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ABSTRACT.

c'/

Normal t~¢ physiology and pathophysiOlogV with reference to non-thyroidal illness is
P . .'

(~y;i~Jwed,inclUding infections, specific disease states and drugs and their effects on thyroid
~/::>,-

\ ;/' .function tests.

~
\~. ,4'//1

/.7

',.

.'A review of the literature reveals that following almost any infection the serum T4 and f3
>\~!

decrease as a result of diminished secretion of 1'SH and thyroxine, accelerated T4

disappearance, inhibition of hormone binding to tran:port prot~ins and decreased perjt~ral T4
;f

/to T3 conversion. .,/

This study evaluates (i) the sevsrltv of the euthyroid sick svridrorne at presentatlonin critically
~..';~;-r

ill septic and non septic patients, and (ii) the relationship between changes in circulating

thvroxlne levels anrJ clinical progress, and (iii) the relationship between serum thyroxine,

APACHE II score and outcome. The use of serum thyroxine levels as a prognostic indicator is
.\'.

discussed.

Adult Patients admitted to the Baragwanath Hospital Intensive Care IIJnj~"at presentation were

divided into non septic (n;:; 15), septic syndrome (n ::·25) and septic shock tn = 8.) groups, Total

«thyroxine (TT4)' total triiodothyronine (Tr3), thyroxine bindii.~ globulin (TBG),. thy~otropin (fSH)

and APACHE II score were determined on admlsslon and TT4 was measured serially in the

septic 'sYr)prome group. A group ofeut9~ro.id blood donors were used as controls,
/1

Abstract II

o



0"

,,'

A significant'reduction in mean TT4, iT3 and TBG at presentation was demonstrated between

the non septic, septic syndrome and septic shock groups, As the severity of illness increased

due to sepsis, so to did the mortality and the perturbations in thyroid hormone economy. A
"""" " ~ " " - - "'"

""";_,

relation~hip between T1'4, APACHE II score and outcome wa~ demonstrated. A nadir iT4 of

less than 35nm6i/L WaS found to have a,predlctiveaccuracy for outcome of 78%; The

usefulness of iT4 as a "bedside" prognostic indicator is questioned.
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1.1" SynV,iesis and Secretion ~f 'l:h~Thyroid Hormones.
(

;) The thyroid gland is responsible tor producing thyroxine (T4), trilodothyrcnine (1'3) and reverse

i\<~riiodothyronine (rT3),,····

The main blosvnthetlc phases are' 1) trapping of iodide, 2) conversion t~ an activated form, 3)
" .~

iodlnation of tyrosine With in thyroglobulin (Tg), is, orqanlficatiort, 41 "coupling" of the resultant

rnonolodotvroslnes (MIT) and diiodozvroslnes (Din to form 1'3 and T4, 5) the uptake' and

hydrolysis of thyroglobulin and subsequent release and secretion of tnyroidh'ol·Jt\ones into the

Ci'rculation· (fig 1 .& 2) (1 );' Thyroid stimulating ihcrmone (TSH I stimulates both the biosynthesis ,. . , '. if" . ,
/.' . '

and secretion of thvroldhormones, via the adenvlate cyclase system (1), The thyroid is the only

;"'''''' source of T4, however 80% of Circulating 1'3 is derived from peripheral delodlnation of'1"4 (fig'
'\',..
,;"3){2). Triioclothyronine is re~ponsible fo( most ofthe action cf the thyroid horrncries (3A).

T4

Fig,. 1. Thyr9id hormone synthesis.

c Iodide is transpartedfrom. the

aptcal membrane, where it is

PLASMA plasma, through tlte(,cell, to the

organtfied to TO synthesized within

the thyroid cell. Hormone stored

as colloid re-enters the cell

through endocytosis and mo·{bs
//\\
// \\

back toward. the basal m!~brt~ne
(( i'

wher« T4 is secreted.
I',

Nonharmonal iodide is recycled.

COLLOID
<.::,

Endocrinology 2



(\

Trii()dotbyrQnln~(T3)
I ~.~ NHHO-?:>-0-)=.r_ •._." '",""\H:_"'OH
I Tyroxlne (Tetraludothrcnine, T4)

Fig 2. Scheme oj couplillg reaQJolls. After tyro;ine is iodinated to jOI1U MIT or VIT (organification oj
the iodine), MIT and VIT combine to form T3, or two molecules of DlTj0111t 14.

~THYROltl
DPERIPHER'(

'1'3
:e • cm,c . 1..8
CoHiL) ---------:---

T4 .
:105

:rT3
0.25

Fig3. Schematic representation of production of T4, 13, and I'T3 and of nondelodlnative metabolism
of 14, Plasma concentration (P. CONC) in nanomoles/liter; other figures (*) indicate daily production
rates (in nanomoles) in normal humans.
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....1.2 Regulation of Thyro,id Ho'r";'one Secretion.

Schema of the hypothalamic-pituitary-thyroid axis and its horrnonal control (Fig <?
4)(5). . .

Ceptral nervous system

i,

.o

!~:

~ ~~ ~ __ ~~J

ESTROGEN

17Th.. I' 'I'.J. ..yro~a

Fig 4. Schema of the hypothalamic-pituitary-thyroid axis and its hormonal control. Solid lines =' +
lnfluence; interupted liries ::::.negative inluence., Width of line represents relative Importance of eJJect.
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1 .2. t Thyroid Stimulating Hormone.

TSH is synthesised in the anterior pituitary and .conslsts of a alpha and beta subunit. The alpha

subunit is common to all gtYGohormones secrered.frorn the pituitq} h nameiv luteinizing hormone
'";., . , '1\'

(CH), totllcle-srlmulatlnc hormone' (FSH) and human Chorionic ~onadotrophiH (HCGh The b~ta. " ~
subunit confers specific binding to the thyroid. l;?H secretion is regulated by two major factors,

(i) negative feedback from circulating thyroid hormones at the level of the thvrotroph ceil, and"

:'Oi) stimulation by thvrotroplnrsleaslna hormone (TRH) from the hypothalamus (6).
o

TSH release foHpws a circardian rhythm, peaking at ~jdnlght (7) (Figure 10). Although in the

peripheral tissues,T4 Is a prohorrnone for T3, atthe pitUitary level ithas an import~int role in the
',' .;

regulation of TSH (8). Intra pituitary' T3 is principallv derived from circu,lating T4, thus TSH wiH
I!-.-

rise in response W decreased levels of T4 despite norrnal or elevated serum T3 levels (9).

1.2.2 Thyrotropin Releasing Hormone .

. ,.1/

TRH is a tripeptide prodUced in the para ventricular nucleus of the hypothalamus, 'and reaches

the pituitary via the' hypophyseal portal system. TRH binds"'i0\righ affinity receptors on

thvrorropes, and stimulates the release of TSH mediated via secondary messengers, ie cAMP
'() ,

"::tif)d the calcium-calmoc!ulin'system (6,1 0). Tonic secretion of TRH is necessary to maintain

thyroid hormone production (111.

1.2.3 Feedback Regulation of Thyroid Hormones."

The negative feedback of thvrold hormones 'Occurs at the pituitary level. Both T3 and T4 bind to

nuclear receptors in the thvrotroph, as they would in the target tissues (1 2). Due to the greater
:)

affinity of T3 (40 fold) for the nuclear receptor, its biological potency is much greater than that

of T4 (20 told) (13I,'About halfofthe intrapituitarv T3 is derived from type 11deiodination ofT4

(14), and half is derived from circulating T3 {15}. Basal TSH and TRH stimulated 'ISH release

Endocrinology 5



are inhibited by bindin~ ofT3;!;o thyrotrophrecepto'rs J 16). Circlliating T4 is a more ini~ortant
V . .'

regulator of rSH than 13 (9)' and exerts its inhibitory effect via in,trarYiWitary .delodfnation to
(;

" T3" TRH probably determines the set point around which the thyrotropic. T3 content regulates

its control over TSH secretion (17) .

. '1.2.4 Neurotransmittei'Regulation.

Stimulatory and inhibitory secretorv pathways fot the ,contj(:i:>'-~TSH exist. Dopamine and
, _.:, Ii

,. '(-··i //

somatostatin inhlbjtthe release of TSH. Pharmacological doses' of corticosteroids decrease TSH

release. Adrenalin, noradrenatlns, serotonin and oestrogen stimulate TSH release Wig 4)(16).
,)I

"\; -.Encephalins and opicfd peptides have a stimulatory effect, possibly acting via dopafTlinergic

pathways.

i\u

1.3 Thyroid Hormone Circulation and TrarlS@ott •

. Less than 1% of the total 2t'rculating thyroid hormones is free in the plasma, T4 and T3 are
: - - "':- - .

9~.97% and 99.7% bound ,to thyroid hormone binding proteins (TBP) respectively; The T8P's
~ ~

include t_hyroxine bindinl;! globulin (TBG), thyroxine binding prealbumin !TBPA), and albumin

(18). The binding of T:3 and 1"4 to TBP's imparts a macromolecular status to the thyronlnes,

which re{sults in less renal loss and modulation of their effects on tissue mpt~,bolism. The TBP's

act as a reservoir from which extra T3 and T4 can be mobilised {l ).
"

Binding Protein.

TBG is a glycoprotein that binds 75% of total circulating T4. TBPA and albumin bind 15% and

10% respectively of circulating 1"4 (1). Even though albumin is u,,Jow affinity carrier, it has a

large capacity to carry thyroid hormones due to its higher concentration (19).

TBG levels may be increased due to oestrogens, pregnancy, hepatitis, porphyria 'or heredity, and

decreased due 'to androgens, cirrhosis, nephrosis or heredity (19).

Endocrinology 6



An increase in TBG concentratkm, either genetic or aquirad, results: iti' .~n in2rease in unocs:upied

binding sites and a shift in the equilibrium between total and bound T4. The net effect is a,

diminution of the serum free T4 concentra'L~bn, Activation of the hypothalamic".pituitary axis" ' '~ , ;)

occurs, resulting in a compensatory increase in tttvroldatsecretion of T4. The compensatory
. . .

effects last untlll a new steady state is reacbedl.e., a normal fres T4 concentration. Thl'.s the

total extrathvroldal T4 pool is auernented owing to an increase in the lntravacular T4 pool.The v,

converse s~queri<::eofevents occurs with a decrease in TBG (18) •

. Albumin, TaPA and rsc concentrations decrease with many illnesses. However '(his is

" - ' .. -', .-.,' , -,' ',', ' " ,-_ ,',,",' -,',',," ',' '-",' '", ,\\,Insufficient to account-for the marked reduction Jnsenrm TT4 levels that cah':ot~ur, 'The

prescence of an lnhibltorls postulated to account fo;' the demi~j$11~dbindjn~ of thyroXine to
,,(_,

carrier proteins (20).
c.)

Hereditary conditions associated with increased -rBPA and, increased bifldin~ito serum albumin,0' ~ ..
\\also oc,;rur(1).

Fr~e tfi~roxine Hypothesis.

The original hypothesis of Robbinsand Rail (21) stated that transport and uptake ofT3 antf'T4

by the tissues was attributable only to the free fraction. This hypothesis has been questioned

by Ekins (22) and Partridge (23). Ekins (22) has proposed ?:;;Rin~'''model in yvhich bound T3
( . Il'-"~_~\

and T4 are Important in,delivery, particularly to tissues tith high plasm\t'Iearance rates. The
o I) <, ... ...,~.:~,.~

carriage of T4 by albumin into certain tissues may be of importance eg hepatlc slnusolds.>

'. ;:~

1.4 Peripheral Metabolism of Thyroid Hormones

Thyroxine is metabolised by the sequential enzymatic removal of iodine molecules,

predominantly inthe liv~r and kidney. The deiodination is accomplished by replacing iodine at

'one of four positions with a hydrogen atom. Iodine may be removed from the inner (tyrosyl) or

outer (phenollcl ring (1 ).

Endocrinology
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C) ir ',. " > J ()
Deiod;nat~n of T4 from the outet'ring ( 5' or 8} yields T3. This pathway repret~jltsthe

\.1 rr
/r

activation of 1"4 to the me'tabo(iCalfy miJre active 'T3 {24,. Approximately 80% of circulating 1"3

IS P~?duc&.i in this manner. tnn6i'I'!ng oelodlnation yield:i hli:iCtiVt: rt!vt!fsj'I T3 (rT3) (fig !J)(2!i).

!;~-,- - - -.:! '. - - - '

Silllijar qlJtm\'ffies of rT3 and T3 m'Q produced per '~-r by 'th6. deiOdornmon of T4 {1S}.

Approximme.ly 95 ..98% .of.rT3 is 'd9riv'OdWm T4 (761. In:normal 3ubj~~ t!1e serum

concentration of .rT3 range 'ht!m 3Q;'5ongfdl (1~l. rT3 is,met&bollC8fly Inert (1). The perfiJ~r13i

turnover of rT3 is vary rapid in cortJ~;~'~5Oll\ 10 13. I., nerm¢ subjtmts the metabolic deafance

fate (MeR) rang8$ from 71-112 Litres/day/7Q kg ~d th~ production/.disposat rates rang" from

J4..52pgfday.'1(f kg {!1,.T3 and rT3'ar~-'deiQa:nateu to d:iOdQthYfonines and eventually to

thyronine. Released iodide is cle(')red princIPally by the kidney UlO%l and by the thyroid (20%)

{1 }.

3,ZT2

Pis s. Thyroid borlIDne mef:lbofism.

Endocrinology
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Three forms of icdotl;lyronihe deiodinase are recognised (26).
• J -.. - - -.

,i
"0 .~~) c., r-. -.

Type I catalyses, both the inner and outer ring, but.prafererttiallv' deiodinates the outer ring ..It is

'(I present in liver, kidney and muscle, and acts pr~fetentially on rT3 over T4.

Type II-delodlnetes th~{Jl~'1yrring of T4 in preference to rT3, and is abundant in pltuitarv, brain,
,.' -'.' V

:. ~- ....

placenta and brown adiposetissue. Typo [IIacts on the inner ring of T3 in preference to T4. It
/..4.-;,:,:~"":--: ,-.~- _ ..' c.,

?,,~7- _-i~<diverseJydistributed in crude microsome fractions.

Perturbations pf deiodinetiorr may occur under certain physiological.and pathological conditions;

. in particular dUring fasti.19 andrstress.

Other pathWqYs of thyrol<;ihormone disposal exist, ie glucuronide Gonjug,;tion and dearnination
/t
~'.,t, , .' .. ..... .. , ,'.l

of T3'and T4 to form tetra- and tri- iodothvroacetlc ci'C;:q (tetrac and triac) respectively (11.

The sulfated conjugate OfT3 may Serve as a metabolite of 13 for its rapid delodinative disposal, ~,,' .'.;; .

,'(271. " !.F ..""".

1.5 Thyroid Hormone Entry and Action.

Effects of thyroid hormone are evident in most organ systems. '~uclear receptor binding i1)

thought to account for thediverse effects ata cellular level (4).

Thyroid t{~;l'~On€l actio~ can be viewed as a sequenceof events: entry into the cytoplasm,
"

movement into the nucleus and receptor binding and cellular responses (Fig 8) tH.

1.5.1 Membrane" Binding -.

Some passive dlffuslon of T3 and T4 may occur, in addition to a specific active transport

system of limited capacity (28). A endocvtotic process has also been prop0l'\.e;jfor T3.
\",,"

'.
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RESPONSE

€),glucos~ Lipo9lW..esisr Malic enzJllleI.... ... f,att, aCI<Is~nt"etase

protein
synthesIs

EKpovt to .
other oof-':-- CELLULAR T~---. --+_

mRNA
----+-tRNA-....oE;._....jIo- fIIall{-ATPase

mICA f3 -adrenergic receptors

I
tissues

14 T3 'IAMINO ACIOS
GLUCOSE

Fig 6. Cellular actions' of thyroid hormones. Cellular 1'3 is derived from plasma T3 or T4.

--
exported to other tissues, bind to other intracellular proteins and organelles, or enter the nucleus. Nuclear

effects are initiated with theblndlng to nuclear receptor on nuclear chromatin. Cbaliges en RNA synthesis

leads to changes in protein synthesis and a wide variety of cellular responses.
:!}.

I!,
1.5.2 Cytosolic Binding.

Cvtosollc thyroid hormone binding proteins probably function as an: intracellular transport

mechanism, as well as a hormone reservoir. Cvtosolic TBP's bind T3 with a low affinity and. .

high capacity (29).)Thi~ sterlospeciflc energy:~de~endEmtsystem increases the ~oncentration of
~~-~":::.~--:::'..:. . ... :.. , ">-.." _..'

free 1~T3in the nuclei 50 to 200-fol,d over that p~~sent in the cytoplasm (18).

~ \
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1.5.3 Mitochondrial, and I\!u~iear Binding~
o . .

Both f3 c;tgdT4 bindJO and initiate metabolic events within the mitochondria, but the relevance
'() .: ,.

of this binding has been questioned because of low affinity and specificity.

With respect to nuclearrnediated pathways, T4 is a prohormbAe for T3, which accounts for

90% of thyroid hormone" in the nucleus.

The nuclear T3 receptor is at! acidic nonhistone prot~in with high alhnity andUlnited capacitv,
\\.
.: ,j

and a molecular weight of 50,5 kDalton (30). Cellular responses are determined bf teceptor

,·bccu;ancy. Nuclear T3 receptors are abundant in thyroid horrrtbne resPo~siva,tissues, eg hVM
.\). .j

and kidney (1). The binding of TS to the nuclear receptor induces changes in RNA polymQrase

and in the content of mRNA and tRNA.

II

1.5.4 Cellular Responses.

The metabolic effects of thyroid hormones can be diVi'd(>dinto
,\ "

(i) Catabolic: Thyroid hormone excess .acceler~te$ :dxidative metabolismiiiT most cells .(2).

wil Anabolism:
. . "_

t.ipo~ene$iS i~';"i~ulated. Hepatic glliconeogenesisJs increased. The a'l~bOljc
" _'. ..: ,:<,~, t~,.j\

function is required for normalqrowth and development of mammalian

foetuses and neonates (31).

(iii) Permissive: Thyroid hormones act in concert with or are required for the action

function: of other hormones, (~'Q::;insulin'and cortisol.
() (',

1\

('

)
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2. ) .THE "EUTHYROID SICK SYNDROME ,~\
t,_' ..

