2.1 Introduction

The : | g ﬁlspecta of hepatic

encephalopathy

The \the corresponding

therapeutic mo pe outlined, while
the role of \ 2R ligands will be

discussed in detai.

Previous imental trials with

\ 7 .

discussed. E
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global depression of CNS function, which may progress to

flumazenil : summarized and

impaired consciousness and coma. This syndrome is one of
severe complications of hepatocellular function

failure'™¥,



2.2.1 Types of HE

Depending upon the underlying hepatic diseases,

their duration, and degree of hepatic dysfunction, HE may

[2,3,4]

present as one of two major types - These two types of

HE have different clin featations and prognosis.

portal-systemic

frequently as a

encephalopathy
complication of g disease (cirrhosis) and
increased port an acute
episode of HE u ing, it is commonly
associated with mizable precipitating
factors. Chronic ad§ to be a milder, more
persistent and more _;'-?D ant of the syndrome that

B
]

occurs in patients—with—ohronie—11 disease and

appreciable ﬁrta _, mis 'un@. The term

“subclinical” HBf tas been more emphasized recently'!!®

e  GUE TSR T
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scores in psychomotor tests. These changes are much more

reversible by conventional management of HE.

Fulminant hepatic failure (FHF) is another type

of HE when the encephalopathy complicates acute hepato-



cellular failure, and the total duration of liver disease
is less than 8 weeks at the onset of encephalopathy.
Mortality of 85% or h:i.gher are typical, and there is
usually little confusion in differentiating these

patients from those with encephalopathy due to chronic

ents will not be enrolled

é not be discussed in

liver disease. Since
in this study,

detail.

2.2.2

Well r factors'??Y include

constipation, protein load,

hypokalemic meta other electrolyte and

acid-base therapy, diarrhea,

vomiting, o mia, hyp _y a, hypotension,
\F Y |

abdominal par&ate ‘« hemorrhage into

J

the gastro-inte tinal tract. Any sed tive-hypnotic drug

can preciﬁwq %ﬁﬂﬁ\ﬁ‘ wﬂﬁaﬂ:%hy in patients

with poor ﬂepatocallulaf function It sh ld be noted
e LRERA TV T URAINERE: corss
precipitating factors. As liver disease progresses,
patients appear to become more susceptible to the adverse

effects of circumstances likely to precipitate HE™".

The distribution of causes (more precisely,

precipitating factors here, noted by the author) of HE



hypertension. Furthermore, a disproportionately large
fraction of the patients who develop severe PSE are
derived from a subgroup who have bled from wvarices and
who have then had portal-systemic shunts. Overall, about

8-10% of cirrhotic patients have one or recurrent

episodes of severe  erce r opathy in their disease

course, while the al HE may occur much

Since e atibtis patients will
be cirrhotic within
10 to 20 or mo e 18 =d to be a seriocus

problem for the their families and

the society, if of cirrhosis (e.g.,

i o )
esophageal vari [~ "-hemorr E, ascites, etc.)
breakout or :C;r_;.“““““""' \:5 rrhotic patients
suffer from thmcomp 1catio -L'J of 30-60 years

old, therﬁcﬁijﬁn W ﬂﬁ irnductivit}r is
n encep a np

obvious. Batie hy are a much heavier

o WYY AT I TN TG ==

depre ion of the emotion of the people around.

Treatment for them is necessary'®.



from 100 consecutive patients reported by Fessel and
Conn'*™ (1972) is shown in Figure 2.1. 1In that series,
71% of these episcdes were produced by nitrogenous
substances from the gut and then the systeﬁic

circulation.

Other azotemia (15.0% e _ giftiuced azotemia (15.0%)
e — .
= Othor (1.0%)

Figure 2.1 walysis of the Gause of 100 Consecutive

The apagﬁmiclag}r of PSE (HE) @as not been studied

in detai]ﬂu 2 fa 5 ﬁ§ Pe P FopFldered within the

context of «::i::J:*hu:JrsisJF since patiepts who deyelop PSE are
almoa er]rab\ﬂvnﬁmu wﬁe’:} mr}a EIIE subgroup
of cirrhntic patients who develop portal hypertension and
portal-systemic shunts. Approximately 80% of patients
with clinically overt cirrhosis have evidence of portal
hypertension, as shown by the presence of ascites and of

esophageal varices, the prime clinical indices of portal
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2.2.4 Situations of Research Settings

Shanghai area has a high prevalence of Hepatitis
B Virus (HBV) infection, and now Hepatitis C Virus (HCV)

infection rate is increasing, which will also lead to

of these hepatitis wir se: be set as the priority,
—d.

because of the pk—of |effeetiye. methods and common

Sses still increase.

