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will appear less efficient because of cooling.
For anesthetics as soluble as methoxyflurane it
is difficult to achieve an effective alveolar con-
centration with inspired concentrations much
lower than 3 per cent. This question has been
examined in detail by Eger,® who demon-
strated the need for high inflow rates and
high concentrations during induction of me-
thoxyflurane anesthesia with an out-of-circuit
vaporizer.

The output concentration of anesthetic de-
pended more on the position of the hood than
on the flow rate of carrier gas. However, at
low flows (less than 2 1/min) the diversion
through the hole in the hood caused a notice-
able fall in the output concentration (fig. 2).

Though imprecise, the whole range of pos-
sible concentrations can be achieved by chang-
ing the position of the hood. Using intermedi-
ate positions of the Jever complicated attempts
to control the concentrations and, in some cir-
cumstances, caused increases in output when
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decreases were anticipated. The explanation :

is that with the hood submerged the hydro-
static resistance to flow causes some gases to
bypass the jar. Removal of the hood from the
liquid facilitates gas flow through the jar and
concentrations may rise. Since the graduations
for the lever serve no useful purpose, the ar-
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st
rangement might be better served by a spring-
loaded mechanism designed for either thg
“on” or the “off” mode. 2

While the foregoing discussion could relafg
in principle to any volatile anesthetic, absolufg
concentrations of certain other vapors (notably
halothane) could reach potentially dangero
levels, as may be predicted from their vapgf
pressure and potency. S
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and Jeffries.> Their patient developed hepah‘%—
cell necrosis with jaundice, but ultimately 5g-
covered. These authors also refer to two othgr
cases of fatal atrophy of the liver fol]owinfg
the use of methoxyflurane. In the present re-
port we discuss a case of fatal massive necro$®
of the liver which followed a second ndmim;f-
tration of methoxyflurane and may have 1&
sulted from acquired hypersensitivity to t%
drug.
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Case REPORT

A 44-year-old woman was admitted to the hos-
pital because of urinary incontinence and unex-
plained uterine bleeding of a few days’ duration.
Physical findi were kable except for
cystocele and rectocele. Urinalysis, blood studies

ing the first two hours and at a level of 90/40 mm
Hg during the last hour of the operation. Medi-
cations received prior to, during and following Ol
surgery are detailed in table 1. @
Examination of the uterus confirmed the diag-3
nosis of focally atypical endometrial glandular S
o
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and tests (table 1) (including tests for evaluation
of parenchymal hepatic function) were carried
out on the day of admission; results were within
normal limits. A dilatation and proce-

hyperplasia. Q

Occasional oozing of bright blood from the’Y
wound was noted for about 36 hours following o
the opecration, and the patient complained of 3
lassitude and } During this interval, the @

dure was done with the patient hetized with
methoxyflurane and nitrous oxide.  Microscopic
examination of the curettings revealed focally-
atypical glandular hyperplasia of the endometrium.
The postoperative course was uneventful. Fever,
hypotension and jaundice were not observed.
Panh; tomy and Marshall-M sus-
pension were carried out three weeks later. Thio-
pental was used for induction, 80 mg of succinyl-
holine given intr ly, the patient oxygen-
ated and the trachea was intubated with a 34
endotracheal tube with cuff. Anesthesia was main-
tained with methoxyflurane-oxygen-—nitrous oxide.
Three mg d-tubocurarine were given for relaxa-
tion at 55 and 75 minutes after the start of the
operati Assisted respiration was used tk h
out. The hesia record indicated that the
blood pressure, 110/60 mm Hg upon admission,
was maintained at a level of 90/50 mm Hg dur-

hetti

an
blood pressure remained at 110/60 mm Hg and S
the urinary output averaged 75 ml/hour. Jaun-@
dice of skin and sclerae and a dark color of the 3
urine were first noted 36 hours after operation. 2
Simultaneously, the paticnt developed irritability, ©
extreme fatigue and mental confusion; petechiae 8.
and ecchymoses of skin became evident. Studies =
at this time (table 1) showed elevation of GPT g
activity and bilirubin in serum and bilirubinuria. &
Over the next 96 hours the patient became deeply @
jaundiced and oliguric. Increased ammonia levels, g
) q

p plasma prothrombin time and d d
blood urea nitrogen levels were recorded. Not-}o>
with di tment with Sol tef, Neomycin, S

