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Nonalcoholic fatty liver is a frequently encountered clinical
entity. It may be found as an apparently spontaneous phenomenon
having no discernible cause or significance, or it may be iatrogen-
ically induced. Advanced forms of fatty liver can lead to liver cell
necrosis and ultimately to severe cirrhosis. In addition to the more
common forms of fatty liver, a less frequent and morphologically
distinct subcategory, microvesicular fatty liver, can be identified
in certain clinical settings. This disease is generally more acute
and potentially more reversible, but the prognosis is more ominous
if it is not quickly recognized and appropriately treated.

Index terms: Liver, diseases * Liver, fatty
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Fatty liver is most commonly identified by either detec-
tion of hepatomegaly or unexplained abnormal liver func-
tion tests. A liver biopsy specimen will show a prominent
degree of fat accumulation in the hepatocytes, and there
will be (with few exceptions) coexisting cell necrosis with
some degree of inflammatory response. The degree to
which the latter lesions coexist with steatosis varies with
clinical circumstances and etiological factors, but this com-
bination has led to the preferred and common designation
of the hepatic steatosis lesion as steatonecrosis. Several ques-
tions then arise when this condition is found: What is the
underlying problem accounting for the fat accumulation?
What are the potential complications? What treatment, if
any, is indicated?

The classical steatonecrosis lesion i1s most commonly
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Table 1. Disease processes associated with
nonalcohol-related classical hepatic steatosis
(steatonecrosis)

Clinical Setting Associated Condition

Spontaneously occurring proc-  Normal variant, miscella-
esses neous etiologies®®
Obesity™*
Hyperlipoproteinemias
Diabetes mellitus®'®
Nutritional'*!?

Intestinal bypass surgery'6-*?

Drug administration®
Methotrexate®
Perihexiline maleate®

Iatrogenically induced

Table 2. Abnormal hepatic histologic findings in
diabetes mellitus

Abnormality Frequency

50% (20-80%)
50% (30-75%)
?

Glycogen—infiltration of the nucleus

Steatosis (as solitary abnormality)

Steatonecrosis

Cirrhosis—micronodular (various
stages)

15% (1-30%)

Table 3. Disease processes associated with
microvesicular hepatic steatosis

Clinical Setting Associated Condition

Acute fatty liver of
pregnancy®*’
Reye syndrome
Vomiting disease of Jamaica

Spontaneously occurring

TOCESS
p 38-40

Drug administration
Valproic acid*'~**
Tetracycline®

Iatrogenically induced

associated with alcoholism. Indeed, this lesion is
considered a phase in the pathway of two serious
alcohol-related lesions, acute alcoholic hepatitis
and chronic liver cirrhosis. Intracellular eosino-
philic inclusions of Mallory and granulocytic in-
filtrates are frequently associated with this histo-
logic pattern.'-® In the more chronic lesions, a
combination of necrosis and inflammation leads
to fibrosis. This may serve to connect central
veins to portal triads, providing the structural
configuration for eventual micronodular cirrho-
sis. The same evolutionary events may also pro-
duce a similar lesion that occurs in several meta-
bolic disorders without significant alcohol expo-
sure.” This paper will review the clinical features
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of the classical steatonecrosis lesion characteristic
of these less common, nonalcohol-related meta-
bolic disorders (Table I).

One of these abnormal states is an ill-defined
condition that can be designated “normal-var-
iant” steatosis. Also included is the steatosis as-
sociated with obesity and with certain hyperlipo-
proteinemic states; the two are often interrelated.
In diabetes mellitus, steatonecrosis is also often
present, and may in turn be related to obesity
and/or hyperlipoproteinemia. A striking form of
steatonecrosis may occur following intestinal by-
pass surgery for morbid obesity, and a similar
lesion occurs in susceptible individuals in associ-
ation with certain drugs.

Lastly, a highly interesting, albeit far less com-
mon, form of hepatic steatosis displays a unique
microvesicular form of lipid distribution within
hepatocytes. In the more common intracellular
globular lipid deposition, single, large coalesced
lipid inclusions are observed in such abundance
that fatty “cysts” are said to be present. This
latter type of lesion often displaces hepatocytic
organelles into a ring-like peripheral distribution
near the plasma membrane.® In the microvesi-
cular form of hepatic steatosis, this aggregation
of lipid never seems to occur, and there is no
dramatic organelle displacement. The clinical
problems associated with microvesicular lesions
tend to be both more acute and more severe than
with the more typical steatonecrotic lesions.
Among diseases in this group are acute fatty liver
of pregnancy, Reye syndrome, and recently iden-
tified forms of drug toxicity, most notably that
associated with valproic acid administration in
susceptible patients.

