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Abstract
Conventional supplement therapy of levothyroxine (LT4) for differentiated thyroid
carcinoma (DTe) keeps the patient in sllbclinical hyperthyroid stale, which affects the
heart activity and lowers exercise capacity. Lean body ma% (LBM) hM been recently
suggested as best determinant of LT4 supplement dosing in palientq with DYC. The
present study was done to optimize the dose of LT4 in low ri.\k group (Tl, NO, MOl of
patients with D1 C ~nd thereby preventing the adverse cardiac effects and improve
exercise capacity. The importance of dose adjustment of LT4 based on lean body mass
ba., not been properly addressed before.

Sixty patients with differentiated (papillary) thyroid carcinoma (young age group)
witho>.!!any signs of melaltases, previous cardiac problems and chronic di,casc w=
conseClltively enrolled in the study. They were referred to Institute of Nuclear Medicine
and Ullra>ound, Dhaka during the year 2007-2009 from different district Hospitals of
Bangladelh. All patlents had undergone tOlal thyroidectomy and then received about
100 m ei radioiodine ablative therapy and ,ubsequently 200 I-'gm L1'4 daily for initial 2
months, Age, weight, height, body surface area, body mass index and hfe style matched
23 healthy euthyroid voluntc-ers were also selected. All clinical, biochemical,
echocarrliographic and Exercise Tolerance Te~t (ETI') data of healthy adults control
Were oblained for companIon with patients at baseline study after two months of
radioiodine ablative therapy and On I ,1'4 rep1a~ement on convenlional 200 I-'!,'IIl!day at
first follow up visit. Then 60 palient, were grouped "-\ Group-I and Group-H, eHch
group consisted of 30 paticntl. l1lirly patienls of GrolIp-1 had undergone dual energy X-
ray absortiometry (DXA) investlgation to estimate lean body ma% and received
optimized L'J'4 dose depending on lean body mass (about lJH 23 fl grn/day, 3.5-41-'
gm/kg! J .Blv1!rlay).In Group-ll, 30 patients wntulUc,j the conventional fixed dosc of
L1'4 (200 I-'gm/day). Patients of both groups were followed IIp clinically and hormone
,,-~,\aywere done at 3 months interval, At 6,12 months of LT4 supp1cment (convClltional
and LBM based) aU stlIdy paramelers (Symptom Rating SLWe, hormone data,
echoCfll'diogl'aphicdata and ETT) wcre reevaluated.

SelUIll fT3 (Group-I, 5.5;t1.3 p moUL; Group-H,1O.1:t1.3 p molfL, *]' < 0.00l), Ff4
(Group-l,17.9 ;loL9p moUL; Group-H, 27.4:1:0.94p moUL; *1'< 0.001) Were higher
and 1'SH (Group-I, O.lw.OJ mIU/L; Group-II, 0.09;tO.05 mlUlL; ~1' < 0.001) Wa.1
suppressed in patients with D1'C at conventional IT~ dose (200 I-'gmlday) compared to
healthy control and patients witb oplimiLed dose of L1'4 (mean"SD, 131* 23 )lgm/day)
of Group-l at second visit. Symptom Rating Scale score (SRS, Grollp-l, 2:t1, Group-II,
8;lo1,at second vhit; *1' < O.OOJ), heart rate (Group-I, 87:t14 beat>!min, Group-lI,
100:t20 bpm, at second visit; *1' < 0.003). SliP (Group-I, 1I4:t7 mm Hg, Group-H,
119:t8 mIll Hg, at second visil), DUP (Group-I, 75,,7 mm Hg, Group-H, 78:t4 mm Hg,
at lecond vi;i!) were slightly higher in patient$ (Group"Il) aftel' receiving conventional
L1'4 suppressive dose but were not statistically significant. Left ventriculal' ma.~.1(LVM)
(*1'<0.05), left ventricular mass index (LVMi) (*1'<0.01), fraction shOitening (FS%)

xvi



(~p<O,OOl) and heart rate adjusted mean velocity of circumferential fiber shortening
(mVCFc) (*p<O.OOJ) were increm;ed in patients of Group-T1 after e~pOSUTeof
conventional LT4 do,e compared to patIents received optinnzcd dose (Group-I) at
~econd visit. Ejection time was also decreased in patients of Group-II at second visit
compared to patients of Group-I at first visit ~P<O.Ol,Mild degree of diastolic function
abnormalities were also noted in Group-II patients at second vi~it compared to Group-I
patients. Early (E) dia>lolic velocity of Group-IT was significantly low at second vi~it
compared to that of Group-I at first visit (*p<O.005) and late (A) was comparatively
high in group 11compared to Gl'oup-I at second vi,it (A, Group-I, 51:108crn /sec, Group-
IT,58:!:8 em fsec; *p<O,Ol). Deceleration time (Oct) was significantly low in Group-TT
compared to patients in Group-I at two visits and patients of Group-II at fillt visit (Oct,
Group-I, 155:1016m sec, Group-H, l27:!o18 m sec; *p<O.OOl). Similarly in tiloSlle
Doppler imaging technique, late diai>tolicmitral annular velocity (Am) wa, higher in
Group-IT compared to Group-I at second visit (Am, Group-I, 15:103em Isec, Group-II,
19:106cm Isec; *p<O.003). Signific'lTlliy high modified Tei index was also noted in
patients of Group-IT at second visit compared to their finn viSIt value and patients of
Group-I at different VISIts (Group-I, O.34:!:O.08;Group-II, 0.48:tO,06 at sccond visit
*p<O.OOl). Excrcisc capacity as evaluated by excrcise toler~llce test (Erl'), ,howed
signifICant diffcrenee (*p<O.05) ill metabolic equivaknt (MET) between healthy
voluntccrs and patients groups at fit'st visit hut no difference was found between two
paticnt groups at different time points,

It is concluded that uptimization of do>,eof LT4 based on lean body lIla" Can avoid
chn.mic exposure of mild e•.cess of lhyroid hOIDlOnein the body and Improve qualily of
life in patient\ with low risk DTC by prevcnting a:nd minimizing adversc cardiac
erfects.
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Chapter I: introduction

Chapter I

Introduction

1.1 Introduction

Thyroid carClnoma is the <:llmllloneSl endocrine malignant tumor (lana S et aL,

1999). In thc United States, th)Toid c<lrcinoma accounts for 1.5% of aU cancers and

20,700 new cases per year (Internet, Mai(ra A and Abbas AK ct aI., 2004). A female

predominallce has beell notcd in thc early and middle years of life, peIhap~ related to

expres>ion of estrogen rccepton; on neoplastic thyroid epithelium (Internet, Maitra A

and Abbas AK et aI., 2004).

The thyroid carcinomas are mo~tly differentiated (papillary and follicular) having

long lifc expectancy. Le;s than 10 o/r cases are undilTerentiated (anaplastic and

medullary) (Mazzafcrri EL and Kloos RT, 2001; Maitra A and Abbas AK ct aI.,

2004). Differentiated thyroid carcinomas are the most curable cancer~. Properly

treated palienlS with differcntiated (papillary) carcinoma of thyroid gland have 10

years survival in ahout95% casc, (lana S et ~I., 1999; Mazzaferri EL and Kloos RT,

2001; Sawka AM ct aI., 2009), almost normal life expectancy. Conventional modc

of treatment of patient with differenliated thymid carcinoma (DTC) i, total

thyroideClomy followed by radioIOdine ablation thcrapy. Although there h

controver<;y about the appropriate extent of surgery, most of the physicians strongly

support total and Ileal' totnl thyroidectomy leaving DO more than 2-3 gm of thyroid

tissue to spare the blood supply to the parathyroid glands. Total and ncar total

thyroidectomy results in lower reeuuenee rate (lana S et al., 1999). Smgicalremoval

of thyroid gland followeU by de~tnlclion of residlJaI normal thyroid tissue by

radioiodine (1311)ablative therapy bas bccn strongly advocated to prevent regrowth

of cancer and to denease death rate (Mazzaferri EL and Kloos RT, 2001).

Thereafter, patients receive life lung levOlhyroxine (LT4) snpplcment as their

thyroid glands have been totally destroyed by above mentioned procedures

(Burmeister L et aI., 1992; Toft AD, 1994 and Schlumbcrgcl' M et aI., 2004). LT4 is

2



Chapler 1: Introduction

given in a dos~ not only to tTeat hypothyroid state, hut in thyroid stimulating

honnone (TSH) Sllppressive dose, Suppres,ion of pituitary secretion of 1'SH retards

the growth and spread of <:on<:er(Bunnei,ler el aI., 1992; Plljol P el aI., 1996;

Cooper DS et aI., 2006). There are ~everal recommendations for L1'4 replacement

therapy. Mostly preferred method of LT4 therapy is initial supplement based on

total body weight (2.5"=5 ~l gm/kg !body weight) in case of palients with DTC

(Burmcister et aI., 1992), thereafter adjustment of do,e at expected leve[ depending

on ,erum TSH level doing follow up blood hormone level, (FT3, TSH) at 6.12

months inlervaL

This LT4 supplement at 1'SII suppressive dose keep> the palient in sLlhclinieal

hyperthyroid ;tate. L1'4 therapy at suppre,sive doses has certain cardiac

disadvantages including increased heart rate, increased incidence of atrial

arrythmias, enhanced left ventricular (LV) systolic function and increal>ed LV mai>S

(Minz G ct al.. 199J: Biondi B et a!., 1993, Sawin CT et ai., J994; Biondi B et ai.,

2000, Klein I and Oanzi S., 2007). Subclinical hyperthyroid state of patients abo

10wcr.1the exercise capacity of patients (Mercuro G et ai., 2000) and deteriorates

existing card,ac prohlem, (Shapiro LE et ai., 1997). I'm1hermore, proper caution is

reql1ired abo lIt the dose of levothyroxme ~upp1cment of patients with OTC who have

already existing cardiac symptoms (Laden,on PW, 1990; Samuc1 AM, 1999).

American Thyroid Association recommended inilial lhyrotropin (TSH) suppre,~ioll

to below 0.1 mTUfml in high ri,k patients and maintenance of the TSH at or ~lightly

below the lower limit of normal (0.1-0.5 mlU/L) is appropriate for low risk patients

(Cooper DS et aI., 2006; Polyzos SA et al" 2007),

There arc ~everal ,ize descriptorn to mea,ure the dose of drugs such as, total body

weight CTBW), body mass index (BM!), body surface area (BSA) and lean body

ma,s (LBM). LBM i, the preci,e predictor in dosing of the drngs which are

hydrophilic (Green Band OuffulI SD., 2004), In a recent stndy, it has been shown

thal individual requirement of LT4 supplement i, mostly dependent on lean body

mass ratl,er than lOlal hody weight (Santini I' et aI., 2005). Lean body mass (LBM)
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is II potentially useful predictor of the phmrnacokinetic behavior of dtugs which arc

highly water soluble. LT4 is water soluble and it; pharmacol<inetic~ i~ dependant on

lean portion of body. L1'4 i~ deiodinatcd 10 '1'3 (active form of hormone) in muscle,

kidney and liver. 1'4 is deiodinated to IT3 (reverse 1'3, inactive form) in skin. Fally

tissue has no role in metabolism of LT4 (Santini P et aL, 2005), Total body mas~ is

calculated by Dual Energy X-ray Absoptiometl'Y (DXA) a~ follow;: Total body mass

(TBW) == total bone mineral concentration (BMC) + total fat mass (J:iM) + IOtallean

mass. Thereby, lean body mass (LBM) == the total body maqs.(total fat mass + total

BMC) (Slikkelbroeck NMML et aI., 2003). DXA is the recent and precise method to

mea~ure the lean hody mass. This method has higher efficacy to meaqUIT body

composition, fat mass and lean body mass than the other methods sueh as under

water weighing (UWW) method, hioelectrical impedance analysis (RIA) (Andreoli

A et a!., 2009; Green Band Duffull SB, 20()4; Linda MB, 2001).

Young patients with DTC having low ri~k of recun:ence and metasta~es (1'1, NO,

MO) ,hould be gIven more attention in prescribing LT4 therapy, because they have

long life expectancy. To prcvent adveroe cardiac effects due to long tcrm

administration of LT4 in supraphysiologic do~e, phy,idan should be cautiou, about

do~ing of L1'4. Lean body ma,s based LT4 do~ing is advocated recently in low ri~k

group of patient'; with dIfferentiated thyroid carcinoma to improve the quality of life

by preserving good cardiac [unction and exercise capacity.
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Chapter I: Introduction

1.2 Hypothesis and objectives

Hypothesis: It is hypothesized that dose adjustment of Ievothyroxine on the basis

of lean body maS.1would lessens the detrimental effects of Ievothyroxine on heart

activil y and exercise capacity of patient with differentiated thyroid carclllolllil.

Objectives:

1. Optimization uf levothyroxine supplemcnt based on lean bO(lymass in low risk

group of patients with dilTerenliated thyroid carcinoma,

2. To prc.\crve the good cardiac fUJIe(ion and cxercisc capacity of low risk grollp

of patients with differentiated thyroid carcinoma,
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2,1 Thyroid gland

ThI: an.atomistThomas Whanson first idenlified th)TOidgland in 1656 (Wikipedia,

2010). Th)TOidgland is one of the lugest endocrine glands in the body m:igtllng

about 25 grams in adults. The IIIIme'lhymid' comcs from Greek word 'thyreos'

••••.f1ieh menns shield. This gland is locnted infmnt of neck below !he thyroid

cartilage, which is gencmlly kno••••'l1as Adam's apple and lllllpproximotely the same

level of ericoid ClIrtilllge.Thyroid glnnd is a butterfly-shaped organ Iwving two

Inbes, right lobe lind left lobe connected by a bridge like ponion coiled isthmus,

- .J
I
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Fig l. Len: A.womicat Ioc:etlon ofthymld gWId (Modicine Nct, [DC,acces5Cd on l~ Aug.
20(9) Rigbt; - Technetium ocan of 00I1ltIlI tlryroid glBncI by Gam",. ammo (."'trior -
posIer1o< Ykw)

7
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TIlyroid gland i> made LIpof multiple follic1c" Each follicle ib surrounded hy a

single layer of cells and filled with proteinaceous material called colloid (Ganong

WF, 2005), In the fetus, at 3-4 weeks of ge~talion, the thyroid gland appears as an

epithelial proliferation in the floor of pharynx at thc basc of the tongue. The fetus

starts making its OWll thyroid.stimulating hQnnone (TSH) by wcek 8, and the

follicle,'; of the thyroid begin to make colloid and thyroxinc by the 10th weck of fetal

life (Wikipedia, 2010).
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Fig, 2, S(ruClu'o of thyroid hormone, and related compound.', (Ganong WF, 2005),
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LT. (Le ••.othyroxine) and T) (triiodoth}TOnine) lU'esynthesized by the thyroid gland

in response to TSH (Thyroid stimulating hormone) liberated from anterior pituiuuy

gland. T4 and 1"3 lIfC synthesi7.ed in the thyroid by combining iodine with amino

ocid I)TOsine (Fig. 2.) and art seertled into the blood complcxed with pJllSOla

globulin. The thyroid gland primarily secretes T. (- 85%), which is con\"Crted to T)

by 5'.monodeiodilllltion in the liver, kidney, and skelellll muscle (Gaoong WF, 2005;

Klein I and DanT.iS et at, 2007). Very small portion ofT4 lIlId1"3 rerTUlinsunbound

to plBSlILIIprotein which portion is CIlIled free (F). these IT) (free triiodothyronine)

and FT4 (free th}'foxine) lIfC active hormone which act in cellulBT level (GlIlInng

WF, 2005: Grnnner DK. 2005). Thyroxine was first isolated in 1919 by American

biochemist Edward Cahin Kendall and \\,'05 synthesi1~ in 1927 by British

biochemist Charles Harington (1897.1972) (Wikipcdill, 2010).

'i-
J

Fig. 3. Feed bad mechanism of thyroid llomlOuc seerttion ••ith
S1imulllionofTSIi II;"piwiwy g1l11d(Y.'tkipedi&,2010)
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Thyroid stimulating hormone (TSH) secreted by antenor pituitary gland regulates

the synthesis and secretion of thyroid hormones. In tum, secretion of TSH i>

dependent on thyroid hormones named a<; 'feedback mechani~m' (Fig 3.), When

increased thyroid hormone; are present in plasma, this situation inhibits pituitary

glands to >""TetTSH, so its level becomes SLlppres,ed (below normal), On the Olher

hand, decreased lhyroid hormone levels stimulate pilLlitary gland to secret TSH.

Above mentioned mechanism works in hyperthyroidism, where FT3, FT4levels are

high and TSH becomes suppressed. In hypothyroid state, IT3, FT4 hormone, are

low and then pituitary gl[lf]d is otimuJaled to secret TSH and suboeqLlenlly i~ level

become high. ThyrOld hormones act in ~ellnlal' level of all system of the body, These

hormones increase 0, consumption of cells, help in growth and development, lipid

metabolism and increase carbohydrate ab>orption from mtestme (Ganong WF, 2005)

2.2 Thyroid crIrcilloma

The incidence of thyroid cancer i.~ rising in United Stales, Canada and United

Kingdom. (Mazzafcrri EL ~nd Kloos RT, 2001: Sawka AM et aL, 2009). ln the

Uniled States. the incidence of thywid cancel' has increaoed fwm 3.6 per 100,000

persons in J973 to 8,7 per 100,000 in 2002, reprcsenting 2.4 fold increase. ln the

United Kingdom. age-standardized incidence rates for thyroid cancer have nearly

doubled from 1.4 to 2,6 per 100,000 persons belween 1973 and 2005. l'he [alalill'

rate of thyroid carcinoma i, low, as the annual number of death.1 due to thyroid

cancer i~ approximately 5 % of the annual number of newly diagnosed cases in the

Uniled StaleS (Sawka At\1 et aI., 2009). Most thyrOId carcinomas are well-

differentiated le~ions. The major subtypes of thyroid catCl1loma and their relative

freqncncies include the following:

o Papillary carcinoma (75%-85 % of ca,e,)

o Follicular carcinolllil (10 to 20 % of cases)

o Medullary carcinoma (5 % of case,)

o Anaplaltic carcinoma « 5 % of cases) (Kehcbew E and Clark OH,

2000)
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Papillary and follicular thyroid carcinoma.~ are differentiatcd thyroid carcinoma alld

are u~ually curable when diagnosed at an early stage (Man.aferl'i bL and Kloos RT.,

2001; Sehlumberger M et aI., 2004). Differentiatioll refer, to the extent to which

neoplastic cells resemble comparable normal cell~, both morphologically and

functionally (Kumar V et aI., 2004; Luster M et aI., 2008), Lack of differentiation i~

called anapla~ia (Kumar V et aI., 2004). Mcdullary carcinoma of thyroid is derived

from parafollkular eclls or C cells of thyroid-they are neuroendocrine neoplasm.

Anaplastic carcinoma of thyroid is undifferentiated tumor of thyroid follicular

epithelium and very much aggrc.%ive rumor with mortality rate nearly JOO%(Maitra

A and Abbas AK., 2004).

2.2.1 TNM classification of differentiated thyroid carcinoma

The staging of cancers i; based on the ;i~e of the primary le~ion, its extent of spreltd

to regional lymph nodes, and the presence or absen~e 01' blood-bome mctastases,

Two majOT<;ysterw;arc currently in use, one developed by the Union lntc1'llationale

Centre Cancer (UTCC) and the othel' by the American Joint Committce (AJC) on

Cancer Staging. TI,C UICC formed a c!a,sification called the TNM system" T for the

primary tumor, N for regional lymph node involvement and M l'or Illeta~ta.\e~. The

TNM staging varie$ for each specific form of callcer, but there arc ~omc gencral

principles. Wnh increasing i>i:e;e,the primary le~ion is characterized as TIto T4. TO

indicate; in situ le,ion. NO indicates no nodal involvement, wherea~ NI to N3

denotes involvement of an increa,ing number and range of nodes, MO ~igni[ie~ no

distant meta~ta<;cs, whereas MT or sometimes M2 indicates the presence of blood.

bomc metastascs and some judgment as to their number. The AlC employs a

somewhat different Ilomenclature and divide all cancers into stages 0 to IV,

indudmg within cach of these stages the siu of primary le.qlOn as wcll as thc

presence of nodal spread and mctastases. The TNM system remainq to be thc most

applicable and (Oonsistent staging ~y~tem for papillary thyroid carcinoma (PTe)

(Kumar V et aI., 2004; Lang BH., 2007),
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2.2.2 Pathogenesis of thyroid carcinoma

There are several factors implicated in the pathugenesis of thyroid carcinoma -

genetic and environmental.

