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Liver disease is prevalent in a high proportion of patients with
intestinal failure receiving long-term parenteral nutrition
(PN); the presentation of liver disease in patients receiving
PN is different from that of nonalcoholic fatty liver disease
(NAFLD). Intestinal-failure-associated liver disease (IFALD)
has been listed as one presentation of NAFLD.! However,
here we will demonstrate substantial differences between
IFALD and NAFLD in pathogenesis, risk factors, physiology,
histology, epidemiology, and natural history. Although IFALD
is similar to NAFLD in some respects, such as the presence of
steatosis, the overall clinical presentation of IFALD is quite
distinct from NAFLD. For example, IFALD is often character-
ized by low-plasma-free choline concentration, indicative of
choline deficiency, hepatic steatosis with cholestasis, and
rapid progression of the liver disease to hepatic failure,
followed either by an intestine-liver transplant or death. In
this review, nonalcoholic fatty liver and nonalcoholic steato-
hepatitis, abbreviated as NAFL/NASH, refer to both NAFL and
NASH, which together form the population of NAFLD.

Some experts believe that intestinal failure is an etiology
that leads to NAFLD, and that intestinal failure is indistin-
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Intestinal failure-associated liver disease (IFALD), formerly known as parenteral nutri-
tion-associated liver disease has often been listed in textbooks as an example of
nonalcoholic fatty liver disease (NAFLD). However, the etiology, pathophysiology,
epidemiology, histology, and progression differ substantially between the conditions
defined as NAFLD and the disease, IFALD. Therefore, IFALD should not be defined or
considered as a type or a cause of nonalcoholic fatty liver or nonalcoholic steatohepa-
titis, but rather as a distinct disease.

guishable from the more generic NAFLD associated with
obesity, metabolic syndrome, and diabetes. On the contrary,
a careful literature review reveals this dogma is incorrect and
that IFALD is a specific disease with a different pathophysiol-
ogy that is distinct from that of NAFLD. Moreover, IFALD is
characterized by a characteristic histology that can often be
differentiated from NAFLD in that IFALD consists of both
steatosis and cholestasis (which could be referred to as
steatocholestasis), whereas cholestasis is rarely noted in
NAFLD. Both diseases have only a single common clinical
characteristic, which is hepatic steatosis. IFALD and NAFLD
occur and develop via different pathological mechanisms and
in different patient populations. The vast majority of patients
with NAFLD never progress to develop NASH and more severe
liver disease,? whereas in IFALD the progression to clinically
significant liver disease is often rapid, and occurs in a
substantial percentage of the adults and children on long-
term PN, as discussed below.

Here we will distinguish IFALD as an objectively distinct
form of liver disease, and present evidence that IFALD is
highly associated with, and may possibly be explained by
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choline deficiency, whereas NAFL/NASH is highly likely to be
independent of choline deficiency. The frequency of choline
deficiency in chronic PN patients is 80 to 85%3* whereas
choline deficiency has never been reported to our knowledge
in either NAFL or NASH.

Definitions

Intestinal Failure

The term “intestinal failure” relates to a condition where a
patient is unable to absorb sufficient energy, nutrients, and
fluid to sustain life without receiving at least some PN. It was
most recently defined in the literature as “the reduction of gut
function below the minimum necessary for the absorption of
macronutrients and/or water and electrolytes, such that
intravenous supplementation is required to maintain health
and/or growth.” This situation occurs in a variety of malab-
sorption disorders such as short bowel syndrome, radiation
enteritis, refractory sprue, and various motility disorders.
Patients with intestinal failure who receive most of their
caloric intake parenterally are defined in this article as PN
patients. Long-term PN of a month or more often leads to liver
disease, which may be severe, and is the most common
complication of chronic PN associated with death in adults.®®

Intestinal Failure Associated Liver Disease

Intestinal failure-associated liver disease has been defined in
terms of hepatic enzyme abnormalities by the International
Small Bowel Transplant Association (ISBTA), now known as the
Intestinal Rehabilitation and Transplant Association (IRTA),
which is a subdivision of the Transplantation Society. Their
definition is “a persistent elevation of liver enzymes, alkaline
phosphatase and y-glutamyl transferase x 1.5 above the upper
limit reference range which persist for more than or equal to
6 months in adults and more than or equal to 6 weeks in
children.”'® Therefore, cholestasis, as defined by the elevation of
these liver enzymes (as well as by the histology discussed below),
is a very common finding in the majority of patients with IFALD.
In terms of biomarkers, imaging, and pathology, early IFALD is
defined by the IRTA as “total bilirubin will be less than 3g/L, and
hepatic ultrasound will show an echogenic appearance. If a liver
biopsy is performed, up to 25% of liver parenchyma will dem-
onstrate steatosis, or up to 50% portal tracts will show fibrotic
changes."10 Microvesicular steatosis is often noted in biopsy
samples from patients with IFALD and is also a distinguishing
characteristic. These reasonably accepted surrogate markers (i.e.,
cholestasis and steatosis as described above) for IFALD have been
well accepted within the community of professionals who treat
patients with this disorder. It is important to note that [FALD was
formerly termed parenteral-nutrition-associated liver disease
until 2002, when it was recognized that choline may be an
important factor in the etiology of IFALD in PN patients, as
opposed to the more complex theories that claimed IFALD was
related to parenteral toxicities in a parenteral admixture.'’~13

