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Nathan M. Bass, M.B. Ch.B., Ph.D., FA.C.P, FA.A.S.L.D.

The association of maniacal behavior with jaun-
dice was clearly described in antiquity by Hippocrates
(ca. 460-370 BCE) in his Prognostics and Prorrhetics.'?
Celsus and Galen in Rome (first and third centuries CE,
respectively) both similarly noted this syndrome.? In the
Hippocratic Corpus, the author(s) observed that “those
who are mad from phlegm are quiet and do not cry
or make a noise; but those from bile [presumably yel-
low bile, the “choleric humor,” as shown in Fig. 1] are
vociferous, malignant and will not be quiet.”® Meat in-
tolerance of patients with cirrhosis had been observed
previously in Anglo-Saxon medicine* by Emile Jules Louis
Parmentier (1860-1940), a Parisian neurologist (Fig. 2),
in his Doctoral Thesis in Medicine on cardiac cirrhosis.
But as brought to attention in 1955° and again posthu-
mously in 1978 by the quintessentially English physician
William Hedley John Summerskill. (1926-1977)° (Fig. 3)
of later legendary Mayo fame, it was the Bard himself
(aka William Shakespeare) who Summerskill first cred-
Nathan M. Bass ited>’ with the poetic observation, in 1602, of the dietary

Abbreviations: BCAA, branched-chain amino acid; Cl, confidence interval; EASL, European Association for the Study of the Liver;
GABA, gamma aminobutyric acid; HE, hepatic encephalopathy; I.V.C., inferior vena cava; PSE, portosystemic encephalopathy; v.,
vein.

From the Department of Medicine, University of California, San Francisco, San Francisco, CA.

Potential conflict of interest: Nothing to report.

Received March 23, 2021; accepted March 26, 2021.

Additional Supporting Information may be found at onlinelibrary.wiley.com/10.1002/cld.1119/suppinfo.

View this article online at wileyonlinelibrary.com
© 2021 by the American Association for the Study of Liver Diseases

49 CLINICAL LIVER DISEASE, VOL 18, NO S1, OCTOBER 2021 An Official Learning Resource of AASLD


mailto:﻿
https://en.wikipedia.org/wiki/Aulus_Cornelius_Celsus
http://onlinelibrary.wiley.com/10.1002/cld.1119/suppinfo
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcld.1119&domain=pdf&date_stamp=2021-10-29

A Brief History of Hepatic Encephalopathy Bass

FIG1 Image of woodcut from Physiognomische Fragmente zur Beférderung der Menschenkenntnis und Menschenliebe (1775-1778) by
Johann Kaspar Lavater; depictions of the four humors: phlegmatic and choleric, sanguine and melancholic.

precipitation of encephalopathy in the personality of the
lush of Twelfth Night character Sir Andrew Aguecheek
(Fig. 4), the dimwitted, vain, and clownish knight, who
himself notes:

Methinks sometimes | have no more wit than
a Christian or an ordinary man has, but |

am a great eater of beef, and | believe that
does harm to my wit. (Act 1, Sc. Ill.)

Well, perhaps.

A more rigorous exposition was provided in 1761 by
Giovanni Battista Morgagni (Fig. 5), Professor of Theoretical
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Medicine in Padua, Italy, who wrote about the fate of an
alcoholic Venetian nobleman, subsequently shown at
postmortem to have cirrhosis of the liver, whose death was
preceded by ascites, agitation, somnolence, violent delir-
ium, and coma, thus providing the first recording of the
progression of the disorder through a series of worsening
stages.’ In 1860, Friedrich Theodor von Frerichs, in his A
Clinical Treatise on Diseases of the Liver®® (Fig. 6A), de-
scribed his experience with several patients diagnosed
with cirrhosis—and some with acute liver failure—who
manifested altered consciousness, “noisy” delirium, deep
coma, and death. In his renowned first English textbook of
liver disease (Fig. 6B), George Budd'® also reported his fa-
miliarity with the phenomenon of liver disease patients
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FIG 2 Photograph of Emile Jules Louis Parmentier in 1890.

