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INTRODUCTION

“The difficulty lies, not in the new ideas, but in escaping the old ones,
which ramify, for those brought up as most of us have been, into every corner of

our minds.” Keynes, John Maynard

In most chronic illness, defects arise in thyroid hormone metabolism,
resulting in the sick euthyroid syndrome. This is characterized by a normal
total T4, normal/high free T4, low total T3, low free T3 and an elevated rT3.
These changes reflect a reduction in D1 activity, an increase in D3 and changes
in the plasma concentration of thyroid-binding proteins and free fatty acids
(which displace thyroid hormones from binding proteins) There are also non-
thyroidal influences on the hypothalamic-pituitary-thyroid axis, e.g. cortisol
inhibiting TSH secretion"). It has been suggested that this syndrome may confer
a survival advantage, which adapts an organism to chronic illness by reducing

the basal metabolic rate within cells and thereby reducing caloric requirements.

In the different types of liver disease, similar processes may occur to
those seen in the sick euthyroid syndrome, but in addition a number of changes
specific to the type or stage of liver disease is also found. Many studies have
been carried out in liver disease patients assessing their thyroid status; mostly in

European countries and Japan. Most of these studies are limited by the number



of patients in which these studies have been conducted. This study tries to find
out the relationship between thyroid function and liver disease in the context of
a tertiary care hospital in India. This study focuses on patients with

complications of liver disease who are sicker than the patients in other studies.



Aims and objectives

1. To determine the spectrum of thyroid abnormalities in both
chronic and acute liver disease patients admitted in  medical wards in

Government General Hospital.

2. To compare the thyroid hormone levels in the liver diseases- both

acute and chronic patients to that of healthy controls.

3. To assess the correlation between thyroid function and the level

of liver dysfunction.

4. To assess the utility of thyroid function tests as a biomarker to

differentiate acute from chronic liver disease.
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Review of literature
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Review of Literature

In normal subjects, the thyroid gland secretes 110 nmol of thyroxine and
10 nmol of triiodothyronine each day'”. Tri-iodothyronine has a ten times
greater affinity and ten times greater efficacy than thyroxine for the nuclear
receptor, thus even though thyroxine is quantitatively secreted at much higher
levels, it should be regarded as a pro-hormone that requires deiodination and
conversion to T3 to become biologically active'”. There are three groups of
enzymes that regulate thyroid hormone metabolism, forming part of the
iodothyronine seleno-deiodinase enzyme system (type 1 = D1, type 2 = D2 and
type 3 = D3). They are responsible for the activation of T4 to T3, inactivation of
T4 to T3 and the conversion of rT3 and T3 to T2.
The conversion of T4 to T3 in extra thyroidal tissue occurs through a rapidly
equilibrating pool via the D1 enzyme system and a slowly equilibrating pool
Via the D2 system. The type 1 deiodinase is mainly found in the liver and
kidney'”, and accounts for approximately 30—-40% of extrathyroidal production
of T3 (12 nmol). The type 2 deiodinase is found in the pituitary, the CNS, and
skeletal muscle and contributes 60—70% of the extrathyroidal production of T3

(30 nmol)®. Although this enzyme system performs similar actions to the D1
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group of enzymes, its Kkinetics, regulation and susceptibility to
propylthiouracil® are different. Although both the D1 and D2 system can also
inactivate T4 and T3, the major inactivator is the type 3 deiodinase system,
which primarily exhibits inner-ring deiodination (unlike the other systems). It is
found in the liver, skin and CNS, where it catalyses the conversion of T4 to rT3
and T3 to T2, both inactive metabolites; it also converts rT3 to rT2'”. This
enzyme system is also expressed in placenta, where it protects the foetus from

maternal thyroid hormones®.
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Structures of principal iodothyronines and their interactions®

The thyroid and the liver
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In addition to the central role in deiodination to activate and deactivate
thyroid hormones, the liver performs specific functions relating to thyroid
hormone transport and metabolism. The liver extracts 5-10% of plasma T4
during a single passage, as shown by studies using w1311xT4. This value is
much higher than can be accounted for by the amount of free T4 delivered to

the liver, indicating that a substantial amount of proteinbound T4 is available
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for uptake™. An active stereospecific transport mechanism has been identified
for transporting T4 and T3 across the hepatocytes membrane. The intracellular
concentrations of the free hormone are higher than the plasma levels, and the
process is energy-dependent!'”).

The liver synthesizes a number of plasma proteins that bind the lipophilic
thyroid hormones and thereby provide a large, rapidly exchangeable pool of
circulating hormone. The thyroid hormones are 99% bound to thyroxine-
binding globulin, thyroxine-binding prealbumin and albumin in plasma. The
free hormone component within plasma is in equilibrium with the protein-bound
hormone, and it is this free fraction which accounts for the hormone’s biological
activities. The plasma concentrations of free T4 and T3 are at a steady
concentration, so that the tissues are exposed to the same concentrations of the
free hormone. However, the free hormone concentrations in different tissues
vary according to the transport and deiodinase activity within specific tissues.
Thus tissue thyroid status depends not only on thyroxine secretion but also on
normal thyroid hormone metabolism, delivery of T3 to nuclear receptors and on
receptor distribution and function. Normal thyroid function, which is essential
for normal growth, development and the regulation of energy metabolism

within cells, i1s dependent on a normally functioning thyroid and liver axis.
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Thyroid abnormalities in specific liver diseases Cirrhosis liver

The most consistent thyroid hormone profile in patients with cirrhosis are
a low total and free T3"" and an elevated rT3!"%, similar changes to those in
the sick euthyroid syndrome, probably reflecting a reduced deiodinase type 1
activity, resulting in reduced conversion of T4 to T3. This results in an increase
in conversion of T4 to rT3 by the deiodanase type 3 system, and an increase in
the rT3 to T3 ratio. The plasma T3:rT3 ratio has a negative correlation with the
severity of cirrhosis when assessed in non-alcoholic cirrhotics''”. Since T3 and
rT3 bind to the same plasma proteins, the
T3/rT3 ratio provides a parameter of liver function that is largely independent of
protein binding. Both the T3/rT3 ratio and free T3 levels in plasma thus
provide a correlate of liver function in cirrhosis, and are of prognostic value,
albeit seldom used!'”. The low total and free T3 levels may be regarded as an
adaptive hypothyroid state that serves to reduce the basal metabolic rate within
hepatocytes and preserve liver function and total body protein stores. There are
reports of improvement in liver function with the onset of hypothyroidism in
patients with cirrhosis. Controlled induction of hypothyroidism might therefore
be beneficial in cirrhotic patients!”), but further studies are required to test this

hypothesis.



16

Acute hepatitis and acute liver failure

In acute hepatitis of mild or moderate severity, patients have elevated serum
levels of total T4, due to increased thyroid-binding globulin''®, which is
synthesized as an acute-phase reactant, but normal levels of free T4. In more
severe cases with impending liver failure, the data is variable, and low total T4
levels may reflect reduced hepatocellular synthesis of thyroid-binding globulin.
Serum T3 levels are extremely variable, but the free T3:T4 ratio correlates
negatively with the severity of the liver disease and has prognostic value!'“.
Again this probably reflects diminished type 1 deiodinase activity, resulting in a
reduced conversion of T4 to T3; in general, however, these patients are
clinically euthyroid. Some series have described patients with acute hepatic
failure (especially viral hepatitis) as having goitres that resolved with

improvement in liver function''”.

Specific forms of chronic liver disease

In patients with chronic hepatitis associated with primary biliary cirrhosis

(PBC) or chronic autoimmune hepatitis, there is an increased prevalence of
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115 1] Thus abnormalities may arise from thyroid

autoimmune thyroid disease
gland dysfunction or as a consequence of the liver disease. Autoimmune
hypothyroidism is a prominent feature in PBC, occurring in 10-25% of
patients®’!. There is often an increase in total T4 in PBC, due to an increase in
thyroid-binding globulin levels and this may mask hypothyroidism,
emphasizing the need to perform a free T4 and TSH assay. Anti-thyroid
microsomal antibodies are common in PBC (34%), as are antithyroglobulin
antibodies (20%). Thyroid dysfunction may precede or follow the diagnosis of
PBC. In autoimmune hepatitis, both Grave’s disease (6%) and autoimmune
hypothyroidism (12%) are relatively common!". Primary sclerosing cholangitis

is associated with an increased incidence of Hashimoto’s thyroiditis, Graves’s

disease and Riedel’s thyroiditis®®").

In patients with chronic hepatitis who do not have co-existing
autoimmune liver and thyroid disease, total T4, total T3, thyroxine-binding
globulin levels are often increased, but TSH and free T4 levels are usually

normal, and patients are clinically euthyroid**.

Patients with decompensated liver disease complicated by hepatic
encephalopathy subsequent to non-alcoholic cirrhosis were also found to have
exceedingly low serum FT3 and T4 levels. Depressed serum FT3 and T4 levels,

together with a prolonged prothrombin-time, appear to be characteristic of a
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subgroup of decompensated non alcoholic cirrhotic patients prone to develop

hepatic encephalopathy.

Thyroid abnormalities associated with treatment of liver disease

Currently the treatment of viral hepatitis with alpha interferon has added
another dimension to the abnormalities of thyroid function seen in chronic liver
diseases. In different studies assessing patients treated with alpha interferon for
hepatitis C, 2.5-10% developed thyroid dysfunction, with both thyrotoxicosis
(due to acute thyroiditis) and hypothyroidism being observed. Although the
reason is not altogether clear, the induction of an autoimmune reaction has been
postulated, resulting in the development of anti-thyroid and antithyrotrophin
receptor antibodies’”. However, a distinct effect on intrathyroidal
organification of iodine has also been suggested®”. The risk factors for
developing thyroid dysfunction with alpha interferon (which may persist after
discontinuation of the drug) are female sex, underlying malignancy, high doses
of long duration, combination immunotherapy (especially I1-2), and the
presence of antithyroid peroxidase antibodies prior to commencing

t#>2%271 Tt should be noted that interferon therapy causes weakness and

treatmen
muscle aching, and in this setting the myopathy of hypothyroidism may be

missed. It is therefore recommended that thyroid function tests (including
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thyroid antibodies) are performed prior to therapy, and subsequently monitored

at 3—6 month intervals during interferon therapy'*".

Overall, the majority of patients with liver disease are clinically
euthyroid, and this can be confirmed with a normal high sensitivity TSH test
and a normal free T4. The latter test is routinely performed and obviates the
need to take into account the variation in thyroid-binding globulin levels seen in

patients with liver disease.

Hypothyroidism as a treatment option in liver disease

Hyperdynamic circulation observed in portal hypertension is
characterized by pronounced vasodilatation, increased systemic and regional
blood flows, and augmented cardiac index. Drugs used for the treatment of
portal hypertension, such as B-adrenergic blocking agents, have also proved
useful in controlling the cardiovascular manifestations of thyrotoxicosis.
Moreover, propylthiouracil, a commonly used drug for the treatment of
hyperthyroidism, has been used for the management of patients with alcoholic
liver disease with favourable response. In a rat model of portal vein ligation,
hypothyroidism caused amelioration of the hyperdynamic circulation followed

[29]

by reduction of the portal pressure Therefore, alleviation of the
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hypermetabolic state by thyroid hormone manipulation has been proposed as a
treatment option for the hyperdynamic circulation observed in the portal
hypertensive state

There is an interesting study demonstrating that hypothyroidism by
chronic methimazole administration can alleviate the degree of liver injury and

hepatic encephalopathy in bile-duct ligated cirrhotic rats®".

However, the
underlying mechanisms responsible for this phenomenon remain incompletely
understood, but immunomodulation and minimization of oxidative liver injury
are possible mechanisms. Further studies on the pathogenesis are needed to

justify whether hypothyroidism can be used as a treatment option during

conditions of liver injury and hepatic encephalopathy.

