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Tue rropLEMs of anesthesia in mass casualty
care are largely unsettled and solutions pro-
posed remain lative.!  Envisioning the
wholesale employment of potent ancsthetic
agents by nonmedical personnel, attempts are
being directed toward formulating doctrines
which will insure simplicity of administration
of anesthetic agents and minimize the inherent
dangers.® As a part of a study on anesthesia
in mass casualty care, the hepatic effects of
chloroform, diethyl ether and Fluothane were
investigated. These inhalants represent three
of the potentially useful agents satisfying mass
casualty requirements. The effects on the
liver were to be studied simultaneously by his-
topathologic evaluation and by a test of
hepatic function utilizing radicactive ijodine-
tagged rose bengal. A critical evalnation
among the different anesthetic agents was then
to be attempted.

The hepatotoxic effects of chloroform are well
known and have been a deterrent to its wide-
spread use in this country. Most of the reports
dealing with the injurious effects of chloroform
on the liver have dealt with frank poisoning,
and with its utilization in light or deep anes-
thesia. The usefulness of this agent in anal.
gesic concentrations is largely unexplored. In
this study we have attempted to compare anal-
gesic with surgical anesthetic effects.

Descriptions of the hepatic morphologic
changes induced by chloroform toxicity in hu.
mans and in experimental animals usually
stress centrolobular necrosis and fatty changes
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as representative of the acute phase of injurny&
and parenchymal regeneration and fibrosis ass:
chronic phase phenomena.» ° In experimend
tal animals, damage is roughly proportional mz
the dosage. It is of note that variations ing
species susceptibility is well established andg
that susceptibility of a given animal may2.
be modified by diet, infection, anoxia andQ
stress,-16 3

Contrary to most reports on the subject ol?‘l"
chloroform hepatoxicity, Orth and colleaguesZ
found minimal abnormalities in liver biopsyQ
studies and bromsulfalein excretion tests in!
dogs and slight, transient abnormalities in liv
function tests in humans.'?

In dogs ether anesthesia is capable of pro2
ducing mild anatomical injury ** and transitorys
liver function impairment.’* Fairlie et ul.%
found mild, transient abnormalities in scrialg
liver studies in patients with antecedent nor-<
mal hepatic function 2 while French and m@
workers reported more frequent, intense, nndgil
prolonged depression of liver function by ethers
in patients with pre-existing liver disease.*

Limited studies of Fluothane by British in-3
vestigators have indicated superior qunliﬁu-§
tions as an inhalant. Raventés reports nod
significant bromsulfalein and hippuric acid u-g
cretion abnormalities in one dog and four rats ©
respectively.  Histologic evaluation of Lvers
sections from rats, dogs and monkeys disclosed S
changes which were “of trivial extent and de8
gree compared with changes known to ocun'§
in man after chloroform anesthesia.”= Iho
Johnstone's evaluation of Fluothane anesthesis,
hepatic effects were not studied, but there wasg
no clinical evidence of hepatic dysfunction o
aggravation of existing liver discase and no7
hepatic lesions were deseribed in four autop-=
sies reported.?

Nonradioactive rose gal dye
has been used as a hepatic function test forS
years.2-2* Taplin et al. reawakened interest in}3
the dye after tagging the rose bengal molecule R
with radioactive iodine (I'*!) and using an ex-
ternal in vivo counting technique.?s Taplan and
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coworkers and Mendeloff have shown that the
reticuloendothelial system plays no role in up-
take or excretion of the dye and concluded
that the parenchymal cells of the liver were
responsible for these activities.> 3° Cohen et
al. demonstrated that the blood clearance
curves for rose bengal and bromsulfalein were
nearly identical in normal humans.® Simpson
and Saperstein showed that rose bengal ad-
ministered intravenously to dogs exhibited
plasma volume distribution similar to Evans
blue dye and that plasma clearance was com-
plete within nine minutes after injection. Fur-
thermore, they demonstrated that over a wide
range of plasma dye concentrations clearance
appeared to be independent of concentration
and that there was no evidence of extrahepatic
clearance of the dye.’:

MeTHOD

Twenty-five male mongrel dogs weighing
between 9 and 24 kg. were studied. Animals
were fed a standard diet once each morning
and water was allowed ad libiditum. The
animals were placed in the following cate-
gories: controls, 6; chloroform analgesia, 6;
chloroform anesthesia, 6; Fluothane anesthesia,
4; ether anesthesia, 3. Radioactive rose ben-
gl tests and needle liver biopsies were per-
formed on each animal for control purposes
at least 24 hours, and usually 72 hours or
more prior to the initial exposure to anesthetic
agents. (Results later designated RBC.)
These procedures were repeated on the
second (RB-1), seventh (RB-2), and ninth
(RB-3) days postexposure. The control ani-
mals were treated in the same fashion except
for subjection to “air anesthesia.” No efforts
were made to change or supplement diet or
to treat any clinical abnormalities in the
animals.