Ii

II
!?

12.1) Introduction.

::::'

The effeots of non-thyroidal illness on thyroid function wCj~alluded to as d; back as 1.954,. . ~ #
j' . ,"

. when Engstom and Markard (32) demonstratgd thatthe protein bound iodine may be

e ::::c:' significantly reduced in severely ill patients. Oppenheimer et <al(33) provided the first detailed

analysis of alterations in thyr~'ld function in patients with norrthvrcldalillness. Subsequent to

this our understanding of the "Euthyroid Sick Syndrome" has bee~,lfacllitated by advancements

in laboratorv technology, specifically radioimmunoassay methodology, measurement of thyroid

)) hcrrnones and thyrotropin ITS,H) and the availability of thyrotropin releasing hormone (TRH), for

use in cli'lj~al investigation.

One of the most consistent features of the euthyroid sick syndrome is a reduced serum

triiodothyronine '(T3) level, which has been documented by a number of investigators, (34,35)

occurring in 70 % of hospltallsedpatlents (34)

Other characteristic ,fel:ltures of the euthyroid sick syndrome include:
-:..--:.:

i) Increased rT3 levels in the presence of decreased T3 ($6, 37).

if! Normal (34) or low thyroxine Cf4) level (38) which, in addition to a low T3, is referred

to as the "low T4 syndrome".

iii) Increased, decreased or normal free thyroxine levels depending on the method of

analysis (39,40,41).
\)

Iv) TSH is with in normal range except in a few cases (42). Serum TSH response to rl~His

usually normal, though some patients show eithE~ran increased response or a subnormal

and delaY~d response (38,43). /)

The EI~thv,'oid Sick Syndrome 12 o



Because low serum levels of frequently measured thyroid hormones can be encountered in both
\ - - - -. -_ .-- - '"

hypothyroidism and the euthvroid sic\<,syndrome, a lack of familiarity with, the effects of nono ~
\\, '

thyroidal illness on thyroid function tests may cause confusion in the interpretation of thyroid

fU,nctian in hospitalised sick patients.

2 2) Pathophysiology;

Patients with non thyroldal Illness, resultinq.jn the euthyroid sick syndrome may be divided into
I_J

four groups (44) i) those with low '1'3 levels alone, ii) those with low T3 and T4 levels, iii)

those with a high T4 level, and iv) those wlth.a mixed form. A low serum T3 or low serum T3
, .;.~

and.T 4 levels are the thyroid function abnormalities mast commanly seen in ciitlcallY ill patients

(fig. 7) (25).

The plausible mechanisms for the euthyroid sick syndrome and their effects in patients suffering

from Nonthvroidal illness (Ntl) are illustrated in Fig. 8.

(ligtdl)
T4

(Jlgfdl)
T3

•••

(RATIO)
:R1'3U

••
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U or'S.
1.5 !:.
VI t;
1.3 -•-··

~
.

The Euthyrpid Sick Syndrame

Fig.7. Thyroid function tests ifi critically ill patients (2$).
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PLAUsiBLE CAUSE

$OMArO$1'.r\TIN I mitER
NEUROPEPTIPES

CORTISOL
D4MflliNE .pSI-! tel~tilll! to T3. 14
GI'I....TE PEI'TJDEs
eHOL YCYSTOP:ININ

SIOl'ri ....CTiVETSII .

• TSH ACTlpN

'" SUBSTRATE (GLUCOSE]
CORTISOL

J. THBP
Cjfcula~h'i9 inhi.bitPr
t ,HBP

.; Y.FT4 .J,. T4
t y.FH "\'·14
J.:v.FH t T4

j rT3

i:.

Fig 8. Pathophysiology of the euthyroid sick syndrome (44).

The low T3 sl:-ndrome is characterised by a sub normal serum total i3 (34) arid a normal serum

T4. Jhis abnormality is no~.spsclflc for any, particular disease (34,45). This syndrome may
. \., \

occur with various systemic il!l'\esses such as liver disease, chronic renal failurel various

infectious illnesses, neoplastic disorders, heait failure, burns, and stroke (34,37,46 ). A low

serum 1"3 is seen in the vast majority of intensive Care patients (44,47). It is also seen in
\\

;f patiehts foUowing>caloric d~priVation (47,48), and after tha administration of ma~v drJgs. In

NTI the decrease in serum t3 is related to the severity of disease (49,49), and is due to a

decrease in peripheral producttqn of,,T3 from ii (50). Thyroidal seoratlon Of iodothvronines
. .. . . . , /I

remains normal. in the majority of patients with NTI;,(58). The T3 response to a tRH stimulation

test is norrnalln p'atient$ with Nil (77). Concomitant with the decrease in t:3 is an increase in
.. . II. q

rT3. Both these ch, 'lges are due to decreased activltv of 5'monOdeiodonase enzymt; (fig.5), ~ .

(35,41,51), deiodinase concentration (52) or both factors in cornblnatlon (51). The decrease in

The Euthyroid Sick Syndrome 14



I?
actlvitv of the 5'monodeiodonase is thought to be due to a decrease in cellula~\;glutathlone,

whlch is a co-factor for this delcdirrase ..secondary to decreased carbohydrate substrate
i',

(!53,5.4!, or increased glucocorticoid secretion, which' partially blocks the conversion of T4 to T3

(55). The metabolic clUrance rate of T4 anti T3 is increased (36,56). Decreased rT3 disposal

in the presence of unchanged production leads to the accumulation of rT3 in the circulation

,~... )

suggestln\l a euthyroid picture (43). Since serumT3 is significantly decreased in a large

(36,39,41). The serum iSH levfol''Clhdthe serum iSH response to TRH are usually normal,
'::!

proportion of patients with non·thyrokhf disease, measurements of T3 are of limited value in
1.

.th¢ diagnosis of thyroid tJysfunction !(i"1 patients with signifiesrlt non-thyroidal d'isorders.
~ ,Ii,' '

:;
i'1.\

" 11 . 2.4 The low "fl!..syndrome.

The low '13, low T4 syndrome is seer in st;<lorety ill, often moribund, patientf\.jvith a variety of
" . '",.)

, systemic illn~sses (37,t:3). Decreased serum concentrstlo.t of total thyroxine in NTI are the net

....result of cha. .,\3S in hormone production (41), binding (41) and clearance(57). However the

'fluctuations in lodothvronlne concentrations dUring. NfL acp malntv independent of thyroid

secretion (58}. The serum TSH Clnd'.1.JHresponse to TRH is usually normal. However there

I{
!}

.:' )-j. .'

appears to be a functional disturbance of the 'hypothalamic-pituitary-thyroid neg~\!~e feedback
1\

axis, with a degree ofpttuitary insensitivity to circulating 14 (38,51,57), or T3 leVels (9). The

Jow total T4 results fr()}n decreased serum binding (dUE! to inhibitors), or a reduced fractional
'i

rate of transfer into tissues, which would impair the rate of clearance (56,57)' and decreased

T4 secretion from the thyroid gland (20,36,59).

,?.4.1. Hormone Production and Kinetics.

In the normal individual, serum T4 concentration is rrralntalned relatively constant as a result of

the equilibrium between thyroidal T4 production and peripheral hormone degradation,

Kapteln et al (56), using tracer kinetic studies, demonstrated that both the metabolic clearance

The Euthyroid Sick Syndrome 15



fate andtractlonal catabolic" fate was accelerated in critically ill patients, but the detivedT4

production rate was normal or only sli(ihtly decreased. rhey also demonstrated decreased

binding of T4, T3 andrT3 to vascular and extravascular sites. As the rate of exit from the

in-travascular space was decreased, th1s would suggest a proportionately greater impairment of

extravascular T4 binding.

/'I
"~ I

2.4.2. Inhibition of r4 binding tQ'1carrier proteins .
. ". ~~~',.;,:~'~;:-~

~::j'

\
Although Thyroxine Binding PreAlbumin (TBPA) and Thyroxine Bj'~ding Globulin (rBG).>> .~~

o 1\
u

concentrations are decreased in many non. thyroidal' illnesses, this is not sufficient to accou~t

for the decrease in T4 levels (39,60). the free T4 level' in NTI is normal orhigh '

(33,36';37,40,56).148wevetthe serum Free.Thvroxlne Index IFTI) may be deceptively low.

These discordant results between the serum free r41evel and the HI may result from the

existence of an lnhlbltorof T4 binding to carrier proteins (20,59,60,61) which function

normally in the free T4 assay (equilibrium dialysis) but not in the Rr3U measurement (used to

calculate the HI). It is postulatedthatan inhibitor could occupy and reduce the number of
i:::} C

functional T4 binding sites on carrier proteins, lowering~the total T4 levels arrd incrsaslnq levels

Of free T4.

Tissue uptake of T4 is impaired due to the presence Of an inhibitor in the serum (62). In 20-

84% of the sera of patients with NTi the presence of an inhi\pitor has been documented

(20,59). ThereJs a small sub group of patients often critically Ill, in whom Free T4 (FT4) by

dialysis is low (36,56). Additional mechanisms other than a binding inhibitor m.;;at be invoked to

explain these low FT4 levels, and various aspects of hvpothalarnlc-pltultarv control mechanisms

have been implicated. Chopra et al (20,63) suggest that the inhibitor in NTI is non-dlalysable,

:t'ieat labile at 90!": and it can be precipltated by ammonium sulphate ([1.6 Mll; and is abundant

in the euglobulin fraction of serum. Chopra et al (41,611 also suggest that inhibitors of thyroid

hormone binding arepresent in all celfs and leak. into the circulation from compromised tissue in

serious illness. Nonesterltled fatty acids (NEFA) are themost likely candidates as the lnhjblto]
,1

The Euthyroid Sick Syndrome 16



:r:··

for the following reasons,

The concentration of NEFA may be increased several fold in NTI (64,65,66,67).

... In vitro NI:FA bind to serum proteins, displacing thyroid hormones in a dose

dependant manner (68,69,70)

.. High levels of NEFA have been shown in vivo to decrease levels of TT4 and TT3

and to increase the dialvsable (free) fractions (71),

The following free fatty acids possess substantial lnhlbltorv properties;

arachidonic (most potent), oleic (contributes quantitatively more to thyroid

hormone inhibition than the other circulating NEFA/, lauric, linoleic and linolenic

acids (20,61).

The inhibitor is more abundant in the particulate fraction (membranes) of tissue hornoqenates

(61 J. It has therefore been postulated that in severe illness, there is activation of phospholipase

A2, and as a result free fatty acids are released into the circulation, where thev may inhibit the

binding of T4 to plasma proteins, thus causing or contributing to the low T4 syndrome (72).

Despite low circulating T4 and T3 levels, patients With NTI appear to be clinically euthyroid.

The achilles tendon relaxation. half time, basal metabolic rate, systolic time intervals and pulse

wave arrival time remain normal in NTI (73,74). Controversy exists regarding the bioavailabilitv

of free thyroxine, as it is well established that in NTI thyroid hormone binding is altered andfree

thyroxine assays yield method dependant results. When considering the metabolic status in NTI

it is important to bear the following points in mind, 1.) T3 and not T4 i~ the principal active

form of thyroid hormone. 2.) extrathyroidal T4 conversion to r3 is clearly a regulated reaction.

!t may be altered as a result of changes in T4 availability, due to altered production of T4 01'

altered T4 uptake irj'\aeiodinating organs, changes in T4-5'de;odinase activity or amount, or

changes in cofactor availability. 3.) T4-5'deiodinase activity varies frol\~. tissue to tissue and its
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regulation also. varies among differ'ent tissues. TIssue availability may be decreased as a result

of a decrease In the albumin bound fraction (15) and the total thyroxine conoentratron (41). The

normal or elevated free (diaiysable) fradidn of iodothyronines would suggest a normal delivery
o

of hormones to the tissues. In support of this concept is tho obssrvatioi11hat in Nil the

extrathyroidal tissue production of rT3 fromT4 is norm ellOf minimally teducOd
c
176.71),

indicl.lting adequate 'tissue availability of fl'se T4 to ~i1;$!H)f 6·deiodination. By contrast the serum

levels of total and free T3, the most metabolically active thyroid hormone, is frequently reduced,

and that th& free fraction of 'f3 does not refleot intr.:lcellular T3 levels (59) .. Grussendorr et al

(58), clarmed that intracellular iodothyronine concentratton in livers of severely ilt animals is not
i/O

oreatlv al)tered in solte of marked decreased total serum levels.•$1,Igge$ting adequate T4 uptake

from plasma or decreased degradation of Ta. Oppenheimer at al (59) reporteQ evidence that the

factor inhibiting the binding of thyroxine to the circulating binding proteins reduces cellular

accumulation or lodothvronfnes bv tissues; and that the exchangeable cellular pool of hormone

in NTI may not be proportiona! to the free T4 concentration as determined by equilibrium

dialysis. This is in aqrsernent with Pafdridge et al,.(781 who found that in NTI thyroid hormone

r.!p[iVMV to fhF! liver was decreased. due to a reduction inthe albumin bound fraotion, which 15

also available for ~issue uptake. Impaired binding of T~ to high affinity sites on hepatocvtss has

been demonstrated in NTI (73,79).

Th@pal"<,do)(th:'lt AxiMS in NTI i.e .• a clinical euthyroid state in the presence'ora reduced active

form of thyroid hormone (free T3 and total T31 can possibly be explained by th9 following

reasons, 1) normal lntracellular i3 concentrations exist despite the depression tn tirculatil'lg

serum T3 levels; such r:omnartmentaHzation of T3 Mas been shown to occur in rat brain,

pituitary, and brown adipose tissue secondarv to local T4 to T3 conversion with In these tissues

(B,80)j 2) that quantitative and qualitative alterations in T3 nuclear receoters may occur such

that lower ecncentratlons of T3 m;lV h~vp. ;:m amplified effect (81): and 3) that there IS a

modification of thyroid hormone action on regulating peripheral tissue m~tab6lism (82,83,841.

whether any or all of these explanations may account for the apparent lac\<.Of hypothyr9l!:L

symptoms and sign.!; as WAil ;:J,e; the failure of iSH to be elevated IS unresolved.
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The action of thyroid 'fi'o;r~ones depends on the concentration of.circulatinq T3, cellular uptake

of T4 and T3, the number and affinity of T3-receptors and post receptor effects (85,86). The 0

post receptor effects are complex and are mediated by variations in gene expression via mRNA

in synergy with other hormones (87,88,89). Byway of example Tlbldl et al (90) studied rats

with transplantable Walker 256 carcinoma, who had serum thyroid hormone levels similar to

thoseofpatients with NT!. In this study a decrease in nuclear T3 receptor numbers was also

demonstrated (91), The responses of two thyroid hormone dependant hepatic enzymes were

. also studied le: the mitochondrial enzyme, alpha-glycerophosphate dehydrogenase (alpha-GPD)'

and 'cytosol malic enzyme (92,931, Alpha-GPD activity is considered mainly under the control of

thyroid hormone, where as malic enzyme is regulated by thyroid hormone and by insulin,

glucagon, and nutritional factors as well, Alpha-GPD regulation was much more sensitive to T3

in tumour bearing rats. In contrast thei,appearance rate of malic enzyme was decreased in

tumour bearing rats at all levels of occupancy of the T3 receptor. These findings are similar to

those reported by Oppenheimer ei' al (82) in fasted rats, and suggest that post receptor factors

such as nutritional status modulate specific cellular responses to thyroid hormone. Specific

responses may become either more sEl;nsitiveor less sensitive to prevailing l~,lels of thyroid

hormones. Thus in patient? with NTI, ienhancement of these biologic'responses associated with

the clinical manifestations of the euthy,roid state may account for the norma! clinical finding~.

Since the response of any specific biological parameter may be either enhanced or depressed by

cellular factors that affect postreceptor mechanisms, it is probable that no sil~~le biochemical

measurement will provide guidance to the thyroidal state of the entire individuaiduring

nonthvroidal disease (891((

The decreased extrathvroldal production of T3 in patients with severe NT! is thought to be an

important adaption to illness in man (51). In NTI the decrease in serum T3 Losassociated with

reduced muscle breakdown (94,95). Derninished T3 production may also result in reduced

rates of oxygen consumption, substrate utilization, and various other catabolic processes (5 'I).
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2.4.4. Relationship of thyroid hormones to severity of illness and prognosis.

From longitudinal studies conducted in patients entering into and recovering from severe NTI, it

is apparent that the alteration in serum thyroid hormone levels reflects a continuum (Fig.9)(181.

:;-:;

EUTJlYROrn LOW T3 I..OWT3-T4

jig. 9: Schematic representation of the relative alterations in serum TT4, TT3, total rT3, and FT4 values in

c

+

NORl.mt
R1lNGE

SEVERITY OF ILLlfESS -+

relationship to the severity 0/ illness and mortaZity:.(96).
;y'>,--.'~>

Patients with moderate severity of illness may have normal or decreased TT4 and free T4 index

values with normal or increased free T4 by equilibrium dialysis (FT4D). As the severity of illness

increases the patient becomes critically ill, the lT4 and free T4 index decrease further reaching

very low values (low T4 syndrome). Recovery from illness or caloric deprivation (refeeding) is

associated with normalisation of T3 (51,96). The magnitude of chances in thyroid function

correlating with duration and severity of illness has been documented by a number of

researchers (,Q{,.98,99,100,1 01).

The low T3 low T4 s'yndrome is found in 30-50% of patients admitted to a medical intensive

care unit (46,102), and has been shown to be associated with a high mortality
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(4-6,102,103,104,105,106). -I<aptein et al (46), demonstrated that decreased 1T4 'had the(

Y\ \est correlation with mortality and correctly predicted outcome in 70% of patients. In

patients with a nadir 14 value less than 3.0 .ug/dl (38.6nmoI/L), had a 68-84% morwlity

(46,105). Boles et al (103) have demonstrated a signific~nt relationship between serum total

T4,. the Apache index (107)~ and death rate thus confirming the association between increasing
:. l.J . - "_" - - .

. quantified severity of illness; decreasing serum T4 arid fatal outcome.