who had cerebral symptoms, mostly associated with jaun-
dice that in one way or another he attributed to reduced
bile secretion and that he concluded was secondary to
sudden and severe emotional distress in some cases, al-
though by no means in all cases. In the second edition of
his exhaustive textbook on liver disease (Fig. 6C), in partic-
ular in his Croonian Lecture XV at the Royal Society and
Royal College of Physicians, Charles Murchison,'"” the very
same who had translated Frerich’s treatise on liver disease
(Fig. 6A), discussed extensively, but inconclusively, the
pathogenesis of the cerebral symptoms of advanced liver
disease, which he referred to as “the typhoid state.”'’
Murchison’s uncertainty about the mechanism of cerebral
dysfunction in acute or chronic liver disease even when

*Fellow of the Royal College of Physicians; President of the
Pathological Society of London; Physician and Lecturer on the
Principles and Practice of Medicine, St. Thomas's Hospital; Vice-
President and Consulting Physician, London Fever Hospital;
Examiner in Medicine, University of London; formerly Physician
and Lecturer on Medicine, Middlesex Hospital; and on Medical
Staff HM Bengal Army.

51 CLINICAL LIVER DISEASE, VOL 18, NO S1, OCTOBER 2021

A Brief History of Hepatic Encephalopathy Bass

FIG3 Theincomparable William Hedley John Summerskill, Mayo's
celebrated hepatologist and Director of the Gastroenterology
Unit until his untimely demise in 1977,° demonstrating the
characteristic “flapping” hand tremor of HE. Photo reproduced
with permission from Mayo Foundation for Medical Education and
Research. All rights reserved. Watch here a video demonstrating
asterixis. Reproduced with permission from New England Journal
of Medlicine.>® Copyright 2010, Massachusetts Medical Society.

jaundice was mild was in accord with Frerichs’s puzzlement
before him, who noted: “It still remains for us to allude to
the causes of the nervous symptoms.”® Indeed, that
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FIG 4 Sir Andrew Aguecheek (left) with red stockings and
doublet of despised yellow, standing next to his so-called friend Sir
Toby Belch (right) in the third act of William Shakespeare’s comedy
Twelfth Night, or What You WIill. Sir Toby, an aptronymically
named flatulent drunkard and glutton, misused Sir Andrew’s
generosity and gullibility and milked him for approximately two-
thirds of his stated income. Painting by Francis Wheatley (1771).

protracted journey had already commenced, although
Frerichs narrowly missed discovering the role of ammonia
in its pathogenesis despite having precipitated convulsions
in dogs by injecting them with ammonium carbonate. At
the beginning of the 19th century, the stage was actually
set for understanding the pathophysiological basis of what
was originally termed “hepatic coma,” when Scottish phy-
sician William Saunders (1743-1817), Fellow of the Royal
College of Physicians of the Royal Societies of London and
Edinburgh and Senior Physician to Guy’s Hospital, inferred
a relationship between the brain and the liver, as embod-
ied in the observation in his textbook of liver diseases'?
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FIG5 Giovanni Battista Morgagni’s seminal work, Desedibus et
causis morborum per anatomen indagatis (Seats and Causes of
Disease Investigated by Means of Anatomy), published in Venice
in 1761. Image Source: The Rare Book, Health Sciences Library
System, University of Pittsburgh, Pittsburgh, PA.

(which was the substance of his 1792 Gulstonian Lecture
to the Royal College of Physicians): “There seems much
sympathy between the brain and the liver, and in maniacal
persons, in whom there is generally a defection in the se-
cretion of bile.” Aside from some isolated reports in 1833
to 1834,"' 3 liver-brain connection was not pursued
until the second half of the 19th century.