Ampicillin and Hykinone (table 1), deep coma
followed. Because of the critical condition of the 3
patient, an attempted exchange blood transfusion *
was limited to the administration of 2,500 ml of
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organs and tissues. There was deposition of yeE
t in most organs and of brown pigs
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whole blood with withdrawal of about 1,200 ml

of blood. Hy ion developed, and if Jowish p
tions of bleeding 1 nore p 1. The

patient then died.
N, Fin D

tem

N psy F At p
tion of the unembalmed body ten hours after

ment within muscle fibers of the heart.  Sectiong
of lungs revealed focal atelectases, edema fluid
and amorphous debris within the alveoli. Sec®
tions of the liver showed massive necrosis withy

11 of stroma, falling-out of cells, only occas

death, and were
present at sites of venipuncture. Skin and mu-
cosae showed intense pallor and yellowish eolor;

sional remnants of portal triads, and a focal ins

which did not involve the

lips and nails were cyanotic. All organs, fat, mu-
cosal and serosal surfaces were tinged by a green-
ish-vellow pigment and were studded with pete-
chial hemorrhages and ecchymoses. Each pleural
cavity contained approximately 50 ml of bloody

fluid. The Jower and middle right lobes of the
lungs were reddish and ined abundant yel-
lowish serous fluid mixed with air. The pericar-

dial sac showed a few fibrinous patches covering
areas of recent hemorrhage. The abdominal cav-
itv contained about 150 ml of hemorrhagic fluid.
S h, duod jeji and the upper por-
tion of the ileum were filled with coffee-ground
material and liquified blood. The biliary tree and
ampulla of Vater were patent. The liver weighed
402 g and was soft and reddish yellow in color,
the gallbladder empty. The vaginal stump was
closed.

Histolomic findi

h 1:,

and eosin stain)
ion of all

$ 4 P
subcapsular spaces (fig. 1). Silver stains (fig. 2
indicated only a few surviving reticular fibers
The endothelial cells of the renal glomeruli showed
swelling and the tubular cells contained greenishs
yellow pigment. The lumina of renal tubules wer:
filled with amorphous eosinophilic debris. Th
final ic di is was acute necro!
sis of the liver, with multiple hemorrhages related
to acute hepatic failure, and acute pulmonary
edema.
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DiscussioN

yisaue/roFuie

Necrosis of the liver in this patient waf}
rapid and massive. Evaluation® 4 of the-posZ—
sible pathogenesis of the massive hepatic ne€
crosis indicated that neither overwhelming in&
fection nor severe congestive heart failure werd®
present in our patient. There was no clinicaly
or laboratory evidence of pre-existing severe$

=

necrotic liver stained with hematoxylin and eosin, X100 (see text).
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ymal hepatic « The role of
shock seemed insignificant as indicated by op-
erative and postoperative records and because
the histologic findings were not consistent with
those observed in hepatic necrosis related to
prolonged and ined hyp 5 Finaily,
the possibility of acute infectious hepatitis was
considered, especially because the histopathol-
ogy of the liver in hepatic necrosis related to
halothane (Fluothane)+. 3 is similar to that en-
countered in infectious hepatitis. The clinical
course of the patient before and after opera-
tion, however, and such histologic findings as
the massive destruction of reticular fibers and
the absence of subcapsular lymphocytic infil-
tration, made this diagnosis unlikely. Also, no
cases of infectious hepatitis had been reported
from the area for periods of six months preced-
ing and following the death of our patient.

