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THE INFLUENCE OF END-STAGE LIVER
DISEASE AND LIVER TRANSPLANTATION
ON THYROID HORMONES

Karla Rocha PENTEADQ", Julio Cezar Uili COELHO?%, Ménica Beatriz PAROLIN',
Jorge Eduardo Fouto MATIAS? and Alexandre Coutinho Teixeira de FREITAS?

ABSTRACT - Background - Thyroid dysfunction has been reported in most chronic illnesses including severe liver disease. These defects

in thyroid hormone metabolism result in the sick euthyroid syndrome, also known as low T3 syndrome. Objectives - Our objective
was to evaluate the thyroid function in patients with end stage liver disease prior and after deceased donor liver transplantation
and to correlate thyroid hormonal changes with the MELD score (Model for End stage Liver Disease). Methods - In a prospective
study, serum levels of thyrotropin (thyroid stimulating hormone - TSH), total thyroxine (tT4), free thyroxine (fT4) and triiodothy-
ronine (T3) from 30 male adult patients with end stage liver disease were measured two to four hours before and 6 months after liver
transplantation (LT). MELD was determined on the day of transplant. For this analysis, extra points were not added for patients
with hepatocellular carcinoma. Results - The patients had normal TSH and fT4 levels before LT and there was no change after the
procedure. Total thyroxine and triiodothyronine were within the normal range before LT, except for four patients (13.3%) whose
values were lower. Both hormones increased to normal values in all four patients after LT (P=0.02 and P<0.001, respectively).
When the patients were divided into two groups (MELD <18 and MELD >18), it was observed that there was no change in the
TSH, freeT4, and total T4 levels in both groups after LT. Although there was no significant variation in the level of T3 in MELD
<18 group (P=0.055), there was an increase in the MELD >18 group after LT (P=0.003).Conclusion - Patients with end stage liver
disease subjected to liver transplantation had normal TSH and fT4 levels before and after LT. In a few patients with lower tT4 and

T3 levels before LT, the level of these hormones increased to normal after LT.

HEADINGS - Liver transplantation. Thyrotropin. Thyroxine. Triiodothyronine. Liver cirrhosis. End stage liver disease. Euthyroid sick

syndromes.

INTRODUCTION

Thyroid hormones are essential for normal bas-
al metabolic rate regulation of all cells, including
hepatocytes! 19, The liver plays an important role
in maintaining thyroid hormone homeostasis. It syn-
thesizes and secretes the thyroid hormone-binding
proteins and it is the principal organ responsible for
the conversion of thyroxine (T4) to triiodothyronine
(T3), accounting for 80% of the T3 produced daily
from T41-68%1 T4 is a prohormone and the main
secretory product of the thyroid and T3 is the biolog-
ically active form of thyroid hormone.

Thyroid dysfunction has been reported in several
chronic diseases, including in end stage liver disease
(ESLD)@ %1019 These thyroid hormone metabolism
changes result in the sick euthyroid syndrome, also
known as low T3 syndrome. This is characterized by
reduction of extra-thyroidal T4-to-T3 conversion and,

Declared conflict of interest of all authors: none
Disclosure of funding: no funding received

consequently, a low total T3, low free T3, an elevated
rT3 (reverse T3), normal/low total T4 and normal/
high free T4 4 8-10.15.19)

The relationship between ESLD and thyroid
hormones remains controversial. Some studies have
demonstrated an inverse correlation between serum
T3 concentrations and the severity of liver dysfunc-
tion:7-% 1011 However, most patients with ESLD are
euthyroid and have no clinical signs of hypothyroid-
ism® !9, Thyroid function has been evaluated as a marker
of prognosis of liver disease and the thyroid function
abnormalities usually are reversed following liver func-
tion improvement% 1319 The correlation between the
thyroid hormonal changes and the MELD score has not
been evaluated yet. In the present study, the influence of
ESLD and liver transplantation (LT) in thyroid function
and peripheral hormone levels was evaluated prior and
after LT. The correlation between thyroid hormone levels
and the MELD score was also assessed.
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METHODS

Subjects

The protocol of this study was approved by the Research
Committee of the University Hospital of the Federal Uni-
versity of Parana, Brazil and conformed to the ethical guide-
lines of the 1975 Helsinki declaration. All patients provided
informed consent to participate in the study.