The study of portosystemic shunting in the pathogene-
sis of hepatic encephalopathy (HE) was initiated in 1877 by
a two-page report from a 28-year-old Russian surgeon by
the name of Nikolai Vladimirovich Eck (Fig. 7), who created
total portocaval shunts in eight dogs, seven of which died
within a week.”'®"” The survivor lasted 2 and a half
months and then bolted to freedom, never to be seen or
heard of again. Undeterred by this largely dismal outcome,
and, perhaps, in the first hint at the cynical aphorism, “the
operation was a success but the patient died,” Eck de-
clared the operation “perfectly safe” to be “carried out on
human beings.” Although the eponymous “Eck fistula”
assured the young surgeon his place in history, he made no
observations pertinent to neurological impacts of the oper-
ation and performed no further experiments, as he had
been called up to serve in the Russian army. Nonetheless,

This episode in the surgical history of portal hypertension is dis-
cussed in the current series' by the esteemed liver surgeon
Michael Henderson and his collaborator Christopher Anderson,
both of the University of Mississippi Medical Center, Jackson,
Mississippi.
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FIG 6 Title pages of historic textbooks on liver disease by A. Friedrich Theodor von Frerichs: 1860 German version translated by Charles
Murchison, New York edition, 1879 (A); George Budd, London, 1845 (B); and Charles Murchison, second edition, London, 1877 (including

the Croonian Lectures) (C).

his work inspired a series of detailed, scientifically rigorous
experiments carried out in the laboratory of Ivan Petrovich
Pavlov (Fig. 8), better known for his work on digestive
physiology and the “conditioned reflex” for which he re-
ceived the Nobel Prize in Physiology or Medicine in 1904.
Pavlov and his team'® noted that following the fashioning
of an Eck fistula in dogs, they became irritable, stuporose,
and ataxic when fed protein, leading to the coining of the
term “meat intoxication.” It was also noted that continued
protein feeding led to death, whereas if it was stopped,
they made a full recovery. Most notably, these investigators
explored the role of nitrogen, and specifically ammonia, in
the pathogenesis of the observed disorder by precipitating
it with the administration of ammonium chloride or so-
dium carbamate.’

The first portocaval shunt, following Eck’s procedure,
in a human was performed by Vidal in 1903 in a patient
with unrelenting hematemesis.'”'® Vidal’s commentary
regarding the postoperative course is truly remarkable:
"“Elaboration of albuminoides in the digestive tract has pro-
duced as we know an abundant production of ammoniacal
substances which are toxic for the organism when the liver
is no longer there to guard against this danger and trans-
form them into urea and other waste products. Even in
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limited amounts, these substances produce sweats, muscu-
lar trembling, intense anxiety, cardiac arrhythmias—briefly
a presentation characteristic of ammonia intoxication. The
subject must return to the almost exclusive absorption of
fats and hydrocarbons (sugars, various cereals, potatoes,
etc.). This is the principal danger of total exclusion.” In this
brief paragraph, Vidal anticipated the systematic elucida-
tion, over the next five decades, of the role of ammonia
and the dietary management of HE. Key supportive ele-
ments for the hypothesis that ammonia from the gut es-
capes removal by the diseased liver were the observation by
Matthews that feeding ammonium salts to dogs with Eck
fistula induced neurological symptoms?® and the appreci-
ation of the liver's role in converting ammonia to urea.?'

The description of the urea cycle in 1932 by Krebs
and Henseleit?® would further pave the way to a bet-
ter understanding of the role of ammonia in the neuro-
psychiatric syndrome complicating liver disease and its
mitigation by therapeutic intervention. The 1930s and
1940s saw a proliferation of studies describing the clin-
ical manifestations of “hepatic coma” (the commonly
used term at the time, coupled to the concept of “he-
patic precoma”) in patients with cirrhosis, both with and
without surgical portal systemic shunts, and explored
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FIG 7 Nikolai Vladimirovich Eck.