Liver abnormalities in thyroid disease

Hypothyroidism

Hypothyroidism may have features that mimic liver disease (pseudo-liver

disease): examples include myalgias, fatigue and muscle cramps in the presence

of an elevated aspartate aminotransferase from a myopathy™', coma in

[32

myxoedema coma”, and myxoedema ascites”’!. Myxoedema ascites, generally

a high protein content ascites suggestive of an exudate, has been varyingly
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interpreted as an intrinsic liver defect or a phenomenon mimicking liver disease.
It had been proposed that the ascites was a consequence of chronic right-sided

B4 The liver biopsy

heart failure, resulting in central scarring of the liver
findings of central congestive fibrosis in a number of patients would support
this. However, another study reported normal right heart pressures, and
proposed that severe hypothyroidism caused enhanced permeability of vascular
endothelium, resulting in ascites and serous effusions throughout the body.
Following initiation of thyroid replacement therapy, myxoedema ascites
resolves over a few months. There is also evidence that hypothyroidism may
directly affect the liver structure or function. Hypothyroidism has been
associated in a few case reports with cholestatic jaundice attributed to reduced
bilirubin and bile excretion. In experimental hypothyroidism, the activity of
bilirubin UDP-glucuronyltransferase is decreased, resulting in a reduction in
bilirubin excretion”*. The reduction in bile flow may be in part due to an
increase in membrane cholesterol-phospholipid ratio and diminished membrane
fluidity™*, which may affect a number of canalicular membrane transporters
and enzymes, including the Naq, Kqg-ATPase. The triad of reduced bilirubin
excretion, hypercholesterolemia and hypotonia of the gall bladder seen in
hypothyroidism increases the incidence of gallstones””). Recent studies have
shown that the hepatic abnormalities associated with hypothyroidism can be
reversible over a matter of weeks with thyroxine replacement, with no residual

[36,37

liver damage®®*"). In rats, hypothyroidism may protect against acetaminophen
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toxicity and diminish thioacetamide toxicity, but there is no evidence for this in

man[38’39].

Hyperthyroidism

The clinical features of hyperthyroidism are diverse, involving nearly
every system in the body. Liver injury caused by thyrotoxicosis is relatively
common, and can be conveniently divided into hepatitic or cholestatic types.

An increase in the aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) was reported in 27% and 37% of patients
respectively™”), although the majority of these patients showed no other clinical
or biochemical features of liver impairment. The mechanism of injury appears
to be relative hypoxia in the perivenular regions, due to an increase in hepatic
oxygen demand without an appropriate increase in hepatic blood flow. In mild
cases, liver histology shows non specific changes, which on light microscopy
consist of a mild lobular inflammatory infiltrate consisting of polymorphic
neutrophils, eosinophils and lymphocytes, associated with nuclear changes and
Kupffer cell hyperplasia. A small proportion of patients have a progressive liver
injury, which histologically consists of centrizonal necrosis and perivenular

fibrosis, affecting the areas in which hypoxia may be most prevalent. The
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clinical presentation of this type of injury is usually that of a self-limiting
hepatitis; however, there are a few case reports of thyrotoxic patients presenting
with fulminant hepatic failure™'!. The precipitation of the clinical presentation is
generally attributable to the onset of cardiac failure, often precipitated by

arrhythmias™!,

Cholestatic injury

An elevated serum alkaline phosphatase is seen in 64% of patients with

thyrotoxicosis'**

. However this is not necessarily liver-specific, as it can
originate from bone and/or liver. It is therefore important to look at elevations in
c-glutamyl transpeptidase (17%) and bilirubin (5%) as an indicator of
cholestasis'**l. In patients with cholestatic injury, the histological features are
similar to the nonspecific changes seen in hepatitic injury. However, in addition

%3] Jaundice is

there appears to be centri-lobular intrahepatocytic cholestasis
uncommon but when it occurs, complications of thyrotoxicosis (cardiac
failure/sepsis) or intrinsic liver disease need to be excluded. It is difficult to
establish which features seen in thyrotoxic liver injury are from tissue thyroid
status alone, and which are in combination with complications such as cardiac
failure, malnutrition and sepsis. It is probably impractical to try and separate the

causes out, as awareness of the presentation, complications and treatment are of

greater importance. A spectrum of pathological changes from focal necrosis
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with fatty change to cirrhosis has been reported in untreated hyperthyroidism'*".

Modern therapies have made chronic liver disease a very rare complication of
hyperthyroidism*. In the vast majority of cases, the hepatic abnormalities
associated with hyperthyroidism are reversible, following the early recognition

and treatment of the disorder**.

Hepatic Dysfunction Associated With Treatment of Hyperthyroidism

Increased serum levels of aspartate aminotransferase and alanine
aminotransferase occur in about 30% of patients treated with
propylthiouracil™!. The rise in AST appears to be dose-related, so that AST and
ALT levels are highest during the first few weeks of treatment, falling rapidly
with a dose reduction*®. In the majority of patients, serum aminotransferases
return to normal, with clinical improvement following withdrawal of treatment.
Rarely, a persistent hepatitis occurs with clinical, biochemical (elevated
bilirubin, AST and ALT) and histological features of hepatocellular necrosis'*’".
This is an idiosyncratic reaction that can develop at any time, but usually occurs
within the first 2 to 3 months of treatment in about 1% of patients, usually
women aged -30 years. It is considered to be an allergic host response, which
generally resolves over a protracted period of time'*®. A small proportion of

patients develop fulminant hepatic failure, with the presence of severe acidosis

or a combination of grade III/IV encephalopathy, renal failure and
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coagulopathy. Abnormalities of liver function are much less common with
carbimazole and methimazole. These agents induce cholestasis, as an

%91 An elevation of the bilirubin, alkaline

idiosyncratic reaction to the drug
phosphatase, and c-glutamyl transpeptidase levels are the predominant
abnormalities. Such liver dysfunction usually presents within 2-3 weeks of
initiation of treatment, and can persist for several months despite
discontinuation of the offending drug™. The predominant feature on liver
biopsy is intrahepatic cholestasis. Predicting the occurrence of hepatic injury in
individual patients is difficult, and it is therefore recommended that liver

function tests be performed in all patients within 3 months of commencing

therapy.

Other thyroid and liver interactions

The liver is the major site for cholesterol and triglyceride metabolism,
and the thyroid hormones play an integral part in hepatic lipid homeostasis.
Thyroid hormones increase the expression of LDL receptors on the
hepatocytes”'), and increase the activity of lipid-lowering liver enzymes,
resulting in a reduction in low-density lipoprotein levels®™”. Thyroid hormones

also increase the expression of apolipoprotein A1, a major component of high-
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density lipoprotein™®. The above effects of the thyroid hormones could be
beneficial in reducing the onset of atherosclerosis if they were elicited without
the deleterious effects, particularly cardiac effects such as atrial

431 A series of 3,5-diodo-3-aryl-substituted thyronines

arrhythmias!
have been developed, which show a potent cholesterol-reducing effect in
hypercholesterolaemic rats, without producing tachycardia. The tissue

selectivity of these agents was attributed to selective uptake by the liver rather
than TR subtype selectivity™®. Subsequently, a series of novel thyronine type
derivatives (dimethyl-isopropylbenzylphenoxy- acetic acid) (GC-1) have

reduced serum cholesterol in rats, without tachycardia, by selective activation of

the TRb 1soform.

Diseases Affecting both Thyroid and Liver

Diseases causing diffuse infiltration like malignancies, amyloidosis and
hemochromatosis can cause both thyroid and liver dysfunction. Of the
infiltrating malignancies, non-Hodgkin’s lymphoma is the commonest cause,
and the presentation is usually dominated by goitre (with or without
lymphadenopathy), jaundice and a paraneoplastic illness”". Occasionally, other

forms of hepatic impairment (e.g. coagulopathy) and hypothyroidism can occur
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as part of the presentation”".

Secondary amyloidosis due to systemic
inflammatory diseases (e.g. Crohn’s, tuberculosis, familial Mediterranean

fever) is the commonest cause of amyloid deposition into the liver and thyroid
gland®”), characterized by the deposition of the serum amyloid A (AA)
protein'®. The synthetic function of each organ is usually well maintained, thus
amyloid organ function is better followed by serial measurement of serum
amyloid A protein and amyloid P scintigraphy'®". Transfusion-related iron
deposition (secondary hemochromatosis) can rarely cause multiple endocrine
abnormalities (including hypothyroidism) and cirrhosis from iron deposition
into the respective organ. The toxicity of the iron deposition into the thyroid

(and thus degree of hypothyroidism) is potentiated by hypoxia and anemia,

making these patients difficult to treat'®?,
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Drugs Affecting both Thyroid and Liver Diseases

Amiodarone is the most notable drug that effects both the liver (fibrosis)
and the thyroid gland (hypo/ hyperthyroidism), and its effects may remain even

%] The antimalarial drug mefloquine can cause a

following drug withdrawal
self-limiting hepatitis and thyrotoxicosis from acute thyroiditis, but the
symptoms appear to resolve when the drug is withdrawn'®". Another major drug
class affecting both organs is the anti-epileptics, of which carbamazepine

can cause hepatic impairment and subclinical hypothyroidism from abnormal
thyroid hormone metabolism'®. Finally, the treatment of malignant disease
using radical radiotherapy regimes, including those containing 1311 MIBG

and modern chemotherapy schedules have been associated with a greater degree
of toxicity affecting both organs'®. Studies on the use of tri-iodothyronine as a
hepatic growth factor has shown it to be a primary mitogen for the liver in
animal models (i.e. it induces hepatocyte proliferation and increases liver mass
when administered at high doses in the absence of hepatic injury)®’. The ability
to increase liver mass in the absence of liver damage, and to enhance
proliferation during compensatory hyperplasia after liver damage, could be
therapeutically valuable if applicable to man. More generally, the ability to
manipulate liver cell proliferation in vivo may be helpful in designing cell

transplantation and gene therapy approaches to liver diseases!®.
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Prognostic markers in liver disease

Identifying patients with poor prognosis is important in planning
treatment as well as in explaining the situation to the relatives of the patient.
Prognostication of these patients is usually done by clinical examination and
history. The introduction of liver cell transplantation as a very viable treatment
modality has increased the importance of accurate prognostication in liver
diseases. This has led to a search for newer biomarkers to better identify the
prognosis. Various scoring systems like Child-Pugh, MELD and others have
been devised to effectively identify patients with poor prognosis and those who
will benefit from liver transplantation. The various prognostic indictors used in

liver disease are briefly described below.

Child —Pugh score

Dr C.G. Child and Dr J.G. Turcotte of the University of Michigan first
proposed the scoring system in 1964’ It was modified by Pugh in 1972. He
replaced Child's criterion of nutritional status with the prothrombin time or INR,
and thus eliminated the most subjective part of the score. Although it was
originally used to predict mortality during surgery, it is now used to determine

the prognosis, as well as the required strength of treatment and the necessity


http://en.wikipedia.org/wiki/University_of_Michigan
http://en.wikipedia.org/wiki/Prothrombin_time
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of liver transplantation. The score employs five clinical measures of liver

] Each measure is scored 1-3, with 3 indicating most severe

disease
derangement. In primary sclerosing cholangitis (PSC) and primary biliary
cirrhosis (PBC), the bilirubin references are changed to reflect the fact that these

diseases feature high conjugated bilirubin levels. The upper limit for 1 point is

68 umol/l (4 mg/dl) and the upper limit for 2 points is 170 umol/l (10 mg/dl).