2.4.5. Therapeutic..lmplications:

Since there is no evidence to suggest the presence of rsducee'free T4 avail.~bilhy during the

..Jow TT4 state of NTI, thyroxine replacement therapy is not indicated. Neither L-thvroxlne nor L-
Ii

trllodotttvronlne administration has been shown ~9 be of any benefit (108,109), and may be C/

detrimental. Thyroxine (T4) Supplementation in rats infected With Streptococcus pneumoniae

shortened their survival time (110). However Dulchavsky et ;:11 (ll1) found that treatment with

13 preserved respiratory functlon in septic rats as evidenced by respiratory drive and

compliance.

Adrnlnlstration of T3 to experimentally starved persons wtt1-})dW T3 levels accelerates protein

and rat catabolism (109/9~). Thus patients with reduced free 13 and free T4 indexes seDondary

to NTI should not receive thyroid hormone therapy. Instead the main goal of therapy should be

treating the primary disease State and providing adequate nutrition to rninirrtise catabolism. The

spontaneous normalisation of serum T14 and TT3 levels may provide an, indication of the

.effectiveness of these therapeutic endeavours (1)...

2.5. Euthyroid Hyperthyroxinaemia: the high T4 syndrome.

\ Patients with a variety of NTI may have. a elevated serum lT4 and free. T4 indexvalues (112).

1=:ee T 4 index has been I'eported to be elevated transiently in patients with mild nonthyroidal
\. -_ - -_

illness, including the elderly sick patient, those with liver disease, or psychiatric disorders (T~).
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The commonest cause ofthe increase in TT4 in this gro~p of patients is an increase in TBG

concentration (113). "TheJbtal T3 rnav be increased or normal, but the free T3 is reduced due

to the decreased peripheral deiodination of T4 to T3. The serum TSH level and the T$H

response to TRH is normal (11.3). Liver disease, in p3rticular infectious hepatitis, chronic active

hepatitis, and primary biliary;cirrhosis, may increase TSG levels (114,115). ,';
"'" ' . \.;,

"TResechanges rnavalso occur in acute psychiatric illness, 1)1' be drug induc~dT'eg. oestrogens,

narcotics, clofibrate" 5~flurouracjJ (25,113). These changes are generally transient and tend to
ji,

normalise on recovery from the NTI (1).

, //='~"
2.6 The Hypothalamic.Pituitary ~xis in Nn.

. . ',~

(i

Alterations in the hypothalamlc-pltuitarv-thvrcld negative feedback .axls may account for some
I

of the changes observed in circulating thyroid hormones (116). Although b?salTSH levels are
(,:

i.')
<;

normal, and there dre reports documenting a normal. TSH response to TRH (41,95), evidence
,',

does exist that the regulation of TSH in NTI is distuibed. Franlvn et al (117) demonstrated a

failure of TSH to rise despite decreased levels of lodothvronlnes inpatients with myocardial
.... .J!. ..'

Infarction, indicating a failure of neqative feedback effect. Wehmarm M al (118)- documented a

reduced basal serum TSH level in the majori~v of patients who had undergone. bone marrow

transplantation and who had decreased serum levels ofT4, T3 and FT4, thus suggesting that

the decreased TSH seoretron contributed to the decrease in serum T4 and T3 levels, in these

patients. During_.the stress of iIlnessmah~, hormones ~re}eleased, such as cortisol, dopamlne,
"\<- ~' \'

growth hormone, and opiate peptides, Whj~hm~ ''t;~he release ofTSH from-thepltuit~ry
- - - -'\) 1,

:', ....._c::.

(44, 119}. Caloric deprivation may d~crease TSH, re!~\B$f:nir1dthe TSH response to TRH may be
\~ ,:~,,~

blunted (120,121). ' ;, "'.

,,,~r;.nartuloet al (122) demonstrated that the TSH response to TRH in NTI is not normally
~\

a\~gmented by reductions in "T4 andT3 by the administration of iodides .
.;..

, -', .' ' ':J
In tumour bearing rats it has been found that TS}! regulation remained normal despite a

decrease in pituitary nuclear T3, suggesting that the set point for TSH regUlation is shifted
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u {')',I',)ardsa lowerT3 value, ie the pituitary response to T3 is augmented (83}." I . . ,". '. ".'

A subset of patients exists that may have elevated or depressed TSH .levels, Mild to moderate

elevations in basal TSH have been documented in NTI, particularly in the elderly, and tend to

return to normal on recovery from the acute illness (34,37, 42,45}. During'the recovery phase

'..!
of Nil there may be a transient' elevation of ISH (116,123) and the TSH peak' may rise above

normal and precedes the return of low T4 levels to normal.

During critical illness T§H levels may be depressed and even become undetectable when using

a hjgh sensitivity assay (124)' and the TSH response to TRH may be blunted (38).

;, .' ..

1\

';ll?

)'_ .._.

i)

o

"
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3.0 <J,liscellaneous Factors Associated With Altered Thsroid

Hormone EcononlY_

3.1.,AGE.

Advancing age is associated with an altered thyroid hormone economy. The metabolic

clearance 'rate and T4 turnover are decreased (125), as is the serum T3. level (126), but the

serum T41evel is normal (126), or slightly reduced (127), in the elderly. There is a decrease in

iodine uptake and consequent decrease in T4 secretion from the thyroid in the elderly (76).
,-£_)

Free T4 concentrations are usually normal (127), but serum TaG levels increase with age n28;.

Basal. TSH levels are normal or increased, and the TSH response to TRH may be blunted

(1,27,129).

3.2 Stress response. to surgery and trauma;

;r
,I

Changes in sr,:"Umthyroid hormones in surgical and traumatic stress states is analogous to that

seen in NT!. The serum total T4 decreases, while free T4 decreases or remains unchanged

following surgery (130). Serum total and free T3"fall rapidly after surgery, and is related to the

severity of the surgical trauma (131,132). There is evidence to suggest the presence of a

protein binding inhibitor in post operative patients (132,133). Reverse T3 il~'increased following

surgery (131,133). Serum TSH is usuallv nom ....1(131,132), and the TSH response to TRH may

be increased (134), unchanged (134), or decreased (133l,on the first post operative day.

Brandt et al (135) refuted the previously held belief that the surgically stimulated release of

cortisol is responsible for the observed postoperative alterations in T3, rT3, and TSH.

Burn patients show a similar alteration of their thV:~0\dhorm<)r1es in that T3 is decreased, rT3 is

elevated, and the dialvsable fraction of T4 is increased, and TSH is normal or low ('hp).
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3.3 Drugs

The effect of drugs on thyroid hormone economy has recently been reviewed (.137). Man'{

drugs affect thyroid function tests through alteration in the synthesis, transport and metabolism

of thyroid horrt anes, in addition to influences on TSH synthesis and. secretion. Commonly

prescribed drugs, inc'iuding those used in the treatment of criticaliy ill patient~i may result in

abnormal thyroid function tests, withotlt causing clinically detectable changes in the thyroid

status of the patient (137). This often contiq~tes to difficulties in the diagnosis of thyroid
\",

dysfunction, in these patlehts, However it is important to remember that a few drugs,
(I

particularly lithium (138) and those containing iodine (139,140), 'are associated with the

d~}!elopment of clinically significant thyroid disease.
J,;

Peripheral metabolism (deiodination) is affected by certain drugs (141,142). Glucocortlcolds

(55), propranolol (143), amiodarone (144), radiopaque dyes (145), and propylthiouracil (146) all

inhibit the 5'~deiodination of T4. The concentration ot TBtt] may be,!!1creased by oestroqens

(147), heroin and methadone (148), clofibrate (149), or decreased by androgens and anabolic

steroids (1501, and glucocorticoids (151).

lnterterence with thyroid hormone binding to TBG, -nd I or TaPA may result from phenytoin and

its analogues (152)' sulfonvlursas (153)' and salicylates (154). Serum TSH or Its response to

TRH may be lncreaeed by dopamine antagonists eg rrtetoclopramlde (T55), lithium (138)' and

iodine and iodine containing compounds, eg radiographic contrast material \'145), or decreased

by dopamine (155), glucocorticoids (156), and morphine (15;').

For a summary of the effects of commonly used drugs on thyroid function refer to Table

1.(137,25).
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Table 1. Ef:t;ect.S'of d:t:'ugsont.hyro~d funct.ion test.s
.:

Dru',
.... ';;I

. Ie T4 FT4 .• "T3 . rT3 FT3 • TSH" c .• TRH TEST

Dopamine
q

N

. Glucoco- N ++

corticoids

Radiopaque.
dyes

N/+ N/+ ++ N/+ .'fJ/ +

!?:t:'opranolol N N/+ + N N"
\'1

{_j

Amiodarone + + ++ N/+ N/+,

Phenytoin N/- N/- N N

Salicylates N/+ N/- + N

Bepa:t:'in ? ,+ ? N + ?

Symbols: + "" increased; - = decxeaaed r N = nozma], ;

Jl .?- =. unknown ~
r'o"
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'~\:l
/) ... . ... ' .. .,. .SpeCific disorders and conditions associated with altered thyroid. hormone economy.

3.4 Starvation and fasting.

The changes that occur in serum thyroid hormone levels with fastin!;1 have served as a useful

. . D. .. .
model in understandina the pathophysiology of me euthyroid sick syndrome. Longitudinal

studies in'fasted subjects have revealed that the first change to be observed is in-free T4 (FT4J.
..;.

Within 14 to 18 hours of fasting there is a small but significant rise in FT4 levels, which is

sustained through out the fast. Shortly following the rise in Fi4, there is a fall in serum T3

(158), which continues to drop progressively over-the next Tour to seven' days to reach a new

steady state level approximately half that of the baseline level. Serum TSH levels fall abruptly

after 24 hours of fasting, and the TSH response to TRH, at this stage is blunted (159). The

serum TSH levels then gradually increase, indica1ting an apparent increase in the sensitivity of

the thvrotrcpe to the negative feed back signal ()f th\3 reduced circulating level of T3 (160h

Serum rT3 levels only begin to increase after thl~ third day 0'[ fasting, but then subsequently
r

declin~1to, and reach hormal values after two to four Weeks' of continued fasting. The changes

in sel'l1lrnT3 and ri3 with fasting demonstrates. cleartv that there is no inherl;!nt reclprocositv of

changes in serum i3 and rT3 levels, the changes that occur in serum thyroid hormones with

fasting are demonstrated graphically in figurF! 10 (158).

il ..~J
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Ifig.l0: Schematic: representation of alteration in serum TSH, F7'4, 1'3, and rT3 with fasting iii man.

Carpohydrate restrictlon is the most important factor in the pathogenesis of tile observed

changes in thyroid hormone economy with fasting (76). Refeeding with minimal glucose

ingestion (50 g/day) can' reverse the fa~ting induced alteration in serum T3 and rT3 levels

(161), where a~ refeedinQ',wifh fat (162,), or protein (4:7) do not. The decline lnserum T3 is, of

'jJbysiologlcallrnpi)jtanc~, iminat It ;r:Jpears to facilitate conservatton of/She bo;;li,es protein
,. " '. . ""!

",:\;.. 0:)

stbres, since when serum T3 values are norrnalh;e'2lby exogenous T3 adrntnlstratlon, ther-.3is a,~

signiflc;,ant increase in nitrpgen losses (94). In critically ill patients, a large"component of the

alterations in thyroid 'hormone levels may be due tothe caloric deprivation associated with such

severe illness (160.163).
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3.5 liver disease.

The liver is central to thyroid hormone econornv, due to its role in the synthesis and metabolism

of plasma binding proteins (TBG, TBPA, and albumin)(164), and the delcdinatlon and

conjugation of thyroid hormones (85). Thus the alterations in circulating thvrold.horrnone levels

will be determined by the severity and nature of the hepl:ltic disorder. C

In cirrhosis, the thyroid abnormalities depend in part on the amount of functioning liver tissue.

The TT4 may be normal or slightly decreased (165), FT4 and rT3 al;e increased, and TSF level
'\' . ., . '\

are usually normal butmay be elevated (76). The production rate ofT3 may be ~'educed by half

(166). The presence of hYgeramonaemia has been shown to increase the TSH response to

tRH,·possibly·dueto,the portosvsternic shunting andhepatic encephalopathy (167).

Infectious hepatitis is associated with normal or elevated T3 and 14 levels as a result of an

elevation in TBG, and-decreased hepatic T4 uptake. Free T4 is normal, rT3 is elevated, basal

TSH is normal or low, and the TRH stimulation test is normal in these patients (76). In chronic
"

active hepatitis the serum TSG concentration is increased resulting in elevated levels ofTS and

,T 4. The free 14 level is lOll;': TSH is elevated, arid the TSH response to J'RH increased,

Patients with hepatocellular carcinoma rllay have elevated TBG levels both in the presence or
c

absence of cirrhosis, with reduced binding of T4 toTBG (168).

III surnms-v therefore liver diseases, except for acute viral hepatitis; have elevated free
:/

thyroxine levels in common with other non thyroidal illnesses. The liBG and TT~ may be slightly
(i If \\.,

higher than thatceen with ,other non thvroldallllnssses.

,.:-.

3.6 Renal Disease.

:'Chronic renal fallure influences thyroidUi economy at every conceivable level. Impaired iodide
,', . ...' . ,;.

(,

excretlon occurs in renal failure, resulting in increased concentrations of circulating iodide anv

increased thyroidal uptake (169). The kidney is also an important site of T4(degradation.

In the nephrotic syndrome thyroid hormone is lost inthe urine, resulting in low serum T4 and
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13 levels. Most of these patients are euthyroid as evidenced by normal serum -frlOleT 4, HAIU,

serum TSH, and TSH response to TRH (76). Rarely a patient may have a low T4 level

associated with massive proteinuria, elevated serum TSH levels and a goitre.
(/

In chronic renal failure the serum levels of T3 are low due to decreased peripheral conversion of

T4 to T3i however rT31eveis are usually normal (76). Durin(iJ the development of. u..raemia the
.' It .

11 . 'I -

binding of T4 to TBG is reduced, aQd toTBPA is increased (\\70). As the patients renal status
, . ("'i

deteriorates the serum T4 levels decline. Serum free T4 lev~l~;'are usually normal. or decreased

and tend to correlate with the severity of renal 'failure. The TaG may be decreased in patients

with proteinuria resulting in a normal or increased RT3U, Serum TSH is usually normal, but the

'rSH response to 'tRH is bl,unted or delayed (171).

Patients on chronic haernodlalvsis tend to show the· same general values for serum T4, T3, FT4,
~ ".

arid TSH; as patients with chronic renalfailure (76). Changesobserved in dialysis depend on
..:'.

whether observations w~re made acutely or following chronic dialysis, Italk et al 'n72). noted

acute improvement in serum T4, T3, and FTI hut no change in TSH, whereas other workers

have reported no lrnproverrrentln 14, PSI, T3 (173). or in basal TSH or TRH responseslf ZS},

FolI~wing renal transplantation there isa normalisation of essentially all abnormal thyroid

function parameters (98,174).
'_- - . '.' :'.'

3.7 INFECTION

Following the onset of almost any intectipn serum T4 and T3 decrease as a result of decreased

TSH stir:n~!ation of the thyroid and thyroidal secretion, accelerated T(} disappearance and

'inhibition of hormone bindinQ ito transpor] w:,::>teins(175,176). SerumiFT4 and rr3 are increased
-l.,. ",u .,.,>

and TSH is normal (177). lif

Rlchmand et al (177), when ass~:5sing the relative roles of caloric deprivatlonand infection per
«

sa in the genesis ofthe alterations inthvrold function tests, concluded that caloric deprivation(t~' ,)--<1\ ,)

,wa-;-'Contributing as lnuch=to the observed changes in thyroid status as was the infection. The
,'-'

basal metabolic fate '(BMRI in sepsis is increased, in contrast to the decreased BMR ~hat occurs
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in other ncnthyroidaf illnesses (177).

Minor differences in results have, been observed in certain types, of infection. Maharajarr rat al
(!

1l7S) noted in their patients with meningitis and typhoid fever a tendency toward a slight

increase rather than a decrease in serum total T4. Talwar et a,\ (179) observed a decreased i3
(,I

arrd norTa) TSH, 'vvithoutany change in TT4 despite asignificar.t decline inTBG capacity. The

thyroidal abnormalities correlated with the severity of infection. A reciprocal relation existed
." ..' '. . .....Ii ' ...' . .• ' II

between the hgigh,t of the fever and the serum T3 level. Wit!r uncontrolled infection and
.;. : .j!. _- . _-;

increasing fever Talwar et al (1 79) demonstrated an increas~ld percent Fr4, absolute FT4, and
Ii

percent FT3. The data strongly suggests that TSH release i~!suppressed with infection
II

(t80,1 81,182,183), It is not clear however whether the eninanced cortisol production artd. - - -_ - . : - e - - ...
Il

relative caloric deprivation may be responsible in toto or in I>artfor the suppression of TRH or
•. . . II

II
iSH release. \\ () Ii

~ u
, '.. .' . I!

Chanqes inthyr,oi~hormone economy in sepsis, as defineditinthi$ study (see chapterS.O), have
'Iil

onlvreceritlv appeared in the literature. Hadlikostova et al (i~84) induced septic shock ill rats by
. ' II

'i
ceca! incision, •and documented a. significant decrease in T3jiand 14 by <thefifth hour of'septic" ..' .' i\ '
shock. By the tenth hour 'thyrotropin and prolactin were Cllsi~significantly decreased.

\) '.\

Penr:thardt et al (185} investigated 15 patients who became\iseptic postoperatively. In addition
• \1, ' '" ' , ' , ~y

~., ,," ,_ -' , ,,', "j)

to} high rT3 and low T3, septic patients were characterisedtbva highDIT. DIT appears to be a
I • _ - •

relq:9ve1yspecifi,Cparameter fof the presence and couroe of severe bacterial inflammations

(186).

Turner neerosl$ factor-alpha (TNF-a) and interleukln- 1 are important mediators of the sepsl J" j :(,

cascade (see chapter 5.2.1 ).'Present data indjcat~ that iN~"a j,~one of the rnedlators

responslble for alterations in' thyroid funotiori tests in patients with nonthyroidal illnesses,:.- "-.' ' .

(187,188,189), but not lnterleukin-! (189}';<,
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in othernO!1thyrOi~Qi m~esses (177), (( ,
. \\ "'" .; .' .. . ".