the role of ammonia and its nitrogenous precursors in
its pathogenesis.?® In 1953, Adams and Foley?® gave a
detailed description of the behavioral, neuromuscular,
and electroencephalographic features of hepatic coma.
They noted hyperreflexia, increased neuromuscular tone,
and the characteristic “flapping tremor” or “liver flap,”
sometimes likened to the beating of a bird’s wing or fli-
gelschlagen, although it was not unique to the patient
with advanced liver disease (Fig. 9). After consulting with
a Jesuit classics scholar friend from Boston over a glass
or several of Metaxa, Foley formulated the term asterixis
from the Greek, roughly translating as “an inability to
maintain a fixed position.”?* Here, it is worth mentioning
that asterixis is technically not a tremor but a form of
negative myoclonus in which there are irregular abrupt
lapses of muscular tone that reflect involuntary pauses
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FIG 8 Ivan Petrovich Pavlov (1849-1936). Courtesy of the
National Library of Medicine (https:/collections.nlm.nih.gov/catal
og/nlm:nlmuid-101426180-img).

in electromyographic activity. Foley also described a fine
tremor of the outstretched fingers, or mini-asterixis, that is
often overlooked by an inattentive examiner. In those ex-
citing early days of astute clinical observations, much was
made of the “fetor hepaticus,” a peculiar odor sensed on
the breath of patients, that became associated with he-
patic coma.? Several creative and rather fanciful descrip-
tions of the fetor were proposed (Table 1), some actually
leading to the implication, by the most gifted sniffers, of
specific chemical substances in the neuropathogenesis of
HE. The ability to accurately detect this olfactory clinical
sign is highly variable among clinicians, and there is little
reliance on it these days as a diagnostic aid. However,
even the most nasally challenged would have no difficulty
distinguishing a fetor hepaticus from the odor of rotting
fish that characterizes the syndrome of trimethylaminuria
recognized by none other than the Bard in 1610, in the
person of the slave Caliban in The Tempest. The fish odor
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FIG 9 Asterixis. With the patient instructed to hold their hands
in a dorsiflexed position, a burst of rapid, involuntary flexion-
extension movements at the wrist is observed, corresponding
to the sudden loss and recovery of the extensor muscle tone.
The arrows show the direction of the “flapping” motion when
the hand is dorsiflexed. Watch here, a video demonstrating
asterixis. Reproduced with permission from New England Journal
of Medicine.>® Copyright 2010, Massachusetts Medical Society.

syndrome?® is due to an autosomal recessive inherited
deficiency of hepatic flavin monooxygenase 3, the vital
enzyme for the metabolism of the malodorous trimethyl-
amine, which is formed by colonic bacteria from odorless
trimethylamine-N-oxide and other dietary precursors and
enters the enterohepatic circulation to be converted to
the odorless oxide.

A seminal series of contributions then came from
the group in London led by arguably one of the most
formidable hepatologists, physicians, researchers, and
women of all time, Sheila Patricia Violet Sherlock, D.B.E.,
FR.C.P, ER.C.PE., ER.S., HERS.E.,, EM.G.A., FC.R.G.A.
(Fig. 10).?® The group around (the future Prof. Dame)
Sheila Sherlock (1918-2001), in which the young Bill
Summerskill played a significant part, elucidated the role
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TABLE 1. FETOR HEPATICUS®

Fanciful descriptions:

“Pungent, like a small bit of decaying liver”
“Peculiar musty smell”
“Smelling like mice”
“The smell of a freshly opened corpse”
“A mixture of roften eggs and garlic”
“A scorched, fruity odor”

Chemical subsfances suggested by the odor:
Amines
Indoles
Methyl mercaptan
Dimethyldisulfide
Short-chain fatty acids

FIG 10 Prof. Dame Sheila Sherlock. Reproduced by kind
permission from the Sheila Sherlock Centre, the Royal Free
Hospital, London, UK.

of the intestinal absorption of ammonia and its access
to the systemic circulation through the impaired liver, via
portosystemic collaterals, or both (Fig. 11).%27-?8 Sherlock
hence advanced the term “portosystemic encephalopa-
thy” (PSE) to displace the term “hepatic coma,” noting
that not all cases progressed to this extreme stage of im-
paired consciousness, and that it could also manifest as a
chronic dementia. These authors also stressed the role of
factors in the precipitation of episodic PSE, including di-
etary protein, gastrointestinal bleeding, and narcotics. In
a fortunate melding of terms both ancient and modern,
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FIG 11 Mechanism of portal systemic encephalopathy. This diagram shows how a source of nitrogen (i.e., ammonia), derived from
origins in the intestine, bypasses removal by the diseased liver, enters the systemic circulation, and reaches the brain. It is now recognized
that urea is converted to ammonia by intestinal bacteria. Reproduced with permission from Liver Transplantation.?® Copyright 2002,

American Association for the Study of Liver Diseases.

the succinct term hepatic encephalopathy (HE) prevails
today.

