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Abstract

Conventional supplement therapy of levothymoxine (LLT4) for differentiated thyroid
carcinoma (DTC) keeps the patient in subclinical hyperthyroid state, which affects the
hear aclivity and lowers cxercise capacily. Lean body mass (LBM) has been recently
sugpested as best determinant of LT4 supplement dosing in patients with DTC. The
present study weas done to optimize the dosc of LT4 in low risk group (TT, NO, M) of
patients with IYIC and thereby preventing the adverse cardiac cifects and improve
exercise capacity. The imporiance of dose adjustment of LT4 based on lean body mass
has not been properly addressed before.

Sixty patients with differentiated (papillary)} thyreid carcinoma (young age group)
without any signs of melastases, previous cardiac problems and chronic discasc weore
comsecuti vely entolled in the study. They were referred to Institate of Nuclear Medicine
and Ultraseund, Dhaka dunng the year 2007-2009 from different district Hospitals of
Bangladesh. All panents had undergone toial thyroidectomy and then received about
100 m ci radiciedine ablative therapy and subsequently 200 p gm LT4 daily for initial 2
months. Age, weight, height, body surface area, body mass index and hife style matched
23 healthy euthyroid veolunteers were also sefccied. All clinical, biochemical,
echocardiographic and Exercise l'olerance Test (E1°1'} data of healthy adults conteol
were phtained for companson with patients at baseline study afler two months of
radiciodine ablative therapy and on 1.T4 replacement on conventional 200 p gm/day at
lirst follow up visit. Then 60 patients were grouped as Group-T and Group-IT, each
group consisted of 30 paticnts. Thirty patients of Group-T had undergone dual energy X-
ray absorfiometry {(DXA) invesngation to eslimale lean body mass and received
optimized L'1'4 dose depending on lcan body mass {about 131+ 23 p gm/day, 3.5-4 p
gm/kg/ I.AM/day). In Group-II, 30 patients continued the conventional fixed dose of
LT4 (200 p gmiday). Patients of both groups were followed up clinically and hormone
assay were done at 3 months interval, At 6-12 months of LT4 supplement (conveitional
and LBM based) all stady parameters (Symptom Rating Score, hormone data,
echocrrdiographic data and ETT) were reovaluated.

Serum T3 (Group-I, 5.5+1.3 p mol/L; Group-IL1(3.1+1.3 p mol/L, *» < 0.007), FT4
(Group-L17.9 £1.9 p mol/L; Group-11, 27.440.94 p mol'L; *p < Q.00]) were higher
and TSH (Group-I, L1300 mlU/L; Group-11, 0.09£0.05 mlU/L, *p < (LO2T) was
suppressed in patients with DTC at eonventional 1.T4 dose (200 p gm/day) compared to
healthy control and paticnts with optimized dose of LT4 (mean£S5D, 1314 23 uamfday)
of Group-I at second visit. Symptom Rating Scale score (SRS, Group-1, 221, Group-II,
8+, at second visit; *p < O.001), heart rate (Group-I, 87+14 Deatamin, Group-Ii,
100£20 bpm, at second visit; *p < 0.007). SBP (Group-I, 114+£7 mm Hg, Group-II,
119+8 mm Hg, at second visit), DBP (Group-1, 75£7 mm Hg, Group-11, 78+ mm Hg,
at second visit) were shghtly higher in patients {Group-II) after receiving conventronal
1.T4 suppressive dose but were not statistically significant. Left ventacular mass (LVM)
{*p<.05), left ventricular mass index (LVMI) (¥*p<0.01), fraction shortening (FS%)}
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(*p<0.001) and heart rate adjusted mean velocity of circumferential fiber shortening
{mYClt) (*p<000/) were increased in patients of Group-l after exposure of
conventional T4 dose compared o patenis received optirmzed dose {(Group-I} at
second visit. Ejection time was also decreased in pauenis of Group-Il at second wisit
commpared 1o patients of Group-T at first visit *P<{. 1. Mild degree of diastolic function
abmormalilies were also noted in Group-11 paticnts at sccond visit compared to Group-I
patients. Early {E) diastolic velocity of Group-11 was sipnificantly low at second visit
compared to that of Group-I at fiest visit (*p<0.005) and late (A) was comparatively
high in group 11 compared to Group-1 at second visit (A, Group-), 3148 cm /sec, Group-
II, 38+8 cm fscc; *p<0.04). Deceleration time (Det) was significantly low in Group-T1
comparcd to paticnts in Group-1 at two visits and patients of Group-IT at first visit {Dct,
Group-I, 15516 m sec, Group-1l, 12718 m sec, *p<{0.001) Similarly in tissue
Doppler imaging technique, late diastolic mitral annular velocity (Am} was higher 1n
Group-11 compared to Group-l at second visit {(Am, Group-I, 15+3 cm fsec, Group-II,
1946 cm fsec; *p<0.003). Significanily high modified Tei index was also noted in
patients of Group-1I at second visit compared o their [ist visit valoe and patients of
Group-1 at different visits (Group-I, 0.3420.08; Group-1[, 0.48£0.06 at sccond visit
*p<(.001). Exercise capacity as cvaluated by excrcise tolerance test (E1°1), showed
sipnifrcant diffcence (*p<(l05) wm metabolic equivalent (MET) between healthy
volunteers and paticnts groups at first visit but no difference was found between two
paticat groups at different time points.

It i5 concluded that optimization of dose of LT4 based on lean body mass can avoid
chromic exposure of mild excess of thyroid hormone in the body and improve quality of
life in patients with low risk DTC by preventing and minimizinp adverse cardiac
effects.
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Chapter 1

Introduction

1.1 Introduction

Thyroid carcinoma is the commonest endocrine malignant tumor {Jana § et al,
1999}, In the United States, thyroid carcinoma accounts [or 1.5% of all cancers and
20,700 new cascs per year (Internet, Maitra A and Abbas AK et al., 2004). A female
predominance has been noted in the carty and middle years of life, perhaps related to
expression of estrogen receptors on ncoplastic thyroid epithelium (Internet, Mailra A
and Abbas AK et al., 2004},

The thyroid carcinomas are mostly differentiated {papillary and follicular) having
long life expectancy. Less than 10 % cases are undil(erentiated (anaplastic and
medullary} (Mazzaferrt EL and Kloos KT, 2001; Maitra A and Abbas AK ct al,,
2004). Differentiated thyroid carcinomas are the most curable cancers. Properly
reated patienls with differentiated {papillary) carcinoma of thytoid gland have 10
years survival in about 95% cases (Jana S et al., 1999; Mazzafern EL and Kloos RT,
2001; Sawka AM ct al., 2009), almost normal [ife expectancy. Conventional mode
of treaument of patient with differentiated thyrodd carcinoma (DTC) 13 total
thyroidectomy followed by radioodine ablation therapy. Although there
conlmoversy about Lhe appropriate extent of surgery, most of the physicians strongly
support total and near total thyroidectomy leaving no more than 2-3 gm ol thyroid
tissue to spare the blood supply to the parathyroid glands. Total and near total
thyreidectomy resulls in Jower recurrence rate (Jana S et al., 1999). Swgical remaoval
of thyroid gland followed by destruction of residual normal thyroid tissuc by
radioioding (1) ablative therapy has been strongly advocated to prevent regrowth
of cancer and to decrease death rate (Mazzaferri EL and Kloos RT, 20010,
Thereafter, patients receive life long levothyroxine (LT4) supplement as their
thyroid glands have been totally destroyed by above mentioned procedures
{Hurmeister 1. et al, 1992; Toft AD, 1994 and Schlumberpcr M ef al., 2004}, 1.T4 is

iqi‘-'—



Chapter I:  Introduction

given in a dose not only to treat hypothyroid state, but in thyroid stimulating
hommone (TSH) suppressive dose, Suppression of pituilary secrction of TSH retards
the growlh and spread of cancer {Burmeisier et al., 1992; Pojol P et al., 1994;
Cooper IS et al., 2006). There are several recommendations for LT4 replacement
therapy. Mostly preferred method of 1.T4 therapy is initial supplement based on
total body weight {2.5+£5 p pm/kg /body weight) in case of patients with DTC
{Burmeister et al., 1992}, lhercafter adjustment of dose at expected level depending
on serum TSH level doing follow up blood hormone levels (813, TSH) at 6-12

months mierval,

This LT4 supplement at TSII suppressive dose keeps the patient in subclinucal
hyperthyroid state. 1.T4 lherapy at suppressive doses has certam  cardiac
disadvantages inciuding increased heart rale, creased incidence of atrial
arrythmias, enhanced left ventricilar (LY} systolic function and increased LY mass
{Minz G ct al.. 1991: Biondi B ot al., 1993, Sawin CT ct al., 1994; Biondt B et al,,
2000, Klein I and Danzi 5., 2007). Subclinical hyperthyroid state of patients also
lowers the exercisc capacity of patients (Mercure G ct al., 2000} and deteriorates
existing cardiac prohlems (Shapiro LE ct al., 1997). Furthermore, proper caufion is
required about the dose of levothyroxine supplement of patients with DTC who have

aiready existing cardiac symptoms (Ladensen PW, 1990; Samuel AM, 19997,

Amernican Thyroid Association recommended initial thyrotropin (TSH) suppression
to below 0.1 mll)/mt in high risk patients and maintenance of the TSH at or shightly
below the lower limit of normal {0.1-0.3 mIU/L) is apprepriate for low risk patiznls

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

There are several size descriptors to measure the dose of drugs such as, total body
weight (TBW), body mass index (BMI), body surface area (BSA) and lean body
mass {LBM). LBM is the precise predictor in dosing of the drugs which are
hydrophilic (Green B and Duffull SB., 2004}, In a recent study, it has been shown
that individual requirement of L.T4 supplement is mostly dependent on lean body
mass ratler than total body weight (Santini I et al., 2005). Lean body mass (LBEM)
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ts # potentially useful predictor of the phammacokinetic behavior of drugs which are
highly water soluble. LT4 is water soluble and its phammacokinetics is dependant on
lean portion of body. [.T4 is deiodinated to I3 {active fonin of hormone) in muscle,
kidney and liver. T4 is deiodinated to T3 (reverse T3, inactive form) in skin. Farly
iissuc has no role in metabolism of LT4 {Santini [F et al., 2005). Total body mass 13
cateulated by Dual Energy X-ray Absoptiometry (DXA) as follows: Total body mass
{TBW) = total bone mineral concentrabion (BMC) + total fat mass (FM) + total lean
mass. Thereby, lean body mass {LBM) = (he total body mass-(total fat mass + total
BMC) (Stikkelbroeck NMML et al,, 2003). DXA is the recent and precise method to
measure the lean body mass. This method has higher eflicacy to measure body
composition, fat mass and lean hedy mass than the other methods such as under
water weighing (UWW) method, bioclectrical inpedance analysis (BIA} (Andreoli
A et al., 2009 Green B and Duffull 5B, 2004; Linda MD, 2001},

Young patients with DTC having low risk of recurrence and metastases {11, NO,
MUQ) should be given more altention in prescribing L.T4 therapy, becanse they have
long life expectancy. To prevent adverse cardiac effects due to long terin
adminisiration of LT4 in supraphysiologic dose, physician should be cautions about
dosing of I.T4. Lean Dody mass based LT4 dosing is advocated recently in low risk
group of patients with differentiated ihyroid catcinoma to improve the quality of life

by preserving good cardiac [unction and exercise capacity.
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1.2 Hypothesis and objectives

Hypothesis: It is hypothesized that dose adjustment of levothyroxine on the basis
of lean body mass would lessens the detrimental effects of levothyroxine on heart

activily and exetcise capacity of patient with differentiated thyroid carcinema.

Objectives:

1. Optimization of levothyroxine supplement based on lean body mass in low risk
proup of patients with dillerentiated thyroid carcinoma.

2. To prescrve the good cardiac function and cxcreisc capacity of low risk group

of paticnts with differentiated thyroid carcinoma.
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2,1 Thyroid gland

The anstomist Thomas Wharson first identified thyroid gland in 1656 (Wikipedia,
2010). Thyroid gland is one of the largest endocrine glands in Lhe body weighing
about 25 grams in adults. The name ‘thyroid’ comes from Greek word ‘thyreos’
which means shield. This gland is located infront of meck below the thyroid
cartiloge, which is gencrolly known as Adam's applc and et approximaicly the same
level of cricoid carulage. Thyroid gland is a butterfly-shoped organ hoving two
lobes, right lobe and lefl lobe connected by a bridge like portion called isthmus.

Fig 1. Left: Anmtomical kocxiion of Lhyroid gland (Medicine Net. [oc, scctssed on 14 Aug,
2005) Right: ™ Technetium scan of oormal dryroid gland by Gamma camers (snterior -
posierior view)
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Thyroid gland is made up of multiple fellicles. Cach fellicle 1s surrounded by a
single laycr of cells and filled with proteinaceous material called colloid (Ganong
WE, 2005). In the fetus, at 3-4 weeks of gestation, the thyroid gland appears as an
epithelial proliferation in the floor of pharynx at the base of the tongue. The fetus
starts making its own thyroid-stimulating hommone (TSH) by weck 8, and the
follicles of the thyroid begin to make colloid and thyroxine by the 1tth week of fetal
life (Wikipedia, 2010},
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LT, (Levathyroxine) and T {(tntodothyronine) ame synthesized by the thyreid gland
in response to TSH (Thyroid stimulating hormore) liberated from anterior piivitary
gland. T4 and T3 ore synthesized in the thyroid by combining iodine wilth amino
pcid hrosine (Fig 2.) and arc secreted into the blood complexed with plasma
globulin. The thyroid gland primanly secretes Ty {(~ 85%), which is converied to T
by 5'-monodeiodination in the liver, kidney, and skeletal muscle {(Ganang WF, 20035;
Klein 1 and Danzi S et al., 2007). Very small portion of T4 and T3 remaeins unbound
to plasma protein which portion is called free (F), these FT3 (free tniodothyronine)
end FT4 {free thytoxine) are nclive hormone which act in cellular level {Ganong
WF, 2005; Granner DK, 2005). Thyroxine was first isofated in 1919 by Americen
biochemist Edward Calvin Kendall and was synthesized in 1927 by British
biochemist Charles Harington (1897-1972) (Wikipedia, 2010).

Thyroid system

Fig. 3. Fead Mack mechanism of tnroid hormone secreion with
slimulation of TSH by pituitary gland {Wikipedia, 2010)
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Thyroid stimulating hormone (TSH) secreted by antenwor pituitary gland regulaies
the synthesis and seeretion of thyrold hormenes. In tum, secretion of TSH is
dependent on thyroid hormones named as ‘feedback mechanism’ (Fig 3.). When
increased thyroid hormones are present in plasma, this situation inhibits pituitacy
glands to secret TSH, so its level becomes suppressed {below normal). On the other
hand, decreased (hyroid hormonc levels sumulale pitnitary gland to secret TSH.
Above mentioned mechanism works in hyperthyroidism, where FT3, FT4 lcvels are
high and TSH becomes suppressed. In hypothyroid slate, FT3, FT4 hormones are
low and then pimitary gland is stimulated to secret TSH and subsequently its level
become high. Thyrotd hormones act in cellular level of all system of the body. These
honmnones increase Q- consumption of cells, help in growth and development, lipid

metabolism and increase carbohydrate absorption from intestine {Ganong WE, 2005}
2.2 Thyroid carcinoma

The incidence of thyreid cancer is rising in United States, Canada and United
Kingdom. (Mazzaferri EL and Kloos RT, 2001: Sawka AM et al, 2009). In the
United States. the incidence of thyroid cancer has increased from 3.6 per 100,000
persons in 1973 to 8.7 per 100,000 in 2002, representing 2-4 fold increase, In the
United Kingdom. agc-standardized incidence ratcs for thyroid cancer have nearly
doubled from 1.4 to 2.6 per 100,000 persons between 1973 and 2005. l'he falality
rate of thyroid carcinoma s low, as the annual number of deaths due to thyroid
cancer is approximately 5 % of the annual number of newly diagnosed cases in the
Unied States (Sawka A et al, E[I]'DE}}. Most thyroud carcinomas are well-
differentiated lesions. The major subtypes of thyroid carcinoma and their relative
frequencies include the following:

o Papillary carcinoma (75%-85 % of cases)

o Follicular carcinoma {10 (o 20 % of cases)

o Medullary carcinoma {3 % of cases)

o Anaplastic carcinoma (< 3 % of cases) (Kebebew I and Clark OH,

2000}

10
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Papillary and follicular thyroid carcinomas are differentiated thyroid carcinoma and
are usually curable when diagnosed at an early stape (Mazzaferri EL and Kloos RT.,
2001; Schlumberger M ¢f al., 2004). Differentiation refers (o the extent to which
ncoplastic cells resemble comparable nonmal cells, both morphologically and
functionally {Kumar V el al., 2004; Luster M ¢t al., 2008). Lack of differentfation is
called anaplasia (Kwnar ¥ et al., 2004). Medullary carcinoma of thyrvid is derived
from parafollicular cells or C cells of thyroid-they are neuroendoceine neoplasm.
Anaplastic carcinoma of thyroid is undifferentiated tumor of thyroid follicular
epithelium and very much aggressive mmor with mortality rate nearly 1009% (Maitra

A and Abbas AR 20040,

2.2.1 TNM classification of differentiated thyroid carcinoma

The staging of cancers is based on the sixe of the primary lesion, its extent of spread
to regional lymph nodes, and the presence or absence of blood-borme mctastases.
Two major systems are currently n use, one developed by the Union lnternationale
Cenlre Cancer (UJICC) and the other by the American Joint Committee (AJC}) on
Cancer Staging. The UICC formed a classification called the TNM system- T for the
primary turmor, N for regional lymph node involvement and M [or metastases. The
TNM staging varies for cach specific form of cancer, but there are some gencral
principles. With increasing size, the primary lesion is characierized as T1 to T4, TO
indicales in situ Jesion. NO indicates no nodal involvement, whersas N1 to N3
denotes involvement of an mereasing number and range of nodes. MO signifies no
distant mectastases, wherzas M1 or sometimes M2 indicates the presence of blood-
bome mctastases and some judgment as to thelr number. The AJC employs a
somewhat different nomenclature and divide all cancers into stages O to IV,
including within cach of these stapges the size of primary lesion as well as the
presence of nodal spread and metastases. The TNM system remains to be the most
applicable and consisient staging system for papillary thyroid carcinoma (FTC)
{Kumar V et al., 2004; Lang BH., 2007},

11
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2.2.2 TPathogenesis of thyraid carcinoma

There are several factors implicated in the pathogenesis of thyroid carcinoma -
eenetic and environmentai,

Environmental factor: The tmajor risk facior is lonizing radiation particularly when
one is exposed to it in his/her first two decades of life. Radiation was used liberally
for head & neck lesions (tonsillar enlargement, acne, tinea capitis) in the past. Up to
D % of pcople who received such treatrment during childhood perlod had
subsequently developed thyroid malignancies. Exposure to ionizing radiation in
different areas of radjation accident and bombing and nuclear testing has increased
the incidence of thyroid cancer in children (Maitra A and Abbas AK., 2004).
Longstanding multinodular goiter has heen considered as predisposing factor also.
Endemic goiter due to iodine deliciency have a higher incidence of folhcular

carcinomas (Maitra A and Abbas AKX, 2004}

2.2.3 Papillary Carcinoma:

Papillay carcinoma of thyroid gland is the most common differentiated carcinoma

(DTC)Y. Tt ceeurs most commonly in the second to fifth decades of hfe.

