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Report of the Patlwlogy Panel

National Halothane Study

Edward A.

Tae NaTioNaL HaroTHANE StUDY, sponsored
by the Committee on Anesthesia of the Na-
tional Rescarch Council, was instituted to
investigate the relationship, if any, between
the administration of halothane as an anes-
thetic and the occurrence of hepatic damage.
Massive hepatic necrosis was selected as the
- basis for analysis as a hallmark of halothane
toxicity. The occurrence of this catastrophe
in individuals receiving the agent precipitated
the survey. It d r ble to

that this condition could be related to univer-
sally acceptable criteria and that, when present,
it would constitute a lesion sufficiently impor-
tant to find its way into a necropsy summary
or a list of diagnoses. Thus, in each of 34
participating general hospitals of varied types,
a physician (“local selector”) reviewed the files
of the cases necropsied at his institution dur-
ing a four-year period (1959-1962) and se-
lected for more detailed investigation all those
cases thought to reflect massive hepatic ne-
crosis that occurred within six weeks of the
administration of a general anesthetic. This
survey yielded a total of 184 cases from all
institutions; these were gathered from an
over-all total of 10,171 complete necropsies.

T

Gall, M.D*

Later, abstracts of all necropsy reports were
resurveyed by another person in a central in-
stitution (a nurse-medical librarian), to be
certain that no cases of hepatic necrosis had
been missed by the local selector. To ensure
the inclusion of all possible cases, the reviewer
selected all additional cases that were thought
to represent massive or even lesser degrees
of necrosis or those in which hepatitis was
mentioned. This survey yielded 42 additional
cases. The aggregate from the two surveys
therefore was 226 cases.

To establish the fact of massive necrosis
with reasonable consistency and assurance, a
Pathology Panel was convened, consisting of
six members with special interest and experi-
ence in hepatic disorders. For each of the
996 cases, a complete abstract (lacking only
an indication of the anesthetic used), a sum-
mary of the necropsy findings, and representa-
tive sections or blocks of liver were supplied
to the Panel.

Method of Pathology Review

Initially, each member of the Pathology
Panel received sections of all 226 livers stem-
ming from this portion of the survey, but with
no know]edge of the source or the clinical

jons. The Panel developed a simple
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tally form on which were indicated the various
histologic features to be evaluated (Pathology
Form 1). This tally had two purposes: 1) to
determine the nature and extent (or absence)
of necrosis, and 2) to permit tabulation of the
histologic features that, in aggregate, might
constitute a complex with specific implications
for halothane or other agents. Thus, paren-
chymal cellular alteration, autolysts, fatty

Public Health Service, Dep: :mment of Health,
Education, and Welfare Contract PH 43-63-63.

v exudate, cholestasis, and
ductal and ductular peculiarities, and their
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234 EDWARD A. GALL

degree and distribution, were listed and di-
rected the attention of all panelists to common
features. It must be emphasized that through-
out this and later steps the pathologists did not
lnow which anesthetic had been used in
any patient.

Extent of Necrosis

In examining the liver for necrosis, each
Panel member substantiated its existence (or
absence) and indicated its degree. The latter
was arbitrarily classified as: 14, minor, not
affecting more than 25 per cent of the lobular
parenchyma; 2+, affecting 25 to 50 per cent
of the parenchyma; 3+, destruction of ap-
proximately 75 per cent of the parenchyma;
or 4+, massive, affecting all or almost all the
parenchyma. No effort was made to delineate
the nature or cause of the necrosis during this
phase of the study. In a later survey, how-
ever, those cases that exhibited histologic fea-
tures attributable to coincidental intrahepatic
disorders, such as infarction, abscess, necrotic
neoplasm, and alterations related to biliary
obstruction, were deleted from further con-
sideration, as were those with autolysis of
a degree sufficient to preclude interpretation.

Regarding the cases retained as acceptable
examples of hepatic necrosis, there was rea-
sonably close agreement among the evaluators.
Variations in scores were usually minor, but
it was necessary for the members of the Panel
to resolve differences in the relatively few
cases at issue. This was accomplished readily,
h h as the discrep were almost
wholly related to a failure, in the course of
the preliminary planning, to consider the ob-
scuring factors cited above and those related
to pre-existing hepatic disease. When the
differences had been reconciled, the scores
were averaged and three categories of necrosis
were established: minimal, with an average
score of 1.5+ or less (fig. 1); intermediate,
with a score of 1.6 to 2.5+ (fig. 5); and
massive, with a score of 2.6+ or more (fig. 6).

At the outset of the study, in the course of
determining the terminology to be used, it
was difficult to select phrases that would alert
nonpathologist screeners at each participating
hospital to cases of hepatic necrosis that might
be classified in other diagnostic categories.
These selectors therefore, were urged to be
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lenient in their interpretation of terminology,
so that borderline cases would not be missed.
Undoubtedly as the result of this, the Panel
found it necessary to eliminate 29 of the 226
cases initially received; of these, three were
thought to exhibit no evidence of necrosis,
seven to be associated with neoplasm, and 19
to be the seat of marked uninterpretable
autolysis. Moreover, among the 197 cases
retained, 131 were judged to represent minimal
necrosis, occasionally barely detectable.
Lesions of this type are common in any
necropsy population; they constitute a non-
specific reflection of the agonal state and are
considered to have negligible significance.
These cases, obviously not properly included
among bona fide cases as examples of hepatic
necrosis, were deleted. There remained, how-
ever, 66 cases: 35 with necrosis of intermediate
degrees and 31 with massive necrosis (2.6+
or more). This relatively small yield (29 per
cent) among the cases originally selected for
consideration will be discussed further.