(3

Moreover seve like interferon

therapy, which#camg & 5l the progression of
cirrhosis, are ol . available | 'f all the chronic
hepatitis patients 36 igh cost. Some cost-

effectiveness studies mre beilig designed in Shanghai. No

It ism found : ke @the other areas,

hemorrhage _ in tHemgastrointe&final tract because of the

cwore B UERANENINEIND et comen
e TS STy e

progrésses to certain degrees of HE. History of porto-
systemic (porto-caval, porto-mesenteric, or spleno-renal,
etc.) shunting operation also tends to make HE occur much
more easy and episodic. The research setting, Zhong Shan
Hospital, a national-level general hospital affiliated to

Shanghai Medical University, has a strong Division of
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Gastroenterology and Hepatology and Institute of Liver
Cancer. The patients suffering from liver diseases are
from East China and even from other domestic areas or
overseas. Thus, it is not unusual to find the cirrhotic

patients with HE in the Emergency Room, General Surgical

Wards and Digestive D jards, though most of them

v demiological study has
—

are mild. Unforta

been successfull

2.3 Clini AndG6Atatiions and mosis of HE

The cidnifal _--, .L include a broad
spectrum of ‘@ and neurological
abnormalities' ¥, TW 5 .epand on the nature

and intensity of nd precipitating factors.

However, indiWic ‘variabi ious. Moreover,
e ——

‘-v‘-' h\'—‘
encephalopath$ ¢ s8s failure of the

and ' cardioﬂscular function,

renal, respi ' tory

s O TN TABAN om0

nonspecifi® manifestatiops of HE(>:31,

AN TMARNEAY, ... .

the basis of <clinical «criteria, and differential
diagnosis. is a must'®.  Although there are laboratory
tests that are helpful; there are, as yet, no definitive

tests for this condition.



12

2.3.1 Medical History

-

Detailed medical history''? obtained either from
the patient or, preferably, from his family members or

colleagues and previous doctors should be the first step

atients with known or

{ofed€ments that define the
—

=

for assessing the cigl
suspected HE,
nature, severit Qi ivof the liver disease; the
evolution of ebral function; and
an identifica have precipitated

the current ep'-b--'
2.3.2 Physical §

General phy51-1q-u-; SGtion that follows should

s
T e e e

not only concgel S, and the presence

of liver dis :Y;'::- s a search for
i |-|!

A
features of othe r disorders that migh mimic HE

U ARENTILINT e come
ot o NP1

however, sometimes, be present in non-hepatic disorders.

HI

It seems to vary in intensity and odor quality from
patient to patient and from time to time. Of course, its

detection depends greatly on the experience of the
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doctors, moreover, there is no way to quantify it.

Nevertheless, it can give the doctors some hints.

2.3.3 Mental Status Examination and Grading

The practical, simplest but also absolutely

important initial asssss ! method for the different

severity of HE 1is conducting the mental

status A geeat. deal of attention
should be foc [ S A e t  Ofh this examination,

which includes ation —— the state

of consciousness, \., and perscnality-

\

e Disturb -onscion with disorder of

behavior.

sleep is Gal, 1iks somnia, insomnia or

inve ﬁﬂ__‘“‘"’ ng i"gf ttern. Slow

copoe
VPR (LT
RTRA TR TINY 1N Y

e Personality changes include exaggerations of

aremor apathy and

normal moods, attitudes, or behavior.
Childish, euphoria, irritability, anxiety or

depression may appear. Sometimes patients
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may exhibit inappropriate even bizarre

behavior.

e Intellectual deterioration varies from slight

impairment of computation to gross confusion.

tests may not be

: @,ed. Degree of
3 & until totally

The ‘ stage > ' HE | refl ecting the severity

Some

of HE, is evallaged nainiy by &hi de of Mental Status
of mﬂ;il‘ I |
Mental >d " using the West Haven

criteria for | mr“at al)' as the

following (Ta J_n,f

adn'pfmntalstatnacfm
- LY

aTa - l-. " - -

Table 2.1

9 anm,mpmmnfadﬁtmnurmm

Grade2  Lethargy, disorientation for time, obvious personality
change, inappropriate behavior;

Grade3  Somnolence to semistupor, responsive to stimuli,

Grade4  Coma, tests of mental function not possible.

(Details of the grading shown in Appendix 1)
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Though this grading is widely accepted and
applied, a drawback is its inability to accommodate the
detection or quantitative assessment of patients with

subclinical or mild HE®®,

2.3.4 Psychametric

The simpl&Stp ch éﬁﬂtsu*m used in the

assessment of HE"Incdfac prie ’_- ._ o time, person, and
place, recall events, the
subtraction of dwr ting, and figure

drawing. Althou§ admipister, these tests

m... id

either lack preg Y PXrdor : easily quantified,

M,::. ‘

and are only t relatively (gross

neuropsychiatric de Eecty)  * /O ore precise but simple
and also easl nm:‘“"—.‘ SETIE as the number

connection t.nl which has been

evalﬁmed previous

sy @uﬂl T L
e T TS T 'mmé’

measurément tool. It is recommended that this test be
administered to all patients with mild HE as part of
their routine clinical assessment!® It is the relative
changes, other than the absoclute length or degree, of the
time period accomplished by <certain patient that

represent the real stage and changes of intellectual
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action and mental status more appropriately. Chronic and
mild, subclinical or suspected HE patients are more
proper candidates. Age-adjustéd NCT has also been
investigated'®'. To avoid or minimize the effect of

learning from serial testing, different variations of the

i G AL's ey S i |
TEST
]