In the period between August 2008 to January 2011, 93
patients underwent LT and were all prospectively selected to
participate in the study. Patients subjected to living donor
liver transplantation, re-transplantation, multiorgan trans-
plantation, domino liver transplantation, split or reduced
liver transplantation were excluded, as well, patients under
18 years of age, females and five patients who died before
the study completion. We therefore analyzed a total of 30
patients, after excluding those mentioned above, in order to
specifically study the male population, subjected to deceased
donor liver transplantation. Exclusion of some group of
patients limits the generalization of the findings of the study.

Assays

Peripheral venous blood samples were collected 2-4 hours
prior to anesthesia induction for LT and 6 months after the
transplantation for determination of serum level of thy-
roid-stimulating hormone (TSH), total thyroxine (tT4), free
thyroxine (fT4) and triiodothyronine (T3) by specific radio-
immunoassay. Serum samples were kept frozen at -80°C to be
assayed later. The patients did not receive any medication that
might have affected thyroid hormone determination. Serum
total bilirubin, pro-thrombin, and creatinine were measured
by routine biochemical tests to determine the MELD score
on the transplantation day.

After LT, all patients were placed on standard immuno-
suppressive protocol consisting of tacrolimus or cyclosporine,
mycophenolate mofetil and corticosteroids.

Statistical analysis

All data were obtained by the investigator and entered
into a spreadsheet (Microsoft Excel®), and later exported for
further statistical analysis (Statistica - Statsoft ®).

Values were expressed as average and standard deviation
(average = SD) for continuous variables symmetrically dis-
tributed and as median, minimum and maximum values for
the asymmetric distribution. The estimate of the difference of
continuous variables with normal distribution was performed
by parametric Student ¢ test for dependent samples and Anova
for repeated measures. Nonparametric tests Wilcoxon and
Friedman Anova were used for asymmetric distribution of

TABLE 2. Serum levels of TSH, Free T4, Total T4, and T3

variables. The MacNemar test was applied to study the behavior
of hormonal and biochemical variables according to reference
values, evaluating changes in categories: normal, below and
above the reference value, before and after liver transplantation.
Results were considered statistically significant when P<0.05.

RESULTS

Epidemiological and clinical features of the patients are
shown in Table 1. The age of the patients varies from 25 to
64 years, with a mean of 51.4 years. Etiology of liver dis-
ease varied widely. The most common causes were chronic
hepatitis C virus infection (30%) and alcohol (26.7%). All
patients with alcoholic cirrhosis had abstained from alcohol
for at least 6 months prior to LT. Child-Pugh classification
and MELD score were used to determine the severity of the
liver disease. MELD ranged from 10 to 30 points, with an
average of 17.7 4.2 (95% CI =16.1-19.2). For this purpose,
additional points were not added to the MELD score of
patients with associated hepatocellular carcinoma.

The serum values of TSH, tT4, fT4 and T3 before and
6 months after liver transplantation are shown in Table 2.
Almost all patients had normal TSH (96.5%) and T4 (100%)
levels before LT (control values: 0.3-5.0 mcUI/mL and 0.8-
1.9 ng/dL, respectively) and there was no change after LT

TABLE 1. Epidemiological and clinical characteristics of the patients

Characteristics Patients
Number 30
Age (year)
Mean + SD 514 + 7.6
Range 25-64
95% CI 48.6 to 54.3
Gender (male/female) 30/0
Etiology of Cirrhosis N (%)
Chronic HCV infection 9 (30.0)
Ethanol chronic abuse 8(26.7)
NASH 3(10.0)
Chronic HBV infection 2(6.7)
Hemochromatosis 2(6.7)
Others 6 (20.0)
Hepatocellular Carcinoma Associated 4(13.33)
Child-Pugh Classification
A 4(13.3)
B 10 (33.3)
C 16 (53.4)
MELD Score
10-17 17 (56.7)
18-22 11 (36.7)
>23 2(6.7)

CI: confidence interval; HCV: hepatitis C virus; HBV: hepatitis B virus; NASH: non-alcoholic

steatohepatitis

Hormone Reference Value Before LT After LT P
TSH 0.3-5.0 mcUl/mL 1.8(0.1 -4.9) 2.1(0.8-5.3) 0.34%%
Free T4 0.8- 1.9 ng/dL 1.1(0.9-1.5) 1.2(0.8 - 2.0) 0.43%*
Total T4 4.5-12.5 mcg/dL 6.9 +22 83 +22 0.02%*
T3 70-210 ng/dL 81.9 + 19.5 109.9 + 27.1 <0.001%*

TSH: thyroid stimulating hormone; LT: liver transplantation; * # Student test / ** Wilcoxon test
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(P=1.00 and P=0.96, respectively). The average values before
and after transplantation were 1.8 mcUI/mL (0.1-4.9) and
2.1 mcUI/mL (0.8-5.3) for TSH and 1.1 ng/dL (0.9-1.5) and
1.2 ng/dL (0.8-2.0) for {T4.