Environmental factor: The lnaJor risk factor is ionizing radiation particularly when

one is exposed to it in hislher first two decades of life, Radiation was "sed liberally

for head & neck lesions (ton,illar enlaTgement. acne, tinea capitis) in the past. Up to

9 % of people who received such treatment during childhood period had

;ubsequently developed thyroid malignancies. Exposure to ionizing radiation in

different areas of radiation accident and bombing and nuclear testing has lllcreased

the incidence of thywid CanCer in children (Maitra A and Abba;; AK., 2004),

Longstanding multinod"lar goiter ha.l been considered as predisposing faetor al~o,

Endemic goiter due tu iodine deficiency have a higher incidence of folhCLllar

carcinomas (Maitra A and Abba, AK., 2004)

2.2.3 Papillary Carcinoma:

Papillay carcinoma of thyroid gland is the most common dilTerentiated carcinoma

(DTC). It occur, mo<;tcommonly in the second to fifth decades of hfc.

Pathogencsis: Majorily of thyroid carcinomas associated with previous expo>ure to

ioniz.ing radiation. Papillary carcinomas appear to ar;;e by multiple distinct, non

overlapping molecLllar pathways. One pmhway involve; rearrangement~ of the

tyrosine kina.qe reccptors RET or NTRKI (neLlrotropic tyrosine kitlll,~. receptor 1)

and another involves activating mutationo in the BRAF oncogcne, A third pathway

involves HAS mutations (Maitra A and Abbas AK, 2004).

Morphology: Lesion:. of papillary caTciIloma may be solitary or multiple. Some are

well-circumscribcd and encapsulated. Other,; may have ill defined margins and may

infillrate Sllrrounding tissue. hbrosis and calcifications are somctimes noted in

lesions and some are often cystic. On Cllt surface they may appear as granular and

sometimes they contain well-defined papillary foci.
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Histopathologic examination offer.~the definitive diagnosis.

The (,haracteristic minoseopie hallmarks of papdlary earcinom~ arc the following:

Papillary carcinoma may have papillae containing fihromuseulHf slalk

covcrcd by singlc or multiple layer; of cuboidal epithelial cells.

The nuclei of papillary carcinoma cclls contain finely dispersed

chromatin which give~ optically clear or empty appearance giving

ground glas~ or Orphan Annie eye nuclei. Cytoplasm of cells may

produce the appearance of intTaTlue1eargrooves/inclusions. Diagnosis

of carcinoma may be done on the basis of intraTluc1ear inclusions

(Maitra A and Abbas AK, 2004).

>- Concentrically calcifled structures termed psalmnoma bodies are

often seen within the core of papillae, Th!, is stl'Ong indication of

papillary carcinoma and not found 111follicular and medullary

carcinoma. A hidden carcmoma i, cOIU;idcredwhen psammoma body

is found in a lymph node and perithyroidal tissue.

Meta;tases to "dja('ent lymph node.1 occur In half of thc ca,c.\.

Vascular spreading is relatively uncommon.

There are variant fonns of papillary carcinoma - the encapsulated variant IS usually

confined to thyroid gland and account for 10% uf all ca.rcinomas. The follicular

v~riant has typical nuclear feature of papillary carcinnma bllt ha.~an almost rollicular

architecture. The tall cell variant i.s characterized by tall columnar eclls lining the

papillary structure. An unusual dilTllSe sclerosing variant of papillaty carcinoma is

found in YOllngand children. There is dlffusc fibrosis throughout the thyroid gland,

Nodal metasl~ses are present in almosl all cases (Maitra A and Abbas AK, 2004)

Clinical course; Asymptomatic thyroid nodule L\ the mual presentation m most of

the cases. In some c~es, enlargement of cervical lymphnode may be thc first

manifestation, Single nodule with carcinoma may move freely like benign lesion.

Hoal":'iene~s,dysphagia, cough or dyspnoea are the feature,.; of advanced dise~e.
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Prognosis: Papillary thyrOld cancer.~have excellent prognosis with 10 years Sllnival

rate in excess of 95 %. Local metastases are seen in 5% -20 % and distant metaSlases

are seen in 10-15 % (Kebebew E and Clark OH, 2000). Prognosis also depends on

age of the patient (age above 40 i:, less f,lYOllrable),presence of loc"l and distant

mctastas~s (Mazzaferri EL and Kloos RT, 2001).

2.3 Management of thyroid carcinoma

Thc proper management of thyroid carcinoma remains mainly on the hands of

referring physician, surgcon, and nuclear medicine spcciah,t. It is a dL~casc with

relatively good prognosis. with a large group of patients who are at low risk of

deal1,- In this sitllation it is crucial to balance the po~sihle side effects of trealment

again~t pOSSIblebenefit$ gained by more conservative or more aggre~~ive treatment

(lana S et aI., 1999, Polyzos SA et aI., 2007).

2.3.1 Surgical management

Surgery i:, the plime mode of management of thyroid carcinoma (POlIno:,YD el al.,

2007). There j; still debate about e~tent of wrgery, whether lobectomy (partial

th}Toidectomy) or total thyroidectomy (Kebebew E and Clark OB, 2000; Mazzaferri

FL and Kloos RT., 2001; Polyzos SA el aI, 2007). One group of conservative

physicians supports the partial thyroidectomy. Majonty of the phYSlCiaJl~and world

wide Institutes support total thyroidectomy (Mnzzafel'Ii EL and Kloos RT, 2001).

Total thyroidectomy is chosen method for fullowing reasolls- (1) microscopic fod

could be present in contra 1alewl lobe, (2) total l!lywidectomy is prerequisite for

radioiodine ablation treatment, (3) meta.~tatic le~ion cuuld be visllalized in ",hole

body ,can aftet total thyroidectomy, (4) decrea,es the risk of recurrence (Dc Groot

I_I et aI., 1990). TIle disadvantages of total thyroidectomy is lts morbidity viz, (1)

recurrent laryngeal nerVe injury, (2) hypopatathYl'OidlslTl and (3) hypothyroidi~m.ln

the hand.~ of e~perienced SLlTgeons,there is only a 1%- 2% ri:,k of reCLlrrentlaryngeal

nerve ir~ury or hypoparathyroidism after total thyroidectomy (luna S et at, 1999).
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2.3.2 Radioiodine therapy

Dr. Joshep G Hamilton and John Lawrence trealed hyperthyroidism by "'Ion

October 12, 1941 (Sawin CT, 1997). This achievement fCHilledthe basis of one of

the most successful areas of thcrapcutic Nuclear M~,dicine, Ablation of re~idLlal

thyroid tissue by radioiodine is a widely practiced procedure after lotal

thyroidectomy. Its advantages are-firstly, 1311destroys residual thyroid tissue and

microscopic thyroid carcinoma whi<:h is dlffieult to dcteet clinically. Secondly, its

use grcatly simplifics the follow up evalLlatlO11for secondaries especially using

seHim lhyroglobulin (Tg) as tumor marker. In tbe presence of large remnant thyroid

tissue, secondaries may rcmain Wldetected on whole body scan (WaS) (Reynolds JC

and Robbins J 1997; Mazzafelri EL and Kloos RI., 2001). PllpillaTYcarcinoma of

the thyroid may be bilateral, microscopically multicentric, meta-;lasiy.cs lO regional

lymph nodes and has a higher incidence of persistelll or recurrent disease. These

observatlOllS are more evidenl with in<:omplete thyrOIdectomy. Both papillary and

folliCLllarcancers have a tendency to be invasive and locally inflltrativc leading to a

higb probabihty of recurrence. This invasiveness is often mis,cd on histology if not

looked lOTcarefully_ All these f~atUl'es are :.trong argumenl in favour of ahlation of

residual thyroid liS.\ue.

In a relrospecti,e analYSISof 1597 patients of differentiated lhyroid carcinoma, il

was observeilthal my was the single most importHnt prognostic indicalor hy the Cox

proporlional hazards rcgrcssion model for prolonging "disease frec .\UI'vival", In this

sludy, treatmcm WIth Ul I improved the outcome in both 'low risk' and high risk

patients. The incidence of reCurrenCe wa, reduced by 50% in 'low risk' patients

gIven 11'1therapy for ablation of Tesidual tissue. Evca the incidence of pulmonary

metastases was reduced hy mOre than 50% when subtotal thyroidectomy was

supplemented by 13lrtreatment (SamLlel AM, 1999).

Options! methods of ablation of rcsiduaV remnant thyroid tissue:

The ablation of residual thyroid tissue can be achieved in 3ways -viz with low doses

of mI, II high dose of Btl aad calculated dose of Blr. In low dosage approach,
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do~es of I3Ir are administered to outpatients less than 33 mei (Kebebcw E and Clark

OR., 2000). The major advantage, of low doses ablation are avoidance of

hospitalization and reduced radiation expOSllte to the whole body in general and

extrathyroidal tissues like bone mallOW in particular (Mav,a!elli EL and Kloos RT,

2001). "1be varying re;ulti> of ablation therapy and the inadequate information

regarding the effeetivene;s of low dosage ablation in preventing re<:uueuces raises

doubts in one's mind as to its usefulness. Disadvantages include low efficacy, costly

approach nccessitating significant time investment on the patient's part, multiple

cycles of hypothyroidism, discomfolt to the patient and 'stmming' of thyroid tissue

may further make low dosage ablatlOn Ics.1likely to succecd.

High dosage ablation: TI,e second approach i<;the administration of high Bl, dO'ie

varying from 75-200 mci of 1311as an inpatient therapy. The proponents of high

dosage ablation suggest that higher dosages may adually be considered a,l an

adjuvant radiation therapy for occult meta;tases not detected on diagnostic 1Jl1

imaging studies. The studies show that, residual thyroid tissue can be successfully

ablated with 100.200 mci in about 87% of patient and no signific[lJlt increase of

efficacy could be achieved by giving higher dosages, The do.lagcs of I31lnccded for

ablmion of normal thyroid hssue with high 1.\', uptake.1 are generally higher and

these are more dlflicLllt to ablate. The Ll.lualpractice in treating thyroid carcinoma is

to give standard amount of 131}to all patients, Most "enters use dosages between

100-200 mei (3.7-7.4 G Bq) and do,age5 up to 200 mc; (7.1 G Bq) are generally

without any ~eriolls "omplica!lQns (Samllel AM, 1999, Ma,~a!eui EL and Kloo'i

RT.,2001).

Calculated dosages ablation: The third approach is of radioiodinc ablation is based

on the radiatlOn dO.le delivered rathcr than cmpirical administration of a fixed

amount or varymg amounts of '-"1. This approach advocates individualized

trcatment so that each patient leceivcs a maximum "safe" dose, which maintain less

[haIl2 Gy to tile blood and not more than 120 m ci (4.44 G llq) of Ull retained in

the whole body, 48 hour~ after treatment (Ll1',ter M, 2008). Average dosages ur 309

mci (11.4 GDq) (75-659 m ci, 2,78.24.4 G Bq) have been administered without
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permanent bone malTOWsuppression, leukaemia and pulmonary fibrosis (Samuel

AM, 1999). The dosimetric calculations rcquire determination of whole blood l3lr

concentration and whole body retelllion for 4 days administralion of tracer dosage,;.

Whole body retention may bc calculated from urinary excretion 01'by counting the

patient at a suitable distance from an uncollimated scintillation crystal. The resull:;

indicate that 100-200 mCl (3.7-7.4 MBg) usually eradicates uptake in iodine

concentrating tissue in the thyroid bed or cervicHl lymphnodes. On the basis of

radiation dosimetry, it was estimated that the minimal dose required to ablate a

normal thyToid gland is between 30-40,000 c gy, at times may be as high as 50,000 c

Gy and requires about one mei (37 M Bq) of 13l) per estimated gram of thyroid

tissue.
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Fig. 4. S;mplifi.d flow ~hal1 of managelllent of patients with differentiated thyroid
~.•rdnom. at Institute of Nuclear M.dkine and Ullr.•sound (INMUj, Dha,,". WBS-whole
body ,~.•u.
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Ablation criteria:

Ablation of the thyroid remnant wus con;idered to be complete when radioiodine

uptake (RAlU) was less than 0.1 %, there was no visual evidcncc of wI

concentration on thc 1:1 dot scan and ,crnm Tg level wa~ le.l, than 10 nglml. The

eritenon for partial ablation wa, the visualization of discrete concentration of I3Ir

in the thyroid bed even though the uptake was less than 0.1% (Cooper DS et al,

200G; Luste-r M et al.. 2008).

2.3.3 "ISH snppres~ion therapy of levothyroxine (LT4)

Historically, Von Eiselbcrg in 1894 de~cribed thc nccessity of thyroid hOTITlone

replacemcnt III a woman having thyroid carcmoma who had developed hypothyroid

stale al'ter lhyroideclumy. He oh.qerved she became euthyroid sumetime !:lter when

her ,temal metastasis began to grow indicating pre;;ence of fllnctioTliTlgtissue that

produced thyroid hormones. Sir Thomas DlIlJhiI1 in 1937 diagnosed two children

with thyroid carcinoma who ~ubseL]ueTlllydeveloped reCUITence.Thu,e metast~ses

large growth, disappeared with the treatment uf large dose of thyruxiTle. Presently

also. patients of lhyroid carcinoma treat<'d with Sllrgery and subsequent r~dioiodine

ablntive therapy receive thyroxine supplement life lung starting from 3 days aftcr

rmlioiodine lhewpy. Suppre~~ion of TSII using supraphy~iologic dose; of LT4 is

u~ed commonly to trcat patients with tJLyroidcancer in an effort to decrease [he risk

of rccurrence (Anthony D and Toft MD; Cooper DS et aI., 2006; Schlumbcrger M ct

aI., 2004), j)ifferenti~ted lhyroid cancer expres;es the thyrotropin reccptor all thc

cell membrane. Re~pon~e to TSH ~[imu!:ltion aClShy increasing adenylate cyclase

activity, leading to cAMP production, the expression of several thyroid- specific

proteins (thyroglobuhn, sodium Iodide oyrnpor[er) and by increasing tile rates of cell

growth (Derwahl M et aI., 1999; Pujol Petal., 1996). Retrospective studies

demonstrated that TSH suppression to below 0.1 mU/ml may improves outcomes in

high-risk patients with thyroid cancer, although no ;uch evidence of bendit has becn

documented in low. risk patient'; (Derwahl M et aI., 1999; Green WL., 2005; Pujol P

et aL, 1996). Adverse effccts or TSH supprcs~ioll may inclllde [he known

conseqllences uf subclinical thyrotuxicosis, including exacerbatioTl of angina in
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patientl with ischaemic heart di.\ease, incleased risk for atrial fIbrillation and

increa,ed risk of osteoporosis in postmenopausal women (Ladenson PW, 1991:

Pujol P et al., 1990).

Amcrican Thyroid Association recommcnded initial thyrotropin (TSH) suppression

to below 0.1 mIU/ml in high risk paticnts and mainlenance of the TSH at or slightly

below lhe lower limit of normal (0.1 -0.5 mlU/L) is appropriate for low risk patients

(Cooper DS et aI., 2006, Derwahl M el aI., 1999; Polyzos SA et aI., 2007). There arc

several rccommcndations for do~ing of LT4 replaccment, Mostly preferred method

of LT4 dosing is the initial supplement based on total body weight (2.5"=5 1-'gm/kg

/total body weight) in Ca..ICof patients with DTC (Bmmcistcr L et aJ., 1992),

thereafter adjustmenl of TSH at expected level doiIlg follow up blood hormone

levels at 6-12 months intervaL This chosen method wa,; not effective to maintain

expected TSH level in 33% paticnt., who were taking T .T4 as evaluated by National

Health and Nutrition Examination Survey of United State~ of America (Green WL.

2005). Santini F et al (2005) have shown in their study th"t LT4 dose is greatly

dependclll on lean body mass. Age and sex related differences in LT4 needs reflect

different proportions of lean mass over total body weight. LT4 dosing on LllM

could he uscd to achieve target level of hormone replacement quickly particularly in

obe~e patients who have high fat mas.l. The obesity ii> reaching epidemic

proportions, with the lfSA, UK and Australia recordmg a prevalcnce of 20% in adult

population (Green Band Duffull SR, 2004), In developing country like Bangladesh

the obesity is becoming more prevalent in urban population compared to rural

population. Obesity is to be counted in calculating dose, On the other hand, athletes

have high lean body mass, so lhey need TJlorcdose of LT4 than persons having same

total body weight (Sanlini F et aI, 2005, Green B and Duffall SB, 2(04). Mild

increment of LT4 dose may ~aLlsethe fall of TSH level mildly tv SLlhnormal level,

conversely a decrease in dose by 25 f-' gIll caused the ri;e of the TSH level in almost

in all subjeets to above normal range (Green WL, 2005). A physician should not be

ovenealous to prescribe any drug strictly following the single m<::thodfor dosing.

Physician i>hQuldthink other influencing faclors on the phannaeokineties of the

drug. There are sevewl known factors that may change lhe dose of LT4. Absorption
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of L1'4 may be interfered by certain drug~ such a.~ chlcstipol, eholestyTamine,

ferrous sulfate, aluminum hydroxide antacid~ and calcium salts. In that case taking

L1'4 and the above mentioned drugs at different time and readjustment of do,age

may solve the problem. Soya protein and high fiber did may inhibit its ab,Olption,

Other drugs, such a, phenobarbital, phenytoin and carbamRzepine and antitubercular

agent rifampicin may accelerale the metabolism of L1'4, in cm;e of celiac sprue and

malabsorption dose of L1'4 are to be increa.'Sed(Green WL, 2005).

2.4 Cardiovascular effects of thyroid hormollf

Cardiovascular manifestations of hyperthyroidism were observed in first mentioned

thyrotoxicosis patient. Caleb Hillier Parry described his first case, he ,aw in 1786,

wa> a woman with goiter ,md palpitation~. He noted "each systole shook the whole

thorax" (Ladensoll PW, 1990). Later Robert James Grave, described palpitaIion and

enlargement of thyroid gland in 1835 (Ching CW, 1996).

It has been shown thaI untreated thyrotoxicosis rewlts m illereas~d heart rate, raised

systolic blood preqsurc, and ventricular diastolic and .\ystolic function changes.

Hype11hyroidisTTllHboth humans and experimental animals leads to left ventricular

hypertrophy TIm cardiac manife,tati(}n is pTirnanly the l'esnlt of increa,ed wUTk

imposed 011the heart through Illcrcascs in haemodynamic load. TIlyroid hormone

exerts their effects on heart directly and via peripheral va.scular system (Mintz G,

1991; Klein t 1990; Klein 1 and Danzi S, 2007; Ladenson PW, 1993). The thyroid

gland primarily secretes T4 (",,85%), which is eonvelted to 1'J by 5'-

monodeiodination in the liver, kidney, and skeletal muscle (Klein I and Dam.i S et

aI., 2007). The small unbound (free) fraction of T3 is respon~ible for biologic

activity (Granner DK, 2005). The heart relies mainly on SeILlm1'3 because no

signi licant myocyte intracellular deiodina.se activity takes plRce in heart. 1'3, and not

1'4, is tran.\ported mto the myoqte. 1'3 combines with its rcceptor:, and enters the

nucleus, wheTe it promotcs the expression of some genes and inhibits the expre>sion

of others. Those that are stimnlated include genes f(}T U -myo~in heavy chain,

sarcoplasmic reticnlum Cal+ ATPase, p-adrenergic receptors, G protcins, Na+. K+
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ATPase and certain k+ channcl~. Those that are inhibited include the genes for ~-

ll1yo.qin heavy chain, phospholamban, two types of adenylyl (:yci;u;e, T3 nuclear

receplors and the Na+. Ca2+ exchanger (Fig. 6.), The net result is increased heArt

rale and forcc of contraction. (Haider AW, 1998; Pachucki J ct aI., 1999; Ganong W,

2005; Kkin 1 and Danzi S, 2007).

The heart contains lwo myosin heavy chain (MIIC) isol"onn~, u -MHC and p.MHC.

They arc encoded by two highly homologou.\ genes located in tandem in humans on

the short arm of chromosome J7. Faeh myosin molecule consists of tv,.o heavy

chains and two pairs oflight chains. The myosin containing P-MHC has less ATPase

activity than the mY<lsincontaining (( -MHC. (l -MHC predommates in the atria in

adult; and its leve]~ are increased by treatment 01' thyroid homlQne, This increases

the speed of cardiac contraelion.