Supplementary Selection

Experience with selection on the basis of
necropsy abstracts suggested that some ex-
amples of massive necrosis might have been
overlooked by local selectors. It seemed de-
sirable, therefore, to make another effort at
screening cases of necrosis that might con-
ceivably bave been missed in the first search.
This was accomplished by another survey of
necropsy protocols. A pathologist  was se-
lected by the Panel and was requested to
gather all conceivable examples of hepatic
necrosis for final study. In reviewing the
10,171 necropsy reports, it was found that
the liver was mentioned in the list of
final diagnoses in 5,967. The pathologist was
asked to consider these carefully and, as in
the case of the local selector, to cull those
cases whose necropsy reports contained any
indication of primary hepatic injury, including
hepatitis. Cases of necrosis in proximity to
metastatic . neoplasm; those in which there
was fatty metamorphosis without necrosis, and
others in which there was an obvious inde-
pendent condition (eg., infarction, abscess,
pylephlebitis, obstructive jaundice, alcoholic

® Charles M. Blumenfeld, Sacramento, Cali-
fomnia.
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hepatitis, or other pre-existing disease) were
not to be included.

On the basis of this survey, 746 additicnal
cases were selected for more detailed evalua-
tion. Histologic preparations were obtained
from 720 of these; neither tissue nor sections
were available from the remainder. Two
pathologists ** at the Armed Forces Institute
of Pathology, Washington, D. C., with con-
siderable experience in hepatic disorders, re-
viewed the 720 preparations., They were fa-
miliar with the needs of the Study and selected
all examples of necrosis, regardless of degree,
that were not obscured by autolysis or readily
attributable to obvious intrahepatic cause.

An additional 146 cases of hepatic necrosis
were brought to light. Representative sections
of these were circulated among members of
the Pathology for review, as in the original
group of cases submitted. The Panel agreed
on the existence of necrosis in all instances.
As in the initial survey, the scores rendered
were averaged; in 80 there was intermediate
necrosis, and in 51 massive necrosis. The
remainder represented minimal necrosis and
were excluded. The final tally, therefore, com-
bining both the initial screening and the sup-
plementary selection, was 82 cases of massive
hepatic necrosis and 115 cases of interme-
diate hepatic necrosis.

Causes of Hepatic Necrosis

At this stage another method of study was
carried out with the 226 cases submitted
originally by local selectors. Members of the
Pathology Panel, who already had reviewed
and evaluated the histologic sections, now re-
ceived abstracts of the clinical course with
details of the operative procedure(s), labora-
tory tests, postoperative course, and findings
at necropsy. Again, knowledge of the anes-
thetic(s) was withheld. From this informa-
tion and with appreciation of the histologic
features in the liver, another form was com-
pleted (Pathology Form 2). This permitted
the panelists to indicate their impressions of
the causative basis for the hepatic necrosis
(i.e., halothane, any hepatotoxin, any drug
sensitization, or hepatitis virus; shock, anoxia,
or sepsis; any other factor; autolysis; etc.).
Unfortunately, in this phase of the study, opin-

°° Kamal G. Ishak and Beatrice Ishak.
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jons were greatly individualized and thus
showed little uniformity. No pertinent cri-
teria for designating the various etiologic
categories had been agreed on in advance by
members of the Panel. Each pathologist,
therefore, used his own criteria and often
found it necessary to designate more than one
possible cause. Indeed, it is well recognized
that a number of different agents may cause
identical hepatic alterations.*-> In one cate-
gory, nonetheless, there was a remarkable de-
gree of conformity: in the group attributed to
“shock, anoxia, or sepsis.” This group did
not, of course, constitute a pathologic entity,
but included many overlapping pattemns.
Moreover, the clinical record made it fairly
obvious that one or more of these conditions
had prevailed and undoubtedly influenced the
pathologist in his conclusion.

Pathologic Features

Hepatic has no i pattern;
all forms and variations may be observed.t
These range from minor focal lesions, with
either random or regular zonal distribution, to
total parenchymal destruction. Thus, among
the cases excluded there were those with small
collections of neutrophils intermingled with
clusters of necrotic liver cells, scattered irreg-
ularly, and with no uniform lobular orienta-
tion. These occurred frequently, affected con-
siderably less than 23 per cent of parenchymal
substance, and were deemed of minor import
(fg. 1). They represented the hepatic
counterpart of terminal infection or the dis-
integrative effects of the agonal state.