In a productive collaboration with Sheila Sherlock, the
neurologist Basil G. Parsons-Smith?® gave more detailed
attention to electroencephalographic changes and first
proposed a grading system for the clinical severity of
PSE. Harold Conn and his colleagues,®?? to use Conn’s
own term, “purified” the grading system proposed by
Parsons-Smith, while investigating the therapeutic ef-
ficacy of lactulose. The location of Conn’s storied aca-
demic home for half a century (Yale University) is in New
Haven, Connecticut, but the system for assessing HE
that incorporated alterations in the state of conscious-
ness, intellectual function, behavior, and neuromuscular
function and came to be known as the “West-Haven”
grading scale or criteria, derived its moniker from the
location of the West Haven Connecticut Veterans Affairs
Hospital, where Conn practiced for many decades and
conducted his extensive clinical research in hepatology.
Conn and Lieberthal, in their famed monograph,® made
it quite clear that the grading of HE depended on cri-
teria that were fluid across the proposed grades, thus
creating a significant challenge in comparing the status
among individual patients. Of substantial importance
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was the appreciation of the difference in natural history
between HE accompanying cirrhosis and that observed
in severe, acute (fulminant) liver failure.>® At the other
extreme emerged the detection of a more subtle level
of HE, not captured by standard clinical assessment, but
revealed only on neurophysiological testing.?! This entity
of “subclinical HE” eventually morphed into “minimal
HE.” Further evolution in grading concepts now groups
minimal and grade 1 HE into a “covert” category, and
grades 2 through 4 as “overt,” which can be episodic
or persistent.>? Most important, the disturbing impact
of minimal HE on complex intellectual performance and
ability to drive a vehicle are now well recognized.?® The
need for a less cumbersome, more reproducible scale
across observers and institutions conducting clinical tri-
als has seen recent refinements to the West-Haven scale,
using well-defined criteria and precise algorithms.*3°

Technical difficulties in blood ammonia measurement,
which have been portrayed as “a flight after a Will-o'-
th’-wisp,”® as well as substantial individual variation,
account, in part, for a long-recognized unreliable cor-
relation with the clinical severity of HE among patients.*’
Forsooth, it has been suggested ironically that “blood
ammonia levels probably cause as much confusion in
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Hy Poha’cremia

FIG 12 Common causes of cerebral dysfunction and reduced consciousness that are not specific to liver disease, depicted in cartoon
form. Reproduced with permission from Michael Natter, MD (Instagram: @mike.natter; Twitter: @mike_natter), published by Medscape
(https://www.medscape.com/), “15 Cartoons That Explain a Medical Career Better Than Words Can,” 2019. Available at: https://Awww.

medscape.com/slideshow/medical-career-cartoons-6011872#11.

those requesting their measurement as in the patients
in whom they are being measured.”’ Further, given that
even typical encephalopathy is not necessarily pathogno-
monic for liver disease, it should go without saying that
other reasons for hyperammonemic encephalopathy
should be considered, such as large spontaneous por-
tosystemic shunts®® and genetic metabolic deficiencies
(e.g., ornithine transcarbamylase deficiency®®) among a
catalogue of inherited and acquired aberrations of am-
monia metabolism,*® while not forgetting other general
(Fig. 12) and mechanistically more specific causes of ce-
rebral dysfunction®' that must always be excluded before
concluding that encephalopathy is necessarily HE, even in
patients with obvious liver disease. It is fitting to mention
here the pediatric metabolic hyperammonemic entity of
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Reyes syndrome,*® which was attributed to salicylate