Thyroid hormones c~use extra heat production which in tum activales heat-

dissipating mechanisms, Peripheral re~istance decreases because of clltane()ll~

vasodilatIOn and this lllCl'ease:.levels or renal Na+ and water absorption, expanding

blood volume (Ganong W, 2005; Klein I and DaIlzi S, 2007).

Thyroid hormones stimulate renin synthesis independently of sympathetic nervous

system, Infusion of ~upraphysiologic doses of thywx;ne in rat re<;n1tsill thyroxine

and triiodoth)Tonine concentrations in the kidney~. KIdney to plasma ratio of 1'3

levels of 10.7 to 1 suggests trapping of circLllating T3 or conversion ofLT4 into T3

by type iodothyronine-deiodinase ill renal parenchyma. This, in turn may explain the

activation of the renin- angioten<;in system during prolonged LT4 treatment at TSH

snppressive dose and !he consequent sodium reab,ortion and increasc in blood

pressure. However, the aClivation of the rcnin-angiotensin-aldosterone system may

also be secondary to the thyroid hormone indllced decrease in systemic vascular

resistance. Increased lhyroid hormone level increases atrial natrellrelic peptide levc1~

and nitric oxide syntha;e activity, the<;efactors may protect heart mainly against the

increase in dia.\tolic blood pressure, but not against the development of th~. systolic

hypertension characteristic of hyperthyroidism (Botella-Carretero JTct aI., 2004).
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Fi~. 5. EffccE>of thyroid hormone on cm'diov",cui,,, hemody"arn;e, (Kleill 1 and Danzi S, 2007),

HypIT" hypelthymidi.,rn; hypo- hypoth)TOldlsm.

T3 affect, tis.lue thermogenesis and increase lissue heat production increAsing O2

consumption, which in tum decreased systemic vascubr resistance. TnIhis situation,

diastolic blood preSSUTedecreases and lowers afterload. A~a re,uit, chronotropic

and ionotropic activIty increase causing increa,ed heart rate. Thus cardiac oulput is

increa~cd. On the other hand, decrea,';ed diastolic blood prcssUI'e stimulates reniIl-

angiotensin mechanism increasing waler and salt absorption and enhances preload.

As a rcsult, cardiac output inerea;;es- all these effects of thyroid hormone, on

hemodynamics are shown in Fig. 5.
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Cardiac Myocyte

Fig. 6 Mechanism of.aion ofT, on 1he cardiac myocyt •. ACofIdmylyt O)"d••••• II-AR_ B adJe",gic
roooplOJ; <h-guanino IUlcotid. bindiog pmlrin; Kv_ voluge- gate;! p::IIUSium c/IanfteIs: NCX-
IOdium calcium ""oho"llOf and Pl..B- pbospbollmbln (Klcin I and DanzI S. 2007)

T, has both genomic and noogcnomic cffects on the cardiac m)'OC)1c.Genomic

mechanisms involve T, binding to TRs (thyroid reccpto~), which reguhue

tn.nscription of spc<:ific cardiac genes. Nongcnomic mechanisms include dira:t

modulation ofmembmnc ion channels n.sindicated by ~ dnshed nrrows (Fig. 6).
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2.5 An introduction of electrocardiogram and its ctinical role

Thc pans of the healt normally beat in orderly sequence which include contraction

of the atria (atrial systole) followed by ventricular contraction (ventricular systole)

and dLlting diastole all four chambers arc relaxed. Electrical activity is a basic

characteristic Ot the heart and is the stimulus for cardiac contraction. Fluctuations in

pol enlial thal Tepresent the algebric sum of the aclion potcntials of myocardial fibers

can be re<:orded eXlracellularly because the body fluids are good conductors. The

record of these pOlential fluctLlations during the cardiac cycle is the

electrocardiogram (ECG). Heart diseases are commonly associated ""ith

di,turbances of electrical fllnction. The ECG ha, many uses: il can serve as ,ill

independent markcr of myocardial disease; it can reflect anatomic, haemodynamic,

molecular, ionic, and drug induced abnormalities of the heart. It can provide

jnfonnation that is essenlial for the proper diagnosis and therapy of many cardiac

problems and most commonly used laboratory procedure for the diagno;is of heart

di~ease and one of the most commonly employed te.lts in medicine (Julian DG,

2005: Castellanos A, 2008).

2.6 An introduction to Eehocardiography

Echocardiography is the ullr~ound imaging of heart. It is a 1reqllently u~ed

dominant diagnostic imaging modality giving anatomical as well as functional

information about heart. Use of echocardiography becomes vers~lile due to its

portability in emergency room, operation theatre and intensive care nnit (Lang MR

ct ai, 2005).

Different measmements of chambers of hemt including diamelers of ventricles and

atria. interventricular seplal wall and walls thickne,s, left venlriclllar mass, wall

motion and vnlvnlar integrily can be potentially evaillaled by 2D and M mode

echocardiographic methods. Diastolic and ;yslolic function,; can be evaluated by

measuring velocities through mitral and tricuspid valves by pulsed Doppler and

color Doppler imaging and spectral analy,;i,; (Dodson lA, 2009),
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t•••I ••••1••••
I.ttl ••.•l'Itrtcl.

Fig. 7. Long •• gilll.l ...aion or beon IIId •••••'"*,,ldi"ll echooonl.iogrBphk: view in
left par"'lcmalllpJlJ'OKb (Wikiptdil, 2009)

IItQi'llolrl.", ••..

Intol'll.rl.1 MptU'"

•

Fig. 8, Apieol ,,_ chambel' view orlan and c:ormponding Ecbocordioglaphk llllllle
(Wildpedi.2010).
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Fig. 9. Uppor: Normal pat[ern of dlas!olic E and A wave thro\lj;hmitral valvc in ,pemai analysis of
Doppier echo,",rdi"b"'phy, J..<JWL'!"' M mode and iong scan of heart for len venlricuial' wall
me"'urements,
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Echocardiographic methods and tcchniques have been improvcd tremendously ovcr

the last decadc.q with !be introduction of highcr frcqucncy transducers, tissue

harmonic imaging, fully digital machine, left-sided contrast agents and other

technical advancements (Lang"MR d al., 2006; De Maria et aI., 2008).

Fig. 10. Karmal panem of"! is<ueDoppler Imaging ill lateral wall of mitral annulus showing Em (25
eml'"c) and Am (l~ eml,,") wav,,-,.

Recenl1y, Tissuc Doppler Imaging (TDI) hal becn developed through proper

modification of the hardware and software of the nltrasound platform. It allows the

analysi, of velocity signals having high amplitude and low frequency originating

from tissue, which are not usually detected by Doppler examination. WI allows the

non-invasive calculation of time intervals and velocities of myocardial contraction

and relaxation during various phases of cardiac cycle by using post processing

application soflware. Although it gives information of rcgional velocity of

myocardium, still it is influenced by global heart movement~. To overcome the
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limitation strain imaging introduced the concept of myocardial deformation as a

sensitive index of contractile capacity intrinsic to myocardIUm (Citro R et a!., 2008)

Fig, J L Nonnal Peak aon it WIOCI!Yin 'pe",tral analySlS of Doppler Echocardiography,

2.7 Exercise Tolera/lCC Tc~t (ETT)

Exercise te~ting i~ a nomnVnS1Ve tool to evaluatc thc eardio~a"cular system's

respoose to exerci~e under carefully controlled conditiol15, Exercise is the body's

mO~l common physiologic stres, 'lind it plac(:S major demands on' the

cardiopulmonary ~y~tem (Engel G and Froelieher VF, 200R; Vanltees L et aI., 2005),

Thus, exerci~e can be considered the mo,qt practical test of cardiac perrui>ion and

function. It remains an Important testing methud of diagnostic, prognostic and

functional information. The adaptation that occurs during an exercise test allow the

body to increase its resting metabolic rate up to 20 times, during whIch time cardiac
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output can incl'ea:;e as much as 6 times. Thc magnitude of these adjustmcnts is

d~pendent on agc, gender, body :;izc, typc of cxcl'ci:;e fitness and thc presence or

absence ofhearl disease.

Rcgarding phy:;iology of exercise two ba;ic principle; are important to under~tand

cxerei.,c testing, The first physiologic principle: total body oxygen uptake and

second principle is myocardial oxygcn uptake and both are distinct in their

detenninant~. Total body or ventilatory oxygcn uptake [volume oxygcn consumption

(VO)] is tbe amOLmt of oxygen that is extracted from in,pired air a.~ the body

performs work. The d~t~rminants of VOl are cardiac output and the penpheral

at1eriovcnous oxygen difference. Maximal Hrteriovenou; differ~nce IS

physiologically limited to roughly 15.17 mlld!. Thus m,lximal arteriovenous

difference bchaves more or less as a eonstatlt, making maximal oxygen uptake an

indirect estimate of maximal cardiac output (Vanhees L et aI., 2005)

Myocardial oxygen uptakc is thc uptake is the amount of oxygtn consumcd by thc

heart muscle. The detemlinant, of myocardIal oxygen uptakc mclude

intmmyocardial wall tenqion (left vcntricular prcs,urc and end dia~tolic volumc).

contnl~lility and heart rate. II ha.~becn shown lhatmyocardial oxygen uptake can be

reasonahl y c,timatcd by the produet of heat1 rate and sy:;tolic blood pressure (double

product).

The ;econd principle is one of pathophysiology: considerable interaction take, place

bel"een the exercise tcst manifestatiolls of abnonnalitics in myocardia! perfusion

and funclioIl. Thc electrocardiographic re.lponse and atlgina arc c1o.lely rc1ated to

myoeardial ischemia. Exercise capacity, systolic blood presS\ll'e, and he~rt rate

respon.les to exercise can be determined by the pre:;ence of myocardial ischemia,

myocardial dysfunction or re:;ponses in the periphery.

Exercise testing fundatnentally involves the measurement of work, there are several

concept, regarding work. The COlmnOllbiologic measure of total body work is the

oxygen uptake, which is usually expressed as a rate in liters per minute. MET stand:;
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for 'metabolic equivalent' OT 'metabolic equivalent task~', i.~a term commonly u~ed

clinically to express the o"ygen reqmremenl of the work ratc during an exerci~e lest

on a treadmill or cycle ergo meter. MET is the amount of energy used by an average

adult at rest. An average adult need, 1 calorie for every kg body weight per hour

while ~iUillg or sleeping (internet: Health dl'gily.eom). One:MET is equated wilh the

resling metabolic rate (approximately 3.5 ml of O)lkglmin).

Clinically significant Metabolic Eqllivalent, for maximLlm exerci~e

I MET Re:.ting

2 MET:. Level walking at 2 mph

4METs Level walkmg at 4 mph

< 5 METs Poor progno~i~; peak eo~t ofha~ie activilies of dady living

10 METs Prognosis wid] medical therapy "' good "' coronary unery

bypa~.\ surgery

13 METs Excellent prognosis regardless of other exercise responses

18 METs Elite endurance athlete~

20MRTs Wor1d-c1as~athlete~

(Engel G and Froelicher V, 200R)

The protocol of cxcreiqe lOlerance lest include folIowmg:

L Continuous nCG monitoring

2. A type of activity that call be performed by sedentary, poorly developed and

under conditioned subject as well a~ by the trained athlete,

3. A workload Can be varied according to the capacity (,f the individual. It

should give reproducible results and allow cornpaTison with other patients

tested.

4. There mUSl he facility 01' frequent blood pressure measuremenl before,

dLlring and after eXeTC1Se.

5. Facility of aerobic requirement of individual te:.ted.

6. Maximum safety and minimum discomfon for each individual
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7. The highest possible sensitivity and specificity in the diSLTimination between

health and disease,

8, First stage should be long enough for warm up to occur

9. Pro<:edllTeshould be short enough to be practical

2.8. I,ean body mass and Dual energy X-ray Absorptiomctry

In 1963, single photon absorptiometry (SPA) was described by Cameron and

Sorenson. The first eommel'Clal dual energy X -ray absorptiometry (DXA) wa,

introduced in 1987 for mcasurement of bone mineral densitometry (BMD) (Bank>

LM, 2001). Lean body mass is thc weight ofmusc1es. organs and bone without fat

and bone mincral concentration. Total body mass was calculated as follow;: total

body mass=LOtal bone mineral conccmration (BMC) + total fat mass + total lean

mass (Kim Jet aL, 2006; Stikkelbrocck !\MML et al.. 2003), DXA has been shown

to be an accurate ,md preci:,e technique associated with a low dose of radiation fOl'

measuring body ~ompo;ition. Unlike neutron activation analy.\lq or nndcrwatcr

wcighing, DXA i; a simple and quid procedure and can hc pertcnned on readily

available equipment. DXA is a method of estimating bonc mincral lltih7ing a penCIl

bcam x"ray beam filtered to provide the two distinct energy peaks nece.~\ary to

distinguish bone from ;oft tissue. Dual NII-I (sodium iodide) scintillation cry,tal, or

are used to detect the X-ray energies separately. The technique for scparating X-ray

output into two dminct eHergy 1cvc1, i, known as K.edge filtration, One type of

DXA ,cannCI machine mes samarium as the filter material because it produces

cncrgy peaks at 46,8 Kev and 80 kev, which have proven to be the most effective at

dlffercntiating between soft tissue and bony tissue. Direct -Digital CIT (Cadmium

Zinc Telluride) ~eintillatiOD detector is used in GE health care Prodigy DXA

machine, Na-I scintillation cI)':,taI5 or 7.0 mm thickness arc used for high energy

detection and that of 0.3 mm thickness is ilsed lcr low enGrgy detcction, Thc DXA

Iota) body lllc&,urelllent providcs a comparison with the normal age and :,ex

matched range, together with information on BMD (Bone Mineral Density) (g cm2),

BMC (g), percentage fat, fat tissue mass (g), lean tissue lIlas~ (gm) and total tissue

1ll&%for the whole body composition (Andreoli A et aI., 2009).
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DXA body composition measU«:ml!ntsM\"e been used in a number of clinical

setting:;, wnich include the alteration of body composition and tissue distribution

with disease, gender differences and the elTect of menopalL~ and thempy (Linda,

2000, Deurcnbtlll et aI., 2002). Lean body mass is a potentially useful predictor of

33



c...1wpterII: Lileralurf' rf!"l~

\ the pluumncokinetics behll~;orof drugs thel lin: highly "',Illersoluble (0= B lind

Dufful 5B, 2(04).

-"_ ..••._.",..

•••.•••,•••••••••,.'.' ""'c,•••_,,,"~•••• "_. -M:ji,j~
'... S{71lOOf ''',m 1M (ll "'I
_ S{71lOOf '''':1> 1M (11,"'1

,,,. -~:::.-
'''''1-
,••"l Ii..... '
,J--------,- -

--~......,-_._.".-•

-_ .•.__ ..'__ n__--_ •...-.•.__ .._-

'L-!~'• •

~S{7{1~ l\!..O.-.
III t •• 'lUI >;l-----,-.,--

.---- • -' _ ..•...•-- -' .' ••- -- • - • • •
'~ ~ ~ •• •• 0 ,_ ...-- • - - - --- - - - - -.- ~ ., •• ~ ~

TrtM: Total ,
~ 2,JTlIlIllIM

, , ,- ••• - - - •• ••• •• •••••••• I•••• ' ""., ""
,_ "' I" I"~ I" '""'''''' ~" ~J , ., 1M 37,61iO 11,4n 26,383 ','" "'"'~~'8"=~~-----------",_~~~~""~'_~"'~~'"~"'.""'"',,".,,'~~__-'_...- "' 0..- ""......... - ,-_ .._--...-.... ' .•.----_ ...•--- ,__ ...•----- •..•.

(j",,- ---.,-
Fig, 13. Whole body DXA for estimation ofloan body m••• in 21 year old female patient Mlh

D<C,

"



\

Chapter III

Materials and Methods



Chapter III: Mater;,,!s and Methods

Chapter III

Materials and Methods

3.1 Place of study

The currenL study was conduded at In<;htUleof Nuclear Medicine and IJltra.\OWld,

Dhaka under Bangladesh Atomic Ellergy Commibsion at Bangabandhu Sheikh

Mujib Medical University (BSMMU) campus and DepaTlment of Cardiology,

BSMMU campus, Dhaka.

3.2 Study Subjects

Seventy two patients with differenllated thYl'Oidcarcinoma of low ri,k gl'OUPen,
NO, MO) lreated with total thyrmdeetomy and ablated by radioiodine therapy were

recruited randomly in this study lOT expcrimelllal group. They WerC refcrred to

InsLitlite of Nuclear Medicine and U1traSOL1J111,Dhaka, for radioiodine ablative

therapy after tutal lh}Toidectomy during the year 2007-2009. An patients were

diagnosed as papillary thyroid carcinoma on histological examination, Ten patients

refused to palticipate in subsequent visits. 1wo patienl> were excluded from lhe

~tudy as Lheir serum U,yroglobulin (fg) levels were high, so they could have been

suffcred fTOmmicromcta.\tascs. Age, 13SA and lifc<;tylc matched 23 healthy adults

were takcn as control subJccts. Informed consent had bccn taken from cxperimcntal

subJccts and all patients before participatIOn in the present study, They were

infom\ed ahout thc risk and bcncht of the prcscnt study bcfore participation. All

COlllrol and patient~ were explained in 13angla and thc conscnt form was prepared

al~o in Bangla.

Inclusion criteria of patients in expcrimental group includes patients with

differentiated thyroid carcinoma with low risk group, who had undergonc total
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thyroidectomy and subsequently received Tadioiodine ablative therapy, young age

group age range 20-39 years and serum Tg level is below 2 ngmiL,

Exclusion criteria: Patients who have any sort of cardiac dysfunction, pulmonary

disea<;cand patients in high risk of recUrrence and already pr~senled with metastasis,

with ECG abnormality, or lminlerprelable BeG, patients who have any deformity,

not fit lorm, diabetes mellitus have been excluded. Healthy adulls agc rangc, 20-

39 year" ellthyroid Slat~ with no chronic cardiopulmonary discase, diabetes and

deformity wel"e included in volunteer group,

Initially basclinc study of cardiac functions sud] a, clinical ~ymptollls and pulse

rate, respiratory rate and blood pressur~ have been recorded and symptom rating

.\cale score (Klein I, 1988) were evaluated in all subjects. Then patients of both

control and expenmeTltal groups have been evalu~ted by electrocardiogram,

echocardiography imd exercise tolerance test (ETI). Then expcrimental groLlPShave

been requested to come aftcr 2 months of radIOiodine treatment. n'~n bone min~ral

density and whole body composition had heen assessed and lean body m~ss ~re

c~lcul~ted in 30 patients of among all 60 pallenlS and r~garded "" Group-I. Patients

of Group-I reccived LT4 oral kVOlhyrMine on the basis ofle<ln body mass. Rest of

the pallents was rcgarded as grollp-lI received conventional dose ofL T4 (200 ~lgm I

day), LevothJTo~ine of same reputed brand was takcn by each patknl in the morning

in empty stomach, half an hour before breakfast. It was advised to take drugs

scparate! y which ha:rnpeTabsorption of LT4 specially calciulll table!. Patients of both

groups havc been advlscd to COme3 monlhly for clinical and biochemical follow up

for routine checkup. Cardiac funclions Were as~essmenl an(!m had been assessed

at the beginning of treatment and after 6.12 months at the D~partment of

Cardiology, Bangabandhu Sheikh Mujib Medical Univcrsity. The dala gen~rat~d

from the sludy wer~ computerized and appropriate statistical analysi,q had beeH done,
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3.3 Hormone lIi>SllYofFT3, I<T4 and TSH

Serwn TSH concentration was measured by an llltralcnsitivc immllnoradiometric

assay kit (IMK-432), .l3eijing Atom Hightech Co., LTD. with a detection limit of

0,04 mlUlL. The cocfficieTlI variation of TSH asRay at 0.04 m mIL and al O.lmUIL.

was 10 %. Scrum FT3 was measured by radioirmnllnoas;ay melhods (RIA kit, IMK-

436, HTA Co). Eulhyroid (normal) reference range of I'D is 2.8- 9.5 pmoIIL.

Serum FT4 was determined by two-step radioimmunoassay (IMK.435) Department

of isotope, China. The normal range of FT4 is 9.5 .25.5 pmollL, The measurcments

were performed during FT4 suppressive therapy at 2 month., and io every follow up

visit and aftcr 6.12 months in both groups of pallen!> and healthy adults inillally.