Measure L .. |2 points 3 points units
point
e <34 umol/I
Bilirubin (total) (<2) 34-50 (2-3) >50 (>3) (mg/dl)
Serum albumin >35  |28-35 <28 g/l
INR <1.7 |1.71-2.20 >2.20 no unit
Ascites None [Mild Severe no unit
Hepatic Grade 11 (.Oﬁ Grade III-IV (or .
encephalopathy None sup presspd wit refractory) no unit
medication)

Figure 1 child Pugh score

Chronic liver disease is classified into Child-Pugh class A to C,

employing the added score from above.


http://en.wikipedia.org/wiki/Liver_transplantation
http://en.wikipedia.org/wiki/Primary_sclerosing_cholangitis
http://en.wikipedia.org/wiki/Primary_biliary_cirrhosis
http://en.wikipedia.org/wiki/Primary_biliary_cirrhosis
http://en.wikipedia.org/wiki/Bilirubin
http://en.wikipedia.org/wiki/Serum_albumin
http://en.wikipedia.org/wiki/Ascites
http://en.wikipedia.org/wiki/Hepatic_encephalopathy
http://en.wikipedia.org/wiki/Hepatic_encephalopathy
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Points Class  |One year survival Two year survival
5-6 A 100% 85%
7-9 B 81% 57%
10-15 C 45% 35%
MELD SCORE

The Model for End-Stage Liver Disease, or MELD, is a scoring system
for assessing the severity of chronic liver disease. It was initially developed to
predict death within three months of surgery in patients that had undergone
a transjugular intrahepatic portosystemic shunt (TIPS) procedure’"l. It uses the
patient's values for serum bilirubin, serum creatinine, and the international
normalized ratio for prothrombin time (INR) to predict survival. This score is
also used by theUnited Network for Organ Sharing (UNOS)
and Eurotransplant for prioritizing allocation of liver transplants. It is calculated

according to the following formula*":

MELD = 3.78[Ln serum bilirubin (mg/dL)] + 11.2[Ln INR] + 9.57[Ln

serum creatinine (mg/dL)] + 6.43



http://en.wikipedia.org/wiki/Chronic_liver_disease
http://en.wikipedia.org/wiki/Transjugular_intrahepatic_portosystemic_shunt
http://en.wikipedia.org/wiki/Bilirubin
http://en.wikipedia.org/wiki/United_Network_for_Organ_Sharing
http://en.wikipedia.org/wiki/Eurotransplant
http://en.wikipedia.org/wiki/Liver_transplantation
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Caveats with the score include:

= The maximum score given for MELD is 40. All values higher than 40 are
given a score of 40

= If the patient has been dialyzed twice within the last 7 days, then the
value for serum creatinine used should be 4.0

= Any value less than one is given a value of 1 (i.e. if bilirubin is 0.8, a

value of 1.0 is used).

In interpreting the MELD Score in hospitalized patients, the 3 month mortality

1S:

. 40 or more — 100% mortality
. 30-39 — 83% mortality

. 20-29 — 76% mortality

. 10-19 — 27% mortality

. <10 — 4% mortality

The equation seeks to calculate a patient’s likelihood of dying within
three months from their liver disease. This scoring system is preferred by many

centers for selecting patients for liver transplantation.
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Other models

Other models for assessing the prognosis in liver disease include the following.
The original PBC model””
In this model, survival probability of a patient with primary biliary
cirrhosis without treatment is estimated based on the following variables. The
variables employed are age, serum bilirubin, serum albumin, prothrombin

time, presence of peripheral edema and usage of diuretics.

Updated PBC model for prediction of short-term survival”

In this model, short-term survival probability of a patient with primary
biliary cirrhosis is estimated based on repeated observation. The same variables

used in the original PBC model are used in this model also.

New PSC Model™!
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In this model, survival probability of a patient with primary sclerosing
cholangitis is estimated based on the following variables. The variables are age,

serum bilirubin, serum albumin and AST.

The Alcoholic Liver Disease/Nonalcoholic Fatty Liver Disease Index

(ANI)[76]

The ANI is a novel scoring system that is highly accurate in
distinguishing alcoholic liver disease (ALD) from nonalcoholic fatty liver
disease (NAFLD). The ANI may be a useful tool for the frequent clinical
scenarios in which it 1s useful to ascertain an alcohol basis for steatohepatitic
liver injury. Short short-term abstinence does not significantly affect the
performance characteristics of the ANI therefore the ANI is unlikely to be
useful in detecting surreptious alcohol consumption in patients with known
ALD. Other liver diseases should first be excluded before utilizing the ANI. The
ANI is most accurate when the MELD Score is below 20. The variables used

are AST, ALT, MCV, weight, height and gender.
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Prothrombin time

The prothrombin time is a measure of the extrinsic pathway of
coagulation and quantifies the activity of coagulation factors VII, V, and X,
along with their ability to produce fibrin from fibrinogen through the action of
thrombin'””. As some of the coagulation factors have short half lives-for
example, factor VII has a half life of only two to five hours -the prothrombin
time is a good marker of the synthetic capacity of the liver and hence reflects
the severity of hepatic necrosis. It has been observed that the prothrombin time
peaks on the third day after paracetamol overdose in those patients who are
going to survive and on the fourth day or later in those who will not’®. This
presumably reflects either a greater degree of hepatic necrosis or a delay in
hepatocyte regeneration in those patients who die. Prothrombin time is
reproducible and nearly always available. Prothrombin time has emerged as a
very discernible indicator of liver cell function especially acute liver cell

function.

Other coagulation factors!””

Factor VII concentration has been shown to provide a good indication of

prognosis in acute liver diseases. The use of serial factor VII concentrations has
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also been shown to improve the predictive power of this test. Bernuau et al in
Paris, using multivariate analysis, found that a reduced factor V concentration
was the most sensitive prognostic indicator in patients with fulminant hepatitis
B infection. However Assay of individual clotting factors is not a routine
investigation in most laboratories and this limits the usage of these indicators in

routine clinical practice!’®.

Aminotransferases

The serum aminotransferases (formerly called transaminases) are
sensitive indicators of liver cell injury and are most helpful in recognizing acute

hepatocellular diseases, such as hepatitis!””.

The activities of alanine
aminotransferase (ALT), formerly serum glutamic-pyruvic transaminase
(SGPT), and aspartate aminotransferase (AST), formerly serum glutamic-
oxaloacetic transaminase (SGOT), in serum are the most frequently measured
indicators of liver disease. These enzymes catalyze the transfer of the a-amino
groups of alanine and aspartic acid, respectively, to the a-keto group of

ketoglutaric acid. This results in the formation of pyruvic acid and oxaloacetic

acid.
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There is a poor correlation between the extent of liver cell necrosis and
elevation of serum aminotransferases levels. Similarly, absolute elevation of
aminotransferase levels is of little value in predicting the outcome of acute
hepatocellular disorders. Rapid decreases in serum aminotransferase levels
usually are a sign of recovery from disease. This may be a poor prognostic sign
in fulminant hepatitis, in which decreasing serum values may reflect the
massive destruction and loss of viable hepatocytes. AST has been validated as
an independent prognostic marker in drug induced liver disease™. Other
enzymes like lactate dehydrogenase, glutamate dehydrogenase, isocitrate
dehydrogenase and sorbitrate dehydrogenase has been used as indictors of liver

cell damage but none of them has been validated as prognostic indicators.

Bilirubin

A recognition of the potentially grave significance of yellow
discoloration (jaundice) long preceded any knowledge of bilirubin and is
mentioned in clay tablets of Mesopotamia (3000 BC) and the writings of
Hippocrates (460-377 BC). In the practice of medicine over the centuries, the
skin discoloration often evoked fear and loathing'™'. The concentration of
bilirubin in plasma varies directly with the generation of bilirubin and inversely
with the hepatic clearance of bilirubin. Bilirubin is incorporated in most of the

scoring systems assessing the prognosis in liver diseases. Bilirubin has
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separately been validated as an independent prognostic marker in drug induced

80
liver diseases®.

Other prognostic markers in liver disease

Computerized tomagraphic liver volumetry has been validated as a
prognostic indicator in acute liver disease®. The newer methods used in
prognostication of liver diseases are ER6Q,Vimentin, actin alpha 1 skeletal
muscle protein, h(MFAP and tropomyosin'™!. Serum electrophoresis has been
suggested as an indicator of prognosis in chronic liver disease.When an
electrophoretic analysis of the serum proteins was included, marked decreases
in the concentrations of albumin and the alpha-globulins alpha-1-antitrypsin and
haptoglobin were observed in terminal liver cirrhosis, indicating impaired liver

function™.

In patients with alcoholic cirrhosis, plasma calprotectin has been
suggested as a new prognostic marker of survival, which seems independent of
the severity of liver disease®™. Furthermore, high plasma calprotectin levels

may characterize a group of patients with cirrhosis with recurring bacterial

infections.

Hyaluronic acid is a strong predictor of liver-related events in HIV/viral
hepatitis-co-infected patients. Patients developing liver-related events during

follow-up had substantially larger increases in HA compared to patients without
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such events. Plasma Hyaluronic acid may be useful to monitor progression of

liver disease in this population'®®!.
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Thyroid function tests as prognostic indicators in liver disease

The abnormalities of serum concentrations of thyroid hormones are
commonly found in liver diseases. The degree of abnormalities may be noted
according to the type of disease or its severity. The estimation of free thyroid
hormones is important in liver diseases because changes of the binding protein
in blood.

According to Takahashi et al in chronic liver diseases, serum FT3 is
decreased according to the degree of liver dysfunction in conditions such as
CPH, CAH and LC, and seemed to reflect the severity of the liver damage™™’.
Serum FT3 may reflect directly the disturbance of the conversion from T4 to T3
in liver. It is also decreased in AH as in LC. Therefore serum FT3 may become
an index of liver damage because serum FT3 showed favourable correlation
with each of ICGR15,

PT and albumin which were considered to reflect the reserved hepatic capacity.
As to the significance of free thyroid hormones as an index of the severity of
liver damage, serum FT3 decreased according to the degree of liver dysfunction
in both chronic liver diseases and AH. In consequences it is considered that
serum FT3 may become a sensitive index of liver dysfunction; serum FT4

decreased in only LC™*". It is considered that decrease of serum FT4 was noted
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under the critical condition in liver diseases as in other diseases. Therefore
serum FT4 is assumed to be a useful index for prognosis, and has a different
significance

from serum FT3.

Yamanaka et al reported that T3/T4 value decreased only decompensated
liver cirrhosis, but no significant changes were noted in other liver diseases™.
Yamaba et al reported that T3/T4 value decreased most in acute hepatitis, and
slightly decreased in chronic persistent hepatitis and chronic active hepatitis,

while no significant difference was noted in liver cirrhosis compared with

controls®”.,

Ertug” rul Kayacetina, Gurcan Kisakolb, Ahmet Kayab found no
significant difference in functional thyroid parameters between patients
surviving and not surviving hepatic encephalopathy (p <0.375)"". They
concluded that patients with decompensated liver disease complicated by
hepatic encephalopathy subsequent to non-alcoholic cirrhosis were found to
have exceedingly low serum FT3 and T4 levels. Depressed serum FT3 and T4
levels, together with a prolonged prothrombin-time, therefore appear to be
characteristic of a subgroup of decompensated cirrhotic patients prone to

develop hepatic encephalopathy.

Hepner and Walfish reported a significant inverse correlation between



42

serum T3 concentrations and the severity of liver dysfunction®"*?. A

progressive decrease in T3 levels in chronic liver diseases was described as an
indicator

of poor prognosis. Authors ascribed this finding to diminished conversion of T4
to T3 and impaired metabolism of thyroxine-binding proteins. Borzio et al.
compared cirrhotics with normal subjects and chronic hepatitis patients. They
suggested that T3 serum levels inversely paralleled severity of liver
dysfunction. Thyroid function tests have also been performed in acute hepatitis.
T4 has been found to be elevated in patients with acute viral hepatitis due to
elevation of TBG

(Possibly secondary to release from injured hepatocytes).

In a large group of alcoholic patients Israel et al reported a significant
inverse correlation between serum T3 concentrations and the severity of liver
dysfunction as well as a progressive T3 increase in those subjects eventually
displaying a favourable outcome, suggesting that T3 concentrations in patients
with advanced liver disease may be considered as a helpful prognostic

indicator™!,

Only little data have been previously reported on direct
measurement of free thyroid hormones in liver patients. Green et al found

normal FT3 and FIT4 in a small group of cirrhotic patients while low FT4 and

normal FT3 concentrations were present in alcoholic fatty liver™*. Many studies
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performed with equilibrium dialysis, however, showed decreased FT3 and

normal or frequently increased FT4 concentrations.