Nonalcoholic Fatty Liver Disease
Nonalcoholic fatty liver disease is defined by the guidelines of

the American Gastroenterological Association (AGA), the
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American Association for the Study of Liver Disease (AASLD),
and the American College of Gastroenterology (ACG), to
include those patients who have simple steatosis (NAFL), as
well as those patients who have steatosis plus hepatitis (i.e.,
NASH); both are described below.' The presence of hepatic
steatosis as outlined in the guidelines is based on either
imaging or histology. Secondary causes of fat accumulation
in the liver such as significant ethanol consumption, use of
known steatogenic medications, PN, or hereditary disorders
must be excluded to make the diagnosis for NAFLD. NAFLD
consists of the summation of those patients with NAFL and
those with NASH (NAFL/NASH).'#

Nonalcoholic Fatty Liver

As described by a multisociety consortium (AGA, AASLD, ACG),
the presence of NAFL indicates the absence of recent or ongoing
consumption of significant amounts of ethanol, and requires the
exclusion of PN, various steatogenic medications, and various
hereditary disorders.'* It is defined in terms of histological
abnormalities in a report that summarized conclusions from
an AASLD workshop held in 2009 to define and develop
endpoints for clinical trials in NAFL/NASH. Specifically, NAFL
was defined as “> 5% macrovesicular steatosis as evaluated by
light microscopic examination of a hematoxylin and eosin
stained liver section (4-5 pum thick) under a 10x objective
lens.”'>1® In addition, there is no evidence of hepatocellular
injury as defined by hepatocyte ballooning,'* and there is no
evidence of inflammation. Finally, cholestasis is rarely, if ever,
observed in patients with NAFL.

Nonalcoholic Steatohepatitis
The presence of NASH indicates the absence of recent or ongoing
consumption of significant amounts of ethanol, and requires the
exclusion of PN, and various hereditary disorders.'* It is defined
histologically as “the presence of > 5% macrovesicular steatosis,
inflammation and liver cell ballooning, typically with a predom-
inately centrilobular (acinar zone 3) distribution in adults.”'
This indicates the presence of steatohepatitis. Cholestasis is
rarely, if ever, observed in patients with NASH.

Note that patients with NASH are not receiving PN unless
there is an unrelated disease for which PN is indicated and used.

Cholestasis

Cholestasis is defined as a decrease in bile flow due to impaired
secretion of bile by hepatocytes or due to obstruction of bile
flow in intra- or extrahepatic bile ducts. (http://emedicine.
medscape.com/article/927624-overview; accessed July 31,
2015). It may be diagnosed histologically with a liver biopsy
supported by elevations of serum alkaline phosphatase and
aspartate aminotransferase or alanine aminotransferase. Cho-
lestasis is observed in a majority of patients with IFALD and
rarely, if ever, observed in NAFL/NASH patients.%7-%-11:17-23

Histology

Intestinal Failure-Associated Liver Disease
The presence of cholestasis is a hallmark of [FALD®7%:17:24 in
both pediatric and adult patients, and is not associated with
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NAFLD in the absence of another underlying condition.
Bowyer et al found that five of nine long-term PN patients
in whom liver biopsies were performed had cholestasis
histologically and four of the five cholestatic patients had
concomitant hepatic steatosis.® Stanko et al biopsied four
long-term PN patients who had elevated serum alkaline
phosphatase and hepatic aminotransferases and found
histological cholestasis and concomitant steatosis in all four
patients.” Among a group of 90 patients who required long-
term PN, Cavicchi et al observed that 72% had developed
biochemical evidence of cholestasis (defined as 1.5x the
normal upper value for at least two of three of the following
biochemical liver tests: serum y-glutamyltransferase, alka-
line phosphatase, and conjugated bilirubin that persisted for
at least 6 months) after a median of 6 years of PN (range
6-198 months).? Sixty-three (70%) of the 90 patients had at
least one liver biopsy. Seventy-six percent of these patients
had histological evidence of cholestasis; histological chole-
stasis was found in an additional three patients who had no
biochemical evidence of cholestasis.