3.4 Procedures ofEleetroeardiogl"llm (EeG)

A si,undard 9-leads elcctrocardiogram was performed by KD Yasen ECG-903

maclline on each patient at fir:.t visit and la,l visit and in healthy VOlunleers. A

conventional ECG consists of tracings from 12 lea,ls. The lerm 'lead' l'cfer:s to the

BeG obtained as a resull of Iceordmg the diflerence in potential between " p~ir of

electrode,. Convcntional unipolar ehest leads afe:

VI is placed jn the founh intcrcostal, space just righl to stemllffi

1/2 ISplaced in the fOLu.1hinterco.,taL, space jllstleft to slernum

V3 is placcd midway between V2 and V4

V4 i> placed in 5 th intcrcOSlals space in left midclavicular line

V5 is pla(:ed in the Jefl anterior axillary line at the Same horizonl al level as V4

V6 i; placed in the left midaxillary line at the .,ame horiwntaJ level as V4.

The exploring electl'Ode Che~llead is cOllilected lQ Ihe positive pole of ECG aTld the

negative to the central terminal of Wilson. Modified unipolar limb leads are

augment (a) lead, They are deRignuted as follows: aVR, right arm lead; aVL, left

amllead arJd aVF, left fool lead
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Now'ally, The ECGs are recorded m a ratc of 25 rum/sec. The ECG is printed with

thin velticallines Illlm apart and thick vertical lines 5 mm between two thick lines

0.02 sec. If the heart rate is regular, the rate can be cOlmted by dividing the number

of small squares between two eonseClltive R waves into 1500 or large squares into

300. Thcre arc also thin hori,ontal line, at I-mm interval and thick horizontal lines

al5 mm intervals. An RCG recording is standardized so that I mY gIves a det1eetion

of J 0 mm on the paper. The height of a deflection indicates its voltage_ The spread

of the cardiac impulse gives rise to the main defleclion.~ of the ECG: P, QRS and T

waves.

The P wave repre~ents the atrial depolarizalion.

The PR inlenal represents lhe time taken for the cardiac impulse to ~pread over lhe

atTium and through the AV node and His-Purkinje .\ystem.

The QRS complex represents ventncular depolarizalion_

The T wave represents ventricular repolarization_

3.5 Methods of Exercise TolcrllllcC Tcst

Ihe exercise test protocol was perlonned in the morning, at least two hours after Ja~t

me~l. To detennine the relative phy~ieal fItness of each suhject, informatlOtl was

collected on the patient's level of physical activity. Exerei~e teBling was then

perJormed on Marquette Medical Sy~tem, Sene~ 2000 treadnull ergumeter using

Bruce protocol. At the first stage the treadmill speed and slope were (1.7 mph) and

(0%) respectively to allow the palients to w~rm up. At the second ~tage the

treadmill slope and speed were increased according to the Rmce protocol (Engel G

~nd hoelieher Yl', 2008)

!3Iood pressure was mea.sured utilizing a mercury sphygmomanometer at re~l and at

the end of each stage or-exercise and \mtil return to ba<;cline into reeovery_ Heart rate

was measured in every stage of exerci~e and at recoyery_ ECG was continuously

monitored during the stage. Codel Master ECG and RP monitor ha, been utilized_
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Thc test was stopped upon the onset of severe fatigue or achievement of maximum

prcdleted heart rate, Heart rate, systolk blood pressure and di~lstolic blood pressure

Were measured during exercise and peak exercise. MET (metabolic equivalent) was

measured, which indicated the amount of encrgy utilized by a pcr.lon during

exercise. A double product, used as an index of card,ae workload, wa.~ealClIlated as

the product ofheRrt rate and systolic blood pl'c~sure.

3.6 Procedures of Eehocardiography

A complete M (motion) mode and 2D (two dimensional), color Doppler, spectral

and tis>ue Doppler Echocardiographic evaluation were performed by using an

ultrasollnd imaging system Siemens Acuson CV70 cquipped with a 2,8"3,5

megahertz transducer. Echocardiog.raphic studic.\ were pcrfol1ncd by a ~ingle

blinded experienced cardiologist, unaware of study protocol. EchocardlOgraphic

recordings were made with subjects inlcft lateral decubitus pOSilion, with the head

elevated 2().30 dcgrees using conventional para sternal and apical views, according

to thc standardization of the American Society of Echocilnliography (ACCI AHA

guidclillc~ J 997, Lang R" 2006; De Maria, 2008;). The following parameters were

a<;sc~<;edusing 2D images from the pma sternal long-axis acoustic window: left

vcntricular inlemal dIameter at end diastole (I,VlDD; millimeters), left ventricular

internal diameter during systole (LVIDS; millimeters), intervenlricular septum

lhickness (lVST; millimeters) and posterior wall thicknc,\s (PV,'T; milhrnc!er~) at

end di""tole.

Left ventriclliar ~ystohc fllnction was investigated by determining ejection phasc

indices, such a~ the percentages uf fraction ;hortening fFS%=LVIDD.

LVIDSILVIDD (pcreentage)] and rate adjusted mean velocity of fiber shOl'tening

(mVCFc; clrcumfcrencc<;/sec) was calculaled by dividing the fraction shortening by

cJcction time.
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Left ventricular mass (LVM) was calculated by using Penn eonveutjon, with the

following regression corrccted cube fonnu1a: LVM=0.832 [1.04 {(NST+

LVlDD+PWTi- (LVlDD)J] + 0.6 g. LVM was indexed by body surface area

[LVMi=LVMibody surface area (grllil1sJm")](Biondi B et aI., 2000)

Doppler tracing, were acquired during quiet respiration with the transducer

positioned at, or slightly left of the apical impul~e, aeeordmg to lhe previously

reported method at averaging five consecutive cycles at a paper .qpeed0["50 mmJIOO

lmn/sec. Carc was taken to place the ~ample volume at the mitral valve annulus and

moving it toward thc tips of the mitral valve al the poinl where ma;\.imal velocity

was mea<;ured. The wave fonns eho~en were those with more definen morphology

~howing a narrow range of ["requeney ,hift and consequently minimal spectral

broadening. The following parameters were measured and calculated on lmtral !low

veloeimetry: maximal early diastolic flow (E, cm/scc), maximallatc dlaltolic !low

(A, em/sec), EtA [otio and early flow deceleratioo time (Oct). Oct is the time

interval from the point of peak early filling of thc vcntricle until the pomt of

diastasis in middiastok, determined and measured by an extrapolation of the rale of

deeline of the flow velocity from the E point to the baseli'Je lsovolumie relaxation

time (i. e. the tunc interval !i'om aortic valve elo,ure to the on,et of early diastolic

flow) wa,; ohtained by ~imu1taneous reeording of aortic an(I mitnl flow by

nlillinnous -wave Dopplel' tracings, AOl'llc peak velocily amI mean acntic

acceleration were ohtained by aortic flow velocimctry. In palticular, mcao aortic

aecelcration was ohtamed hy dividing the peak flow velocity by the acceleration

time.

Tissue Doppler imaging (illl) of [he mitral annular motion wa:; recorded from the

apica14-chamber view. A 2 mm sample wa; placed sequentially at the latcral mltral

annulus. BaIly (Em) and late (Am) diastolic annular velocities were mealll1'ed from

TOT image" The ,at;o of mitral E to TDI Em was calculated using lateral (ElEm

lat).
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The LV Tei index (myocardial performance index), a combined index of systolic

and dia~to]ie function, wa, also calculated using mitral inflow velocity and LV

outflow velocity us previOllsly reported, Tei index, defined as the sum of isovolumic

contraction (at the sturl of lhe ventricular systole, mitral and atrioventricular (AV)

valve dosed before opening of aortic and pulmonary valves, mmde\ of ventrides

shorten and intraventricular pressure rise,; IVRT- al early dia,tole- time period

het,veen aorlie and pulmonary valves closure, ventricular pressure drops and before

opening mitral and AV valve~) and relaxation time, divided by ejection time, has

been proposed to express global left ventricular function. 'rei index=

(rvCT +JVRT)/ET is a eOTlCeplllallynew, simple and reproducible Doppler index of

combined systolic "nd di"stolic myocardial performance in patient~ with primary

myocardial systoli<: dysfllnction. (Kescr N et a!., 2005; Karatzis E!\ et aI., 2009;

Citro R et aI., 2008)

Left ventricular ,ystolic function was expressed""" fraclional shortening (FS %),

which wa, con,idet'ed ilOl'mal ,f;o: 29%. LV hypertrophy wa~ defined as LVMi

grcater than 134 gm/m' in men and grealer lhan llO gm / m2 in wamen (Biondi 13et

aJ.,1993),

Body surface area was mcasured hy

13SA=T13W (kg) 6.425 x Ht (m) G.m x 0,0071 S4 (Green Band DuJflll1 SB, 2004)

3.7 Mcasurcmcnt of L{"an body mass by Dual Energy X-ray absorptiomclry

Thc suhject', body wcight and height were meu;ured. Body mass index (liMI) was

calculatcd by weight! (height]' (kg/m' ). Tolal body mw<s lS calculated by Dual

Energy X-ray Absoptiametry (DXA) a, follows: Total body HlaqS (TEW) '" total

bone mincral concentration (BMC) + tolal fat mass (PM) + total Jean mass, Thereby,

lean body Illaq~ (LBM) '" the lotal body mW<i>- (total fat mas~ + total 13MC)

(Slikkelbroeck NMML ct aI., 2003).

Lean body mass of 30 patients of gl'Oup-1was cstimated by Dual energy X -ray

Absorpsiometry (DXA) by GE Health care, Lunar Prodigy Advance PA+301470 al
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wbole body verSlOn at first follow up visit. According to operator's manual,

scanning method: its narrow angle fan beam made multiple passes across the patient

to acquire multiple images, ".,.itheacb image ovcrlapping the previous one. Then,

Mlllti.view Image Recon';tnlction was done.

Technical specifications:

enCORE'JM Software Platform

Advanced intuitive graphical interface

Multiple Patient directories with Microsoft Access R databasc

SmartFa,,"lM for scan window optimization and dose reductIOn

Automated scan mode selection

A I. TMf b ..moan" YSIS or a eHer preCl.\lOn Exam coplllparison process.

Typical Scan Time and Radiation Dose at best precision

\-Thole body composition was 4 min 30 .\econds: 0.0003 ill Gy «1% CV).

Calibration and Qnalit}, Assurance

Automated test program with complele mecbanical and electronics te,;ts and glohal

measmement calibration.

Scanning Metbod

Nanow Fan Beam (4, 5° angle) with Smmt Fan and Ttuview algorithm,;

X-ray characteristics

Constant potential source at 76 KV

Dosc efficient K-edgc filter

Detector technology

Direct-DIgital CIT (Cadmium Zinc Telluride) detector

Energy sensitive solid state aTTay

lVlagnification

NOlle-Object-plane measured

Dimensions (L x 11 x W) and weight

263 xiII x 128 cm-272 kg (full)

202 x III x 128 em-254 kg (compact)

External shielding

NDtrequired
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3.8 Score of signs and symptoms ofhYPlTtll)'roidism

Hyperthyroid Symptom Rating Sc~le (SRS) is potentially useful to a<;sess the

severity ol"hyperlhyroidism and to assess quality of life (Klcinl et a!., 1988).

Every patient was evaluated by according to SRS at fin;l ami subsequent visits ~nd

healthy voluntcer:s were also evalualed by same ocale. SRS format is given below.

Hyperthyroid Symplom Rating Scale

Charlll"tcristk Scorc
Nervousness

0 Absent
1 Anxi(lus (lnly with slres>
2 Occasionally anxious at rest
3 Oftcn anxious, d,ff1cully working or

concentrating
4 States freelv that feds vcrv nervous TJ\o<;t ----

Sweating
0 Only with activity
1 At rest but only in warm tcmperature
2 At re.ll in temperate climale~, mainly involving the hands and

intriginous zoue,';
3 At rest involving many body area.~., Profusely diaphoretic ~lmost con,tanlly.

-----
Heat imokrane

0 Normal temperature tolerance.
1 Period, of feeling Wanner lhan those in the same room
2 Signiricant difficulty "ith heat, requiring air conditioner

com,tamly in the summer time
3 Excessive difficulty with heat eVen in temperature climate.
4 Extrcme difficulty with heat, does not feel comfO/table even

in <:oldweather a; eviden,ed by lack of need for wann
clothing 01'bed covers.

---._--
Hyperactivity

0 Normal activity
1 Increased activity level, increased productivity
2 Increased productivity; decreased sleep time.
1 Performs some pU.l'poselessactivity

L<I Frenuent e"isodes of nur"osclc<;~ activit,,; unable to sit still
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durin examination ------

Tremor: Examination of outstretched hands
0 Absent
1 Bardy perceptible
2 Tremor demonstrated readily on examination
3 Marked tremor but able to perform fine motor skill"
4 Hands shake excessively, difficulty performing motor skills.

----_.
\Veakne:.s

0 Normal strength
1 Subjective weakness but with normal tolerance
2 Decreased exerci;e tolerance to near maximal activity
3 Dccrea-led tolerance to stair climbing or arising from chair
4 Extreme weakness such that patient can barely lift objects or

walk un .\tair, --- --

Hyperdynamic precordium
0 Nonnal precordium activity apical impuLqc
1 Tachycardia, 9Dbeat, pel' minute with normal apical impuloe.
2 Tacby('ardia, 90 beats per minute with increa.\cd apical

impulse
3 Tachycardia, J 10 bealS per minute with increased apical

impulse
4 Tachycardia, lID beat\ per minute and c"wtid upstroke both

inereHsed, ~ysLolicoutflow murmUl. -_._--
DiHrrhoe~

0 1 bowel movement (UM) pcr day; fomLed stool
1 2-4 formed BMs per day
2 J -<1loose stoo1>per day
3 4 formed UMs per day
4 4 loose stools er dav' ---_ ..

Appetite
0 Appetite normal, nO weight los>
1 Appetite normal, no weight los,
2 Appetite increa>ed, no weight loss
3 Appetite increased, weight Jos,
4 Appetite decreased, weight loss ------

As>e>smcnt of daily function (degree of incapacitation)
0 Normal (none)
1 Minimal impaim\erlt (10%)
2 Mild impairment (30%)
3 Moderate impairment (60%)
4 Severe impairment (90%)

------
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3.9 Statistical analysis

The sllldy was designed to comparc patients with differentiated thyroid carcinoma

with 'lge and EMI, BSA matched normal healthy controls atlhe lime of enrollment.

Sample sizc was verified at thc hegirming or' stlldy by using online calculator by

Lenth 2000, Iowa University, USA (Lenth RV, 2001). 'ihen two groups of patient,

receiving two prolocol of LT4 supplement were inclndcd. Cardiac morphology and

fliDelion by echocardiograpby and 1:'IT at different time points Were evaluated.

Values were expressed as mean :t SD with 95% eonlldence intervals, StRtistical

analysis was performed by using SPSS, version 13 software packages for windows

[Apache Software foundation, USA]. The two tailed unpaired Student's t te,t was

used to compare basal data between control SLlbjectsand patients group.

One way ANOVA \Va, used to compare all thc clinical, honnone,

Echocilrdiographic and ETI data between paticnts of Group-T and Grollp-Il at first

visit ,md second visit and between two v"its. The posl hoc cllvanales were analyzed

at T\1k~y's HSD (honestly significant difference) [e.lt.

A probability (P) value less than 0.05 was eOll~ide[ed statistically significant,
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Chapter IV
Results and discussion

4.1 Comparison between bllsclil)e data of control subjects and patients wilh

DTC at first follow.up

Patients with differentiated carcinoma of thyroid receive life long LT4 therapy after

total thyroidectomy and radioiodine ablative therapy. LT4 is given at TSH

suppressive dose to keep the patients in subclinical hyperthyroid state. Low level

TSII prevents metastases lowering the stimulus for fol1icu1ar growth by this

hormone (Mazzaferri EL and Kloos RT, 2001). Subsequent fol1ow up strategies vary

according to the patient's individual risk. In patients with differen6ated thyroid

carcinoma, adequate TSH suppression may assure a survival rate of mme than 98%

at 20 years (De Groot et '11., 1990), Treatment schedule or protocol of L1'4

supplement slightly differs from institute to in.stilUte and fWill country to country.

Some inqilute~ have been practicing L1'4 dO.~eat 200 ,llgm/day/patient irrespective

of age, sex, body weight and type of carcinoma for initial 3 months of RlT starting

from 3,<Jday of RlT therapy. Thereafler, L1'4 i.s adjusted with the hormone level>

(FT3, FT4 and TSH) to keep the levels in 1'SH suppres.sive condition. Recent

recommendations by American Thyroid Association (Cooper DS d aL, 20(6)

advocated that patients with high risk thyroid carcinoma are lO he maintained in

suppressed TSH level condition but patients wilh low risk of meta.stase~ are to be

kepl in elllhyroid state with low normal 1'SH level. This recommendation is not

followed Ul\ifonnly in different institutes throughout the world. Patient~ are usually

kept in subclinical hyperthyroid state in which they suffer from some symptoms and

signs of thyrotoxicosis (Biondi B et at, 2000; Hoftijzer He et al., 2008). Long term

administration of LT4 in 1'Sll suppres<;ivc dose has some ill effects on heart such as

increased heart rate, atrial fibrillation, lcft ventricular hypertrophy, systolic and

diastolic dysfUl\ction which in tum increases morbidity and mortality of the patients

(Biondi B et aI., 1993; Klein land Danzi S et aI., 2007; Ladensen PW., 1990;

Ladenson PW, 1993). In several studies, it has been shown that chronic replacemem
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therapy with suppresslve doses of levothyroxine impairs quality Ol life and

psychometric functionality in patient, D1'C (Botella-Cauetero 11 et aL, 2003). The

purpose of the present study was to optimize the dose of L1'4 on the basis of lean

body mas, measured by DLIaI Energy X-ray absorptiometry. Moreover,

pharmacokinetics of 1.1'4 depends mostly on lean body mass compartment as

levothywxine i~ water soluble. The fat mass of body does not contribute in LT4

metabolism. Ihe objective of the present study wa~ 10 optimize the dose of LT4

depending on lean body IlliISSand prevention of cardiac effects due to chrome

overdose of L1'4 in carcinoma of thyroid of low ri.,k gronp.

Initially, 60 consecutive patienl, with differentiated thyroid carcinoma of low risk

gronp between the age gronp of 20-39 year., were enrolled in the present :.tudy. The

control group consisled of 23 age, EM! and BSA mat<:hed elinically healthy

euthyroId volunteer, (Table 1). All patienLSwere given LT4 at dose of 200 I-lgm/day,

commencing on 3rd day of the radioiodine ablative therapy. This therapy is

practiced in our country and also in some institutes of neighboring country India

(Samuel AM, 1999). The dose pattern of L1'4 followed in patient\ Group.j and

Group.II did not differ the conventional dose at the very heginning of the ~tLldy

keeping in mind the risk of development of meta,tase,. Another purpose of this

initial LT4 dosage was to alleVIate po,toperativc hypothyroid state shortly. Though

this initial dose of LT4 keep the patient in TSH suppression less than 0.1 /DIU/rIlL

Moreover, the aim behind the following of conventional dose initially wa~ to

observe the clinical and cardiac parameter:. with same dose of LT4.

Table l. Biophysical ch,meterlstlcs of control subjects and patie"ts

Parameters Control Patients
(n=23 (n=60)
(FIM-13110) (FIM-55/5)
mean + 3D mean +SD

Age (yrs) 30:t5 28 + 6
Weight (kg) 55:!; 6 53 :t 10
Hei teem) 156+6 153 + 6
BSA (m ) 1.53 :!:O.J0 1.48 :!:O.14
BMI (kg/m ) 23 + 2 23 +4
P> 0.05 Control versus patients (no ,ignificant difference)
P <0.05 is considered significant difference
BSA- Bodv snrface area, BMI- Bodv ma.%indeK
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Thereafter, patients were divided into t••.•'Ogroups (Group-I nnd Group-II). In Group-

1, 30 patients received optimiled LT4 dose depending on lean body mllSS and

patients of Group-II continued the same conventional LT4 dose:. After 6-12 months

the nudy pammcters were reported lind compared to sec the differences in tv.'O

groups receiving different protocol ofL T4 dosage IUIdlliso \\ith baseline data offim

visit.