S. OZSOY et al found out that chronic alcohol consumption may cause
long-term thyroid dysfunction). This may be manifested as a subclinical
hypothyroidism in clinical settings and may be related to the severity and
duration of alcoholism, family history, and aggression tendency of the patient.
Although decreased thyroid hormone levels seem to be a result of persistent
effect of chronic alcohol use on thyroid gland, it cannot be disregarded that it

may also be a trait marker of proneness to alcoholism.
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Conclusion

The liver is closely involved in the metabolism and homeostasis of
thyroid hormones. Liver synthesizes most of the thyroid binding proteins and is
also involved in the peripheral conversion and inactivation of thyroid hormones.
Clinically chronic liver disease may mimic hypothyroidism and thyroid
dysfunction may exacerbate liver disease. Though most of the liver disease
patients remain euthyroid, subtle abnormalities in thyroid function tests are
common. The abnormalities found in a particular liver disease patient depend on
the type and duration of illness. The thyroid abnormalities found in acute liver
disease differs from that in chronic liver disease and reflects mostly the
underlying inflammatory status. The thyroid abnormalities in chronic liver
disease patients have been suggested to be an adaptive response to the disease
state. It has also being suggested that induced hypothyroidism may be
therapeutic in cirrhotic patients. Apart from this thyroid and liver dysfunction
can coexist as part of consequences of drugs, radiation or other systemic disease

Pprocess.

Accurate prediction of prognosis in liver disease is important in selecting
the optimum treatment is especially important if liver transplantation is being
planned. Several prognostic markers and scoring systems have been developed
and validated in this regard. But the search for newer prognostic markers is still
on. Several studies have suggested that thyroid function tests could powerful
predictors of prognosis in liver disease. It has also being suggested that thyroid
function tests can be used to differentiate between acute and chronic liver

diseases.
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Materials and Methods

Settings
Institute of internal medicine,

Madras Medical College and Government General Hospital

Chennai - 600 003.

Ethical approval

Obtained

Study duration
This study was conducted for a period of eighteen months from Jan 2008 to
October 2009.
Study Design

A cross sectional study to determine the spectrum of thyroid
abnormalities in acute and chronic liver disease patients getting admitted to

general medical wards during the study period.

Inclusion criteria

1] Patients admitted in medical wards in Government General Hospital with
diagnosis of acute or chronic liver disease from January 2008 to October 2009

were selected for the study. The first 50 patients admitted during the period with
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diagnosis of chronic liver disease were studied under the chronic liver disease
category. Similarly the first 10 patients with the diagnosis of acute liver disease

were studied.

2] Age greater than 12 years.

Exclusion criteria
1) Age less than 12 years

2) Patients refusing to undergo the study

Methods

A detailed clinical history was elicited from patients selected for the
study. A comprehensive physical examination was carried out on them,
followed by a thorough review of their hospital records. Data was collected
regarding the duration of symptoms, clinical features of liver disease and
features of thyroid disease. Patients were divided into acute or chronic liver
disease based on history, physical examination, and imaging. Any patient with
duration of illness more than 2 months was considered to have chronic liver
disease. On imaging coarse echoes and features suggestive of cirrhosis was
taken as markers of chronic liver disease. Ascites was graded into three

categories; 0- no ascites, 1- easily controlled ascites, 2- difficult to control
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ascites. Hepatic encephalopathy was graded into 3 categories; 0O-none, 1-
minimal and 2-advanced.

Complete thyroid profile (thyroid stimulating hormone [TSH], free
thyroxine [FT4], total thyroxine [TT4], free triiodothyronine [FT3] and total
triitodothyronine [T T3]) of patients selected for the study was carried out using
chemilumiscent immunological method. Patients underwent complete liver
function tests. This included total and direct bilirubin, enzymes (aspartate
aminotransferase [AST], alanine aminotransferase [ALT], alkaline phosphatase
[AP]), serum total protein and albumin and prothrombin time. Prothrombin time
was estimated using method. All patients underwent an abdominal
ultrasonogram to confirm the diagnosis and to look for ascites splenomegaly
and features of portal hypertension.

Child-Pugh score was calculated for patients with chronic liver disease as a

measure of the severity of liver disease.

Thirty age and sex matched healthy controls were selected from among
the attendees of the patients. They were given a complete physical examination
liver function test evaluation to exclude liver disease. A complete thyroid

profile (TSH, FT4, TT4, FT3, and TT3) was carried out on them.
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Statistical analysis

Data analysis was done with use of SPSS, version 10. Descriptive
statistics were used to calculate the frequency, mean, median, and standard
deviation. For all normally distributed variables, Student’s t test and ANOVA
test were used to determine the significant mean difference in various groups.
The correlation between the various thyroid function variables and liver
function variables was assessed by Pierson’s method. The significance of the
difference between the various coefficients of correlations was evaluated using

z transformation test.
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Observations and Results
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Observations and Results

The analysis of the data from 50 patients with chronic liver disease, 10

patients with acute liver disease and 30 controls is given below.

Baseline characteristics

The baseline characteristics of each group of patients and controls are
given below. The chronic liver disease group was composed 41 males and 9
females. The average age was 49 years. The mean duration of symptoms was
16.44 months. Twenty five patients had evidence of upper gastrointestinal
bleed. Thirteen patients had evidence of hepatic encephalopathy with 4 of them
having severe encephalopathy. Twenty nine patients had clinical evidence of
ascites of which 6 were classified as difficult to control. Thirty four of these
patients had serologic evidence of ascites. Of these patients 42 were clinically
icteric while 30 had evidence of edema.

Of the chronic liver disease patients only one patient had clinical
evidence of hypothyroidism and her thyroid profile showed gross
hypothyroidism with TSH being 28.4. Two other patients had TSH between 5.5

and 10 with no clinical evidence of hypothyroidism. No patient was found to
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have either laboratory or clinical evidence of hyperthyroidism. Other baseline

characteristics are given in the chart below.

Characteristic Value Standard deviation
Total patients enrolled 50

Male 41 (82%)

Female 9 (18%)

Mean age 49 yrs 12.8 years
Mean Duration of | 16.44 months 19.8 months
symptoms

Number with UG bleed 25 (50%)

Number with | 13 (26%)

encephalopathy

Number  with severe | 4 (8%)

encephalopathy

Number with ascites 29 (58%)

Number with difficult to | 6(12%)
control ascites

Number with jaundice 42 (84%)
Number with edema 30 (60%)
Patients with goiter 1 (2%)

Patients with gall stones 3(6%)

Patients  with  clinical | 1 (2%)

hypothyroidism

TSH 2.3788 mIU/L 4.01
TT4 6.5778 micro g/dL 1.77
FT4 1.1632 ng/dL 0.362
TT3 102.64 ng/dL 38.0
FT3 1.8728 pg/mL 0.650
Total bilirubin 7.7390 mg/dl 5.69
Direct bilirubin 4.3340 mg/dl 3.44
AST 125.24 U/L 89.4
ALT 128.94 U/L 117
Alkaline phosphatase 198.26 U/L 59.8
Albumin 3.2980 gm/dl 0.446
Prothrombin time 24.086 seconds 6.34
Child-Pugh score 10.120 2.19
Liver size 11.170 cm 1.86

Spleen size 10.900 cm 2.68 cm
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Baseline characteristics in acute liver disease patients

The acute liver disease group consisted of 7 males and 3 females. The
mean age of the group was 33.3 years. The mean duration of symptoms was
0.360 months. All ten patients were jaundiced; none of the patients had upper
gastrointestinal bleed, goiter or gall stones. One patient each had hepatic

encephalopathy and ascites.

None of the patients had clinical or laboratory evidence of
hypothyroidism or hyperthyroidism. The mean TSH was 1.7330 with a standard
deviation of 1.04. The mean free T3 was 2.3090 with a standard deviation of

0.644. The other baseline characteristics of the group are given below.
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Characteristic Value Standard deviation
Total patients enrolled 10

Male 7 (70%)

Female 3 (30%)

Mean age 33.300 years 11.2 years
Mean Duration of | 0.36600 months 0.119 months
symptoms

Number with UG bleed 0

Number with | 1 (10%)

encephalopathy

Number  with  severe | 0

encephalopathy

Number with ascites 1 (10%)

Number with difficult to | 1(10%)

control ascites

Number with jaundice 10(100%)

Number with edema 0

Patients with goiter 0

Patients with gall stones 0

Patients  with  clinical | 0

hypothyroidism

TSH 1.7330 mIU/L 1.04
TT4 9.9930 micro g/dL 2.52
FT4 1.2720 ng/dL 0.279
TT3 108.70 ng/dL 35.8
FT3 2.3090 pg/mL 0.644
Total bilrubin 7.7500 mg/dl 4.46
Direct bilrubin 4.3400 mg/dl 3.33
AST 317.30 U/L 219.
ALT 325.60 U/L 230
Alkaline phosphatase 208.00 U/L 38.1
Albumin 3.6900 gm/dl 0.224
Prothrombin time 16.260 seconds 2.12
Liver size 12.180 cm 1.38
Spleen size 7.6000 cm 0.745
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Baseline characteristics of control group

The control group consisted of 30 patients of which 20 were males. The

mean age of the patients was 43.200 years. None of the patients had clinical or

laboratory evidence of thyroid dysfunction. The liver function was normal both

clinically and by laboratory evidence.

Characteristic Value Standard deviation
Total patients enrolled 30

Male 20 (66.67%)

Female 10 (33.33%)

Mean age 43.200 years 13.8 years
Patients  with  clinical | 0

hypothyroidism

TSH 2.7440 mIU/L 1.56

TT4 7.4693 micro g/dL 1.46

FT4 1.2630 ng/dL 0.292
TT3 124.17 ng/dL 29.0

FT3 2.8850 pg/mL 0.582
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Distribution of patients in various groups

60

B chronic liver disease
B acute liver disease

@ control

Figure 2 distribution of patients
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Sex distribution in various groups

Chronic liver disease. Total number 50. Male-41, female-9.

CLD

Figure 3 sex distribution CLD

Acute liver disease
Total number 10, female-3. Male-7

ALD

Figure 4 ALD sex distribution
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Sex distribution in controls

CONTROLS

Figure 5 control sex distribution
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Comparison of thyroid function variables

The comparison between the thyroid function tests of the three groups
was carried out using ANOVA test. Among the thyroid function tests TSH and
FT4 failed to show any statistically significant difference among them (p value
of 0.67 and 0.35 respectively). The most statistically significant difference was
in the comparison of TT4 and FT3 (p value -0.0001). The p value for the

comparison of TT3 among the three groups was 0.033.

Thyroid TSH' TT4 TT3’ FT4" FT3’

variable Mean-std | Mean-std | Mean-std | Mean-std | Mean-std
dev dev dev dev dev

CLD 2.3788- 6.5778 - 102.64- 1.1632- 1.8728-
4.01 1.77 38.0 0.362 0.650

ALD 1.7330 - 9.9930- 108.70 - |1.2720 - 2.3090-
1.04 2.52 35.8 0.279 0.644

CONTROL | 2.7440- 7.4693 - 124.17- 1.2630- 2.8850 -
1.56 1.46 29.0 0.292 0.582

'P value- 0.67
2 P value- .0001
3 P value- 0.033
4 P value- 0.35
3 P value- .0001
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The comparison of liver function abnormalities

There was no significant difference between the acute and the chronic
disease groups in case of total or direct bilirubin. Among the enzymes both AST
and ALT differed significantly between the two groups. Serum alkaline
phosphatase did not vary significantly between the two groups. Markers of
hepatic synthetic function like albumin and prothrmbin time varied significantly
between the two groups. Among the sonologic parameters liver size did not
show any significant difference while the difference in spleen size was
significant. The comparison between the various liver function values and the

level of significance is given in the table below.