Minor differences iri,Tesults have been observed in certain types of infection, Maharajan et al
-,}:'

(178) noted in their'~\~tients with meningitis and typhoid fever a tendency toward a slight
\\

increase rather than a~ecrease in Serum total T4. Talwar et al (179) observed a decraased T3

and normal TSH, witho~anY change in TT4 despite a sigriWo"nt decline in TBG capacity, Tho

thvroidal abnormalities cO~lated'With the severity 01 infection. A reciprocal relation existed

between the height of the f1.\Verand the serum.T3 level. With uncontrolled infection and
~ . 6;'

increasing fever TIlIWar at al\\179) demonstratedan increased percent FT4, absolute FT4, and" t '
I"~

percent FT3. The data strongIY0;,sUggests that TSH release is suppressed With Infection
\1,

. , . "
(180,181,18?,,183).ltis not cle~r however whetherthe enhanced cortisol production and\\' '.,

\\
relative caloric deprivatlco may be~resPo!1sjbJe in toto or in part for the suppression of TRH or

\\ \ r
TSH release. 'l "\. \

\
Changes in thyroid hormone econom\V in sepsis, as defined in this study (see chapter 5.0), ha\fO

\', . " ,:.
0' ~ ~

only recently appeared in the Iiteratur~*\.Hadjlkostova et al (184) induced septic shock in rats by
~ ."~ . .... v

cecal incisf'jll, and documented a signift~\ant decrease in T3 and T4 by the fifth hour of septic
. . ~."

shock, Sy the tenth hour thyrotropin and\\prolactih .~ere also significantly decreased:

Dennhardt,...~t-al (185} investigated 15 patients who became septic postoperatively, In addition
\ \ ." tr . . ,,~

19 a high rT3 and lowTd, septic patients were 8haraoterised by a high DIT. DIT appears to be a
'\-,
'c,~- ,. .

relMfvely specific parameter for the presence and cource of severe bacterial iQflamrnations
~.. . " ,. C'_\ ~',

(186)~
~\
\~

Tumor l~\ecrosis factor-alpha (TNF-o) and interleuklrr-l are important mediators of the sepsis
\. ..."

cascade (~ee chapter 5.2..1). Present data indicate that TNf-c is one of the mediators'\ '. "'."

responsible\;~ot alterations in thyroid function tests in patients with nonthyroldai illnesses
\\ ' ..

(187,188,189), but not i'hterl~ukin-1 (189}.
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4.0 Tests of TftyroidcFunction NT!.

Thyroid function tests are normaflv requested in order to determine the thvromstabollc status of

.the patient, le hyperthyroidism, hypothyroidism oreuthvrold. Numerous factors may affect both

"" the function and available tests for the assessmenti~~ the hypothalamic-pituitary-thyroid axis. ;'

These include physiolpgical, pathological, pharmacological factors, and assay rnethodoloqies all
()

of which may result in a bewildering array of alterations in serum thyroid hOi;mone

concentrations. In order to be able to interpret thyroid function tests in NTI, it is essential to
.; '-\::

have an ynderstand}l1;' of the methodology and deficiencies of each test.

4.tTotal ThYl'Oxine (TT4l

Total thyroxine can be reliably assessed by a radioimmunoassay (RIAl; the normal range in most
, ,'.' ','",' __ I"

laboratories is"4.8.,1.2.8yg/dl (02-165tlmol/L). The RIA method depends on the strlpplno of 1'4
I! _ "'. - !

off tbe TBP',., and then On the competition between total thyroxine in the serum arid

[1~?l1thyro~ine for {l'lmited number of qinding. sites on a T4 specific antibody, and measures

bothrree and protei'nib6und'r4. As a result of this, an increase in TSG will result in an Increase

in serum iT4 levels. A decrease in rBG Or other thyroid binding proteins decreases the rr4
'\

levels, In NTI rT4 levels may be normal, low, or high. Total T4 levels in isolation may therefore

be misleading .for the assessment of the thvrornetabollc status of the patlent,
,~ \\.

Other "methods of determination include fluorescence, fluorescence polarisation,

chemiluminescence, gas chromatography, HP;I,..C and enzyme immunoassays 3190).

4.2 TotaI.Triiodothyr()nin~ ....

G I. v c

Serum T3 is also deterrniried using a RIA technique -.The T3 assay also measures both free and

protein bound fractions, and is influenced by protein binding abnormalities. A lOWT3 is the hall

Tests of Thyroid Function ·in NTI 32



.:mark of NTI.

4.3 Free Thyroxine index.

The FTI is a calculated estimate of free thvroxtne concentration. It is thrzproduc; of TT4
"

concentration and the r3 resin uptake (RT3UJ. The RT3U is performed by. incubating

radiolabeled T3 with the patients serum. Some of-the exogenous T3 binds to available. protein

binding sites. Followirrq appropriate washing, a resin is added that is capable of binding .onlv

unbound radiolabeled T3. Radiolabeled r3 attached to the resin is inversely proportional to the

T4 binding capacity of TBP's. The normal range is 33·48%. The RT3U is not related to serum

T3 levels, since the affinity ofTBG for T3 is low cornpared to that of 1"4. RT3U is elevated in
I~ 0

hyperthyroidism and with. decreased TBG levels. A low RT3U occurs with hvpothvroldlsm and

increased rBG levels. "

The FTI is used. as a means of compensating for changes in TT4 level that result from

abnormafities in protein binding. In NTI the FTI is generally low in up to 23% of random hcspita]

admissions (37(60). This is contrary to what one would expect, if one assumes that in NTI

"
many of the binding sites on TSG are occupied by an inhibitor. One would then expect that the

RT3U be markedly increased and the Fl'l be normal or elevated, however this is sel8-Orfi seenJ':.:?

Several, explanation for this phenomenon have been proposed.

(i) r3 binds proportionately more to albumin than TeG, which in NTI is reduced more than

TBG.

(ii) RT3U is measured at an acid pH, which may lnactivate the inhibitor ofthvroid hormone

binding to TBpls.

(iii) the inhibitor could inhibit the bl,rding of radiolabeled T3 to the resin (37,61).

In conclusion thereforethe FTI, as an estimate offree thyroxine levels, vlelds a high proportion

of false positive results in NTI, when compared to free thyroxine measured bv equilibrium

dialysis.

\;'i
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TBG can also be assessed directly by using a RIA. The T4:TI3G ratio will also correct for

alterations in TBG levels (191 j. The ratio correlates well in patients With normal albUmin and)

TBP~, but perfoans poc)(ly when these proteins are abnormal or TBG is low (17). The T4:TBG

ratio correlat~~:::1"Aththe FTI and FT4 for simple thyroid disease anti euthyroidism with OUt NTI

(190).

4.4 Free thyroid Hormone Measurements.

Measurement of FT4 will exclude problems of protein binding encountered with TT4 assays.

However the measurement of FT4 is not without its problems as its measurement is influenced

by phvsicochernical factors in vitro.

; ':"'-==:---'~~"

~" ,:
4.4.1 ~quil)Nium Techriiques

\\ :/
Equilibrium techniques may be defined as those in which the assay system attains

thermodynamic eq~'ilibrlum across a membrane at partition phase, and the final measurement
:.:'

depends on the distribution of hormone between the free and bound state or the absolute

amount of hormone in the tree moiety.
,

Equilibrium dialysis stands asthe "Gold Standard" against which other methods of establishing

FT4 are validated. However th~test is cumbersome (75) and vulnt:'-o:I!:rleto radiochemical

impurities (192).

Equilibrium ~echniques may be divided into direct and indirect techniques.

Indirect: Requires the measurement of\JT4 by RIA. The free fraction is derived by equilibrlurn

dialysis and the results expressed as indh::es ie. percent free T4 ( that which has dlalvsed across

:t;hemembrane) .. the Ti4 = absolute FT4:"

Direct: In this method the free hormone fraction in the serum dialysate is measured direcdy

using a highly sensitive RIA. Direct dialysis methods usually give lower values than indirect

dlalvsls methods and' provide the best estimate of free thyroid hormone coricentratlons, since

they are not affected by impurities in the tracer in the measurement (193).
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4.4.2 NonequilibriurnTechoiques: Radioimmunoassay.t ~'\ ..

Analog Free Thyroxine.

Analog assays are based on the principle that RIA of the free fraction in whole serum is possible

if a structurally modified radiolabeled form of the hormone is used which .loes not bind to

serum proteins, yet at the same time retain an affinity for the antiserum comparable to that of

the unmodified ligand .

. A number of commercial analogue assays are available, notably Amersham Corporation, Becton

Dickinson, 9linical Assays, Corning, Diagnostic Products. They have proved to be convenient

and readily applicable to large batch assays. Thev q','i reproducible and cost effective (194).

The advantage of the analog radlolmmunoassavs is that because the analog T4 supposedly has

a very low affinity for the normal T4 binders in serum there is no disturbance of the equilibrium

between T4 and the binders (195). However studies exist that substantiate 'the view that the:

first generation analogue assays are albumin dependent, and possibly that the high affinity

antibody used in some,~lts significantly disturbs the free/bound hormone equilibrium (190).

Second generation analogue assays now exist that are alleged to have reduced albumin binding

interference (196).

Most studies demonstrate a reduced FT4 using the analogue method in patients with NTI, when

compared to equilibrium dialysis techniques (39,40,197).

Two-Step Free Thyroxine Radioimmunoassay.

This assay was developed b; Ekins et al (198) and produced commercially by the Clinical 0
f.

Assays division of Travenol Laboratories. This assay is based on an immUno·extraction

technique using solid phase antibodies. This method is said to be less affected by protein

bindinb" effects than the analogue methods. This assay is reported to yield higher values than

other FT4 assays (199) and to correlate better with equilibrium dialysis.

Tests of Thyroid Function in NTI
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4.0 ~ree Triiodothyronine.

Due to the commonalities for
,,

and T4 and the limited application of T3 assays fer' tl'lica!

diaqnosls •.it is unnecessary to review T3 assays in depth;
r/

Avail~bl/ methods for determining FT3 include equilibrium dialysis followed by sensWive RIA of
" !

the dialysate. Ahiersham International have commerciallsed the FT3 assay usi(,g an analog

methp,:!. This assay is however albumin dependent (200).

4.6' Basal Serum TSH.

RIA methods; first became available in the 1960's but their clinical use was limited Clue'to lack

of sensitivity and specifi,q:~" ,ti)1(3, RIA have a sensitivity of 1-3 mUll, with the lower
,

limit of the normal range bc)
\
\

A proportion of normal patie't,_2'

.suppressed TSH levels found in hy~

\~ndetectabfe, levels, indistinguishable from

'D(1).

Labelled antibody lrnmunoassav for TSH; pro\,.,ieS an alternative approach to RIA and has

provided major advances in sensitivity, ~Pl3pificity and speed of TSH assay. These

advancements have also enabled the previously undetectable lower range of normal to.now be

iderttified.,

The immunoradiornetric assay (IRMA) uses a combination, of two monoclonal antibodies, each

of which is specific for a differPl"lt epitope of the TSH molecule. One antibody is bound to a

solid matrix and the other is radiolabeled. A radio labeled "sandwich" is formed by the

simultaneous binding of the antibodies to TSH. The serum concentration of TS!-i is directly

proportional to the radioactivity in the "sandwich".

Several variations of this technique are possible. For ex=mple, immunoenzymometric assay,

lrnmunochemlturninornetrlc assay and irnrnurieflurimetric assay. The sensitivity of these assays

vary from 0.2-0.004' mUll (201).
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Clinic;;!1in~\lcatioos. Evidence now exists that the basal rSH is 'a reliat?le Indicator otthyrotroph

activity acroxs tQ~ 'entire sPEl·ptrumof thyroid disease. TSH can therefore be used relia91y as a

:~~c(eening test of thyroid function, irv;:luding subclinical primary hyperthyroidism and

hypothyroidism, tSH is also not subject to protein binding effects, and has fewer in vlvo and

vitro drug effects.

Ultra sensitive assavs are able to diagnose hyperthvroidism in over 90,% of casas, thus ';'

obviating the need for ~ TRH stimulation test to diagrlQse Jnild hvperthvroldlsrn t1).
i)

'.
(.

,)
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5.0. SEPSIS ..

o

The exact f,squency of sepsis is not known, but estimated to between 70 000 and 300 000

cases in the USA each year (202). Once the complications of sepsis occur, in particular septic

shock and mU~tipleorgan failure, clinlcal deterioration is rapid, usually associated with ,I'high
-',....,,) .... () . _- ;.,

mortality tate (20f-L r(reger et al (203} reviewed 612 patients with gram negative bacteraemla
;' ';.'

. and found that the early lnstttctlcn df appropriate antibiotics reduced the incidence of septic
-:

",i

shock by nearly 50%' and reduced the mortality rate. This study highlights the lielj!dfor the

early recognition and treatment of sepsis and it's ccmpllcatlohs. This is of particular importance
u- <'

in the modern intensive, care setting with the use of. lnvaslve-technlques and'.' . .'. '0
" -'e ',:

immunosuppressive therapy, which predispose to sepsis.
. \~

..5.1 ';befinitions.

Humpty Dumpty inAlib~ in Wonderland stated that" 'words mean what I say thr'lY mean".

Confusion exists in medical literature re,j'~rding sepsis, title to differences in meaning when

using the same terminology. A need has therefore arisen to obtain consensus on definitions, so

that comparison ofcHnic;al and therapeutic trials may be adequately performed. Professor RC

Bone has spearheaded the quest for linguistic precision (202,204,205), and has suggosted the

following definitions of Sepsis.

Bacteraemla. The orasence of viable bacteria in the blood, A posltlve blood culture is,the

diag'nostic criterion.

Septica~mia. Has been used too generically to denote any blood borne infection, and its use is

now considered obsolete.

Sepsis. The suspicion of infection plus the systemic response to it as evidenced by tachypnea

(respiration >20 breaths/min; ifmechanically ventilated, minute ventilation > 10 Lrnln),

tachycardia ( heart rate >90 beats/min), and hyperthermia or hypothermia (core or rectal
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Septio Syndrome. Sepsis with evidence of altered organ perfusion, as evlderrred by Ii) acute

changes in mental state (ii) hypoxia (arterial oxygen tension < 76mmHg, without other

pulmonary or cardiovascular disease as the Ml;.!.se)(iii) increased serum lactate concentration

(lv) oliguria (documented urine output < 0.5 mLlI(g body weight for at least 1 hr).

The septic syndrome can be produced by both gram-positive and gram-negative bacteria,

pathoqanlc viruses, fungi and rickettsia, and other noninfectious inflammatory states e.a.,

pancreatitis and trauma. It is important to note that blood cultures need not be positive, as .

demonstrated in the study of septic syndrome by Borre et al (202), where only 45% of blood

cultures were positive.

Septic Shook. Sepsis. syndrome with hypotension (systolic BP <90mmHg or decreased from

baseline systolic BP >40 mmHg), that is responsive to intravenous fluids or inotropic therapy.

Refrac(~ry Septic Shock. Sepsis svridrcrne with hypotensron that lasts for> 1 hr, and is

unresponsive to iv fluids (500 rnt;.. of normal saline over 30 mins) or Inotroplc therapy

(e.g.,dopamlne> 10 llKg.min).

Bone et 81 (202,206) demonstrated that the rate of shock development for bacteraemic patlects

was significantly higher than for rronbacteraemlo patients (47% vs 29.6%). Kreger et al (207)
'c

found that 44% of their baoteraernic patients developed shock, and this resulted in the

mortality rate increasing from 7% to 47%. Whereas Bone et al found that the mortality rates in

patients With septic syndrome compared to patients with septic shock were 13% and 34 %

respectively (202). The mortality rate of septic shock ranges from 10% to 90% in most reviews

(204,207). Thadiverqent rates of mortality Can be attributed to variable definitions of sepsis

and septic shock. Locally reported mortality rates of 40% in septic shock patients are reported

by Smith at al (208), from the Hillbrow HospitallCU.

Mu/tiorgan rlJl/ure. Multiple organ failure may result from severe sepsis, and is associated with

an extremely poor prognosis (209).

The aboVe definitions 'livere used in the research protocol, and will be adhered to In further

discussion.
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Although the definitions are an attempt to obtain clarity in existing terminology, consensus has

not been reached. It is the opinion of the Canadian Multiple Organ Failure Study Group that the

definitions of sepsis, sepsis syndrome and septic shock remain impreclse ..(210). The proposed

definitions by Bone et al fail to differentiate between infection (a microbial phenomenon, with

the invasion of sterile tissues by microorganisms) and the host response to infection, including

hyper. or ~ypothermia, tachycardia, tachypnea, altered mental status, neutrophilia and

increased cardiac output. Sib bald at al (210) I therefore propp,;;e that" the central concept that

should underlie a Clarification of the terms "Infection" aM "sepsls" is the discrimination

between phenomena that reflect effects of the microorganism and those that reflect the

response of the host".

It is important t9 note that sepsis can result from other non infectious states a.q., pancreatitis

and trauma, and that the hosts septic response is neither uniform in Its response nor static in its
'.n

progre~sion. The term systemic inflammatory respor.se syndrome (SIRS) has been proposed to

describe the ocnsteliation oiclinical manif~stations which may be due to infectio~s and non
.. I?

infectious causes (2:11). Not all patients with severe infection may mount a septic response,

particularly" in the lmrnunoccr-hrcmlsed host.

The ,differentiation between lntsctlon and sepsis has ther~beutlc implications. Management of

infection will include surgical debridement and appropriate antibiotic therapy, where as

management of sepsis is directed at maimainino organ oxygenation and function using fluids or

inotropes. The septic response may be a more important deterrnlnant of clinical outcome than

invasive infection in criticaily III patients (2.12).

Sepsis syndrome as"defined by Dr Bone is therefore misleading in that it requires a suspicion of

infection and the systemic response to it, and does not differentiate between the two.

Sepsis may result in a physiologic continuum of organ dysfunction with multiple organ failure

being the ehd point. Therefore sepsis svndroiae, septic shock, refractory seJ~'ic shock and

rnultlorqan failure represent stages of the physiologic continuum, that result from the hosts

septic response. $iboalt et al (210) having clearly distinOguished between infection and the
\'.-.',

septic response, now call for consensua.on the different staqes anCf;j'11anifestations of sepsis ..
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Bearing in mind the limitations of the definitions proposQd b(yOt 13(11'$.me\, ~r6 currentl)' the

most widely uS6d definitions of sepsis. and wars in ust) a1:. the Batagwanath HospitallCU at the

time of this study, For ~Is reason I have elected to utilise these definitions for the p\.irpose of

this thesis.

ll..thft Pa:thoQortesis of sepsis.