Pathogenesis; Majorily of thymold carcinomas associated with previous exposure 1o
icnizing radiation. Papillaty carcinomas appear to arise by multiple distnct, non
overlapping molecular pathways. One pathway involves rearrangements of the
Lyrosine kinase receptors RET or NTRE1 (nearoiropic tyresine kinase receptor 1}
and ancther involves activating mutations in the BRAF oncogene. A third pathway

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

Morphology: Lesions of papillary carcinoma may be solitary or multiple. Some are
well-circumseribed and encapsulated. Others may have 1l defined marging and may
infiltrate surrounding tissue. l'ibrosis and caleifications are sometimes noled in
lesions and some are often cystic. On cut surface they may appear as granular and

somectimes they contain well-defined papillary foci.

12
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Histopathologic exarmnation offers the definitive diagnosis.

The characteristic microscopic hallmarks of papiltary carcingmas are the following,

» Papiilary carcinema may have papillae containing {ibromuscular sialk
covered by single or multiple layers of cuboidal epithelial cells.

> The nuclel of papillary carcinoma cells contain finely dispersed
chromnatin which gives optically clear or cmpty appcarance giving
ground glass ot Orphan Annic eye nuclei. Cytoplasm of cclls may
produce the appearance of intranuclear grooves/inclusions. Diagnosis
of carcinoma may be done on the basis of intranuclear inclusions

{Maitra A and Abbas AK, 2004).

"_-'.l'

Concentrically caleified structures termed psamumoma bodies are
often seen within the core of papillac. This is strong indication of
papillary carcinomna and not found 1 follicniar and medullary
carcinorna. A hidden ¢arcinoma is considered when psammoma body
is found in a lymph node and perithyroidal tissue.

» Metastases 10 adjacent lymmph nodes occur in half of the cases.

Vascular spreading is relatively uncominon.

There are variant fonins of papillary carcinoma - the encapsulaled variant 1s usually
confined to thyroid eland and account for 10% of all carcinornas, The follicular
variant has typical nuclear feature of papillary carcinoma but has an almast follicular
architecture. The tall cell vanant 1s characterized by tall columnar cclls lining the
papillary structure. An unusual dilfuse sclerosing variant of papillary carcinoma is
found 0 younyg and children. There is diffuse fibrosis throughout the thyroid gland.

Nodal metastases are present in almost all cases (Maitra A and Abbas AK, 2004}

Clinical course: Asymptomatic thyrojd nodule is the usual presentation 1n most of
the cases. In some cases, enlargewnent of cervieal fymphnode may be the first
manifestation. Single nodule with carcinoma may move freely like bemign lesion.

Hoarsencss, dysphagia, cough or dyspnoea are the features of advanced disease,

13
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Prognosis: Papillary thyrowd cancers have excellent prognosis with 10 years survival
rate in excess of 35 %. Local metastagses are seen m 5% -20 % and distand metastases
are sgen in 10-15 9% (Kebebew E and Clark OH, 20000, Prognosis also depends on
age of the patient {age above 40 is less favourable), presence of local and distant

mctastases (Mazzaferri EL and Kloos RT, 20013,
2.3 Management of thyroid carcinoma

The proper management of thyroid carcinoma remains mainly on the hands of
referring physician, sargeens and nuclear medicing specizhst. It is a discase with
relatively good prognosis, with a large proup of paticnts who are at low nisk of
death. In this situation it 15 crucial to balance the possible side effects of treatment
againsl possible benefils gained by more conservative or more aggressive treatment

{Yana S et al., 1999, Polyzos SA et al., 2007).
2.3.1 Suorgical management

Surzery is the prime mode of management of thyroid carcinoma (Podnas YD et al,,
2007). There is still debate about extent ol surgery, whether Jobeclomy (partial
thyroidectory} or total thyroidectomy {(Kebebew E and Clark G, 2000, Mazzaferri
FI. and Kloos RT., 20011; Tolyzos SA el al | 2007). One group of conservative
physicians supports the padial thyroidectomy. Majority of the physicians and world
wide Institules support total thyroidectomy (Mazzaferri EL and Kloos R'1, 2001).
Total thyroidectomy is chosen method for following reasons- (1) microscopic foci
could be present in contra lateral lobe, (2) tolal thyroldectomy is prerequisite for
radicindine ablation treatment, {3) metastatic lesion could be visaalived in whole
body scan after total thyroidectomy, {(4) decreases the risk of recurrence (De Groot
I et al., 1990). The disadvantages of total thyroidectomy is 118 morbidity viz, (1)
recurrent laryngeal nerve injury, (2} hypoparathyroidism and (3) hypothyroidism. In
the hands ol experienced surgeons, there is only a 1%-2% risk of recwrrent laryngeal

nerve injury or hypoparathyroidism after total thyroidectomy (Jana S et al., 1999).

14
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2.3.2 Radiviodine therapy

11
1 on

Dr. Joshep G Hamilton and John Lawrence treated hyperthymoidism by
October 12, 1941 (Sawin C1, 1997). This achievement formed the basis of one of
the most successful areas of therapeutic Nuclear Medicine. Ablation of residoal
thyroid tissue by radiotodine 15 a widely pracliced procedure alter (otal
thyroidectonmy. Its advanlages are-[irstly, ) destroys 1esidual thyreid tissue and
microscopic thyroid carcinoma which js difficalt to detect clinically. Secondly, its
use greatly simplifies the follow up evaluation for secondaries especially using
serum thyroglobulin {Tg} as tumor marker. In the presence of large remnant thyroid
tissue, secondaries may remain undetected on whole body scan (WBS) (Reynolds JC
and Robbins F 1997; Maxzaferri EL and Kloos RT., 2001). Papillary carcinorna of
the thyroid may be bilateral, microscopically multicentric, melastasizes o regional
tymph nodes and has a higher incidence of persistent or recurrent disease. These
observations are more evident wilth incomplete thyroidectomy. Both papillary and
follicular cancers have a tendency to be invasive and locatly infiltrative lcading to a
high probability of recurrence. This invasiveness is often missed on histology if not
lockedl for carelully. All these features are strong argument in favour of ablation of

residual thyrold tissue.

In a retrospective analysis of 1397 patients of differentiated thyroid carcinoma, it
was observed that “'T was (he singlc most hmportant prognostic indicator by the Cox
proportional hazards regression model for prolonging “disease free survival”, In this
study, treatment with ! I improved the outcome in both “low risk’ and high risk
paticnts. The incidence of recurrence was redoced by 30% in “low risk’ patients
arven "'1 therapy for ablation of residual tissue. Gven the incidence of pulmonary
metaslases was reduced by more than 50% when subtotal thyroidectomy was
supplemented by I treatment (Samuel AM, 1999).

Options/ methods of ablation of residual/ remnant thyroid tissue;

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

of ™1, a high dose of ™I and caleulated dose of 1. In low dosage approach,

15
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doses ol " are administered to outpatients less Lhan 33 mei {Kebebew E and Clark
OH.. 2000} The major advantages of low doses ablation arc avoidance of
hospitalization and reduced radiation exposure (o the whole body in general and
extrathyroidal tissues like bone mammow in particutar (Mazzalemi EL and Kloos RT,
2001). The varying results of ablation therapy and the inadequate information
regarding the effectiveness of low dosage ablation in preventing recurrences raises
doubts in one’s mind as to its usefulness. Disadvantages include low efficacy, costly
approach neccssitating significant time investment on the patient’s part, multiple
cycles of hypothymidism, discomfort to the palient and ‘stunning” of thyroid tissue

may further make low doesage ablation less likely to succeed.

High dosape ablation: The second approach {s the administration of high *1 dose
varying from 75-200 mei of ™I as an inpatient therapy. The proponents of high
dosape ablation suppest that higher dosages may actually be considersd as an
adjuvant radiation therapy for occult metastases not detected on diagnostic ™1
imaging studies. The studies show that, residual thyrold tissue can be successfully
abvlated with 100-200 mel in about 87% of patient and no significont increase of
efficacy could he achicved by giving higher dosages. The dosapes of ™1 needed for

ablation of normal thyroid tissnc with high

! uptakes are penerally higher and
these arc more dif(icnlt to ablate. The usual practice in treating thyrord carcinoma is
to zive standard amount of BI1 1o all patients. Most cenlers vse dosages between
100-200 mei (3.7-7.4 (5 Bg) and dosages up to 200 mei (7.4 0 By) are generally
without any serious complicatons (Samuel AM, 1999 Mayzafem EL and Kiloos

RT., 2001).

(Calculated dosages ablation: The third approach is of radioiodinc ablation is based
on (he radiation dose delivered ralher than empirical adiinistration of a fixed
amonnt or varymng amoumts of 'l This approach advocates individualized
reatrment so that cach patient 1eceives a maximum “safe™ dosc, which maintain less
than 2 Gy to the blood and not more than 120 m ci (4.44 G Bq) of I retained in
the whole body, 48 hours after treatment (Luster M, 2008). Average dosages of 309
mei (114 GBq} {75-639 m ci, 2.78-24.4 G Bq} have been administered without

16
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permanent bone marmow suppression, leukaemia and pulmeonary fibrosis (Sanuel
AM, 1999}, The dosimetric calculations require determination of whole blood B3
concentration and whole body retention for 4 days administration of tracer dosages.
Whole body retention may be calenlated from wurinary excretion or hy counting the
patient at a snitable distance from an uncollimated scintillation crystal. The results
indicate that 100-200 mov (3.7-7.4 MBqg) usually eradicates nptake in Jodine
concentrating tissue in the thyroid bed or cervical [ymnphnodes. On the basis of
radialion dosunetry, it was estunated that the minimal dose required to ablate a
normat thyreid pland is between 30-40,000 ¢ gy, at times may be as high as 50,000 ¢
Gy and requires about one mci (37 M Bq) of ™' per cstimated pram of thyroid

tissue.
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Patients with DTC

4

Tolal thyroidectomy
(LN metastases-added
with neck dissection)

I

First evaluation ‘Thyroid scan

at INMU Uptake of radioiodine
— Ultrasound
Serum-TSH, Tg

[

Patients withoutl melastases- Patients with metastases
) 75100 m ci {single B 1150-200 m el {single
dose) dose)
Follow up at 3 Levothyroxine (LT4) .
monthly at 1 [~ supplement lifelong —> | lollowup -
year and 6 starting at 3™ day of +  Clinically
monthly radioiodine therapy «  Serun-FT3
thereafter TSH & Tg
o  TIltrasound
« WIS

Fig. 4, Simplified fow chart of management of patients with differcentiated thyeoid
carcinama at Institufe of Muclear Medicine and Ulirasound {INMU), Dhaka. WES- whole
bod¥ scan.
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Ablation criteria:

Ablation of the thyreid remnant was considerad to be comiplete when radioiodine
uptake (RAIU}Y was less than 0.1%, there was no wvisual evidence of By
concentration on the 1:1 dot scan and serum T'g level was less than 10 ng/mi. The
crilerion for partial ablation was the visualization of discrete concentration of I
in the thyroid bed even though the uptake was less than 0.1% {Cooper DS et al,
2006 Luster M et al.. 2008},

2.3.3 1511 suppression therapy of levothyroxine (L'1'4)

Historically, Voo Eiselberg in 1894 described the necessity ol thyroid hormone
replacement n & woman having thyrid carcinoma who had developed hypothyroid
state after thyroidectomy. He observed she became euthyroid somelime later when
her slermal metaslasis began to grow indicating presence of functioning tissue that
produced thyroid hommones. Siv Thomas Duphil! in 1937 diagnosed two children
with thyreid carcinoma who subsequently developed recutence. Those metastases
targe growths disappeared wilh (be trealment of lurge dose of thyroxine. Presently
also. patients of thyroid earcinoma treated with surgery and subsequent radiciodine
ablative Lherapy receive thyroxine supplement life long starling from 3 days after
radiciedine therapy. Suppression of TSII using supraphysiologic doses of LT4 is
used commenly to treat patienls with thyroid cancer in an effort to decrease the nisk
of recurrence {Anthonry D and Toft MD; Cooper DS et al,, 2006; Schlumbcrger M ct
al., 2004). Differentiated thyroid cancer expresses the (hyrolropin receptor on the
cell membrane. Response to TSH stimulation acls by mereasing adenylate cyclase
activity, leading to ¢AMP production, the expression of several thyroid- specific
proteins {thyroglobulia, sedium 1odide symporter) and by increasing the rates of cell
growlh {Derwahl M et al, 1999 Pujol P et al, 1996). Relrospective shudies
demonstrated that TSI suppression to below 0.1 ml/ml may improves outcomes in
hich-tisk patients with thyroid cancer, although no such evidence of benefit has becn
documented in low- risk patients (Derwahl M et al., 1999; Green WL, 2005; Pujol P
gt al, 1926} Adverse effects of TSH suppression may inclede the known

consequences of subclimical thyrotoxicosis, mchuding exacerbation of angina in
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patients with ischsemic heart disease, incieased risk for atrial fibrillation and
increased risk of osteoporesis in postmenopausal women {Ladenson PW, 1991:

Pujol P et al_, 1956},

American Thyroid Association recommended injlial thyrotropin (TSH) suppression
to below 0.1 mIU/m] in high risk patients and mainfenance of the TSH at or slightly
below the lower limit of normal (0.1-0.5 talU/L) is appropriate for low risk paticnts
{Cooper DS ct al, 2006, Derwahl M et al., 1999; Polyzos SA et al., 2007). There arc
several recormmendations for dosing of 1.T4 eplacement. Mostly preferred methed
of LT4 dosing is the initial supplement based on total body weight (2.5£5 p gm/kg
/total body weight) in casc of patients with DTC (Burmeister L et al, 1992},
thereafter adjusiment of TSH at expected level doing follow up blood hormone
Jevels at G-12 months interval. This chosen method was not effective to maintain
expected 'I'SH [evel in 33% patients who were taking 1.T4 as evaluated by National
Healih and Nutrition Lxamination Survey of United States of America {Green WL
20035y, Santini I¥ et al (2005} have shown in their study that I.T4 dosc is preatly
dependent on lean hody mass. Age and scx related differences in 1.T4 needs reflect
different propertions of lean mass over total body weight. LT4 dosing on LBM
could be used to achieve target level of hommone replacement guickly particularly in
obese patients who have high fat mass. ‘The obesity iy rmeaching cpidemic
proportions, with the TISA, UK and Australia recording a prevatence of 20% in adult
population (Green B and Duffull §B, 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 caleulating dose. On the other hand, athletes
have high lean body mass, so they need more dose of LT4 than persons having same
total body weight {Santini F ot al, 2005, Green B and Duffull 8B, 2004). Mild
increment of LT4 dose may canse the fall of TSH level mildly to subnormal level,
conversely a decrease in dose by 25 p gm caused the rise of the TSH level in almost
in all subjects to above normal range (Green WL, 2003). A physician should not be
oversealous to prescribe any drug sirctly following the single method for dosing.
Physician should think other influencing factors on the pharmacokinetics of the

drug. There are several known factors that may change the dose of LT4. Absorption
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of LT4 may be interfered by certain drugs such as chlestipol, cholestyramine,
ferrous sulfate, aluminum hydroxide antacids and calcium salts. In that case taking
L T4 and the above mentioncd drups at different time and readjustment of dosage
may solve the problem. Soya protein and high fiber diet may inhibit its absorption.
Other deugs, such as phenocbarbital, phenyoin and carbamazepine and antitubercular
agent tifampicin may accelerate the metabolism of LT4, in case of cehac sprue and

malabsorption dose of LT4 are to be mcreased (Green WL, 2005).
2.4  Cardiovascular effects of thyroid hormone

Cardiovascular manifestations of hyperthyroidism were observed in first mentioned
thyrotoxicosis patient. Caleb Hillicr Parry described his firsl case, he saw in 1786,
was a woman wilh poiter and palpitations. He noted “each systole shook the whole
thorax” (l.adenson PW, 1990, Later Robert James Graves described palpitation and
enlargement of thyroid gland in 1835 (Ching CW, 1996).

It has been shown that untreated thyrotoxicesis results in increased heart rate, ralsed
systolic blood pressure, and ventricular diastolic and systolic function changes.
Hyperthyroidisim m both humans and experimental animals leads to left ventricalar
hyperirophy This candiac manifestation 15 primanly the result of increased work
imposced on the heart through mercases in haemodynamic load. Thyroid hormone
exerts their effects on heart ditectly and via peripheral vascular system (Mintz G,
1991; Klein 1, 199¢; Klein I and Danzi §, 2007; Ladenson PW, 1993). The (hyroid
gland primarily sccretes T4 (=83%), which is converted to Ts by 3™
monadeiodination in the liver, kidney, and skcletal muscle (Klein I and Danz § et
al., 2007). The small unbound (frec) fraction of T3 is responsible for hiologic
activity (Granner DK, 2005). The heart rclies mainly on serum T3 because no
significant myocyte intracellular deiodinase activity takes place in heart. T3, and not
T4, is transported mto the myocyle. T3 combines with its receptors and enters the
nncleus, where it promotes the expression of some gencs and inhibits the expression
of others. Those that are stimulated include penes for o —myosin heavy chain,

sarcoplasmic reticulum Ca’* ATPasc, B-adrenergic receptors, G proteins, Na+- K+
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ATPase and certain k+ channels. Those that are inhibited include the genes for -
myosin heavy chain, phospholamban, two types of adenylyl cyclase, T3 nuclear
receplors and the Na+- Ca2+ exchanger (Fig. 6.} The net result is increased hean
rate and force of contraction. ([Haider AW, 1998: Pachucki I ct al., 1999; Ganong W,
2005; Elein T and Danzi 5, 2007).