! :
Patient’s 515 [ gy CFTe I b e R
Fa (9 1

Figure 2.2 Number Connection Test (NCT) '’



2.3.5 “Flapping” Tremor -- Asterixis

The most characteristic neuromuscular abnormality
is the “flapping” tremor (asterixis)'!. However a

“flapping’ tremor is not specific for HE. This sign may

th a variety of metabolic or
‘;‘-' uremia, respiratory
: fﬂ. Since axterixis

ll\\‘ nta L. status but of a

AR

No single

be elicited from patients

structural

failure or conge4w5

is mnot in

neuromuscular 7 logical to be

actnrll;lﬁl

is useful'™ in

assessing HE. ~Thesmai “value laboratory tests in

patients with & enfial diagnosis of

encephalapathielnnr to detect pxaci&ﬂtating factors of

. e gy ’J‘VI'ETWS 4 T e i

A asasaln Ay

The liver functional status of a patient with
suspected HE should be evaluated. The most common and

practical method of this evaluation is to exam the Child-

Pugh Stage (Grade or Score) (Table 2.2), which converts



the levels of 5 components into different scores to form
a scale. The higher the score, the poorer the liver
function and the more severe the liver disease. The
Child-Pugh Grade has also been widely wused as a

prognostic index for the liver diseases' ?,

i ’%

Clinical ‘ é.@i".‘fjﬁﬁ’__-q

Bilirubin (mg/dl] t 122 , >3
Albumin (g/dl) T35 \\ 28NS >35
Prothrombin time # / /7 1-4 4 4 >6
(seconds ’ 4428 3
Ascites uncontrollable
Encephalopathy 3 and 4
Grade A mim’ or 9; Grade C score 10 to 15
\l
2.3 5.2
ﬂwm ﬁ’%‘WET’Tm
The value of measuring blood ammopia levels in
pacs b Al o | ﬁmumm Wﬂlaaﬂ for many
year.s"’ Although some correlation may exist between the

blood ammonia level and the severity of HE®, the
correlation is often poor and in an individual patient is
uncertain. It should be emphasized™® that the signs and

symptoms of HE may precede an increase in the blcod
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ammonia concentration; conversely, a raised blood ammonia
concentration is not specific for HE; and blood ammonia
levels may not sensitive enough to be useful in
monitoring the effects of treatments on HE. It might

rather be taken as part of the overall assessment of

as being usef d VHE \incltude measurements of
the serum lew es which are the
proposed pathoQe - , i€, like phenols,
mercaptans, amino ,.,;5.4.11 air fatty acid and GABA.
However most of the : e —tests e not available for the
routine lab -_,r':-. ‘

N Y

Lumbar Eun e srebraspinal fluid (CSF)

o T W T
LR AT AR TR Y

enceph@lopathy, but are of only minimal value in the

assessment of HE !,
2.3.6.4 Electrophysiological Tests

Electrophysiological  studies'®®, particularly

visual evoked responses (VERs) and the
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electroencephalogram (EEG), may help, in certain degree,
in the diagnosis, differential diagnosis and management
of the patients with known or suspected HE, though mild.
The simple EEG assessment of a patient in HE is to grade

the degree of abnormality of the conventional EEG trace

of the EEG an - galy she f HE. Controversy
still exists. hadd =ls been “found that the EEG
changes associ ¢h - /ndromé are not specific
for HE. be explained with

computer assisted

2.3.7 PSE

Since lmne of theinividualmtests used in the

aasessmenrﬂcﬂ Ej:r‘rwﬂnnjﬁ wmﬂﬁy satisfactory

index of HEH by itself, an arl:u.trary compc-site index of
e GIRVRETHS IS TRV A o
tests are expressed guantitatively and combined.

practical index, proposed by Conn et al'?, termed the PSE
Index, can readily be derived from data routinely
generated in the assessment of HE patients. It includes

5 weighted components (Table 2.3), among which the mental
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status (the clinical grade), the most important of the

components, contributes most to the Index.

Table 2.3 Compeonents and weighting factor of PSE Index

Components Weighting Factor

EEG

The valué =en demonstrated in

not a few clinicé It should be noted

that this Index is pa-—' - recommended to be applied

in the evaluatipr the chron gtffents. Appendix 2

gives the ,ﬁf__
'l
2.4 Pathogenesis and Therapeutic Modalities of HE

AU INUNINEINT

2.4.1 Proposed P:thngng;u Hbdhanilmu

AN AINABNNDANAY.

It is clear that a normally functioning liver is

necessary to maintain normal brain function®. Basic and

clinical experiments show that, to fulfill this function,

the ability of the liver to remove certain substances
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from plasma may be more important than its ability to
deliver other substances to the systemic circulation.
Accordingly, HE may be due primarily, to failure of the
liver to metabolize adequately certain substances in

plasma which modulate CNS functions (Figure 2.3).