The moming meal was withheld for ani-
mils undergoing anesthetic procedures, and
the food was subsequently offered to these
animals following recovery from anesthesia,
All animals were initially given 8 mg. of atro-
pine sulfate intravenously, Suceinylcholine
bydrochloride in doses of 0.15-0.40 mg./kg.
was then administered intravenously, After
complete muscular paralysis was attained, a
cuffed endotracheal tube was introduced under
direct vision and artificial ventilation begun by
means of a Bird respirator pump or a Starling
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respirator. The cuff was inflated and the tidal S
volume adjusted for the animal. Scalp wire3
electrodes were placed for electroencephalo-8
graphic recording using four leads: fronto-g
occipital, fronto-parietal, parieto-occipital, and=
bi-parietal on an eight channel Grass enceph-3
alograph (model 3D).

After a period of stabilization, the anesthetic=.
agent was introduced by connecting the mtnkew
tube of the respirator to a Tecota or modxﬁed'\’
Duke inhaler for chloroform or Fluothane m-
halation. Ether was administered with a3
closed circle carben dioxide absorption syslemi
and pulmonary ventilation was provided byg
intermittent manual compression of the re-3
breathing bag.

Changes in electroencephalograph pattemsf[_
during inhalation were analyzed visually. ’I’ht‘:nr
electroencephalographic classification as de-g
scribed by Pearcy et al. for chloroform nndu:
Fluothane 3 and that outlined by Courtin fors
cther anesthesia 3¢ were used. Muscular paml-g
ysis and artificial ventilation using room ai
(“air anesthesia™) were maintained for two
hours in the six control animals,

Chloroform was administered to 6 animalsQ
in concentrations sufficient to produce level I3
or II electroencephalographic pattems. ThisN
was interpreted as analgesia. In the 6 nni-B’
rals representing light anesthesia, chloroform®
was given in concentrations sufficient to effecto
level III or IV patterns. Light Fluolhaneo
anesthesia was determined by level 1I elm:h-o-,\J
encephalographic pattern, and light cther nnes-'a‘
thesia was determined by level III or IVS
electroencephalographic patterns in the Coumn—\
classification,

The analgesia or anesthesia was m:unt:uncdo
for 90 minutes following which artificial pul-
monary ventilation was continued until recov-g >
ery from muscular paralysis was evident. AlIS
animals were returned to the postnnesthcsur<
recovery room for observation. :

The apparatus utilized for the radioactive®
rose bengal determinations consisted of a col-S
limated directional scintillation detector cabledg
to a count rate meter which in tum was at-Z
tached to an Esterline-Angus d foro
continuous recordings (fig. l) The assemblym
was allowed to operate for at least an hourm
to attain steady baseline tracings rcprcscnung
“background” radiation before the radioactive
rose bengal procedure was started.
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Fic. 1. Line drawing showing animal
and connected to the count rate meter

bengal determinations.

During the radioactive rose bengal study,
the animals were in the postprandial state,
three to eight hours following morning feeding.
To insure immobilization of the animals, pento-
barbital sodium, 12 mg. per pound of body
weight, was given intravenously immediately
before the test. This dose was-approximately
halved in the chloroform exposed animals be-
cause of the anticipated hepatic damage and
dysfunction. Prompt anesthesia was thus ac-
complished, and it was seldom necessary to
administer further doses to continue immobili-
zation,

The anesthetized arimals were placed in the
left lateral decubitus position in a wooden
trough constructed for the purpose. The de-
tector suspended from a movable beam was
then positioned over the previously shaved
liver arca. The detector was so aimed as to
minimize or obviate interference by gall blad-
der, duodenum- or hepatic flexure contents.
Exact positioning of the detector was deter-
mined by each animal’s bodily configuration
but, in general, the instrument was placed be-
low the upper border of liver dullness in the
midaxillary line and angled slightly upward
toward the lung and slightly backward toward

(1) and detector (2) in position

(3) and recorder (4) for rose
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of the skin to permit free respiratory excursion@®
Once positioning was achiceved, the scinti
tion detector was fixed in place.