The parhoqenasta of the svsternie response to inflammation is due to a oomplex cascade of

molecular mediators including cvtoklnss, prostiooids, and Intermediates of oxygen metanohsrn.

These substances are released from host cells, principally macrophsces in addition to endothelial

cells, neutroptuts, platelets and lymphocytes in response to a variety 01 stimuli including

infeiltion. ischaemia. and the local release of mediators. The end result is severe endotheltal
(/

damagel profound haemodvnamte derangementS; and often death (213,214,215,216,217~.

5.2.1 The mediators of sepsis.

As a detailed dascrlotton of the complex cascade of mediators of sepsis is beyond the scope of

this thesis, an overview will be presented in diagrammatic form (Fig 11) (2131.

As can be seen from tig 11, the initiating event Is the release of endotoxin or comparable

membrane of gram negative bacilli. Mononuclear phaQocytes/ endothellal cell aAd other cells are

activated by circulating ~.'1dbtoxin to fele'ase tumour necrosis factor-~Ipha (TNF·o), lnterleukin-

1,6 :and8 and platelGt activating factor (PAF). TNF-a' is thollont to pr~v R nivot~1 role In thf!

pathogenesis of sepsis (218). Arachidonic acid metabolism is stimulated with the release of

leukotrienes, thrornbcxana A~ and prostaglandins and prostacycline (PGI;!). T cells ate activated

by it)\.QrI9uldn 1 and 6 to produee intel'teuldll 2 and .4, (1a1"l1~interferon ,~ndgr~nu!oc\ltG)

monocyte colony stimulating factor {GM·CSFt. The vascular endothelium is VUlnerable to most

of these factorsl with resultant increase in endothelial permeability. Activation of complement

rc~ulti.l in hvpotonsion and inct~t'I~!XIvaseular perl1'laability in addition to aggrl9gationof

nel.ltrophlls and platelets. Neutrophil induced damage may result from degranulation and release

of, toxic oxygen radicals, aggregatIon IElading to mic::roemboli formation and adherence to

cm.lotheHum resulting in vEisodilatation Platelet$: may also lnduee endoth~hal dam; 19 by C~H..Isino
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vasoconstriction and neutrophil activati6n. Other tactors known to b~ impo;::,t<:lnt in tt1'esepsis

cascade are adhesion! molecules, kinlns, factor XII, thrombin, beta endorphins, heat shock~c .. ~

proteins and myocardial depressant factor.

Disruption ofD«c(erili

Wjtl. release orEI~:l~\"'<1:ri~WJ

".~.~~
.......:-(1!-r:-ct,-IOO--O-! .... q ~
coag~ati()t'l.
'complement
syst",rm;

Ollt(I'Melllbrnne
(1J).)opolyssccluu1de, Elldoto'):!n)

'~'Anligen
Side Chain

TNFC(,. !

IL·t,
IL-6,
PAF,

N.eutrophn
activation.
:;Jggfagatlon,
dl:lgfaoUlatiqp ;
release of o~ygen
radicals (;lnd .
protease:!

Plalelet
activation,
aggregation

M!!tabolism 01
arac:hidonlc a.cid,
release of
tt\(ornboXaI)s A'Z.
prostaglandins,
leukotrienes

pariilstent damage 10
one or more sites,--- ...........__ .l- __-....,
plus ~!ra?1ory Septic shock
hY(XIlenslOn with or without

rnul1l-organ
failllte

Fig 11: Schema of sepsis. Massive endothelial damage does not ordinarily occur because there are many

points at which feedback loops down regulate mediator release. If the body cannot restore homeostasis,.. ..

however, the generalized inflammatory response will produce clinical evidence of sepsis.
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Homeostatic mechanisms for the down regulation of~he'sepsi$ cascade ..exist. OXidar,ive

products may provide negative feedback to control inflaD1mation. The abilit'f· Or rnacrophaqes to

release cytokines and other mediators may be darnpend by the release of prostoglMdin E21and

T cell function may be suppressed by macrophages, thereby restoring homeostasis (213).

,',5.2.2 .Enci'othelial dysfun~tion and haemodynarnlc mechanisms.

EndotheUal function and dvsfunotion also playa central role in the development of septic shock

and rnultiorqan failure. the endothelium ~'roduces endothelial-derived relaxing factor (EDRF) an9

endothelln-t which oppose one another. EDRF • ' !S vasodilatation and Inhlblrs platelet

aggregation, and endcthetln-l is a potent vasoconstrictor, The endothelium is alsoaole to

produce TNF-a, lnterleukln-! and 6, PAF and arachidonic acid metabolites. The initial effects of

the mediators released by the endothelium may be beneficial, if endothelial ,d?mage is repaired.

If however, restoration of the endothelium does not occur, the inflammatory process will be

perpetuated resulting in the continuous release of' ators into the clrcuiation,

Miorovascular insufficiency occurs due to vasocc ...." .ction, vasodilatation, rnicroernbolization,

and endothelial dysfunction resulting in uneveir.blcod flow through capillaries, ccntributlnq to

impaired oxygen utilisation.
o

Septic shook occurs once hypotension develops. The hypotension may result from the

augmented release of EDRF and bradykinin, which reduce the systemic vascular resistance .

. Characteristically the cardiac output is increased at this stage. Regional Increases in

arteriovenous shuntlriq occurs leading to tissue hypoxia. Adeorease iii the intravascular blood
. .

volume may occur due to. an increase in microvascular permeability with the resultant loss of

fluid into the interstitial space. Pariphera! and hepatosplanchnlc pooling markedly reduce venous

return.

Myocardial dvsturrcttor. occurs early on in the development of sepsis and is purported to oocur

due to a myocardial depressant factor; Decreases in left ventricular stroke work and

blventricular ejection fraction oCG'tr, C~"(1ia~ OI,;tPUtis increased mainly due to an increased
. .
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h(aart rate, CardiCic'dilitatioo occurs (ate in the course of sepsis.
c_" •• ,. • • •• :V .. _ ". " .. ,: . ..' .'. . .' . ," ..... '. ~'":: ,: .... .... ... : "-: . G·' .::

Hvperlactaemla serves as anirnportant marker of tissue hvpoperfuston and hypoxia in septic

shoc~. Oxygen extra..ction and utillzatlon is i~c:l resulting i~a flow dependent oxygen

oonsurpption, reqqiri.,g hiQhGr than normal levels Of oxygen delivery (219). Sepsis is
'. " . -- . ~::" .,~

characterised. by a hypermeatabolic state, and persi!:itant cellular hypoxia may become
I:, ,",

increasingly import~nt in the late stages of sepsis when aero~ic metabolism Is'impalred.
>I ('

,'.... ,

1).2.p Mu'tiple organ failure.{MOFI o

. _;'. :.,,-,

MOF represe[\ts the termirl"al phases of the. sep~i$ response, With a 80-100% mortality if three

."

or mqre organs have failed (220), Whereas refractory hypotension lssa main cause of early

death/ MOF is the primary cause of late deaths'(221 ).·An Uncontrolled septlc response, (ather
. ? .. -;.' ." ...••....~..". . .: '. . '. ' . . . .•...... .)! .'.... _ ....•...• L

than l(ncofl,trolled .infection, is sugge~ted to bethe most iniportarit pathbQ6nlo mechanism in

MO~ resulting in multiple sites of inflammation.

R~espiratory .tallure due to the adult respiratory syndrome lARDS) occurs in 30-80% of patients
,.: .' '.' -- 0:'" . : ",'. . '. ..'....:

o

With septicshock (217).

Hepati~ failure is'frequently seen and may progress to liver failure. Renal ihsufficiency develops
o

later and is due in part to intra-renal shunting,' although hvpopertusion and nephrotoxic dn,lgs

contribute.

AhC;a(teration in intestinal epithelial function occurs in sepals, due to ischerniq mucosal injury,

and results in increased- permeability. Translocation of bacteria and bacterialtoxin across the

intestinal barrier fuel and. perpetuate tt~e systemic inflammatory response (222)./< " . '., " .,',

\)
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Theri:lPYis directed to optimising cardiac output aod systemic oxygen delivery, through the use

of fluidresuscltation and inotropic agents if necessary.

DoV\(nregulation of hothcardiac artd peripheral adrenergic r&t;eptors in septlo shock may"
I; it " ., . '., '.,"

necessitate JargerdoseJiof lnotropes, than are normally recommended, being used (223).
f '

Appro)Jria:6 antibiotic therapy has significantly improved survival. The use o;f: high dose steroids

has heen sHown to be of QO benefit in the treatment of Severe sepsis and septic sh'oCk

(224,}22.5).
o

Rece."'r'itlyImmunotherapv has come to the fore; in an attempt to manipulate the sepsis response .. ,. - - (' --: - -.

Monoclonal antibodies to endotoxin core glycoprotein are available. The admiAistr'ation of

endoWxin"antibod,y to pstlents. with gram-negative bacterae[i11a has be,en demonstrated" to

CaU$9early reversal' of organ dysfunction and reduce mortality. Difficulty arises however in

identifying acc!Jratelv the subgroup which would respond to therapy with monoclonal endotoxin

antibody. The use of monoclonal arAibodies to 'rNF and Interleukln-t, ancltheadministration at

interJeukin-1 receptor antagonists and soluble receptors fotiNF are currently under

inv$stigation (225,226),
!l

\ ,~..
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6..O·.··CZinical'Sc'()'ring, systems inSepsis~ o

Clinical scoring systems abound, and have been developed to meet specific clinical/research, or
'. . . . 0

soci~tal t1eeds~Scor1ng.systems have"been inuse for decades. The Glasgow Coma Scale and

the APGARscore are well known ex;mples. Scoring s"'items have been used to ensure qu~lity
~ . "

.ccntrol, cost containment; ensure appropriate resource utilization, and asses and compare new

technological and therapeutic advances. The integration of scoring systems into every day

clinical life will bEf'determined by their validity" practicality and phvsleian acceptance.

Theideal scoring system should be characterised by the following properties (227);

'. (i) data should be readIly Obtainable and easvto compute

(in and be, reproducible over time, and should include the following variables,

~ diseasff,e,g., trauma, sepsis,
'<, . "'-"-"

II Anat:mic factor,!>e.g., Uver,kidney. i/
II predisposing factors e.,g., age, heart dJ~Clse.

""\)""

,~-- ,- """" - -- -- - """

II phY~.iologicalparameters e,g., vital signs·

a disease/patient· factors e.g., nutritional anc imm...uncloulcal status.
'. '.' ".', " '" -'. ,~ .

A number bf scoring svstema meet these c\ ,teria and allow for comparison of patients in

different institutions and pqvides a common basis for multi institutional studigs, However the

ability to predict outcome and risk for the lndlviduat patient is not possible due to. difficulties in

mathodolocv; .and the effect of therapeutic ifrterveption On outcome.

A lack of understah'Uing of the pathophvsloloatc mechanisms of sepsis and its complications has

lead to the development of numerous scoring systems. (see table 2)(228)
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- Septic Severity Score

• Sepsis Score

• Sepsis Iti'dex of Survival

- Theraeutic Intervention Scorion System (TISS)

~Acute Physiological assessment (APS-34)

- Multiple System Severity of Illness Score (MSIS)

• Acute Physiology and Chronic Health Evaluation (APACHE II, APACHE III)

T~bie 2: Scoring systems used for septic patients.

As the APACHE II was the only scoring svstsm used in this research, I will confine; my

dlscussion to it.

The APACHE II scoring system devised by Knaus et al (229), evolved from their prototype

APACHE scoring svstern l~.07). The APACHE was designed as a severity of disease

classification using acute physiOlogic rneasurern ;s. The o~JginafAPACHE uses 4lJ. physiologic
, II

measures, the sum of Which yields an acute physiologic score (1C7). The APACHE II uses 12

physiologicvariatiles all of which are weil~htedr based on a score of 0-4 (Table 3) (229).
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The fQI!.~\,; 'g physiologic variables are measured:

... Sepsis

- temperature

...Cardiovascular

- mean arteria! pressure

- heart rate

- arterial pH

...Respiration

- respiratory. rate

- oxygenation P(A-aIO;.; (100%1 or Pa02

...Metabolic

- serum sodium

- serum potassium

- Bicarbonate ( if arterial blot J'.gas not done)

...Renal

- creatinine

...Haernatoloalcal

- haernatocrit

- white blood cell count

.. Neurological

- Glasgow Coma Score

The worst measurement for each physiologic variable in the first 24 hours is recor,dp..9.Because

age and severe chronic disease are independent risk factors for death in acute illness, both have

been directly incorporated into APACHE II. As can be seen from Table 3 only severe chronic

illnesses have been included. In addition patients who are nonoperative at eme)\:jcmcy operative

admissions with severe chronic organ system dysfunction are weighted more heavily. The

maximum possible APACHE II score is 71.
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Figure 12 demonstrates the relationship between the APACHE II score and iIIortality rate as

demonstrated by Knauss et al (229). That is, as the APACHE II score increasedso did the

mortality rate, and a score of 35 + was associa~ed with a mortality rate of greater than 80%.

·'i

APACHE II AND HOSPITAL DEJ1l1!
Nonoperative and Postoperative Patients

-?f.-- 60

40

Apache II SCOf~

: .,::
.~:.....,

Fig 12: Apache II vs Mortality
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I(is of interest that in Knaus's series there. was em excess mortality in patients' with septic
c .. 0

shock and an.APACHE II score between 0-9, in which there were 6. patients and 2 deaths (Fig

13). However the APACHE II score gas been validated as a useful prognostic tool in sepsis

(2301. The APACHE II score has been used as the risk stratification method in clinical studies of

severe infection such as necrotizing fasclitis, pancreatitis, ini~aabdomjnal abscess and peritonitis

(228).

I,'

APACHE II Score Wrsus .Mortality
in patients with Septic'~Shocki

10 to 19 20 to 29 30+
Apache 1I Score

Fig 13: Apache II vs Septic shock.
\ ~
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·'.lt is als~; possible ttl ca!cUIC1tkthe predicted death rate for acut~ly ill groups ofp~tients by

combining the APACfiE> II score with a precise descrip~ion ()f disease. Individual diagnostic

categori,f.!S are allocated coefficlents which are then lncorporated lntu a formula with the
" .' fI ." . ."""\~~d/
APACHE II score to compute the estimated risk of hospital death.

Certain reservations and limitations of the APACHE II scoOring system have been expressed. The

'. validitvof the APACHE IIscore to predict mortaUtlj and as a quality control tool in trauma and

postoperative patients has. been questioned by recent studies (22S}. The static natLJre, of the

APACHE IIscore has been severely criticised. Some authors have calculated th,!'lAPACHE II

score on a daily basis, instead of on admission only, in order to provide a trendanalvsls. Chang
,;' r:

at aH231 !.did daily APACHE (f scores on 310 consecutive 'adult/intensive care patients. Organo ,'_ .

faUuref,sore:s were derived from the APACHE II score by applying a coefficient which
)) '. .., r". . .: .: . '. . c ..• ' ",'

corl'espohcl9dro'the number and duration of organ failures. The ana'y~is took into account the

absolute value of toe daily scores and the rate of charrqerelative to the previous dav. The

predictive power of,paily organ fgillJre scores was superior to those obtained from a single

APACHE .II spor~, or from daily APACHE II scores by a fa,9tor of 5.3 and 1.4 respectively. Coppa

at al (228) in the surgical ICU at Bellevue Hospital found that daily trend analysis corretated

more preclselv with outcome than did individual scores.

In conclusion therefore scoring systems can notreplace sound/ -)nical acumen but.can aid In
• ~I

H
'1

the dsclslon making.
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_THE[RELATIONSHIP BETWEEN CliANGES ltV
CR.tTICALLY ILL SEPTIC AND NON SEPTIC
PATIENTS AND CIRCULATING THYROXINE
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1.1' INTRODUCTION.

"Articles pertaining to alterations in,thyroid hormone levels in non thyroid illness, particularly in

" the critically ill, abound. Clinical assessment. of thyroid status in critically ill pati~nts is

notoriously difficult. In the critically ill, signs may mimic Of mask signs of thyroid disease,

that patients are frequently catabolic, tachvcardic, pyrexial or hypothermic.

Biochemical assessment of the thyroid status in this grou(\ of patients is also difficult. Althodgh

the patient is clinically euthyroid, the alterations in thyroid hormone levels would tend to

sugge~t hypothyroidism. Perturbations in thyroid hormonl1,economv in critically ill patients occur

not onhfdue to changes produced by NTI, but also due to drugs commonly used in the ICU.
Fl' .,,,

Dopamine, ,heparin ani? corticosteroids being the,pommonest dru~s usedl\ln ICU that m,fY alter
, !! .\

thyroid hormone levels. M~lnutrition may also contribute to the observed changes in thyroid
\

hormone levels. Crltlcally ill patients frequently have hepatic and renal impairment. As these

organs are the major sites of.T4 degradation (76), this too ma9~:contribute to~~he observed

changes In thyroid hormone levels in the critically ill. Hoffman et al (232) conclude that 50% of
',' ';":.~·l

the low values, in thyroid function 't~st~ if,1 critically ill patients, may represent inaccuracies of

the thyroid hormone assays. Alterations in'thyroid hormone levels have been linked to duration
n

) (98,-.99), severity of illness and outcome ,(105). Ii
,T . .. ;_\. . ,. . If

Ij
Boles et al (49) hav13'quantified the severity of illness using the APACHE II scor6 and associated

this with the reduction i~"TT4. Arregui et al (230) have validated the APACHE II score as a

useful proqrrostic tool in sepsis. d
II

Although numerous articles exist dealing with infections and their effect on thyroid hormone

economy, few exist pertaining to the bodies systemic response to infection (septic syndrome,

septic shock and multiple organ gysfunct\,on) and alterations in thyroid hormone levels.