Liwer fails to motabolize:

ATnes, AMmMonia, 1
ARA, wsulin, Bacterial action
glucagon, GARA. ABA
Eacry iy, BZ gﬂ:ﬂm Bz
Protain
f. T
Amures
Ammaon:a

.!I

BCAA = Branched chan amino aods |0
AAA = Argmalic aming aciai

GABA = T-aminobutyrie s o 'Y,




These substances may accumulate in the systemic
circulation, due to the decrease in hepatic extraction
and metabolism of these gut-derived nitrogenous

substances and the increase in extra- or intra-hepatic

porto-systemic shunts in e acute or chronic hepatic

& some cases (e.g., FHF)

hepatic insuffici whereas in others

(e.g., conqa > shunts} vascular
77//\ -\\\

insufficiency or fail

rearrangement pgédcom the degree of
hepatic insufficj shunting lies between

these two extrems
2.4.1.2 The R

Alteration imthe ;-1_3_' ity of the blood-brain

barrier (BBB)] y othesizedt | to contribute to

3 ud&sm‘ indicate that

the pathogenesig o 3e
BBB pemaab:.l:. ¢is nonspecififcally increased in models
of FHF. ﬂ a:n Ng,] m-ljmay involve an
inc.r: iﬁw Ji enhanced
transfqr across cf rrier and the accumu atmn in the

CNS of neurcactive metabolites. It is less certain that
a major change in BBB permeability occurs in chronic

liver failure.



2.4.1.3 Neurocactive Agents

The identity of these neurocactive substances has
been the hot point in the field of hepatology and

psychoneurclogy for a long time, and, however, still

remains controversia substance (Figure 2.3)

relevant to the ' of HE should be (a)

nitrogenous, (c) synthesized by

gut flora and/ (d) found in the

portal circula the normal liver,

and (f£) able | \ failure and affect

CNS function stherwise abnormal

concentrations o substances are found

in the plasma, of animal models and

7;-' have led to the
N

formulation of_ge @ e pathogenesis of

patients with

HE, none of w?ic:h has been conclusively wvalidated.

Thereforaﬂ w{}%g%@w&}’qﬂﬁl view is that

“almost ceﬂainly, the gtiology of HE is multifactorial”.

AN TN INENA e

During the past four decades, following the
development of appropriate animal models of HE and
following studies of c¢linical HE patients and wusing

postmortem brain tissue from them, elevated levels of
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ammonia and certain amino acids have been widely
advocated as playing major roles in pathogenesis of HE
(Figure 2.3) Other substances, such as mercaptans, free
fatty acids, and phenols, have also received extensive

consideration. Most recently, GABA and BzR agonists have

been proposed as pr " tors in the evolution of
HE /4221 )c

Table 2.4 nypo

g \
I//aﬁ h\‘k\\

i
- w ISUL nd e ) Msihic actons
L16H L
sdd
- - - ’ -

é.

' mﬁwamwmm
IO T)

* GABAMGAB&-B;MWW{MMM}

Rather than decreased brain energy metabolism,

neurotransmission failure is considered as the cause of
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HE. Therefore, current theories on the pathogenesis of
HE focus on the origin of neurotransmitter abnormalities
which could be responsible for the neural inhibition
characteristic of this syndrome. These substances, their

concentration changes and their hypothetical roles on the

pathophysiological ) :fr= 3 HE'>%®  could be

sed sophisticatedly

2.4.2

modalities for the

management of these hypothetical

pathogenesis. story of HE study, the

have been

=> Withdrawal or correction of any potential precipitating factors
= Reduction of absorption of nitrogenous substances

= Treatment of complications of liver diseases

=> Improvement or maintenance of hepatocellular function

=> Reduction of portal-systemic shunting

=> Reversion of neuropathophysiological events directly (if possible)
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2.4.2.2 Certain Modalities

Certain medical modalities for treating HE are

listed in the following table (Table 2.6), some of them

‘i

can be cocoperatively presc

71}5':‘.1“"'5]:

%

= tumduuc T !,.,, : on of ammonia and other
G r-#’ Dacie r1al ‘3‘4” colonic flora and with

* Lactulose and related --

; Mﬁﬁﬁmmwmm

= Bmdmmmufmmmlmmfum

¢. g, glutamic acid, aspartic acid, arginine, etc.
=» Enemas
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2.5 The Role of GABA/BzR Complex in Pathogenesis and

Treatment of HE

2.5.1 History and Logistics

The syndrome of HE is marked by profound

neuroinhibition, the .majo festations of which are

&cr&ased GABA-mediated

similar to those

proposed that an
fssion involved in‘
could be effected
ugde changes in one or
g this receptor complex

or increased c@ ds awhich bind to this

complexm. T -4 consistent with

several linesm clinica evidenﬂ indicating that

humoral fﬁﬁsﬂﬁ WEJ ﬁwrﬂqrﬂ 3recipitants of
2.8 'ﬂ mw‘i mlll BAANUNEL) secepror

The receptor of GABA, the principle inhibitory
neurotransmitter in the brain, should be more precisely

termed as GABA, receptor complex (Figure 2.4).
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8,17] has been traditionally

This  complex'®
subdivided on a pharmacological basis into a GABA,
receptor, a BzR, and a chloride ionosphere (which is
thought to contain sequences that recognize barbiturates)

located on the post-synaptic neural membrane. Activation

of the GABA, receptor YGAES or GABA mimetic) opens the
chloride i ., ‘ é increasin neuronal
L ) —‘ g

membrane permeabi Liks en. (C17). The entering

of C1l° of the qel y¥arization, resulting
into the i : :'- f‘." gl A 1€, the following
inhibitory ef v . actors that could
change GABAergit \ tself, include the
ligands for the re e cemplex which potentiate
the action of GABA, nt‘ration change of these

substances.

