enduring one.™® These findings support
the coneept that halothane nay have an un-
desiruble eftfect on the developing nervous
system of the rat. Whether such occurs in
other species. including man, has not been
determined.

Concluding Remarks

We have reviewed both clinical and labora-
tory data suggesting that acute or chronie
exposure to general anestheties, primarily
halothane. has deleterious effects on at least
three ormans—the Tiver, kidney, and brain.
The present review represents only a general
overview and an up-to-date summary of the
morphologic and pathologic changes in the rat
following exposure to halothane.

Since the pathologic effects of halothane
have been revealed by electron microscopy
only recently, the preciese “pathogenic mech-
anism™ of halothane or its metabolites still
needs to be investigated and cinnot be deter-
mined at the present time. However, in view
of the pathologic involvement of the cvto-
membrne systems (pliasma membrane, mito-
chondria. nuclear membrane,  endoplasmic
reticulum, and Golgi complex) after exposure
to halothane. itis not unreasonable to postulate
that the prime tosic effeet of halothane
(or its metabolites) is ou the biological mem-

branes.
Most of the information in the present re-

view conceming the pathologic effects of

studies in our

animals were

halothane is derived from

labortories. The experiment:
exposed to 10 and 300 ppm halothane for four
to eight weeks in carefully monitored cham-
bers. while the control aninals were housed
in halothane-free chambers. All the animals
were sacrificed by intracardial perfusion with
alutaraldehyde to ensure proper and immedi-
ate preservation of the tissue and cellular
morphology. Tissue samples from the cerebral
cortex, renal cortex, and
carefully obtained with @ sharp blade and
further fixed in proper fixatives for light and
clectron microscopy. Lesions we have found

liver were then

Anesthesinlogy
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in specimens of brain, liver and kiduey rep-

st very subtle pathologic changes in theo
tissues. because most of them are observag
ble only with electron micrascopy and no&
with light microscopy. However, we are um%
fident that onr findings are valid becanse theye
are readily observitble andare consistent morg
than in 85 per cent of the tissue samples
examined. None of these abnormalities w
observed in the tissues of the control anig
mals. Morcover. we have reproduced our hlul"’
ings consistently in subsequent experimentsy,
louble-blind™ s)‘s%

some performed under a
tem to ensure total objectivity.

There is no doubt that many of the finding®.
reviewed in the present paper are still subjech
to critical debate. Nevertheless, from all thg.
data and information obtained to date, indicaS
tions that halothane or its metabolites mag
have a direct toxic effect on the biologica
system are strong. However, since all thesg
observations were obtained trom laboratond
animals subjected to experimental conditionsg

direct extrapolation of these findings to miug
)
2

you

is nor wurranted.
Since the pathologic effects of other .IIIL'\Q
thetic agents were not comparatively \ln(lludh
it cannot be assumed that the lesions obta \mmE
in response to halothane exposure are “spes
cific” for halothane. The demonstration of .w
relationship between structural ind functiona
changes inanimals ﬁ)”u\\in"c\pm’urctnh.nlnD
thane is still lacking, and this rc].xtmn\hllg
needs to be investigated in future studies.

References

9/61-2¥500

1. Oceupational Dise: among Operating Roon
Persomnel: A National Study, Ad Hoe Comg
mittee of the Americur Society of A\ncsthvslo
ologists: ANESTHESIOLOGY 41:321-340, I‘J,g

2 Corbett TH., Ball GL: Chronic exposure 4
methoxvilurane: A possible  occupationak
hazard toanesthesiologists. ANESTHESIOLOGE,

=3

34:332-337, 1971 =
3. Smith BE. Gaub ML, Moya F: Investigations<
into the tertogenic effects of anestheti@

agents: The fluorinated agents (abstr).
THESIOLOGY 26:260-261. 1965 °
4. Cohen EN. Bellville W, Brown BW: Anes>
thesia, pregnancey and miscarri A study ofg
operating room  nurses and anesthe t|~t~;>
ANESTHESIOLOGY 33:343-3147, 1471 =
Tiisman Al: Working conditions in surdery .unl;
their effeet on the health of anesthesiologistsQ
Eksp Khir Anesteziol 3:44--149, 1967 »