Liver function | CLD ALD P value
variable Mean-std dev Mean-std dev Mean-std dev
Total bilirubin 7.74 -5.69 7.78-4.46 0.98
direct bilirubin 4.33-3.44 4.34-3.33 1.00
AST 125-89.4 317- 219 .0001
ALT 129- 117 326- 230 0.0002
ALK PO4 198-59.8 208-38.1 0.62
Albumin 3.30- 0.446 3.69- 0.224 .0001
Prothrombin time | 24.1- 6.34 16.3-2.12 0.0003
Liver size 11.2-1.86 12.2-1.38 0.11
Spleen size 10.9- 2.68 7.60 - 0.745 0.0003
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Correlation between the thyroid function and liver function

Correlation between the thyroid function and liver function in CLD

The correlation between various thyroid function variables and liver
function variables was calculated using Pierson’s coefficient of correlation
method. The results are shown in the table below. There was no significant
relation between the thyroid function and the level of liver enzymes (AST,
ALT). Among the thyroid function tests FT3 showed the highest level of
correlation with the liver function indices. TSH did not show any correlation
with the liver function indices except total bilirubin. The correlation was
significant with a p value of less than 0.05. All other thyroid function indices
showed relationships with the liver indices (excluding the enzyme levels) that
were significant with a p value less than 0.01. Serum albumin showed a
significant positive correlation with TT4, TT3, FT4 and FT3. Both
prothrombin time and child-Pugh score showed a significant negative

correlation with TT4, TT3, FT4 and FT3. The best correlation was between FT3
and Child-Pugh score.

TB DB AST |ALT |[ALB |PT CPS
TSH |+0.304* | +0.189 |-0.072 |-0.014 |-0.178 |[+0.366°|+0.222
TT4 |-0.405° [-0.515" [+0.261 |[+0.231 |+0.427°|-0.595" | -0.651°
FT4 |-0.446° |-0.432° |+0.137 [+0.132 |+0.412°|-0.564" | -0.481°
TT3  |-0.580° [-0.575° | +0.110 |+0.050 |+0.486°|-0.626° |-0.535°
FT3 -0.599° | -0.582° | +0.117 |+0.028 |+0.505"|-0.726" | -0.682°

a

correlation significant at 0.05 level ( 2 tailed)

b correlation significant at 0.01 level ( 2 tailed)
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Graphical representation of the data

Plot between FT3 and liver variables
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Figure 6 free T3- albumin

The coefficient of correlation — 0.505
Correlation significant at 0.01 level.
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Plot between free T3 and prothrombin time
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Figure 7 free T3- prothrombin time

The coefficient of correlation between free T3 and prothrombin time — -0.626
Correlation significant at 0.01 level.
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Plot between free T3 and total bilirubin
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Figure 8 FT3 - total bilirubin

The coefficient of correlation between free T3 and prothrombin time — -0.599
Correlation significant at 0.01 level.
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Plot between free T3 and Child-Pugh score

O S e B

25

& ft3- cps

FT3
N

L ——Tlinear (ft3- cps)

1.5

0.5

0 2 4 6 8 10 12 14 16

Child-Pugh score

Figure 9 FT3-Child-Pugh score

The coefficient of correlation between free T3 and Child-Pugh score —-0.599
Correlation significant at 0.01 level.
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Correlation between the thyroid function and liver function in ALD

The correlation between various thyroid function variables and liver
function variables was calculated using Pierson’s coefficient of correlation
method. The results are shown in the table below.

There was no significant relation between the thyroid function values and
the level of liver enzymes (AST, ALT). Among the thyroid function tests FT3
showed significant negative correlation with prothrombin time while the p value
for the correlation with other variables did not reach level of significance,
probably due to the small number of patients. TSH did not show significant
correlation with any of the liver function indices. Total t4 showed a significant
positive correlation with total bilirubin and a significant negative correlation
with serum albumin levels. Total T3 showed significant negative correlation
with AST levels. The level of correlation between other thyroid variables and

various liver function values did not reach significant level.

TB DB AST ALT ALB PT
TSH -0.192 |-0.274 |+0.444 |+0.357 |+0.028 |-0.180
TT4 +0.857% | +0.890 | +0.466 | +0.433 |-0.862" |+0.355
FT4 +0.408 | +0.438 [-0.214 |-0.108 |-0.222 |+0.171
TT3 -0.587 [-0.588 |[-0.644" |-0.559 |+0.444 |-0.485
FT3 -0.605 [-0.611 [-0.129 [-0.057 |+0.282 |-0.730°

a

correlation significant at the 0.01 level ( 2 tailed)

® correlation significant at the 0.05 level ( 2 tailed)
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Plot between total T4 and serum albumin levels
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Figure 10 total t4- serum albumin

The coefficient of correlation between total T4 and serum albumin — 0.857
Correlation significant at 0.01 level
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Plot between total T4 and total bilirubin levels
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Figure 11 total T4- total bilirubin

The coefficient of correlation between total T4 and total bilirubin - +0.862
Correlation significant at 0.01 level
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Plot between free T3 and prothrombin
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Figure 12 FT3- prothrombin time

The coefficient of correlation between total T4 and total bilirubin - -0.730
Correlation significant at 0.05 level.



Plot between total T3 and AST
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The coefficient of correlation between total T3 and AST - -0.644

Correlation significant at 0.05 level.
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Analysis of the difference between the various correlations

The significance of the difference between the various values of

correlation was assessed by Z- transformation test. There was no significant

difference between the statistically significant correlation values. The data

obtained in the analysis is given in the following table.

CLD
group
P-
type n r z 1/n-3 se(z1-22) value
PT free 3 | 50 -0.726 |0.92022 | 0.021277
tot t3 | 50 -0.626 | 0.73481 | 0.021277
0.18541 | 0.042553 | 0.206284 | 0.89879 | 0.369
CP free 3 | 50 -0.682 | 0.83284 | 0.021277
tot t3 | 50 -0.535 | 0.59712 | 0.021277
0.23572 | 0.042553 | 0.206284 | 1.14269 | 0.253
ALD
Group
PT free 3 | 10 -0.73 |1 0.92873 | 0.142857
tot t3 | 10 -0.485 | -0.5295 | 0.142857
0.39923 | 0.285714 | 0.534522 | 0.74688 | 0.455
Discussion

Baseline characteristics of the data show that the majority of the liver

disease population is constituted by males, both in acute and chronic liver




72

disease groups. Among these two groups, males constituted a higher proportion
(82%) in the chronic liver disease group. This probably reflects the high
prevalence of alcohol abuse among males. Another reason could be greater

exposure of the males to infectious agents due to their outdoor lifestyle.

Among the chronic liver disease patients only one patient had gross
hypothyroidism, she also had clinical evidence of thyroid disease. Two other
patients showed elevated TSH between 5 and 10 without clinical evidence of
hypothyroidism. There were no other gross abnormalities in any of the other
patients in chronic liver disease group or acute liver disease group. So it can be
inferred that all chronic liver disease patients should be carefully examined for
features of hypothyroidism and if it is present laboratory confirmation is
warranted. The usefulness of routine screening for thyroid abnormalities in
chronic liver disease patients is doubtful as there is uncertainty regarding the
benefit of treating patients with subtle thyroid abnormalities. This concern is
especially valid since many investigators have suggested that hypothyroidism

may be an adaptive change liver cirrhosis patient.

On analysing the thyroid function variables, TSH did not vary
significantly between the three groups (p value-0.67). Total T4 was significantly
lower in the chronic liver disease group compared to controls and acute liver
disease (p value .0001). The total T4 level was significantly elevated in acute
liver disease group (p value .0001). This reiterates the fact that total T4 is an
acute phase reactant and is elevated in any conditions causing systemic
inflammation. Total T4 may emerge as a useful marker to differentiate between
acute and chronic liver disease patents as the values go in different directions
from normal in these two groups. A potential caveat to this approach would be

chronic liver disease patients with significant inflammation.
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Total T3 was significantly lower in both the disease groups compared to
controls (p value .033) probably due to impaired peripheral conversion in liver
disease groups. Free T4 did not vary significantly between the three groups.
This was surprising given that earlier studies have demonstrated significant
difference between these groups. It has previously been proposed that free T4
could be used as an indicator to differentiate acute and chronic liver disease

patients as it is decreased only in chronic liver disease patients.

Free T3 differed significantly between all the three groups with chronic
liver disease group having the lowest value. The difference between the acute
liver disease group and controls was also significant (p value .0001). So free T3
may be used as a sensitive indicator to differentiate acute and chronic liver
disease patients. For this separate normal limit of free T3 has to be established

in both acute and chronic liver disease groups by large population studies.

The chronic liver disease group was considerably older than the acute
liver disease group. The acute liver disease group was less sick with better
prothrombin time (p value-<0.0001). The enzyme levels, both AST and ALT
differed significantly between the two groups (p value-<0.0001).among the
ultrasound parameters spleen size varied significantly (p value-<0.0001) but
there was no significant difference in liver size (p value-0.11). There was no
significant difference between the total or direct bilirubin levels between the

two groups (p value-0.98). These results were along the expected levels.

On assessing the correlation between thyroid and liver function variables
in the chronic liver disease group, TSH showed significant correlation only with
total bilirubin (p value of < 0.05). In the acute liver disease group TSH did not

show any significant correlation with any of the liver function variables.
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In chronic liver disease patients total T4 showed significant negative
correlation with total bilirubin, direct bilirubin, prothrombin time and Child-
Pugh score (p value of < 0.01). There was significant positive correlation
between serum albumin levels and total T4 (p value of < 0.01). This was in
contrast to the situation in acute liver disease group where there was significant
positive correlation between total T4 levels and total bilirubin and direct
bilirubin and significant negative correlation with serum albumin levels. There
was no significant correlation between total T4 and other liver variables despite
high coefficient of correlation value. This was due to the small number of
subjects in the acute liver disease study group (10). It can be concluded that in
chronic liver disease total T4 decreases as the severity of the disease worsens
but in acute liver diseases total T4 increases as the disease severity worsens.
This may be due to the fact that in acute liver disease group it acts as a marker
of inflammation while in chronic liver disease group it is decreased probably
due to direct suppression of the thyroid function in chronic liver disease group

or abnormalities in pituitary thyroid axis.

Free T4 follows the same pattern of relationship with liver function
variables as total T4 in chronic liver disease. It showed significant negative
correlation with total bilirubin, direct bilirubin, prothrombin time and Child-
Pugh score (p value of < 0.01). There was significant positive correlation
between serum albumin levels and total T4 (p value of < 0.01). But when it
came to acute liver disease it failed to show any statistically significant
relationship. Moreover the relationship it showed was in inverse direction to the
relationship with total T4 in case of enzymes. This again points to the fact that
the elevation of total T4 in acute liver diseases is due to elevated thyroid

binding globulin release from liver.



75

Total T3 showed significant negative correlation with total bilirubin,
direct bilirubin, prothrombin time and Child-Pugh score (p value of < 0.01).
There was significant positive correlation between serum albumin levels and
total T4 (p value of < 0.01). When it came to acute liver diseases it showed
significant relationship only with AST which was negative (coefficient of
correlation -0.644 with p value 0.05). Though coefficients of correlations with
other liver variables were numerically robust, it did not reach levels of statistical

significance due to the small number of patients.

Free T3 showed the highest level of correlation with liver variables
whenever the relationship was significant. Free T3 showed significant negative
correlation with total bilirubin, direct bilirubin, prothrombin time and Child-
Pugh score (p value of < 0.01). There was significant positive correlation
between serum albumin levels and total T4 (p value of < 0.01). Among the
different variables the highest correlation was between prothrombin time (-
0.726) and then Child-Pugh score (-0.682). In acute liver disease patients free
T3 showed significant negative correlation with prothrombin time (-0.730). This
shows that free T3 could be a useful marker of severity and prognosis in chronic
liver disease patients as it has consistent and significant relationship with
prothrombin time and Child-Pugh score. Free T3 maintains this strong
relationship with prothrombin time in acute liver diseases. Since prothrombin
time is widely regarded as one of the best prognostic indicator in acute liver

diseases free T3 can be used as another marker of severity and prognosis.