Another reflection of the metabolic derange-
ments of terminal illnesses and of the post-
operative state was the occurrence of fatty
vacuolization, which in various degrees might
accompany any form of necrosis or indeed ap-
pear in marked degree without any necrosis
at all (fig. 2). Such cases were excluded
b in most i they represented
coincidental concomitants and, although they
may have attained considerable prominence,
in themselves appeared to have no bearing on
the maintenance of hepatic integrity. In a
few instances, however, the lesion constituted
a significant widespread alteration reflecting
severe parenchymal injury (fig. 3). In these
the appearance of the lipid differed somewhat
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25 per cent of the lobu-
lar parenchyma.

bordering on the centri-
lobular vein have under-
gone disintegration and
there is dilatation of re-
lated sinusoids with a
scant intermixture of neu-
trophils. The remainder
of the lobule is intact
Postmortem change af-
fects sharpness of detail.
H. and e. X150,

Fic. 2. Fatty liver

{Case 105). Liver cells
are the seat of severe
coarse  vacuolization.
There is, however, no dis-
arrangement of parenchy-
mal plates and no evi-
dence of accompanying
necrosis. portal area
included is quiescent, ex-
hibiting no inflammation.
H. and e. X150.

Fic. 3. Toxic hepatitis
(Case 206). Severe fatty
vacuolization is  here
characterized by a preva-
lence of fine foamy cy-
toplasmic _vacuolization
with jmregularly swollen
epithelium, Liver plates
are two or more cells
thick and. elsewhere in
this lobule are minute
areas of acute necrosis
with neutrophil reaction.
The portal area included
also exhibits a signifi-
cant inflammatory (lym-
phocytic) exudate.  H.
and e, X200 (see fig. 6).
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Fic.4. Alcoholic hepa-
titis (Case 33). Liver
cells are markedly swol-
len and irre; ly dis-
posed and exhibit foci of
individual cell necrosis
surrounded by a narrow
halo of inflammatory cells.
Some of the sx]volel‘eifl cellj
appear vacuolats an
others exhibit condensa-
tion of cytoplasm to form
a refractile eosinophilic
coagulum (alcoholic hva-
lin). H. and e. X250.

Fic. 5. Intermediate
necrosis {Case 200). The
central ggl;ﬁon of

tion. H. and e. X100.

Fic. 6. Massive necro-
sis (Case 91). Most of
the parenchyma has un-
dergone  mecrosis, _with
only a few small islands
of viable cells remaining.
In the main, the necro-
sis centers about central
veins, one of which may
Ig)f sein in thi celx:It'er 05

e photograph. - an
e. X100 (see fig. 3).

NATIONAL HALOTHANE STUDY
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from that panied by Tecognizable of p h were ife In this cir-

hepatic cell injury. It exhibited a microvacu-
olar form causing marked enlargement and ir-
regularity of cells and much architectural dis-
arrangement.  Nuclei variously exhibited
swelling and pyknosis. Cells underwent cyto-
plasmic coagulation - and necrosis, usually
focal; in some this had a rather widespread
distribution. Paralleling these changes were
canalicular bile stasis, neutrophil aggregation,
pigment deposit in and undue prominence of
Kupffer cells, and c ionally infl
exudate in portal areas. In two cases this pat—
tem had the added feature of “alcoholic
hyalin” formation (fig. 4); both patients were
flagrant overusers of alcohol.

In most instances the necrosis was oriented
about the centrilobular vein with the extent
varying from minimal, or less than 25 per cent
of the lobule (fig. 1), to maximal, or more than
75 per cent of the lobule (figs. 5, 6). Total
loss of parenchyma (fig. 7) was rare; the
lesions of major degree often showed a thin
periportal row of disturbed but viable paren-
chymal epithelium (fig. 8).

Two basic patterns were recognized, but on
occasion they appeared to overlap, particularly
if of some duration or obscured by postmortem
changes. In one pattem, constituting the re-
sult of vascular disturbance and thus char-
acterized by passive congestion, there was dila-
tation and engorgement of centrilobular veins
and the central reaches of hepatic sinusoids
(Bg. 9). Seepage of red cells or plasma into
the spaces of Disse resulted in attenuation of
parenchymal cell plates and ultimately in their
necrosis. Cells underwent direct disintegra-
tion or exhibited cytoplasmic eosinophilia and
nuclear pyknosis. It is probable that these
cytologic features merely represented varia-
tions of the same process. In those with
terminal jon of g or the
later superimposition of another clinical com-
plication (e.g., hemorrhage, shock, or sepsis),
cytoplasmic coagulation resulted; in the others,
parenchymal attenuation or frank necrosis fol-
lowed a longer and perhaps more gradual
process. Inflammatory cells appeared in
moderate numbers, neutrophils predominati

cumstance the linear division between viable
and nonviable parenchyma was usually irreg-
ular and xll-deﬁned with contiguous viable
cells ¢ small ts of lipid.
Occasional cells were swollen but exhibited
few features of regeneration. The portal areas
in these cases were essentially normal.