There were no significant differences between patients lind control subjects in terms

of llge, height, weight. BSA and BMI (p>O.05) as shown in (FiG- 14,15 and 16;

Tllble I). Among 60 patients ••.•ith differentiated thyroid carcinomll, 55 were femllie

and 5 were mille, On the other hllnd,llmong 23 health). adults 13 were femllie lind 10

\\~re mille. Biophysical elmrncteristics regarding female to mille mtio in patients of

present study population has rel1ecled the incidence of SCllO pattern of the disease and

fcnale to IIlllle ratio is 9:1 (Mllitm A and Abbas AK, 2(04). In previous studies,

similar sex p:ltterns in their stud)' population have been obsc:n'ed (Biondi B ct Ill.,

1993; Fario S ct Ill., 1995; Biondi B ct a1., 1996; Mercuro G ct ai" 2000; Botellll-

Cllrretero Jl etlll., 2004).

35 u

33 •
-

f 31 ~ ss
IIb -~1J, fso<29

••27

••2' Control Patients
Control Patients

~1s 14, ld\: Mnn '8" In YI!1\l"(yr) and Riam: Mean wtigbl (ks) in control •••bj«:t' and patlenu,
Dill are e.-qnsxd in maln'" SD.



ChtlptalV; Rrsu/~,",,1m'<CII.u"'tI

Agr: 1ltt baseline clinical ehamcteristics lind hormone datil of the stud)' subjects

(helI1thyvolunteers and potients) IlfCshown in TlIblr II. Mean nge of control subject

••••'IIS30*5 yrs (mnge 20-39 }T), ••••.hieh did not differ significantly with patient group

of 2~6 yrs (nlllge-20-39 yrs) (p>O.05) (Fig. 14 llJIdTlIble I). The patients lind

htlllthy controls ••••.ere well ITllllehcdfor nge, height, and weight and body rorface

area. Biondi B c1al., (1993) included abo the patients of )'oung age group having

menn llse 36tll yCflrs. In contrllSt. the author of another stud)' estimated LT4

requirement in population of higher age group, menn age 45: 17years, runge, 22-85

years (Burmeister L el 01.,1992).

160 40

158 35-
Q.156 -•..€ 30- m~ !!>f154

~ 2''" m =I152 20

150 15
Control Plltionts Control Pationts

Fig 15. un: M""" IlL"!ghl(em) and Righi: M..." BMI in wntrot IUbjca. and plliem. 0.1. are expre$OOd

!ll11lt'l.D '" SD,

lIelRhl: Subjects of control group showed mCfll1height of 156-*6 em (muge, 145-

168 em) and in patient group it "'lIS 153 % 5 em (mnge, 139-170 em) (Fig.15 nnd

Table I). Range of \Wight nnd height of the population of the present study wns

lower than other studies been1JStthe previous studies were performed in white

people of Imly, their people nTem1Jerand have more Wl:ightcompared to people of

Bangladesh (Biondi B et Ill., 1993; Biondi B et nl., 1996; Biondi B et til., 2000 nnd

Fazio S et 111.,1995).
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Weight: Control subjects and patients with carcihoma of th)Toid showed

comparablc mean weight in the present study. The mean weight of control group

was 55:1:6kg (range, 40-63 kg) and in patient gl'OUPwas 53:1:10kg (range, 33.70 kg)

(Fig. 14).

Subjects of control group and palienlS have similar Sedenlary lifestyle. In the present

study, during selection of age, BM! and BSA matched control sLlbjects, persall.'; with

significant physical activity have been deliberately avoided because they could have

differed in exercise capacity and cardiac paramcters (Daimon S et al., 2008).

In the present study, paticnts with diffcrcntiated carcinoma of thyroid were

conseculive]y selected from younger age group and age and BMl matched control

were recruited. These patients are supposed to receive LT4 for prolonged period of

time throughout lheir life, so optimization of dose of LT4 is necessary to mainLain

the quality of life preserving norma! cardiac function avoiding chronic expo;ure of

slightly higher dose ofI.T4 (Biondi Bet aI., 1996; Biondi Bet at, 2000, Biondi B.,

et al., 2002; Caro DE et aI., 2006). Other reasons to select the younger age groups

were to avoid any exisli~g cardiac problems and also to avoid chronic diseases :.uch

as diabetes mellitu:.; asthma and any kind of disability affecting the different

pllfameters of the present study.

llMl: Calculation of EMI (I'll! Ht m'), (Green B & Duffull SB, 2004) bctwcen

control subjects (mean, 23:tJ kg/mL
, range, 17-26 kg/m2

) and patients group (mean,

23:1:4kgfm2; range, 15-31 kg/m2) showed similar EMI (23 kg/m2). This calculated

value of EMI is within nonnal range (Green B and Dufful SB, 20(4). However,

seventeen patients of thc prcsent study population were over weight (BMI ranged

from 25-29 kgfm"). Prevalence of obe~ity i.~20% in USA, UK and Australia (Green

Band Duffull SR, 2004), Lower prevalence of obesity was noted among young by

Santini }' et al., (2005) when they compared YOlUlgversus middle aged adults in

their study, Similarly, only four obese patients werc noted among 60 (6,6 %)

patients in the present study whieh is lower than developed countries but in

agreement with the observation that yOllng age group has low percentage of obesity.
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Control Patients

Fl!!. 16 Ilody ..,rCaceItCI (8S"') in commIlllbjecl, Inc!potiem, It fimvim.

BSA: Calculation of body surface ~ (BSA) -Total body \\~ight (kg) Q.H~" Ht

(m)"'m " 0.007184 derives from height and .•••'Cight measurement of study subjects.

Comparnble .•••.eightllnd height in control subjects and patients groups in ,he present

~udy showed similllJ BSA liS the}' nn: derived from ~ud}' subjects of similar height

nnd weight (control. BSA, mellTl 1.53;10 0.10 ml; range. 1.32-1.72 ml). (patient,

BSA, mean 1.48 * 0.13'm2; mnge. 1.18-1.8 ml) (Fig. 16). Mean BSA of Jllpanese

men bdwccn llge group 20-39 )'eIIJSWB5 1.8 :to.1 m! and thBt of women \\'llS 1.5*0,1

ml (Daimon Seta!., 2008). 1be BSA offema[e coolrol subjects of the present srudy"'¥

was comparable to Japanese healthy adult female. They ha\'e evalual~

Echocardiogmphic parameters in ~ratilied age groups in healthy Japanese adults

(Daimon Setal., 2008). In this .•••1Iy. Echocardiographie parameters of the present

~udy could be standardi1.ed .•••;th abovementioned ~udy conducted on Japanese

population as having similar BSA,
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F;g 17, Mean FT3 and FT4 levels;n control subject! and pati""t, at first visit.

4.2 Hormone data and Symptom Rating Scale score in control subjects and

patients at baseline

Control subjects showed serum 1'T3, FT4 and TSH within nonnal reference ranges

All patients who received LT4 on conventional dose (200 1Jt,'IIl Iday for initial 2

months) showed high FT3, FT4 and suppressed TSH, Significant differences

(p<O.OOl)were noted in honnone status between control subjects and patient group

(Fig. 17 and Table ll).
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Tabl. II, Clinical cbaraclensllcs and hormonal stalUs of COlllrolsubject.> and patients at first ,isit.

Parameters Control Patients
(n~23) (n=60)
m "SO m "SO

Pulse ill 76,,5 94,,12*
SSP (mmH') 117,,6 115,,8
DBl'mmH 72 ,,3 76,,10
SRS 1 • 1 8,,1*
FT3 mollL 5.3 :1:1.04 9,5 ,,0,66*
FT4 mollL 17,13:1:3.12 28 55,,2.56*
TSH mlU/L 1.95,,0.42 0.08" 0,017*
• 0.05 Control versus patients

110
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~• 85
!!J,
"- 80
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I -1 I

I I
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Fig 18 Mean pul," rate in control subjects and patient> at first visit

DR (heart rate): The above mentioned Table II shows pattent group had higher

mean restlng heart rate 94 ,,12 bpm compared to heart rate of conlrol subjects (HR,

mean 76,,5 bpm) (*P<0.05) (Fig. 18).
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Fig 19. Me"" Symptom Rating Scal. score i" control subjects and
p"-tient< at fi"t visit,

SRS (Symptom Rating Scale): SRS score was significantly higher in patients

compared to healthy controls. In control group, SRS was 1,,1 and in the patient

group SRS 8,,1 who received LT4 at TSH suppressive therapy (200 IIgm/day)

(Fig, t 9). Increased heart rate,1palpitations, heat intolerance, lUIXietytremor and

nervousness were more eVident features among patients and these symptoms are

similar to those present in hyperthyroid state. These findings of current study were

comparable to Biondi Bet al, (2000), in their study, the study population was kept

on to endogenous subclinical hyperthyroid hormone for alleas! 6 months and in

agreement of findings of another study by same author and his associates (Biondi B

et a!., 1993).
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FiB. 20. Left' Mean sap and Right. MeanDBP in cOnlml.ubject' and patients at fir'l ,isIt.

SBP and nBP: Systolic blood pressure (SBP) and diastolic blood pressure (DSP)

did not differ in patients group and the control subjects at first visit (Fig. 20,), These

findings were in agreement with the study where patients \vith carcinoma of thyroid

showed signil1cantly hlgher heart mte (HR., patients; 8lH- 10 bpm, control, 7lH-9

bpm), they rcceived LT4 dose at mean, 163 :I: 34 IIgmiday (2.5 0100.5!-!gmlkg/day)

(Soindi B et aI., 1993).

4.3 Levothyroxine dosage

To reach the goal of attaining low TSH level (0.04-0.1 mIUJ1.) and FT3 and FT4

within noImal range, the dose of LT4 was optimi>:ed on the basis of lean body mass

of each patient of Group-l at first visit. After 3 months repeat hormone assay of

Group-] patient showed that LT4 dosing at 3.5 to 411gm1kg / lean body mass (mean

dose ofLT4 per day was 131:1: 23 !-!gm/day, range 120-220 !-Lgmlday),was optimal

to obtain normal thyroid hormone levels (FT3~5.5 pmo1'L, FT4-17.9 pmoVL and

expected TSH level (0 1:1: 0.01 mIUlL). This dose was comparable as dose ofLT4

based on lean body mass by DXA in a previous study (Salini F et aI., 2005), There

are several recommendations abont requirement of daily dose of LT4 based on total

body weight. It ranged from 2.2-3.0 !-!gmlkg in different previous literatures (Fig,
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21) (Biondi B et aI., 1993; Biondi B et aI., 2000; Burmeiester LA et aI., 1992 and

Fazio S et at, 1995).

If arbitrarily 3 IIgmIkg total body weight/day was conside,ed in patients of Group-I

of the present study, then the daily do,e would have varied in the range of 111-210

IIgm/day (mean 156"= 27 IIgmlday). Thi, mean dose of LT4 is quite high compared

to daily dose depending on LBM in the prescnt study and also in a previous ,tudy

by Santini F et at, (2005) in which daily dose of L1'4 wa, calculated on thc ba,is of

LBM.

It is a matter of great concern; the physicians of our COlllltryhave been practicing

200 flgmlday dosc in po,t radioiodine ablated patients with DTC. This dose pattern

is of irrespective of age, ~ex, body weight of patients and classification of DTC, This

dose (200 J-lgm/day) appear~ higher in low risk group of O1'e, YOWlgpatients having

rclatively low body weight. In our neighboring country India, physicians have bcen

practicing 300 II gmlday dose of L1'4 as initial dO.lc, though 100 j1 gm rcduction~

(200 II gm/day) is advised far older pali~nts with cardiac problems (Samuel AM,

1999).

1be dose of L1'4 is based on total body weight (TBW) increa~e lincarly with the

ineremelll of (TBW) (Burmei~ter LA et aI., 1992) as shown arbitrarily in Fig. 17 in

patients of Group-I. BMI always depends on fat accumulation (Andreoli A et aI.,

2009; Green B and Ouffull SB, 2004). Fat mass has no role in deiodination of T4 to

1"3, rather depends on lean body mass. It is known that 1'4 is deiodmated to aetive

hormone T3 in liver, muscle and kidneys and to reverse T3 in skin (liver, muscle,

kidneys and skin are included in lean compartments of body composition). On the

Oth~I hand, lean body mass does not increase linearly with the increase of body

weight, which depends mainly on muscular activity and individual body build

(Santini F et al., 2005; Andreoli A el aI., 2(09). As shown in Fig. 21, remarkable

nonlinem:itylfluduations of doses of LT4 werc noted in LBM based dosing with

small difference of total body weight. If one could lessen minimum 25 II gm/day by
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giving dose of LT4 on LRM, severnl adverse dfects would M\'e been avoided

(Biondi R et aI., 2000; 8oIellll-ellrrdl:ro 11et Ill., 2004; 10nklaas J et Ill., 2008).

Dally do.e of LT4 on the b•• 1sof TBW, LBM .nd convontlon.1 do••

m~

t~~
•,.~
s
5 .~,
• ••••
"• •••• .~•
~~

------__ "'"u•••••••

P,~"~G~~U.~~~~M,M,M,~"=~
T1JW of •• "h patlolnt In kg

fig, 21. Diff....,nt linn In gnopbaf" mm.ing lbe daily <leserequimllcnt of L14 in each
PI"~ witb di/f<nmiated thyroid ClmTICm. of low rilk (Gmup-l) to main TSIII"",l
range (}()4.O.1 mJUIL Yellow fine i, dtpiClina lbe daily dose hsocd on kan body man {4
I' ~Ml. blue tioc incliell'" if"'me po.tiCfll,af" gi\= mitrarily I.T4 II 2 S I'
gm'kgI TBW aocl gr«n line indi<:elC"daily dose baocd arbitrarily on tOlld body wright
(orbitrm)',3 I' gm/kjflllW) Purple line o.howJ find dose of 1.14 al 200 I' gmlday
(c:or,,"mlional)

If instead, 2,5 IIgmlkg /TBW of LT4 was considered in p:nientS of Group-I, then it

would hnve bc:c:n 130i 22 1Igm1day (rnnge 93.175 IIgm1d11y),which also im:reasc:d

linearly with body weight. The authors (Santini F ettll., 2005) recommended in his

study tMt patientS ",ith higher body weight comparnlively are 10 be prescribed low

dose: (1.8 j1gm!kg JrBW) compared to patients ••••ith low body "'l:igltt (2,56 :!.oS
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l-Igm/kg ITBW) considering high fat accumulation in obe,e patients (analysed by

DXA whole body composition).

Mild increment of LT4 dose may cause fall ofTSH lcvel mildly to subnormallcvel,

conversely a decrease in dose by 25 1-'gm caused the rise of the TSH level in almost

in all subject, to above nonnal range. A physician should not be overzealous to

prescribe any drug strictly following the single dose method for dosing. Beeau~e, he

should also consider other influencing factors on the pharmacokinetic~ of drugs,

TheTe are several known factors that may affect the dose of LT4. Absorption of LT4

may be interfered by certain drugs such a.~ chlcstipol, cholcstyramine, ferrous

sulfate, aluminum hydroxide antacids and calcium salts. Admini,tration of LT4 and

the above mentioned drugs at diffeTent time und readjLlstment or their dosage may

solve the problem (Sawka AM et aI., 2009). Soya protein and high fiber diet may

inhibit LT4 absorption. Other drugs, such as phenobru:bit~l, pbenyloin and

curbarnazepinc and rifampicin may accc1cratc the metabolism of LT4. In case of

celiac sprue and malabsorption dose of LT4 arc to be increased (Sawka AM et aI.,

2009),

Table 1Il, Echocardiogwphlo data of left ventricle in cuntroi ,ubjoct' and patient group

Parameters Control Patients
(n=23) (n=60)

mean +SD mean +SD
NST(mm) 8 ,] 7 ,]
PWT (nun) 8 :!: 1 8'1
LVIDD(mm) 43:!: 3 44 :!:3
LVIDS (mm) 28:!: 2 2R:!: 2

EF(%) 66 + 4 65 +4
LVM(gm) 103 + 21 98+17
LVMi (gm/m) 68 + 12 66+10
FS (%) 34 +3 35 + 3
mVCFe (cir/see) 1.12 + 0.12 1.22:!:O.18*
Peak Aortic 89 + 9 101 +17*
Velocity (em/sec)
ET (m,) 300+18 288+ 19~

~p<O.05 control subjects versus patients
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In case of pregnancy, common recommendation is to increase dose of LT4 up to

30% and then adjost sequentially depending on TSH leveL Finally, dose requirement

may slowly decline with age in tum which is due to decreased lean body mass in

older people (Green B and Duffull SD, 2004). 1bere arc some evidences that

suppressing the TSH levcl below 0.1 mIUIL has no additional benefit in treatment

of patients with DTC of low risk group (Lameloi<;c N ct aI., 2001; Hoftijzcr He et

al.,2008).

4.4 Echoeardiographic data in control subjects and patients at first

follow-up

On M mode echocardiography, IYST, P"WT,LVlDD, LVJJ)S of left ventricle were

measured in patient groups and conlrol subjects at first visit as shown in Fig. 22 aud

Table III Interventricular sepl.lll thickness (lVST, control, 8:tI and patients 7:tl, P >

0.05), left ventricular posterior wall thickness (PWT, control, S:tl mm and patient,

8:tl mm, P>O.05), internal diameter of left ventriclc during diastole (LVlDD,

control subjccts, 43 :t 3 mm and paticnt<;44:t3 mm, 1'>0.05) and internal diameter of

left ventricle during systole (LVlDS, control subjects, 28 :t 2 mm and patients group

28:tl mm, 1'>0.05), left ventricular ma.% (LVM, control suhjects, 103:t21 gm and in

patients group, 98 :t 17 gm, 1'>0.05) and left ventricular rna." index (LYMi, control

subjects, 68:t12 gmI m2 and in patients group 66 :t I gmlm2; p> O.OS) were

comparable in control subjects and patieots group_
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Fig. 22. Compari,on basic Echoc.rdiographic data in control subjects ""d patients at first visit

Measurements ofIVST, PWT, LVJDO, LVIDDS, LVM and LVMi (Figs 22 and

23) in control subjects of the present study were comparable with the same

parameters in Japanese female healthy adults of same ages (Daimon S et aI., 2008),

Ejection fraction was comparable in both control subjects and patients group (EF%,

control subjects, 66-"4%,patients group 65I4%; p>O.05) (Fig. 25), ejection fraction

rather mcreased initially in hyperthyroid state, so this similarity of data of patients

with healthy adults were understandable (Klein I and Danzi S, 2007).
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Fig. 23, I.d\:Mean .mriculu musand Right: Ldl.mriculu rna•• intk:< in contm1 •••bjects and

patient. at flf1l visil

No significant differences were found bet••••'eeTlcontrol subjects nnd p:llienlSgroup in

fmClion shortening (FS, control subjects. 34i3%; plItients group. 35i3'i; P>O.05)

(Fig. 24). Significant differences were observed between control subjects and

p:ltients group in peak oonic ,'elochy (pAV, control subj~. 89:<9cmlsec; p:ltients

group- 101:U7 cm lsec, .p«),OJ) (Fig. 26), heart mte adjusted circumferential fiber

shonening (mVCFc, control subjects, 1.12:<0.12circumferences/sec; plIticnts group

1.22M,18 circumfercnces lsec•• P«),05) (Fig. 24) and ejection time (hi, control

subjects, 300t 18m sec; patients group, 288! 19 m sec, .P«).05) (Fig. 26 and Table

111).lbere were no morphological changes in heart in the patients group lit first visit,

which may be due to short duration of LT4 exposure though slightly higher

(statistically significant .p«).05), peak aonic velocity and mVCFc were noted.