Figure 2.4 Simplified model of GABA receptor complex
Embedded in a Post-synaptic Neural
Membrane'®



The basic function'"® of the BzR 1is to
allosterically modulate GABA receptor gating of the
chloride channel. Occupation of the BzR by an agonist
(e.g., diazepam, midazolam) increase the frequency of
GABA~-gated Cl  channel opening and the affinity of GABA
for its receptor. , pharmacological (i.e.,
sedative, myorel l ié and anticonvulsant)

iated through this

properties of

mechanism. In cog nists of BzR (e.g.,

OMCM ) possess g og &nt, and anxiogenic
actions due to tHeir/fa rease GABA-gated Cl°
conductance by ¢ 53 3 tréguency of GABA-gated
chloride channel opé L ,_f':ﬁ"'; : goflists of the BzR (e.g.,

Ro 15-1788 and Ro 1! ‘:, A or have minimal (agonist

or inverse peon o e BCt ¥ty over a wide
\"A o X )
2 @: the frequency of

concentration ﬁ'n g

chloride channely gpenings buf, compete with agonists and

inverse aﬂnut%.l %Mhﬂmﬁ mg ,lﬂ ;e BzR. Thus,
throu is_competitivfe anta the BzR
antagilﬁu] ﬁbimyMijﬁaﬁﬂﬁ Eﬂrgic tone

indirectly'¥?! -- tend to normalized changes in GABAergic

tone induced by agonists or inverse agonists.

*DMCM methyl-6,7-dimethoxy-4-ethyl-B-carboline-3-carboxylate
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2.5.3 Evidence of GABA/BzR complex and BzR agonists

inveolved in HE

Implication of GABA/BzR complex in the mediation
of HE was originally suggested by finding that the
abnormal patterns of VERs in animal models of FHF were

w& drugs which increase

GABAergic tone''%iy 0 eré,ies also gave the

electrophysiolty

evidence . sugges

similar to those

-« i} -,,,_‘\ and behavioral
one is increased in

these models of \\ may contribute to

‘ strongly suggested by
unequivocal tran \ electrophysiological
amelioration  of J§ encephal ¥ in rabbits with

galactosamine-induced_'FHESEDW. the Bz antagonist

e

flumazenil. r_ ﬁ*: neither species

i’

nor model spﬁi vi_%nce of Bzs (BzR

agonists) contributing to ghe ‘neuronal depression is

choi profanbd b okl ddabdadof VhLe) Dndkone ana the 12
wsa@ﬂi@ﬁﬁjmﬁqﬁwg’fﬁ ] J:wels are

elevate Recent researc extends
the earlier studies by demonstrating that increasing
blood levels of BzR agonists, so-called as “endogenous
benzodiazepines”, correspond to worsening of HE. Thus,
the ability of the antagonists to reversibly increase

neuronal activity in HE 1is best explained by the
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displacement of an agonist from the BzR. It was excited
to note that BzR antagonists could substantially correct
both the electrophysiolegical and behavioral
manifestations of HE in several animal models and

patients with acute or chronic liver failure!”. These

findings indicate that the igand concentrations are

sufficiently elevated o I ome of the behavioral
_‘_

changes of HE. T .Bzs present in HE is

not clear. nat some Bzs are

synthesized d Alternatively,

diazepam and ‘ azeparn \ ¥d be produced by
prokaryotes in \. 5ssibility 4is that
these compounds prigin. Regardless of

their origin, BzR -8 should be sufficiently

extracted and e zed by nalh iiyer'. However,
the failure 'v*'iz as¥, accompanied by

|
the hypersensit v:.ty to st in the condition of liver

severe dﬂ%m ﬂt&ﬁél j’s‘wsgqeﬂ ‘jdould augment

GABAergic tgne, thereby ,contributing to the ,development

or R W TRNNIEU um'mma d

2.5.4 Theoretical Basis of BzR Antagonists on HE

Theoretically there are two properties'® of BzR
ligands that could lead to increase neuronal activation

and amelioration of manifestations of HE. One would be
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the ability to displace agonists from the BzR. The other
would be an intrinsic inverse agonist action that should
result in an analeptic effect. However, the full
inverse agonist, DMCM, in subconvulsive doses, was not

effective in ameliorating HE in an animal model. In

particular, it induced ulsive state but did not

efficaciously revem yral manifestations of

HE. Thus ipnverse agonist is
contraindicated. gonist, which would
compound  enc ' A Gls so" contraindicated.
However, com -_; fied | nez he center of the
spectrum (Figur .2. %k fii“ gand, activities can subtly

ABA-mediated neuro-—

FULL
AGONIST

Anuolytic
M‘rﬂfﬂhﬂ

wmwamwmn =
qqﬂmnimumm Y

Inumm- =

Figure 2.5 Spectrum of activities of the central Bz
receptor Ligands'”



Therefore, flumazenil, the BzR antagonist,
emerges likely to have a promising future in the field of

HE.