A hallmark of IFALD is the concomitant presence of chole-
stasis and steatosis (=Fig. 1), although cholestasis may be
evident only biochemically. In the Cavicchi et al study, hepatic
steatosis (macro) was evident in 63% of patients with chronic
(defined as at least 6 months in duration) biochemical chole-
stasis, as well as in all patients who did not have chronic
biochemical cholestasis.” Forty (63%) of the patients who
underwent liver biopsy also had microsteatosis or phospholi-
pidosis. It cannot be ascertained from the data whether any of
these represented unique patients from those previously
reported from the same study with macrosteatosis. In a
retrospective review of 89 patients (including 53 infants)
who received long-term PN and had liver biopsies, Naini and
Lassman found 67% of patients had histological evidence of
cholestasis and 58% had steatosis, although this finding was
not differentiated into those with just macro- or microvesic-
ular steatosis or both.!” In the older children and adults (with

Fig. 1 Intestinal failure-associated liver disease (IFALD) with mixed
cholestasis as well as steatosis in zone 1.The portal tract on the top
right corner shows features of biliary obstruction with portal edema
and ductular reaction, a hallmark of IFALD.
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the 36 infants excluded), 74% of the patients who had a liver
biopsy had elevated serum alkaline phosphatase and 81% had
elevated hepatic aminotransferase concentrations.

Patients with IFALD may exhibit an uncommon and often
characteristic subtype of steatosis, namely a combination of
both macro- and microvesicular,’ which is not generally
observed in NAFL/NASH in the absence of chemical exposure
or other toxins, and a low rate of steatohepatitis. It is notable
that microvesicular steatosis in hepatic cells is observed in a
majority of IFALD patients. However, microvesicular steatosis
is not a common histological finding of NAFL associated with
obesity, diabetes mellitus, metabolic syndrome, etc.'>2> Mi-
crovesicular fatty degeneration refers to the presence of small
intracytoplasmic fat vacuoles (liposomes) that accumulate in
the hepatocyte. Many of these small fat vacuoles are diffusely
dispersed throughout the hepatocyte cytoplasm, and the
nucleus remains centrally placed.

Macrovesicular fatty degeneration occurs when there is a
single, bulky fat vacuole that distends the hepatocyte and
pushes the nucleus and cytoplasm to the side. This condition
is termed “macrovesicular steatosis.” Macrovesicular steato-
sis is commonly associated with NAFL.">2° From a pathologi-
cal perspective, macrovesicular steatosis implies a stable
equilibrated excess of hepatic triglycerides that in the major-
ity of patients, does not have a negative impact on cellular
function that could lead to disease. On the other hand,
microvesicular steatosis implies ongoing, active lipid turn-
over and metabolic instability, and mitochondrial injury.26-3°
Microvesicular fatty change is therefore a more ominous
histological finding than is its large-droplet counterpart
found in both NAFL and NASH (http://tpis.upmc.com/tpisli-
brary/dlp/Chap7frame.html; accessed July 30, 2015).

Histopathology

As mentioned, cholestasis is the most common histopatho-
logical finding in IFALD regardless of the patient’s
age.57:911.17-23 Histological findings (~Table 1) include

Table 1 Comparison of histological characteristics of IFALD vs.

NAFLD
IFALD NAFLD
Cholestasis No cholestasis

Macro- and microsteatosis Predominately

macrosteatosis

Steatosis in zone 1 Steatosis in zone 3

Features of biliary obstruction
(portal inflammation, edema,
ductular proliferation);
ductopenia

No features of biliary
obstruction or ductopenia

Steatohepatitis rare Steatohepatitis common

Sinusoidal fibrosis;
ballooned hepatocytes
with Mallory-Denk bodies

“ligsaw” pattern of fibrosis

Abbreviations: IFALD, intestinal failure-associated liver disease; NAFLD,
nonalcoholic fatty liver disease.
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from adults that participated in two studies conducted by
the NASH Clinical Research Network.?

« Rarely, steatohepatitis has been reported in IFALD adults,
particularly in early reports of IFALD®; isolated steatohe-
patitis without cholestasis is rarely observed in these
patients.>'” If steatohepatitis does occur in an IFALD
patient, it is usually accompanied by other characteristics
of IFALD, such as cholestasis. In contrast, the presence of
steatohepatitis, without cholestasis, is the primary finding
that defines NASH.

« Fibrosis leading to cirrhosis occurs in more advanced cases
of IFALD and begins with portal expansion.

» Ballooned hepatocytes with Mallory-Denk bodies, lobular
inflammation with lymphocytes and occasional spotty
areas of necrosis, and sinusoidal fibrosis around ballooned

Fig. 2 Intestinal failure-associated liver disease showing features of hepatocytes are characteristically encountered in NAFL/
biliary obstruction (i.e., portal expansion by neutrophils, portal ede- NASH (~Fig. 4).1>33-38
ma, and ductular reaction. « Anbiliary pattern of fibrosis/cirrhosis (with its characteris-

tic geographic “jigsaw” pattern of fibrosis) is a much more
common pattern of end-stage liver disease secondary to

« Features of biliary obstruction that are often present (65% IFALD than is regular cirrhosis secondary to NASH or
of patients)."” The underlying reason behind this histology chronic hepatitis (~Fig. 5). In IFALD, fibrosis begins via
is the presence of biliary sludge that occurs in nearly all
patients who undergo PN treatment. These include (1)
mixed portal inflammation with prominence of neutro-
phils, (2) portal edema, and (3) ductular proliferation
(~Fig. 2). Ductopenia occurs in ~10% of patients'” it refers
to the absence of bile ducts in more than 50% of the portal
tracts.