Among the thyroid variables free T3 showed the highest correlation with
the liver function variables. But this did not turn out to be significant
statistically (p value 0.369). Even then by virtue of the higher coefficients of
correlations it can be said that free T3 deserves maximum attention as a marker

of liver disease severity and prognosis. In acute liver disease patients total T4
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showed the highest and most significant correlation. So total T4 may be used as
a marker of acute diseases in which it increases in contrast to chronic diseases in
which it deceases. Regarding prognosis and severity free T3 showed significant
correlation with prothrombin time, total T3 with AST and total T4 with
bilirubin. The difference between free T3 and total T3 in their relationship with
liver variables were not statistically significant (0.455). So it will be hard to
recommend one value among these as a better index, but free T3 probably
deserves more attention because of its relationship with prothrombin time. All
these variables require validation in prospective studies before they can be
considered be useful markers of prognosis. Further more their relationship liver
function has to be established in each of the etiologically different liver

diseases.
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Limitations of the study

There were many limitations to the study. The most important among
them is that it was a cross sectional study without follow up of the patients. So
the conclusions made regarding the prognosis of the patients are at best
inadequate. Another major limitation of the study was the limited number of
patients in the acute liver disease group. This was due partly to the pattern of
hospital admission and to financial constrains. Assessment of reverse T3,
reverse T4 and thyroid binding globulin (TBG) was not carried out as part of
this study. Assessment of TBG levels would have made interpretation of T4

levels more meaningful.

Assessment of liver disease was limited by lack of histological diagnosis.
Histological diagnosis would have permitted further refinement in interpretation
of the results. Another major drawback was the lack of etiological classification
of the liver disease patients. Most of these shortcomings were due to financial

constrains.
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Conclusions
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Conclusions

Males constitute the majority of liver disease patients in govt general
hospital and this is more prominent in the chronic liver disease group. The
chronic liver disease patients are sicker and have more complications than

acute liver disease patients.

Gross thyroid abnormalities are uncommon in liver disease patients if
clinical features of thyroid dysfunction are absent. In every patient with
liver disease signs of thyroid dysfunction should be looked for. Patients
with features of thyroid dysfunction should promptly undergo laboratory
evaluation. There is not enough evidence to suggest routine screening for

thyroid dysfunction in liver disease patients in the absence of symptoms.

Different thyroid function parameters differ significantly between chronic
liver disease patients, acute liver disease patients and controls. This can be
utilized in differentiating acute liver disease patients from chronic patients.
For this total T4 seems to be the most promising followed by free T3 and
total T3.

Thyroid indices may be useful in assessing the prognosis of patients with
liver disease since they show significant correlation with established
markers of liver disease prognosis. In this regard free T3 seems to be the
most promising in chronic liver disease patients. In acute liver disease

there is nothing much to choose between total T4 and free T3.
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Further prospective studies are required for validating and assessing the
role of thyroid function tests as markers of prognosis in liver disease.
Studies need to be carried out in each of the etiologically different liver

diseases for better defining the role of thyroid hormones in each situation.
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Thyroid abnormalities in liver disease

Performa

History

Thyroid illness-duration
Treatment taken

Duration of liver disease
Complications

UGI bleed

Hepatic encephalopathy
Ascites

Bleeding tendencies
Previous episodes of jaundice
Bowel habits

Features of hypothyroidism
Features of hyperthyroidism
Other clinical diagnosis

Clinical examination

Icterus

Edema

Goiter

Bleeding manifestations
Ascites

Liver

Flapping tremor
reflexes

Investigations

Total T4
Total T3
Free T4
Free T3
TSH
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e Total bilirubin

e Direct bilirubin

o AST

o ALT

e Alkaline phosphatase
e Total protein

e Albumin

e PT-INR

Ultrasound abdomen
e Liversize

o Texture

e Nodules

e Ascites

e Spleen size

e Portal hypertension
e Gall stone

Child-Pugh score

Diagnosis
¢ Liver disease
¢ Thyroid status



83

Telephone . 25363970
Fax 044 - 253-5115
044 25363970
L.Dhs No. 1459?[M Eﬁ( EthicsDean/MMC/2009 Dated  .09.2009
Tilkof the work . petasen of  hyveid adnenmeldliss A
Principal Investigator cliver  Aduseendo
-‘D . AT & }L s f-ﬂ‘m'ﬂd' :fﬂ.'tl'mf’-(

Department ¥ Lo fmecian Vagriess )P il IO

frad o sredical tallsse - ¢f 32
The request for an aﬁ]mmﬂ from the Institutional Ethical Committee(1IEC) was considered on
the [EC meeting held on Eymmhw 2009 at 2,00P.M. in Madras Medical Coilege, Deans,
C]mm'. Chmnal%pjéww;}_tz-!ﬁ?\;} At Aa_{.f/ﬁa..‘ﬂ‘nu ht:gfffﬂtf t‘_ﬁ‘lﬂ ‘
CA-
The members of the Committee, the Secretary and the Chairman are pleased to approve the .
proposed work mentioned above, submitted by the principal investigator.

The principal investigator and their term are directed to adhere the guidelines given below:
1. You should get detailed informed consent from the patients/pariicipants and maintain
confidentiality.
2. You should carry out the work without detrimental to regular aclivitics as well as
without extra expenditure to (he Institution or Government.
3. You should inform the IEC in case of any change of study procedure, site and
investigation or guide.
4. You should not deviate form the area of the work for which I applied for ethical cicamance.
5. You should inform the IEC immediately, in case of any adverse events or serious adverse
reactions.
6. You should abide to the rules and regulations of the instilution(s).
7. You should complete the work within the specific period and if any extension of time is
required, vou should apply for permission again and do the work.
8. You should submit the summary of the work to the ethical committee on completion of the
work.
9. You should not claim funds from the Institution while doing the work or on completion.
10. You should understand that the members of IEC have the right te menitor the work with prior

mtimation.

R [ i/ GH - (o
SECRETARY DEAN -
IEC, MMC,CHENNAI C CHENNAI MADRAS MEDICAL COLLEGE

CHENWNAI



84

Bibliography

1. The relationship between the thyroid gland and the liver

R. Malik and h. Hodgson Q J Med 2002; 95:559-569

2. 16. Larsen PR. Thyroidal tritodothyronine and thyroxine in Graves’ disease:
correlation with presurgical treatment, thyroid status, and iodine content.

J Clin Endocrinol Metab 1975; 41:1098-104

3. Hassi J, Sikkila K, Ruokonen A, Leppaluoto J. The pituitary-thyroid axis in
healthy men living under subarctic climatological conditions. J Endocrinol
2001;

169:195-203.

4. Sanders JP, Van Der GS, Kaptein E, Darras VM, Kuhn ER, Leonard JL,
Visser TJ. Characterization of a propylthiouracil-insensitive type 1
iodothyronine deiodinase. Endocrinology 1997; 138:5153—-60

5. Leonard DM, Stachelek SJ, Safran M, Farwell AP, Kowalik TF, Leonard JL.
Cloning, expression, and functional characterization of the substrate binding
subunit of rat type II iodothyronine 59-deiodinase. J Biol Chem 2000;
275:25194-201.

6. Tu HM, Legradi G, Bartha T, Salvatore D, Lechan RM, Larsen PR.



85

Regional expression of the type 3 iodothyronine deiodinase messenger
ribonucleic acid in the rat central nervous system and its regulation by thyroid
hormone.

Endocrinology 1999; 140:784-90.

7. Bianco AC, Salvatore D, Gereben B, Berry MJ, Larsen PR.

Biochemistry, cellular and molecular biology, and physiological roles of the
iodothyronine selenodeiodinases.

Endocr Rev 2002; 23:38-89.

8. Darras VM, Hume R, Visser TJ. Regulation of thyroid hormone metabolism
during fetal development.

Mol Cell Endocrinol 1999; 151:37-47.

9. Mendel CM, Cavalieri RR, Weisiger RA. Uptake of thyroxine by the
perfused rat liver: implications for the free hormone hypothesis. Am J Physiol
1988; 255:E110-19.

10. Hennemann G, Docter R, Friesema EC, de Jong M, Krenning EP, Visser T1J.
Plasma membrane transport of thyroid hormones and its role in thyroid
hormone metabolism and bioavailability. Endocr Rev 2001; 22:451-76.

11. L’age M, Meinhold H, Wenzel KW, Schleusener H.

Relations between serum levels of TSH, TBG, T4, T3, rT3 and various
histologically classified chronic liver diseases.

J Endocrinol Invest 1980; 3:379-83.



86

12. Faber J, Thomsen HF, Lumholtz IB, Kirkegaard C, Siersbaek-Nielsen K,
Friis T. Kinetic studies of thyroxine, 3,5,39-triiodothyronine, 3,3,59-
tritodothyronine, 39,59-diiodothyronine, 3,39-diiodothyronine, and 39-
monoiodothyronine in patients with liver cirrhosis. J Clin Endocrinol Metab
1981; 53:978-84.

13. Guven K, Kelestimur F, Yucesoy M. Thyroid function tests in non-alcoholic
cirrhotic patients with hepatic encephalopathy. Eur J Med 1993; 2:83-5.

14. Van Thiel DH, Udani M, Schade RR, Sanghvi A, Starzl TE.

Prognostic value of thyroid hormone levels in patients evaluated for liver
transplantation. Hepatology 1985; 5:862-6.

15. Chi-Jen Chu. Is Hypothyroidism a Treatment Option in Conditions of Liver
Injury and Hepatic Encephalopathy? J Chin Med Assoc * December 2006 ¢« Vol
69 * No 12

16. Hegedus L. Thyroid gland volume and thyroid function during and after
acute hepatitis infection. Metabolism 1986; 35:495-8.

17. Hegedus L. Thyroid gland volume and thyroid function during and after
acute hepatitis infection. Metabolism 1986; 35:495-8.

18. Crowe JP, Christensen E, Butler J, Wheeler P, Doniach D, Keenan J,
Williams R. Primary biliary cirrhosis: the prevalence of hypothyroidism and its
relationship to thyroid autoantibodies and sicca syndrome. Gastroenterology
1980; 78:1437-41.

19. Krawitt EL. Autoimmune hepatitis. N Engl J] Med 1996; 334:897-903.



87

20. Sherlock S, Scheuer PJ. The presentation and diagnosis of 100 patients with
primary biliary cirrhosis. N Engl J] Med 1973; 289:674-8.

21. Saarinen S, Olerup O, Broome U. Increased frequency of autoimmune
diseases in patients with primary sclerosing cholangitis. Am J Gastroenterol
2000; 95:3195-9.

22. Borzio M, Caldara R, Borzio F, Piepoli V, Rampini P, Ferrari C. Thyroid
function tests in chronic liver disease: evidence for multiple abnormalities
despite clinical euthyroidism. Gut 1983; 24:631-6.

23. Fonseca V, Thomas M, Dusheiko G. Thyrotropin receptor antibodies
following treatment with recombinant alpha-interferon in patients with hepatitis.
Acta Endocrinol (Copenh) 1991; 125:491-3.

24. Roti E, Minelli R, Giuberti T, Marchelli S, Schianchi C, Gardini E, Salvi M,
Fiaccadori F, Ugolotti G, Neri TM, Braverman LE. Multiple changes in thyroid
function in patients with chronic active HCV hepatitis treated with recombinant
interferon-alpha. Am J Med 1996; 101:482-7.

25. Koh LK, Greenspan FS, Yeo PP. Interferon-alpha induced thyroid
dysfunction: three clinical presentations and a review of the literature. Thyroid
1997; 7:891-6.

26. Bell TM, Bansal AS, Shorthouse C, Sandford N, Powell EE. Low-titre auto-
antibodies predict autoimmune disease during interferon-alpha treatment of

chronic hepatitis C. J Gastroenterol Hepatol 1999; 14:419-22.



88

27. Lisker-Melman M, Di Bisceglie AM, Usala SJ, Weintraub B, Murray LM,
Hoofnagle JH. Development of thyroid disease during therapy of chronic viral
hepatitis with interferon alfa. Gastroenterology 1992; 102:2155-60.

28. Deutsch M, Dourakis S, Manesis EK, Gioustozi A, Hess G, Horsch A,
Hadziyannis S. Thyroid abnormalities in chronic viral hepatitis and their
relationship to interferon alfa therapy. Hepatology 1997; 26:206—10.