Ml
-



Anesthestalingy
VG Nu b, Dec 1TH

5. Johnson CC: Hepatitis asse

5. Ko

20. Qizilbash A: Halotl

. Lenca L. Nemes €S, Berta Lo Psyehische Be-
Lastungen und Morhiditit der Aniisthetisten.
Third European Anesthesiolosy Conference,
Prigne, 1970,

. Corbett TH: Anesthetios s Ilulh( of abortion.
; =)

lu ~JLMiHard RIE:
Elfects of Tow concentrations of nitrous oxide
an rat |m ganeny. ANESTHESIOLOGY 3%:209-
301, 1973

. Nikki P: Are anesthetic gases harmiul to operat-
ing theatre staff? editoriall, Ann Clin Res

4247249, 1972

. Brody veet RB: Talothane anesthesias
possible canse of IIII\\I\( |u spatic tecrosis.
ANESTHESIOLOGY 2 . 1963

. Bunker JP. Blument : Liver necrosis
after halotha Zause of coingi-
dence? N Enual ] Med 334, 1963

. Lindenbaum J. Leifer K Hepatic necrosis as-
wociated with halothane anesthesia. N Enzl

- RAL
~ neerosis tollowing
Anesth Analy (Cleve

1962
Tornetta F)L Taniaki HT: Halothane janndice
1 y

and hepatotozicity

thane. Northwest Med 63:611-613. 1964

wmto M. LaFlenr Postanesthetic
liver complications in a eral hospital.
A statistical study. Can Anaesth Soc ] 10:
331-335, 1963

Allen HL. Meteall DW: A search tor halo-

thane liver complications. Anesth Analy
(Cleve) 43:159-162, 1964

. Henderson | rdon RA: The incidence of
postoperative janndice with special reference
to halothane. Can Anaesth Sac J 11:433--459,
1964

. Green KG, Mungavin JM: Halothane and the
liver. retrospective studies. Roy Soc Med
Proc 57:311-314. 1964

ane hepatitis, Can Med
Assoc | 108:171-177. 1973

. Simpson BR. Strumin L Walton B: Halothane
hepatitis, t or falluey. Bull NY Acad Med
49:708-721, 1973

SH: Hepatic eftects of halothane —reviews

of the literature, The National Halothane

Stady. Edited by Bunker JP. Forrest WH,

Mosteller Fo et al. National Institutes of

Health and ional Institute of General

Medical Seiences. Bethesdao Mdo 1969, pp

11-18

3. Carney FMT. Van Dyke RaA: Halothane hepa-
titin—a  critical review. Anesth Analg

(Cleve) 31:133- 160, 197

4. Ross WT, Cardell RR: Effects of halothane on

the ultrstructure of rat liver celis. Am ) Anat

Xatz J: Ultrastrue-
ijuries by chronie

i
5. Chanyg LW, Dudley AW ]
tural evidence of hepati

26, Clang LW, Dudley AW Jr. Lee YK et al: Ultra

. Sipes [G, Brown BR. Jr. et al: An andmal

. Huwhes HCL Lang CM: Hepatie necrosis pro-

30. Smuckler EA, Bombeck CT. Nyhus LM: Strue-

. namoto AL Okamoto

. Corssen

3. Stevens W

. Chane LW, Lee

. Bunker ]I, Forrest WIL Mosteller FL et aliedi

PATHOLOGY OF HALOTHANE INHALATION 651

evposure to low levels of halothine. Am )
Pathol T4 1034- 1040, 1974

I

structural studies of the hepatoey tes followine
chironic exposure to low levels of ludothane.
Exp Mol Pathol 23:35--12, 1975

muode] of he ]n(nlu\u vassociated with halo-
ne anesthesia. ANESTHESIOLOGY 45:
25, 1976