2.5.5 Pharmacokinetical and Pharmacological Properties

o Tl "//

The imidaz&be : azenll

{Ro 15-1788,

Anexate™, Roche selective, high-

affinity, competipdved Affagenist ~- BzRY*!, 1t can
be rapidly and almios dpletely \abs \ zbed and extensively
distributed throug niatered orally and

intravenously.  Tu# to plasma protein

D (s

g, * 1K

£ - i %
S| Y (0 k
- 4 A | =

is relatively low. jedrance (Clplis rapid in

normal humans as is 45.7 + 8.5 min., mean

A the t;,2 increases

+ SD). Howev i;-f__‘

to T5 = 142 minutea Byl patienm with cirrhosis.

Cerebral lﬂﬁ 8?%% Wqﬁmh a half-time

of 25-38 Min., which can also ro cmged in the
o HAREN TN AR e
route fis low. It is extensively metabolized by the liver
intoe 3 inactive metabolites and completely eliminated
within 48-72 hours in the urine. It is usually

administered intravenously.
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situations involving the reversal of the sedative and
hypnotic actions of BzR agonists'®, Studies clearly
indicate that flumazenil is clinically efficacious in
reversing all of the neuraloglical effects of BzR
agonists, with rapid onset action and almost no adverse

/& ';asic science studies of

animal models a 48ns . W indicating that BzR

IR

effects'®. Given t

agonists involv of HE, it is logical

to assume tha ntagonist, may be

efficacious in ag e manifestations of

HE in man'®, = ) : " ~\u\: hand, it is such

the evidence of and

experimental therap
support such hypgthetiecal - ogenesis of HE. These

studies, most of ontrolled trials, have

shown some chépacteristics apd advantaeas

YN A
the clinical mafiageme

of this drug in

‘ :ﬂof the distfnct advafitage azenil 432
over %ﬁlﬁ qgjmlu mga’aiﬁ Elsgi ' ﬂ;iﬂ. onset
of mt‘.:l.m within minutes (from 28 seconds to less than 60
minutes) ®¥*, while the conventional therapies mediate
their effects one day or more after the administration.

There is a natural tendency to expect that when the

diagnosis of HE is made, improvement should follow the



Figure 2.6 central BzR
cts as an agonist
as an antagonist
Numerous i ~— 5 m vivo binding studies

indicate that fluma2 etitively displaces BzR

ligands. Th =.-'a;.:*:_;;.:-;:-.::;.;_;;;_;.;x;_;.::,' by the presence
L7 Y

of GABA, pent b

antagonists, BzR; verse ag sta, and chloride channel

blockess, ﬂﬂi%laﬁlﬁ/l:%l W.ﬁ NS ATk ana nas been

fﬂunhﬁ lack sii.fiﬁant int@insic actldity of

JANTAM AV AN ELIR LD, cerece,

being well tolerated''.

l’ﬁlike GABA receptor

2.5.6 Potential Clinical Use of Flumazenil

The therapeutic use of flumazenil is presently

restricted in Europe and te relatively special clinical

T 17013077
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therapy as soon as possible, especially the mental
arousal reaction. The f.ast and effective improvement of
mental status of HE patient'® is particularly important
to the patients and their relatives in terms of
reconstruction of the communication between the patient
and the surrounding and & »w.atlon of the anxiety of

the family members n could also help the

physicians to ok : of the diagnosis and

treatment much G ‘ - patients. Moreover

v _ \
it could decreasg’ plip: ' \\ n the patient with
///R }w_\

bizarre and o8 l \ and help the
A 2

work) to control the, ;v

physicians avoid ativas”" 41 (usually

Bzs, which are g ibed in the routine
paired neuropsychiatric

behavior becai gyt JUC1 e lmeh oy —auox Ivata the prOblem

P

of mental J.mﬁ m the hypothetical

pathogenesis. C]‘early flumaz 11. would not influence any

wnscsyindf| ARUNIWHANS o crrroron

approaches based on difflerent meghanisms are/ recommended

in thg m]ﬂﬁ:ngkmmmflq mﬂela]ﬂ early and
fast-cmset effect of flumazenil could reduce the exposure
of HE patient to the enhanced GABAergic tone, which would

consequently be expected to have potential impact on the

restore and maintenance of brain function and to
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influence, in some degree, the survival rate combined

with other therapeutic interventions!®!%,

Index of prognosis'“'® is another advantage of

flumazenil administration. Some previous trials implied

that such favorable »logical response to BzR

antagonists probably the encephalopathy is
uncomplicated ané EPEib]eil8:34.35) In some
sense, this wo ans select and plan
their case mang research should be
done for the who might give
positive responge | 1l as adjustment of

its dosage and prop AL e “- stration and finally

e e et Pmazenil 2531321 g4
x4

minimal. g%.ic properties, no

significant achﬁ e reactipgns have been observed.