Decreased ejection time of potients al this time point can be e.xplained by h)lll:r

contmctile sUlteofttle heart muscle on LT4 themP)' (Haider AW eta!.. 1998; Klein I

and Danri S, 2007; LIIdcnsonPW, 1993)
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Fig. 24. Left: Mean fraction ,!K>rteDing(FS %) and Right: mean velocity of circumferential fiber
shortening (mVCFe) in control subjects and patients,

All di3510lie parameters measured by Doppler Echocardiography are shown in Table

IV. Early waslolic flow velocity (E) through mitral valve in both groups (control

subjects, 75.010 em/sec. patients group, 80,,16 em /sec, p>O.05) were observed and

found similar (Fig. 27). They were matched with the nonnal range (E, 77-lc15 cm

Iscc) of Japanese population shown in the study by Daimon Setal., 2008.
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Fig 25. Ldl.: Mean ejecHon fracrion (EF %) R!1lb1:lsovolunllc relaxation time (lVRn in coTrtrol
subjecrs and pauents a! first VIsit

Late diastolic flow velocity (A) through mitral valve was increased in patient groups

and it was statistIcally sib'Ilificant higher than control subjects (A, control subjects,

44oi5 cm! sec; patients group, 56:010 cm /sec, ••p<O.05) (Fig. 27 and Table IV)

(Fazio S et ai, 1995; Mmtz G et aI., 1991). Late diastolic flow velocity, A wave of

control subjects was observed similar 'with the normal range (A, 45oiJO cm /sec) of

Japanese populatIon found in the study by Daimon S et al 2008.
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Table IV. DintDlic fllllClion ~en cwlumcd by Doppler
Ec:hoc:ardiogr.phy .!'ld tissue Ooppler ima.s:ioa in ~ontroI5Ubjcctl and p'UM' It
lirll visit

PllI1Imetcrs Conlml PatiClllS
(n-23) (n-.60)
mean ",sd mean :10M

E (cmfs) 75 :i8 80:1016
A (cmfs) 44 ., 56:1.10-
FlA 1.7:10.3 1.5:1:0.3-
IVRT m, '''6 79:i10-
Del ms 17HI9 151:1018-
Tci index 0.32:10.05 0.33:1:0.08

LlItcrol mitml annular
Em (cmfs) ,m 22:i-5-
Am (cmls) 9",1.6 15:i5-
EIEm 4010,8 4:1:1-

Mod Tci 0.33010.04 0.31:r0.05-
-P<:0.05 significant difTcn:nce bct••••'C'CDCODlml subjects versus
patient group
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Fig, 27, Lell, Mean early diastolic velocity (E em 1=), Right Mean late di.stolic velocity (A em/sec)
In control subjects and patients at first visit

FJA ratio was significantly (*p<O.05) decreased in patJents group at first visit

compared to control subjects (Fig. 28 and Table IV) may be dne to comparatively

high A value in patients of the current study. Decreased deceleration time is noted in

patierrts compared to control subjects (Oct, control, 173.,,19 msec, patients, 151"=18

rosel', *p<O.05) (Fig. 28 and Table IV). This decreased deceleration time is due to

hyperthyroid slate in patients on LT4 replacement causing hypefC(lntraetilility of

hear\. It has been mentioned in previous literatures that thyroid hormone cause

decrement of E wave due to mpid heart mte and decreased ventricular filling due to

low distensibility (Fazio Setal., 1995;Haider AWet aI., 1998).
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Fig 2.ll l.d\: FJA ntio tnd Rigbt: Dttderation time (Del m.ee) in tonlrol and patidtls at flISlvisit.

There WlISincrement of A Wll\'l: leading to decreased FJA rntio (Fig. 28 and Table

IV). It YoU no\.able that these features were IlppenriDg in the present study even

within (his shan period (6-12 morllhs) of LT4 replacement thempy. By observing

similar findings (dillSlolic dysfunction), Biondi B et nl., (2000) advised to take

caution ,,"-tim prescribing LT4 thempy. Tei index which is considered recently lhe

pammder 10 measure the S]o~olie Bnd dillStolic perfomLllnces of heart (Kamtzis EN

et aI., 2009). It "'lIS mCllSured in control subjects nnd patient, group showing no

significant differrna: (Tei index; control subjects, 0.320< O.OS;plI1icnts group, 0.33010

0.08, P>fJ.05) (Fig. 29 and Table IV). This p:unmdcr dqx:nds on isovolumic

relllXlltion time (IVRl) (Fig. 25 lind Table IV) (Kllmtzis EN et llL, 20(9) and this

reltl.ution lime is de<:rensed due 10 hypercontrnetility of helIn influenced by LT4

thcmp)' (Haider AW d n.I.• 1998; Klein I and Dlmzi S. 2(07)
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Fig_ 29, ldl: Mean Tei index and RigIIt: Mean FJl!m in controIlOJbjeeu and palients II fil1l visit

Previous studies have sho••••'Jl thaI chronic cxposure ofTSH suppressive dose of LT4

!hcmpy ClIn induce cardiac 5lrutlurall1!monnalities, such as incrensed IVST, PWf

and CIlrdiachypertrophy (Biondi B CI01" 1993, Ching CW et pI" 1996). The absence

of significant ClIIliiac morphological ch:mges in patients of !he presenl study might

be d~ 10 shol'1 period of TSH suppressive LT4 lhenlpy (maximum one yeaT) in

oontrn5110 others (6 months uplo 9 years) (Biondi B claL, 1993)

Paramctcrs Control Patients
(n"23) (n-6O)

menn:tSD mean*SD

~i~HR beats/min 171 :tIS 17S:t12
SBP mmH 155*18 145*14
DBr mmH 95:1:5 '''''MF.TS 12:t1 10* 1-
Double oduct(XI03 27:t4 25:0: 4

Duralion of excn::isc mm 10:0: I 9:0: 1-
-1'<0,05 conlrol $lIb"eets =5 lien!s ,
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4.5 Exercise Tolerance Test in control subjects and patients at fint

follow-up

Exercise Tolerance Test (ETT) was done at first visit in control subjects and patients

group, ETI was terminated when complaints of scvere fatigue or attainment of

maximum predicted heart rate The data of ETT have shown comparatively less

metabolic equivalent (MET) in paticnt~ group compared to control subjects (control

subjects, 120101vs patients group, 10010I; * p<O.05) (Table V). Although this range

of MET in patients group was within normal perfOmlance of exercise capacity, still

it was considered as decrement of capacity in young adults. Duration of exercise was

9"= I minute in patients group compared to control subjects 10"= J minute (Table

V).

mwelght
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Fig 30, Total body weight and lean body mass as measured by dual energy absorptiometry
(DXA) in patient' of Group.l

4.6 J.ean body mass in patients of Group-I

Total body weight and lean body mass of patienls of (houp-J are sho\','JI in Fig. 3D.

Excessive fat accumulation increase BM] value and so increment of LT4 dose would
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Chapter IV: Results and Discussion

be required as TBW based dosing system, However, they may need the same dose to

attain the same TSH value as in lean subjects. In this context, lean body mass as

• assessed by body composition analysis ofDXA appears as the best correlate ofLT4

daily requirements, whereas fal mass has little or il\l effect (Santini Fetal., 2005).

Lean body mass meaSlJfemenlis s!lpenor to other ~easures of body size as predictor,
of dosage for many drugs, It is well knOV\1lthat most of the metabolic processes

occur within this body compartment (Green Band Duffu1J SB, 2006; Fazio et aI.,

1995). Comparative TBW and LBM were shown in patients of Group-I (Figs. 30

and31,)

60 ,---------------

•
60+-------------

•• •
•• : 1'.••••.,.

~40
d-

E
E 30+--------+c

i
~ 20+-------------------

10+--------------

,+---~-~--~--~, 20 4'
Total body weight

60 80

Fig 31 Lean body mass and tOlal body weighl in palients ofGmup-I
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Chapler IV: Results and Discussion

Table VI. Clinical characteristics and hormonal status of patients of
Group-I & Group-II at fi~t and second visits.

Parameters Group.1 Group.II
(n=30) (n=30)

mean:!: SD mean + SD
At first visit Atsccond At first visit At second

visit visit
Pulse (bpm) 95 :!:II 87+14* 93 + 12 JOO+20 1"*
SBP(mmHg) 116:!:7 114+7 114+9 119+8
DBP(mmHg) 77 + 5 75+7 76 + 5 78 + 4

SRS 8.:tl 2:!:l * 8.:t1 8.:tl :j:

Ff3 pmoliL 9.4 :!:0.7 5.5:!:1.3* 9.6:!:0.6 10.1.:t0.7 :j:

FT4 pmolfL 29.5 + 2.9 17.9+1.9* 27.56 +1.6 27.4+0.94~
TSH (mIUIL) 0.08 + 0.04 0.1 + om * 0.0 8 .:to.OS 0.09 :to.OS :I:
• p<0,05 Group-} vs Group-I between fm:t and second visits
• t p<O.05 Group-II vs Group-IT between fi~t and second visilS
• :j: p<0.05 GrouD-I vs Group-II at second visit

4.7 Comparison of different hormone and clinical parameters of patients of

Group-I and Group-II, at first and second visits

Dose of LT4 and hormone data: Arter 3 rnonth~ of first visit repeat honnone assay

of Group.l patient showed that LT4 dosing at 3.5 to 4 Ilgmlkg / lean body rna,s

(mean dose of L1'4 per day ",as 131 .:lo 23 J-lgrnlday, range 120-220 J-lgm/day), was

optimal to obtain normal lhyroid hormone levels (FD-5.5 pmo1'L; Ff4-!7,9

pmo11L and expected TSH level CO.l:tO.Ol mIUIL). PalienLS of Group -I showed

high serum FT3, PT4 and low TSH when they were on conventional dOi>eof LT4 at

first visit and after optimization hormone levels were within normal reference ranges

(Fig. 27 and Table VD. All patients of Group-II who received LT4 on conventionul

dose (200 IIgm/day) for initial 2 months and continued subsequently showed high

FD, FT4 (Fig. 31) and suppressed TSH levels (Fig.32 and Table VI). Significant

differences (*p<O.05) were noted in hormone levels of Group-I and Group-II at

second visit. Optimization of LT4 dosc increased the TSH level at sccond visit of

Group-l patients. Thyroid honnones data were at I1rst visit versu, second visit, Ff3,
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Chapler IV: Resu/ls and Diseuss;on

9.4:1: 0.7 pmollL Vs 5.5 :!:1.3 pmollL, .p<O.05; FT4. 29.5:!: 2.9 pmollL Vs 17.9:!:

1.9 pmollL, *p<O.05 and TSH, 0.08 :!:0.04 mlOn. Vs OJ :!:0.1 milllL, *p<O.05)

(Figs. 31and 32; Table VI).

HR, SBP and DBP in patients of Group-I and Group-II at first and second

visits: Table VI shows mean resting heart rate of patients of Group.1 was 95:!:11

bpm at first vi,it and it dccreased to 87:!:14 bpm (*P<O.05) at second visit after

optimization of do,c. Subsequent increment of pulse rale wa, noted in patients of

GrOLlp-lTat second v;<;it (first visit, 93:!:12 bpm, at second visit 100:1:20bpm) (Fig.

33). SBP and DBP did not differ in patients of Group-I in between visits (Fig. 34).

Slight increment of SBP of DBP were observed, but it was within normal range in

patients of Group-II at second visit (SBP, at first visit 114:!:9mmHg; at ,econd visit,

119:!:8 mrnI.lg) (Fig. 33). These findings were similar to findings of other study

where patients with carcinoma of thyroid received LT4 dose 176:l: 20 J-lgm/day (2.8

:!:0.28 J-lgmlkgfl"BW) and mean body weight of patients was 63:!:7 kg (Boindi B et

al.,1993)

SRS: Score of Symptom Rating Scale (SRS) showed a significant clinical

improvement (SRS, Group-I, at second visit 2:!:1, at first visit 8:!:1. *P<O.05) of

patients who received optimized dose (132:l:23 J-1 gm/day) of LT4 at se<;ond visit as

shown in Table VI compared to the patie.nts who rcceived in conventional dosc of

LT4 at first and second visit; (SRS, Group-II, at first and second visit, 8:!:l).

Optimir.-ation of LT4 dose showed expected influence on blood levels of 1"1'3, rT4

and TSH ,howing normal levels of IT3 and FT4 and low level of TSH. After

optimization of LT4, sign, and symptoms of hyperthyroid state Were alleviated in

patients of Group-I. On the other hand, patients on conventional dose showed levels

ofFf3, FT4 in thyrotoxicosis levels and TSH was in suppressed level. Biochemical

finding, of increased 1"1'3, FT4 were also evidenced by their clinical signs and

.<;ymptomsof thyrotoxicosis in patients of Group-II (Fig. 32 and Table VI)

73 .'{



Cllilpter IV: Rr:wlts Dlld I)lsl:usshm
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Fig 32. Ldl: Mean m andRight: FT4 in pMkmJ ofGroop-I and Group-II in fin! visit

and seeond visits

1111 G rou pol 00-"• Group-ll "0-,
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Fill- )). Ldl: MClIn TSH and Kigln: Mean Sympl<>m Ralins Score in JlIIIIem. ofGmup-J and

Gmllp-lJ II difTcrtlll mill

Symptom Rilling Seale score significantly improved (SRS, Uol) after Optimil.ntiOn

of LT4 dose in JIlIlicnls of Group-I compared 10 Scm~ of Group II III second visit

(Fig. 32 and Table VI), Excessive LT4 replacement prodllC1:signs and symploms of

hyperthyroidism lind patients continWllly sutTer from impairment of emotiofilll nnd

physicol health (Hoftijzer He el nl., 2(08). It is now clellr from previous published

datn and from Ihis study thaI TSH suppressive dose of LT4 inevitnbly produces
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alterations in cardiac morphology and function that may worsen quality of life

(Fazio Setal., 1995;Hoftijzer He et at, 2008).

,'" .'.• •• ,• " ,
•, •

" "'110

""
'"

"
'"

GOroup-1
III Oroup-ll

Firstvisit Seoond visit

"0

"0
FIn! villi

ISGroup-l
• Group~1

Secood ",lit

Fig 34 Left' Mean pulse rale and Right: Mean systolic blood pressure in palients of Group-J

""d Group-II

Increased heart rate, palpitations, heat intolerance, anxiety, tremor and nenrousness

were more evident features among them and symptoms similar to those present in

hypcnhyroid state (Klein I et ai, 1984; K1em I et ai, 1988; Ladenson PW, 1990;

Geffner OK et at, 1992 and Cacclatori V et aI., 1996) This finding of current study

was comparable to the study performed by Biondi B et aI., (2000), in their study

patients were exposed to excessive endogenous thyrOidhormone for short time and

effects on heart were observed subsequently.
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iii Group-I
• Group-ll
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~

'"E
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~••C
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~,...b,

Second visit

Fig. 35. Mean diastolic blood Jl1"C',urein patient.s of Group-l and Group-ll al differem

vi,it,

4.7 Comparison ofEchoeardiogntphic and EIT parameters of patients of

Group-I and Group-II, at first and second visits

Echocardiographic data, In patienls of Group-I, Echocardiographic data obtained

from left ventricular M mode measurements such as IVST, PWT, LVIDD and

LVIDS were comparable between first and second visit (Fig, 35 and Table VII)

This may be due to short period of observation. Cardiac anatomical changes such as

increment of wall thicknesses were found after prolonged exposure of LT4 at

suppre,sivc dose in other studies (Biondi et aI., 1993;Biondi et aI., 2000).
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Table VII. Echocardiographie data of left ventricle in IXltientsof Group-I and
Group-Jlnt first and second visits.

Parameters Group-l Group-H
(n-30) • (a-3D)

mean *-SD mean oioSD
At first visit At second AI first At second visit

\;sh visit
rvST mm ,., ,.,

" 1 ,. ]

PWT mm 8. 1 8.] ,. ] 8.,
LVIDD ~ 43 oio3 42*-4 44*-3 ""LVIDS mm 28*-2 28 *-2 28:l: 2 28 oio2
EF % 65%4 650105 66" 66.trf=LVM 980i017 96 :l: 18 99:l17 110:1015 +

LVM~ 66 oio10 65 :I: 10 66:t 10 74 :1:10
FS % 340::3 34 :1:4 35:l: 3 39:l: 3 t
mVCFe 1.21 *0.2 1.16:1:0.22 1.23:1:0.14 1.42:1:0.18t:
I(cir/il«-l
PenkAortic 102:1: 16 94:1:12 99 :I: 16 102:1:JJ

I ~~Ioc~,mI=
ET m= 291:l: 19 284:1. 24 286 oio19 27401026

+p <0.05 Group-I between first and second visits
t p <0.05 Group-II between first lind second \;sits,
: p <0.05 Group-l \'eT'SUSGroup-Illlt second visitsL..i1 <0.05 Gro~n-Illt first \;sil vm;us Grou Hilt second visit

10,
-,I,t,
•

GGroup-l
• Group••1

First visit Second visit

IiIGroup~,,
7 - --
E's'
~..,
~3
2
1

0 -
First visit Second visit

Fill- 36 l.cn, Mean pm:I.eriorwaillhickness (PWTl, Righl: Mean inttrmllrio.l!., oepl.l thick~,
(IVST) or""" pMicrn. gRIIIP' ~ lWOviJit.
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Chapter IV, Re."u/tsand Discussion

Observing these data it can be assessed that deterioration of cardiac morphology can

be mmimized by optimization of dose of LT4 which are keepmg with findings of

preVIous studies (Fazio et aI., 1995; Mercuro G et aI., 2000). IVST at first and

se<:ond visits of Group-II patients was comparable. PWT and LVIDD were

significantly higher in patients of Group-II at second visit compared to first visit

(*p<.O.05) (Fig. 36).

47

"-"144-043o
~42
41
40
39

IiiJGroup-I
• Group-II

"32
"""~"e">~24
22

20

If"
I

First visit Second visit First visit Second visit

Fig, J7. Left: MeIII1left ventricular internal dlameter during dia,tole (LVIDO)
Right: Mean left ventricular internal diameter during "Y,wl. (LvmS) in pati.,.,,!, of Group"!
and Group-n at first and second vi,its

No change was found IIILVIDS, ejection fraction between patients of Group-I and

Group-lJ between first and second visits (Fig. 36 and Table VII) It can be explamed

by the basic pathology causing cardiac alteration by thyroid hormone mentioned by

other authors that ejection fraction remains unaffected for a period of time as

contractIltty of myocardium is increased and systemic vascular resistance IS

decreased in hyperthyroid condition (Haider AW et aI., 1999, Klem I and Danzi S,

2007), It was found that left ventricular mass (Group-H, second visit, 110"= 15 gm

(range, 83- 148 grn), first visit, 98"= 17 gm (range, 70- 143 gm), *p<O.05) and left

ventricular mass index (Group -II, at second visit, mean, 74"= 10 gm/m:!, range, 59-
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97 gmiml; at first visit, mean 66 ,/0 10 gmIm2, range, 51-97 smfm2, (.p<O.OS) M

sho•.••-n in Fig. 37.l1nd Tnble VII were signifiCllntly different at first.lllld second \'isits.

It 1m!;been interpreted that left ventricular mMS increment reflects !he integrated

nth-ersc: effects on !he hean of increased hemodynamic load and \'lIscular damuge

and predicts subsequent mortality. There is increase the risk of sudden death due \0

incre~nt of left \'entricular mass l:\'en not exceeding hypertrophy threshold

(Devereux RB, 2004; Haider AWet nl., 1998).

1m Group.!
• Group.!l

"
."
'i•-70
~
"
••
••

Flr1:tvl,1I Second vllit

Fig lB, Ld\: Lfll vmtrieular mas, (L \'1>1).lId Righl: Ld\ ,"elltriaJ1M III•.•• iD!e:<
(L\'Mi) in no" 8J'lUP' II t"" vUiI.

In the present study, signifiCllnt changes were obse",ed in patients of Group-II .lit

second visit regarding their eardiac morphology and functions. Increased LVM,

LVMi, FS~~and mVCFe were also observed in paliC11ts•.••ith DTC receiving LT4

reponed by Biondi B et nl., (1993) in their $Iudy.lt is remnrkable that the period of

exposurc of LT4 ••••'lIS shoncr in present study (6.12 months), whereas similnr

undesirable cardiac: effCClSwere nlso observed where period of e.~posure of LT4 to

patielll!i \'lIried from 1-9}'n (Biondi B ct nl., 1993). Cnrdinc hypertrophy ind~ by

thyroid hormone excess mny he due 10 increment in t01ll1mYOClIrdialprotein which

is indirectly medinted by incruse in cardinc workload (Biondi B el nI.1993)
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Fig, 39, Left, Mean fraction ,bonening and Right Mean hean rate adjusted circumferential fiber

Bhonening in patients ofGroup-ll1Ild Group-II at fIrsl.nd second vi,its

FrlU"iionshortening was increased at second visit of patients on conventional dose

(Group-II) compared to their first visit and also differed from data of second visit of

Group-l patients (1'8%, Group-I!, second viSit,mean, 39:!o3%; range, 32-44%; at

first visit, mean, 35:!o3%; range, 30-41% ~p<O.05,Group -1, at second visit, mean,

34 " 4%; range, 26-46%; at first visit, mean, 35 " 5%; range, 29-40%, p>O.05) as

shown in Fig 38 and ']able VII, Heart rate adjusted mean velocity of circumferential

fiber shortening (mVCFc) was also slightly higher in patients of Group-II at their

second visit compared to thw first visit parameters and Group-I patients data

(mVCFc, Group-]], second visit, 1.42:100,18circumferences/sec versus first visit,

1.230J00.14circumfercnccs/sec, C"p<O.05) and with second visit of group-I,

J.J6=O.22, "p<O.05) (Fig, 38 and Table VlI) These findings were also comparable

with the data of another study done by the same author on patients of endogenous

subclinical hyperthyroidism where patients were kept to slightly high thyroid

hormone for at least 6 months and cardiac parameters were observed, The authors

observed that even short time thyroid honnone exposure might have adverse effects

on heart (Biondi B et aI., 2000). Although, findings of a previous study done by

Shapiro LE ct aI., (1997) ditTeredfrom their results,
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oGmupol GGroup.1
.Gmup.tl • Group-ll

106 300, 104 29.• i 290,102 •• 100 g 286

€ " I'"0 " ;:: Dr.•• 0> 94 i~~:•• "0 06• 200•• " '"~ •• First visit Second visit
First visit Second visit

FIg 40 Left' Me"" peak aortic wlocity and Right: Mean cjeellon time and in patients of Group-I
and Gruup_Illrt fiTs! and second visits.