The heart conlains two myosin heavy chain (MIIC} isoforms, @ -MHC and p-MHC.
They are encoded by two highly homologous genes located in tandem in humans on
the short arm of chromosome 17. Fach myosin molecule consists of two heavy
chains and two pairs of light chains. The myosin containing -MHC has less ATPase
activity than (he myosin containing a =MIHC, a -MHC predormunates in the atria in
adults and its levels are incrcased by lreatment of thyroid hormone. This increases

the speed of cardiac contraction.

Thyroid hormones cause extra heal productien wbich in tum activales heat-
dissipating mechanisins, Penpheral resistance decreases because of cutaneous
vasudilation and this increases levels of tenal Na+ and water absorption, expanding

blood volume (Ganong W, 2005; Klein I and Danzi 8, 2007).

Thyroid hormenes stimulate renin synthesis indcpendently of sympathetic nervous
system, Infusion of supraphysiologic doses of thyroxine i rat results in thyroxine
and triiodothyronine concentrations in the kidneys. Kidney to plasma ratio of 13
levels of 10.7 to 1 suppests trapping of circulating T3 or conversion of T4 into T3
by type iodothyronine-deiodinase in renal parcnchyma. This, in turn may explain the
activation of the renin- angiotensin systerm during prolonged U4 (reatment at TSH
suppressive dose and the consequent sodimm reabsortion and increasc in blood
pressure. However, the activation of the renin-angiolensin-aldosterone system may
also be secondary to the thyroid hormone induced decrease in systemic vascular
resistance. Increased thyroid hormone level increases alnal natreuretic peptide levels
and nitric oxide synthase activity, these factors may protect hearl mainly against the
increase in diastolic blood pressure, but not against the development of the systolic

hyperension characteristic of hypenthyroidism (Botella-Carretero JT ct al., 2004},
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Fig. 5. Effecrs of tiyroid harmone on cardiovazeular hemodynamics (Kleio T and Danzi s, 20073,

Hyper - hyperhyroidism: bypo- hypothyrowdism.

13 affects tissuc thermogenesis and increase Ussue heat production increasing O;
cansimption, which in turn decreased systemic vascular resistance. In this simation,
diastalic blood pressure decreases and lowers afterload. Ay a result, chronotropic
and ionotropic activity increase causing increased heart rate. Thus cardiac output is
increascd. On the other hand, decreased diastolic blood pressure slimulates renin-
angiotensin mechanism increasing water and salt absorption and enhances preload.
As a result, cardiac output increases- all these effects of thyroid hormones on

hemodynamics are shown in Fig. 5.
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Cardiac Myocyle

s ke
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Fig 6 Mechanism of sc1ion of Ty on Lhe cardiac myocyte. AC-adeaylyl cyclase, B-AR- B adrenergic
recpion; Ga-guanine mucleotde binding provein; Kv- voliage- gated potasstum chaneels; NCX-
sadum calcium exchamger and PLB- phospholamban (Klein [ and Danel 5, 2007}

Ty has both genomic and noogenomic effects on the cardiac myocyte. Genomic
mechanisms involve T; binding to TRs (thyroid receptors), which regulste
transcripion of specific cardiec genes. Nongenomic mechanisms include direct
medulation of membmne ion channels as indicated by the doshed armows {(Fig. 6).
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2.5  Anintroduction of electrocardingram and its clinical role

The pams of the heart normally beat in orderly sequence which include contraction
of the atria (armial systole) followed by ventricular contraction (ventricular systole)
and during diastole all four chambers arc relaxed. Electrical activity is a basic
characieristic ol the heart and is the stimulus for cardiae contraction. Fluctuations in
potenlial that represent the alpcbric sum of the action potentials of myocardial fibers
can be recorded extracellularly because the body fluids are good conducters. The
record of these potential floctuations during the cardiac cycle is the
clectrocardiopram (ECG).  Heant  diseases are commonly associaled  with
disturbances of electrical {unction. The ECG has many uses:; il can serve gs an
independent maiker of myecardial disease; it can reflect anatomic, haemoedynamic,
molecular, ionic, and drog induced abnormalities of the heart. I can provide
information that is csscntial for the proper diagnosis and therapy of many cardiac
problems and most commonly used laboratory procedurc for the diapnosis of hear
disease and one of the most commonty employed tests in medicine (Julian DG,

2005: Castellanos A, 2008}
2.6  Anintroduction to Echocardiography

Echocardiography is the ultrasound imaging of heart. It is a Jrequently used
dominant diagnostic imaging medality giving anatomical as well as functional
information about heam. Use of echocardiography becomes versatile due to its
pomability in cmergency room, operation theatre and intensive care unit (Lang MR

et al, 2005).

Different measurements of chambers of heart including diameters of ventnicles and
atria. interventricular septal wall and walls thickness, left ventricular mass, wall
motion and vulvular integrity can be potentially evaluated hy 2D and M mode
echocardiographic methods. Dhastolic and systolic lunctions can be cvaluated by
measuring velocities through mitral and tricuspid valves by pulsed Doppler and

color Doppler imaging and spectral analysis {Dodson TA, 2009},
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Echocardiographic methods and techniques have been improved tremendously over
lhe last decades with the introdoction of higher frequency transducers, tissue
harmonic imaging, fully digital machine, lefi-sided contrast agents and other

technical advancements (Lang MR et al,, 2006; De Mana ed al., 2008).
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Fig 101 Karmal pattern of 1 issue Doppler Imaging in laleral wall of mitral annolus showing B (25
cmfaeey and Am 14 cmdsec) waves,

Recently, Tissue Doppler Tmaging (TDI) has been developed through proper
modification of the hardware and sofiware of the ultrasound platform. It allows the
analysis of velocity signals having high amplitude and low frequency originating
from tissue, which are not usnally detected by Doppler examination. TDI allows the
non-invasive calculation of time inleirvals and velocities of myocardial contraction
anid relaxation during varigus phases of canliac cycle by using post processing
application soltware. Although it gives informnation of regional velocity of

myocardium, siill it i3 influenced by global heart movements. To overcome the
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r

" limitation strain imaging introduced the concept of myocardial deformation as a

sensitive index of contractile capacity intringic to tnyocardium (Citro R et al., 2008)
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Fig., 11 Narmal Peak agnic velocity in spectral analysis of Doppler Echocardiography.

2.7 Exercise Tokerance Test (ETT)

- Exercise testing is a noninvasive tool to cvalvate ‘the cardiodascular ;,ystem‘s
response to exercise under carefully CDﬂt[‘bll—{:d conditions. Exercise is the body's
most commen ph};’siﬂlﬂgic stress and it places major demands on -Ith;:
cardiopuimonary system (IEnpel G and Froelhicher VF, 2008; Vanhees L et al,, 2005).
Thus, exercise can be considered the most f:ractical test of cardiac perfusion and
function. [t remains an imporant lesting method ﬂfl diagnestic, prognostic and

funetional information. The adaptation that occurs during an exercisc test allow the

body 10 Increase its resting metabolic rate up to 20 times, during which time cardiac
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output can increase as much as 6 times. The magnitude of these adjustments is
dependent on age, gender, body size, type of excrcise fitness and the presence or

absence of heart disease,

Rcgarding physiolegy of exercise two basic principles are imporiant to understand
exercise testmg. The first physiologic principle: total body oxygen uplake and
second principle is myocardial oxygen uptake and bolh are distinct in their
detenminants. Total body or ventilatory oxygen uptake | volume oxygcn consumption
(VO] is the amount of oxygen that is exiracled from inspired air as the body
performs work. The detenminanis of VO, are cardiac output and the penpheral
atcriovenous oxygen  difference.  Maximal  atteriovenous difference s
physiolopically limited to roughly 15-17 ml/dl. Thus maximal areriovenous
diflerence behaves more or less as a constant, making maximal oxygen uptake an

indirect cstimate of maximal cardiac outpat {Vanhees L et al., 2003)

Myocardial oxygen uptake is the uptake is the amount of oxygen consumed by the
heart muscle. The determinants of myocardial oxygen uptake include
intramyocardial wall tension (left ventocular pressurc and end diastolic velume).
contraciility and heart rate. T has been shown that myocardial exygen uptake can be
reasonably estimated by the product of heart rate and systelic blood pressure (double

product).

The second principle is one of pathophysiology: considerable interaction takes place
berween the cxcreisc test manifestations of abnormalities in myocardial perfusion
arl function. The electrocardiographte response and anpina arc closely rclated to
myocardial ischemia. DIxercise capacity, systelic blood pressure, and heart rate
responscs to exercise can be determined by the presence of myocardial ischemia,

myocardial dysfunction or responses in the periphery.
Exercise testing fundaimentally involves the measurement of work, there are several

concepts regarding work. The comimon biologic measure of total body work is the

axygen uptake, which is wsnally expressed as a rale in liters per minute. MET stands
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for ‘metwabolic equivalent’ or ‘metabolic equivalent tasks’, is a termn commonly used
clinically 1o express the oxygen requirerment of the work rate duning an exercise lest
on a treadmill or eycle ergo meter. MET is the amount of energy used by an averags
adult at rest. An average adult needs 1 calorie for every kg body weight per hour
while sitting or slceping (intemet: Health drgily.com). One MUT is cquated with the

resting metabolic rate (approximately 3.5 ml of Oxfkg/min).

Clinically sipnificant Metabolic Equivalents for maximum exercise

1 MET Resting

2 METs Level walking at 2 mph

4 METs [evel walking at 4 mph

< 5 MFETs Poor prognosis; peak cost of basic activities of daily living

10 METs Fropnosis with medical therapy as good as coronmry artery

bypass surgery

13 METs Excellent prognosis repardless of other exercise responses
18 METs Flite endurance athletes
20 METs Worid-class athlctes

{(Engel G and Froelicher V, 2008)

The protocol of excrerse tolerance test include following:

1. Continuous CCG monitoring

2. A type of activity that can be performed by sedentary, poorly developed and
under conditioned subject as well as by the trained athlete.

3. A workload can be vaned according to the capacily of the individual, Tt
should give reproducible results and allow comparison with other patients
tested.

4. There must be facility of freguent blood pressure measurement before,
during and after exercige.

5. Facility of aerobic requirement of individual tested.

6. Maximum safety and mintmum discomfor for each individual
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7. The hiphest possible sensitivity and specificity in the discrimination between
health and discasc.
8. First stage shouldd be long enough for warm up to occur

9. Procedure should be short enough to be practical
2.8. Lean body mass and Dual encrgy X-ray Absorptiomctry

In 1963, single photon absarpticinetry {SPA) was described by Cameron and
Sorensom. The first commercial dual encrgy X —1ay absorpticmetry (DXA} was
introduced in 1987 for measurcment of bone niineral densitometry (BMD) {Banks
LM, 2001). Lear hody mass is the weight of muscles. organs and bone without fat
and bone mincral concentration. Total bedy mass was calculated as follows: total
body mass=total bone wiperal concentration {BMC) + total fat mass + total [ean
mass (Kim I et al_, 2006; Stkkelbrocck NMML et al.. 2003). IiXA has been shown
to be an accurate and precise techmique associated with a low dose of radiation for
measuring body composition. Unlike neutron activation analysis or underwater
weighing, XA is a simple and quick procedure and can be performed on readily
available equipment. DX A is a method of estimating bone mincral utilizing a pencil
beatn x-ray beam filtered to provide the twao distingl energy peaks necessary to
distinguish bone from soft tissue. Dal Na-I (sodiom iodide} scintaillation crystals or
are used 1o detect the X-ray energies separatcly. The technique for scparating X-ray
oufput inle two distinet energy levels is known as K-edge filtration. One type of
XA seanner machine uses samarinm as lhe filter material because it produces
cuergy peaks at 40.8 Kev and 80 kev, which have proven to be the maost effective at
differentiating between soft tissue and bony tissue. Iirect —Ihgital CAT (Cadmium
Zine Telluride) scintllation deteclor is used i GE health care Prodigy DXA
machine. Na-T scintillation crystals of 7.0 mm thickness are used for high chergy
detection and that of 0.3 mm thickness is used for low encrgy detection. The DX A
iplal body measurcment provides a compuisen with the normal age and sex
matched range, together with information on BMD (Bone Mineral Density) (g cm®),
BMC (g), percentage fat, fat tissue mass {g), lean tissue mass {gm) and total tissue

mass for the whole body composition {Andreoli A et al., 2009).
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Fig 12. Wholbe body DXA for kean body mass of 2 29 years old female patierd with DTC.

DXA body composition measurements have been used in a number of clinical
scttings, which include the alteration of body composition and tissue distribution
wilh disease, gender differences and the effect of menopause and therapy (Linda,
2000, Deurcnberg et al., 2002). Lean body mass is a potentinlly useful predictor of
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the pharmacokinetics behavior of drugs that are highly water soluble {Green B and
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Chapter 111

Materials and Methods

3.1 Dace of stedy

The current study was condneted at Institute of Nuclear Medicine and Ultrascund,
Dhaka under Bangladesh Atomic Energy Commission at Bangabandhu Sheikh
Mujib Medical University (BSMMU)} campus and Department of Cardiclogy,
BSMMU campus, Dhaka.

3.2 Siudy Subjects

Sevenly two patients with differentiated thyroid carcinoma of low risk group (11,
N, M) wreated with total thyrmdectomy and ablated by radiciodine therapy were
recruited tandomly in this study for experimental group. They were referred to
Institute of Nuclear Medicine and Tltrasound, Dhaka, for radiciodine ablative
therapy after twlal thyroidectomy during the year 2007-2009. All patients were
diagnosed as papillary thyroid carcinoma on histological examination. ‘l'en patients
refused to participate in subsequent visits. [wo patients were excluded from (he
study as their serurn thyroglobulin (Tg) levels were high, so they could have been
suffered from micrometastases. Age, BSA and lifestyle matched 23 healthy adults
werc taken as control subjects. Informed conscnt had been taken from experimental
subyects and all paticnts beforc participation in the present study. They were
informed about the risk and benefit of the present stody before participation. All
comtrol and patients were explained in Bangla and the consent form was preparcd

alser ip Bangla.

Inclusion crileria of patients in expcrimental group includes paticnts with

differentiated thyroid carcinoma with low risk group, whe had undergone total
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thyroideciomy and subscquently received radioiodine ablative therapy, yvoung age

group age range 20-39 years and serum Tg level is below 2 ngm/L.

Exclusion criteria: Patients who have any som of cardiac dysfunction, pulmonary
discase and patients in high risk of recurrence and already presented with metastasis,
with ECG abnormality, or uninterprelable ECG, patients who have any deformity,
not fit for ETT, diabetes mellitus have been excluded. Healthy adults ape range, 20-
39 veurs, euthyroid state with no chronic cardiopulmonary discase, diabetes and

deformity were included in volunteer group.

Initially bascline study of cardiac Tunctions such as clinical symptoms and pulse
rate, respiratory ratc and blogd pressure have been recorded and symptom rating
scale score (Klemn [, 1988} were evaluated in all subjects. Then patients of both
confrol and experumental groups have been evaluated by electrocardiogram,
echocardiography and exercise tolerance test {(ICTT). Then cxperinicntal groups have
been requested to come after 2 months of radwiodine treatrment. Then bone mineral
density and whole body composition had been assessed and lean body mass are
calculated in 30 patients of among all 60 patients and regarded ay Group-1. Patients
of Group-I reccived LT4 oral levothyroxine on the basis of lean body mass. Rest of
the patients was regarded as group-T1 received conventional dose of LT4 (200 pgm /
day). Levothytoxine of same reputed brand was taken by cach patient in the moming
n erupty stomach, halt an hour before breakfast. It was advised to take drugs
sceparately which hainper absorption of 1.T4 specially calcium tablet. Patients of both
groups have becn advised to come 3 monthly for clinical and biochemical follow up
for routine checkup. Cardiac functions were assessment and ETT had been assessed
at the begipning of Geatment and after 6-12 months at the Department of
Carthology, Bangabandha Sheikh Mujib Medical University. The data generated

Irom the sludy were computerized and appropriatc statistical analysis had been done.
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33 Hormone assay of F13, ¥T'4 and TSH

Serwn TSH concentration was measured by an ultrascnsitive immunoradiometric
assay kit (IMK-432), Beijing Atom Hightech Co., LTD. with a detection limit of
0.04 mIVL. The coefficient variation of TSH assay at 0.04 m TU/L and at 0.1mU/L.
was 10 %. Seram FT3 was measured by radioimmunoassay methods (RIA kit, TMK-
436, HTA Co). Euthyrold (normal) reference range of i3 is 2.8- 9.5 pmol/L.
Serumn FT4 was determined by two-step radioimmunoassay (IMK-435) Departnient
ol Tsotope, China. The normal range of FT4 is 9.5 -25.5 pmol/L. The measurcments
were performed during I'T4 suppressive therapy at 2 months and in every follow up

visit and after 6-12 months jn both groups of patients and healthy adults initially.

34 Procedures of Electrocardivgram (ECG)

A standard 9-leads electrocardiogram was performed by KD Yasen 3CG-903
machine on each patient at first visit and last wisit and in healthy voluntcers. A
conventional BCG consists of tracings fram 12 leads. The term ‘lead’ refers to the
LBCG obtained as a result of 1ecording the diflerence in potential between a pair of

electrodes. Conventional unipolar chest lcads are:

V115 placed jn the fourth intercostals space just right to steroum

%215 placed in the founh infercostals space just left to sternum

V3 is placed midway between ¥2 and V4

V¥4 iy placed in 3 th intercosials space in left midelavienlar line

V5 1s placed in the left antedor axillary line at the same horizontal level as V4

¥ 1y placed in the left midaxillary line at the same horizontal level as V4.

The exploring electrode chest lead is connccted to the positive pele of ECG and the
nepative to the central terminal of Wilson. Modilied unipolar limb leads are
angment (a} lead. They arc designated as follows: aVR, right arm Jead; aVL, left
arm Jlead nnd aVF, lefl foot lead
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Nommally, The ECGs are recorded at a rate of 25 mm/sec. The ECQ is printed with
thin vertical lines 1 min apart and thick vertical lines 5 mm between two thick lines
0.02 sec. If the heart rate is regular, the rate can be counted by dividing the number
of small squarcs between two conseculive R waves into 1500 or large squares into
300, There are also thin horivontal lines at 1-mm interval and thick horizontal lincs
al & mm intervals. An ECG recording is standardized so that I mV gives a deflection
ol 10 mm on the paper. The height of a deflection indicates its voltage. The spread
of the cardiac impulse gives risc to the main dellections of the ECG: P, QRS and T

WAVEE,

The P wave represents the atrial depolanzation.

The PR interval represents the time taken for the cardiac impulse to spread over the
atrivm and through the AV nede and His-Purkingc system.

The QRS complex represents ventricular depolarization.

The T wave represents ventricular repolarization.