Total thyroxine and triiodothyronine (control values: 4.5-
12.5 mcg/dL and 70-210 ng/dL, respectively) were normal
before and after LT (tT4 was 6.9 + 2.2 mcg/dL and 8.3 +2.2
mcg/dL; T3 was 81.9 + 19.5 and 109 + 27.1 before and after
LT respectively), except for four patients (13.3%) with abnor-
mal values. Both hormones increased to normal values in all
four patients after LT (P=0.02 and P<0.001, respectively).

In order to evaluate the influence of the severity of the
end-stage liver disease on the variation of serum levels of
these hormones, patients were divided into two groups,
based on the MELD score (MELD <18 group and MELD
>18 group - the average MELD value in the study was 17.7).

Figure 1 illustrates serum level changes of TSH before
and after LT according to the classification of MELD score.

Both in the MELD <18 and in the MELD >18 groups,
there was no change in the TSH level after LT (P=0.11 and
P=0.44, respectively).

Free T4 serum levels prior and after LT are illustrated
in Figure 2. Both in the MELD <18 and in the MELD >18
groups, there was no change in the level of fT4 after LT
(P=0.80 and P=0.77, respectively). There was no significant
difference in levels of fT4 between both groups in the pre
(P=0.78) and post-transplant (P=0.42).

Total T4 level pre- and post-liver transplantation accord-
ing to the MELD score is shown in Figure 3. In MELD <18
group, there was no significant variation in the amount of
tT4 after LT (P=0.63). In MELD >18 group this measure
was higher after LT (£=0.003).

T3 levels prior and after LT are illustrated in Figure 4.
Although there was no significant variation in the level of
T3 in MELD <18 group (P=0.055), there was an increase in
the MELD >18 group after LT (£=0.003).

45
40 e
-—
IS F
30F
=
£
2 25F [rsEsE
£ gy
ézn- el £ 3.
15 el
1.0 e
=
05 F
== MELD <18
== MELD>18
Before LT After LT

105

100
95
9.0
85
80
751
70
65

Total Thyroxine {meg/dL)

60
55
50
45

==MED <18
40 5= MELD > 18
Before LT After LT

FIGURE 1. Evolution of Serum TSH according to the MELD Score.
Liver transplantation (LT); thyroid-stimulating hormone (TSH). In both
MELD <18 group (P=0.11) and MELD >18 group (P=0.77), no statis-
tically significant changes was observed.

FIGURE 3. Evolution of Serum T4 according to the MELD Score.
Liver transplantation (LT); total thyroxine (¢T4). In MELD <18 group,
there was no change in the tT4 serum levels (P=0.63). The values of tT4
increased in the MELD >18 group (P=0.003).
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FIGURE 2. Evolution of Serum T4 according to the MELD Score.
Liver transplantation (LT); free thyroxine (fT4). In both MELD <18 group
(P=0.80) and MELD >18 group (P=0.77), no statistically significant
changes was observed.
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FIGURE 4. Evolution of Serum T3 according to the MELD Score.
Liver transplantation (LT); triiodothyronine (T'3). There was no significant
variation in the level of T3 in MELD <18 group (P=0.055), but there was
an increase in the MELD >18 group after LT (P=0.003).
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DISCUSSION

The sick euthyroid syndrome, also known as low T3
syndrome, has been reported in several chronic diseases,
including in chronic liver disease* 8111519 Since clinical
signs of hipothyroidism develop only after prolonged period
of thyroid hormone depletion, most cirrhotic patients remain
asymptomatic'¥,

Low FT3 levels may be due to alterations of two main
enzymes acting in the liver as part of the iodo-thyronine
seleno-deiodinase enzyme system. The type 1 and type 3
deiodinases are responsible for extra- thyroidal production
of T3 and inactivation of thyroid hormones, respectively.
The decrease in total T3 is probably reflecting a reduced
deiodinase type 1 activity, resulting in reduced conversion
of T4 to T3 and an increase in conversion of T4 to reverse
T3 by the deiodinase type 3 system in the liver of cirrhotic
patient. Although, despite alteration in serum T3, serum
TSH and T4 are reported to be steady, indicating adaptive
mechanisms by which the body reduces basal metabolic rate
and preserve the liver function® 19,

Some studies suggest that this syndrome may confer a
survival advantage, which adapts an organism to chronic ill-
ness by reducing the basal metabolic rate within hepatocytes,
reducing caloric requirements and preserving liver function
and total body protein stores®!” Bruck et al. showed in an
experimental study on rats that subclinical hypothyroidism
can be beneficial both in protecting the liver from further
damage and in regression of established fibrosis in induced
liver fibrosis®.