Ten microcuries of radioactive rose bengd
(0.2 to 1.00 ml.) was given intravenously inf®
a hind limb at a rate of approximately 0.1
per second. Recordings were made for ®
minimum of 60 minutes and up to three houg
in those animals exhibiting pronounced depre®
sion of dye excretion. After termination &
recording, the detector was placed over
region of dye injection to detect possible c-g
travasation, and then over the gall bladdeg
duodenal region to make certain that radios
tive contents in these organs had not inﬁucrg
the tracings obtained after detector fixati@
over the liver. g

The rose bengal curves (fig. 2) were int&
preted in a quantitative fashion according B
the method devised by Gibson, Hurd, and
born 3 and by Lowenstein3%: “At any tif¥
liver radioactivity (L) is equal to the dif&
ence between the amount of activity tak¥
up (1-U) and the amount excreted (I-I'R
symbolically, L = (1-U) — (1-E). Therefore,
L=E—U. Both U and E decrease logr
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Fic. 2.

rithmically with time; therefore, each of these
components is characterized by a constant,
which we may call uptake halftime (T,) and
excretion halftime (T,), by analogy with the
halflives of radioactive elements. The uptake
halftime is the period in which the liver takes
up half the circulating dye from the blood;
the excretion halftime is the period in which
half the amount taken up is excreted through
the bile ducts. Each curve is analyzed as fol-
lows: after background activity is subtracted
the curve js* transposed to semilogarithmic
paper (fig. 3); a straight line (E) is drawn
from the ordinate through the descending limb
~this is the excretion line; the uptake line (U)
is obtained by plotting differences between E
and the rising portion of the curve, and draw-
ing another straight line from the ordinate
through these points. The uptake halftime is
the.time when U =14U; the excretion half-
time is the time when E = 14E.”

Immediately after the termination of the
radioactive test, liver tissue was obtained by
means of transcutaneous Vim-Silverman needle
biopsy. ‘Tissues were stored in buffered 10
per cent formalin solution {pH of 6.8-6.9) and
the collected specimens ultimately were proc-
essed in two major lots. Stains employed in-
cluded hematoxylin and eosin, periodic acid-
schiff with - salivary diastase controls for
glycogen, and gallocyaninchrome alum (pH
of about 1.0) for nucleic acids 3% These
staining procedures were chosen to permit ap-
proximations of the gross derangements in
carbohydrate, lipid, and protein metabolic
activities.

Resurts

Comparison of T, and T, values of the six
controls prior to, and 2, 7, and 9 days post-

The recording of a radioactive rose bengal detcrmination in a normal animal.
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exposure to “air anesthesia” with control values
for each animal later subjected to some form 3
of anesthesia showed no significant difference 3
between the means of the groups. This indi-
cated that no significant liver damage as &
measured by the rose bengal test was induced §
by the experimental method itself, i.e., expo- S
sure to atropine and succinylcholine, pento-<
barbital sodium anesthesia, liver biopsy or g\‘
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Fic. 3. The raw curve in figure 2 transposed
to semilogarithmic paper for interpretation. Ab- 'R
scissa represents logarithmic value of counts per
minute. (T., uptake halftime; T., ecxcretion
halftime. )
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TABLE 1

T, axp T, Varoes (Misutes) or CoxTroL
Grour axp Inpivipuar CoNTROLS

RB-C RB-1 RB-2 RB-3
Te Te Te Te Ta Te T Te
4.5 | 40 8 66 | 55 |76 55 | 656
5 38 | 4.2 43 [ 4 418 | 4 38
9 5 384115 50 55 | 10
6 40 -1 13 33 |5 42 4 41
[ 66|11 6 | 5 44 55 | 56

14 30 | 8 30 [ 55 139 5 57

Chloraf Chlorafors Fluoth

Tu Te Tu Te Te Te
7 30 4.5 38 7.5 G4
6 45 4.8 33 50 32
6.2 31 5 58 6 67
5.2 48 6 38 6.5 48

Comparison of To (uptake halftime) and T, (ex-
cretion halftime) of control group with those of the
individual controls in each group of animals receiving
anesthesin indicated that repeated rose bengal test
procedures did not alter uptake and exeretion and
that uptake and excretion of the dye was not sig-
nificantly different in the control test of those ani-
mals who received anesthesia,

dietary factors (table 1). It is therefore valid

to discard the group of six control animals, and.