A5 Methods of Exercise Tolerance Test

‘Lhe exercise test protocol was performed in the morning, at least two hours after [ast
meal. T'o detenmine the relative physical fitness of each subject, information was
collected on the patient’s level of physical activity. Exercizse lesting was then
performed on Marquette Medical System, Senes 2000 treadmull ergometer using
Bruce protocel. At the first stage the treadmill speed and slope were (1.7 mph) and
(0%) respectively to allow the patients to warm up. At the second stage the
treadmill slope and speed were increased according to the Bruce protocol (Engel G

and Fioelicher Wi 2008)

Blood pressure was measured utilizing a mercury sphygmomanometer at rest and at
the end of each stage of exercise and until return to bascline into recovery. Heart rate
was measured in every stage of exercise and at recovery. ECG was continnously

monitored during the stape. Codel Master ECG and BP monitor has been utilized.
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The test was stopped upon the onset of severe faligue or achievement of mmaximum
predicted heart rate. Hearr rale, systolic blood pressure and diastolic blood pressure
were measured during exercise and peak exercise. MET (mctabolic equivalent) was
measured, which indicated the amount of energy utifized by a person duning
exercise. A double product, used as an index of cardiac workload, was caleulated as

the product of heart rate and systolic blood pressure.

3.6  Procedares of Echocardiography

A complete M {motion) mode and 2D {two dimensional}, color Doppler, spectral
and Gissue Doppler Echocardiographic evaluation were performed by using an
ultrasound imaging system Siemens Acuson CV70 cquipped with a 2.8-3.5
megaherlz Wansducer. Echocardiographic studies wore performed by a single
blinded experienced cardiologist, unaware of study pmotocol. Echocardiographic
recordings were made with subjects in Ieft lateral decubitus position, with the head
elevated 20-30 degrecs using conventional para sternal and apical views, according
to the standardization of the Amencan Society of Echocardiography (ACC/ ATIA
guidelines 1997, Lang R., 2006; De Mana, 2008;). The following parameters were
asgessed using 2D images [rom the para sternal long-axis acoustic window: left
ventrienlar intemal diameter at end diastole (1.¥VIDD; millimeters), left ventricular
miemal diameter during systole (LYIDS; mullimeters), interventricular septum
theckness (IVST; millimeters} and posterior wall thickness (PWT; mullincters) at

endd diastole,

Left ventncudar systohe tunction was investizated by determining ejection phasc
indices, such as lhe percentages of fraction shortening [FS%=LYIDD-
LVIDS/LYIDD {pcreentage)] and rate adjusted mean velocity of fiber shortening
{mVYCFc; circumnferences/sec) was calculated by dividing the fraction shortening by

clection time.
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Left ventricular mass {(L¥M} was calculated by using Penn convention, with the
following regression corrected cube formula: LYM=0.832 [1.04 {[{I¥VST+
L‘qﬂ_DlDI+PWT]3 — (LYIDDY'] + 0.6 g, L¥YM ways indexed by body surface area
ILVMi=L.VM/body surface area {grams/m”)] (Biondi B et al., 2000

Doppler tracings were acquired during quict respiration with the transducer
positioned at, or slightly left of the apical impulse, according to the previously
repered method at averaging five consccutive cycles at a paper speed of 50 mm/100
mm/sec. Carc was taken to place the sample volume al the mitral valve annulus and
moving it toward the tips of the mitral valve at the point where maximal velocity
was measured. The wave forns chosen were (hose with more defined morphology
showing a narmow range of frequency shifi and consequently minimal spectral
broadening, The following parameters were measurcd and caleulated on mitral flos
velocimelry: maximal early diastolic flow (E, cmfsec), maximal late diastolic fow
(A, cu'sec), B/A ratio and early flow deceleration time {Dct). Det is ithe tine
interval from the peoint of peak carly filling of the ventricle until the pont of
diastasis in middiastole, determined and mcasured by an extrapolation of the rate of
declinc of the flow velocity from the E potnt to the baseline  Isovolumic relaxation
time (7. e. the tune interval from aorijc valve closure o the onset of early diastolic
flow) was obtained by simullaneous tecording of aortic and initral flow by
continuous —wave Doppler fracings. Aorhic peak velocily and mean aortic
acceleration were obtaimed by aorfic flow velocimetry. In particular, mean aortic
acccleration was obtamned by dividing the peak flow velocity by the acccleration

time.

"Iissue Doppler imaging {TDI} of the mitral annular motion was recorded from the
apical 4-chamber view. A 2 mm sample was placed scquentially at the lateral rmtral
annulus. Early (Em) and late (Am) diastolic annular velocities were measured from
TDT images. The ratio of mitral E to TD1 Em was calculated using lateral (E/Em

lat).
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The LY Tei index {myocardial performance index), a combined index of systolic
and diastolic function, was also calculated using inilral inflow velocity and LY
outflow velocity as previously reponted. Tel index, defined as the sum of isovolumic
coniraction (at the start of the ventricular systole, mitral and atrioventricular {AV)
valve clesed before opening of aclic and pulmonary valves, muscles of ventricles
shorten and intraventricular pressurc riscs; IVRT- al early diastole- time period
hetween aortic and pulmonary valves ciosure, ventricular pressure drops and before
opening mitral and AV valves) and relaxation times divided by ejection time, has
been proposed to express  global left  veatricular function. Tei index=
(IVCT4+IVRTYET 15 a comeeplually new, simple and repreducible Doppler index of
combined systolic and diastolic myocardial performance in patients with primary
myocardial systolic dyshunction, (Kesar N et al., 2005; Karaizis BN et al, 2009;
Cilro R et al., 2008}

Left ventricular systolic function was expressed as fraclional shortening (FS %),
which was considered normal of = 29%. LV hyperlirophy was defined as LYMI
greater than 134 gm/m” in men and greater than 110 gm / m° in women {Biondi B et
al., 1993},

Body surfacc arca was measurced by

BSA =TBW (kg) *** x Ht (m) ™ x 0.007184 (Green B and Dulfull SB, 2004)
A7  Measvrement of Lean body mass by Dual Enerpy X-ray ahsorpliometry

The subject’s body weight and height were measured. Body mass index {BMI) was
calculated by weight! (height)” {I{gfmz }. Total body mass 13 calenlated by Dual
Energy A-ray Absoptiometry (DXA) as follows: Total body mass (TBW) = total
hone mincral concentration {BMC) + iolal fat mass (FM) + total Jean mass, Thereby,
lean hody mass {LBM) = e iotal body mass — (total fat mass + total BMC)
{Sukkelbroeck NMML ot al., 20033,

Lean body mass of 30 patients of group-1 was estimaled by Dual energy X —ray
Absorpsiometry (DXA) by GI Health care, Lunar Prodigy Advance PA+301470 al
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whole body version at first follow up wisil. According to operator’s manual,
scanning method: its narrow angle fan hearn made multiple passes across the patient
to acquire multiple images, with each image overlapping the previous one. Then,

Multi-view Image Reconstruction was done.

Technical specifications:

enCORE"™ Software Platform

Advanced intuitive graphical interface

Multiple Patient directories with Microsoft Access R database
SmartFan™ for scan window optimization and dose reduction
Autornated scan mode selection

Autoanalysis™ for a better precision [xam copmparison process.
Typical Scan Time and Radiation Dosc at hest precision

Whole body composition was 4 min 30 seconds: 0.0003 m Gy (<1% CV).
Calibration and Quality Assurance

Automated test program with cornplele mechanical and electronics tests and global
measurement calibration.

Scanning Method

Nariow Fan Beam (4, 5° angle) with Smart Fan and Truvicw algorithms
X-ray characterisiics

Constant potential source at 76 KV

Dose efficient ¥-edge filler

Detecior technology

Direct-Digital CZT {Cadmiom Zinc Telluride) detector

Fnergy sensitive solid state armay

Mapnification I

Noene-Object-plane measurcd

Dimensions (L »« H % W) and wcight

263 x111 » 128 cm-272 kg (full)

202 % 111 x 128 cm-254 kg (compact)

Lixternal shielding

Not required
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A8

Score of signs and symptoms of hyperthyroidisin

Hyperthyroid Symplom Rating Scale {(SRS) is potentially useful to assess the

severity ol hyperthyroidism and to assess quality of [ife (Klein [ et al., 1988).

Every palient was evaluated by according to SRS al fimst and subseguent visits and

healthy voluntecrs were also evaluated by same scale. SRS format is given below.

Hyperthyroid Symplom Rating Scale

Characteristic

Seore

el B

'y

Nervousness
Abscnt

Anxious only with stress

Occasionally anxions at rost

Often anxious, difficulty working or
concentrating

=tates freely that fecls very nervous most

ja—

Sweating
Only with activity
At rest but only in warm temyperature
At restin ternperate clirnates, mainly involving the hands and
intriginous zones
At rest involving many body areas.
Profusely diaphoretic almost constantly.

Ileat intolerane

Normal temperature tolerance.

Periods of fecling warmer than those in the samc room
Sigmilicant dilliculty with heat, requiring air conditioner
constantly in the suimmer time

Excessive difficulty with heat even in lemperature climate.
Lxtreme ditficnlty with heat, does not feel comfortable cven
m ¢olil weather as evidenced by lack of need for warm
clothing or bed covers.

o P = D

Hyperactivily

Mormmal activity

Increased activity level, increased productivity

Increased productivity, decreased sleep time.

Performs some purposeless activity

Frequent episodes of purposcless activity; unable 1o sit still
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during examination

O L

Tremor: Examination of cutstretched hands

Absent

Rarely perceptible

Tremor demenstrated readily on examination

Marked tremor but able to perform fine motor skills

Hands shake excessively, difficolty performing motor skills.

B LN =S

Weakness

MNormal strength

Subjective weakness bul with normal tolerance

Decreased exercise tolerance to near maximal activity
Decreased tolerance 1o siair climbing or arising from chair
Exlreme weakness such that patient can barcly 1ift objects or
wallz up stairs

o O

o b =

Hyperdynamic precordium
Nommal precordium activity apical impulse

‘Tachycardia, 90 beats per minule with nornal apical impulse.

Tachyeardia, Y0 beals per minute with increased apical
impulse

Tachycardia, 110 beats per minute wilh increased apical
impulse

Tachycardia, 110 beats per rminute and carotid upstroke both
mereased, syslolic ontllow murmu.

Dhiarthoey

1 bowel movement (BM) per day; Tormed siool
2-4 formed BMs per day

1-4 loose stools per day

4 formed DMs per day

4 loose stools per day

By = O

Appetite
Appectile nornal, no weight loss
Appetite normal, no weight loss
Appetite increased, no weipht loss
Appetite increased, weight loss
Appetite decreased, weight loss

R ™

Assessment of daily function (degree of incapacitation}
Mormmal {nonc)

Miniral impamment (10%?)}

Mild impairment (30%}

Meoderate impairment (60%)

Severe impairment {90%)

45



Chapter Hi: Materialy and Methods

3.9  Stalistical analysis

The study was designed to comparc paticnts with differentiated thyrond carcinoma
with age and BMI, BSA matched normat healthy controls at the ume of enrollment.
Sample sizc was verified at the beginning of study by using online calculator by
Lenth 2000, lowa University, USA (Lenth RV, 2001). ‘Then two proups of patients
recelving two prolocol of LT4 supplement were included. Cardiac morphology and
function by echocardiograpby and L'IT at different time points were eviluated.
Values were cxpressed as mean + SD with 95% conflidence intervals. Statistical
analysis was performed by using SPSS, version 13 software packages for windows
|Apache Software foundation, TISA] The two tailed vnpaired Student’s t test was

used to compare basal data between control subjects and patients group.

One  way ANOVA  was used to compare all the clinical, homnone,
Echocardiographic and ETT data between patients of Group-T and Group-II at first
visit and second visit and between two visits. The pust hoe covariates were analyzed

at Tukey’s HSD (honestly significant dilference)} test.

A probability () valuc less than 0.05 was considered statistically significant,
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Chapter IV

Results and discussion

4.1  Comparison betwien baseline data of control subjects and patients with
DTC at first follow-up

Paticnts with differentiated carcinoma of thyroid receive life long LT4 therapy after
tolal thyroidectomy and radiciodine ablative therapy. LT4 1s given at TSH
suppressive dose to keep the patients in subclimical hyperthyroid state. Low level
TSIl prevents metastascs lowering the stimulus for follicular growth by this
hormone {Mazzaferri EL and Kloos RT, 2001). Subsequent follow up strategies vary
according to the patient’s individual risk. In patients with differentiated thyroid
carcinoma, adequate TSH suppression may assure a survival rate of more than 98%
at 20 years (De Groot et al, 1990} Treatment schedule or protocol of LT4
supplement slightly differs from institute to instinite and from country to couniry.
Some institutes have been practicing LT4 dose at 200 pgm/day/patient irrespective
of age, sex, body weight and type of carctnoma for imitial 3 months of RIT starting
from 3% day of RIT therapy. Thereafter, LT4 is adjusted with the hormoune levels
(FT3, FT4 and TSH) to keep the levels in TSH suppressive condition. Recent
recommendations by American Thyroid Association (Cooper TS et al, 2006)
advocated (hat patients with high risk thyroid carcinoma are to be maintained in
suppressed TSH ievel condition but patients with Jow risk of metastases are to be
kept in euthyroid state with low normal TSH level. This recommendation is not
followed uniformly in different institutes throughout the world. Patients are usually
kept in subclinical hyperthyroid state in which they suffer from some symptoms and
signs of thyrotoxicosis (Biondi B et ai., 2000; Hofujzer HC ct al., 2008). Long term
administration of L'f4 in TSH suppressive dose has some iil effects on heart such as
increased heart rate, atrial fibnllation, left ventricular hypertrophy, systolic and
diastolic dysfunction which in tum increases morbidity and mortality of the patients
(Biondi B et al., 1993; Klein I and Danzi S et al., 2007; Ladensen PW., 1990;

Ladenson PW, 1993). In several studies, it has been shown that chronic replacement
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therapy with suppressive doses of levothyroxine impairs quality ol life and
psychometric functionality in patients DTC (Botella-Carretero JI et al, 2003). The
purpose of the present sludy was to optimize the dose of LT4 on the basis of lean
body mass ineasured by Dual Energy X-tay absorptiometry. Moreover,
pharmnacokinetics of I.T4 depends mostly on lean body inass compartment as
Jevothyroxine 18 waler soluble. The fat mass of body does not conuibute in LT4
metabolism. The objective of the present study was to optimize the dose of LT4
depending on lean body mass and prevention of cardiac cffecls due to chrome
overdose of LT4 in carcinoma of thyroid of fow risk group.

Initially, 60 consccutive patients with differcntiated thyroid carcmoma of low nisk
group between the age group of 20-39 years were entolled in the present study. The
control group consisted of 23 age, BMI and BSA matched chnically healthy
euthyrond volunteers (Table I). All patients were given 114 at dose of 200 p min/day,
commniencing on 3rd day of (he radiciodine ablative therapy. this therapy is
practiced in our country and also in some institutes of ncighboring country India
(Samuel AW, 1999). The dosc pattern of L'14 followed in patients Group-l and
Group-Il did not differ the conventional dose at the very hbeginning of the stody
keeping in mind the risk of devclopment of metastases. Another purpose of this
initial LT4 dosage was to alleviate postoperative hypothyroid state shortly, Though
this initial dose of L'14 kcep the patient in TSH suppression less than 0.1 milUfml.
Moreover, the aim behind the followinz of conventional dose initially was to

observe the clintcal and cardiac parameters with same dose of LT4.

Table 1. Biophysical characreristics of contrel subjects and patients

Parameters Control Paticnts
{n=23 (=60
{FM-13/10) | (E'M-55/5)
nean =+ SD mean + 8D

Age (yTs) 30x5 28+x6

Weight (kg) 556 33 £ 10

Height {cm) 156 £ 6 153 +6

BSA (m") 1.53 +0.10 1.48 20.14

BMI (kg/m”) 23 +7 23 x4

£ > 005 Control versus patients {no stgnificant difference)

£ <0.05 is considered significant difference

BSA- Body surface area, BMI- Body mass index
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Thercallter, patients were diveded into two groups (Group-1 and Group-I1). In Group-
1, 30 patients reccived optimized LT4 dose depending on lean body mass oand
patients of Group-1T continued ihe same conventional LT4 dose. Afler 6-12 months
the study pammeters were reported and compared to see the differences in two
groups receiving different protocol of LT4 dosage and also with bascline data of [irst

visii,

There were no significant differences between patierts and comrol subjects in terms
of age, height, weighy, BSA and BMI (p>0.05) as shown in (Fig. 14,15 and 16;
Table 1). Among 60 patients with differentiated thyroid carcinoma, 55 were female
and 5 were male. On the other hand, among 23 kealthy adults 13 were female and 10
were mzle. Biophysical chamcteristics regarding female to mate ratio in patiems of
present study populatton has reflected the incidence of sex pattern of the discase and
female to male retio is 9:1 (Maitra A and Abbas AK, 2004). in previous studies,
similar sex patterns in their study population have been obscrved (Biondi B et al,,
1993; Fazio S et al., 1995; Biondi B et al., 1996; Mercuro G et al., 2000; Botetla -
Carmetero JI e1 al., 2004).

a5 [T

33 4 40 5
E 31- €l =F
= = }. —
& B 2 ..
< 2§ - g

ZTJ 45 §

4 T
25 ¥

Control Fatlents
Control Patlkents

Fig 14, Lefl: Mean age in yenr (yr) and Right: Mean weight (kg) in conmtrod subjects and paients,
Dria are expressed in mezn + SD.
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Chapter IV: Rexults end Disvussion

Age: The baseline clinical charecteristics and honmone data of the study subjecis
(healihy volunteers and patients) ore shown in Table 11. Mean age of control subject
was JO+5 yrs (range 20-39 y1), which did not differ significamly with patiem group
of 2816 yrs (range-20-39 yrs) (p>0.05) (Fig. 14 and Table I). The patiems and
healthy controls were well matched for age, height, and weight and body surface
area. Biondi B a1 &l., (1993) included also the patients of young age group having
mean age 36:11 years. In contrast, the author of another study eslimated LT4
requirement in populalion of higher age group, mean age 45417 years, mnge, 22-85
years (Burmeister L etnl,, 1992),

160 40
15B ™ 35 -
3 Ly
:u:ﬁﬁ - ‘:E_ﬁ 10 -
=
o
- 154 5 25 -
I o
152 . 20 -
150 T i5 i
Control Patonts Control Patlants

Fig 15 Left: Mean helght {em) wnd Right: Menn BMT in conlrol subjects and paticms Dats are oxpressed
in mean+ SO

Height: Subjects of control group showed mean height of 156 & 6 ¢cm (range, 145-
168 cm) and in patiem group it was 153 + 5 ¢m {range, 139-170 ¢cm) {Fig.15 and
Table [). Range of weight and height of the population of the present study was
lower than other studies because the previous studies were performed in white
people of lly, their people are taller 2nd have more weight compared to people of
Bangladesh (Biondi B et al., 1993; Biondi B £t al., 1996; Biondi B et al., 2000 and
Fazio § et &l,, 1995}
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Weight: Control subjects and patients with carcihoma of thyroid showed
comparablc mean weight in the present study. The mean weight of control group
was 5540 kg (range, 40-63 ke) and in patient group was 53210 kp (range, 33-70 kg)
(Fig. 14).