* Steatosis is more common in older children and adults
than in infants and neonates. The steatosis is macrovesic-
ular and is distributed in zone 1 (periportal), at least
initially,>®?3 although many of the patients also have a
microvesicular form. In contrast, steatosis and steatohe-
patitis in NASH are more commonly found in zone 3
(pericentral) (~Fig. 3). Extremely few reports have de-
scribed the occurrence of microvesicular steatosis in
NASH,?>3132 although Cotrim et al included primarily
subjects with hepatotoxic chemical exposure, which is
not a common etiology of NASH.3! Tandra et al found
evidence of microsteatosis in 10% of 1,022 liver biopsies

Fig. 4 (A) Nonalcoholic steatohepatitis (NASH) showing steatosis as
well as ballooned hepatocytes and Mallory-Denk bodies. (B) NASH
Fig. 3 Nonalcoholic fatty liver disease showing macrovesicular stea- showing pericellular/sinusoidal fibrosis around ballooned

tosis in zone 3. hepatocytes.
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Fig. 5 Intestinal failure-associated liver disease with biliary pattern of
cirrhosis.

portal expansion and progresses to periportal fibrosis and
extends later to portal-portal bridging fibrosis whereas
fibrosis in NASH occurs predominately in zone 3.

Pathophysiology of Intestinal Failure-Associated Liver
Disease

It was reported in 1972 that the normal hepatic trans-
sulfuration pathway for the metabolism of orally adminis-
tered methionine into choline and other products (e.g.,
cysteine) did not function at all when the methionine was
provided intravenously, such as via PN.3 In this study, the
plasma cystine concentration was substantially decreased
in normal volunteers when methionine was provided in-
travenously when compared with the cysteine concentra-
tions following enteral methionine administration. Plasma
cystine was measured in this study rather than plasma
cysteine because the former is a much more stable com-
pound. Cystine is formed from the oxidation of two cysteine
molecules. The blockage of normal hepatic transsulfuration
pathway when nutrients were given intravenously was also
reported by Chawla et al in 1985 and Sentongo et al in
2010.4%-41 Specifically, choline, as well as other products of
this pathway was significantly reduced in the plasma of
hospitalized children and adults who required intravenous
feeding, and was lowest in those patients with cirrhosis,
who have a substantially decreased ability to metabolize
methionine and synthesize choline. The reasons for this
blockage appear to be related to the fact that normal
metabolism of methionine to choline and other products
of the hepatic transsulfuration pathway requires first-pass
metabolism, which occurs only when methionine is ab-
sorbed enterally and transported via the portal circula-
tion.*? Therefore, unlike patients who can eat and absorb
methionine-containing food, those who receive all of their
nutrition from PN are unable to fully utilize the methionine
contained in PN to synthesize choline. In fact, human
studies have demonstrated that plasma methionine
concentrations range from high normal to elevated in PN
patients, illustrating the result of insufficient hepatic
methionine metabolism,40:43-44

IFALD vs. NAFL/NASH Buchman et al.

Plasma choline concentration is therefore reduced in IFALD
patients because

1. They do not absorb sufficient choline from the diet due to
their malabsorption.

2. They do not obtain choline from PN solutions, as none is
supplemented outside of the miniscule amount found
naturally in lipid emulsions.

3. They are unable to synthesize choline from the primary
substrate, methionine, which is present in PN solutions.
The reason for the failure of this pathway to function in
[FALD patients is discussed above.

In patients with IFALD, their below-normal plasma-free
choline concentration significantly correlates both with
hepatic biochemical abnormalities as well as with liver tissue
abnormalities in humans.>*>~*® Plasma-free choline was
below normal in 33 of 41 long-term PN patients in one study3
and in 18 of 21 in another* and the correlation between the
plasma-free choline concentration and degree of hepatic
steatosis in the Buchman study was r = -0.81, p < 0.001.4°

Several published studies show that animal models are
consistent with these observations in humans. For example, in
the short-term dietary manipulation studies of rodents in
which choline was artificially repleted in choline-deficient
animals, it is likely that these were really models of IFALD.
This is because repletion relates primarily to a state of choline
deficiency as found in IFALD, and not to one of choline excess as
is often found in NAFL*° This further suggests that the
methionine-choline-deficient rodent model used to simulate
NASH according to some authors®®°" is in actuality a model of
IFALD and not a model simulating NASH. Similarly, artificially
induced IFALD will result from choline deficiency, for example,
when rodents are maintained on choline-free PN as their sole
source of nutrition.”? It is of note that this choline-free PN
model shows that a method of inducing liver disease is to cause
choline deficiency; however, in the short-term choline-defi-
cient diet model, repletion of choline was utilized as a treat-
ment regime. Both of these models provide evidence that
insufficient choline has a causal link to the development of
hepatic steatosis, and choline repletion can reverse the impact
of a choline-deficient diet. Furthermore, mice provided with
choline-deficient diets do not develop the insulin resistance
associated with NAFL/NASH,>>°* although one study sug-
gested insulin resistance did develop in rats fed a choline-
deficient diet.”® However, those rats also became obese, which
is certainly not characteristic of the long-term PN patient.