The other pattern lacked significant evidence
of congestion. Here also, however, various
components of the lesion exhibited features
that appeared to depend in large part on
duration. In its most striking form, acute
coagulation necrosis of part or all of the lobular
parenchyma appeared (fig. 10). Al cells
were in an identical state of recent death,
characterized by a granular, coagulative shrink-
age of cytoplasm with loss or pyknosis of
nuclei. A sharp line of separation existed at
the juncture with viable elements. Neutro-
phils were intermingled with the necrotic cells
and were aggregated at the zonal margins;
various numbers, usually few, were evident in
the peripheral viable zone. A rare necrotic
cell, sequestered from xts nexghbors, assumed
a hyaline app e r of the acido-
phlhc body observed in viral hepatitis.>-*
Usually little fatty change accompanied this
lesion and the portal areas were unaffected,
except in cases of total parenchymal destruc-
tion. In the instances of total or subtotal de-
struction, the peripheral residuum of paren-
chyma was the seat of some regenerative ac-
tivity with swelling and multinuclearity of the
parenchymal cells. This was often accom-
panied by early “ductular” proliferation.

In still other examples, presumably repre-
senting the samie lesions but probably with
more prolonged courses (or perhaps with
long postmortem intervals), cytoplasmic dis-
integration had occurred, with “fallout” of
cells (fg. 11). The zone of necrosis in these
was characterized by a content of granular
detritus, fewer or no neutrophils, and an
intermingling of macrophages (or Kupffer
cells) filled with bile and hemosiderin pig-
ment. The line of juncture here was not
sharp The residual viable cells now exhibited
irregularity, loss of polarity, multinuclearity,

in the acute lesion and macrophages in those
of Jonger standing. In cases with sudden and
fatal shock, a central pooling of blood and loss

=3

and even mitotic activity. At this stage few
neutrophils remained. In the more extreme
lesions in which the periphery of the lobule

20z ludy 01 uo 3sanb Aq jpd z0000-000£0896 |-Z¥S0000/89€68Y/EET/2/6/HPd-01011e/ABO|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Volume 29
Number 2

Fic. 7. Massive necro-
sis (Case 46). Massive
necrosis is characterized
by complete loss of pa-
renchyma_with replace-
ment by detritus, Kupffer
cells, and a mixed in-
flammatory exudate. At
the left is the remnant
of a portal area contain-
ing interlobular bile ducts
and inflammatory cells.
H. and e. X200.

Fic. 8. Massive necro-
sis, periportal area (Case
36). Almost all the lobu-
lar parenchyma has un-
dergone coagulation ne-
crosis and distintegration.
A thin rim of viable but
abnormal and fregular
cells remains, fringing the
portal tract. H. and e.
X130 (see fig. 18).

Fic. 9. Intermediate
necrosis with centrilobu-
lar congestion Case 82).
Centering about the cen-
tral vein, sinusoids are
widely distended by
Eacked red cells, which,

ecause of destruction of
approximately  one-third
of the parenchyma, ap-
pear to be pooled. A
scant inflammatory reac-
tion appears in the area
of destruction. H. and e.
X150,

NATIONAL HALOTHANE STUDY
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was affected, periportal ductular proliferation
was striking (fg- 12). In some of these the

Anesthesiol
Mar.-Apr. lgg

Fic. 10. Centrilobular
necrosis (Case 98). Pa-
rench; cells in _the
central half of this Iobule
have undergone coagula-
tion mnecrosis. Shado
gt]lsims of ‘:hemaﬂm

persist but the cyto-
E:l:m has become u-

, refractile, and eo-
. sinophilic. A few pyk-
notic nuclei remain but
nuclear staining. is gen-
erally absent. Only a
‘. mild early inflammatory
reaction is evident at the
Cy margin of the necrotic

* zone. The more periph-
eral viable parenchyma
exhibits cytoplasmic
swelling and fatty vacu-
olization. H. and e.
X150.

.IA

1"
i

Fic. 11. Intermediate
centrilobular necrosis
with “fallout,” probabl,
reflecting duration an

Case 86). Ne-
crotic_cells have disap-
= peared, leaving behind
? on;lf' an amorphous_stro-
. mal matrix in which are
fragments of nuclear de-
bris and pigment-laden
phagocytes. The radial
pattern of residual viable
is undisf H.

and e, X130.

universally accepted as such. For this rea-
son, its existence might or might not be listed

portal areas were edemat and ¢ ined
moderate lymphocytic infiltration. In a few,
in both acute coagulative and “fallout” lesions,
a very heavy lymphocytic exudate prevailed in

g diagnoses and its selection
by the screener would be unpredictable.
This minor degree of alteration, moreover,
would not be expected to have significant
linical ifestations or to bear on the out-

the portal areas and was, on uni-
versal in its distribution (fig. 13).
Discussion

The incidence of postoperative hepatic ne-
crosis was relatively modest. The massive lesion
appeared in approximately 0.7 per cent of
necropsy cases, and intermediate necrosis in
1 per cent. The minimal lesion was ignored
because, as indicated, it is considered to be
commonplace in the process of dying and is

come of a case. Intermediate necrosis, how-
ever, could well contribute to a lethal out-
come. Although the Study was not designed
to collect cases of this nature, some actually
appeared in the first group gathered by local
selectors, and others came under considera-
tion in the later collections. Such cases would
not, however, be expected to cause death

unless associated with another potentially fa- -

tal disorder. On the other hand, massive

20z ludy 01 uo 3sanb Aq jpd z0000-000£0896 |-Z¥S0000/89€68Y/EET/2/6/HPd-01011e/ABO|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



portal tract. The few re-
maining_viable elements
are swollen, their nuclei
are vesicular and bizarre,
and there is a ductule-
like proliferation. This
is thought to represent
an abortive effort at re-
ge;:emtiom H. and e
X