Research
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, f... .... . " )1
The a\m"of this study is to;

) Document t~,e severity of the euthyroid sick syndrome at resentation in critically ill

septic~andnon septic patients....... ))
c::,

2) Monitor and relate the clinical progress of the patients to"changes ln.circulatinq- .

thyroxine levels. Ii
. 'J

3) Correlate ;~erum thyt'bxirle measurements, as a prognostic indicator, t? outcome,

j'( '..
"u

..:/
II
1\
'Ih

!'J'

\~..

\\
\\
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1':,.,2'.,1 Patient Selection. ,_

Patients admitted to the Barapwanath Hospital Intensive Care. Unit were studied over a period of

six months. Qptim'aIICU treatment was provided to all patients. Adult medical, surqical and

gynaecological patients admitted to the JCUwere assessed clinically and, ifthey met the
\l

inclusion criteria, assigned to one of the following categories;

i) Non septic he., no clinical evidence of infection.

Prophylactj,c use of antibiotics did not excludethe patientfrom bein!;) classified as
~, •.. \) _->..:\: , ~.

non septic. '-' .. : '~\::'

I_'\

ii) Septic syndrome, as (\efined by BO~leeti~t>{~02,204t205tChaPter 5.1).
j) \.'

/1
!(

iii) Septic shock, as defined by Bone et al. (202,204,205,Ghapter 5.1).

The following patients were excluded fr(bmthe study. Those who v:Jere less thap .18 years or

older than 75 years of age, with known thyroid disease, on thyroxine treatment, and patients

':with known or suspected hvpothalamic or pituitary disease or head tr~uma.

Verbal consent was 'obtained where possible from the patient or family. The study was

accepted -,bvthe Committee forResearch on human subjects of the University o~ the

Witwatersrand.

"/[
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7.2.2 Patient Data.

Details of patients studied are presented in Table 4, 5, and 6"

1) Non septic.

2) Septic Syndrome 25
C·'.'

3) Septic Shock

Mean Age SD

42 19.4

34.6 14.7
(Jl

8 40.6 13.6

(;-

Table 4. Non-Septic: Patients.
u

I ~~~ter I Sex I Ag.e t Oiagnosis

A16

"

),ICU Ol.ltconi;::
i'\ J Days Alive/dead

c:-:'

36 Alive

4 j~live

3 ..--- Alive

2 Alive

2 Alive

16 Alive

3 Alive

AO'1 50 " Asthma, cardiomyopathy

,I

M

A02 F 74 Asthma
v-,

F 22 Asthr1;;i'I

M 32 Aneurysm surgery

M 44 A~aphylaxIsl GRF
, \;

F 30 Eaton Lambert Syndrome

F 67 (j Myocardial infarct, HIT,
," NIDDM

Fi 21 Post pa:ftum CMO

M 21 Malignant lilT, ARF

M '\ 72 Myocardial Infarct

F 21 HIT, CRF

M 57 Carcinoma oesophagus
Post Oesophagectomy

F 60 Myocardial infarct .
M 40 Myocardial infarct

A04

A05

A07

A1.o

All

14 Alive ."

4 AIFve

4 Alive

'"3 Alive

12 Alive

A12

A13

A09 was omitted because the inflammatory response syndrome (Segtic syndrome) of
pancreatitis can not.be dlfferentlated from that due to infection.

M

Patients and Methods

Alive

19 Orthopaedic surgery ~"i

~ 11 Alive
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Table 5.Septic Syndrome Patients,
'::"'\

\)

~UdY sex Age Diagnosis " ('eU Outcome
umber Days Alive/dead

Ii 801 " M 21 Severe Pneumonia 3 Dead): 'U-
802 M 32 ?erforated OU, 20 Alive

. Hosp. Pneumonia _ ......

B03
'j

F 27 Cornrn. Pneumonia 12 Alive

B04 F 18 Asthma, Cornrn. Pneumonia 4 Alive

"B05 ,:i '..IF 44 Gynaecological sepsis 4 Alive
~,

Ii

B06 F" ," ::?5 Gynaecological sepsis 4 Dead
, "',

, '

,~Jiv~1807 F 33 Comm. Pneumonia 20
B08 M 21 Abdominal sepsis 17 Alive

.'
BOO", M 51 Abdominal sepsis 19 Alive

B10 M 35 Comm. Pneumonia 32 Dead
"'~811 F 26;,. Gynaecological sepsis,

~-._
'i_ 8 Alive

"
812 M 25 Comm. Pneumonia

\,
3 Alive

B13, F 20 Gynaecological sepsis 12 Alive

B14 M Comm. Pneumonia 3 \:,

Alivei,;

\\
Thoraco-abdomlnal sepsis 9 Dead815 M ~9

B16 M 20 Cardiomyopathy 10 Dead
Cornm, Pneumonia

B17 M 30 Cornm, Pneumonia 14 Alive
Meningitis

~8
'M 39 Cornm. Pneumonia "'"L 4 Alive

9 F 60 Abdominal sepsis 7 Dead

B20 F 45 Comm. .Pneumonia 4 I Alive

B21 M 68 Comm. Pneumonia 3 Dead

B22 M 74 Cornrn. Pneumonia 2 Dead

823 F 33 Hosp. Pneumonia 12 Dead I
I

824 M 36 Comm. Pneumonia 18 Dead J
It- ...... '. ,(

825 F 24 Gynaecological Sepsis 18 Alive il
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Table 5.Septic Syndrome Patients. r,
tJ

. 'Study sex (·Age Diagnosis ICU Outc'~me
Number Days Alive/dead

~
801 M 21

.'
Severe Pneumonia 3 Dead

1\

802 M 32 " Perforated DU, 20 Alive
Hosp. Pneumonia

803 F 27 Cornm, Pneumonia 12 Alive
r "804 F 18 A~thma, Cornrn. Pneumonia 4 Alive

CJ 805 F 44 Gynaecological sepsis 4 Alive

B06 F' 25 Gynaecological sepsis 4 Dead ..~
807

'"
F 33 Comm. Pneumonia 20 .Alive

r---;; ;i ,

BO$! M 21 Abdominal sepsis 17 Alive

809
..

M 51 Abdominal sepsis 19 Alive
,1'\

810 M 35 Cornrn. Pneumonia 32 \\ Dead

\'~811 F 26 Gynaecological sepsis " 8 \~ Alive.

'812 M 25 Comm. Pneumonia 3 AI,ive

813 F 20 Gynaecological sepsis '\\ 12 Alive

B14 ,'C, M. 29 Comm. Pneumonia 3 Alive
r-. I,'

815 M ,.29 Thoraco-abdominal sepsis 9 Dead

816 M 20 Cardiornvopathv 10 Dead
Comn], Pneumonia \\ -'-.;,

'\817 M 30 Comm. Pneumonia 14 Alive
Meningitis

818 M 39 Comm. Pneumonia 4 Alive

819 F 60 Abdominal sepsis 7 Dead

820 ., F 45 Comm. Pneumonia 4 Alive

821 M 68 Cornrn. Pneumonia .' 3 Dead

822 M '74 Comm. Pne',:nonia 2 Dead

823 ii F 33 Hosp. Pr~IAnGn;a 12

I
Dead

824 [~/

36 Pneumonia 18 1'. M Comm. Dead

825: F 24 Gvnaecological Sepsis 18 Alive
"(...;'\
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Table 6: Septic Shock Batients.

Study
Number

Gynaecological sepsis

Sex. Age Diagnosis
'.

C02 38 ,. Septic abortion
\\C03 M

ICU Outcome
Days Alive/Dead

44 Dead 1/

8 Alive

2 11 Dead
//

2 II Dead'!
3 Dead

1 Dead

11 Alive
,

8 Dead
:_,-,

i~

45 Diabetes,
Comm. Pn~lIJl2_o_ni_a_--"- -t +-~-'-- --I1

Septic' abortionC04
.

F 32

F 24

M 68
F 35

F 54

Fr'i ,. 29/,

C05 Septic abortion

C06 Comm. Pnsumonla

C07
'.C·

Comm, Pneumonia

C08 Cornm. Pneumonia

C09

_ _-_:' i\

COl was excluded due to biochemical evidence of hypothyroidism,
i.e., a TSH level> 5.5UIiJ/m!.

The following, data was also recorded:

- Major diagnosUJancf other clihical problems.

- Irrdications for surgery.

c
• Vital siqns and clinical assessment for APACHE II score.

- Drags adrWnisteriq to the patient.

- Outcome.

7.2.3 Special Investigations.

The following routine investigations were done on admission

- Arte{ial blood gas

- Ful' blood count

d
- Urea, sodium, potassium, chloride, total carbon dioxide, creatinine.

- sepsis work up where clinically indicate;
rJt

- Chest radiograph and electrocardiograph

- APACHE II Score as defined by Knaus et al (229) (see Chapter 6).
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At the sarris time an additional 10 rnls of blood was taken for

- Total triiodothyronine (TT3}

• Total thyroxine (1T4)

- Thvrotropin stimulating hormone (TSH)

- Thyroxine binding globulin (TBG)

The blood samples for thyroid function studies were imrnediatelv centrifuged and the sera

stored at • 20°c until assayed.

Patients assigner;\;l:o the septic syndrome group were followed prospectively and serial serum

lT4 levels werei'i:kme three times weekly, at the same time as routine venesection, TortJP to
,c. .. .. .,.•..,
, ..

three weeks depen[ting on outcome. If the paslents clinical condition progressed from one
Ii

category to another, full thyroid function tests were repeated.
'\

Reference values were .sstabltstred using twenty three black, age ,:l1d Sex matched healtH/

blood donors. There were eleven males and twelve females., .... ,.. Ii ..

It

Radioimmunoassay.

Ii

The serum TT3 and TT4 were assayed using the Amerlex-M radioimmunoassay kit, Amerlite

DIagnostics (LTD), Amersharn, England.

Methodology:

Thy:ro.idne ie liberated from carrier proteins with 8 ankino-I-naphthalenesulforrlc acid. Patients

serum is added to tubes coated with T4 antibody. Radiolabelled T4 tracer is added and the

solution incubated fo't 45 minutes at room temperature. The supernatant is poured off and

discarded. l'he radioactivity of the antibod~}bound hormone, which is on the wall of the tubes.
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is counted. A standard curve Is )Iotted from which the T4 concentration is determined. All

assays were analyzed In duplicate according to the manufacturers instructions.

Theassav for TT3 is simiiar.

Quality Control:

Commercial quality control serum [Arnersharn ) was used to ensure results with in acceptable

limits were obtained.

Precision:

Intra-assay reproducibility was assessed uslnq control sera. The coefficients of variation (CV)

...TT4 ;::::1-8.4%

...TT3 = 2-3.6%

Re~erence Range:

A reference range was determined in a populatlon of healthy blood donors. Total thyroxine

levels ranged from 35.5-117.5 nrnol/l, (mean= 76.5; SD;::::17 .3). The manufactures report a

normal range of 62-165nmoI/L.' Total trllodothvroulne levels ranged from 0.8-1.9 nmoi/l.

(mean=1.3; SO= 0.3). The nmufactures reported normal range is 0.8-2.7.
\ ,v

Thyroxine Binding Globulin.

Thyroxine Binding Globulin rreG) was measured by radioimmunoassay (RIA), using the T!;!G

RIA kit (CIS bio international, France).

Methodology:

The assay is based on competition between iodine 125 labelled TBG, and TBG contained in

standards or in the specimen to be assayed, for a fixed and limited number of antibody binding

sites. The assay involves a single incubation for the competition and separation steps. At the
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end of the incubation the amount of labelled TBG bound to antibody is inversely related to the

amount of unlabelled TBG present in the assay. \'.

Quality Control:

Control sera supplied by the manufacturer were used to insure that results obtained were within

acceptable limits.

Precision] ()

The coefficlents of variation for intra-assay reproducibility were

... control 1 = 2.2%

0(0 control 2 = 4.1%

Reference Range:

Healthy blood donors were used as controls. TBG levels ranged from 6.1-31..6 j.lg/ml (mean ==
'\~ . ".:" .. :

19)j1, SD == 6.0). Manufactures reported.values are; mean » 20.5pg/m\, SD = 4.07j.1g/mI.

Thyrotropin.

The Amerlex-M TSH RIA kit was used.

Methcdoloqv:

The RIA method depends on the competition 1l.ora limited number of binding sites on a 1"SH-
II

specific antibodv between TSH in serum and 126Habeled 1"SH. The proportion of 1261~labeledTSH

bound to antibody is inversely related to the concentration of TSH present in serum. The

antibodv bound TSH is then reacted with the Amerlex-M second antibody reagent which

contains magnetisabfe polvmer particles coated with solids from donkev antl-rabblt antib;dy .

. Separation of the antibodv-bound fraction is effected by magnetic separation of the An!,Mlex~M
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suspension and;)8ecantation of the supernatant. By rneasurinq the proportiornof 1261-labeled,TSH

bound Inthe presence of reference standard solutions containing known amounts of TSH, the

concentration of TSH present in the unknown samples can be interpolated.

Quality Control:

\\_ - -- -- - - - ..
Tq! ensure that results obtained were within acceptable limits, commercially supplied control

sera were used.

Precision:

The coefficients of variation for intra-assay rep'roduoibility were

...control 1 "" 2.4%

,..control Q = 2.3%

Reference Range:

The reference range using healthy blood donors 'was O.B-3.2pIU/ml
.>:
'I'

(mean = 1.8, SD ::: 0.61, The manufactures values ranged from 1.0-5.5pIU/ml.,0) . . .

Free Thyroxine and Triiodothyronine.

Free thyroxine and triiodothyronine were not done as part of this study due to limitation of
;';

finances. It would however have been desirable to Include FT4 and FT3 in order to gain a fuller

understanding of the perturbations that .occur in the euthyroid sick syndrome. The free

thyroxine concentration may be evaluated using the values of total thyroxine and thyroid

binding globulin by applying the Lecursull formula (233).

The T4:TBG ratio as proposed by Burr (234) may also be used.

As stated previously, the T4:TBG ratio correlates with the FTI and FT4 for simple thyroid

disease and euthyroidism without NTI (190). Cognisance however should be taken of the data

from Slag et al.(235) which demonstrates a correlation between T4:TBG ratio and free T4 by.
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"eqUilibi'iumc,diaIY~iSof qr1y O.6~1_ However ifthe T4:lBG ratio-or the direct measurements of
,J ". . ~

free T4 are used alone in the assessmgnt of thyroid function in critically ill patlents,

~,hypothyf~idisrl~ would be $u'~pe'6ted in a large proportion of patients. The 'range 'of results for
d' ..' .' .' .. ' .

the T4:l8G ratio in healthY blood donors was 2.1''-8.9 (Mean = 4·.0, SD = 1.8). The T4:TBG

ratio was used inthis study asa measure of free thyroxine.

7.2.4 Statistical.. Analysis ..

Data was an<.llyzedby analysis of variance (Kruskal Wallis); Chi-Square te,~ttlrid Spearman
',' .

correlation coefficient as indicated~p the- text,
. ,,'.: " . \,_J

-:R8sultsfor parametric data are expressed as the mean ±. SO.

Results for non-parametric data aCreexpressed as the median and the range.
',',' r.

Statistlcalanalvsis was done in consultation with the Biostatistics Department, pniversiW of thy,

Witwatersrand.
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8.0 RESULTS.

Raw data can be found in appendix 'I, 2 & 3.

Results will be divlded according to a) Ad'rnission data

b) Trends analysis

8.1 Admission Data.

On admission 'to the ICU, blood for TT4, TT3, TBG, and TSH was done on all patients allocated
\\

to the non septic (N/S), septic syndrome (S/SYNL and septic shock (SIS) groups. An APAcHE

II $COfC3 was recorded aft#/the first 24 hours of ~dmission.
,::::.)

8.1.1 Sepsis versus Non S/,psiS.

Details of the patient sub groups for the various thyroid hormone assays are shown in Table 7.

The frequency histogram for TT3 (figure 14a) aod.,TSH (figure14b) demonstrate ti.'e non

parametric nature of the data, in contrast to TT4 and TaG. T~e findings for TT3 are in keeping

with what is expected from the euthyroid sick syndrome tESS) in non thyroidal illness, l.e., 10~N

T3 values being the comrnones; finding in the ESS.
f.i

'.
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Table 7. Sepsis vs thyroid function tests, mortality and APACHE It score':. SO in p;,~rehthesis,
range given for non-parametric data

~" ..

n TBG 'rSH ". TT3 TT4 MORTAL APACHE
.. ,ug/ml ,uIO/ml nmol/L nmollL ITY(%)

.....___i.i

12'.4-
".

Ref. 1.0- O.B- 62~
Range 28;6 5.5 23 165

Control 23 19.1 1.B 1.3
-.

,76.5 .'

(6..0) (0.6) (0.3) (17.3) .

N/S 15 1B.4 2.1 0.9 65.2 I 0 11.5
(5.9) .7-3 ..7 .2-1.6 (19.9) ·(6.2l

S/SYN 25 15.5 1.4 0.3 52. .4 40 J4.9
(5;7) .7-5.6 .1-1.4 (12.7) (5.6)

SIS B 12.3 1.5 0.3 4,{..7 75 22.3
?~; ,.(5.9) .6-5.1 .1-0.B .(25.5) (6.4) ".

0

>"'lalue 0.04 0.46 0.001 0.05 0.001 0.005
I \

b.. .. ,

.......................... , .

u....................................................... " , , .

Figure 14a
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TSH Histogram ..

Figure 14b

Figure 15(a,b,c}.uernonstrates the relationship between sepsis (N/S, S/SYN, SIS) and mortality,

TT4, TT3, TBG and APACHE score.

TET's in Septic and Non Septic Patients.

MORTALJTY(%) TT4(NMOL/I)80·r-------------~============~------------170
70
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o "____'==

NIS S/Sl'f./ SIS
Figure 15a
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TFT1S in.Septic ,and Non Septi~Patients~

2060
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5

Figure ISh;' 1/
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5

o
,--~~ ~N._I_S ~ S_/~",, ~~I"~ Figure 1Sc '.. .

TFT!JS in Septic and Non Septic Patientse
V .