PAY and ET: Low peak aortic velocity was observed after dose optimization but it

was consistently increased in patient~who were getting higher doses ofL T4. These

observed dim"rences were not statistically significant in peak aortic velocity in

patients of Group II at second visit. Statistically significant shorter ejection time was

noted in Group-II patients at second visit compared to first visit of Group-I (ET,

Group-I, at first VISit, 291 '" 19 msec, Group-II, 274"= 26) ('''p<O.Ol) (Fig. 39 and

Table VII).
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Tnble VIII. Doppler and tissue Doppler Echocnrdiogrnphie diastolic
function pnrometers in patients of Group- I and Group-II at first ond
second visits.

Parameters Group-I Group II
(n~30) (n-30)

menn::l:SD mCllll : SO
At first \;sit At second visit At first visit At second visit

E omI, 83: 12 n:i-10 79* 12 73*9
A ,mI, 55::1:11 51 ::I:8 56*9 58 ::I:8 +
EJA 1.54*0.3 1.54:0.3 1.4 * 0.2 1.29:0.2
lVRT mscc 82::1: 10 85 * 8 76 * 9 71 * 8

"'"= 154::1:16 155 * 16 150::1:20 127:18+
Tei index 0.33 * 0.04 0.33::1:0.09 0.33 ::I:0.1 0.31:1:0.17
Latcrulseptn.1
mimllllnnular
Em em's 19* 6 23:103 22::1:3 23 ::1:4
Am ,mI, D:t. 4 15oi3 IS :is 19* 6 ,.
ElEm 4.2 oi 1 3.5 oi I 3.5::1:I '<I
Mod Tei 0.32: 0.05 0.34 * 0.08 0.31 :t.0.05 0,48* 0.06 ,.

• p<O.05 Group-I VCrnlS Group-I bet••••-een first lind second visits
t p<O.05 Group-II \-enus Group-ll between firstllnd second visits.
: p<0.05 Group-I versus Group-II nt second visit

.05 GroU.•••lllt first visit versus GroUn-Il11t second visit

1iIGroup-!
• Grovp-!I

" "••
" 60

~.. ="•-78 ee uu <50w78

" "72
70 .,

ArAvlstl Second visit First visit Second visit

Fig, 41. left : 101•••••early diaaolic ••.•lo<:ity (E), Rig:llt: Mean lite diaaolie '1:loeity (Al in patienu or
Group-I & Omlrp-Il" fTfll alld l«OlIC! visits
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}: nnd A \"elocily: Significantly low early diastolic flow velocity (E) through mitrlll

valve in Group-H WtlSobsen'td nt second visit oompnrc:d to first \ish of Group-I.

(Group -I, 83*12 em/sa: and Group-H, 7J:t 12 em/sa:) (Fig. 40 nnd Table VIII).

Increased lite diastolic flow velocity (A) through mitrol vel\'e in Group-II "'lIS

obsen'ed in second visit menn 51Ue-8 em/sa: eomp:tred to second visit finding of

patients of Group-l (Group-I, menn, 51:108em/set" Group-II menn, 58:1:8em lsa: nt

second \'isit (.p<O.01) (Fig. 40 nnd Table VII1). By tlte inflllCnt.e of thyroid

honnone, hypc:rcontractility causes low left \"Cntncular filling lllld low distensibility

of myocardium enuse low E wave lllld it also ClIuses decreased ofttrlond llnd

S).stemic vllscular rcsisUU!CC,then:by inereased hl\c (A) diastolic flow is sa:n. Thc:sc:

findings llI't comparable with findings of the: study by Minz G et 01., 1991.

IiiGrouiH ..-• GrouiHl II Qruup-ll
90". 80

no 70

'" 080a •
1n. ,"

"40;g 110 •>"•• "70 10

" 0
FIts'I visit Second visit First vIsit Second visit

Fig. 41. UfI: Mean d=lrruion lime (Del) IIfld Rigltl;Mean i""",lum;c rdaulion lim<:
(IVRT) in patiem. ofGmu1"1 & Gmup-1l111 r<nt and oecond Yioil.

bo\'olumic RrlDlnlion Time .nd Occclenttion TIml': IVRT, (Group-I, menn 85:10

8 m sa:, Group-H, 71*8 m sec 01 second visit, • p«J.001), decelerntion time: (Group-

l, mean. 155,,=16m sa;. Group-Il, 127:10 18 m sa; at second visit, .p< 0.001) of E

"'live of Group-Il we:tt signifiCllntly low compared to values of Group- I patients at

sa;ond visit. Tei index WllScomparable in nil groups at diffen:nt visilS (Fig. 4111nd

TobIe VIII). Decreased de«IC11ltion time Ilnd IVRT in the: patients of Group-II
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could be explained by the hyperconlrnctile mle of myocardium due 10 L14
exposure in higher do$C(Haider AW ClIIL. 1998; Klein I o.ndImlzi S. 2007; Minz G

et Dl., 1991). The increased levels ofmRNA encoding hyperpolarization- nclivaloo

cyclic nucleotide -gllled clmnncl (HCN2) mo.ybe due 10the hypcrth}'roid s\lIte. This

IICts 00 rn}'ocyte causing each myocyte to o.CIlIS Intent pace mo.king unit ThIlS

hyperconltaelile r;tDteis consistent with thyroid honnollC effect on heart mte, Small

increment of LT4 increases the contlllC1i1il)'Qf heart by incrensing HCN2 mRNA

(pachucki J eul., 1999).
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Fig, H Ld\; Mean Tei ;nd.~ .nd Right; Mean earty di•• toli~ myocardial Vl:tociIy ("Em~m 11«)
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Clwpter IV: Result. and Discussion

Tissue Doppler imaging at lateral wall of mitral romulus showed that early diastolic

peak (Em) was comparable in patients of Group-I at two visits but patients of

Gruup-J[ showed slightly higher Em level at .~econd visit compared to Em of Group

-I at first visit (Em, Group-I, 19:6 cm Isec at first visit, Group-II, 23:!: 4 cm/seI: at

secondt visit *p<0.03) (pig. 42 and Table ViiD. Late diastolic flow (Am) (mean

19:1:6cmlSeI:) of Group-II patients was higher (*P<0.004) at ,econd visit compared

to other values of patients of Group-I at different visits and Group-JI (*p< 0.003) at

first vlgit (Figs. 43 aud Fig. 45). In few patients of Group-lI, late tissue diastolic

flow (Am) were higher or equal to early tissue diastolic flow (Em), showing

diastolic abnormality may be due to hyperthyroid .Itate (Fig. 46). As a result mean

Am velocity wm; increased. In some of the above mentioned cases Doppler E and A

waves were normal but reverse pattern is seen in Em and Am which indicating

'pseudonormalization' of dialtolic abnormality (Paulus WI, 1998). In these cases

tissue Doppler imaging provides information about early changcs of diastolic

dysfunction.

FJEm was low at second visit of Group-ll compared to value of ElEm in patients of

Group-I at first (Fig. 43 and Table VIIJ).
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SGroup-l
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.fIrst visit Second visit

fIg 45 Mean modified Tei IIld"" IIIpati.nlll of Group-I and Group-Il

at first and second VISIts

SIgnificantly increased modified Tei index was observed (mean 048," 0,06) in last

follow up ofpments of Group-II compared .to value of Mod Tei index of Grollp-I

patients at two' visit, and that of Group-II p.atients'at ftrSt visit (~p<O_{Jfjl).('Fig 44,

and Table VIII), Although similar Tei Index was observed in the patients at all time

points (Fig. 42), Tei mdex IS dependent on heart rate, preload and after load; but

Modified Tei index is not dependent on those. Another advantage of modified Tei

index is, it is measured by the parameters (IVRT, ET) in same cardiac cycle (Keser

Net aI" 2005; Karatzis EN et 31,.2009; Citro R et aI., 2008)
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Fig, ~6. N"Olmalpaltem of Em (27orn/,oc) and Am (21 em I,.c) w, "0' of ,issue Doppler lll<1ging
of <1patient with difforenllalcd thynlld carcmOma OnLT4 therapy ,llOwing slirht1y hig.h
velocities.
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Fig, ~7.Abnormal pattern (feverse) of Em and Am wave, observed in two different patient> of

Groop-II at second vi,i, indicating di'SlOlic .bnofma1Jty
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Table IX. Exercise Tole,ance Test of patients of Group-I and Group-I! at first
and second visit.

Err parameters Group-I Group II
(n=30) (n=30)

mean "'SD mean :!:SD
At first At second At first At second
visit visit vIsit visit

Excrci~e
HR (beats/min) 173'" 13 169"'14 179:!: 11 175 "'13
SBP (mmIlg) 147:!: 15 149"'18 142'" 14 148 "'\3
DBP (ImnHg) 91 :!:6 93 :!:5 92 :!:7 92 :!:6
METS 1O:!:1 1l:1:1* 10 :1:1 10:1: 1
Double product 25:!: 4 25:1:4 25:t4 26:1:4
(X!03)
Duration of cxerci,qe 9+ 1 '+1 '+1 ,+ 1
(min)
*p<O.05 significant difference between daw nfGroup-l he/ween visit,t

At the first visit, it wa, obSeTved that MEl'S of patients of Group-} and Group-II

were lower compared to control sl1bject:; (rable V). It could be explained by the fact

that most of the patients with DTC fee! some sort of fear and uncertainty and some

~hort and long-term emotion related physical negative effect, attributed by surgical

procedure and radioiodine therapy (Hotiijzer He et aI., 2008; Sawka et aI., 2009),

which ill tum lowered their exercise capacity. It was ohserved that patients of

Group-I at second visit showed improved METS compared to similar METS of

Group-I at first visit aDd Group-II patients at diffcrent visits (~P<0.05). Patient, of

all groups at dlfterent visits showed similar duration of exercise capacity. Patients

exercise capacity wa~ less compared to age matched healthy adults of control groups

(*p <0.05) (Tables V and IX). Maximum predicted heart rate during EIT WM

achieved by almost every patient quickly. It may be explained that muscle

contractility is slightly increased in excess exposure of thyroid hormone. Exercise

intolerance in hyperthyroid patient;; may result from an inability to fwther increase

heart rate and ejection fraction or lower systemic vascular resistance as would

normally occur with exercise (Klein I and Danzi S, 2007),
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The pre.qent study ,hows that TSn suppressive therapy wIth LT4 can cause

hyperthyroid symptoms and changes in myocardial strLlcture and function and

deterioration of exercise capacity. Howcvcr, LT4 do~c adjLl,tmenl on the ha,is of

lean body mas:. can reverse and almost completely nommlize cardiac parameters and

significantly reduce thyrotoxic symptoms.

EeG: There was no ECG abnormality in either control subjects or patients of

Group-I and Group-II. Patients of Group.1 and Group-I!, were in sinLlsrhythm but

patients had shown increased heatt ratc. Nonc showed ECG crileria of LV

hypertrophy and atrial fibrillation in the present study may be due to shorter period

ofLT4therapy.

4.8 Strenglh alld limitation of the sludy

Strength of this sludy includes selection of young, low risk group of patients with

differenliated thyroid carcinoma who havc comparable BMf with healthy volunteers

and without any associated cardiac problems. DXA is a precise and reproducible

method to measure body composition including mea,urement of lean body mass.

Echocardiographic parameter:. u:.ing Doppler and tissue Doppler imaging technique

were evaluated by a :.ingle blinded cardiologi.st. Unlike olher studies, cardiac effects

of increased LT4 were compared prospectively with the same patients at different

time point, and also with healthy volunteers at baseline. Other studies evaluated

cardiac effects of LT4 in patients after exposure of LT4 for a certain period of time

(ranged 6 months to 9 yrs) and compared with healthy volunteers only (Biondi 8., et

al 1993, Mercuro G et aI., 2000). They did not compare the cardiac effects of

conventional do,e of L1'4 with optimized dose of LT4 based on lean body mass.

Fixed do~e of 200 J-1gm/dayof LT4 wa, found to be overdose for the comparatively

lean and thin patients of our country in the present ,tlldy. This optimization of dose

of LT4 would keep the paticnts free from undesirable cardiac effects for the rest of
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their life (Smit J 'II' et aI., 2005). So far known, present study is the first study where

cardiac effects of LT4 were compared between conventionally advocated dose and

optimized dose depending on lean body mass, Moreover, this is the first study to

measure myocardial systolic and diastolic performance by using Tissue Doppler

imaging in LT4 supplemented patients with DTC prospectively. Tei index was

measllred and modified Tei index was also meMllred to see the total myocardial

performance, which was not observed, before on patients with DTC in the settings of

present study.

Limitation of the present study was comparatively short follow up time after

administration of high LT4 and optimized dose of LT4 in two group.~ of patients

with differentiated thyroid carcinoma. Still some significant cardiac change~ have

been observed within this period.
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Chapter V

Conclusions

Differentiated thyroid carcinoma, are mo;t curable cancers. Properly lreated patients

wIth differentiated thyroid carcinomas have almost normal1ife expedancy. In case of

papillary thyroid carcinoma, 10 year, survival wele found in 95% ca,es. Convenlional

mode of treatment of patients with differentiated lhyroid carcinomas is total

lhyroidectomy followed by radioiodine ablalive therap}'. These treatmenl procedures

totally destroy the thyroid tisslle in the view of prevention of regrowth and recurrences

of carcinoma, As a re~ult patient; become hypothyroid and patients have to be

supplemented hy levothyroxine life long. nl1~ LT4 ,upplernent i, given not only to

alleviate hypodlyroid ,talc but aLlo in TSH wppre,sive dose to retard growlh and

spread of CatlCCt,

This LT4 ,upp!cment in TSH snppre,;,ive dose k~,ep, the patient in subclinical

hyperthyroid state. 11,i,\LT4 dose ha, some cardiac side clfect, ,uch a\ increa;ed heart

rate, increa,ed in~idence of atrial anythmias, enhanced len ventriclllar ;y,tolic function,

diastolic dy,function and incrc.ascd !cfl velltticular rna%.

American 11,yroid Aswciation recOlllinended initIal thyrolropin (TSH) ~uppreosion to

bclow 0.1 mnJ/ml in high risk patients and maintenance of the TSH at or slightly below

the lower limit of normal (0.1-0.5 mlU/L) is appropriate for low risk patient, with DTC.

Lean body rna,; ib the preci,e predictor m dosing of the drugs which arc hydrophl1ic. In

a recent study, it ha, been shown that individual requircmenl of LT4 sllpplement i~

mostly dependent on1can body mass rather than total body weight. LBM is a potentially

u.~eful prediclor of the phannacokinelic behavior of dl"llgs which are highly water

solnble. LT4 is water soluble and iI', pharmacokinetics is dependent on !can portion of

body. L"I'4 is deiodinatcd to 1'3 (active form of hormone) in muscle, kidney and livCl".
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1'4 is delOdinated to rTJ (reverse T3, inactive form) in skin. Fally tissue has no role in

metaholism of LT<1.Dual Energy X"ray Absoptiometly is the rec-cutand preei.\e method

to meRsure the lean body mass,

Sixty p~tiellts with differentiated (papillary) thyroid carcinoma (young age group)

without any .\igns of Illeta.~tases,previcm" cardiac problems and dll'oruc disease were

com,ecutively enrolled in the study. All patients had undergonc total thyroidectomy and

then received abont 100 III ci radioiodmc ablative therapy and snbsequently 200 fl gm

LT4 daily for inil1a12 IIlonth~.Age, weigh!. height, body >urrace area, body mass index

and life style matched n healthy euthyroid voluntcers were also selected. All c1inieal,

biochcmical, ecllOcardiographic and Exerci.\e T<!lerance Te.ll (EIT) data of health,.

adults control were obtained for compari!,on with patients at baleline study after two

months of radioiodi~e ablative thcrapy and on L1'4 replacement on conventional 200 I-'

gm/day at fust follow up visit. TIlen 60 patie:n1.1were grollped as Group-l and Group-IT,

each grollp cOIJ~i~tedof 30 patie~t~. Thiny patients of Group-I had undcrgone dual

energy X-ray absmtiomelry OIXA) invesligation to estimate lean body rnass and

received optimized LT4 dose depending ou lean body mass (about 131" 23 J-lgm/day,

3.5-4,0 J-lgill/kg/ LU:vLlday),In Group-Il, 30 patient, continued the conventional fixed

dosc oi'l.T4 (200 fl gm/day). Patients of both groups were followed up clinically and

hOTIllOlleassay were done at 3 months intcrvaL At 6- J 2 months of r.T4 supplement

(conventional and LBM haled) all ~tudy parameters (Symptom Rating Score, hormone

data, cchoeardlOgraphic data and EIT) were reev'lluuted.