to use each anesthetized animal’s own control
test as a control in the subsequent analysis.
Unfortunately, technical difficulties invali-
dated the rosec bengal tests on the 3 ani-
mals exposed to cther anesthesia, There was
no significant effect on T, values of the other
anesthetized animals. There was a highly sig-
nificant difference between the T, values for
chloroform analgesia and chloroform anesthe-
sia and between Fluothane anesthesia and
cither chloroform analgesia or anesthesia
(table 2). Interpretation of these results in-
dicates that (1) there is appreciable liver dam-
age on the sccond post-chloroform day, as
measured by the T, values, and (2) that there
is greater damage from chloroform employed
at anesthetic levels compared with analgesic
levels. More important, however, is the fact
that liver function retumed to levels not sig-
nificantly. different from normal by the seventh
and ninth days post-exposure, under the con-
ditions of this experiment, regardless of which
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agent was cmployed or what level of anesD
thesia was used,

No significant pathologic changes wer
found in the tissues obtained from the &
control animals. Similarly, control specimeng;
from all other animals presented no pathologi§
changes. >

Liver biopsy sections obtained from th&
threc other exposed animals and three of the
Fluothane exposed animals showed “minimaf

iR
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hickalamin oh [
ic , 3? ie.,

5 4 N P
pleomorphism, slight differences in t:el]u]:n!f>
staining properties, rare minute foci of necm%
sis, and minimal, occasional pcricholnngiti:*;'
The sections from the fourth animal in thg
Fluothane group were not truly representativg
in that a previously biopsied site had bce:i
re-entered and inflammatory changes ensuedt
which were reflected in subsequent biopsies. 2.

Pathologic changes were found in all specig
mens other than controls from the ch]orofong
analgesia and chloroform anesthesia dogs. Dif2:
ferentiation of the effects induced by ann%
gesia from those of anesthesia could not bg
made with any degree of assurance because 013;
overlapping histopathologic patterns betwees
these groups. A greater range of variationy
however, was discemnible within the chlorgs
form analgesia dogs than in the anesthesia :miE
mals, although this was not striking. Variag
tions in both degenerative as well as regenerx
tive phenomena was observed.

Among the earliest morphologic change
noted following chloroform were those of m
clear and cytoplasmic pleomorphism, loss
nuclear basophilia and cytoplasmic basophilix
indicating nucleic acid depletions, irregul®
cytoplasmic basophilic clumping resulting T
granular cytoplasmic appearances, and inteid
preted as indicating protein aggregation, ang
swelling to ballooning proportions of mang
cells in centrolobular zones. These ballooned
cells often became vacuolated and almost trang
parent, lost their nuclei, and deposits of lipdf.
chrome pigment appeared. Glycogen was losh
rapidly within these altered cells. Pcripha
erally about these cells fatty changes werg
observed. Hyaline cytoplasmic accumulatio
were occasionally noted. Distinct autolyti€)
cellular changes with fragmentation ini®
cosinophilic bits followed by lysis were seldon®
seen in the sections from animals who did not
succumb to anesthesia,

/!
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In contradistinction to general pathologic
descriptions of chloroform hepatoxic effects,
the animals in this study showed (1) necro-
biosis rather than is of the lative
type and (2) relatively little fatty metamor-
phosis.. Damage was confined to centrolobular
2ones of varying size and regularity which on
occasion spread almost to periportal zones.
The damaged areas appeared sharply delim-

TABLE 2

Couranisox ofF Ty axp T, VaLues (MiNuTes) ror
Axnars Exposep To THE INDICATED
ANESTHETIC AGENTS
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ited from adjacent essentially normal paren- g
chymal cells. Only slight inflammatory infil- 2
trations of neutrophils and mononuclear cells 2
were encountered in damaged regions; ::-j.
o
g

chymal reactive changes were mild; only
minimal bile stasis was found.

The necrobiotic changes often resulted ing.
“ghost cells” devoid of structural elements, but-5
alignment and cohesion of cells conforming to 5
cell plates (cords) were not dissociated. Re—?\:)
placement of these cells was prompt and was .

panied by infl tory or noteworthy 5
mesenchymal changes. Side by side with cel-S.
lular d active ative 2

ive

changes were usually apparent in the initial 8
These regenemtivena\,
changes were evidenced by cellular basophilia, 3
particularly in perinuclear zones, polyploidy,%
pleomorphism within cells of youthful appear-&
ance and glycogen abundance. Amitotic re-S
generation was apparent and only rarely wereSQ
In general, repair was well§
undenwvay by the ninth postexposure day.