One important observation is the finding of low free T3.
Consistently with literature data, we observed that in the
group with more severe liver disease (MELD >18 group),
the values of T3 before LT were below the reference value
in some patients. T3 increased to normal value after LT. In
contrast, no significant changes were observed in the values
of TSH and free T4. These findings are consistent with other

studies that suggested that T3 serum levels correlate inversely
with the severity of liver dysfunction7-%1%1517_ Shakoor et
al. have shown that the free T3 level is low in a cohort of
50 cirrhotic patients. These authors have also reported an
inverse relationship between free T3 level and the severity of
liver dysfunction™. Similarly, Borzio et al. who studied 55
patients of chronic hepatitis found low free T3 levels despite
the presence of clinical euthyroidism .

Some studies have shown that controlled subclinical
hypothyroidism might be beneficial for euthyroid cirrhotic
patients by protecting the liver from further damage. These
studies, therefore, could be suggestive of a protective mech-
anism in which lower circulating T3 contributes to protect
the liver from further fibrosis and helps the liver to reverse
the damages® '?.

When evaluating the impact of liver transplantation on
the thyroid function and on the peripheral hormone levels,
we found complete normalization of T3 following liver
transplantation in the four patients with low levels. Other
authors reported similar finding"*'>1®_ Similarly to Seehofer
et al. studied hormonal changed in 22 patients with chronic
liver disease, who underwent LT. The patients have shown
the already described “low T3 syndrome” and it completely
resolved after LT!%,

CONCLUSION

Patients with end-stage liver disease subjected to liver
transplantation had normal TSH and fT4 levels before and
after LT. In a few patients with lower tT4 and T3 levels before
LT, the level of these hormones increased to normal after LT.
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Penteado KR, Coelho JCU, Parolin MB, Matias JEF, Freitas ACT. Avaliagao do impacto da cirrose e do transplante hepatico na fungao tireoidiana.
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RESUMO - Contexto - A disfungao tireoidiana tem sido relatada em associagdo com a maioria das doengas cronicas, incluindo a doenga hepatica

terminal. Estes defeitos no metabolismo dos hormoénios tireoidianos resultam na sindrome do doente eutireoideo ou, também conhecida como

sindrome do T3 baixo. Objetivos - Avaliar a fungao tireoidiana em pacientes com doenca hepatica avancada, antes e depois de serem submetidos ao

transplante hepatico cadavérico (THC) e, correlacionar as alteragdes hormonais da tiredide com o0 MELD. Métodos - Em um estudo prospectivo,

os niveis séricos de tireotropina (hormonio estimulante da tire6ide - TSH), tiroxina total (T4 total), tiroxina livre (T4 livre) e triiodotironina (T3) de

30 pacientes adultos do sexo masculino com doenga hepatica terminal foram dosados 2 e 4 horas antes ¢ 6 meses apoés o THC. O valor do MELD

foi determinado no dia do procedimento. Para esta analise, os pontos extras nao foram adicionados para os pacientes com carcinoma hepatocelular.

Resultados - Os pacientes apresentaram niveis de TSH e T4 livre normais antes do THC e nao houve nenhuma alteracao apos o procedimento. As

dosagens de T4 total e T3 no inicio do estudo estavam dentro da faixa normal, exceto por quatro pacientes (13,3%), os quais apresentavam valores

abaixo da referéncia. Ambos os hormonios apresentaram um aumento 6 meses ap6s o THC (P=0,02 e P<0,001, respectivamente). Quando os pacientes

foram divididos em dois grupos (MELD <18 e MELD >18) ndo observamos diferenga nos niveis de TSH, T4 total e T4 livre entre os grupos apds

THC. Apesar de nao haver variagdo nos niveis de T3 no grupo com MELD <18 (P=0,055), houve um aumento no grupo MELD >18 ap6s THC

(P=0,003). Conclusdo - Os pacientes com cirrose hepatica submetidos a transplante hepatico tinham valores normais de TSH e T4 livre antes e apos

o THC. Nos poucos pacientes que apresentavam valores baixos de T4 total e T3 antes do THC, houve normalizagao destes hormonios apos o THC.

DESCRITORES - Transplante hepatico. Tireotropina. Tiroxina. Tri-iodotironina. Cirrose hepatica. Doenga hepatica terminal. Sindromes do eu-

tiredideo doente.
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