(aspirin) toxicity in children and adolescents and is now
almost historic seemingly because of aspirin avoidance
in this age group. It is thought that Reyes is not a sin-
gle entity but a hodgepodge that includes both inherited
and likely acquired imperfections in fatty acid oxidation
or the urea cycle. There have even been rare cases of de-
compensated cirrhosis in which overzealous diuresis and
circulatory volume contraction induce hypercarbia for
which, uncommonly, compensatory hypoventilation su-
pervenes that results in coma because of severe carbon
dioxide retention, but not hyperammonemia. Measuring
blood ammonia levels may be justified, therefore, in the
diagnosis of patients in whom there is no other evidence
of liver disease, or when a urea-cycle defect is suspected,
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and in patients with acute liver failure because the rela-
tionship between arterial ammonia levels with cerebral
edema and brain herniation** dictates a heightened vig-
ilance for the detection and treatment of intracranial hy-
pertension, especially for ammonia values greater than
150 to 200 pumol/L. 344

The seemingly fickle consistency of evidence for the
role of ammonia based on its peripheral assay in clinical
HE helped to spur a diligent and creative search for other
players involved in the pathogenesis of HE.>**>*8 A con-
cise list of these is shown in Table 2. There was often
much excitement attending each of these innovations
in our understanding of HE, and several led to trials of
new therapies based on the attendant hypotheses. Alas,
to paraphrase Shakespeare's Hamlet, most strutted and
fretted their hour upon the stage and then were heard
no more. Some, including more recent ideas on the role
of inflammation,*® hold definite agency, at least in exac-
erbating the problem, but ammonia remains essentially
undisplaced as the prime neurotoxin, possibly aided and
abetted, to some as yet undetermined extent, by other
players in the dramatis personae. Cerebral edema, a crit-
ical, often fatal process in HE accompanying acute liver
failure®**—and also in severe episodes of chronic HE and
acute-on-chronic liver failure—clearly appears to cor-
relate with blood ammonia levels.*?

The field of therapy for HE has developed rationally
in accord with the best efforts at understanding its
pathogenesis (Table 2). The most consistently successful
therapies have generally upheld the abiding nature of
the ammonia hypothesis, with a focus on the role of
gut bacteria in its production from urea. Dietary protein
restriction, popular in the early days of management,>°
has given way to a more careful maintenance of protein
intake to counter muscle loss (sarcopenia) and the loss
of a key site of ammonia conversion to glutamine.”’
The minimally absorbed aminoglycoside antibiotic, neo-
mycin, was initially used as a means of reducing the
colonic flora responsible for the generation of ammonia
from urea. Its use was attended by a risk for severe oto-
toxicity and renal and intestinal adverse effects.?>?
Other antibiotics (e.g., metronidazole and vancomycin)
were also explored, but their long-term use was also
attended by occasional unhappy toxicity, adding to the
burden of symptoms plaguing an already unfortunate
patient population.®*® Lactulose emerged initially
from the thoughtful hypothesis and demonstration by

58 CLINICAL LIVER DISEASE, VOL 18, NO S1, OCTOBER 2021

A Brief History of Hepatic Encephalopathy Bass

TABLE 2. PATHOGENESIS OF HE: MAJORHYPOTHESES
AND INTERVENTIONS?-9-45-48.52

Mediator Intervention Example
Ammonia Substrate reduction Dietary profein restriction
Nonabsorbed disaccharides  Lactulose, lactitol
Alpha-glucosidase inhibition Acarbose
Poorly absorbed antibiotics ~ Neomycin, rifaximin
Biochemical ammonia Sodium benzoate,
scavenging sodium phenylacetate,
glycerol phenylbu-
tyrate, L-ornithine
phenylacetate,
L-ornithine-L-aspartate
Adsorbents AST-120 (carbon
adsorbent)
Competitive alteration of Probiotics
gut microbiota
Synergistic
neurotoxins
Mercaptans
Short-chain fatty ~ Enhanced mitochondrial 1-Carnitine
acids fransport
Phenol
Metals