Recently, a true model of NASH was created by feeding LCT
a(—/— ) mice a choline-sufficient, but high-fat diet.>® Im-
paired hepatic phosphatidylcholine synthesis occurred in
these mice due to the liver-specific elimination of phospho-
choline cytidylyltransferase. The elimination of phosphocho-
line cytidylyltransferase prevented the metabolism of choline
in this pathway and resulted in decreased hepatic very-low-
density lipoprotein secretion, which in turn resulted in the
development of hepatic steatosis, although without immedi-
ately causing steatohepatitis. However, within a week of
feeding mice this high-fat diet, NASH did develop. Treatment
with parenteral choline was attempted, but this failed to
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either prevent or to treat the steatohepatitis. This is further
evidence that choline deficiency does not cause NASH; there-
fore, choline therapy also does not appear to be a suitable
treatment in patients with NASH. These animal studies
provide further evidence of the differences between IFALD
and NASH.

In contrast to IFALD, where the plasma-free choline con-
centration is very low, suggestive of choline depletion, the
plasma-free choline concentration is normal to elevated in
NAFL/NASH.>’~>° Moreover, the concentration of choline
increases rather than decreases as the severity of hepatic
histology worsens (n = 65).°” In fact, Nehra et al>® concluded,
“Neither choline deficiency nor celiac sprue by anti-endomy-
sial antibody testing was associated with NASH” in the Mayo
Clinic NASH population. Furthermore, Imajo et al found
plasma-free choline concentrations were higher in patients
with NASH (n = 110) than in other liver diseases.>’ Therefore,
there is no evidence that the hepatic transsulfuration path-
way (which is intimately involved with choline synthesis) is
impaired in patients with NASH.

Therefore, in contrast to the three reasons for observing
choline deficiency in IFALD patients (see above), NAFL/NASH
patients have a normal or elevated choline level because they

1. Do not have malabsorption of nutrients including choline

2. Are not receiving PN and are able to maintain an enteral
diet with sufficient choline

3. Have a normal hepatic transsulfuration pathway and are able
to synthesize choline from an orally consumed methionine
substrate, whereas [FALD patients have malabsorption and
cannot absorb and utilize methionine from their diet

Therefore, the evidence to support the theory that choline
deficiency contributes to the etiology of IFALD includes

1. The use of a choline-deficient diet in rodents to create a
liver disease model

2. Choline deficiency results in reduced synthesis of phos-
pholipids, lipid transport, and increased intracellular lip-
ids, and the development of hepatic steatosis in animal
models.

3. The very high frequency of choline deficiency in PN
patients

4. The reduction of steatosis and other markers of liver
disease in choline-supplemented PN patients and recur-
rence of steatosis when choline is removed from their PN
in preliminary studies

Although in rodent models, choline deficiency is associat-
ed with mitochondrial abnormalities,>®®° the fact that cho-
line levels in patients with NASH are normal or even elevated
precludes choline deficiency as a cause for the mitochondrial
abnormalities encountered in NASH.®'

Risk Factors and Epidemiology

Risk Factors and Etiologies|Comorbidities

A diagnosis of IFALD requires that the patient is receiving PN,
whereas a diagnosis of NAFL/NASH prohibits PN. The follow-
ing conditions/risk factors are generally associated with the
presence of NAFL or NASH, but not IFALD or in patients who
require PN (=~Table 2):

* Obesity (body mass index [BMI] > 30): The prevalence of
hepatic steatosis in very obese patients (BMI > 40 or > 35
with comorbidities) may be as high as 85%,%27%° whereas
the average BMI of PN patients is stable at an approximate
mean value of 21.°® This indicates that obesity rarely, if
ever, occurs during PN. Recent data have shown that
although NASH may occur in a nonobese population, it
is uncommon, and when it occurs, it is still associated with
insulin resistance and dyslipidemia, in addition to in-
creased waist circumference. In addition, nonobese pa-
tients with NAFL rarely if ever progress to NASH or
advanced fibrosis.®’ Therefore, the nonobese patient
with NAFL remains distinct from a patient with IFALD.

» Type II diabetes mellitus with insulin resistance/hyper-
insulinemia: Upwards of 75% of those with type 2 diabetes
may have hepatic steatosis,®®~’! whereas there are no
reports that the frequency of type II diabetes in IFALD is
different than that in the general population. Studies in
humans have reported that insulin resistance is actually
reduced in hospitalized patients who required PN.’>73
One study reported that although PN use was not associ-
ated with decreased insulin resistance, PN had no effect.”*

Table 2 Comparison of pathophysiology and risk factors of IFALD vs. NAFLD

IFALD

NAFLD

Severe nutrient and medication malabsorption

No nutrient or medication malabsorption

Parenteral nutrition required

Patients on parenteral nutrition excluded

| Plasma-free choline concentration

Normal or Tplasma-free choline concentration

No obesity; BMI normal to low

Obesity prevalent

1 Plasma cholesterol concentration

Hyperlipidemia

Metabolic syndrome not reported

Metabolic syndrome common

No insulin resistance

Insulin resistance present

No known cause by medications

Several medications can cause NAFLD

Abbreviations: BMI, body mass index; IFALD, intestinal failure-associated liver disease; NAFLD, nonalcoholic fatty liver disease.