nmmﬂcu &lmdﬂnﬁmﬂalﬂ Suiih, skl in
::::Mwﬁmﬁamﬁ LT e

nutritional status, and ultimately to make the quality of

life better®, L

At last, flumazenil could be prescribed as an

assistant diagnostic tool to differential diagnosis'!?"! of
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severe encephalopathy (coma) of benzodiazepine

intoxication, HE or other causes.
2.5.8 Discrepancies and Problems to be Resolved

However, there are some problems which need to be

resolved'®”, So far,

evidence that

involve in all kinds of HE,

especially of &S, even controlled

ones, with ielded beneficial

results in no Ly of and it is unclear

whether these bene lue to the action of

the action on/ pharmaceutical Bzs

s i |
previously ingested b -:*,.;::: tlents.

e e

deckinetical — =t re=— i‘ flumazenj_l”i'au
¥ AW
showed its shoﬂ o 1&, but the variety

of the maintenange. the improvement effect induced by

ﬂmiﬂiwm&mmmmw 22 "oted

ii:iiﬁ‘i@@ (LN [0 ) N

flumazenil, some didn't respond to the drug or maintained
the improvement only from less than one hour to several
hours. It is considered'! that differences of these
duration are to be influenced in different extent by the

flumazenil administration dosages and methods and the HE
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patients' own conditions as well. And the effects of
other concomitant therapies for HE could not be totally
excluded. Unfortunately, the exact relationships among
these factors and the minimal effective dosage of

flumazenil and generally—-accspted administration method

f@arly-used flumazenil

ic management of HE

in the lung—tex(
vl \\\\\

conduct because 4 . endency , - ontaneous remission

have not been set up

found difficult to

of the manifest £rREand\ t ameliorative effects
induced by sta v : :" les  affer several days of
intervention based®o !’.: - Concerns. So far it is

e J_a‘ oy Y
unclear whethey andard the duces a better outcome

than flumazen ‘-f'f: = e 7 X )

2.6 Review 9; ﬂmmil In Cliniecal Trials

.@uﬂfmammmm
=R S I e -

40, 4% 42, 43, 44, 45, 46, 47, 48, 49, 50, 51 and 52)
indicated that flumazenil may improve HE (FHF and PSE),
clinically or electrophysiologically or both, in certain
or a subgroup of HE patients. These reports are listed

in the following 3 tables (Tables 2.7, 2.8, 2.9).
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It should be noticed:

1) Because of the literature’s availability, not
all the articles have been reviewed by the

author (me) directly, therefore some data

unavoidably are, addpted for the other reviews
2) These t( ‘ d sey pieces of case

3) Some r abstract form,

the detailed

4) Some studies gr and FHF patients in

the sane group, which might ac reflect the

— k
59 Thﬂﬁﬁ% gﬁw El]v]iﬂl.?al grade of

E,qthe administratinn dnsagas and methods, and

4 QOFIST A I 2R Greness

which; thus, leads to different interpretation

agenil.
i 1

of these results; in addition

6) From the point of view of the author (me),
several researches have enrolled a batch of

same patients, the data of which were used in



the articles published or presented in

different time or different journals.

Re-inspection of these articles is necessary,

other than simply summing the results up.

re / ’“’ which included the
‘ 4;&;“ showed that 46

—
cfitshiad been treated with

In 1991,
uncontrolled trials.

episodes of HE d

flumazenil wit te of 72% (33/46) .

According to episodes in 28

patients assoc osis had a success
rate of 74% (28/3)F . wh i . ;\--s in 13 patients
with fulminant hepafic hasia success rate of 66%

(10/15). However scr&e . Bz at baseline was only

= e

done in 70% e s /46)" gl found negative.

Another| | grand cfﬂ pathogenesis and

treatment o Gm» 1991 summatized the reported studies

o o UM N T o o
o AN TS R i e s

who did not respond to f were in stage 4, 60%
had increased intracranial pressure (the authors didn't
mention how to make this diagnosis) and 60% subsequently
died with 3 days. This review included simultaneocusly
both uncontrolled and controlled studies, HE of PSE and

FHF, and clinical and electrophysiological improvement.



47

A recent open trial® (one part of the whole
study) of 13 cases does not support a major therapeutic
effect of flumazenil on HE, even most of the cases were
Bz-screening positive, whom are considered to show

positive reactions quite likely.

Several controlle

._\'

shave been conducted.

A placebo-cgoa eported in abstract

form (1989) sha yroved neurological

status in 13 compared with 0%

during the pla did not mention

whether Bzs were screened.