29. Oren R, Hilzenrat N, Maaravi Y, Yaari A, Sikuler E. Hemodynamic effects
of hypothyroidism induced by methimazole in normal and portal hypertensive
rats. Dig Dis Sci 1995;40: 1941-5.

30. Chang CC, Chen YC, Huang HC, Lee FY, Chang FY, Lin HC, Chan CY, et
al. Methimazole alleviates hepatic encephalopathy in bile-duct ligated cirrhotic
rats. J Chin Med Assoc 2006;69: 563-8.

31. Laycock MA, Pascuzzi RM. The neuromuscular effects of hypothyroidism.
Semin Neurol 1991; 11:288-94.

32. Thobe N, Pilger P, Jones MP. Primary hypothyroidism masquerading as
hepatic encephalopathy: case report and review of the literature. Postgrad Med J
2000; 76:424-6.

33. Klein I, Levey GS. Unusual manifestations of hypothyroidism. Arch Intern
Med 1984; 144:123-8.

34. Kinney EL, Wright RJ, Caldwell JW. Value of clinical features for
distinguishing myxedema ascites from other forms of ascites. Comput Biol Med

1989; 19:55-9.



&9

35. Van Steenbergen W, Fevery J, De Vos R, Leyten R, Heirwegh KP, De
Groote J. Thyroid hormones and the hepatic handling of bilirubin. 1. Effects of
hypothyroidism

and hyperthyroidism on the hepatic transport of bilirubin mono- and
diconjugates in the Wistar rat. Hepatology 1989; 9:314-21.

36. Inkinen J, Sand J, Nordback I. Association between common bile duct
stones and treated hypothyroidism. Hepatogastroenterology 2000; 47:919-21.
37. Huang MJ, Liaw YF. Clinical associations between thyroid and liver
diseases.

J Gastroenterol Hepatol 1995; 10:344-50.

38. Gaitan E, Cooper DS. Primary hypothyroidism. Curr Ther Endocrinol
Metab 1997; 6:94-8.

39. Bruck R, Frenkel D, Shirin H, Aeed H, Matas Z, Papa M, Zaidel L, Avni Y,
Oren R, Halpern Z. Hypothyroidism protects rat liver from acetaminophen
hepatotoxicity. Dig

Dis Sci 1999; 44:1228-35.

40. Thompson P, Strum D, Boehm T, Wartofsky L. Abnormalities of liver
function tests in tyrotoxicosis. Mil Med 1978; 143:548-51.

41. Choudhary AM, Roberts I. Thyroid storm presenting with liver failure. J
Clin Gastroenterol 1999; 29:318-21.

42. Doran GR. Serum enzyme disturbances in thyrotoxicosis and myxoedema. J

R Soc Med 1978; 71:189-94.



90

43. Sola J, Pardo-Mindan FJ, Zozaya J, Quiroga J, Sangro B, Prieto J. Liver
changes in patients with hyperthyroidism. Liver 1991; 11:193-7.

44. Fong TL, McHutchison JG, Reynolds TB. Hyperthyroidism and hepatic
dysfunction: a case series analysis. J Clin Gastroenterol 1992; 14:240-4.

45. Williams KV, Nayak S, Becker D, Reyes J, Burmeister LA. Fifty years of
experience with propylthiouracil-associated hepatotoxicity: what have we
learned?

J Clin Endocrinol Metab 1997; 82:1727-33.

46. Kim HJ, Kim BH, Han YS, Yang I, Kim KJ, Dong SH, Kim HJ, Chang
YW, Lee JI, Chang R. The incidence and clinical characteristics of symptomatic
propylthiouracil-induced

hepatic injury in patients with hyperthyroidism: a single-center retrospective
study. Am J Gastroenterol 2001; 96:165-9.

47. Levy M. Propylthiouracil hepatotoxicity: a review and case presentation.
Clin Pediatr (Phila) 1993; 32:25-9. 4813.

48. Gurlek A, Cobankara V, Bayraktar M. Liver tests in hyperthyroidism: effect
of antithyroid therapy. J Clin Gastroenterol 1997; 24:180-3.

49. Blom H, Stolk J, Schreuder HB, Blomberg-van der Flier M. A case of
carbimazole-induced intrahepatic cholestasis: an immune-mediated reaction?
Arch Intern Med 1985; 145:1513-15.

50. Ayensa C, Diaz de Otazu R, Cia JM. Carbimazole-induced cholestatic

hepatitis. Arch Intern Med 1986; 146:1455.



91

51. Ness GC, Lopez D, Chambers CM, Newsome WP, Cornelius P, Long CA,
Harwood HJ, Jr. Effects ofL-triiodothyronine and the thyromimetic L-94901 on
serum lipoprotein levels and hepatic low-density lipoprotein receptor, 3-
hydroxy-3 methylglutaryl coenzyme A reductase, and apo A-I gene expression.
Biochem Pharmacol 1998; 56:121-9.

52. Ness GC, Lopez D. Transcriptional regulation of rat hepatic low-density
lipoprotein receptor and cholesterol 7 alpha hydroxylase by thyroid hormone.
Arch Biochem Biophys 1995; 323:404-8.

53. Taylor AH, Stephan ZF, Steele RE, Wong NC. Beneficial effects of a novel
thyromimetic on lipoprotein metabolism. Mol Pharmacol 1997; 52:542-7.

54. Woeber KA. Thyrotoxicosis and the heart. N Engl J Med 1992; 327:94-8.
55. . Dillmann WH. Biochemical basis of thyroid hormone action in the heart.
Am J Med 1990; 88:626-30.

56. Leeson PD, Emmett JC, Shah VP, Showell GA, Novelli R, Prain HD,
Benson MG, Ellis D, Pearce NJ, Underwood AH. Selective thyromimetics:
cardiac-sparing thyroid hormone analogues containing 39-arylmethyl
substituents.

J Med Chem 1989; 32:320-36.

57. Wirtzfeld DA, Winston JS, Hicks WL, Jr., Loree TR. Clinical presentation
and treatment of non-Hodgkin’s lymphoma of the thyroid gland.

Ann Surg Oncol 2001; 8:338—41.



92

58. Thieblemont C, Mayer A, Dumontet C, Barbier Y, Callet-Bauchu E, Felman
P, Berger F, Ducottet X, Martin C, Salles G, Orgiazzi J, Coiffier B. Primary
thyroid lymphoma is a heterogeneous disease. J Clin Endocrinol Metab 2002;
87:105-11.

59. D’Antonio A, Franco R, Sparano L, Terzi G, Pettinato G. Amyloid goiter:
the first evidence in secondary amyloidosis: report of five cases and review of
literature.

Adv Clin Path 2000; 4:99-106.

60. Lovat LB, Persey MR, Madhoo S, Pepys MB, Hawkins PN. The liver in
systemic amyloidosis: insights from 1231 serum amyloid P component
scintigraphy in 484 patients. Gut 1998; 42:727-34.

61. Hawkins PN, Aprile C, Capri G, Vigano L, Munzone E, Gianni L, Pepys
MB, Merlini G. Scintigraphic imaging and turnover studies with iodine-131
labelled serum amyloid P component in systemic amyloidosis. Eur J Nucl Med
1998; 25:701-8.

62. Magro S, Puzzonia P, Consarino C, Galati MC, Morgione S, Porcelli D,
Grimaldi S, Tancre D, Arcuri V, De SV. Hypothyroidism in patients with
thalassemia syndromes.

Acta Haematol 1990; 84:72-6.

63. Sanoski CA, Schoen MD, Gonzalez RC, Avitall B, Bauman JL. Rationale,
development, and clinical outcomes of a multidisciplinary amiodarone clinic.

Pharmacotherapy 1998; 18:146-518S.



93

64. Croft AM, Herxheimer A. Adverse effects of the antimalaria drug,
mefloquine: due to primary liver damage with secondary thyroid involvement?
BMC Public Health

2002; 2:6.

65. Isojarvi JI, Turkka J, Pakarinen AJ, Kotila M, Rattya J, Myllyla VV.
Thyroid function in men taking carbamazepine, oxcarbazepine, or valproate for
epilepsy. Epilepsia 2001; 42:930-4.

66. van Santen HM, de Kraker J, van Eck BL, de Vijlder JJ, Vulsma T. High
incidence of thyroid dysfunction despite prophylaxis with potassium iodide
during (131)I-meta-iodobenzylguanidine treatment in children with
neuroblastoma.

Cancer 2002; 94:2081-9.

67. Malik R, Mellor N, Selden C, Hodgson H. Characterising the effects of
thyroid hormone on the liver: a novel approach to increase liver mass.

Gut 2000; 34 (Suppl. 1):78.

68. Forbes SJ, Themis M, Alison MR, Selden C, Coutelle C, Hodgson HJ.
Retroviral gene transfer to the liver in vivo during tri-iodothyronine induced
hyperplasia.

Gene Ther1998; 5:552-5.69.

69. Child-Pugh score Wikipedia, the free encyclopedia.html.

70. Diseases of the Liver and Biliary System SHEILA SHERLOCK, JAMES

DOOLEY. Chapter 38. Hepatic Transplantation- selection of patients.



94

71. MELD SCORE Wikipedia, the free encyclopedia.html.

72. http://www.mayoclinic.org/meld/mayomodel5.html

73. http://www.mayoclinic.org/gi-rst/mayomodel1.html

74. http://www.mayoclinic.org/gi-rst/mayomodel2.html

75. http://www.mayoclinic.org/gi-rst/mayomodel3.html

76. http://www.mayoclinic.org/gi-rst/mayomodel10.html

77. Serial prothrombin time as prognostic indicator in paracetamol induced
fulminant hepatic failure. P M Harrison, J G O'Grady, R T Keays, G J
Alexander, and R Williams.
78.http://www3.interscience.wiley.com/journal/112205709/abstract.

79. Eugene R. Schiff, Ninth Edition of Schiff's Diseases of the Liver, TESTS
FOR DETECTION OF INJURY TO HEPATOCYTES (SERUM ENZYME
TESTS)

80. Jeff Minerd, Prognostic Markers for Drug-Induced Liver Disease Identified,
journal Hepatology. July 19, 2005

81. Eugene R. Schiff, Ninth Edition of Schiff's Diseases of the Liver, disorders
of bilirubin metabolism associated with jaundice

82. A new prognostic formula for adult acute liver failure using computer
tomography-derived hepatic volumetric analysis.

J Gastroenterol 44(6):615-23 (2009)

Yoshiyuki Yamagishi, Hidetsugu Saito, Hirotoshi Ebinuma, Masahiro Kikuchi,
Keisuke Ojiro, Hideaki Kanamori, Shinichiro Tada, Yoshinori Horie, Shinzo

Kato and Toshifumi Hibi


http://www.mayoclinic.org/gi-rst/mayomodel2.html
http://www.mayoclinic.org/gi-rst/mayomodel3.html
http://www.mayoclinic.org/gi-rst/mayomodel10.html
http://www3.interscience.wiley.com/journal/112205709/abstract.
http://pubget.com/search?q=latest%3AJournal+of+Gastroenterology&from=19373430
http://metapress.com/content/101564/
http://pubget.com/search?q=authors%3A%22Yoshiyuki%20Yamagishi%22
http://pubget.com/search?q=authors%3A%22Hidetsugu%20Saito%22
http://pubget.com/search?q=authors%3A%22Hirotoshi%20Ebinuma%22
http://pubget.com/search?q=authors%3A%22Masahiro%20Kikuchi%22
http://pubget.com/search?q=authors%3A%22Keisuke%20Ojiro%22
http://pubget.com/search?q=authors%3A%22Hideaki%20Kanamori%22
http://pubget.com/search?q=authors%3A%22Shinichiro%20Tada%22
http://pubget.com/search?q=authors%3A%22Yoshinori%20Horie%22
http://pubget.com/search?q=authors%3A%22Shinzo%20Kato%22
http://pubget.com/search?q=authors%3A%22Shinzo%20Kato%22
http://pubget.com/search?q=authors%3A%22Toshifumi%20Hibi%22

95

83. Biomarkers of disease- an evidence based approach. By Andrew K. Trull,

Lawrence M. Demers Page 221

84. Serum protein electrophoresis as a prognostic marker of chronic liver
disease in dogs E Sevelius and M Andersson. The Veterinary Record, Vol 137,

Issue 26, 663-667

85. Plasma calprotectin: A new prognostic marker of survival in alcohol-

induced cirrhosis.