TT3(nmol/L) 0 TBG(J.tg/ml)Ir-------------------~--------~====~~20(IiBTT3.1'SO)
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0.2
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When comparing results between the N/S. S/SYN, SIS grQUps (Tabl~,7" Figure15a,b,c) there
'I ,'_., ',:;_ ,'_ "', " ",' :;.

was a significant difference between the TT3 (p=O.OOll, TBG (p =0.04),. mortality (Chi-Square

'7 14.3, p=O.OOl) and APACHE score (;';:::0.005). Serum TT4, TT3 and TBG decreased, and::;:::::'- .. . '. .' ',.'- . ,',' "

r ; ','\

the APACHE and mortality increased as the degree of sepsis increased iFi"gure,15a,0,c). A

mortality tate ..of 75% in patients with septic shock is in keeping with published data IL.04).
n ~

The differencee between theTT4 was just significant (p=O.05), and the difference between

TSH was not significant. Of interest to 110teis that the only difference between the control

group and patients who were non septic was a lower serum TT3 level in the N/S grouP.

(p=0.004), in keeping With the low T3 syndrome.

The TT4:TBG ratio for the NiS, S/SYN, f,/S groups were 3.9, 3'Qi and 3.3 'tespectixe~y.

Although there was a downward trend, there was no significant deference between the three

groups.
1 . . .

ThVr{~'idbinding globulin like albumin is produced in the liver, and both are altered in NTI. Thirty
\\' ,. . -:-1 .' . . <':~,

four ~~tjents on admission had both TBG and albumin results available. A correlation analysis

. betw(l.en TBG and albumin revealed a significant correlation (r=0.62, p=O.OOO1).

The 'impact of sepsis on thyroid function tests was assessed by comparing patients in the non
c

septic and septic syndrome groups with a similar severity of illness (APACHE < 20) (Table 8).

\. . ,:'

Table 8. Septic and Non Septic Patients with a similar severity 01 illness.oSD in ~arenthesis.
RangeGgiven for non-parametric data.

D n TSH TBG ! TT3
I
TT4

I
MQF-!J ~

,uIU/ml ,ug/ml I nmol/L nmolll I•
N/S 14 2,2 18.5 0.9 67.7 0

0.7-3.7 (6.1 ) 0.2·1.6 (18)

S/SYN 20 '1.35 16.1 0.3 56 30
0.7-3.3 (6.0) 0..1-1.4 (23.5)

p value I'" 0.09 0.25 0.001 0.12 0.02

I II
Only a significant difference exists with TT3 and mortality. This suggests that sepsis may

worsen the prognosis and result in greCiter perturbations in thyroid hormone levels. \\
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\:"..

:ii ... ,'/u
II8~1.2 Co'trelaiion of Admission Date,

i,1 . . ,I

The admission d~ta for ail three groups IN/S, S/SYN, '5/5) were pooled and a corr,elatioq

analysIs performed. (Table 9).

" Table 9•.Spearman corre[~tion betwee[l/';r)roid function tests and APACHE score.
,...~.~-.".

APACHE 1.0
..•..0.0

:ITSH

....

-0.35 0.7 0.73 -.
:;O.()2 .... ,0 ..0001 0.0001

,0.08
0.37

1.0
0.0

',

..

. TSH 0.03 0.08 -0.13
0.7 0.86 0.24

1.0
0.0

TBG
,

Upper Value represents R (Spearman).
Lower value represents p-value .

.D

Strong significant positive correlatioas exists between TT4, TT3 and TBG. The APACHE ll score

correlates slqnlflcantlv with T13, but less so with TT4. Thyrotropin does not correlate with"any

of the other values.

'.
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8.1.3. Serum Total Thyroxine.

)1
Figure 16. demonstrates the relationship between serum TT4 and APACHE, TT3, TBG and

Ii

mort~nty.

The admission serum T1'4 were divided intdthree groups, l.e., TT4 greater than 60 nmol/L (ie.

. normall, between 40-60 nmol/L (mild-moderately depressed}, and less than 40 nmol/L (saverelv

depressed) .

TT4(nmol/Ll I', n Mean

(1'1=62·165)

(}>60 19 79

40-60 15 48

<40 14 28 (J

As the serum TT4 level decreased there was a significant decreases in serum TT3 (p < 0.0001)

and TBG (p<O.OOO1) levels, This is in keeping with the low T3 and low T3,low T41 'ndromas
"'-, \

reported. The decrease in TBG can only partly explain the decrease in TT4 levels.

Although the APACHE II score increased significantly between the three groups {p=0.021 there
\'

was no dlfference in APACHE II score between the first two groups. This would tend to(,~l!~gest
(,>,--,

that the severity of illness between the first two groups was similar. Howt.::;:Jr the mortality rate

increased significantly between the first two and all three groups respectively (Chi·Square=7.Q,

p=0.03).

'~
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TT4 vs APACHE'Il,'& Jl10rtality

(i
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n

8,1.4 APACHE II.

A~ACHEScor.13sare divid~d"into mild severity (.5.. 12I,JT'iod&rate severity (13-2.5), and intense
I' ..,' .,' .. " " 't(}:'" ' .. , ,~ /r" '. ," . " ,;.

severity scores C~..261.· ,

APACHE n Mean

Range

<13 18 7.6

i)

26 17.8

>25 5

:';.ftJ
\',\AS the severity of j,!lness incte;:<;ed (ie. APACHEII score increased), .so did the mortality rate

" \.... ,. .. "

I '

[Chl-Square »14.6, p=0.0007):The TT4, TT3 and TBG decreased as the APACHE!! score

the three groups. (~:gure 17) .

increased (p=0,03; 0.001; 0.02 respectively), No difference wasl +<")undin TSH levels between
\ ..f

.;:"

()

'.
I)"
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8.1 .5' OUTCOME.

o 1\. .. .

Admission data vvas analyzed according to whether ,the patient was a survivor (n := 32L or non

survivor (n = 16) for their leu stay (Figure 18).

Non-§urvivors~~ad a .si9nificantl)/'low!?r mean TT3 on admission (p == 0.02) and higher APACHE

lI-?s90re(R == q.OOt) than survivors. Although the mean TT4 was lower in non-survivors, the

difference between the two was bareJy sigilificant (p == a.06).

Age did not appear to affect. outco~e. The mortslitv rate in patients < 60 "ears was 45%

compared to 50% in patients greaterthan 60years of age.

II,
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~1

8.2 TREND ANALYSIS.

Patients assigned 'to the septic syndrome group had serial serum thyroxine levels taken three

times per week t~f<UP to three ws~:J<s.~lfthe patient progressed from the septic syndrome group

to the septic shock group full thyroId function tests were done at this time. f=igure 19 (A&8)

demonstrates the trend in/'setum thyro~iile.levels in survivors aridnon survivors.
}~)

"-~. '.

11
:1

II

/. . TT4(n.fnolIL)(,'-?QO "'-
\ '.
, ..!

150

5 7
DAYS

;.,\
8 9 10 11 12 13 1461 2 3 4

Figure 19A
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Serial Serum TT4 Levels in
Non SurvivorsTT4(nmolIL)70r---------~~--------------~----------------~~~-~~

40

30
20
10
OL...------"--..,.-------o 4

DAYS
61 5 72 3

Figure 19B

s.z.1 Admlsslon, Nadir and Discharge Serum Thyroxine levels in Survivors and Non Survivors.

Twenty patients had APACHE 11scores and serum TT41eveis on admission and just prior to

discharge (or death) available for analysis (Figure 20).
,_-

The mean' serum thyroxine level from admission to discharge or death, increased in survivors

and decreased in non survivors.
: '.II. ,

The difference between survivors and non survivors for the change in mean TT4 was

significantl (p ::: 0.003).
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The nadlr.of the serum T'T4 in survivors occurred at dav 2.1 and day 3.6 for non survivors. In

survivors the serum TT4 then increased to the.dlscharue value { Admission TT4: 54.1 nmol/l.,
"

lowest TT4: 47.4nmoI/L, Discharge TT4: 73.9nmoI/LI. Non SUrvivors failedto increase their
"

nadir serum TT4 prior to death (admission TT4: 44.5nmol/l... lowest TT4: 19.4, TT4 just priorto

death: ·20.6nmoI/L),

Survivors vs Non Survivors. Seurm TT4 on Ailmissioll .._... ..... . .. _ . '. . .... r.

npdir and discharge.:,.
, Tf'4(nmol/L)l00r-~--~----~~=====~====:==~----------~(1:* Survivors/II NonStu'Viv;;V

80

o~--------------------------------------------~o 1 2
DAYS

3 4

Figure 20

~?r-------~--------------------------------------------------~
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The. predictive power of the nadir TT4 was analyzed by dividing the patients intotwo groupsi

Survivors Non Survivors

H NadirTT4 < 36 ., 3 6

H)Nadir TT4 Z. 35 10 1

A significant difference wasfound between the two groups (Chl-Square = 7.21, P <0.01),
-- _ '_i

Aserum thyroxine level less than 35nmel/l correctly predictedmortalitv in 66.1% ofthe,

patients, where asa serum thvroxlne level greater than 36nmoffL correctlv predicted survival in

90% of the. patients.~-",

8.2.2 Progre$~ion to Septic Shock.
'I

II

Progression frorn septic syndrome to septic shock occurred in six patients at a,mean of 1.8

.days (Table 10). None.Of the changes that occurred in serum thyroid hormone levels was

significant.

Table 10. Septic syndrome to septic shock.

.,.

.. TT4
.,'hl110l/L \\

<.J

o

::> TBG
P9/ml

p value N/S N/S

TSH
i·pIU/ml .. ..

TT3
nmollL

!d S/SYN
to SIS.~----r----~~---r------~~-r----------~--------~~----~--~;I

0.38 0.05 19.70

NIS N/S N/S

j' ',/
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9~0 Discussion.

9.1 Sepsis
-r-::~",,___.,'

As alluded to inthe Introducticn; confusion still exists regarding the definitions of sepsis (204).

Literature pertaining-to the effects of sepsis on thyroid hormone economy similarly lacks clarity

in the definition of sepsis. Although minor differences existfor specific infections, e.g., malaria,
?;~/-p;~~)

meningitis and pneumococcal infections, most infections associated with a sepsis response
(;

have characteristic changes iQ serum thyroid hormone levels (181), similar to those seen in

other non thyroidal illnesses.

the definitions of sepsis in this study are based qn internationally accepted recommendations

(202). A cHnTc'8lscoring system {APACHE It (229)} was used in an attempt toquantifv the

severity of illness. To myknowledge this is the first time that alterations in thyroid hormone

levels In sepses, using the described definitions, has been documented.

It Is of interest to examine the composition of patients in each of the clinical sub groups, i.e.,

non-septic, septic syndrome and septic shock, The small number of patients in the septic shock

group (n= 8) is due to the relatively rare occurrence of septic shock on admission to ICU.

Fermi'les accounted for 75% of patients in this group, half of whom had had a septic abortion.

This illustrates the possible disastrous consequences of Hlegal abortions.> Community acquired

pneumonlas accounted for the remaining diagnoses. The septic syndrome group had the largest

number of patient/,n'= 2.5), as it is not uncommon for most ICU admissions to be septic on

admission. The male.fernale ratio was 66:44%. Community acquired pneurnonlas, abdominal

and gynaecological sepsis accounted for most of these diagnoses. In the non septic group the

male:female ratio was 47:53% and asthma, myocardial infarcts and PI-1stsurgery were the

commonest reason for admission.
\~;

There was no significant difference in the mean aqe.bctween the three groups (N/S; 42, S/SYN;
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34.6, SIS; 40.6). On the \iVholetherefore, the pati'entsin thisstudy were relatively young,

without preexisting disease.

The use of dopamine and heparin is common in intensive care units. Calclparln, the calcium salt

of heparin, is used in alrnost.alt patients in the ICU who do not have coutraindications to its

use. In the septic syndrome group, no difference existed in the use of d'6pam,ine between non

survivors and survivors. In the septic shock group dopamine was used in 6 of the 8 patients.'0, ' " ' , , ",',', ' , ",' , f~~

Steroid use was uncornrnon. arid Was used predom{m'lntly·;n the treatment of asthma.

Unfortunately it is difficult<to identify the effect the use of these drugs may have had on thyroid

hormone economy, in this study .

'. The alterations that occur in circulating thyroid hormone levels, with the onset and progression

ofthe sepsis response, is well documented in both animal (184) and human studies (185),

Dennhardt et al (185) followed changes in thyroid hormone levels in 15 patients who became

septic postoperatively. With the onset of sepsis the rT3 and serum dliodotvrosine (DIT) levels
\\
\'

increased significantly, while T3 and T41evels fell below the normal range. DIT appears to be a

relatively specific serum parameter ~'r the presence and course of severe bacterial infection

(186,185).

The present study confirms th~\t changes in serum thyroid hormone levels do occur in sepsis,

and the degree ,.of alterations increase ~:tthe systemic response to infection increases.

I Alterations in thyroid hormones that occurred in the septic syndrome and septic shock groups
ii \\ .
\\ )) were characterised by a low T3, low T4 and low TBG levels. Thvrotropinlevels remained

.. normal.

Patients in the septic syndrome group with a similarseverity of illness tc non septic patients

(APACHE II < 20), had lower levels of thyroid hormones, although only TT3 was significantly

different (p = 0.001). It COuldbe argued howeverthat this is an unfair comparison as the

spectrum of primarv diagnoses in the two groups is not the same. Although the APACHE scores

are similar, there was a significant difference in mortality (p == b.02), thus indicating that the

septic syndrome group was probably sicker.
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The observed chang~i$ that occur in circulating thyroid hormone levels in NTI, CIS a re,·plt of
.._ - \

changes that may occur-at different levels inthe hypothalamic, pituitary, thyroid (HPT) axis

(Figl.lre8), has previouslv bean alluded to.

Cvtokines are plvota] in the pathogenesis of the sepsis response.Jn particular TNF alpha and

lnterleukln-t . Renent data indicate that TNF~ acts on the HPT axis at multiple levels

(187,188,189), and that TNF-a may be one of-the mediators responsible for alteration in thyroid
. ,

"
function tests in sepsis. lnterleukln- 1 however has not been found to be contributory.

The alteratlons that occur in each of the thyroid horIT)q'ileswill b~ discussed separately ill

greater detail.

9.2 Serum Triiodothyronine.

A low rT3 is the commonest reported abnormality of thyroid ·function in non thyroidal disease

(34,44,45). Seventy three percent of our patients admitted to leu had a low TT3 level, in

keeping with that reported by Bermudez et al (34).

The median ;tT3 in the non septic group, although normal is lower than that for the control

group, As the severity of illness increased, i.e., the APACHE Ii score increased, or degree of, ., . '. . c

sepsis increased (S/SYN vs SIS), SO the median TT3 decreased (p ::: 0.001).

Incriticallv ill patients TT3 decreases firstfollbwed by a decrease in.TT4 (44,56). Our data

confirms the presence of the low T3 and low T3, low T4 syndromes.

The cause of the decrease in serum T3 in NTI, is due to a decrease in peripheral production of

T3 from T4. This occurs as a result of diminished activity of tile 5'~deiodinase enzyme

(35,41,51), The concomitant increase in rT3 is also due to reduced activity of the 5'-deiodinase

enzyme. In critical illness inadequate nutrition and increased glucocorticoid secretion may

contribute to the diminished activity of the 5'-deiodinase enzyme.

Although different p~thogenetic rnechartisms exist for the decrease in TI3 and TT4, in the low..

T3~'ow T4 syndrome. both occur simultaneously and proportionately. Thus it is not surprisino
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that a good correlation was found between TT3 and TT4 {r = 0.84, p = 0.0001).

Custro et al (236) postulate that a low T3 level on admission in patients with NTI is indicative

of a poor prognosis. In their' study, patients with an initial T3 ,level less than O.4nmol/L had a

84% mortality rate. In our-study only 48% of patients with an admission T3 less than

O.4nmollL died. However the median admissionTT3 for survivors was 0.65nmol/L as opposed

to O.3nmol/L for non survivors (P '7 0.017). Eisenberg er al (104) described slrnilarresults for

their patients.

Since the serum T3 is significantly decreased in a large proportion of patients with NTI,

measurement of T3 is. of limited value in (i) the diagnosis of thyroid c sfunctlon and (ii) as a

measure of outcome, in Patients with significant NTI.

9~3Serum Thyroxine .

Immediately following the onset of infection serum thyroxine falls (1.~,1). Both the decline in

thyroidal release of thyroxine or it's accelera ted disappearance due to increased cellular uptake,
\\,

andthe effect of inhibition of hormone binding to transport proteins, may account for the low

level seen in infection (60,176). The initial decline of thyroxine, particularly in malaria, is

followed by a rise to levels greater than for controls, during recovery (180, j 81).

Serum total thyroxine was measured on admission in all groups and serially in the septic

syndrome group. The reason that TT4 was chosen to measure serially, is that TT4 has

previously been documented to c61:c,elatewlthseveritv of illness and outcome (103,1 04,105),
I -\\ - -~ \___ ~j.. . -. .'

~\, \

The admission data will be discussed first fqll\:>wec(by the relationship between serum thyroxine

levels, clinical progress and outcome.

Oppenheimer at al(~3), were among the first to report a subnormal serum T4 occurring in 50%

of patients with NT!. Dennhardr et al (185) report that 37% of postoperative patients who
l'i

became septic had a low i4 syndrome. Whereas Slag et al (105), found that only 22% of leu
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admissions had a reduced serum -T4;

In our study 33% of patients in the non-septic group had a low T4, Whereas 75% of patients in
(':.1 ' " ,'., ' , '" ' , ,

the septic syndrome and septic shock groups bad a low serum T4 le~ehThe difference In T4-~ ,

levels between the gtQups was significant (p;:: b.05).

Elaine M Kapteln (57l states that the type and magnitude of the alterations· in serum T4 values

do not appear to be unique for a specific disease state, but may reflect primarily the severity of~...

illness or the associated catabolic state. Hadiikostova et al (184)' using a septic shock tat

.model Showed that as the degree. of sepsis worsened, sa did the decline in thyroid horrnon~'

levels;

When the severity of illness was assessed USing the APACHE II score, the 'TT4 was lower in

patients with a severe intensity of illness (APACHE II > 25) when compared .to those with a

mild severity of illness (APACHEH < 13) (p = 0,03) j Similarly the lowerthe mean IT 4 on

adrnisslon, the hiQherthe mean APACHE II score and mortality (P =:.0.02 & 0.03 respectivelv].