Fic. 13. Massive ne-
crosis (Case 44). Only
a {ﬁw smnllcll ds of
viable parenchyma re-
main; tﬁe bulk of the
liver is necrotic. Each
sgrrml area stands out as
Fhens Tymehocsiis b
of heavy lymphocytic in-
filtration. There is little
i tion in the pa-
renchymal region. H. and
e. X100 (see fig. 19).

hepatic necrosis as defined by the Panel
(figs. 6, 7, 8, and 12), is with very rare ex-
ceptions incompatible with life; it is in itself
fatal 5 9

It seems most unlikely that instances of
truly massive hepatic necrosis would escape
the screening methods used among the ne-
cropsy cases. It would have been unusual,
indeed, for massive lesions to fail to come to
the attention of the local selector, the nurse-
medical librarian, and the pathologist examin-
ing the necropsy abstracts. It was with this
in mind that wide latitude was given the case
finders in determining those cases to be sub-
jected to pathologic scrutiny. Such categories
as “hepatitis” and “liver degeneration,” for
example, were included initially, inasmuch as

NATIONAL HALOTHANE STUDY

it was intended from the outset to submit sec-
tions from all cases to scrutiny by the Pathol-
ogy Panel. Although some of these did prove
to be hepatic necrosis, many were of neces-
sity excluded, and only 31 of the originally
collected cases found their way into the final
group with massive necrosis.

Nonethless, in the face of the obvious dif-
ficulties in case finding, -one may well raise
the question of how many examples of hepa-
tic necrosis observed pathologically may have
failed to emerge in the diagnostic listings
and thus may never have come to the atten-
tion of the various screeners. As an additional
precaution, the necropsy cases were sampled
to detect hepatic abnormality that-was not
recorded in the final diagnosis (Full Report,
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National Halothane Study). There were no
instances of massive necrosis which had failed
to be included in the lists of diagnoses in the
necropsy protocols examined, although there
were several cases of intermediate necrosis
which had been missed.

It is reasonable to conclude that almost all
examples of massive necrosis in the necropsy
population were recognized and examined by
the Panel. There is no doubt that there were
additional fatal cases with similar lesions
among those not necropsied. There is no
feasible way of detecting these at present.

ReviasiLity oF Copbep Discxosis

A more disturbing matter, however, was the
apparent lack of uniformity among pathologists
at large in recognizing or d ting hepatic

Fic. 14. Autolysis (Case
27). Staining capacity is
lost, cytologic detail is
obscured, and inflamma-
tory cells cannot be iden-
tified. It is still possible,
however, to distinguish
the centrilobular zone of
necrosis from the periph-
eral fringe of quasi-pres-
ervation. H. and e. X150,

Among the 226 cases submitted initially,
108 were stated by the local pathologists to
have some form of hepatic necrosis and 66
were classified as hepatitis. The submission
of the remaining 52 may have represented bias
or errof, but in most cases undoubtedly re-
flected an arbitrary choice by the local selector
in an effort to avoid missing possible cases of
necrosis. Thev had been listed as fatty infil-
tration, biliary obstruction, hepatic neoplasm,
putrefaction (? autolysis), or pre-existing cir-
rhosis. -Even among the 108 in which the
pathologist’s opinion clearly stated that ne-
crosis or hepatitis existed, however, the Panel
found that the lesion could be established as
massive necrosis in only 31 cases, and as
intermediate _necrosis in 35. There was no
is in two, necrotic neoplasm in five, and

necrosis in such a way that it could be ap-
preciated by nonpathologist readers of the
pathology reports. The need of the Pathology
Panel to reject out of hand 29 of the original
226 cases and to consider 131 others to
have only negligible necrosis may be attributed
in some measure to typographical errors, the
submission of poor or improper sections for
review, the manner of performance of necrop-
sies, or the coding of diagnoses by inade-
quately trained personnel, as well as to the
policy adopted of encouraging the local selec-
tor to submit questionable cases for evaluation.
A review of the abstracts, unfortunately, also
indicated a distressing variation in nomencla-
ture and a significant range of pathologic
criteria for the diagnosis of necrosis.

sufficient autolysis to preclude interpretation
in 10; in the remaining 25 cases, the necrosis
was minimal.