96

Christian Homann ' * *, Peter Garred °, Niels Graudal ', Philip Hasselqvist g
Michael Christiansen *, Magne K. Fagerhol °, Age Christian Thomsen '

Hepatology

Volume 21 Issue 4, Pages 979 — 985

86. Hyaluronic Acid as a Prognostic Marker of Hepatic Coma and Liver-related
Death in HIV/Viral Hepatitis Co-infected Patients , 16th CROI Conference on
Retroviruses and Opportunistic Infections Montreal, Canada February 8-11,
2009

87. Studies on Changes of Thyroid Hormones in Various Liver Diseases :
Usefulness of Free Thyroid Hormones as Liver Function Test

Hitomi TAKAHASHI and Shoji YAMADA, Jpn J] Med Vol 28, No 3 (May,
June 1989)

88. Yamanaka T, Ido K, Kimura K, et al: Serum levels of thyroid hormones in
liver diseases. Clin Chim Acta 101: 45, 1980.

89 . Yamaba Y: Changes of serum 3,5,3'-tritodothyronine (T3), thyroxine (T4),
3,3",5'-triiodothyronine (rT3) levels in patients with liver diseases — One marker
for hepatic microsomal function -. Jpn J Gastroenterol 81: 1214, 1984.

90. Low serum total thyroxine and free tritodothyronine in patients with hepatic
encephalopathy due to non-alcoholic cirrhosis Ertug” rul Kayacetina, Gurcan
Kisakolb, Ahmet Kayab SWISS MED WKLY 2003;133:210-213 - www.smw.

ch


http://www3.interscience.wiley.com/journal/106570044/home
http://www3.interscience.wiley.com/journal/112205590/issue

97

91. Hepner GW, Chopra 1J. Serum thyroid hormone levels in patients with liver
disease. Arch Intern Med 1979 ; 139: 1117-20.

92. Walfish PG, Orrego H, Israel Y, Blake J, Kalant H. Serum triiodothyronine
and other clinical and laboratory indices of alcoholic liver disease. Ann Intern
Med 1979; 91:13-6.

93. Israel Y, Walfish PG, Orrego H, Blake J, Kalant H. Thyroid hormones in
alcoholic liver disease: effect of treatment with 6-propylthiouracil.
Gastroenterology 1979; 76: 116-22.

94. Green JRB, Snitcher EJ, Mowat NAG, Ekins RP, Rees LH, Dawson AM.
Thyroid function and thyroid regulation in euthyroid men with chronic liver
disease:

evidence of multiple abnormalities. Clin Endocrinol 1977; 7: 453-61.

95. Thyroid function in early and late alcohol withdrawal: relationship With
aggression, family history, and onset age of alcoholism Saliha ozsoy*, ertugrul
esel, hasan basri izgi and seher sofuoglu. Oxford university press on behalf of

the medical council on alcohol.



98

Data chart



serial
no

0
-
o ~N~NouA~wN RO

NRNRNNNMNRNNNRRRRRRERRR
©~NO N WNRLRO®OO®~NO®UOAMWNLEO

a b DDA DDA DMDEDNDWWWWWWWWWWN
O © 0O NO U A WNPEPOOOWNOOOGMANDNDPRELOO

age
60
61
45
44
46
56
46
57
25
46
64
58
34
45
54
38
68
58
42
39
63
38
56
44
35
49
72
59

57
43
76
37
68
29
58
21
46
53
39
64
40
75
34
37
46
47
54
54
38
32

sex

33333 ™"333333333™"™"3333 3™33333™™3333™™3333333™3™3333S3:3

duration
2
1
12
12
24
24
1
30
1
24
18
36
24
15
48
24
36
4
6
12
9
4
6
12
8
6
24
6

14
6
3

36

48

12

12

12
3
4
3

12
6
1

12

48
12
24

ug
bleed

1
0
1

orrpPrPopoooroooroorrpPrPorpPr oOoPOCoOrRPFRPPPORPOPRPPPOPFPOPFP, OOOOLR

encephlthy
grade

OO FRPOORFRPROORFRPROORFRPROPFPOOOODOOODO OO0ONOORFRPROOOODOOOPFRPOONMNMNOODOONORPOPRLONDN

99

ascites

PP RPOORRFRPROOOORRNRRPRORRRERLR PRPRNRPRRPRLRORPOORRPRREPRRLRPONONORORNOIRIEREN

feat
hypo

O O OO0 0000000000000 O0DO0ODO0O0D0 OO0ODO0ODO0ODO0ODO0ODO0DO0ODO0OO0DO0ODO0OO0OPFPOO0DO0O0DO0ODO0OO0ODO0ODO0OO0OEFKr OO0 Oo

hyper

O OO 0000000000000 O0DO0DO0ODO0ODO0D0 OO0ODO0ODO0ODO0ODO0OO0DO0ODO0OO0DO0ODO0OO0DO0ODO0OO0DO0ODO0O0D0DO0OO0DO0OOO0OOOoOOoOOoO

icterus

P PR ORRRRLROORRRRLRORRORROR RPRRPRRPRRPRPRPRPPRPPRPORPRRPRRPRRPRPRPRPRPREPRPRPRPRPRLORERPR

edema
1

P OPFRPR OORRFRPRORFROORFRORFRPROROORRPRRERR PRRRPRPRLROOROORORRORFRORPRORORIEREROLERLPR

tot
t4

3.07
6.11
6.87
6.51

4.4

4.6
6.75

7.4
11.8
4.32
6.88
4.78
6.78
5.43
2.33
6.79
4.78
8.76
6.78
4.85
6.92
8.42
571
6.83
7.43
4.75
6.74
7.85

5.42
5.42
8.74

6.7
8.91
7.92
4.78
9.87
4.32
6.78
5.78
9.67
7.41
5.42
6.34
6.73
5.87
7.89
8.34
7.32
8.23
6.39

free
t4

0.84
1.03
1.34
0.95
0.97
1.08
1.43
1.22
1.26
1.02
1.67
0.79
154
1.21
0.32
1.45
1.02
1.56
0.94
0.83
0.94
1.24
0.87
1.42
0.97
0.85
1.23
253

0.94
0.84
1.56
0.83
1.34
1.26
0.86
1.53
0.77
1.23
1.02
1.78
1.04
0.87
1.45
0.83
0.83
1.46
1.54
1.65
0.99
1.02

free
t3

1.26
134
1.36
1.78
155
1.65
1.79
2.33
2.34
1.34
1.38
1.23
2.67
171
0.24
1.97
1.47
2.46
3.12
117
1.25
1.98
1.43
1.94
1.96
1.23
1.84
2.87

1.36
2.19
1.56
1.49
2.46
253
1.75
3.42
1.32
2.43
112
3.45
2.13
1.67
2.13
154
1.57
3.21
2.47
1.97
1.93
1.28

tot
t3

72
99
122
88
72
97
124
175
123
67
98
86
145
76
23
103
57
135
104
64
38
102
59
84
134
45
85
186

83
89
169
68
146
153
78
168
57
79
123
176
124
72
123
73
98
143
124
103
124
96



100

serial
no alk CP liver gall thy
CLD tb db ast alt pod tp alb pt S size texture ascites spleen stones status
1 35 2.3 67 45 93 7 45 231 13 9.3 1 1 11 0 1
2 158 104 51 55 80 5.6 29 259 11 9.8 1 1 104 0 1
3 3.8 2 71 86 123 6.4 35 269 10 111 1 1 8.6 0 1
4 0.9 0.3 20 24 116 7.6 3.6 19.6 6 144 1 0 13.8 0 1
5 7.8 4.5 98 120 198 7.5 32 267 11 104 1 1 124 0 1
6 6.8 41 124 213 214 7.3 33 244 11 106 1 1 134 0 1
7 7.9 43 342 543 198 6.9 36 174 9 132 1 0 7.8 0 1
8 8.9 39 124 231 204 7.1 31 213 11 102 1 1 11.3 0 1
9 35 23 445 564 235 7.3 39 174 7 134 1 0 6.7 0 1
10 47 2.6 76 86 176 6.4 32 256 12 9.8 1 0 10.2 1 2
11 127 76 112 142 189 6.7 31 298 10 112 1 0 8.7 0 1
12 243 145 76 86 193 6.4 2.8 382 14 8.9 1 1 134 0 2
13 34 16 56 76 87 7.3 4 143 7 103 1 0 75 0 1
14 9.2 6.4 98 134 192 6.4 3 278 11 112 1 1 13.2 0 1
15 145 5.7 94 104 187 6.8 31 345 12 123 1 1 125 1 3
16 6.8 32 234 346 243 7 34 231 11 113 1 1 8.9 0 1
17 128 7.8 94 98 178 6.4 28 345 11 102 1 1 124 1 1
18 12 0.7 68 84 142 7.2 3.6 16.2 6 9.7 1 1 14.2 0 1
19 2.7 14 58 73 188 6.8 36 231 8 14 1 0 8.5 0 1
20 1538 9.2 143 165 245 6.4 28 361 11 9.3 1 0 145 0 1
21 212 8.9 92 143 241 6.7 29 321 11 114 1 1 134 0 1
22 4.6 2.4 86 78 286 7.3 41 173 8 124 1 0 124 0 1
23 145 9.3 94 128 194 6.8 26 285 13 113 1 1 17.8 0 1
24 6.2 35 223 246 256 7.4 39 164 9 124 1 1 13.2 0 1
25 355 13 245 78 423 7.3 4 234 10 127 1 1 10 0 1
26 164 103 145 85 204 7.1 2.8 286 14 102 1 1 124 0 1
27 7.8 45 254 346 178 7.2 3.2 198 10 122 1 1 124 0 1
28 3.8 21 78 46 204 6.9 3.6 189 9 113 1 1 9.7 0 1
29 9.3 74 168 67 196 7.2 29 326 11 9.7 1 1 8.7 0 1
30 12 0.5 34 27 102 6.7 3.6 16.3 7 112 1 1 7 0 1
31 4.6 19 87 56 213 6.9 36 242 10 145 1 1 8.5 0 1
32 9.4 5.4 56 74 186 6.4 28 36.2 11 134 1 1 145 0 1
32 1.8 0.8 54 46 201 6.8 36 175 6 9.7 1 0 15.7 0 1
34 4.6 2.3 88 67 235 6.7 31 234 11 9.2 1 1 13.2 0 1
35 101 6.7 178 132 321 6.4 29 267 11 115 1 1 9.8 0 1
36 1.8 0.9 56 75 198 7.2 3.6 185 7 8.7 1 1 124 0 1
37 243 145 134 67 234 6.4 27 354 14 7.8 1 1 10.1 0 1
38 34 16 57 46 198 6.8 32 194 10 107 1 1 8.7 0 1
39 7.5 3.7 87 76 234 6.4 28 243 13 8.8 1 1 9.4 0 1
40 3.9 16 246 134 214 7.1 3.7 173 8 12 1 0 6.8 0 1
41 25 11 57 54 253 6.9 3.6 184 7 145 1 0 13.2 0 1
42 9.3 5.4 87 75 188 6.4 28 231 12 9.4 1 0 7.6 0 1
43 3.8 21 93 75 276 6.9 3.6 185 8 143 1 0 7.9 0 1
44 8.7 4.6 75 64 167 6.7 3 246 11 8.6 1 1 12.3 0 1
45 6.4 45 192 84 248 6.5 27 267 13 8.3 1 1 8.9 0 1
46 7.1 37 346 243 154 7.2 36 164 8 132 1 0 7.4 0 1
47 31 16 49 65 134 7.1 38 174 8 11 1 0 7.2 0 1
48 49 21 146 89 172 6.4 29 231 12 122 1 1 13.2 0 1
49 49 14 58 64 154 6.9 35 211 11 9.9 1 1 8.6 0 1
50 9.3 58 246 342 168 6.4 28 323 11 154 1 1 13.2 0 1
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