Three of the 4 animals dying after ex-g
posure to chloroform presented the character-J3

5|01

RB-C RB-1 RBs-2 RB-3
postexposure specimen.
To | To | To | To | T | To | Ta | T
Chloroform Ancsthesin
45 38| 65| 830] 50| 8 | 5.0] 45
48| 33| 45| 346 4.5 30| 45] 39 .
50| 58| 60| 50| 50| 31| 50| s0 itoses found.
60| 55! 196| 3.5 101 78| 78
203 | 167 {225 (23221 18.0 | 248 {223 ; 212
istic |
Chloroform Analgesia
on the fourth animal.
70| 30|20 20| 62] ot | 70] ar O amima
6.0 451100 1181 7.0 34 68§ 43
62| 31(10.0] 1381 501 101 21 50
521 48 | 10.0 08| 70} 57| 80| 53
2441154 |520) 6242521256 {260} 183
Fluothane Anesthexia
5] 641 7.0 40 70| 70| 50| 56
50| 32| 65 50| 40| 33 ) 45| 48
60| 67| 55 58] 80| 29| 40| 82
65| 48} 8.0 81| 55| 50 | 50| 38
2.0 | 211 (270 229245 182 {185 | 224

Te = uptake halftime.
Te = excretion halftime.
RB-C = rose bengal test—prior to exposure.
RB-1 = rose bengal test—second day postexpo-
sure.
RB-2 == rose bengal test—seventh day postex-

posure. :

RB-3 = rose bengal test—ninth day postexpo-

sure.

There is a significant delay in excretion time in
animals receiving chloroform compared to those re-
ceiving Fluothane and compared to their own con-
trols,  There is no significant difference between the
two chloroform groups or in the uptake time.

logic appearances of acute mn.ssivcg
hepatic necrosis. No liver tissue was obtained J

2/9.

In order to attempt a statistically rigorousY
correlation between radicactive rose bengald
test results and histopathologic cvalunhonsg
over a nine day time span, the procedure of S S
rank correlation was used.*® Only those am-
mals were utilized for correlation analysis forl\
whom complete rose bengal test results with$
conesponding liver tissue sections were nv:u]-A
able. The original 25 dogs were reduced to 90
by virtue of: deaths before completion of thc°
rose bengal tests, 4; technical inadequacy ofO
rose bengal results m ether series, 3; incom-§
plete biopsy series, 2; extraneous factors (in-‘g_
fection) negating validity of biopsy series, l;;é
animals used as controls, 6. «a

By assessing all the morphologic chnngcsé
held to be expressions of biologic significanceg
a tabulation can be obtained of the severity™.
of the changes produced by the anesthesiaZ
procedures. The ranking, from most st'svcrcm
to least severe damage, is largely based onS
degree, extent, and persistence of damage; andg
efficacy of regenerative responses toward con-»
trol morphologic appearances. Little appre-
ciable differences were found among the first
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TABLE 3

SeveriTY oF HEPATOTOXIC INFLUENCES OF THE
ANESTHETIC AGENTS EMrroyen
(MosT SEVERE TO LEAST SEVERE)

Dog
Number Anesthetic Agent
G648 Chloroform analgesit
1039 Chloroform anesthesin
1715 Chloroform anesthesia
368 Chloroform analgesin
370 Chloroform anesthesia
349 Chloroform unalgesia
1990 Chloroform anesthesia
G613 Chloroform ancesthesia
635 Chloroform analgesin
637 Chloroform analgesin
1046 Fluothane ancsthesis
605 Fluothane anesthesin
334 Fluothane anesthesin
5 Ether anesthesia
87 Ether anesthesia
89 Lther anesthesia

three and among the last six animals listed
(table 3).

For each of these nine animals, the rose
bengal control T, value for that animal was
subtracted from the sum of the T, values for
RB-1, RB-2 and RB-3 and the nine animals
were ranked in order of greatest to least dif-
ferences. This was done also for T, values.
The ranking of scverity of histopathologic
changes for cach of these animals as outlined
previously was utilized for corrclation pur-
poses. Results are shown in table 4. Statis-
tically significant correlation could not be
achieved between histopathologic evaluation
and rose bengal results for these nine animals.

DiscussioNn

The objective of this work was an evalua-
tion of the effects on the liver of certain anes-
thetic agents. This objective could not be
realized by statistical analysis under the con-
ditions of the experiment. A review of the
conditions of the experiment is necessary in
order to delineate sources of error. Even
though the protocol was adhered to it was ob-
vious that the dictates of good experimental
design were not always satisfied.