INTERPRETATION OF AUTOLYSIS

Because it was known that the presence of
autolysis~ could neither exclude nor substan-
tiate the existence of necrosis, the sections
and clinical abstracts in 19 cases were eval-
uated more critically (the ten originally listed
as necrosis by the submitting pathologist and
9 considered to represent autolysis but with
other features contributing to the selection).
In order to determine whether necrosis might
have been masked by autolysis, the appraisal
consisted of a correlation of clinical phenomena
and detectable evidence of hepatic necrosis in

Anesthesiology
Mar-Apr. 1968
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Fic. 15. Normal liver
{Case 288). Radiating
from the central vein are
clearly outlined liver cells
with ~ uniform nuclear
content. The preserva-
tion of the sharp cell
membrane is a feature of
the liver in sudden death.
H. and e. X200.

the poorly-stained section (fig. 14). It ap-
peared reasonable to make this distinction,
and in three of the 19 cases hepatic necrosis
undoubtedly existed before death. One. of
these was a patient with choledocholithiasis
and biliary obstruction, and another was con-
sidered to have had homologous serum hepa-
titis. The third case, however, could not be
explained by the clinical data. The remaining
livers, ten of which had been claimed by the
ITocal pathol to show is, were con-
sidered to have been undamaged in life.

PATHOLOGIC ALTERATIONS MISTAKEN
For NECRosIS

A number of cases were listed in necropsy
reports as examples of hepatic necrosis but
were not so considered by the Panel. The
reasons for their exclusion are given below.

In instances of sudden death in healthy
persons whose livers were unaffected by de-
gradation before death, the preservation of
hepatic parenchymal glycogen, the clarity of
cytoplasmic staining, and the sharpness of
cell outline contrasted with the usual somewhat
blurred “normal” postmortem appearance
(fig. 15). This was, in at least one case,
misinterpreted as an abnormality and bears
comment only because it was taken as an
indication of intrinsic hepatic injury.

The lation of p hymal fat also
was considered by some to be evidence of
hepatic damag Actually, it is

during a terminal period of illness with re-
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stricted caloric and protein intake, and in
the postoperative state as well. Such fatty
“degeneration,” reflecting reduced protein syn-
thesis (fig. 2), may be mistaken for toxic
hepatitis, which is also characterized by lipid
accumulation (fig. 3).* 1t Examples of the
former complicated by minor evidences of
agonal hepatic cellular necrosis, passive con-
gestion, or postmortem parenchymal-cell “fall-
out” seemingly had been misinterpreted as
hepatic necrosis, particularly when the accum-
ulation of fat was considerable.

A distinction between this form of fatty de-
generation and that more commonly associated
with toxic injury to the liver, whether follow-
ing the ingestion of noxious agents (as in
carbon tetrachloride toxicity) or in the case
of acute alcoholism, should be possible in
most instances.* The latter condition was
encountered occasionally among the cases with
intermediate necrosis. The fuzzy microva-
cuolar appearance of the lipid (fig. 3) and its
accompanying focal necrosis, bile stasis, neu-
trophil exudate, and (in the patients with
alcoholism) aleoholic hyalin (fig. 4) consti-
tuted clearly distinguishing features. No
example of sudden death with simple fatty
metamorphosis was encountered.

In a few cases, pre-existing hepatic disorders
were improperly. related to the postoperative
state. Although in some there was evidence of
terminal necrosis, most fell into the pattern of
chronic hepatitis with portal area inflamma-
tion and ductular proliferation but little cur-
rent parenchymal alteration. Obviously, these
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had been vulnerable livers and could have
. been unduly susceptible to vasomotor dis-
h‘rl As \} of 2 2nd - |

by anesthetics, however, such cases would
have little validity.

Extrahepatic biliary obstruction appeared
with the usual ifestations of cholestasis *
but were often overlain by suppurative compli-
cations as well. Whether for this reason or
other causes, autolysis was a frequent con-

i leading in some insta to inclu-
sion in the hepatic necrosis group. In like
manner, cases with inflammatory reaction re-
flecting systemic infection, some with abscess
formation (fig. 16) or advanced autolysis (in
gas bacillus infection), were included un-
justifiably. Other conditions encountered were
arterial or venous vascular occlusions (some
with pylephlebitis), infarction (fg. 17), and
metastatic carcinoma with necrosis of con-
tiguous parenchyma.

Each of these conditions exhibited dis-
tinguishing features, and the Pathology Panel
felt justified in their exclusion from considera-
tion. Indeed, in almost every instance the
manner of death was unrelated to hepatic
failure and reflected, instead, another primary
disorder.

The Panel thus accepted only those cases
in which cell death in vivo was recognizable
and in which none of the factors indicated
above could be incriminated. This con-
stituted the basis for the ultimate selection of
the 222 cases.

Mar.-Apr. 1963

Fic. 168. Hepatic_ab-
scess (Case 214';:.l Case
of obstructive jaundice

with suppurative cholan-
gitis. H. and e. X100.

HepaTic NECROSIS ATTRIBUTABLE
TO ANESTHETIC AGENTS

Any organ as susceptible to injury by such
a wide variety of influences as the liver poses
a problem in determining the immediate cause
of its malfunction. It is relatively easy (and
many have followed this course) to indict an
adventitious circumstance in a given instance
of hepatic necrosis. But experience has shown
that easy assumptions are not particularly
fruitful. All attendant conditions require crit-
ical evaluation before any single factor can
be implicated. This was essentially the situa-
tion in patients receiving an anesthetic; they
suffered from ailments, serious or not, that
required operation, and thereafter they were
subjected to the surgical procedure and a host
of adjuvant treatments. Each of these pro-
vides inherent risks. Moreover, the population
at large carries adventitious illness at a certain
rate, whether or not manifestations are overt
{e.g., viral hepatitis) 1% 2% 25 Finally, potential
risks exist in the anesthetics themselves. Thus,
in determining the causal relationships be-
tween anesthetics and a group of cases with
hepatic necrosis, each case requires individual
probing.