Manganese excess
Zinc deficiency
False
neurotransmitters
Impaired dopamin- Dopamine receptor agonist  Bromocriptine
ergic neurofrans-
mission
Increased ratio of  Reversal of abnormal
plasma aromatic  neurotransmitter/precur-
to BCAAs sor ratio
Biogenic Enhance dopamine synthe-  1-Dopa
amines (e.g., sis in the brain
octopamine)
GABA recepfor
agonists
GABA
Endogenous
and natural
benzodiazepines
Neurosteroids Neurosteroid antagonists GR3027
Systemic and Prevention and treatment of ~ Antibiotics, experimental
neuroinflammation  infectious/inflammatory anfi-inflammatory
complications of end- therapies
stage liver disease

Zinc supplements

Oral or intravenous BCAAs

Benzodiazepine anfagonist  Flumazenil

Johannes Bircher®** and subsequent clinical trials in the
1960s and 1970s%%? as an effective, albeit unpleasant,
therapy with the rationale that this nonabsorbed

*Bircher’s older relative, the Swiss physician Maximilian Bircher-
Benner, around the turn of the century introduced a diet of raw
foods and fruit to the patients in his chalet-style sanatorium in
Zurichberg. In particular, he popularized a supper of raw oats,
fruits and nuts, and yoghurt, which was known as Birchermuiesli,
or simply Mdesli. Of course, Mdesli (or d’Spys—"the dish,” as
Bircher-Benner called it), is now widely popular as a Swiss break-
fast dish that contrasts with granola that is sweetened and
baked.
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FIG 13 Time to first breakthrough episode of HE (primary endpoint in the intention-to-treat population), according to studyé group, in
a double-blind, placebo-controlled randomized clinical trial of rifaximin in patients who were in remission from recurrent HE.>> Symbols
represent patients for whom data were censored. The P values were calculated by means of the log rank test, with stratification according to
geographic region. Reproduced with permission from New England Journal of Medicine.>® Copyright 2010, Massachusetts Medical Society.

disaccharide, fermented by colonic bacteria, achieved
several impacts on the intestinal generation and elimi-
nation of ammonia. The medical treatment of HE has,
alas, been monumentally stagnant compared with the
explosion of progress in other areas of hepatology. At
least, however, the audacious, some would say reckless,
surgical approach to exclude colonic bacteria (i.e., col-
ectomy), which had been used occasionally to treat
chronic HE after portosystemic shunt surgery,”* has
long since been abandoned. Lactulose was approved by
the US Food and Drug Administration in 1977. It re-
mained the only such licensed agent for the treatment
of HE until rifaximin, a far safer and better tolerated
minimally absorbed antibiotic, achieved that status in
2010—more than 30 years later®® (Fig. 13). There have
been none since as of this writing.

Ultimately, the dearth of treatment options and the in-
tractability of the problem has provided the key motivation
to develop technologies to provide extracorporeal “liver
dialysis” devices to manage severe HE in acute and acute-
on-chronic liver failure>**” Suffice it to say, this remains a
challenging work in progress. But all is not yet lost in the
field of liver support devices®® and with respect to alterna-
tive forms of liver renewal,>’ as Alexander Pope would have
us believe in his 1732 Essay on Man, that “hope springs
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eternal in the human breast.” In contrast, definitive replace-
ment of the acutely or chronically failed liver, pioneered by
Thomas Starzl in the United States and Sir Roy Calne in the
United Kingdom, has proved the most resoundingly suc-
cessful treatment to date.”® The obstacle here, of course,
is the restrictive nature of donor organ availability. Given
current trends, it is likely that, as with the poor (Matthew
26:11), HE will be with us always, but with the hope that
there will be substantial progress in the medical manage-
ment of this difficult complication of advanced liver disease.