Senlr~ FT3, FH Were higher 'lnd TSH was supprt""sscd in patients with DTe at

CO'lYe~t;()nalLT4 dose (200 fl gm/day) compared to healthy control and paticnt, with

optimized dose of L14 (mearttSD, 13H 23 J-lgm/day) of Group-I at second visit

Symptom Raling Scale SCOreand heart rale were bignifjcantly higher in Gl'Oup-H than

hcaUhy adulLS.SBl', DBl' were slightly higher in patients (Group-II) after receiving

conventional LT4 suppressive dO.le but Were not s[ati~tical1y significant. Left

ventncular mass, left ventricular mass index, fraction shortening and hear! ratc adjusted
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mean velocity of circumferential fiber shorlening were increased in paticnts of GI'OUP-

II after exposure or- conventional L'l'4 dose compared to patients received optimized

dose (Group-l) at second visit. Ejection time wa\ alIII decrea~ed in patients of GlOnp-JI

at second visit compared to patients of Group-j at fil'st visit. Mild dcgree of diastolic

function abnormalities were also notcd in Group-II patieuts at second visil compared [0

Group-I patients. Early (El dia"tlllic velocily of Group-II was i>ignificantly low at

second visit compared to that of Group-l ~t fil':;t visit and late (1\) wa~ comparatively

high in group II compared to Group-I at second vi~it. Deceleration lime (Dct) was

significantly low in Group-II compared to patients in Group-I at two visits and patients

of Group-II at first visit. Similarly in tissue Dopplcr imaging tcehniqlle, late diastolic

mitral annular velocity (Am) wa~ higher in Gmup-Il compared to Group-l at stx"-Ond

visit. Significantly high modified Tei index was alsa noted in patients of Group-Il at

,ewnd visit compared ta their first visit value and patients of Grollp-l at different visits,

Exercise capacity as evaluated hy exercise tolerance test, ohowed significant diffelence

in metabolic equivalent helween hcalthy volullt~eTs and patients groups at fil'st visit bur

no difference wm, found betwecn two paticnt groups at dIfferent time points_

From 1he observations of the present stndy, it may be concluded that therapeutic

suppression of thyroid stimulating hormoncs rcquireq optimization of LT4 do"e_ Lean

body mass ba,ed J.T4 therapy (3.5-4 I'gnllkg;1.,BMlday; 131:t23 Ilgmlday) keeps the

TSH level in expected level. ThIs Icvothyroxine supplemcnt dosc inevitahly prevenls

deterioration of cardiac morphology and 1uncllOnand lhus improves quality of life for

the paticnts with differentiatcd thyroid carcinoma of low risk group_

Fur11ler studies are reeommended at exlended time points for evaluation af good

excrci.\e tolerance and oU,er cardiac parameters in patients with differentiated dlyroid

carcinoma wilh low risk group on lean bady ma,s based LT4 replacemcnt thc.rapy.
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Data sheet of patients with thyroid carcinoma

Name: Optimi~ro Group-l Age: 35 yrs Sex: F Reg no: 81 no-*1

H,~ 147 om Wt: 42 K, BMI- 19 BSA-I,32 m'
K"'m'

LBM- 30 <,
Address: ** Phone:**

Diagnosis: Differcntiated thyroid Histopathology: Papillary thyroid carcinoma
carcmoma
Surgery:

1. Pm1ial th roidcctomy right/left hemithyroidcctom ~X Date:
2- Total thyroidectomy-done Date:25/1112008

Postsurgical Investigations: 1.TSH- >90 mru~ 2, Tg- 2.39 ngmJdL
After 15&vs of ot>Cration
3. Usg: No thyroid tissue 4. Thyroid scan: No mdiotracct' concentration in

thyroid bed

5. 1 Uptake: 1% 6. Scrum calcium level: 8.9 rug/dl
(Nonnal, 8.5-10.5 m~ldl)

Radioiodine therapy: Dose: 100 mci Date: 07/01109

Post therapy scan: faint activity Date: J 4/0 1/09

Hormone Assay: First visit- Second visit-
Date: 11/03/09 Date: 10/11/09

1"1'3(Normal, 2.8.9.5 pmoLiL) 9.45 7
Ff4 (Nomlal, 95 25.5 mol/I.,) 28 22
TSH (Normal, 0.3-5 mlU/L) 0,08 0.1
Thyroglobulin (Normal, 4-14 ngldL) 3 28
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Hyperthyroid Symptom Rating Scale (Reg no: Op Gr *1)

Charaelerislks Score: 2nd
I" visil

Nervonsne,s 111OJf09 10111109

0 Absent
1 Anxious only with stres,, Occasionally anxious at reSl
3 Otlen allxions, difficnhy working or

concenlrating 1 0, State, freely that feels very nerVOuSmost ----

Sweating
0 Only with activily, Al resl but only in warm l~,mpcrature, Al rest in temperate climates, mainly involving lhe hands and

inlriginous zones
3 Al re,l involving many body arCaS., Profusely diaphorelic almosl conslantly. 2 1

--"-

Heat inlolerane
0 Normal temperalure lolerance., Peliods of feeling wanner than those in lhe same room
2 Significanl diffiCIIltywith heal, requiring air condilioner

constantly ill lhc summer time
3 E~ce"ive difficulty Wilh hcal CVCnin lcmpcrature climate., Extreme difficulty wilh heal, does not fed comfortable even in

cold weather a, evidenced by lack of need for warm clothing 2 1
or bed COverS, ~----
Hyperaclivity

0 Norm"l activity, Increased aClivily levcl, increased productivily, Increased producli vily: decreased slecp lime.
3 Performs wme purposeless activity, Frequenl epi,odes of pUIpOseles, activily: unable to sit still 0 0

dUl'i~"cxamination ..._--
Tremor, Examinati(}n of outstrelched hand,

Q Absent
1 Barely perceptible
2 Tremor dcmonwated readily on examLnation
3 Marked tremor but able to pcrfonn fme motor skills, Hands shake exce"sively, difficulty perfOl'ming mOlor skills. 0

----
Weakness

0 Normal slrength
1 Suhjective weakne,,, but with normal tolerance, Decreased exercise tolerance 10near maximal aclivity
3 Decreased tolerance 10slair climbing Ol'arisin~ from chair
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4 EXlreme weakness such lhat palienl can barely lift objecls or , 0
walk u slairs ----
HyperdynamLc precordium

0 Normal precordium aclivity apical impulse, Tachycardia, 90 beals per minule with normal apical impul,e., Tachycardia, 90 beats per minule with increased apical impulse
3 Tachycardia. 110 bealS per minute with increased apical

impulse ,
4 Tachycardia, 110 beals per minute and earolid upslroke bOlh ------ Q

increased, s swlic outflow murmur.
Diarrhoea

0 I bowel movement (EM) per day; formed stool, 2-4 formed EMs per Jay, 1-4 loose ,1001, per day
3 4 formed EMs per day 0 0
4 4 loose stools "do ......

Appetite
0 Appetile normal, nOweight loss, AppelLle normal, no weight lo,s
2 Appetile increased. no weighlloss
3 Appetile increa,ed, weighl loss
4 Appetite decreased, weight la,s 0 0

~----
Assessmenl of daily f1l[lC110n(degree of incapaci~1tion)

0 Normal (none), Minimal impairmenl (10%), Mlld impalrmenl (oif", )
3 Modcrale impaimlcnt (60%)
4 Severe impairment (90%) , 0

------
Total score 9 2
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Echocarlliographic data:
Patient's name: 0 timized GrOll Aue: 35 vrs R"" no: 81 no: ~1

1st visit 2 nd visit Kormal range
Dt:11I03/09 01: 11111/09

&hocardiul!rapbic data
1 PWT(mm) 7 7 9 + l(M)~~:I: 1 (F),

Jan~~ (.IP
2 IVST mm) 6 6 9:1:1(M). 8+ 1 (F), Jp
3 LVIDD(mm) '0 39 48+ 4(M); 44:1:3 (F),

JP, LVIDS(mm) 27 26 30.:!:4(M); 28:!: 3 (F),
JP

5 LVmass (g) 78 75 133+ 28(M); 105:1:22
(F), JP

6 LVMi (glm) 60 57 76:1:16(M); 70+14(F,
JP

7 EF% 66 63 64:l: 5 (M), 66:l: 5 (1<'),
JP

8 FS% 32 33 35:1: 4
9 E (cmIs) 70 66 74 +14 (M); 88+13

(F) JP
10 A (coIls) 50 48 ~\:l:10 (M); 45:!:11

(F .W
11 ElA 1.4 1.37 1.8 + 05 (M); 2.0 + 0.6

(F), JP
12 IVRT (msec) 177 80 83 :!:9
13 mVCF(cirdsec) 1.1 1.13 1.21+ 0.14

" n illS (IVRT+ET +ICRT) 398 400 400 +35
15 E'eclion time (ms) (b 290 398 306 +36
16 Tei Index (a-bib) 0.37 0.34 0.35:1:0.10 (M), 0.32:l:

0.09 (F), JP
17 Deceleration time (msec) 160 170 186:1:34 (i\1), 175 :!:33

(F), JP
18 Peak aortic yclod! (em/s) 109 106 90+10
19 Em em/sec (lateral) 2S 22 16+ 3.10 (M), 16.7:!:

3.1 (F), JP
20 Amem/sec 21 20 8.2:!: 2.8 (M), 7.2:!: 2.3

(F)JP
21 EIEm 2.8 3 4.8:!: 2.8 (M), 5.S:!:1.3

(.F),JP
22 , = 398 415 426'" 25; Turke
23 b m" 290 278 316 + 36; Tllrke
24 Modified Tei index (a - b / b 0.37 0.49 0.33 + 0.05. Turke '
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Patients name: Op Gr *1 Reg J1(I:Op Gr *1

Exercise Tolerance Test:
First visit Second visit
Date: 11/03/09 Date:l1111f09

Rest

Pulse 94 80
S.8PfDBP (mm H ) 12Ono l1SnS

Exercise

Pulse (b m) 189 192
SHPIDBP mmH ) 160/90 170/100
METS 7.' 10
Duration of exercise time 6.18 9.1
Double rodnd 30.24X 10 32.62X 10
EeG chan e No chan e No chan e
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Data sheet of patients with thyroid carcinoma

Name: Co,'entiona1Group--II Age: 26 )TS Sex: F Reg no: Con Gr-*9
15/01/09

Ht- 147 om Wt: 58 K, IBMI- 24K~m' BSA- 1.56 m'

LBM~ X "Address: ** Phone:*~

Diagnosis: Differentiated thyroid Histopathology: Papillary thyroid carcinoma
carcinoma
Surgery:

I. Partial thyroidectom right/left hemithyroidectom Date:
2. Total thyroidectomy- done Date: 13/11/08

Postsurgical Investigations: 1.TSH 71 mlUlL 2. Tg- 3 ngrnfdL

3. Usg: No visua]i'led tissue 4. n'yroid scan: focal Area of radiotracer
activity

5. I Uptake: 3% 6. Serum calcium level: .?~?'I mg/ml
(normal 8.5-TO.5m dl)

Radioiodine therapy: Dose: 100 m(;l Date: 15/0 1109

Post therapy ~can: Focal Area of raruotracer activily Date: 22/01/09

Hormone Assay: Firsl visit-Date: 15/03/09 Second visit-Date: J J /11/09

I'T3 ( molfL) 95 10.4
FT4 (pmoVL) 29.2 28.6
TSH (mIU/L) 0.08 0.07
Thyroglobulin (ngIL) 3 2.8
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Hyperthyroid Symptom Rating Scale (Reg no: Con Gr-*9)

Characleristics Score: ,"d,,,
Nervousne" 15103109 11111109

0 Ahsent, Anxious only with stress, Occa,ionally anxious al res!
3 Often anxious. d)fficulty working or

concentrating
2 1, States freely that feel, very nervous mo,t _ ...

Swcating
0 Only with activity
1 At rest but only in warm temperature, A! rcst in temperate elLmate.',mainly involving the hand. and

intrigino"s zoneS
3 At rest iovolvLngmany body ar~as, , ,, Profusely diaphoretic almost constantly, ~~~~

Heat intolerane
0 Normal tempcranl('e tolerance., Periods of feeling warmer than those in the same l'oom, Significant difficnlty with heat. requiring air conditioner

con'tantly in the summer time
3 Excessive difficulty with heal even in temperature elLmate., Extreme difficulty wi(h heat. docs nOl fcel comf(ll1able even in

cold weather as evidenced by lack of need for warm elothing 1 1
or bed COverS. ------

J-] yperactivity
0 Normal activity
1 lncrea,ed activity level, increased productivity
2 Increased productivity: decrea,ed sheep time
3 Perform, some purposeless aClivily, Freqllent epi,odes of purposeless a~,livity: unable to sit still 0 0

f- durin examination _ ....-
Tremor: Examination of outstretched hands

0 Absenl
1 Barely perceptible
2 Tremor demonstrated readily on examination
3 Marked tremor bu( able to perform fine motor skills, Hands shake excessively, dIfficulty performing motor skills. , 1

-_....
Weakness

0 Kormal strength
I Subjective weakness bnt with normal tolerance
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2 Decreased exerci", tolerance to near maximal activily
3 Decrea,ed tolerance to ,lair climbing or arising ftom chair, Extreme weakncss such tht patienl can barely lift objects or 2 2

walk up stairs ----
Hyperdynamic precordium

0 Normal precordLum activity apical impulse, Tachycardia, 90 beats per minule with normal apical impulse,
2 Tachycardia, 90 beats per minule with increased apical impul",
3 Tachycardia, J10 beals per minute with increased apical

impube 0 0, Tachycardia, 110 beals per minute and carolid upstroke both ......
increased, S sIalic outflow murmur,

Diarrhoea
0 I bo"e1 movemenl (BM) per day; formed stool
1 2-4 formed EMs per day
2 1.4 loose slools per day
3 4 formed BM, per day 0 0, 4 loose stools er day ------

Appetile
0 Appetile normal, no weight 10's, Appetile normal, nOweight loss
2 Appetite increa.,ed, no weight 10'"
3 Appetite increased, weighl loss, Appetite decreased, weight loss 0

""_ ... 0
As;essment of daily function (degree of incapacitalion)

0 Nonnal (none)
1 Minimal impairment (l 0%)
2 Mild impairment (30%)
3 Moderate impaLrment (60%), Severe i,npairrnenl (90%)

2 1
------

Tolal score 10 8
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Echocardiographic data:
Patient'~ name: ** Ape:26 yo ReO'nO:Con Gr.*9

1st vi~it 2 nd vISit Kormal range
Dt:l5103/09 DI:

11/11/09
Echoeardiogra hie data
1 IPWT(mm) 7 8 9:!: l(M); 8:t 1 (F), Japan

(IP)
2 IVST (mm) 7 7 9:t l(M); 8+ 1 (Fl,lP
3 LVmD (mm) 42 46 48+ 4(M); 44 + 3 (F), IP
4 LVlDS (mm) 27 30 30:t 4(M); 28:t 3 (F), JP
5 LYmass(g) 85 116 133+ 28{M); 105 + 22 (F),

JP
6 LVMi ( my 54 74 76+ 16(M); 70:t 14 (1', JP
7 EF% 70 69 64 + 5 (M), 66:t 5 (F), JP
8 FS% 35 38 35 +4
9 E (emfs) 75 78 74 + 14 (M); 88+13 (F), lP
10 A (em/~) 50 52 43+1O(M);45+11 (F),JP
11 ElA 15 15 :F~:t 0.5 (M); 2.0 + 0.6

nJP
12 IVRT (mi>!X) 88 74 83 +9
13 mVCFe (eire/sec) 12 15 l.21:tOJ4
14 ams (IVRT+ET+TCRT) 388 368 400 + 35-15 E"ection time (ms) (b) 284 254 306:t 36
16 Tei Index (a-bib) 0.36 0.44 0.35:t 0.10 (M), 0.32:!:

0.09 (F), lP
17 Deceleration time (m~ee) J 20 120 186:t 34 (M), 175 :t 33 (F),

JP
18 Peak aortic velocity (cmfs) 126 124 90+10
19 Em cm/sec (lateral) 20 28 l6+ 3.10 (M), 16.7+3.1

(F), IP
20 Amcm/sec

1
28 J5 8,2:l: 2.8 (M), 7.2:!: 2.3

{ri,lP
21 EI Em

1
22 27 4.8:t 2.8 (M), 5.5:!:1.3

(F), Jp
22 , my 390 420 426 + 25; Turkey

g b illS 298 290 316+36;Turke

""
Modified Tei index (a - b / b) 0.30 0.44 0.33:t 0.05; Turkey
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Patients 113mI': ** Reg no: Con.gr-*9

Exercise Tolerance Test:
first visit Second visit
Date:15/03/09 Date: 11111/09

Rest

Pulse (b m) 130 100
SBPIDBPmmH llono 120nS

Exercise

Pulse .oj 196 179
SBPIDBPmmH J 50/90 145/85
METS 10 10
Duration of exercise time 9 min 30 see 9 min 20 sec
Double roducts 28.2x 10' 22.2 X10
ReG change No abnonnalit No change
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Data sheet of healthy volunteer

Name: ** Age: 28 ~; Sex: F Reg no:
Volun*2
l7!02J08

H,. 148 om Wt,52 K, B.\1I- 25 .Kg/ru' BSA-L44 m'

LBM H,

Addre:;s: #.* Phone:**

Hormone Assay: Firs! visit-Dale: 17/02/08 Second visit- Dale:

F1'3 (prnollL) 6.5

FT4 (pmollL) 16.2

TSH (rnIUIL) 1.82
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Hyperthyroid Symptom Rating Scale (Reg no: Volun*2)
Characteri,tie, Score: 1st 20d

Date:
Nervousness 11/02108

0 Ab",nt, Anxious only with ,tress
2 Occasionally anxious at rest
3 Often anxious, difficulty working or

concentrating, States freely that feel, very nerVOUSmost .._.

Sweatmg
0 Only witi, activity, At rest bul only in warm temperature, At relt Lntemperate climates, maLn]y involving the hands and

intriginous 70nes
3 At rest involving many body areas., Profu.,ely diaphoretic almost con,tantly. .-----

Heal intolerane
0 Normal temperature tolerance., Periods of feeling warmer than those in the ,arne roOm
2 Significant difficulty with heat, requiring air conditioner

constantly in the ,ummer time
3 Excessive dlffLeultywith heat even in temperature climate,, Extreme dLfflculty with heat, does not feel comfortable even in

cold weather as evidenced by lack of need for warm elothing
or bed COVCrS. ------

HyperactivLty
0 Normal activity, lncreascd activity level. increased productivity
2 Increased productivity; decreased ,leep time.
3 PEt1orm, some purposeless activity, rrequent epi,ode, of purposele-,,, activity; unable <0 sit still

during examination ------
Tremor: Examination of outstretched hands

" Abscnt, Barely pcrceptible
2 Tremor demon,trated readLlyon examination
3 Mmked tremor but able to peltorm fine motor skills, Hands shake exce"ively, difficulty perfol'ml ng motor skill,. --_._-

Wenlmcss
0 Normal ,trength, Subjective weakneS3 but with normal tolerance
2 Dccren",d exercise tolerance to near maxlmal activity
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3 Dc<;rea.sedtolerance to stair climbing or arising [rom chair
4 Exlreme weakness such that patient can barely lift objects Or ,

walk lL slairs ----
Hyperd}~tamic precordium

0 Normal precordLum activity apical impulse, Tachycardia, 90 beats per minute wilh normal apical impulse.
2 Tachycardia, 90 beat, per minute wilh increased apLcalimpulse
3 Tachycardia, 110 beal' per minule with increased apical

impulsc
4 Tachycardia, 110 beats per minute and carotid upstroke both ------

increa,ed, syslolic oulflow murmur.
Diarrhoea

0 1 bowel movement (EM) per day; formed stool, 2-4 formed EMs per day
2 1-4 loose ,tools per day
3 4 fOlmed BMs per day
4 4 loose stools p!! dav" -----"

Appetile
0 Appetite nQrmal, no weighlloss, Appetite nonna!, no weight loss
2 Appetile increased, nOweight loss
3 Appetile increa,ed, weight loss
4 Appetite decreased, weight loss

------
Assessmcnt of daily function (degree of lllcapacilation)

0 Normal (none), Minimal Lmpairment(IO%)
2 Mild impairment (30%)
3 Moderate impairmenl (60%)
4 Severe imparrment (90%)

..----
Total ,core ,
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Echocardiographic data:
Paticnt'snarne: " A~e: 28 yrs Re~no: Volun *2 Date: 17/02108

1st visit 2 nd visit l\onnal range
Dt: 17/02/08 Dt:

Echocardio ,hic data
I PWT(mm) 8 9 ot l(M); 8 ot 1 (F), Japan

IITI
2 IVST (mm) 8 9;l;1 M);8+1(F),JP
3 LVIDD (mm) 47 48+ 4{M); 44;l; 3 (1'), Jp
4 LVIDS (mm) 29 30;l; 4{M); 28 + 3 (Fl, Jp
5 LVmass (g) 113 133+ 28(M); 105 + 22 (F),

IP
6 LVMi( m) 78 76+ 16(M); 70+ 14 (1', Jp
7 EF% 69 64 + 5 (M), 66 + 5 (F), Jp
8 1'S% 38 35;l; 4
9 E (em/s) 72 74 + 14 (M); 88+13 (P), Jp
10 A (cm/s) 38 43 + 10 (M); 45 +JJ (Fl, Jp
II FJA 1.89 1.8 + 0.5 (M); 2.0 + 0.6

(F),IP
12 IVRT (msec) 88 83 +9
13 mVCI'(eirc/scc) 1.21 1.21+0.14
14 a m~ (TVRT+8 +JCRT) 400 400 ;t35
IS E.ection time (illS) (b) 298 306 + 36
16 'fei Index (a-bib) 0.34 0.35ot 0.10 (M), 0.32 +

0.09 (Fl, Jp
J7 Deceleration time (m.lee) 170 J86:t 34 (M), 175;l; 33 (F),

IP
18 Peak aortic velocit (cmls) 98 90:l: 10
19 E. em/sec (lateral) 19 16+3.1O(M),16.7+3.J

(1'),11'
20 A" ern/sec 9 8.2 ot2.8 (M), 7.2 ot 2.3

(Fl, IT
21 F.JEm 3,7 I ~; :l:2.8 (M), 5.5+ 1.3

Fl, IT
22 " m, 396 426;t 25; Turke
23 b m, 295 316 + 36; Turkey
24 Modified Tei index (a. b'/ b) 0.34 0.33;l; 0.05; Turkex
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Patienb name: ** Reg no: Volun *2

Exercise Tolerance Test:
Fi",! visit Second vi:;it
Date: 17/02108 Date:

Rest

Pulse(b ill 78
SBPIDBPmmH liOns

Exercise

Pulse b III 162
SBPIDBP Innl Hg 140190
MEl'S 10.4
Dmatioll of exercise time 10 min
Double roducts 22.64X 10
ECG chan c No abnormalit
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