Perhaps the primary deficiency was the lack
of consistently controlled procedure in the rose
bengal tests. This deficiency influenced the
statistical analyses since all analyses included
rose bengal test results. The two major diffi-
culties in the radioactive procedures were those
of (1) positioning and (2) “background” radia-
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Nomehidn
tion fluctuations. Positiening of the scintilla.o
tion counter and animal with respect to eachs
other appeared to be of critical xmportance
and small errors in the tracings would b
greatly amplified during the computationals
manipulations necessary for deriving T, :mdg
T, values. Occasionally unexpected fluctuas
tions in “background” radiation due to cxtmne:a
ous influences, i.e., a radioactive watch dialy
posed problems wlu]c counting  procedures
were in progress.

Tnability to obtain suitable tissue specxmensm
despite repeated attempts occurred on severdlS:
occasions. For the sake of uniformity in tissues
processing and staining all specimens wereQ
stored in formalin pending the completion ofn,
all biopsies. This resulted in varying dcgmsm
of leaching of glycogen, lipid, and perhaps_’
protein constituents from the tissues. Caleula-d.
tions of the actual concentrations of anesthetics
agen!s delievered during chloroform “anal<.
gesia” and chloroform anesthesia disclosed n,E-ux
considerable overlapping. * The ]nstoputho]og:—
observations and radioactive rose bengal re2
sults referable to the four postanesthetic deathsS
(three due to chloroform anesthesia and ones
due to chloroform “analgesia”) were not used
in statistical amalysis although the biologicalQ
implications were of obvious significance.

An expectation of excellent correlation
tween liver structure and function is probablys
unreasonable. The limitations of the radie3
active rose bengal method as a single test of"‘
liver function in experimentally induced hepatics
injury are not known. Greater refinements ofw
histologic methods, cytochemical and Iusto-A
chemical technics would undoubtedly f1c|htntc°
precision with respect to correlations bct\\een-o
liver function test and microscopic obscrvauons.o

Certain information of value was gamedm
from this study. The control observationsB
yielded structural and functional test dataz
which could be correlated statistically, ’I‘lnsg
leads to the conclusion that the methods em-§
ployed for control studies prior to nncslhcsﬂo
were essentially sound and induced no adven—
titious effects on_normal liver structure :md;
function. Chloroform in “analgesic” or anes®
thetic concentrations produced consxdemble:r
structural changes in the liver whereas Fluo-O
thane and ether produced only minimal nllm~
tions. This appears to be substantiated by the
consistency found in the histopathologic cvalua-
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tions. During the administration of the anes-
thetics there were no instances of hypotension
which might have effected the results of these
liver function studies.

The studies on the morphologic changes pro-
duced by chloroform yielded data which dif-
fered from published observations on chloro-
form hepatotoxicity. The degree of variability
of injury, the preponderance of necrobiotic
rather than autolytic cellular changes, the rela-
tive modest fatty changes, and the relatively
slow initial degenerative and regenerative re-
sponses were notable.

TABLE 4

Raxk CorreraTioN: HiSTOPATHOLOGY AND
Raptoactive Rose BExean Test

EFFECTS OF ANESTHETIC AGENTS IN DOGS 783

SuratARY

Dogs were subjected to chloroform anes-
thesia, or analgesia, or Fluothane or ether anes-
thesia. They were observed for nine days
with serial liver biopsies and radioactive rose
bengal uptake-excretion tests as measures of
liver structural and functional changes. There
was no statistical correlation between liver
structure and function as measured following
any of the anesthetics.

Chloroform in either anesthetic or analgesic
concentrations produced hepatic changes in
both- structure and function which were evi-
dent by the second day and were generally =
more severe than those produced by Fluothane 8
or ether. However, in most cases, these 5
changes had returned to normal by the ninth 3
day. Structural changes showed necrobiosis &
rather than necrosis of the coagulative type. &

eyoJaA|is zese//:djy woly papeojumoq

appearance nnd deviation from control from rose
bengal tests. There was no significant correlation

fasting and various dicts on liver injury cf-

Histo | Te T The four deaths in the series followed chloro- g

Joimal, Agent l"o‘:;"‘ Differ- | Diffr-  form administration. %
Rank | Rank | Rank Positioning of the scintillation detector and 3

%8 | Chloroform 1 3 2 ﬂuctuntions_ in “background” radiation created %
analgesia difficulties in interpretation of the rose bengal g

_ ’ test results. However, we believe that this 3
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