Subjects of control group and patients have similar sedentary lifestyle. In the present
study, during selection of age, BMI and BSA matched control subjects, persons with
significant physical activity have been deliberately aveided because they could have

differed in exercise capacity and cardiac paramcters (Daimon 8 et al., 2008}

In the present study, paticnts with differenbated carcinema of thyrod were
consecutively selected from younger age group and age and BMI matched control
were recruited. These patients are supposed to receive LT4 [or prolonged pedod of
time throughout their life, so optimization of dose of LT4 is necessary (o maintain
the quality of life preserving nennal cardiac function avoiding chronic exposure of
slightly higher dose of I.T4 (Biondi B et al., 1996; Biondi B et al., 2000, Biondi B.,
et al.,, 2002; Caro DE et al., 2006). Other reasons to select the younger age groups
werle to avold any existing cardiac problems and also to avoid chromic diseases such
as disbetes mellitus; asthma and any kind of disability affecting the different

parameters of the present study.

BMI: Calculation of BMI (wt/ Ht @), (Green B & Duffull SB, 2004) betweon
control subjects (mean, 2343 ke/m’, range, 17-26 ke/m®) and patients group (mnean,
23#4 kg/m’; range, 15-31 kg/m?) showed similar BMI (23 ke/m®). This calculated
value of BMI is within normal range (Green B and Duftul 5B, 2004}, However,
seventeen patients of the present study population were over weight (BMI ranged
from 25-29 kg/m®). Prevalence of obesity is 20% i USA, UK and Australia {Green
B and Duffull 5B., 2004}, Lower prevalence of obesity was noted among young by
Saolini I' et al., {2005) when they conpered young versus middie aged adults in
their study. Similarly, only four obese patients were noled ameng 60 (6.6 %)}
patients in the present study which 15 lower than developed countries but m

agreement wilh the obscrvation thal young age group has low percentage of obesity.
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1.55
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« 1471 i L
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m

1.39 r

Control Patients

Fig. 16 Body surface ares (BSA) in commd mibjects nned patresms at firm visi.

BSA: Calculation of body surface nrea (BSA) =Towl body weight (kg) 2 = Ht
(m} ™ x 0.007184 derives from height and weight measurement of study subjects.
Compamble weight and height in control subjects and patients groups in the present
siudy showed similar BSA as they pre derived from sludy subjects of similar height
and weight (control, BSA, mean 1.53 & 0.10 m% range. 1.32-1.72 mY), (patient,
BSA, mean 148 £ 0.13'm® range, 1.18-1.8 m?) (Fig. 16). Mean BSA of Japanese
men between age group 20-39 years was 1.8 20.1 m” and thm of women was 1.520,1
m? {Daimon S et al., 2008). The BSA of female control subjects of the present studydﬂ
was comparable to Japonese healthy adult female. They have evalupted
Echocardiogrophic parameters in sicatified age groups in healthy Japanese adults
{Daimon 5 et al., 2008). In this wny, Echocardiographic parameters of the present
sludy could be standardized with abovementioned study conducted on Japanese
populgtion as having similar BSA,
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|BFT2
@ FT4
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n . r d——:
Control Patients

Fig 17, Mean FT3 gnd FT4 levels in contral subjects and patients at firel visit,

4.2  Hormone data and Symptom Rating Scale score in control subjects and

patients at baseline

Control subjects showed serum F13, FT4 and TSH within nommal reference ranges
Alil patients who received LT4 on conventional dose (200 pgm /day for initial 2
months) showed high FT3, FT4 and suppressed TSH. Significant differences
{(p<0.001) werc noted in hormone status between control subjects and patient group
{Fig. 17 and Table I[}.
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Table IL Clinical characteristics and hormonal stas of control subjects and patients sl first visit,

Parameters Control Patients

{n=23) {n=60)

m 8D m £5D
Pulse {bpm} 76 £5 94+ 12*
SBP (mmHg) 117 +6 115 %8
DBEP (mmHg) 7243 76 &10
SRS 11 e
FT3 pmol/L 53x1.04 95 +0,66*
FT4 pmol/L 17.13 £3.12 28 5542 56*
TSH (mIU/L) 1.95 042 0.08 + 0.017*
* p<0.05 Control versus patients

110
103 +
100 -

95 -

90 -

85 - ] 1
- |
75 - Sl |
. ]

65 + B

L |

60 y
Control Patients

Pulse bpm

Fig 18 Mean pulse rate in control subjects and patients at firse visit

ITR (heart rate) The above mentioned Table 1T shows patient group had higher
mean testing hear rate 94 +12 bpm compared to hearl rate of control subjects (HR,
mean 76+5 bpm) (*P<0.05) (Fig. 18).
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SRS score
[++]

21 I

]

Control Patients

Fig 19 Mean Symptom Rating Scale score in control subjects and
patients at first visit,

SRS (Symptom Rating Scale): SRS score was significantly higher in palients
compared to healthy controls, Tn conirol group, SRS was 11 and in the patient
group SRS 8+l who received LT4 at TSH suppressive therapy {200 ppm/day)
{Fig.19). Tncreased heart 1aie, palpitations, heat inlolerance, anxiety trernor 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 B et al | (2000}, in their study, the study population was kel
on to endogenous subclmical hyperthyroid hormone for atleast 6 months and in
agreement of findings of another study by same author and his associates (Biondi B
et al., 1993).
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Fig. 20 Lefl* Mean SBP and Right. Mean DBP in control subjects and patienis at Grat vesd,

SBP and DBP: Systolic blood pressure {SBP) and diastolic blood pressure (DB}
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 with carcinoma of thyroid
showed significantly higher heart rale (HR, patients ; 80+ 10 bpm, control, 7049
bpm), they rcceived L T4 dose at mean, 163 =+ 34 pgm/day (2.5 +0.5 pem/kg/day)
{Boindi B et al., 1993),

43  Levothyroxine dosage

To reach the goal of attaiming low TSH level {(0.04-0.1 mIU/L)Y and FT3 and FT4
within normel range, the dose of LT4 was oplimized on the basis of lean body mass
of each patieni of Group-I at first visit. Afier 3 months repeat hormone assay of
Group-I patient showed that L.T4 dosing at 3.5 to 4 pgm/ke / lean body mass (mean
dose of LT4 per day was 131 + 23 ppm/day, range 120-220 pgm/day), was optimal
to obtain normal thyroid hormone levets (FT3~5.5 pmol/L, FT4~17.9 pmol/L. and
expected TSH level (0 1 + .01 mIU/L). This dose was comparable as dose of LT4
based on lean body mass by DXA in a previous study {Satini F et al., 2005). There
are several recommendations about requirement of daily dose of LT4 based on toral

body weight. It ranged from 2.2-3.0 pgm’kg in dilferent previous hiteratures (Fig.
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213 {Biondi B el al,, 1993; Biondi B et al., 2000; Burmeiester LA et al., 1992 and
Fazio § et al., 19935),

If arbitrarily 3 ppoi/kg total body weightiday was considered in patients of Group-T
of the present study, then the daily dose would have varied in (he range of 111-210
pgmiday fmean 156 + 27 pgmiday). This mean dose of LT4 is quite high compared
to daily dose depending on LBM in the present study and also in a previous study
by Santini F &4 al., (2005) in which daily dose of LT4 was calculated on the basis of
LBM.

It is a matter of great concemn; the physicians of our country have been practicing
200 pgm/day dose in post radiolodine ablated patients with DTC. This dose pattemn
is of irrespective of age, sex, body weight of patients and classification of DTC. This
dose (200 pgm/day) appears higher in low nisk group of DTC, young patients having
relatively low body weight. In our neighboring country India, physicians have been
practicing 300 p gmfday dose of 1.T4 as initial dose, though 100 p g reductions
(200 p gmiday) s advised for older patents with cardiac problems {Samuel AM,
1999).

The dose of 1.T4 is based on total body weight (TBW) increase lincarly with the
merement of (TBW) (Burmeister LA ct al., 1992) as shown arbitrarily in Fig. 17 in
paticnts of Group-I. BMI always depends on fat accumulation {(Andrenh A et al,
2009; Green B and Duffull 5B, 200}, Fat mass has no role in deiodination of T4 to
13, rather depends on lean body mass, Tt i3 known that T4 is deiodinated to active
hormone T3 in liver, muscle and kidneys and to reverse T3 in skin (Hver, muscle,
kidneys and skin are included in lean compartments of body coniposition). On the
olher hand, lean body mass does not increase linearly wilth the increase of body
weight, which depends mainly on muscular activity and individual body build
(Santmi F et al., 2005; Andreoli A et al., 2009). As shown in Fig. 21, remarkable
nonlinearily/fluctuations of doses ol LT4 were noted in LBM based doesing with

small difference of total body weight. If one could lessen minimum 25 p gm/day by
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giving dose of [.T4 on LBM, scvern] adverse cffects would have been avoided
(Biondi B ¢1 al., 2000; Botelle-Carreicro J1 et el., 2004; Jonklaas J et al., 2008).

Daity dose of LT4 on the baske of TEW, LEM and canventional doas

Mean daity dose of LT4 In microgm

1 ™y 11717 ¢+t 11T 71T 71T §F 1 1
BT 40 At 42 AX 44 8 4T 20 O B 6 B 0. 02 B R To

TEW of each pathent in kg

Fig. 21. Different lines in greph sre dwraing the daily dose requirement of LT4 in each
patiern with differentiated thyroid carcinoma of bk rink (Growp-1) to siimin TSH level
renge 0 04-3.1 mIW/L. Yellow fine is depicting 1he daily doze based on lean body mass {4
p gvkg/LBM), blue line indicates if wime patients are given wbitranly LT4 m 23 p
gmvkg! TBW and green line indicetes daily dose based arbitrarily on taial body weighn
{arbitrary, 3 p gm/kg/TAW) Purple line shown fixed dose of LLT4 ;1 200 p gmfday
(comeentional)

If instend, 2.5 ppm/kg /TBW of LT4 was considered in patiems of Group-I, then it
would have been 130+ 22 pgm/ day (range 93-175 pgm/day), which also increased
limearly with body weight. The authors (Santini F et al., 2005) recommended in his
study that patienis with higher body weight comparatively ore to be prescribed low
dosc (1.8 pgm/kg /TBW) comparcd to patients with low body wright (2,56 £5
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ugm/ke /TBW) considering high fal accumulation in obese patients {avalysed by
DXA whole bedy composition).

Mild increment of LT4 dose may cause fall of TSH level mildly to subnormal lcvel,
conversely a decrease in dose by 25 p gm caused the nise of the TSH level i almost
in all subjects 1o above normal range. A physician should not be overzealous 1o
prescribe any drug strictly following the single dose method for dosing. Because, he
should also consider other mfluencing factors on the pharmacekinetics of dmugs.
There are scveral known factors that may affect the dose of LT4. Absorption of LT4
may be intcrfered by ccmain drugs such as chlestipol, cholestyramme, ferrous
sulfate, aluminum hydroxide antacids and ealciom salts. Administration of LT4 and
the above mentioned drugs at different time snd readjustment ol their dosage may
solve the problem (Sawka AM et al, 2009). Soya protein and high {iber diet ruay
inhibit LI4 absorption. Other drups, such as phenobarbital, pbenytoin and
carbamazepine and rifampicin may accelerate the metabolism of LT4. In case of
celiac sprue and malabsorption dose of LT4 are to be increased {(Sawka AM et al.,

2009},

Table III. Echocardiographic dala of lef venmicls in controd subjects and patient group

FParameters Coritrol Paticnts
(n=23} (n=60)
mean +5D mean =50
IVST (mm) R+1 7T+l
PWT {mm) 8 x1 i+ 1
LVIDD {imrm) 43 %3 44 3
LYIDS {mmj) IB+32 Rx2
Ll (%) 66 + 4 05 +4
LYM (gm) 103 21 O + 17
LVMi {gmfm’) 68 + 12 66 + 10
F3 (%) 34 43 33+3
mVCEc {cir/sec) 1.12+0.]2 1.22 +H)18*%
Peak Aortic =Y 101 £17*
Velocity {cm/sec)
ET (ms) J00+18 288+10%
*p<0.05 control subjects versus patients
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In case of pregnancy, common recommendation is 10 increase dose of LT4 up to
30% and then adjust sequentially depending on TSH Ievel. Finally, dose requirement
may slowly decline with age in turn which is due to decreascd lean body mass in
older people (Green B and Duffull SR, 2004). There arc some evidences that
suppressing the TSH level below (.1 mlIU/L has no additional benefit in treatment
of patients with DTC of low risk group {Lameloise N et al., 2001; Hoftijzer HC et
al., 2008;.

4.4 Echocardiographic dala in control subijecls and patients at first

follow-up

On M mode echocardiography, 1¥ST, PWT, 1.VIDD, LVIDS of left ventricle were
measured in patient groups and control subjects at [irst visit as shown in Fig. 22 and
Table . Interventricular septal thickness (I¥ST, control, $x1 and patients 7x1, P >
0.05), left ventricular posterior wall thickness (PWT, control, 8+1 mm and patients
g8+1 mm, P>).05), internal diameter of lcfl veniricle during diastele (LVIDD,
I contral subjects, 43 £ 3 mm and patients 4443 mm, P>0.05) and mternal diamc-tcr of
left ventricle during systole {LVIDS, control subjects, 28 + 2 mm and patients group
28+2 mm, £>0.05), left ventricular mass (LVM, control subjects, 103£21 gm and in
patients group, 98 + 17 gm, P>0.05) and left ventricular mass index (LY MI, control
subjects, 68x12 om/ m® and in patients proup 66 = 1 gm.-"m?’; p> 0.05) were

comparable in control subjects and patients group.
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Fig. 22. Comparison basic Echocardiographic data in comirol subjesis and patients el first visit

Measurements of IVST, PWT, LVIDRD, LVIDDS, LVM and LVMI (Figs 22 and
23} in contro! subjects of the present study werg comparable with the same

paramelers m Japanese female healthy adnits of same ages (Daimon 5 et al., 2008}

Ejection fraction was comparable in both control subjects and paiients pronp (EF%,
control subjects, 66+4%, patients group 65+4%; p>0.85} (Fig. 25), ejection fraction
rather increased initially in hyperthyroid state, so this similarity of data of palicnts
with healthy adults were understandable (kKlemn I and Danz1 5, 2007},
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Fig 23. Lefi: Mean veniricular mass and Right: Left vemiricular mass index in comrod subjects and

pazeermy o fow vidt

No significant differences were found between coniro) subjects and patients group in
froction shontening (FS, control subjects, 34&3%; patients group, 35£3%; P>0.05)
(Fig. 24). Significant differences were observed between control subjecls and
patients group in peak oortic velocity (PAY, control subjects, 8%:9 cm/sce; patients
group- 101£17 cm /sec, *P<0.05) (Fig. 26), hean rate adjusied circumferential fiber
shoriening (mVCFe, control subjects, 1.1240.12 circumferences/sec; patients group
1,2240,18 circumferences fsec, *P<0.05) {(Fig. 24) and cjection time (ET, contro)
subjects, 300+ 18 m sec; paticms group, 288419 m sec, *P<f.05) (Fig. 26 and Table
I1). There were no morphological changes in beart in the patients group at first visit,
which may bc due to short duration of [ T4 exposure though slightly higher
(swotistically significant *P<0.0%), pcak sortic velocity and mVCFc were noted.
Decreased ejection time of patients ai this time point can be explained by hyper
coniractile stote of the heari muscle on LT4 therapy (Heider AW ¢t nl., 1998; Klein [
and Danzi 5, 2007; Ledenson PW, 1993)

il
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30 ' ' 1.06 e
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Fig. 24. Lefl: Mean faction shoriening (F5 %) and Right: mean velocity of circumferential fiber
shoriening (mYCFe) in comirol subjects amd patienls,

All diastolic paramelers measured by Doppler Echocardiography are shown in Table
IV. Early dhastolic flow velocity {(E} through mitral valve in both groups {comnirol
subjects, 75+10 cmfsec, patients proup, 80+£16 cm /sec, p>.#5) were observed and
found similar {Fig. 27} They were matched with the normal range (£, 77415 ¢m

/sec) of Japanese population shown in the study by Daimon 8 et al., 2008,
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Fig 25. Left: Mean ejection fraction (FF %} Right: Isovolumic relaxation time (TVRT) in comirol
subjects and patienis at first visit

Late diastolic flow velocity {A) through mitral valve was increased in patient groups
and it was statistcatly signmficant lngher than control subjects (A, conirol subjects,
4445 cm/ sec; patients group, 56+10 cm /sec, * p<0.85) (Fig. 27 and Table IV}
(Fazio S et al | 1995, Miuz G et al,, 1991). Late diasiolic flow velocity, A wave o
control subjects was observed similar with the normal range (A, 4510 cm /sec) of

Japanese population found in the study by Daimon 5 et al 2008,
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Talde IV Didolic fmoion perameters cvahuated by Doppler
Echocard iography and tistue Doppher imaging in comml sutyects and paticnts at
firms viait
Parameters Control Patients
{n=23) {n=60)
mean +5d mecan +5d
E (cm/s) 75 £8 80 +16
A {cmfs) 44 +5 561.10*
E/A 1,740.3 1.50.3"*
IVRT {ms) B4+ 6 79 & 10*
IXct {ms) 17319 §i51+18"
Tei index 0.32+0.05 0.33+0,08
Lateral mitml annutar
Em {cmfs) 1943 2245
Am {cm/s) 9+ 1.6 155
E/Em 4108 4+1*
Mod Tei 0.33+0.04 0.31:0.05*
*P<0.05 significant diffcrence between control subjects versus
patient group
120 302
¥ 300 -
-E 1040 + — " 298 -
o ] -
> 80 r 296
£ | s 294 -
£ 6o 5 292 -
e € 200 1
§ 40 - % 288 -
m —
% 20 w i::
o 1 |
0 y 282 Y
Control Patlerrts Confrol Patlents