This data is in keeping with What is proposed by Kapteln, that is as thedecree of uepsis

worsens and the 6raaterthe severity of illness, the loWerTT4 tends to be,

Free thyroxine by equilibrium dialysis (FT4D)' in patients with moderatelysevere illnessls

usually normal or increased (57). The clinical usefulness of measuring free thyroxine in NTl has
\.\

been questioned. Slag et al (235) comment that as all methods of free thyroxine measurement

in critically ill patients are non specific, free thyroxine assays should not be used to screen for

thyroid disease in this group of patients Aletta Smith in her dissertation on "Free thyroxine

levels and altered thyroid hormone binding in nonthvroid illness" (237) concludes that, as the

nontroversv around the bioavailabllttv of thyroxine during i\lTI ii .,.dolved, it remains unc,ertain
~

Whether' the measurement of free thyroxine in NTI is appropriate. Muller and Hesch (238) state

that, iodothvronine metabolism is strOngly organ specific, and that alterations in plasma thyroid

hormone. levels cannot reflect cellular or subceltular thyroid hormone concentrations in individual
f/'

organs, .
Free thyroxine levels were not measured in this study due to financial constraints. This may

have been desirable howsver, as free thyroxine ismeasured as part of the thyr.oid function
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tests; done at Baraqwanath hospital.

The r,~:TBG ratio is a reflection of free thyroxine. $Iag et al (235) demonstrate an excellent

correlation between the T4:TBG ratio and thE1FT411t, :, 0.9l, P <.OlL and a good correlation
\::~;.'~:~:'~;":

with free T4 (equilibrlurn dialysis) (.. = 0.61; P <0.01). Melm~d et al(39) repo;{ ;ubnomial rtl
'/.1

levels in 71 % of intensive care patients. Ch?pra,et al (37,40) document a significant increase in

dialvsable free thyroxine in NT!. This is postulated to occuras a result of a circulatingJnhibitorY
" ,

In,bur study a downward but insignificantttend for the TT4:rSG ratio was found in the NIS,

S/SYI\} and SIS groups. This would suqqest that the decrease in TBG was not a major
~ , . ~
~;:,

determinant of the low TT41eveL The insignificant change in the T4:TBG ratio would support

the presence of an iahlbitcr. -~

L'

The relationshipbetweeKserUrn~hyroxine levels a,nd the clinical progress and outcome is well

described. The serum thyroxine level on admission has peen shown to be predictive of
,

outcome. Eisenberg et al (104) report that 55% of non survivors had an admission T1"4 of less
.::

, ,

than 4.5.ug/dl (58nmoI/L). Slag et al (105) fo~nd that patients who had a serum thvroxine level

of less than 3.ug/dl (38.6nmoIlLl on admission had an 84% mortality rate. In our study the

admission TT4 Was lower in non survivors than survivors (45n01ol/L vs 54nmol/Ll, and on
ji'

adrntsssm TT4 <: 40nmol/L was associated with a 53% mortality compared to a mortality of

11% if the TT4 was normal i.e. > 60nmoitL (p = 0.03).

McLarty et al (99) demonstrated a progressive decline in 14 levels' in patien~-;;who died.asa

result of a myocardial infarct or cerebrovascular accident. Kapteln et al (40) found that .the

mean nadir 1'T4 in 195 ICU patients, correctly classified outcome in 70% of patients overall,
-,\

and that a nadir'TT4 < 3pg'/dl (38,6n('1"lf')J/L)was associated withdl 67% mortality.

In the present study non survivors were characterised by a progressive fall in 11"4 until death.

Survivors howev¢I, demonstrated an initial (insignificant) drop in TT4 followed by a progressive

increase to levels apoJ~ the admission VAlues. the difference in mean 1'T4 on discharge or just

prior to death was ~il:lnificant (p == 0.003). The mea;) nadir rr4 in survivors was 47 .4nmol/L',-'--";'; " 11 - - ". - - , ,

and 29nmollL,in '0106 survivors. A nadir TT4 of < 35nmol/L correctly predic :ed death in 66.7%
" !

Disousslon 87



of patients, whereas a nadir TT4 2:. 35nmol/L correctly predicted survival in 90% of patients.

Therefore the nadir iT4 has an overall classification of outcome accuracy of 85%. The risk of a

patient dying if the nadir TT4 was < 35nmol/L was 20 times greater than if the nadir T1'4 was

> 35nmoi/L (Odds ratio;::: 20). The predictive accuracy of a nadir TT4 of less than 35nrnoi/L

was chosen, ~s; a value of less than this reflects severe hypothyroidism. Our data is therefore in

keeping with published results.

In patients who progressed from septic svndrome to septic shock, the mean TT4 decreased

lnsiqnlficantl«, This insignificant difference is probably the result of the continuum of sepsis that

exists, and that the 'f4 le,'lel is unlikely to be significantly lower when the patient has just

progressed to septic shock.

9.4 Thyroid Binding Protelns,

Thyroid binding prealbumin (TBPA) was not measured ill this study. Alburnlnwas measured as

part of the routine work up on admission in some patients.

Earlier studies have shown little change in TBG levels with infective illnesses and that a

correlation between free T4 and TBPA exists. These finding however have not been confirmed

(181 ).

Thyroid binding globuliil was mild to moderately reduced in our study population. In our study a

gOOdcorrelation between albumin and TBG was demonstrated (r == 0.62, ~r ;::: 0.0001), Alburnln

is a low affinity, high capacity binder of thvroxlns, and tiSSUE) availability may be decreased I~S a

result of the reduced albumin bound fraction (75). .

9.5 Thyrotropin.

In NTI basal TSH levels are generally reported as being normal (45,39), and this observation I~!d

to the speculation of altered hypothalamic-pituitary tesponslvrness: However iSH can be
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dQPfeS~l.')d in som~ G:r.itin~lIyill patie:nts. and durinQ recoverv froth Ntl t'h,gyrebound t~:'
I...--_':;;:. . .. '.' . ",' ' '. ,

supranorrnal levels ~F18.39, li6). Earlier StlJdi~$'reveal an initial SlJppl'~sSioil of TSH"release

follcv'Ved byha compensatory phase 'of accelerated sscrencn (181). S(lhl;ltte etal (239) found

normalTSH h;,l\lf;'~,lI':ing borhconventiona] and ultrasensi~iye assays, in.non critically 1Ilpt:ltients

wi.th febrile iIIn'ess.The ultrasfmsitiva assay was also found to be a reliable screen of thyroid

disease in NTI, in comparison to FTI and the newer commercial ~ssay~ for FT4.lt iswell

documented that dopamine bfusion wUiluwG'( bi!'l$al:'fSH and the TSH resPonso

to TRA (76), ~eeently Rothwell et al (240), studied thyrotropin concentrations, usjng~a

sensitive TSH assay, in 200 consecutlve patients on admis$ion to leu who were not receiving

dopamine. Thyrotropin concentration was subnormal in 12% of patients and t'f\creaSed in 13%

of p~tients Admis~inn thyrotropin concentrations were found to be of prognostic slgrlificance in

these critically ill patients, Due to the high frequency of abnormal thyrotropin concentrauons In
:!.)

this study, the authors que ~~lonthe assumption ofeuthytoldism In critical jllnosl

In ~hio etudy thvrotropin levels wer$ in thp.normal range In all three croucs studied (I.e., NISI

S/SYN, SIS), arid Showed no correlation with any of the other thyroid hormones One patient

however had an' elevated TSH level, providing biochemtcal evidence ot. hvpothyroi,pism, aor;!was

thcr.Qforo excluded from th..,o::ttidy ThArp w~A no difference in thyrotropin concsntratlon

betw~sn survivors and rr~~.iSurvivors.

Our results are in contrast with those found by RQthwell at al, but may be accounted tor by the

smal] $tudy 3ize crid dOPQmlng administration in oil !;ionificant number of QUI oattents.

9.G APACUE Il Score.

The asscclatien between the APACHE II score, Serum TT4 and tatal outcome has previously
"

bceniidocurnented: ,Sales at al (49) in patients with mild (APACHE < 12), moderate (APACHE

13~1.3l clll." inten~" severltv 3¢QfOC (APACHS.~ 24), ctocllmAnTt'-ld TT4 levafs· of a.eUQldl

(84.9nmol/t.), $.4ug/dl (69,5nmoI/L) and 4.3uglcll 155.3nn'lo1/Ll respec~ivE!IY. The associatlcn

between the APACHE II score and serum TI4·is not unexpected. The APACHE II SCOfa uses



/') ':~, :

acut~ 'Physiological measurements in order to quantify the severity of illness, an\8 as discussed

previously the serum TI4 d~bteases as the severity of Illness increases.

Our data confirms the association between TT4 and the APACHE II score. The difference in

mean TT4 in each APACHE group on admission \Na5 significantly different (p == O.032). The

APACHe II score also correlated with TT3 (r == -0.52, p ::;:0.0001). As theAP,.(\CHE II score
o

increased (i.e., the severity of Illness increased), 50 did the mortality rate (Chi-squatew 14.6, p
,)

::;:0.00(7),

. These results documenr the relaticnship between increasing quantltled severity of illness and

'changes in thyroid hormone levels.

9.7 Conclusio~.

Fpllowing the onset of almost any infection, serum 14 and T3 levels decrease as a result of

decreased secretion of TSH and 14, accelerated '14 disappearance, inhibition of hormone

biridino t6 transportprote]n~' and decreased perlpheralTato T3 conversion.

The alterations in thyroid hormone economy described Inthis study are in keeping with those

published for most lnfectlons.
'I,

Although previously stated that alterations in thyroid hormone levels are related to the severity

of clinical infection (179), this has not been hither to quantified. In an attempt to quantify the

saveritv of the sepsis response, recognised definitions Of the body's systemic inflammatory

response to Infection (i.e., Septic svndromeiseptlc shocki have been used. This study confirms

(i) significant differences in serum thyroid hormone indices at presentation in critically ill, non

septic and septic patients; and that (ii) the development of sepsis worsens the severity of

alterations in serum thyroid hormoo,a indices and mortality.

The prognostic s\gnificahc~f' M 'rT4 In critlcl;llVr ill patients and its ~elationship to t~fJiAPA,CH~ II
;~ " . .', ..' . . ';- , i'"

score is documented in tHe literature (4'6,1 oci,)..The A,PACHE II,~C9ril1gsystem has been
,_',)_

validated, as a usefulprognostlc too! for patients with sepsis (230).l'he APACHE II score was
-.;- 'u

used in this study in an attempt to quantitate the severity of illness, and compare with serum
,"', ", . ",': '" . .. - - ,- , " . '. ~
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thyroxine levels for outcome, Si:lrum thyroxine was predictive of outcome as evidenced by (i). ao

"""admission r14 of lesst2an 40nmoi/L was associated with a 53% mortality and (ii) a nadir 1T4

Wi~S associated with an overall predictive accuracy ofovtcome of 85%.

Survivors and non survivors have characterlstlc changes in their serial TT4 levels. Non survivors

-.demenstrate a progressive decline in TT4J while in survivors a rebound phenomenon occurs

with T14 reaching \/alues higherthan'the admission level.

The admission APJ~CHEn score was a better predlcter of mortality than the adrnisslon r14 [Chl-

'square= 14.6, P ::::::1).0007 and Chl-square e 7.0, p ::=.0.03 respectively).

Although the nadir TT4 had the greatest prediotiVl; accuracy, this would be difficult to use in

!,) . ' ..... --- - - --_ -,- - - ." _, - - - _- - - --- - _.:,).
clinical practice due tp the serial TT4 levels requirEld to determinethe nadlr. in ilJY opinion

therefore serum tflyroxine should notbe used as ~tj.i'bedsidell progno$ticat~r of outcome.

=:\

,'; '_',

C,'
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Appendix 1:

Admission Da"'::a: Non-septic patients.

Ii
Raw Data 109



Admission Data: Septic syndrome patients.

"

I Study I D,,, IAPACH I rso I TSH I TT3 1
m lout IALB INo. E .11 . Come

801 19/3/91 .:~:} 14 11.4 1\4 0.5 56.6 D 37
I;'

B02 3/4/91 13 8,2 2.5 0.1 30.5 A 22

803 4/4/91 17 " 20.9 1.0 0.6 83.4 A

B04 4/4/91 14 23.7 0.9 1.0 101.3 ({A 41
\,

805 7/4/91 10 9.6 2.8 0.3 40.6 A 19

B06 10/4/91 14 10.3 1.3 0.3 43.7 D 21

807 29/4/91 15 18.9 1.5 0.7 71.0 A 35

B08 6/5/91 15 10.3 0.8 0.1 8.8 .0. 21

B09 9/5/91 16 9.7 1.0 0.1 24.7 A 31

B10 14/5-191 19 8.2 2.4 0.3 42.0 D

Bl1 31/5/91 8 15.5 ; 1.9 0.2 55.7 A

812 2/6/91 10 17.6 1.9 0.4 44.3 A

813 9/6/91 21 12.4 .1 0.2 48.5 A 22

814 11/6/91 4 23.5 1.4 1.0 91.5 A 32

815 16/6/91 20 16.2 5.6 0.2 47.4 D 33

"B16 20/6/91 17 16.3 1.4 0.2 55.1 D 42
!,

817 21/6/91 19 13.1 0.7 0.3 65.5 A 27t.
I

818 24/6/91 4 14.1 0.7 0.3 59.9 A

819 24/6/91, 20 7,5 1.8 0.1 22.7 D 18

820 26/6/91 18
",

15.5 1.1 0.2 41.9 A 27._1--.
821 4/7191 28 12.8 2.0 0.2 35.4 D 27

822 26/7/91 23 16.3 2.6 0.3 34.7 D 26

823 27/7/91 12 26.8 0.9 0.6 45.2 D 37

824 23/8/91 14 19.5 0.8 0.3 60.5 D 27
'.B25 27/8/91 7 27.9 3.3 1.4 98.0 A 35
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Stl~,dy Date APACH TBG TSH TI3 TT4 Out ALB
No. E.II Come-
CO2 16/41~1 },(20 20.8 1.2 0.4 66.1 0 31

C03 3/5/91 22 10.3 3,6 0.4 32.4 A , 30

C04 10/f.ll91 26 9.1 0,.6 0..2 32.4 0 23

C05 17/6/91 30 22.7 0.7 0.8 97.4 0

C06 4/7/91 27 7.1 5.1 0.2 39.8 0

G07 4/7/91 27 7.1 1.5 0.1 9.4 0

C08 1/8/91 17 7.2 1.5 0.2 24.9 A 20j
C09 26/8/91 9 14.2 3.4 0.4 39.1 0

Adrnlsion Data: Septic shock group.

Appendix 2: Serial TT4 Levels in Septic Sy .-I(ome Group,
& Repeat TFT's in patients who progressed to Septic Shock.

I Study No. I D~_ I TBG I TS~ I TT3 I rT4 ]
801 0 11.4 1'.~ ! 0.5 57

lil 45

802 0 8.2 2.5 0.1 31

2 31
r:

5 23

7 46

9 48

12 56

14 47

L " I'
16 75
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Appendix 2.: (continued)

Raw Data ll2
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Appendix 2 (continued)

I Study No. I
- I TBG I TSH I I JDay TT3 TT4

I
, ...

B08 a 10.3 0.8 0..1 9

2 5 ',..._.._
4 6
7 105
9 16
1. • 34

" 14 - 32
c:-, 15 45

..
B09 a 9.7 1.0 0.1 25

3 r.t __~
,-,-_- 6.4 0.1 8xrrr

4
I

22
6 18-
8 20
11 25 - --
13 32
16 i 40
18 43

cc

Bl0 a 8.2 2.4 0.3 42
..

I1 84
3 57
6 49
8 63
',I 65 f·_>

13
52~15 39

. . I

B11 a 15.5 1.9 0,2 r6.
3 48
5 i 52 II
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Appendix 2 (continued),

I Study No. IDay I T8G I TSH I TT3 I~812 a 17.6 1.9 0.4 44
58

813 a 12.4 1.1 0.2 49
'\\ 36

4 62
5 65

."
9 76
1>0 73

.lW!~

814 a 23.5 1.4 1.0 92
2 86

815 a 16.2 5.6 0.2 47
2 34
3 8
4 ~_:;:..- '1.5

-i---"

5 _<,~C;:,',~~, 0.7
8 0.7

B16 a 16.3 1.4 0.2 55
11.1 1.0 0.2 28

2 10
3 12
4 9

817 a 13.1 0.7 0.3 66
.:3 \' 39

a18 a '14.1 0.7 0.3 60_._--
2 75

819 0 7.5 1.8 0.1 23
2 17__ -
4. 9
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Appendix 21(continl...led)
II

I StUdy No. I I ITSH I
1,

IDay T8G rr.r TT4-

82O,! 0 15.5 1.1 0.2 42
2 .... 40

821 0 12.8 2.0 0.2 35
8.2 0.8 0.1 16

822 0 16.3 2.6 0,3 .. 35
2(3:8

))

823 0 0.9 0.6 45
4- 29'))

\ ..6 18
r_4' 11 26

B24
.. , '61

.
0 19.5 (:\ 0.8 0.3
" " "
3 i/·;

:~I'

825 0 27.9 3..3 1.4
1 \

7i -
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Appendix 3:Controlls.

rr==
TBG TSH TI3 TT4

Males 18.7 i, ;8 ,", 1.L. 70.8\.,..'

'.' 6.1 1.4 1.3 11'7.5=1--. ",

22.7 1.9 1.8 75.6

19.3 2.7 v 1.6 17.9

13.7 2 1.2 73.6

16.7 2.7 1.4 74.6

10.3 1.2 ., 1 .1 91.4
,Ii ~.!-'."

17..8 1.2 1.4 111

'23 1.6 1.6 .'. " 59.5

8.9 3.1 0.8 79.5

21.4 0.8 1.5 68.3

Females 19.2 1.3 77.1
",

1.6
'.
1.2 64.8'. J5.2

31.1 2.1 (.) 1.2 81

., 21 1.7 1.3 70

21.6 i: 2.2 1.3, 65:8

20.9 1.8 1.2 71.4
f--<--

"

17.4 1.9 1.3 52.7

17.8 1.8 ~i 1.4 70.2
-. (i ~\

31.6 1.5 "1.9 99.5 ..
17.3 1.7 1 35.5

, I 26.6 3.2. 1.9 , 88

21.2
.

1.7 1.1 84

"4
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