In the complete report of the National
Halothane Study the results of a survey car-
ried out by four members of the sub-com-
mittee, rep ing different medical special-
ties (anesthesiology, medicine, surgery, and
pathology) are recorded in Chapter II-1.
That group attempted to determine, on the
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basis of the clinical data available, whether
the hepatic necrosis could be attributed to
factors other than the anesthetic. The group
found itself in agreement that the cause of
the lesion was apparent in the patient’s record
in 90 per cent of the 197 cases of massive
and intermediate necrosis. It would follow
that the anesthetic, whatever it proved to be,
could well be exonerated in those cases. But
there were 19 cases in which all or most of
the group did not determine an apparent cause
for the necrosis. These were considered “un-
explained,” as distinct from the “explained”
cases in which a clinical basis for the liver
destruction was apparent. In these 19 cases,
neither the clinical course, the operative pro-
cedure, nor the existence of complicating ill-

Fic. 17. Hepatic in-
farct (Case :‘; A sharply
circumserib zone of
necrosis is brightly eo-
sinophilic and = set off
from the surviving viable
hepatic  substance, In
the higher-power (lower)
view, the contrast be-
tween the cells in the in-
farct and the viable sur-
vivors is well shown. A
narrow zone of inflam-
matory cells encircles the
necrotic elements. H.
and e. X100; X150.
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ness appeared to have had the capacity to
contribute to the hepatic process.

In nine of the 19 cases the lesion was
massive, and in ten it was intermediate (see
complete report). When decoded as to the
anesthetic exposure, it was found_ that halo-
thane was the agent used in 14 cases (seven
massive and seven intermediate), nitrous
oxide-barbiturate once (intermediate), ether
twice (both intermediate), cyclopropane once
(massive), and “other” (ethylene) once
(massive).

The occurrence of 19 instances of “unex-
plained” hepatic necrosis in a necropsy popula-
tion of 10,171 persons (with abdominal ne-
cropsy examination) exposed to anesthesia
may be taken to indicate that the liver is
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only rarely vulnerable to an anesthetic agent.
The question at issue, however, is: “Does
halothane have a greater role in this respect
than other agents?” In this small group halo-
thane appeared to be a more common offender.

It is obviously possible that anesthetic-in-
duced hepatic disorder also occurred among
those cases ascribed to definable causes in the
“explained” category. It is equally plausible
to argue that an undetected factor, other than
an anesthetic, may have prevailed in the
“unexplained” group. If one deals only with
the results of the methodology used, whatever
its crudities, one may conclude that, among
the 10,171 necropsied persons subjected to
anesthesia (and among the 197 patients with
massive and intermediate hepatic necrosis),
there were 19 in whom the hepatic process
might reasonably have been attributed in some
way to the anesthetic used. Of these, 14
patients had received halothane and 5 had re-
ceived other anesthetics.

SpeciFiC IBm\ CAUSED BY HALOTBAKE

Once the category of “unexplained” hepatic
necrosis had been established, an effort was
made to distinguish a histologic pattern that
might reflect the specific effects of halothane
and aid in the distinction of the lesion from
that appearing after the administration of
other agents. As indicated above, members
of the Pathology Panel were unable to find a
common meeting ground to derive such a con-
clusion.

In a further effort, sections from the 19

EDWARD A. GALL
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Fic. 18. Massive ne-
crosis (Case 36). A re-
sidual peripheral island
of viable parenchyma
borders the necrotic lob-
ules in which coagulated
and disintegrating
have not yet lost indi-
viduality. Contrast with
fig. 10.” H. and e. X200

cases were intermixed with those from 19 “ex-
plained” cases selected at random and ex-
amined by one member of the Panel ® with-
out recourse to clinical information until the
analyses were completed. Of the 19 “ex-
plained” cases, 17 fell among the group as-
cribed to “shock, anoxia, or sepsis”; six of the
19 “unexplained” cases exhibited such lesions.

As in the original survey, many variations
appeared related to the duration of the lesion.
Thus, a necrotic zone might exhibit eytoplas-
mic coagulation (fig. 18) and disintegration in
some sections, and “fallout” in others (fg. 11);
the one would reflect a recent lesion, and the
other, one of longer stnndmg This was also
the case with intralobul y reac-
tion; cases of recent origin exhibited little or
no exudate; those of longer duration exhibited
a neutrophil reaction reaching from the margin
of necrosis and ultimately intenmingling with
the nonviable cells. Cases characterized by
“fallout” exhibited little neutrophil reaction;
here, macrophages prevailed, but with varied

prominence. Except in one instance (case 98,
ﬁg 10), parenchymal fat was purely adventi-
tous. Regeneration was evidenced by irregu-
lar swelling of residual liver cells, multinu-
clearity, and, rarely, mitoses (fig. 12). These
changes were paralleled by periportal ductu-
lar proliferation, which, however, was not
striking. Such bile stasis (cast formation) as
occurred was limited to these ductules and
was rarely marked.