Fig. 26 Lefl: Mezn peak sortic velocity. Right: Ejeclion ime in control tubjeers and patiems
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Fig. 27. Lefl. Mean early diastolic velocity (E om fsec). Right: Mean late diastolic velocity (A cmifsec)
In conirol subjects and pattemis @i first visit

E/A ratio was sigmificamly (*p<@® 05} decreased mm patienls group at Arst visit
compared to comtrol subjects {Fig. 28 and Table V) may be due to comparatively
high A value in patients of the current study. Decreased deceleration time is noted in
patienls compared to control subjects {Det, control, 173+19 msec, patients, 151+18
msec, *p<f.85) (Fig. 28 and Table IV). This decreased deceleration time is due to
hyperthyroid state in patents on LT4 replacement causing hypercontractitility of
hcar. It has been mentioned in previous literatures that thyroid hormone cause
decrement of E wave due to rapid hearl rate and decressed ventriculer flling due to

low distensibility (Fazio S et al., 1995; Haider AW et al,, 1998}
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Fig 28 Lefi; EFA retic aned Right: Deceleration mme (Do mosec} in comtrod amd padbems &t first visi,

There was increment of A wave leading to decreased EfA mtio (Fig 28 and Table
1V), It was notable that these fentures were appenaring in ihe present sludy even
within this short period (6-12 months) of LT4 replacement thernpy. By observing
similar findings (diastolic dysfunction), Biomdi B et o)., (2000) odvised to take
caution when prescribing LT4 thernpy. Tei index which is considered recently the
parameter to measure the systolic end dinstolic performances of heart (Kamizis EN
el ol,, 2009). 1 was measured in control subjects and matients group showting no
significant difference {Tei index; control subjects, 0.324 0.05; patients group, 0,13+
0.08, P~.05) (Fig. 2% and Taoblke IV). This pammeter depends on isovolumic
relaxation time (IVRT) (Fig. 25 and Table V) (Karaizs EN et al., 2009) and this
relaxation time is decreased due to hypercontmactility of hean influenced by LT4
theropy (Haider AW ct al,, 1998; Klein | and Danzi S, 2007}

68



Chapter IV: Rexults and Plicussion
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Fig. 29, Lefl; Mean Tei index and Rigin: Mean E/Em in comml subjects snd patients i1 firm vish

Previous studies have shown that chroni¢ exposure of TSH suppressive dose of LT4
therapy can induce cardiac strctumnl sbnormalities, such as increased VST, PWT
and cardiac hypertrophy (Biondi B et ol., 1993, Ching CW c18l,, 1998), The pbsence
of significant cardiac morphological changes in patienis of the present siudy might
be due 10 short period of TSH suppressive LT4 thempy (maximum one year) in
contmast 1o others (6 momths upto 9 years) (Biondi B ct al,, 1993}

Tabde ¥, Exercise Tolerance Tedl in comrad subpects and pather s procp &2 fma vigt

Parameters Control Patients
(n=23) {n=60)
mean £5D mean +85D
Exercise
HR (beats/min ) 171 215 175£12
SBP (mmHg) 155 18 145 £14
DBP {(mmHg) 95&5 9247
METS 121 10 1*
Double product (X107) 274 254
Preration of exereise (min) 10+ | 9 |
*/*<0,05 control subjects versus patients group
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4,5  Exercise Tolerance Test in control subjects and patients at irst

follow-up

Exercise Tolerance Test (ETT) was done at first visit in comirol subjects and patients
group, ETT was terminated when complaints of scvere fatipue or attainment of
maximum predicled hean rale The dat of ET1 have shown comparatively less
metabolic equivalent (MET) in paticnts group compared to control subjects {coatrol
subjects, 12+1 vs patients group, 10+ 1; * p<@.05) ( Table V), Although this range
of MET in patients proup was within nomal performance of exercise capacity, still
it was considered as decrement of capacity in young adufts. Duration of ¢xercise was
9 + 1 minute iu patients group compared to control subjects 10 = 3 minute {Table
V.

@ Welght
A Lean body mass

B0
T0
60
50 o
40
30
20
10 ]

Weight (Kg)

u L] L) L] ¥ L] L] L) L) L] L] L] 4 L) L) Lj L] L) L] L)

1 3 & 7 9 11 13 156 17 19 21 23 26 27 29
Patients of Group-l

Fig 30. Tolal body weight and lean body mass as measured by dual energy absorptiometry
{DXA) in patients of Group-L

4.6  Lean body mass in patients of Group-1

Total body weight and lean body mass of patients of Group-1 are shown in Fig. 30.

Excessive fat accumulation ingrease BMI value and so incrememt of LT4 dose wounld
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be required as TBW based dosing system, However, they may need the same dose to
attain the same TSH value as in lean subjecis. In this context, lean body mass as
assessed by body composition analysis of DXA appears as the best correlate of LT4
daily requirements, whereas {al mass has litile or po eflect (Santini F et al., 2003).
Lean body mass measurement is SNperior to ﬂther%e.asu;res of body size as predicior
of dosage for many drugs. It is well known that most of the metabolic processes
occur within this body compartment (Green B and DufTull SB, 2006, Fazio et al.,
1995}, Comparative TBW and LBM were shown in patients of Group-1 (Figs. 30
and 31.%
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u ] ] ] L}
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Fig 31 Lean body masz and total body weight in panents of Group-1
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Table ¥I. Clinical characteristics and hormenal status of patients of
Group-1 & Group-I1 at first and second visis.

Parameters Group-1 Group-11
(n=30) (n=30
mean + 5D mean =+ SD
At first visit | Atsccond | At first visit At second
visit visit

Pulse (bpm) 95 %11 B7 x 14% ¥ x12 1002201 1
SBF {mmHg) 116 %7 114 %7 1149 115+ 38
BBP (rmnHg) Tix5 T5£7 765 T8+4
SRS 8+1 2x]1% ax1 3+£1%
FT3 pmol/l. 9.4 0.7 5513 % 06206 10,107 %
FI'4 pmol/L 205+29 | 179+21.9% | 2756+1.6 | 2742004 3
TSH(mIU/L) | 0.08+004 | 0.1£001* | 008005 | 0.09+.05%

e p<0.05 Group-1 vs Group-I between first and second visits

v f p<0.05 Group-IT vs Group-IT between first and second visits

s I p<0.05 Group-I vs Group-Il at second visit

47  Comparison of diflcrent hormone and clinical parameters of patients of

Group-I and Group-II, at first and sccond visits

Dose of L'T4 and hormone data: After 3 months of first visit repeal hormone assay
of Group-1 patient showed that L'T4 dosing at 3.5 to 4 pgm'ke / lcan body mass
{rmmean dose of LT4 per day was 131 £ 23 pgm/day, range 120-220 ppm/day), was
optirnal to obtain normal thyroid hormone levels (FI3~5.5 pmoll; Fr4-17.9
pmol/L and expected TSH level {"0.1H).01 miIU/L). Patients of Group -I showed
high seruom FT3, I'T4 and low TSH when they were on conventional dose of LT4 at
first visit and after optimization hormone levels were within normal reference ranges
(Frg. 27 and Table VI). All patients of Group-II who received L'T4 on conventional
dose (200 pgm/day) for initial 2 months and continued subsequently showed high
FT3, FT4 (Fig. 31) and suppressed TSH levels (Fip.32 and Table VI). Sipnificant
differences {*p<0.05) were noted in hormone levels of Group-I and Group-1I at
second visit. Optimization of LT4 dosc increased the TSH level at sccond visit of

Group-T patients. Thyroid hormones data were at {irst visit versus second visit, FT3,
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9.4 £ 0.7 pmel/LL ¥s 5.5 + 1.3 pmol/L, *p<0.05; FT4, 29.5 + 2.9 pmol/L. Vs 17.9
1.9 pmol/L, #*p<f.5 and TSH, 0.08 + 0.04 mIU/A. Vs 0.1 £ 0.1 mIU/L |, #p<0.05)
(Figs. 31and 32; Table VI).

HR, SBF and DBP in patients of Group-I and Group-II at [irst and second
visits: Table VI shows mean resting heart rate of patients of Group-1 was §5+11
bpm at first visit and it decreased to 8714 bpm (*P<0.05) at second visit after
optimization of dose. Subsequeni increment of pulse rate was noted in patients of
CGiroup-TT al second visit (first visit, 93+12 bpm, at second visit 100220 bpm) (Fig.
33). 5BP and DBP did not differ in patients of Group-I in between visits (Fig. 34).
Slight increment of SBT? of DBP were observed, but it was within normal range in
patients of Group-IF at second visit (SBP, at first visit 11429 mmHg; at second visit,
119+8 mmtlg) (Fig. 33} These findings were similar to findings of other study
where patients with carcinoma of thyroid received LT4 dose 176 + 20 pgm/day (2.8
+ (.28 pegmfp/I'BW) and mcan body weight of patients was 63+7 kg (Boindi B et
al., 1993}

SRS: Score of Symptom Rating Scale (SRS) showed a significant clinical
unprovement (SRS, Group-1, at second visit 2+1, at [irst visit 8+1, #*P<(.05) of
patients who received optimized dose (132423 1 gm/day) of LT4 at second visit as
shown in Table ¥1 compared to the patients who received in conventional dose of
LT4 at first and second wisits (SRS, Group-II, at first and second visit, 8x1).
Optirnization of LT4 dose showed expected influence on blood levels of 1173, FT4
and TSH showing normal levels of FT3 and FT4 and low level of TSI After
oplimization of L14, signs and symptoms of hyperthyroid state were alleviated in
patients of Greup-1. On the other hand, patients on conventional dose showed levels
of F13, T4 in thyrotoxicosis levels and TSH was in suppressed level, Biochemical
findings of increased 13, FT4 were also evidenced by their clinical signs and

symptoms of thyrotoxicosis in patients of Group-II (Fig. 32 and Table VI)
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Fig 32. Lefi: Mean FTJ and Right: FT4 in petiems of Group-1 and Group-[1 in {irst visit
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Fig 33, Lefi: Mean TSH end Right: Mean Symptom Rating Score in petierts of Group-1 and
Group-11 s differens visins

Symptom Rating Scale score significamly improved (SRS, 241) afier optimization
of LT4 dose in paticnis of Group-T compared to Score of Group 1 at second visit
(Fig. 32 and Toble Vi). Excessive LT4 replacement produce signs and sympioms of
hyperthyroidism and patients continually suflfer from impainment of emotional and
physical health (Hoflijzer HC et ab., 2008). It is now clear from previous published
dota and from this siudy that TSH suppressive dose of LT4 inevitably produces
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alterations m cardiac morphology and function that may worsen quality of life
(Fazio S et al., 1995; Hoftijzer HC et al., 2008),

O Group-| B Groupd
H Group-I! M Groupd)

1an

110 4

B
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Socamnd visk Flisd vislt Second v it

Firet visit

Fig 34 Left' Mean pulse rate and Right: Mean systolic blood pressure in patiems of Group-1
and Groop-11

Increased heart rate, palpitations, heat intolerance, anxiety, tremor and nervousness
were more evident features among them and symptoms similar to those present in
hyperthyroid state (Klein I et al, 1984; Klein I et al, 1988; Ladenson PW, 1990;
CGeffner DK et al., 1992 and Caccialon ¥ et al., 1996) This finding of current study
was comparable to the study performed by Biondi B et al., (2000), in their study
patierts were exposed to excessive endogenous thyroid hormone for shori time and

effects on heart were observed subsequenily.
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Fig 35. Mean diastolic blood pressure in patients of Group-1 and Group-I at differem

visits

47  Comparison of Echocardiographic and ETT parameters of patients of

Group-I and Group-IL, ai (irst and second visits

Echocardiographic data. In patients of Group- 1, Echocardiographic data obiained
from left ventricular M mode measuremenis such as IVST, PWT, LYIDD and
LVIDS were comparable between first and second wvisit (Fig. 35 and Table VIL)
This may be due o short period of observation. Cardiac anatomical changes such as
increment of wall (hicknesses were found after prolonged exposure of LT4 at
suppressive dose in other studies {Biondi et al., 1993; Biondi et al., 2000).
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Teble VII. Echocardiographic datn of lefi ventricle in patients of Group-1 and
Group-It nt first and second visits.

Parameicrs Group-1 Group-11
(n=30) i {n=30)
mean 5D mean 50D
At first visit At second At first Al second visit
visit visit
VST {mm) 7 %1 71 7% 1 741
PWT (mm) 8+ 1 8+ T+ 1 8+11t
LVIDD {mm) 43+ 3 42 + 4 44 & 3 45 +3 4
LVIDS (mm} 28+ 2842 282 28+ 2
EF (%3} 654 4 65 25 66+ 4 66 23
LVM {gm) of + 17 96 + 18 99+ 17 110415 +*
LVMi (gm/m®) 66 + 10 65 + 10 66+ 10 74 10 ¥
FS (%) 3443 34 x4 35+3 39331t
mVCF¢ .21 0.2 1162022 | 1.2320.14 | 1.42+ 01842
{cir/sec)
Peak Aortic 102z 16 94 4 12 9% + 16 102 13
Velocity
(cm/sec)
ET (msec) 9] £ 19 284 & 24 286 & 19 274 & 26 y
* p <0.05 Group-1 between first and second visits
t p <0.05 Group-1I between first and sccond visits,
1 p <0.05 Group-] versus Group-T1 et second visits
y p <0.05 Group- 1 at first visit versus Group-11 a1 second visit
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Fig 36 Left: Mean posrterior wall thickness (PWT), Righn: Mean imterveraricular sepral thickneas
(IVST) of two pxlicrts groups af fwo visis
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Observing these data it can be assessed that deterioration of cardiac morphology can
be minimized by optimization of dose of LT4 which are keeping with findings of
previous sludies {Fazio et al., 1995; Mercuro G et al., 2000). IVST at firsi and
second visits of Group-II patients was comparable. PWT and LVIDD were
significantly higher in patients of Group-II at second visit compared to [irs1 visit
{*p<0.05} {Fig. 36),
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Fig. 37. LeR: Mean lefl ventricutar internal diameter during diastele {L¥IDD}
Right: Menn lefl ventricular inlernal diameter during mystole {LVIDS) in patients of Group-1
and Group-TT at first and second visits

No change was found 1n LVIDS, ejection fraction between patients of Group-T and
Group-11 between first and second visits (Fig. 36 and Table VIE) 1t can be explamed
by the basic palhology causing cardiac alteration by thyroid hormone mentioned by
other authors that ejection fraction remains unaffected for a period of time as
contractiity ol myocardium is increased and systemic vascular resistance is
decreased m liyperthyroid condition (Haider AW et al., 19599, Klemn I and Danzi S,
2007}, 1i was found that lefi ventricular mass (Group-1l, second visit, 110 £ 15 gm
(range, 83- 148 pm), first visit, 98 £ 17 gm (range, 70- 143 gm), *p<@.05 ) and left

ventricular mass mdex (Group —II, at second visit, mean, 74 + 10 gm/ m?, range, 59-
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97 gm/m’; at fim visit, mean 66 + 10 gm/m?, range, 51-97 gm/m’, (*p<Q.0%) as
shown in Fig. 37 and Table Vi1 were sipnificantly dilTerent ot first and second visits.
1t has been interpreied that left ventricular moss increment reflects the integrated
adverse effects on the hean of increased hemodynamic load and vmscular damape
and predicts subsequent mortality. There is increase the risk of sudden death duee 10
increment of left vemricular mass even mot exceeding hypertrophy threshold
(Devercux RB, 2004; Haider AW et 2l., 1998).
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Fig 38 Lefi; Lef vertricutar tmass (LY} amd Right: Left vemricutar mass index
{LVMi) in two groups m two viits

In the present study, significant changes were observed in patients of Group-I1 at
secord visit reganding their cordiac momphology and funclions. Increased LVM,
LVMi, F5% and mVCFe were also observed in patients with DTC receiving LL.T4
reported by Biondi B et al., {1993} 1n their study. It is remarkable that the period of
exposure of LT4 wns shorter in presenl study (6-12 months), whereas similar
undesimble cardiec efTetts were also observed where perod of exposure of LT4 10
patients varied from 1-9 yrs (Biondi B ot al., 1993). Cardinc hypericophy induced by
thyroid hormone excets may be due to increment in total myocerdial proicin which
is indirectly mediated by increase in cardiac warkload (Biondi B et nl.1993)

79



Chapter IV: Resaits and Discussion

O Group-|l lnGmup-I
W Group-ll _ s Groupdl
46 E 1.8
A4 2 1.6 4
42 @ 14 -
40 E 1.2 4
* £ 11
fp 381 Eos-
36 1 { £ 06
54 = = - = 0.4 1
32 4 o 0.2 i
30 T i >0 —_
First visit Second visit First visit  Second visit

Fig. 39, Lef. Mean Faction shortening and Right Mean hean raie adjusted circumferential fber
shoriening in patiems of Group-1 and Group-II at first and second visits

Fraction shorlening was increased atl second visit of palienis on conventional dose
{(Group-Ii) compared to their first visit and elso differed from data of second visit of
Group-l patients (F$%, Group-T1, second visit, mean, 39 + 3%: range, 32-44%; ar
first visit, mean, 35 + 3%, range, 30-41% *p<0.05, Group -1, at second visit, mean,
34 + 4%, range, 26-46%; at first visit, mean, 35 = 5%; range, 29-40%, p=0.05) as
shown 10 Fig 38 and 1able VII. Heart rate adjusted mean velocity of circumferential
fiber shorteming {mVCFc) was also shightly higher in patiemts of Group-1T at their
second visit compared to thewr first visit parameters and Groop-l patienis dala
(mVYCFe, Group-1l, second visit, 1.42+0.18 circumferences/sec versus first visit,
1.23+0.14 circumfercncesfsec, (%p<@.85) and with second wvisit of group-l,
1.1620.22, *p=<@.805) (F1g. 38 and Table V1) These findings were also comparable
with the dala of another study done by the same author on patients of endogenous
subclinical hyperthyroidism where patients were kept 1o slightly high thyroid
hormone for at least & months and cardiac parameters were observed. The authors
observed Lhat even shorl time lhyroid hormone exposure might have adverse effects
on heart (Biondi B et al., 2000). Alihough, findings of & previous study done by
Shapiro LE et al., (1997) differed from their results,
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O Group-l
B Group-l

Peak aorlc velocity [cmisec)
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Fig 40 Left' Mean pesk aorttic velocity and Right: Mean ejection time and in patients of Group-1

and Group-I1 & first and second visits.

