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Abstract

Thyroid hormone is essential for normal organ function. Tri-iodothyronine (T3) is
the most active form of thyroid hormone, derived from the deiodination of the more
abundant thyroxine (T4). T3 is considered to have prominent haemodynamic and
metabolic effects.

During illness, blood levels of T3 decline with a reciprocal increase of the inactive
reverse-T3 and eventually, a fall of T4. This phenomenon is referred to as Non-
Thyroidal lllness Syndrome (NTIS) and the extent of change in circulating thyroid

hormones is proportional to severity of disease and survival.

NTIS is particularly marked during sepsis. Sepsis is the most common diagnosis of
patients requiring emergency admission to an Intensive Care Unit (ICU) and
mortality rates remain high despite provision of all supportive therapies. Given the
importance of T3 for normal function and the relationship between low T3 and poor
outcome, NTIS may contribute to the multi-organ dysfunction of sepsis.

Restoring T3 levels during sepsis may be beneficial but has received little
attention. Concerns that NTIS may be an adaptive response and that T3
supplementation may provoke thyrotoxicity have limited the conduct of clinical
trials in patients with septic shock. There is also uncertainty regarding the need to
co-administer hydrocortisone (HC) with T3. Consequently, a pre-clinical study was
required to test the safety and efficacy of T3 therapy with and without HC.

An ovine model of septic shock was developed, applying many of the supportive
care elements provided to humans in an ICU. Following a bolus of intravenous
E.coli, sheep received 24 hours of protocol-guided sedation, ventilation, parenteral
fluids and noradrenaline (NorA) infusion. The model was validated over time and
replicated much of the human septic response, including NTIS.

Following pharmaceutical and dose finding studies, a randomised, blinded,
placebo-controlled trial of T3 with and without HC, was conducted in the ovine
model. After two hours of sepsis, 32 sheep received a 24-hour infusion of:



(i) T3 + placebo, (ii) HC + placebo, (iii)) T3 + HC, or (iv) placebo + placebo. The
primary outcome was the total amount of NorA required during the infusion of
study drugs; while the secondary outcomes included haemodynamic, metabolic

and parameters of organ function.

Plasma T3 levels fell in placebo animals and were increased to supra-
physiological concentrations by T3 infusion. The amount of NorA required was no
different between the study groups (mean + SEM ug/kg; T3 group, 501 £ 131; T3
+ HC group, 466 = 175; HC group, 167 + 101; placebo group, 208 + 160; p =
0.20). There was no significant treatment effect on any haemodynamic variable,
temperature, pH, lactate or oxygen extraction.

The same dose of T3 was subsequently tested in a group of non-septic sheep.
Despite supra-physiological plasma levels, there was no change to any

physiological endpoint.

In conclusion, a 24-hour infusion of T3 (with or without HC) in an ovine model of
septic shock did not reduce NorA requirements nor alter any other measured
physiological variable. Acute T3 replacement appears to be safe, but the role of
this therapy for intractable septic shock remains uncertain.
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Thyroid Hormone Concentration Conversion from Traditional Units to International

System (SI) of Units.

Human Human Convert from
Normal Range Normal Range Traditional to S|
(SI Units) (Traditional Units)
Total T3 1.2—-2.7 nmol/L 80 — 200 ng/dL x 0.015
0.8 — 2.0 ng/mL x 1.536
Free T3 3.5-6.1 pmol/L 2.3—-4.2 pg/mL x 1.536
Total rT3 0.22 — 0.46 nmol/L 14 — 30 ng/dL x 0.0154
0.14 - 0.3 ng/mL x 1.536
Total T4 58 — 160 nmol/L 4.5-12.5 ug/dL x 12.87
45 — 125 ng/mL x 1.287
Free T4 10 — 23 pmol/L 0.8 — 1.8 ng/dL x 12.87
80 — 180 ng/mL x 0.1287
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Thesis Overview

Chapter 1: Thyroid Hormone

An understanding of the normal physiology of the thyroid axis is required to
appreciate the changes that occur to thyroid hormones during illness. This chapter
describes the thyroid hormones, their synthesis, kinetics, effect on the cell and

each organ system.

Chapter 2: Thyroid Hormone Changes and Treatment During Non-Thyroidal

liness

This chapter outlines the changes to thyroid hormones for a range of diseases, the
likely mechanisms for these disturbances and summarises the studies
investigating the effect of thyroid hormone replacement in non-thyroidal illness.
The controversy of T3 replacement in critical illness is discussed and the case

made for a pre-clinical trial in septic shock.

Chapter 3: Development and Validation of an Ovine Model of Septic Shock

Following a discussion on the limitations of previous animal models of sepsis, this
chapter will outline the development and validation of an ovine model that
replicates typical features of septic shock and incorporates many elements of the
supportive care provided to a septic human in ICU. This model will be used to test
the effect of T3 replacement.

Chapter 4: T3 Pharmacology

A systematic review of previous T3 studies was undertaken to determine doses
used, plasma levels achieved and endpoints measured. A pharmaceutical study
was performed to ensure stability of T3 in solution and compatibility with
administering equipment. Pilot studies were then conducted to determine the dose
of T3 that should be tested in septic sheep.
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Chapter 5: Tri-iodothyronine Administration, with and without Hydrocortisone, in an
Ovine Model of Septic Shock

This chapter outlines a randomised, blinded, placebo-controlled trial of T3, with

and without HC, in the ovine model of septic shock. Hormonal therapy increased
plasma T3 concentrations but did not alter the primary endpoint (noradrenaline
dose) or any other physiological parameter. Possible reasons for the lack of

experimental effect and validity of the study are discussed.

Chapter 6: Tri-iodothyronine in Non-septic Sheep

The same dose of T3 used in the sepsis study was tested in non-septic sheep.
Plasma concentrations of T3 were higher in non-septic animals but again were not
associated with any physiological changes over 24 hours. The effect of sepsis on

plasma T3 levels are examined.

Chapter 7: Future Studies
A number of other research questions became apparent during the conduct of this

thesis. Further projects are proposed to explore observations noted during
development of the sepsis model, investigate the mechanisms of thyroid hormone
changes during sepsis and consider the place for further study of T3 replacement.

XXiV



	TITLE: Tri-iodothyronine (T3) Therapy in a Pre-Clinical Model of Septic Shock
	Abstract
	Declaration
	Acknowledgments
	Table of Contents
	Table of Tables
	Table of Figures
	Abbreviations
	Physiological Equations
	Thesis Overview