I
//:dny Lu'm; papemumoq

dueed by repeated administration of lnln-\
thane to "u + pigs. ANESTHESIOLOGY 35:9
A66--171.
Gall B lhpur( of the pathology panel. N
tLalothane Study. ANESTHESIOLOG
248, 1465

eqma/\us‘ze

tural and functional changes in the |~nhlul
pedused liver associated with halotlane 8
and chloroform., Baltimore, Willkaus and Wil-

3
Kins, 1967, pp 176-183 )

Matsuo Yo Electron®
microscopic imestigation of the hepatotosics
cffects Tollowing the reprated nse of various$
inhadation anesthetic agents, Prog Anesth®
Proc World Conur Anesth (London), 15)(;%(8
pp 913-915

Crtatonic effects of halogenate d:&
anesthetios, Tovicity of Anesthetios. Edite Rl
Ty Fink BR. Baltimore, Williaws and Wilkins.
19685, pp 30-185 a

=
3. Kilion FM. Schattner I, Popper H: Hepatitishs

after exposure to hadothane, Anu Intern Medg
T1467 - L1464 >

>
1. Schattuer F, Paronetto Fr Immmologic obsen WS

tions and electron microscopy of halothane-R
1 hepatic injury, Tomunology of the
ited by Smiith, M oand Willians RS
Davis, 1970, pp 186- umg
. Marcon N, et ali Anie-gQ
listologicand ultra-©
structural lesions associated with postoperi-&
tive fever in twao patients. Gastroenterology
35:965, 1970

Liver,

l’lnl I(Il lpl

S00

9
36. (/ulullllm"hx B. Yardley J. Boitnott J: Theo

fiverin uuhl Lhalothine hepatitis, Am J P .xlhulm
1970

ov of o cane of hadothane hepatiting
Am ] Dig Div 18:905-911, 1973 3

v ELIL White A, et al: Comegy
parative toricities of hadothane, isoflurane S
and diethy] ether at subanesthetic coneentra@
tions in labortory animals. \\INIHP\IUL()(\Z
A2:408- 418 1Y

YK. Dudley AW Jr. et .11:2’.
Ultrstructural evidence of hepatic lesions in§
neomttal mts following chronic exposure tos
halothane. Gan Anaesth Soc ] 22:330-3352
o >
1975 b

tor~): The Nutional Halothane Anesthesi n.uulo
Post-operative  Hepatic Necrosis Shul\ ~



652 L. W. CHANG

. Government Printing Of-

Bethesda, Md.
fice. 1969
Thompsen 13
terns reflecting hepatic respon
aud operation. South Med ] 6
. Akdikmen SA, Flanagan TV, Landmesser :
A comparative study of serum glutamic pyr-
vie transaminase changes following -
1 with halothane, methoxyflurane
inhalation agents. Anesth Analg (Cleve)
5: §19- 1966
uge S, —\Inl"run 1. Axelson
hepatitis in anesthetists. Lancet
1467, 1966
AMathicu A, DiPadua D, Mills J: Experimental
immunity to a metabolite of halothane and
I hypersensi-

41,

&
ty

Halothane
2: 1466

43.

4.

tivity. ANE: . 1974
45. Rodrique \l Paronetto F, ‘. et al:
Antimitochondrial .mlllm(]lu\ in jaundice fol-
lowing drug administration. JAMA 208: 115~
150, 1969
46. Donal E, Glagov 8. Orlando R, et al: Fatal
halothane hepatitis with transient granulo-