°E. A. Gall,
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Fic. 19. Massive ne-
crosis with portal area
exudate (Case 44). Co-
agulation necrosis has
destroyed 2ll but two- or
thre layered  peri-
portal Iamina, The por-
tal area ijtself is heavily
infilrated with lympho-
cytes; this was a feature
of all portal areas in this
liver. H. and e, X200
(see fig. 13).

In 15 cases (13 “unexplained” and two “ex-
plained”), the portal areas exhibited enlarge-
ment, edema, and inflammatory (mononuclear)
reaction of rather marked degree. In 12, the
distribution of this process was universal, af-
fecting all portal areas (figs. 13 and 19).2 Of
the “unexplained” cases, 11 were patients who
had received halothane; one was given nitrous
oxide-barbiturate and one, cyclopropane. In
neither of the two cases of “explained” necro-
sis was halothane involved.

Although there was no unique or consistent
lesion reflecting the effects of halothane ad-
ministration, the feature of severe and uni-
versal portal-area inflammation occurred with
significantly greater frequency in the small
group of “unexplained” cases in which halo-
thane was the agent used. None of the other
histologic changes (distribution, type or de-
gree of type of intralobular exudate,
ete.) appeared to have any pertinence. It is
noteworthy that neither canalicular bile stasis
nor a prevalence of eosinophils appeared in
any of the cases. The pattern of portal-area
inflammation, however, is not unfamiliar to
the pathologist; it has been observed also in
cases of fatal hepatic disease of other causa-
tion, notably in fatal viral hepatitis?¢ and in
some drug intoxications.% 17,13, 39

Summary
A pathologic survey concerned with the in-
cidence and nature of postoperative hepatic
necrosis was carried out in 10,171 necropsy
cases. These were all the cases in which there
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had been complete necropsy, including exami-
nation of the abdomen. Variations in diagnos-
tic criteria and nomenclature in the different
participating hospitals, in methods of classifi-
cation, and in screening techniques interfered
with proper case selection. Despite this, it is
believed that all examples of massive hepatic
necrosis and almost all those with intermedi-
ate necrosis among cases necropsied were
brought to light.

A scrutiny of necropsy diagnoses by varied
means led to the accumulation of 972 cases of
possible hepatic necrosis; microscopic sections
of 946 of the livers were procured for review.

A panel of six pathologists, experienced in
hepatic disorders, reviewed the sections ob-
tained, independently and with no knowledge
of the clinical histories or anesthetics used.
Hepatic necrosis of various degrees was found
in 222 cases: 82 , 115 intermediat
and 25 minor and deemed negligible.

The Pathology Panel next attempted to as-
sign a cause for the hepatic necrosis, combin-
ing a knowledge of the clinical data (except
the anesthetic used) and the histologic pattern
of the liver. Except for recognition of the ef-
fects of anoxia, shock, or sepsis, the Panel was
not able to determine an etiologic basis for the
lesions with any degree of uniformity or con-
sistency. ’

The histologic appearances of sections from
19 cases with necrosis, considered by a multi-
specialty committee to be “unexplained” by
factors detectable in the clinical record, were
studied critically and compared with 19 cases
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in which the hepatic necrosis was deemed to
be the result of overt factors. No consistent
histologic pattern could be attributed to halo-
thane. It appeared, however, that cases asso-
ciated with halothane, more often than cases
associated with other anesthetics, exhibited a
lesion simulating that encountered in fatal viral
hepatitis and some drug-induced forms of
hepatitis.

In respect to the apparent relationship, three
questions may be posed:

(1) Had the patient harbored a clinically
inapparent viral hepatitis that had progressed
by spontaneous exacerbation to a fatal out-
come?

(2) Had an occult and seemingly innocuous
viral hepatitis been provoked into violent pro-
gression under the stress of a complicating dis-
ease, the surgical procedure required for its
correction, or the anesthetic used?

(3) Had the hepatic disorder been induced
de novo by the anesthetic, either as a direct
toxic effect or by reason of idiosyncrasy?

Unforty ly, the evidence gathered does
not permit unequivocal affirmation of any of
the assumptions implicit in these questions.
One may suspect that in a rare person exposed
to halothane a special sensitization constitutes
a triggering mechanism, but there is no indi-
cation that this was regularly the case or that
one or the other mechanism may not have
existed equally as well.

Conclusion

The incidence of massive hepatic necrosis
in a large postoperative necropsy population
was exceedingly low. Moreover, in the bulk
of such cases the hepatic lesions were readily
attributable to such factors as shock, infection,
anoxia, pre-existing disease, and even exten-
sive surgical manipulation. Only rarely did
the anesthetic appear to be involved: in 19
cases of massive and intermediate i
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among the 10,171 necropsied cases investi-
gated. OfF these, 14 cases involved halothane,
and 5 did not. No clear-cut or universally
acceptable histologic lesion was found regu-
larly in the cases attributed to halothane.
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