Seminars in Liver Disease  Vol. 37 No. 1/2017

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Furthermore, patients who have cycled PN (i.e., periods on
and off PN during a 24-hour period) have an appropriate
insulin response to sustained hyperglycemia, and insulin
sensitivity is not affected.”

* Hyperlipidemia: Approximately a third of patients with
hyperlipidemia have NAFL.”® One well-characterized case
series reported a prevalence of hyperlipidemia (increased
triglycerides, total cholesterol, or high-density lipopro-
tein) in 96% of patients with NASH.”’

+ Metabolic syndrome’3-8%: Metabolic syndrome has not
been reported in long-term PN patients, but is common in
NAFLD.

» Drugs: NAFL/NASH has been associated with methotrex-
ate, amiodarone, tetracycline, valproic acid, tamoxifen, and
nucleoside analogues, as well as some toxins such as
carbon tetrachloride, perchloroethylene, ethyl bromide,
and petrochemicals.’

These common etiologies of NAFL/NASH (e.g., obesity,
metabolic syndrome, hyperlipidemia, and noninsulin-depen-
dent diabetes mellitus [NIDDM]) are rarely reported or
observed in cases of long-term PN. For example, obesity
and metabolic syndrome have not been reported in long-
term PN patients, although short bowel syndrome and a
subsequent requirement for long-term PN is a rare but
recognized complication of bariatric surgery.2' Blood choles-
terol concentrations are generally lower than normal, even
strikingly so (e.g., < 100 mg/dL) in patients who receive long-
term PN.82:83 However, blood cholesterol is usually substan-
tially elevated in patients with NASH. It is also unusual to
encounter patients with NIDDM on long-term PN (no such
patients were reported in the medical literature). In addition,
NAFL/NASH patients often have normal or elevated plasma-
free choline concentration.’”->® These characteristics of NAFL/
NASH further serve to distinguish IFALD from NAFL/NASH.

Prevalence

Although the precise number of patients who are receiving
long-term PN in the United States is unknown, it has been
estimated that this number is approximately 50,000 individu-
als. Data derived from the OASIS Registry sponsored by the
Oley Foundation (Albany, NY) registry and Medicare home PN
(HPN) payments from 1989 to 1992 (the most recent data
available) were used to estimate the number of Medicare HPN
consumers at a rate of ~238 per million.8* Because Medicare
recipients comprised 25% of the population sample, it was
further extrapolated that in 1992 there were 40,000 patients

IFALD vs. NAFL/NASH Buchman et al.

who received HPN in the United States.3* However, it was also
noted that this number included many cancer patients who
received short-term PN.248° In fact, the annual growth in HPN
of 8% was primarily due to the increased number of cancer
patients being discharged from the hospital on HPN. The
number of new patients with long-term disorders such as
short bowel syndrome was relatively constant. Therefore,
based on the above indication of prevalence of IFALD among
PN patients and the Cavicchi et al data of IFALD prevalence (60%
after 2-4 years), the estimated total number of patients
(including infants and children) with IFALD is as great as
50,000.° It is also noted that children also make up a substantial
number of long-term PN patients, although their exact per-
centage of the total HPN population is unknown. We suggest
that the number of adults with IFALD is likely to be between
5,000 and 20,000. Therefore, IFALD is a rare disease according
to the U.S. Food and Drug Administration’s definition of a rare
disease, which is based on having a prevalence of fewer than
200,000 patients in the United States.

Natural History and Prognosis

Intestinal-failure-associated liver disease affects a very
limited number of patients in comparison to NAFL/NASH,
but is more rapidly progressive and results in a substantially
higher mortality rate (=Table 3). Cavicchi et al reported that
65% of their 90 patients developed IFALD, manifested by
chronic cholestasis after a median period of 6 months, and
their disease progressed over time to more severe liver
disease (~Table 4).° Of these IFALD patients, 34% (22% of all
90 in the study) died due to end-stage liver disease (ESLD), as
a result of IFALD. A full 50% of their patients developed
complicated liver disease, which was defined as portal
hypertension, portal fibrosis or cirrhosis on biopsy, total
serum bilirubin concentration > 3.5 mg/dL for at least one
month, ascites, hepatic encephalopathy, variceal hemorrhage,
or a factor V concentration < 50% after 6 years of PN.
Stanko and colleagues reported that four of six patients
with short bowel syndrome during the time they received PN
developed progressively increased hepatic aminotransferase
and alkaline phosphatase concentrations, and all four had
steatosis, cholestasis, and periportal inflammation. Further,
all died within one year of diagnosis.” Chan et al found 15% of
their 42 adult patients on long-term PN at the Beth Israel
Deaconess program in Boston developed IFALD that pro-
gressed to ESLD, and all died within a relatively short period.?
A survey of European intestinal failure centers found liver
failure was the complication of PN that had the greatest risk of