Classical hepatic steatosis
Spontaneous

Normal variant hepatic steatosis: "Two recently
published necropsy studies of relatively young
(ages 18-58 years; mean age 29) and “healthy”
male adults after accidental death found an inci-
dence of histologically “abnormal” fatty liver of
about 15-20%.%¢ All of the subjects included in
the study were gainfully employed and there was
no reason to believe that selection bias had af-
fected the observations. In those affected, the
degree of fatty infiltration was of more than
moderate severity in only 3%, and about half had
coexisting histopathology consistent with steato-
necrosis.® This study is not easy to interpret since
there is no way to know to what degree the

Downloaded from www.ccjm.org on July 16, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

138 Cleveland Clinic Journal of Medicine

Vol. 55, No. 2

CF =CENTRAL FIBROSIS
%H%/= CENTRAL HYALINE SCLEROSIS

CF V.7
e
IS CF CF 75 CF/C CF g cr]
B 0 ) CJ
T P
CF CF

A7 o ,;’/ﬁ’//,’

T
.~

C = CIRRHOSIS

0 = NONE OF THE ABOVE
¥ = REANASTOMOSIS

? = EQUIVOCAL HYALINE

1

56 i2

1
3 18

AN R

60

MONTHS POST JIB

Fig. 1. Evolution of steatonecrosis and cirrhosis in eight patients following early steatosis associated with jejunoileal

bypass ( JIB) surgery for morbid obesity. Reprinted from Hai

population could have been previously exposed
to alcohol, drugs, or other environmental hepa-
totoxins. Nevertheless, the findings provide per-
spective for other similar studies.

Obesity:  Fatty infiltration of the liver has been
described in up to 90% of patients with marked
obesity (>75% above ideal body weight) before
surgery. In most patients the quantity of fat is
small, but occasionally virtually every hepatocyte
may be involved. No clear correlation has been
found between the degree of obesity and quantity
of fat in the liver. In the majority of patients, the
fat is distributed at random throughout the he-
patic lobules, but in up to a third the distribution
is primarily pericentral. The exact pathogenesis
of this fatty infiltration is uncertain.”-°

A nonspecific triaditis is also present in most
markedly obese patients. However, bile duct
number and morphology are normal. The mild
inflammatory infiltrate is composed largely of
lymphocytes, and the limiting plate is intact. The
cause of the portal lesion is unknown.® Standard
liver function tests are normal in most patients.

Diabetes mellitus: Even in the absence of rec-
ognizable pathogenetic risk factors, liver disease,
and in particular fatty liver, has been considered
common in patients with diabetes mellitus (Table
2).'%-!* Large-droplet hepatic steatosis has been
reported in 30-75% of diabetics; about 50% have
elevated serum levels of one or more of the

nes et al*® with permission.

standard substances (aminotransferases, alkaline
phosphatase, and y-glutamyl transpeptidase) that
reflect liver injury. Moreover, tests of hepatic
function, such as BSP and ICG clearances and
serum bilirubin level, are abnormal in approxi-
mately 80% of diabetics with fatty liver. Even in
the absence of histologic demonstration of fatty
liver, glycogen infiltration of hepatocyte cyto-
plasm and nuclei is common in diabetics. This
finding has been reported to occur in about 50%
of all diabetics.'*"?

Despite these earlier correlative necropsy stud-
ies, observations regarding liver histology in dia-
betes must be interpreted with considerable cau-
tion. A recent carefully executed study® at-
tempted to disentangle the confounding factors.
The most clearly observable correlation was with
obesity, which is notoriously common in the
adult-onset diabetic patient. In its absence, no
correlation could be discerned between fatty
changes in the liver and the presence of diabetes
mellitus.

Iatrogenic

Intestinal bypass surgery: Jejunocolic bypass
was the initial surgical treatment for refractory
morbid obesity, but, as early as 1967, liver com-
plications and sometimes failure were recognized
as major complications. Subsequently, jejunoileal
bypass, which had been previously investigated
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Fig. 2. A. Photomicrograph at low magnification of a percutaneous liver biopsy specimen obtained
12 months following intestinal bypass, demonstrating a combination of steatonecrosis and early cirrhosis in
an asymptomatic patient with only slight biochemical liver function abnormalities.

in animals, was applied to patients. A longer
absorptive surface and the ileocecal valve were
left intact, in the expectation that hepatic failure
would not occur. Experience over the past 20
years indicates that approximately 2% of patients
undergoing jejunoileal bypass die of complica-
tions attributable to the procedure, and the
major cause of the mortality is liver failure
(Fig. 1).'°** Almost all of these patients have
been found to have histopathologic evidence of
steatonecrosis (Fig. 2).'® Hepatic lipid accumula-
tion is markedly increased in these patients sub-
sequent to surgery (Fig. 3).""