It appears at this time that halothane is ca-
pable of inducing hepatitis through h

a -
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Section of necrotic liver stained with silver, X100.
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the develop t of i
liver as the target organ could be responsiblq‘g
for the acute hepatic damage following the re-2
peated use of halothane. Because of the mntyo
of the event, a similar mechanism, obvxously”‘
based on a highly individualized idiosynerasy,”
may be responsible for the development ofg
massive necrosis of the liver following repeated®
administration of methoxyflurane. In fact, the§
pattern of hepatic injury following the useg
of methoxyflurane® has characteristics wlucho
losely ble those d in llyper-u
sensitivity.’t  Of the drugs given our pahent
prior to the development of jaundice, methoxy-g
flurane was the only one administered twiceé
and at an interval of time sufficient to allowg
for the development of hypersensitivity.

dy o) u

N Py

their to Drs.Q
Llonel Rabin and Bruce H. Smith, Captain, MC,=
USN, Ann!id Forces Institute of Pathology, whoo
e

nism of sensitization. -* Either an allergic
process following acquired hypersensitivity or

of liver and con-'®
tributed to their interpretation. Dr. Edmund An-

dracki of Danville, llinois, reviewed the anes-
thesia record.
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Epsom-salts Poisoning and a Review of
Magnesium-ion Physiology

Joux W. DrrzrEr, M.D.°

REPORT OF A CasE

A healthy 28-y 1d had two martini:
with dinner, followcd by a postprandial bottle of
beer. Several hours later she experienced gastric
distress and took several antacid tablets. When
this did not produce relief, she obtained a “box™
of epsom salts and took “several tablespoonfuls”
orally. This did not result in catharsis, and the
possibility exists that she repeated the dose. By
midnight, the patient was fechng weaL and sleepv.
Why this was
was not made clear, but the pahent wnfs brought

130. T T., Tiitinen, P., Elfving, G., an§
Hastabacka, J.: Repmted halothane anes=
thesia and possible liver damage, Ann. Chllg
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mml a _sensory deficit, but them was obviot
b cium was re$)
pmted, with a slight subjective improvement, buE
without materially changing the muscle weakness®
On rectal examination, a soft normal-coloreds
well-formed stool was detected. There was nap
evidence of diarthea. Between 1:00 AM and 2:43
M, there was progressive ascending muscle weako
ness, which appeared to delineate at the fourt}E
thoracic dermatome. The patient continued too
comphain of difficulty in breathing, although \vhqu
asked to breathe deeply, there were normal resx
piratory excursions. Calcium chloride was nowS

to the hospital, where she
Examination revealed a sleepy, healthy wom:m,
who appeared to have enlarged breasts and a
lower abdominal swelling, believed at first to be
duc to pregnancy, but later found to be a greatly
After ization the swell-

ing disappeared, but the patient lost consciousness.
On the basis of the history and events, an in-
tern drcw a :lample of blood for toxico]ogic ex-

an

but without sub)ecbve effect. At 3:0
ant the patient b and lai;

bitterly of her inability to breathe, despite sahsD
factory diaphragmatic excursion, good vocal powch
and full activity of the neck and jaw musclesgo
Additional information was sought relative t@
other drugs that might have been taken, but nomb-
could be confirmed. Differential diagnosis m—

1 g, intravi enously. ‘This was followed by the re-
turn of consciousness, and the patient appeared
to be improved. The duration of the recovery
was brief; she soon bcgan to complzun of weak-

cluded a thmmbusxs of the nntcnor spinal artery
Guillain-Barré sy ia gravis :mtﬁ
magnesium toxicity.
Fifteen milligrams of edrophonium (Tensllun):l
were administered without effect. Ventilation waf
isted with a breathing bag, but the patienty

ness in her legs. N ion did not ],
° Professor of Anesf.hwn, Northwestem Univer-
sity Medical Depart-

ment of Anesthesia, Chicago \Vsley Memon:d
Hospital, Chicago, Hlinois.

ded that the mask be removed. Gastric dis<:
tention was noted. An attempt was made to pas{
a nasogastric tube, but the patient vocally oblY
jected although she was unable to move her arms
and hands in protest. Despite this, she could