PAY and ET. Low peak zortic velocity was observed efter dose optimization but it
was consistently increased in patients who were getting higher doses of LT4. These
observed dillerences were not statistically significant in peak aortic velocity in

patients of Group 71 at second visit. Stalistically significant shoner gjection time was

noted in Group-II patients at second visit compared to first visit of Group-I {ET,

Group-1, at first wisit, 291 £ 19 msec, Group-I1, 274 + 26) (*p<f.#]) {Fig. 32 and

Table VIT),
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Chapter 11:  Results and Discusyion

Teble VIII. Doppler and tissue Doppler Echocardiographic diastolic
function parameters in patients of Group-1 and Group-Ii at first and

second visits.
Pararneters Group-] Group 1]
{n=30) (n=30)
mean 25D mean = SD

At first visit | At second visit [ At first visit | At second visit
E {cm/s) 83+12 77 +10 70+ 12 T3+9y
A {cm/s) 55111 518 5649 58 B3
E/A 1,54 £ 0.3 1.54+03 1.4+0.2 1.29+£02 ¢
1VRT (msec) g2+ 10 B5+ 8 TH+9 71+8¢
Dt {ms) 154 £ §6 155+ 16 150 + 20 127+ 18 2
Tei index 033+0.04 0.33+ 0,09 0,330 031+017
Lateral septal
mitral annular
Em {cm’s) 19+ 6 2343 2243 2334w
Am {cm/s) 1344 t5+ 3 155 194+ 6w t1
E/Em 42+ 351 3.5 Il y
Mod Tei 032005 |034+008 0.312005 (0,484 0.06u +2

* p<0.05 Group-1 versus Group-1 between first and second visits
t p<0.05 Group-1[ versus Group-1[ between {irst and second visits.
1 £<0.05 Group-1 versus Group-11 ot second visit

y or200.05 Group-] at {irst visit versus Group-11 at second visit

B Groupd
& Group-l

72 4

First viat  Second vhsh

[ Groupd
B Group-l
&5
60 +
£6s-
§ I
« 50 < 1
‘5 -
£ T
First vislt Second vhit

Fig. 41. Lefi @ Mean early dianolic velocity (E). Righ: Mam Lete diagiolic vebocity (A) in patients of
Group-1 & Growp-11 ot firm and second visits
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Chapter IV: Roulty and DMscussion

E and A velocity: Significantly low early dinstolic flow velocity (E) through mitml
viillve in Group-1l was observed ot second visit compared to first visit of Group-1.
(Group -1, 83412 cm/sec and Group-J[, 732 12 em/sec) (Fig. 40 and Table VIII),

increased late dinstolic flow velocity (A) through mitral velve in Group-fl wns
observed in second visit mean 58+ 8 cm/see compared to second visit finding of
patiemns of Group-[ (Group-1, mean, 5128 cm/sec, Group-1l mean, 58+8 cm /sec at
second visit (*p<0.0F) (Fig 40 and Table VIH). By the influence of thyroid
hormone, hypercontractitity causes low left ventricular filling and low disiensibility
of myocardium cause low E wave and it also cnuses decreased ofiertoad and
svsicmic vascular resistance, thereby increased late (A) diastolic low is secn, These
findings are compamble with findings ol Lhe study by Minz G et al., 1991.

W Group o Group
8 Groupi B GroupH|
80
190 1 B4 5
170 - 70 -
2 11 § g 60 1
- -
E 130 4 E 50
|—4ﬂ, o
fe.
0 o -
10 4 10 = F
Eu T u T
Flrat visit Second vish First vlshk Second visdt

Fig. 43, Lefl : Mean decelereiion time (Dex) and Right: Menn isovolumic relaaiion time
{IVRT} in prtiems of Group-1 & Growp-T1 ar fret wnd pecomd vishs

Isovolumic Relaxation Time and Deceleration Time: [VRT, (Group-1, mean 85 +
& m sec, Group-TI, 71+8 m sec at second visit, * p<f.001), decelerntion time (Group-
[, meen, 15516 m sec, Group-l1, 127 + 18 m sec at second visit, *p< 0,001} of E
wave of Group-[l were significantly low compared to velues of Group-1 patients at
second visit. Tei index was comparable in 21l groups &1 different visits (Fig 4 lamd
Toble VIII). Decrensed deccleration time and IVRT in Lhe patents of Group-H
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Chapter 1 Resulty and Discuxsion

could be cxplained by the hyperconimctile siate of myocardium due o LT4
exposure in higher dose (Haider AW ctal, 1998; Klein | and Danzi S, 2007; Minz G
et al,, 1991). The increased Ievels of mRNA encoding hyperpolarization- nctivated
cyclic nucleotide —gated chonnel (HCN2) may be due 10 the hyperthyroid state, This
acts on myocylc causing cach myocyte to acl as latent pace making unit. Thus
hypercontractile state is consistent with thyroid hormone effect on beart rmte, Small
increment of LT4 increases the contrectility of heart by increasing HCNZ mRNA
(Pachucki J et gl., 1999).

Soreupy Somsa
oM 80
0.235 4
0.33 - — - 3
0.325 + r i
E 0,32 § 20
0.315 4 E -
B 0314 5181
0.303
0.3 = 10 +
0.205 -
03y v ) v
Firat vialt Second viak First v  Gacord vish

Fig. 4. Lefl: Mean Tei index and Raght; Mean carty dinstolic myocardial velochy (Em cm faec)
in Ieternd mitral anmohes in tissue Doppler imaging in patients of two growps B two visis,

| & Grocipat 0 Group
B Griwgpd
4] 5 -
< ml
Fe
20 1 34
: 35
15 = — 1B -
§ | fF § 3
10 13 -
1+
[ 05 4
5 T q T
RArs: vish Second visit Firet visht Second visk

Fig 44, Lefi: Mean late myeeandial diastolic velocity (Am} in tissue Dappler imaging and
Right. E/Em in patients of Group-1 and Group-1i £t {irst and second viaits



Chapter IV: Results and Discussion

Tissue Doppler imaging at lateral wall of mitral annulus showed that eatly diastolic
peak {Em) was comparable in palients of Group-l at two visits but patients of
Group-IT showed slightly higher Em level at second visit compared to Em of Group
—I at (irst visit {Em, Group-1, 1946 cm /scc at first visit, Gooup-II, 23 = 4 cm /sec at
secondt visit *p<f.03) (Fip. 42 and Table VIIT). Late diastolic Aow (Am) {inean
1926 cmfsec) of Group-II patients was higher (*p<f.004) at second visit compared
to other values of patients of Group-I at different visits and Group-1I (*p< 0.003) al
first visit (Figs. 43 and Fig. 45). In few patients of Group-II, late tissue diastolic
flow {Am) were higher or equal to early tissue diastolic flow (Em), showing
diastolic abnormality may be due lo hyperthyroid state {Fig. 46). As a result mean
Am velocity was increased. In seme of the above mentioned cases Doppler [F and A
waves were nommal but reverse pattem is ssen in Em and Am which indicating
‘pseudonormalization’ of diastolic abnrormality (Paulus WJ, 1298} In these cases
lissue Doppler imaging provides information about early changes of diastolic

dysfunction.

E/Em was low at second visit of Group-1I eompared to value of E/Em in patients of
CGiroup-T at Tirst (Fig. 43 and 1'able VIII}.
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3 Groupd
3 Group-H

0.6

Modifled Tei index
- o o
ha La =

e
—
&

First vislt Second visit

Fig 45 Mean medilied Tai index 1in patients of Group-1 and Group-li
al first and second visIS

Significemtly increased modified Tel index was ohserved (mean 0 48 = 0.06) in tast
follow up of patients of Group-1l compared to value of Med Tei index of Group-1

patients at two- visits and that of Group-II patients-at first visit (*p&.861)- (Fig 44

and Table VIII). Although simitar Tei Index was ohserved in the patients at all dme
points {Fig. 42). Tei index 1s dependent on hea rate, preload and after load, but
Modified Tei index is not dependent on those. Another advantage of inodified Tei
index is, it is measured by the parameters (TVRT, ET} in same cardiac cycle {Keser
N et al,, 2005; Karatzis EN el at | 2009; Citro R et al,, 2008)
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Fig. 47. Abnormal patiern {reverse) of Bm atd Am wavey observed in two different patienls of

{Group- I at second visit indicating diastolic abnormality
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Table IX. Exercise Tolerance Test of patients of Group-I and Group-I! at first
and second visit.

ETT parameters (iroup-1 Group II
{i1=30% (n=30}
mcan =53 mean +SD
At first At second At first At second
visit vigit VIgiL vigit
Exercise
HR {beatsfmin ) 173 +13 169 = 14 179+ 11 175 +13
SBP (mmllg} 147 2 15 149+ 18 142 + 14 148 + 13
DBP {immlig) 016 03 +5 02 +7 92 +6
METS 10x1 11 +1* 101 x1
Double product 25+4 25+4 25+4 26+4
(X103
Duration of cxercise |9+ 1 9+ O+ |
{min)
*o<(L05 significant difference between data of Group-1 between visits

At the fitst visit, it was observed that METS of patients of Group-1 and Group-11
were lower compared to control subjects (Table V). It could be explained by the fact
that mmost of the patients with DTC feel some son of fear and uncertainty and some
short and [ong-term emetion related physical negative effects attributed by surgical
procedure and radioiodine therapy {Hoftijeer HC et al., 2008; Sawka et al,, 2009,
which in turn lowered their exercise capacity. It was ohserved that patienls of
Group-1 at second visit showed improved METS compared to similar METS  of
Group-T at first visit and Group-II patients at different visits (¥P<fl.85). Patients of
all groups at different visits showed similar duration of exercise capacity. Patients
cxercise capacity was less compared 1o age matched healthy adults of control groups
(*p <0.05) (Tables ¥ and IX}). Maximum predicted heart rate during ETT was
achieved by almost every patient quickly. It may be explained that muscle
contractility is slighily increased in excess exposure of thyroid hormone. Exercise
intolerance in hyperthyroid patients may result froimn an inability to further increase
heant rate and gjection fraction or lower systemic vascular resistance as would

normally ocour with exercise {(Klein T and Danzi 8§, 20073,
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Chapter IV: Resulls and Diseussion

The present study shows (hat TSI suppressive therapy with LT4 can cause
hyperthytoid symptoms and changes in myocardial structure and function and
deterioration of exercise capacity. However, LT4 dese adjustment on the basis of
lean body mass can reverse and almost completely nermalize cardiac parameters and

significantly reduce thyrotoxic symptoms.

ECG: There was no ECG abnormality in either control subjects or patients of
Uroup-I and Group-11. Patients of Group-1 and Group-1I, were in sinus rhythm but
patients had shown increased heart rate. None showed ECG criteria of LY
hypertrephy and atrial fibrillation in the present study may be due to shorter period
of LT4 therapy.

4.8 Strength and limitation of the study

Strength of this study includes selection of young, low risk group of patients with
differentiated thyroid carcinoma who have comparable BMT with healthy volunteers
and without any associated cardisc problems. DXA is a precise and reproducibla
method to measwe body composition including measurement of lean body mass.
Echoeardiographic parameters using Doppler and tissue Doppler imaging technique
were evaloated by a single blinded cardiologist. Unlike other studies, cardiac effects
of increased LT4 were compared prospectively with the same patienis at difTerent
time points and also with healthy volunteers at baseline. Other studies evaluated
cardiac effcets of LT4 in patients after exposure of LT4 for a certain period of time
(ranged 6 monihs 1o 9 yrs) and compared with healthy volunteers only (Biondi B., et
gl 1993, Mercuro G et al, 2000). They did not compare the cardiac effects of
conventional deose of L.T4 with oplimized dose of LT4 based on lcan body mass.
Fixed dose of 200 pgm/day of LT4 was found o be overdose for the comparatively
lean and thin paticnts of our country in the present study. This optimization of dose

of LT4 would keep the paticnts free from undesirable cardiac effects for the rest of
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their Jife (St J W et al., 2005). So far known, present study is the first study where
cardiac effects of LT4 were compared between cenventionally advocated dose and
optimized dose depending on lean body mass. Moreover, this is the first shdy to
measure myocardial systolic and diastolic performance by using Tissue Doppler
imaging in LT4 supplemented patients with DTC prospectively. Tei index was
measired and modified Tei index was also measured W 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 sher follow up time after
administration of high 1.T4 and optimized dose of 1.T4 in two groups of patients
with differentialed thyroid carcinoma. Still some signilicant cardiac changes have

been observed within this peried.
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Chapter V: Conclusions

Chapter V

Conclusions

ifferentiated thyroid carcinomas are most curable cancers. Properly treated patients
with diflerentialed thyroid carcinomas have almost normal life expectancy. In casc of
papillary thyroid carcinomas 10 years survival weie found in 95% cascs. Convenlicnal
modc of treatment of patients with differcotisted thyroid carcinomas s total
thyrordectomy followed by radiciodine ablative therapy. These treatment procedurcs
totally destroy the thyroid tissae in the view of prevention of regrowth and reourmences
of carcinowna. As a result patients become hypothyroid and patients have to be
supplemented by levothyroxing life long. This LT4 supplement is given not only to
afleviate hypothyroid state but also in TSH suppressive dose to relard growth and

spread of cancer,

This LT4 supplement in TSH suppressive dose keeps the patient in subclinical
hypeorthyroid state. This IT4 dose has some cardiac side effects such as mcreased heart
rate, inereased incidence of atrial anytiunias, enhanced left ventricular systolic function,

diastolic dysfunction and increased left ventricular mass.

Amdcrican Thyroid Association recommended inttial thyrotropin (TSH) suppression to
below 6.1 mILU/ml in high dsk patients and maintenance of the TSH at or slightly below

the lower Jimit of nommal {0.1-0.5 mIU/L} is appropriate for low risk patients with DTC.

Lean hody mass 1s the precise predictor in dosing of the drugs which acc hydropulic. In
a recent study, it hias been shown that individual requirement of LT4 supplement is
mostly dependent on lean body mmass rather than total body weight. LBM 15 a potentially
uselul predictor of the pharmacokinetic behavior of drugs which are highly watcr
soluble. L'I'4 is water soluble and its phannacokinetics is dependent on lean portion of

body. 1.14 is deiodinated to T3 {active form of hormone) in mnscle, kidney and liver.
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Chapter V> Conclusions

T4 is derodinated to rT3 {reverse T3, inactive form) in skin. Fatty tissue has no role in
metabolism of LT4. Dual Energy X-ray Absoptiomctry is the recent and precise method

to measure the lean body mass,

Sixty patients with differentiated (papillary) Whyrond carcinoma (young age growup)
without any signs of melastases, previous cardiac problems and chronic diseasc were
comsecutively enrolled in Lhe shudy. All patients had wndergone total thyroidectomy and
then received about 100 m ci radiciodine ablative therapy and subsequently 200 p gm
LT4 daily for initial 2 months. Age, weight, height, body surface area, body mass index
and life style matched 23 healihy euthyroid volanteers were also selected. All clinical,
biochemical, ccliocardiographic and Exercise Tolerance Test (ETT) data of healthy
adults control were obtained for comparison with patients at baseline study after two
months of radiciodine ablative therapy and on L'T4 replacement on conventional 200 p
gm/day at first follow up visit. Then 60 patients were grouped as Group-T and Group-TT,
cach group consisted of 3{) patients, Thirty patients of Group-I bad underponc dual
cnergy X-ray absortiometry (DXA} investigation to cstimate lean body mass and
received optimized LT4 dose depending on lean body mass (about 131£ 23 p gm/day,
3.5-4.0 p gmvke/ LBMAay). In Group-II, 30 patienls continued the conventional fixed
dose of 1.T4 (200 p gmfday). Patients of both groups were followed up clinically and
hommone assay were done at 3 months interval. Al 6-12 maonths of I.T4 supplement
{conventional and LBM based) all study parameters (Syroptom Rating Score, hormone

data, echocanhiographic data and ETT) were reevaluated.,

Serumn FT3, FT4 were higher and I'SH was suppressed in patients wilh DTC at
convenlional T4 dose (200 p gm/day) compared to healthy control and patients with
optimized dose of L14 {meantSD, 131+ 23 ppmiday) of Geoup-T al second wisiL
Symptom Rating Scale score and heart rale were sipnificantly higher in Group-1I than
healthy adulls. SBF, DBFP were slightly higher in patients {Group-II) after recciving
conventional LT4 suppressive dose but were not statistically significant. Ieft

ventneular mass, left ventrcular mass index, fraction shormening and heart rate adjusted
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Chapter V. Conclusions

mean velocity of circumferential fiber shorleming were Increased in paticnts of Group-
II after exposure of comventional LI4 dose compared to paticnts received oplimized
dosc (Group-1} at sccond visit. Ejection time was also decreased in patients of Gioup-Ii
at second visit compared to patients of Croup-] at first visit, Mild depres of diastolic
function abnormalities were also noted in Group-H patients at second visit compared to
Group-1 patients. Early () diastolic velocily of Group-II was significantly low at
second visit compared to that of Group-I at first visit and late (A) was comparatively
high in group 11 compared te Growp-I at sceond visit. Deceleration time (Dot was
sigmbicantly low in Group-Il compared to patients in Group-1 at two visits and patients
of Group-1I at [irst visit. Similarly in tissue Doppler imaging technigue, fate diastolic
mitral annular velocity (Am) was higher in Group-11 compared to Group-l at second
visil. Significantly high tnodified Tei index was also neted in  patients of Group-1I at
secontd visit compared to their First visit value and patients of Groap-1 at different visits.
Excreise capacity as cvaluated by exercise tolerance test, showed significant difference
1 melabolic equivalent between healthy volunteers and paticnts proups at first visit but

no difference was found between two paticnt groups at different timme points.