Table 3 Comparison of epidemiology and natural history of IFALD vs. NAFLD

IFALD

NAFLD

65% Prevalence in the long-term PN population

< 1% Prevalence in long-term PN patients

15-34% death rate within 18-4° y

Rapid onset of death is extremely rare postdiagnosis

Cirrhosis develops in as little as 3-5 mo after chronic PN initiated

Cirrhosis takes 10-20 y to develop

Abbreviations: IFALD, intestinal failure-associated liver disease; NAFLD, nonalcoholic fatty liver disease; PN, parenteral nutrition.
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Table 4 Progression of IFALD in 90 Patients on Long-Term PN?®

#y Prevalence of Prevalence of

on PN IFALD (%) severe liver disease® (%)
2 55 26

4 64 39

6 72 50

8 NA 53

Abbreviations: IFALD, intestinal failure-associated liver disease; NA, not

applicable; NAFLD, nonalcoholic fatty liver disease; PN, parenteral
nutrition.

“Total number of deaths from IFALD at 8 years was 22%.

bA diagnosis of severe liver disease was defined by (1) extensive portal
fibrosis (grade 2), (2) cirrhosis (grade 3), (3) portal hypertension, (4)
ascites, (5) variceal hemorrhage, (6) portal hypertensive bleeding, (7)
hepatic encephalopathy, and/or (8) liver failure (factor V < 50%).

death—substantially greater than that from infection.®® In PN
patients, cirrhosis has been reported to develop in neonates in
as little as 32! or 5 months,'” although progression is slower
in adults.’ This compares with 10 to 20 years that it takes for
patients with NASH to develop to cirrhosis. Intestinal-failure-
associated liver disease therefore represents a more rapidly
progressive and potentially fatal deterioration of hepatic
function than is observed in either NAFL or NASH. End-stage
liver disease, with or without cirrhosis, usually leads to liver
transplantation, small bowel transplantation, or death. In
IFALD, biliary cirrhosis (with its geographic “jigsaw” pattern
of fibrosis) is a more common pattern of ESLD, than is
cirrhosis secondary to NASH. This type of biliary cirrhosis is
secondary to cholestatic injury. Animal studies have shown
bile flow is decreased during PN therapy.®’-8° Biliary sludge
formed secondary to bile stasis is a well-described complica-
tion of PN.°®°1 Messing et al reported bile sludge to be
present in all adult patients who had been on PN for more
than 6 weeks.”® Animal data suggest that the provision of
choline increases bile flow.%2

Impending liver failure is the single most common indica-
tion for isolated small intestinal transplantation.’® Liver
failure during long-term PN requires a combined liver-intes-
tine transplant, given that continued malabsorption of
nutrients will lead to recurrent and steadily worsening
hepatic insult. Isolated intestinal transplantation has led to
the reversal of IFALD, substantiating the role of nutrient
malabsorption as a (or the) primary cause for IFALD.'%%
On the other hand, there is no medical basis for considering
intestinal transplantation as a method to treat NASH because
there is no evidence of malabsorption in NASH. The malab-
sorption of essential nutrients is the primary reason why
choline deficiency occurs in PN-dependent patients, but not
in patients with NAFL or NASH.

In contrast, current medical opinion suggests NAFL can be
considered as the hepatic manifestation of metabolic syn-
drome, and the simple steatosis that makes up NAFL does not
affect survival.?® For example, Adams et al found that only 5%
of 440 patients with NAFL developed cirrhosis after a mean
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follow-up time of 7.6 years®®—a far lower progression rate
over a much longer period than is the case with IFALD as
noted above. In this study, only 1.7% of deaths in patients who
went on to develop NASH were related to liver disease
(compared with 22% in two studies of IFALD patients noted
above). In an even longer study, only a single patient out of
109 patients with NAFL developed cirrhosis, and it took over
16 years. It was clear that the survival of patients in that group
did not significantly differ from the normal population.’’ In
another study, only 6 of 92 (6.5%) patients with NAFL devel-
oped cirrhosis during a mean follow-up of 13.4 years.’®
Notwithstanding these observations, one recent study sug-
gested that potentially up to 40% of patients with NAFL
(N = 108 in this study) may progress to NASH after a mean
of nearly 7 years, although progression to cirrhosis and death
was not described.’® However, even the higher progression
rate for NAFL in this one study does not indicate a prognosis or
progression at the high rate that is evident in patients
with IFALD.

Although most patients with NAFL have pure hepatic
steatosis without inflammation and are reported to have a
benign clinical course, 15 to 25% of those who progress from
simple steatosis to NASH continue to progress to cirrhosis and
its complications over a relatively long period of 10 to 20 years
(http://www.clevelandclinicmeded.com/medicalpubs/disea-
semanagement/hepatology/nonalcoholic-fatty-liver-disease/
Default.htm; accessed July 30, 2015). Further, once simple
steatosis has progressed to NASH, additional progression is
much more protracted than that observed in patients with
IFALD, and only a minority of patients with NASH eventually
develop more severe liver disease. The literature also dem-
onstrates that survival is substantially greater in patients with
NAFLD, including those who progress to NASH, when com-
pared with patients with IFALD.