In the s -;ﬁm-i\f lind cross-over study'®

also published only ip Shstte form (1989), significant

improvement ;—_f"""‘"""“‘—""‘"““‘i' '1- could not be
concluded in 8 '@F C ¢ a&s with HE. It is

same invest@gation growpy that published another

article'*! %y ﬂl 1112.] xlaglwiﬂlai:unfortunately,
unavaﬁ DTA ﬁ a‘f?l abstract)
which m mus per cr y’j cases,

responded clinically to flumazenil while only 2 improved
in the placebo period, with the p value of 0.06. However,
the EEG grade did not chantg;e in any of the patients.

Furthermore, there was no significant difference between

the two groups during the infusion period. This study
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concluded that it does not support a major therapeutic

effect of flumazenil on HE.

Another small double-blind, placebo-controlled,
randomized cross-over trial (1994) provided an important

conclusion'®® that flumazenil may be a useful agent in

improving the neurologice dition of some patients

cgsults, fast, distinct
——

cirrhotic patients

with HE. It shogal
but transient,
with severe HE g€add/h) coma. Moreover it
showed that the g 4 ¥ of l in this study was
not related to' tyf Srfs : \ce of the Bzs in the
blood after screegingithe | oficentrations of Bzs of

all the patients and negative results

in both treatment amei 0t phases. The evaluating
ified Glasgow coma

1-1‘-.‘
o&ly related to the

method used ';,__...L._,_lnl_l.- ch
scale, which hﬁ

clinical stages

HEJ’JVng‘mWEI’lﬂ’i

atest multicenter double-blmd
Pfag’ﬂﬂ’ﬁ A ﬁ“@ﬂ‘i’m TS VRIOERR) s
demonstrated the effect of infusion of 0.4-1 mg
flumazenil -- a modest but rapid (4-47 mins, mean 7 mins)

improvement in the EEG grading of HE and a moderate but
delayed (30-340 mins, mean 83 mins) improvement in the

clinical grade of HE, while no favorable changes happened



in the placebo group (p < 0.01). However, it didn't
mention the effect lasting time and the definition of
clinical improvement clearly. This therapeutic result
did not change with the inclusion or exclusion of

positive Bz-screened patients.

Generally, studies introduce

flumazenil iv bols but with different

dosages; some ss-over design; the

evaluation measurg conditions and EEG
stages, but , ~_‘; initien of the

The effect lasting

“improvement” or

- time of flumazeni possible influence
of flumazenil on T rr tcome of the patients

haven’t been foplin ;;-___t' these articles.

Very COB _.‘- survival of HE

patients afters flumazenil ainistﬁtion. Only one

successfulﬂquy ﬁ wcﬁm wmﬂﬁ with orally

repeated administration nf flumazenil has been reported.
AR OIUNAATHARE o 7
the 10' flumazenil responders were ultimately discharged
from the hospital and only 1 of the responders died of
liver failure rather than failure of other organs. The
researchers discussed the prognostic value of the

flumazenil-—-in-;luced arousal. Because 3 of the 4 non-
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responders died within 2 days and 2 died of end-stage of
renal failure and hepatic carcinoma besides hepatic coma,
whether the response to flumazenil does indeed have any
prognostic significance, or flumazenil does change the

death rate of these HE patients remains to be

established.
2.7

'- e data suggest that
BzR antagonist : \\ iportant adjunct to
conventional th€raf '. " \\ No “doubt well-designed
double-blind copfr s aring BzR antagonists

to placebo and caofiv '_ i ra 28 in patients with HE

\
r ff J ‘JJ
are necessary, bet er” ith £F Uch larger sample size.
f'.?'? B2IA 2
Flumags _‘Tff—*ﬁﬁ;=aiiw= used in the
author’s settiﬁ'. @actions have been

noted. Howevery .since flupazenil is quite expensive

rﬁ1 u.m mammmas % B
:::tifia NS AL

clinical service awaits to be proven. Though it may show
somewhat dramatic improvement of mental status of some
patients, which makes some doctors be very active in
offering this agent, it is not recommended for this

prescription in common until the acceptable results from
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systematic controlled trials demonstrate the evidence.
Moreover, the data from the clinical trials can be
utilized for future economic evaluation on the
perspectives of patients (and their relatives) and health

providers. It may well be that an increase in the

treatment resources flumazenil and other

therapies availablést e ugle” and treat HE patients
—

would yield benw ermsvokf, restored or prolonged

productivity 7 as the relatives,

that would out

tics of HE, the
special property @f : he practicability in
the research settindg <ti < -. hotic, other than FHF,
patients with HE _wi. ed, the mental status

showing the dEimtcat—stag ®84d as the prima
g v/ A ¥

tool' to gracg the HE ‘patients b@;:e and after the
administration of&flumazenil®/ bolus) in this
SO 1o 11 (W1 Y
L AGRIARTY AU L L

obtain the effect lasting time. The PSE Index will be
also used but at fewer time-points to assist the
evaluation of the effect of flumazenil and to assess the

daily changes of the mental status of these patients

after flumazenil administration.
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Based on these figures, a hospital-based,
prospective randomized double-blind contreolled clinical
trial is designed to evaluate the effectiveness of
flumazenil in the treatment of cirrhotic patients with HE

and the clinical courses of HE after flumazenil therapy

until their discharge dr\deaghfin the ward.

AULINENINEINg
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