The role of a specific nutritional deficiency
remains unestablished. Studies following jejuno-
ileal bypass have demonstrated an amino acid
pattern that resembles kwashiorkor, suggesting
that protein-calorie malnutrition may be impor-
tant. However, this abnormality is also seen in
patients with fatty infiltration of the liver alone,

as well as in patients with steatonecrosis. Numer-
ous vitamin and trace-metal deficiencies, includ-
ing folate, vitamin C, vitamin D, zinc, and copper,
have been described in patients after intestinal
bypass, but deficiencies of these nutrients do not
produce steatonecrosis.

Drug administration: The typical drug-induced
hepatotoxic lesions fall into the categories of
either “cholestatic” lesions or “hepatitic” (necro-
sis-inducing) lesions. The latter are often associ-
ated with variable degrees of steatosis or steato-
necrosis. Drugs commonly associated with this
category of lesion include isoniazid, diphenylhg-
dantoin, phenylbutazone, and methyldopa.*’
Only rarely have drugs been reported to cause
the classical steatotic lesion in the absence of
extensive necrosis and inflammatory response.
One well-known example of this, however, is the
early-stage lesion associated with chronic metho-
trexate administration.*® Since this agent is a
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Fig. 2. B. Photomicrograph at higher magnification of same biopsy specimen, demonstrating presence

of a typical Mallory body (black arrow). Reprinted from Haines et al** with permission.

known folic acid antagonist, one view is that the
associated steatosis is at least partly mediated
through induced nutritional deficiency.

Microvesicular hepatic steatosis (T'able 3)
Spontaneous

Acute fatty liver of pregnancy: There have been
several confusing and misleading misconceptions
concerning acute fatty liver of pregnancy
(AFLP). First, AFLP has been artificially sepa-
rated or excluded from a “wastebasket” group of
pregnancy syndromes variously termed eclampsia
or toxemia. Arbitrary definitions state that renal
manifestations, including hypertension, are req-
uisite and exclusive hallmarks of toxemia. This
had led to the common practice of categorizing

—p

Fig. 3. Mean hepatic triglycerides (:SEM) from intraoperative
and postoperative biopsy tissue following jejunoileal bypass surgery
for morbid obesity. Number of patients in each group is indicated
at the base of the histogram. Reprinted from Holzbach et al'” with
permission.
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Fig. 4. A. Percutaneous liver biopsy specimen from patient with acute fatty liver of pregnancy (AFLP) at low magnification,
showing multiple discrete intracytoplasmic vacuoles of nearly uniform size with preservation of almost normal lobular structure
but obscuring anatomic relationships, i.e., portal triad vs. central venule.

almost all middle to late gestational multiorgan
disorders as “toxemic” states. It is now increas-
ingly accepted that many of these clinical syn-
dromes of unknown etiology can more accurately
and appropriately be considered part of the clin-
ical spectrum of AFLP. Second, confusion has
also arisen in the past decade from recognition
of a disseminated intravascular coagulation (DIC)
disorder that commonly complicates AFLP, lead-
ing to serious multiorgan manifestations. Third,
AFLP until only recently has been mistakenly
considered an entirely unique diagnostic entity,
separate from the toxemias. Thus regarded, the
view of AFLP has been one of both rare occur-
rence and high fatality. Recent reports indicate,
however, that AFLP is neither rare nor usually
fatal.*® Rather, these patients may survive their
hepatic complications; in severe cases they may
succumb to complications related to some other
organ system such as the kidneys or pancreas, or
to uncontrolled gastrointestinal hemorrhage.*’

In AFLP, the liver histology is typical of micro-
vesicular fatty infiltration (Fig. 4) and not mor-
phologically distinguishable from that seen in
Reye syndrome or following administration of
oral valproic acid or intravenous tetracy-
cline.?®-*% The findings of one study indicate that
in AFLP the increased hepatlc lipids consist pri-
marily of free fatty acids.” This observation
stands in striking contrast to findings in nutri-
tional and alcoholic fatty liver. In the latter,
triglyceride accumulation alone constitutes the
biochemical lesion. This provocative observation
about hepatic lipids in AFLP was made almost a
decade ago, but remains to be confirmed or
refuted. Table 4 summarizes the dominant clinical
features of the AFLP syndrome from two recent,
comparatively large studies.’®*® While the entire
spectrum of the clinical syndrome cannot be de-
scribed here, at present it is clearly more fre-
quently recognized at earlier stages. Abrupt ter-
mination of the pregnancy is the only appropriate

Downloaded from www.ccjm.org on July 16, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