Diagnosis of IFALD Based on Clinical History,
Hepatic Enzymes, Histology, and Plasma-
Free Choline Concentration

A patient is considered to be diagnosed with IFALD if he or she

1. Requires long-term PN, and

2. Has evidence of cholestasis in a liver biopsy or by elevated
alkaline phosphatase liver isoenzyme, and/or

3. Has evidence of steatosis in a liver biopsy or by imaging
techniques, and

4. Has a low plasma-free choline concentration, and

5. Has no major risk factor for NAFL/NASH (i.e., obesity,
metabolic syndrome, hyperlipidemia, insulin resistance,
NIDDM) (B.V. Naini, 2015, Personal Communication).

Alkaline phosphatase was found to be a validated and
reasonably accepted biochemical indicator of cholestasis.'%°
Elevation of the alkaline phosphatase liver isoenzyme had a
sensitivity to detect cholestasis of 98% and a specificity of 92%
among 110 patients with hepatobiliary disease.'®! Further-
more, the alkaline phosphatase liver isoenzyme had a positive
predictive value of 90%, a negative predictive value of 98%,
and a validity of 95% in this study.
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Summary of the Differentiation between
IFALD and NAFL|NASH

Based on the evidence presented here, there are several
characteristics that can be used to differentiate patients
with IFALD and NAFL/NASH (~Table 5):

1. High frequency of choline deficiency in IFALD versus
choline sufficiency or excess in NAFL/NASH

2. High frequency of cholestasis in IFALD versus the absence
of cholestasis in NAFL/NASH

3. High frequency of severe liver disease in IFALD versus low
frequency in NAFL/NASH

4. Rapidly progressive liver disease with a poor prognosis for
patients with IFALD versus those with NAFL/NASH

5. High frequency of malabsorption in patients with IFALD
versus virtual nonexistence in those with NAFL/NASH

6. High frequency of microvesicular fat cells in IFALD versus
an extremely low frequency in the fat cells of patients with
NAFL/NASH

7. Obesity, metabolic syndrome, NIDDM, and hyperlipidemia
are virtually nonexistent in patients with IFALD versus
having a high frequency in those with NAFL/NASH.

8. Insulin resistance is a characteristic of patients with NAFLD,
but insulin resistance is suppressed in conditions where
there is choline deficiency and is not exacerbated by PN.

The medical literature substantiates the fact that IFALD is
highly associated with PN and is a completely different
disease than NAFL/NASH. Intestinal-failure-associated liver
disease has a very different histology, pathogenesis, etiology,
and epidemiology—and in addition, a substantially worse
prognosis. In fact, AGA, ACG, and AASLD society guidelines
specifically state that NAFL/NASH does not include IFALD.'*

Cholestasis is a hallmark of most cases of IFALD, but is not
present in NAFL/NASH. Microvesicular steatosis is common in
IFALD and rare in NAFL/NASH. Metabolic risk factors (e.g.,
obesity, dyslipidemia, insulin resistance) that help define
NAFL/NASH are not characteristic of patients who require
long-term PN. The available data suggest that choline defi-
ciency is a factor that leads to chronic IFALD and that choline
deficiency is not a cause of, nor associated with, NAFL/NASH
in humans. There is little potential for overlap between a
diagnosis of IFALD and NAFL/NASH using the criteria de-
scribed herein. The scientific evidence does not support the
view that choline would be a useful therapy for NAFL/NASH,
whereas there is a scientific basis for its use in IFALD.
Therefore, it is concluded that IFALD is a distinct disease
from NAFLD (i.e., NAFL and NASH).

Main Concepts and Learning Points

* Intestinal-failure-associated liver disease is characterized
by the presence of cholestasis on liver biopsy OR an
elevated serum alkaline phosphatase, AND/OR the pres-
ence of hepatic steatosis by histology OR imaging in the
setting of intestinal failure with requirement of PN and in
the absence of metabolic syndrome.

Table 5 Overall comparison of typical presentations of IFALD, NAFL, and NASH

IFALD vs. NAFL/NASH

High BMI, diabetes, hyperlipidemia, metabolic syndrome,

specific associated medications, elevated choline
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Intestinal-failure-associated liver disease differs substan-
tially from NAFLD, which is comprised of NAFL and NASH,
on the basis of pathophysiology, risk factors, histology,
epidemiology, prevalence, natural history, and prognosis.
Plasma-free choline concentration is substantially de-
creased in IFALD and normal or elevated in NAFLD.

Abbreviations
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AGA American Gastroenterological Association
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IRTA Intestinal Rehabilitation and Transplant
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NIDDM  noninsulin-dependent diabetes mellitus

PN parenteral nutrition
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