SERIES EDITOR’S POSTSCRIPT

In common with several other renowned authors in this
series, Dr. Nathan Bass, the author of this essay on HE, is a
peripatetic hepatologist. He journeyed from his birthplace
in Kaapstad, the Mother City of South Africa (otherwise
known as Cape Town), via London, UK, to settle in The
City by the Bay, as San Francisco, California, is known col-
loquially. In San Francisco, his career blossomed under the
mentorship of the formidable Rudi Schmid and the schol-
arly gentleman Bob Ockner, and he rose to full professor-
ship. From 1997 until 1998, he served as the Acting Chief
of the Division of Gastroenterology in the Department of
Medicine at the University of California, San Francisco, and
subsequently, from 1998 to 2008, as the Medical Director

An Official Learning Resource of AASLD



of the Liver Transplant Program and Director of the
Hepatology Fellowship Training Program. If that were not
enough, he lists 40 honors and awards, upward of 150
invited presentations and lectures worldwide and region-
ally, 250 peer-reviewed and other publications, and more
commentaries and letters than you can shake a stick at.?
He retired from clinical practice in 2011.

Dr. Bass is known as Tony, whose sobriquet derives
from the nickname of a maternal uncle, Nathan Cohen
(see photograph below from his family archives), a star
rugby player who played for Southwest Africa (modern-
day Namibia) and whose fans cheered him on as “Coney,”
abbreviated from his last name, which morphed into
“Tony.” The first Tony was a victim of a German sniper in
Northern Tuscany in 1945, and he is buried in the pictur-
esque military cemetery of San Jacopo al Girone outside
Florence, on the banks of the Arno.

Used with permission from Tony Bass.

Tony's family journeyed from Eastern Europe to South
Africa via the East End of London, UK, toward the end of
the 19th century. Tony obtained his medical degree from
the University of Cape Town, where he also obtained a

Sit is no longer considered poor form to end a sentence with a
preposition, contrary to Winston Churchill’s objection that “this is
the type of errant pedantry up with which | will not put.”
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Ph.D. investigating structural aspects of the glutathione-
S-transferase phase Il enzyme family, formerly known as
ligandin and thought to be the intracellular carrier of bil-
irubin. He cut his hepatological teeth under the watch-
ful guidance of Ralph Kirsch and Stuart Saunders in Cape
Town and the redoubtable legendary Prof. Sheila Sherlock
(later Dame Sheila Sherlock since 1978; see photograph
below and Fig. 10), at the Royal Free Hospital, London, UK,
before migrating west to San Francisco in 1981.

Shelia Sherlock, EASL. Reproduced with permission from the
European Association for the Study of the Liver.

In this eloquent essay on the evolution of knowledge
of HE, in which he cites William Shakespeare no less
than three times, Tony traces the recognition of confu-
sion in patients with liver injury by the ancient Anglo-
Saxons, Greeks, and Romans, through 18th-century
Padua in Italy and 19th-century London, Berlin, and
Saint Petersburg.

The 20th century saw the identification of gut-derived
ammonia as the cause of what was mechanistically termed
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PSE, a culprit that endured despite repeated competition
from other potential mediators, and even in the face of
obstacles to measurement that cast doubt on the ammo-
nia hypothesis. After dwelling on the clinical intricacies of
the HE/PSE syndromes, the author discusses treatment that
was dominated for decades by patient-unfriendly lactulose
(which is formed by heat-induced isomerization of the natu-
ral milk sugar, lactose). The turning point came on May 25,
2010, when the US Food and Drug Administration approved
the oral use of the nonsystemic antibiotic rifaximin to reduce
the risk for recurrence of HE in patients with advanced liver
disease, shortly before the publication of the results in the
New England Journal of Medicine®® of the successful pivotal
double-blind, placebo-controlled, randomized clinical trial
spearheaded by now Professor Emeritus Dr. Nathan “Tony”
Michael Bass, of the University of California, San Francisco.

CORRESPONDENCE

Nathan M. Bass, M.B. Ch.B., Ph.D., FA.C.P, FA.A.S.L.D., 533A Castro
Street, San Francisco, CA 94114, USA. E-mail: nathan.bass@ucsf.edu
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Additional supporting information may be found at onlinelibrary.wiley.
com/10.1002/cld.1119/suppinfo.
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