142 Cleveland Clinic Journal of Medicine

Vol. 55, No. 2

Fig. 4. B. View of same specimen as A at higher magnification, demonstrating the hepatocyte vacuolization pattern of AFLP
that is also typical of other forms of microvesicular forms of steatosis; note normal appearance and pericentral localization of cell
nucleus. Reprinted from Holzbach?®® with permission.

therapy for the more severe form of the AFLP
syndrome. Since the syndrome has become better
diagnosed and treated, its earlier reputation for
having a high fatality rate has become drastically,
favorably altered.**’

Reye syndrome: Like AFLP, Reye syndrome
also has had a reputation for a high fatality rate;
however, earlier and more frequent diagnosis in
mild cases has been associated with a more favor-
able outcome. Although the disorder is clearly
not of recent vintage, it was accurately described
for the first time only 20 years ago.” In severe
cases, the patient, typically a child under 18 years
of age (mean age of occurrence: 6 years), is
recovering from an apparent viral illness when
vomiting begins. The vomiting is protracted. In
severe cases (above grade 1), lethargy, disorien-
tation, and eventually coma with decerebrate and
decorticate rigidity ensue. At any stage, the symp-
toms may recede and the child may return to

normal or may progress to a marked increase in
intracranial pressure, brain stem herniation, and
brain death. Deaths occur due to marked neu-
rological impairment rather than to liver failure,
although significant alteration of liver function
almost invariably occurs. The liver enlarges mod-
erately during the vomiting phase of the disease
but is not tender. The child is not jaundiced.

A number of laboratory findings are abnormal.
Serum aminotransferases (SGOT and SGPT) are
elevated, often to very significant degrees. Serum
creatine, phosphokinase, and lactic dehydro-
genase levels are all elevated. The blood ammo-
nia level is elevated in severe cases, and correlates
with outcome.?® The levels of blood ammonia
found in this condition are comparable to those
seen in patients with congenital urea-cycle en-
zyme deficiencies. Plasma free fatty acids are
significantly increased, as is the serum uric acid
level. Hypoprothrombinemia is present but with-
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Table 4. Acute fatty liver of pregnancy complication rate

No. Cases with
Hypertension or

No. Cases with

No. Cases Proteinuria Thrombocytopenia Maternal Deaths Fetal Deaths
Burroughs et al*? 12 11 12 4 8
Davies et al®® 6 5 3 1 4
TOTAL 18 16 (89%) 15 (83%) 5 (28%) 12 (67%)

out evidence of disseminated intravascular coag-
ulation.

Histologically, the hepatic lesion demonstrates
uniform microvesicular fat distribution in each
hepatocyte. The primary ultrastructural orga-
nelle abnormality seen with electron microscopy
is mitochondrial.*® There is a combination of
progressive swelling of the mitochondria, pleo-
morphism, decrease in mitochondrial matrix
density, loss of the matrix dense body, and occa-
sionally outer membrane rupture. Glycogen de-
pletion occurs irregularly from cell to cell.

Iatrogenic

Typical microvesicular hepatic steatotic lesions
have been described in connection with intrave-
nous administration of tetracycline, particularly
in association with therapy for AFLP,?® and more
recently with chronic oral valproic acid therapy
for epilepsy. Few fatalities have been reported,
although significant abnormalities in liver func-
tion tests have been observed. The histologic

Table 5. Microvesicular hepatic steatosis: associated
disease processes and manifestations

Disease processes
Acute fatty liver of pregnancy
Reye syndrome
Vomiting disease of Jamaica
Sodium valproate toxicity
Congenital defects of urea cycle enzymes

Clinical manifestations (variably present)
Vomiting
Variable jaundice
Coma
Disseminated intravascular coagulation
Renal failure
Raised blood ammonia levels
Hypoglycemia
Raised serum fatty acids
Liver biopsy
microvesicular fat
necrosis and cellular infiltration not prominent
_ Electron microscopy
mitochondrial abnormalities

Adapted from Sherlock.*®

lesions and abnormalities in liver function tests
usually revert to normal following withdrawal of
the drug. The mechanism of the toxic effect with
those drugs is not clear in all instances.

Vomiting disease of Jamaica is a rare but often
fatal malady featuring a microvesicular form of
steatosis similar to the other diseases in this cat-
egory; the culpable agent in this disease is consid-
ered to be a toxic metabolite of hypoglycin A
derived from an indigenous fruit (Ackee ap-
ples).?® In valproate hepatotoxicity, current evi-
dence suggests that a similar toxic metabolite is
at work, in this case derived from an oxidative
product of the parent compound (valproate) in
susceptible individuals.*’™** A summary of the
various disease processes and common clinical
manifestations of the heterogeneous group of
conditions associated with the microvesicular
form of hepatic steatosis (steatonecrosis) is pro-
vided in Table 5.
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