From ihe observations of the present sindy, it may be concluded that (herapeutic
suppression of thyroid stimulating hormenes requires optimization of 1LT4 dose. Lean
body mass based I.T4 therapy (3.5-4 ppmbp/TEM/day, 131223 pein/day) keeps the
‘I'SH level in expected level, This levothyroxine supplenent dose inevitably prevents
detegioration of cardiac morphology and function and thus improves quality of life Tor

the patients with differentiated thyrod carcinorna of low risk group.
Furiher siudies are recommmended at extended time pownts for evalvation of good

excreise Wlerance and other cardiac parameters in patients with differentiated thyroid

carcinoma with low risk group on Jean body mass based LT4 replacement therapy.
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Data sheet of patients with thyroid carcinoma

Name: Optimized Gronp-I | Age: 35 yis | Sex: F Reg no: St no-*1

Ht- 47 m W 42 Kg EMI- 19 BSA-1.32 m*
Kptmd

LBM- 30 ke

Addregs: ** Phone:#*

Diagnosis: Differentiated thyroid
carcinoma

Histopathology: Papillary thyroid carcinoma

Surgery:

1. Partial thyreidectomy—right/lcft hemithyroidectomy -X | Date:

2. Tolal thyroidectomy-done Date:25/11/2008
Postsurgical Investigations: |1.T5H->90  mww | 2. Tg- 2.39 nemidl

After 15 days of operation

3 Usp: No thyroid tissue

4, Thyroid scan: Mo radiotracer concentration in

thyroid bed

5. Uptake: 1%

. Scrum calcium level; 8.9 mg/dl
(Normal, 8.5-10.5 mg/dl)

Radioiodine therapy:

Dose:

100 mci

Date: 07/01/09

Post therapy scan: faint activity

Tdate: 14701 /09

Hormone Assay:

First visit-
Trate; 13/03/9

Second visit-
Date: 1/1145

I'T'3 (Normal, 2.8-9.5 pmol/L) 0.45 i

FT4 {(Normal, 9.5 25.5 pmol/L) 28 22
TS8H (Normal, 0.3-5 mlU/L) 0.08 .1
Thyroglobulin (Nemal, 4-14 ng/dl) | 3 2.8
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Hyperthyroid Symptom Rating Scale (Reg no: Op Gt *1)

Characteristics Score: | 2nd
¥ yisit

Mervousness 1148309 HUT1809

0| Absent

1 | Anxious only with stress

2 | Occasionally anxious at rest

3 | Oftep apxipus, dilficulty working or

concentrating 1 0

4 | Stales freely that feels very nervous muost -
Sweating

(| Only with activity

1 | Atrest but only in warim (CMperatun:

2 | Atrest intemperate climates, mainly involving the hands and

inlnginous zones

3| Atrestinvolving many body arcas.

4 | Profuscly diaphoretic almost constantly. 2 1
Heat intolerane

0 | Mormal temperature tolerance,

1 | Periods of feeling warmet than thase in the same room

2 | Significant difficolty with heat, requiring air conditioner
constuntly in the summer time

3 | Excessive difficulty with heat ¢ven in temperatuce climale,

4 | Extreme difficulty with heat, does not fesl comfortable even in
cold wearther as evidenced by lack of need for warm clothing | 2 i
or bed covers, -----
Hypemactivity

| Normal activity

1 | Increased activity level, increased productivity

2 | Increased productivity; decreased slecp e

3 | Performs some purposeless activity

4 | Frequent episodes of purposeless activity; unable to sit still | O 0
during examination ne -
Tremor: BExamination of outstretehed hands

7 | Absent

1 | Barely perceptibrle

2 | Tretmor demonstrated readily on examination

3 | Marked tremor but able to perform [ine moter skills

4 { Hands shake excessively, difficulty performing motor skills. 0
Weakness

0 | Normal strength

1 | Subjective weakness but wilh norma! tolerance

2 | Decreased cxercise tolerance to near maximal activity

3 | Decreased tolerance to stair ¢limbing or arsing from chair
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Extreme weakness such that patient can barely lift objects or
walk up stairs

LI S e

N

Hyperdynamic precordium

Normal precordivm activity apical impulse

Tachycardra, 90 beats per minuts with normal apical impulse.
Tachycardia, 90 beats per minute with increased apical impulse
Tachycardia. 110 beats per minute wilh increased apical
impulse

Tachycardia, 110 beats per minule and carotid upstrake both
increased, systolic outflow murmur.

R

Diarthoea

I bowel movement (BM) per day: formed stool
2-4 formed BMs per day

1-4 loose stools per day

4 formed BMs per day

4 lopse stoals per day

L R —

Appetitc

Appetite nomal, no weight 1oss
Appetite normal, no weight loss
Appetite increased, no weight loss
Appetite increasad, weight loss
Appetite decreased, weight loss

LT I o

Assessment of daily funciion {degree of incapacitalion)
Normal (none)

Minimal impairment {105}

Muld impairment (304%)

Moderate impairment {05

Severe impairment (90%)

Total scote
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Echocardiopraphic data:

Patient’s name:  Oplimized Grou Ape: 35 yrs Regno: Slno: *1
Ist visit 2 nd visit Normal range
Dt:11/03/09 | Di: 11/11/09

Echocardiographic data

1 | PWT (mm) 7 7 0+ 1(M); 8 £1{F),
Japan {JP)

2 | IVST (mm) 6 fi 9 2 1(v); 8= 1 (F), JI

3 | LVIDD (rtmm} 40 39 d8+ 4(M); 44 £ 3 (I,
JP

4 | LVIDS (mm) 27 26 30x 4(M}; 28 = 3 (),
JE

5 | LVmass (g) 78 75 133+ 28(M): 105 £ 22
(F), IP

6 | LVMi (p/m”) 60 57 76+ 16(M); 70+14 (F,
JP

7 |EF% o6 63 64 =5 (M), 66 =5 (F),
JE

8§ | F&% a2 33 A5x4

9 | E (cm/s) 70 66 74 =14 (M); 8813
®), IP

10 | A (cmis) 50 43 43 + 10 (M); 45 #11
(x), JP

11 | /A 1.4 1.37 1.8 £0.5 (M); 2.0 £ 0.6
{F), JP

12 | IVRT (msec) 77 i) 31 %

13 | mVUCF{cire/sec) 1.1 1.13 1.21+ .14

|14 | amy {IVRT+ET+ICRT}) 398 400 400 + 35

15 | Ejection time {mx) (b} 290 298 o = 36

16 | Tei Index (a-b/h) .37 0.34 0.351 0.10 (W), 0.32 =
0.09 (F), JP

17 { Deceleration time  (msec) 160 170 186 34 (M), 175 £33
(), JB

18 | Peak aortic velocity (cmfs) 1% 106 o0 +10

19 | E;, cmfsec (lateral) 25 22 16+ 3.10 (M), 16.7 &
3.1 (F), JP

20 | A, cm/fsec 21 20 82x28(M), 7223
{F), J¥

21 | E/Em 2.8 3 4.8 + 2.8 (M}, 5.5£ 1.3
(¥), JP

22|ad ms 398 415 426 = 25; Turkey

23| b ms 200 278 316 + 36; Turkey

24 | Modified Tei index {a’- b’/ b’} [ 0.37 0.49 0.33 + 0.05; Turkey
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Patienls name: Op Gr *1 Reg no: Op Gr *1

Exercise Tolerance Test:

First visit Sceoond visit
Date: 11/03/09 Date:11/11/09
Rest
Pulse 94 80
SBP/DBFP (mom Hg) 120470 115775
[ Exercise
Pulsc (bprm) 189 192
SBP/DBF {mmHg) 16094 170100
METS T4 10
Duration of exercise ime | 6.18 91
Dounhle product 30.24 X 107 32.62 X 10°
ECG change No change No change
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Data sheet of patients with thyroid carcinoma

Name: Coventional Group-- | Age: 26 s Sex: F Reg no: Con Gr-*9
13/01/09

Hi- 147 et Wt 58 Kg BMI- 24 Kgm® BSA- 1.56 m

LBM- X kg l

Address: ¥# Phone: **

Diagnosis: Dilferentiated thyroid

Histopathology: Papillacy thyroid carcinoma

carcinoma

Surgery:

1. Partial thyroidectomy—right/left hemithyroidectomy | Date:

2. Total thyreidectomy- done Date: 13/11/08
Postsurgical Investigations: | 1.TSH- 71 mwa |2 Tg 3 ngm/dl

3. Usg: No visualired tissue

Activity

4, Thyroid scan: Focal Area of radiotracer

5.1 Uptake: 3%

6. Serum calcium level:

99
(1.5 mg/dl)

mg/ml

Radioiodine therapy:

fnormal 5.5-1

Daose: 100 mel

Drate:15/01/09

Post therapy sean: Focal Area of radiotracer activity

Date: 22/01/09

Hormone Assay:

First visit-Date: 15/034)9

Second visit- Date:13/11/00

FT3 (pmol/L) 9.5 104
FT4 (pmol/1.) 29.2 28.6
TSH {tdU{L) 0.03 .07
Thyroglobulin (ng/L) 3 2.8
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Hyperthyroid Symplom Raling Scale (Reg no: Con Gr-*9)

Characteristics

Score:
Ist

Znd

L B o— D

=

Nervousness
Ahsent

Anxious only with sleass

Oceasionally anxious at rest

Often anxious, difficulty working or
concentrating

States freely that feels very nervous most

1503400

11411409

b3

Sweating
Cly with activity
At rest but only in warm temperarure
At rest in lemperate climates, mainly involving the hands and
intniginous zones
At rest involving many body areas,
Profusely diaphoretic afmost constant]y,

|G

Heat intolarane

Normal wempcratuee olerance.

Periods of feeling warmet than those in Lhe same room
Significant difficulty with heat, requinng air conditioner
canstantly in the summer time

Excessive difficulty with heat even in lemperatore climale.
Extreme difftculty with heat, does not feel comfortable even in
cold waather as evidenced by lack of need for warm clothing
or bed covers.

Bl B D

Hyperactivity

Normal activity

Increased activity level, increased productivity

Increased productivity; decreased sleep time

Performs some purposcless acrivicy

Fraguent episodes of purposeless activity; unable o sit stll
during examination

Bl =

Tremoer: Examination of cutstretched hands

Absent

Barely perceptible

Tremor demanstrated readily on examination

Marked tremor but able to perform fine motor skills

Hands shake excessively, difficulty performing motor skills,

—

Wealkness
Normal strength
Subjective weakness hut with normal tolerance
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o L T

Decreased exercise tolerance to near masimal activity
Decreased wplerance to stair climbing or arising from chair
Exireme weakness such that patient can barcly iR objecls or
walk up stairs

[N L R

=%

Hyperdynamic precordium

MNormal precordium activity apical impalse

Tachycardia, 90 beats per minute with normal apical impulse.
Tachycandia, 90 beats per minute with increased apical impulse
Tachycardia, 110 beats per minele with increased apical
impulse

Tachycardia, 11} beats per minute and carotid upstroke bolh
increased, systalic qutflow murmr,

LR ]

Diarthoca

I berwel movement (BM) per day; formed stool
2-4 formed BMs per day

I-4 loose stools per day

4 formed BMs per day

4 loose stools per day

B Lt e— T

Appetite

Appetite normal, no weight toss
Appetite normal, no weight loss
Appetite increased, no weight loss
Appetite increased, weight loss
Appetite decreased, weight loss

B L e e

Assessment of daily function (degree of incapacitation)
Nommal {none)

Minimal impairment {10%)

Mikd impatrment {30%%)

Moederale impairment (H0%)

Severs impairment (0%}

Taotal score
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Echocardiographic data:

Patient’s name; *¥ Age:20 YIS Reg no: Con Gr-*8
Ist visit 2 nd wisit | Normal range
Dt:15/03/0% | Dt
11/11/09

Echocardiographic data

1 | PWT (mm) 7 ] 0+ 1(M); 8 £ 1(F), Japan
{1F)

2 | IVST {mm) 7 K Qx 1w 82 1 (0, TP

3 | LVIDD (mm} 42 46 48+ 4{M); 44 + 3 (17), IP

4 | LVIDS (mm) 27 0 0 &MY, 2823 (0, TP

5 | L¥mass {g) B3 116 133+ 28({M% 105 = 22 (F),
IP

6 | LVMi {g/m°) 54 74 76+ [6{M), 70z 14 (F, JP

7 | EF% 70 69 B £S5 (ML OH6 £S5 () TP

8 | F53% 35 38 35+4

0 | E {cnfs) 75 78 74 = 14 (M), 8813 (F), IP

10 | A fcm/s) 50 52 43 + 10 (M); 45 =11 (), JP

11 | EfA 1.5 1.5 LE£05(M); 202006
(F), JP

12 | IVRT (msec) 88 74 83 +90

13 | mVCFc (cirefscc) 1.2 1.5 1.21£0.14

14 | a ms (FVRT+ET+ICRT) 388 368 I £ 35

15 | Ejection time (ms) {b} 284 254 306 x 36

16 | Tei Index {a-b/b) 0.36 0.44 0.35+0.10 (M), 0.32 =
0.09 (F, JP

17 | Deceleration fime  (msec) 120 120 1862 34 (MY, 175 £ 33 (F),
IP

18 | Peak agrtic velocity (cm/s) 126 124 90+ 10

19 | B, cm/sec (lateral) 20 28 16310 (M), 16.7 £ 3.1
{F), IP

20 | Ag cinfsec 28 15 B2x28 (M), 72223
(¥, JP

21 | B/ Em 2.2 27 4.8+ 2.8 (M),5.5+ 13
(F}, JP

224 ms 390 420 426 +25; Turkey

23 | b ms 298 290 316 + 36; Turkey

24 | Modifted Tei index (a- b/ b)) | 0.30 0.44 0.33 + 0.05; Turkey
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Patienils name: %%

Heg no: Con gr-*9

Exercise Tolerance Test:

First visit
Date:15/03/09

Second visit
Date: 1171 1709

Rest

Pulse (bpm) 130 10
SBIYDLEP mmHg H1O/70 120475
FExercise

Pulse (bpm} 196 179
SBE/DBEP mmHg 150/30 143485
METS 10 10

Duration of exercise ume o min 3{} sec 9 tnin 20 sec
Daouble products 282 x 10° 22.2 % 107
ELG chanpe No abnormalily Ng chanpe
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Data sheet of healthy volunteer

Name: ** Age: 28 yrs | SextF Reg no:
Yolon*2
F7/02/08

Ht- 148 com Wi 52 Kg BMI- 25 Kg."m2 BSA-1.44 m

LBM- X ke

Address: ** Phone:**

Hormone Assay:

First visit-Date:17/02/08

Second visit- Date:

F13 (pmol/L) 6.5
FT4 (pmol/L) 16.2
TSH (mIUL) 1.82
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Hyperthyroid Symptom Rating Scale (Reg no: Volun*2)

Characteristics

Score: st
Date:

Znd

L pd o D

i+ %

Mervousness
Absent

Aintious only with siress

Occasionally anxions at rest

Often anxious, difficulty working or
concentrating

States frecly that feels very nervous most

170208

[l L

o

Sweating
Caoly with acuvity
At rest bud only in warm lemperature
At rest in temperate climates, mainly invalving the hands and
Imlriginous 7onas
At rest involving many body areas.
Profusely dizphoretic almost constantly.

b

Heat mntoleranc

Normal temperalure tolerance.

Periods ot feeling wanmer than those in the same room
Significant difficulty with heat, requiring air conditioner
constantly in the sumemcr time

Excessive ditficulty with heat even in temperature climate.
Extreme difficulty with heat, does not fee} comforiable even in
cold weather ag evidanced by lack of need for warm clothing
ot bed covers.

Lt -

Hyperactivity

Normal activily

Increased activity level. increased productivity

Increased productivity; decreased sleep time.

Pedoms some purposcless activity

[requent episodes ol purposeless activity; unable to sit still
during examination

o L B = D

Tremor: Examination of utsteetched hands

Absent

Barely perceptible

Tremor demoenstrated readily on examinalion

Marked tremor but able W perform fine motor skills

Hands shake excessively, difficulty performing motor skills.

bl —

Weakness

Normal strength

Subjective weakness but with normal tolerance
Ticerensed exercise tolerance to near maxiral activity
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Decreased tolerance to stair climbing or arising from chair
Exirenmie weakness such that patient can barely lift objects or
walk up slairs

2 T} e D

=%

Hyperdynamic precordium

Normal precordium activity apical impulse

Tachycardia, 90 beats per minute with normal apical impulse.

Tachycardia, 90 beats per minute with increasced apical impulse

Tachycardia, 110 beats per minule with increased apical
impulse

Tachycardia, 110 beats per tminute and carotid upstroke both
increased, systolic outflow munmur,

Bl = O

Digrrhoea

1 bowel movement (BM) per day; formed stool
24 formed BMs per day

|-4 loose stools per day

4 formed BMs per day

4 loose stoals per day

N LR

Appetite

Appetite normal, no weight loss
Appetite nomnal, na weight loss
Appetite increased, oo weight 1055
Appetite increased, weight loss
Appctite decreased, weight loss

Assessment of daily function (degree of ncapacitation)

¢ | Nommal (none}
1 | Minimal impairment {10%)
2 1 Mild impaioment {309
3 | Moderate impairment (6%}
4 | Severe impaurment ($0%)
Total soore I
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Echocardiographic data:

Patient’s name: il Age: 28  yrs Regno: Volun ¥2 Date: 17/02/08
Ist visit 2 pd visit | Normal range
D17402/08 | Dt

Echocardiographic dala

1 | PWT {tum) B 0+ 1{M); 8 =1 (F}, Japan
(IP)

2 | I¥ST {mm) 2 0% I(M). 81 {F),IP

3 | LVIDD (mm) 47 A8= 4(M}; 44 1 3 (F), IP

4 1 LVIDS (mm) 29 0L (M) 28 £ 3(F), JP

5 { LVmass (g} 113 133+ 28(M}, 105 = 22 {F},
I

6 | LYMi(g/m™) 78 76+ 16(M); 70+ 14 (F, IP

7 |EF% 69 0d + 5 (M), 66 + 5 (F}, JP

B 1I5% 38 Jax4d

0 | E (cm/s) 72 74 + 14 (M), 88+13 (F), JP

10 | A {cm/s) 35 43 = 10 (MD); 45 =11 (F), IP

11 ] E/A 1.89 TR+ 0.5 (M); 2.0 = 0.6
(F), IP

12 | IVRT {msec) 88 839

13 | mVCI{cire/sec) 1.21 1.21+0.14

14 | 2 my (IVRT+ETHICRT) 400 400 + 35

15 | Ejection time (ms) (b) 208 306 + 36

16 | Tei Index (a-b/b) 0.34 0.35£ 0,10 (M), 032 %
0.09 (F}, IP

17 | Deceleration time  (msec) 170 186+ 34 (M), 175 £33 (1IN,
Ip

18 { Peak aortic velpeity (cmy/s) 08 o0 £ 10

19 { L, covsec {lateral} 19 16+3.10 (M), 16.7 £3.1
(F), IP

20 | Ap cm/zec 9 82+28(M), 72223
), IT

2] | E/Em 3.7 4828 (M) 5513
(5, 1P

228 ms 394 426 x 25; Turkey

23 | b ms 205 316 + 36; Turkey

24 | Modified Tei index (2~ b/ b) [ 0.34 (.33 £ 0.05; Turkey
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Appendix

Paticnils name:  **

Reg no: Volun *2

Exercisc Tolerance Test:

First vigit Second visit
Diate:17/02/08 Diate:

Hest

Pulse (bpm) 78

SBE/DBP mmHg 110575

Exercize

Pulse bpm 162

SBF/DEBEFP mm Hg 140/20)

METS 10.4

Duration of exercise time 10 min

Double products 22.64% 11

EC( change No abnozmality

J10R: 0510 54
s o

; -"/

"
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