. 1970
nmmity to halo-

N Engl J Med 283:

mas, N Engl J Mec
7. Doniach D: Cell medi
thane hypersensitivity,
315-316, 1970
. Paronetto F. Popper H: Lyiphocyte stimula-
tion induced by halothane in patients with
hepatitis following exposure to halothane.
N Engl ] Med 238:277-250. 1970
. Sherlock St Progress report: Halothane hepa-
titis. Gut 12:324-329, 1971
. Stephen CR, Margolis G, Fabin LW
tory observation  with  Fluothane.
THESIOLOGY 19:770-776, 1955
. Jones WAL Margolis G, Stephen CR: He
toxicity of inhalation anesthetic drugs, ANES-
THESIOLOGY 19:T15-723. 1958
Scholler Vi Electron microscoy
araphic studies on the effeets of halotha
and chloroform in liver cells. Acta Amesthe-
siol Scand suppl 32:1-62, 1968
. \un Dyvke RA: Biotrnsformation of volatile
anesthetics with special emphasis on the role
of metabolism in the lu\xul\ of anesthetics.
)

md autoradio-
e

33,

Can Ar 2 1973,

534. Cohen \pplu tion of low-
temperature autoradiography to studies of the
uptake and metabalism of volatile anesthetics
in the mouse. 1 Chloroform. ANESTHESI-
OLOGY 30:306-317, 1969

35. Cohen EN, Hood N: Application of low-
temperature antorwdiography to studies of the
uptake and metabolism of volatile an 8
in the mouse. 11, Dicthyl ether. AN
OLOGY 31:61-68, 1969

56. Sawyer DC. Eger ELHL, Bahlman SH, etal: Con-

halothane

centration dependence of he

metuholism., ANESTHESIOLOGY 34:230-235,
1971
57. Taves DR, Fry RW, Freeman RB: Toxicity

AND J. KATZ

Aneatheiology
VIS No b, Dec 1906

I

methoxyflurne  anesthesi
concentration in - nephrotonicity.
B 5. 1970

R1, C

following
F| ]Illlndl

ins MF: The
morphology and pathogenesis of nephrotoxi-
city following methosyflucme (Penthrane)
ane s(lu ssig—in ¢ mental model in rats.

eojumog

755
. \l wze R (‘nusm\ l(] lhu toaicity ol anes-
ith specilic reference to the nephro-
of methoavflurine. Can Anaesth Soc,
J 20:64-50, 1973
AMuzze R1L Consins MJ. Kosek JC:
Lated miethoyyHurane
hiudu al amd

y'wouy pep

dj)

60. Dose-re-

ephirotonicity inrats: A
tholowic

correlation. ¢

OIS zeseu

\l.l/ll Rl 'l I'Il(ll” IR, (un\un \l] Moethoay
flurnme nnlnlmlmn .m(l ruml dysfunction.

61,
=

[G] oi

anesthetic, BrJ Pharmacol ll : . 19363
3 Clx.\lll' LW, Dudley AW Jr. Le al:@
Ultrastructural chianges in (ln kulm\ follow-
ing chronic exposure
tlmm- \m] P: nllml 7

64
65. Bell LT, Hurley L‘hmstmctuml (-m-u\g
3 cieney in liver. heartg
reas of mice. Lab Invests
Q
>
66, l’ruur l)] 1 '
huunnn of nn.nI Iumnuu s in mice \\uh Iln»
whi ssndrome. Am ] Pathol 6739
[
67. Eriesson JLZ. Trump BE: Electron microscopyd
of the uriniferous tubules. The Kidney&
Volume 1. Edited by Roniller C, Muller AF .8
\u\ York. Academic Press, 1969, pp nl—o
.h
65, Burkhuldtr M, Hynun LR, Barber RA: L\lm-.
cellular clusters of spherical microp: wticless
in glomeruli in hunan renal dlomerulargy
disease. Lab hnvest 28:415-425, 1973 o
69. Chang LW, Sprecher JA: Patholog changesS

in the neonatal kidney following in utero®@
exposure to methylmercury. Environ ResS
11:392-406, 1976 S
70. Ware RA. Burkholder PM, Chang LW: Ul ©
structural changes in renal proximal (uhulu-g_
after chronic orzanic and inorganic me rulr\u-
intoxication. Environ Res | ~ 140, l‘)n
. Andersen NB, Amaranath L hetic efte
on transport across cell membrnes. ANES
THESIOLOGY 3%:126- 152, 1973
1 LW, Dudley AW Jr. Lee YK, et Al_k
Ultrastructural studies on the pathologicato
changes in the neonatal Kidney l'nlln\\'in'.%>
in utero eaposure to ludothane. Environ Res:

10:174- 189, 1975

¥20c



Anesthestolowy
V25, No#i, Dec 1976

73. Bruce DL, Eide KA, Linde HW, et al: Canses
ssthesiologist 2

leadache tollow
Br ] Anaesth 40:09-

halothane anaesthesia
105, 14968
75, Porter Al:
of non-hydrogen-hondiug
memory processing. Behay
1972
6. Adum N: Efects of generd anesthetics on
memon functions in man. J Comp Physiol
305, 1973
Drug inhibition ol memory
formation in chickens. L Long-term memaory.
Proc R Soc Lowd 198:439- L 1Y%
Witts ME. Mark BF: Druzinhibition of memory

An amalytical review of the eflects
heties on
2491-304.

Paychol

T7. Mark RF Watts )

78,

Cerebral Blood Flow and Metabolism

HYPOTENSION WITH TRIMETHAPHAN
AND NITROPRUSSIDE In 14 unpremedi-
-ated dogs anesthesia was induced with thio-
pental (5 mgky) and maintained with keta-
mine (2 mgkg). Muscular paralysis was
achieved with pancuronium, the trachea in-
tubated, and pulmonary ventilation main-
tained to keep Pag,, normal. Cerebral per-
fusion pressure (CPP) was reduced with either
trimethaphan or sodium nitroprusside, and the
effects of these drugs upon cerebral blood
flow (CBF) and oxygen uptake (CMRy,) com-
pared. Anesthesia alone altered neither CBF
nor CMR,,,. When nitroprusside decreased
CPP to levels as low as 30 torr, cerehml
autoregulation remained nearly intact and
CBF was lowered by no more than 10-15
per cent. However, during administration of
trimethaphan autoregulation was lost when
CPP decreased below 60 torr. With values
below this level, CBF progressively dimin-

PATHOLOGY OF HALOTHANE INHALATION

653

tormationin chickens. 11
Proc R Soc Loud 178:+ ¥
4. Steinberg He Selective effects o
ve bhehavior, Q ) Exp Pachol
S170- 180, 1931
50. Quimby Kl Aschihenase L
Enduring leaning de
aptic nalformations It
ludothir iee 185:623-627, 197
S1. Chang LAV, Dudley AW Jr, Lee YR, et al: Ultra-
dructunl chianges in the nervous systemadter
chronic exposire to low Tevels of halothane.
Exp Newrol 45:200-214, 1974
2. Clang LW, Dudley AW Jr. Katz J: Pathological

wen in the nervous sy stem following in

Lort-tenn memory.

1971

JJ. Bowman RDLetal:

its and cerebral syn-

sposure to 10 ppen
- oo

x
E]

oh
wtero eaposure to hatothane. Environ: Res
11:10-51, 1976

U1SaUB/WOD" JIeYoIaA|iS zese//:dly woly papeojumoq

OISO

ished as CPP decreased. The response ofg
CMR,,, was similar. A mte of infusion of<
trimethaphan sufficient to lower CPP below s
50 torr resulted in decreased CMR,,: wher 2
CPP was 30 torr, CMR,,, was 33 per ccnt'g
below nermal. On the other hand. sodium3®
nitroprusside produced no change in cerebral g
metubolism even when CPP was as low ‘.l.\’§
30 torr. The authors conclude that thcsc%
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ABSTRACTER'S COMMENT: Although major dif-,ﬁ
ferences in the circulatory and metabolics
effects of these drugs were seen at cxtrcmcl_\'§
low CPP, their effects were much more similarly
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hypotension.
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