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1 | PREAMBLE

Globally, life expectancy has steadily extended and populations
are aging at a rapid rate. Thyroid diseases have become one of the

most common disorders, reflected in a prevalence of over 50% in

Abstract

In order to improve the diagnosis and treatment of senile thyroid diseases in China and
to promote healthy aging, the Endocrine Metabolic Diseases Group of the Chinese
Geriatrics Society, and the Thyroid Group of the Chinese Society of Endocrinology
jointly drafted the “Expert consensus on diagnosis and treatment for Chinese elderly
with thyroid diseases” (referred to as consensus). The Consensus consists of five parts
that set 40 recommendations on main clinical issues. The consensus emphasizes clini-
cal focus on the age-related changes of the hypothalamus-pituitary-thyroid axis in
the elderly, and it recommends application of comprehensive geriatric assessment
to thoroughly evaluate the impact of thyroid diseases and relevant intervention on
overall health condition. Meanwhile, it recommends generalization of screening for
hypothyroidism during admission to nursing institution or hospital, and routine health
check-ups. Furthermore, it develops individualized stratified management on hyper-
thyroidism, hypothyroidism, thyroid nodules, and differentiated thyroid carcinoma
in the elderly distinguished from the youngers, including treatment regimen, control
ranges, and flowcharts for diagnosis and treatment. The Consensus will provide the
basis for clinical decisions and health management of thyroid diseases in the elderly

by geriatrician, endocrinologist, and general practitioners.
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aged individuals in China. However, the diagnosis and treatment of
senile thyroid diseases are hindered by several factors, including
physiological changes in the hypothalamic-pituitary-thyroid (HPT)
axis, comorbidities, superimpositions of geriatric syndromes, and

the decline in multiple organ functions. Standardization of diagnosis
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and treatment of senile thyroid diseases is of great significance to
improve clinical management of senile thyroid diseases in China and
to promote healthy aging. In October 2019, the Endocrine Metabolic
Diseases Group of the Chinese Geriatrics Society and the Thyroid
Group of the Chinese Society of Endocrinology formed a writ-
ing group composed of geriatric experts and endocrinologist and
jointly drafted the “Expert consensus on diagnosis and treatment
for Chinese elderly with thyroid diseases” (referred to as consensus).
The final Consensus was finished after three rounds of refinement,
including first draft by authors based on the outlines, then reviewed
and edited by all corresponding authors via six online and two in-
person discussion, and final proof from members in both groups.
The Consensus consists of five parts, including the epidemiology of
senile thyroid diseases, laboratory, imaging and cytological examina-
tions and comprehensive geriatric assessment (CGA), and screening,
hyperthyroidism, hypothyroidism, and thyroid nodules and differ-
entiated thyroid carcinoma in the elderly. Following the principles
of practicability, acceptability, and advancedness, the Consensus
absorbs the essence of thyroid diseases guidelines, authoritative
books, and evidence-based medical literatures published both at
home and abroad in recent years, and put more emphasis on do-
mestic research findings in this field. In the future, we will update
this Consensus in accordance with the research progress, to meet
the demands of clinical decisions and health management of thyroid
diseases in the elderly by geriatrician, endocrinologist, and general
practitioners.

2 | EPIDEMIOLOGY OF SENILE THYROID
DISEASES

An epidemiological survey of 78 470 people in 31 cities in China
showed that the overall prevalence of thyroid diseases was 50.96%,
with higher prevalence in the elderly1 (Table 1). Meanwhile, sub-
clinical hypothyroidism is the most common thyroid diseases in the
elderly with the prevalence of nearly 20%.1% Most of them were re-
ferred as mild subclinical hypothyroidism, only 10% with the level of
thyroid stimulating hormone (TSH) above 10 mU/L. A community
survey in China showed that total incidence rate of hypothyroidism

and subclinical hypothyroidism was 15.07% in women over 65 years
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old but 9.22% in their male contemporaries.® The prevalence of hy-

pothyroidism, subclinical hypothyroidism, and subclinical hyperthy-
roidism increase with age, while the prevalence of hyperthyroidism
decreases."*> The rates of thyroid peroxidase antibody (TPOAb)
and thyroid globulin antibody (TgAb) in the elderly over 60 years
old were about 11% and 10%, respectively.1 Thyroid diseases are
prevalent in older adults, among which the incidence of subclinical
hypothyroidism is the highest.

For every 10 years of age increase between 40-69 years, the upper
limit of the normal range of TSH rises by 0.3mU/L, whilst the same limit
rises more than 1.6 or 3.2 mIU/L in groups aged between 70-80 years
or over 80 years compared with counterparts aged between 60-69
years, respectively.® Domestic studies also found that age mainly af-
fected the upper limit of the normal range of TSH. Compared with the
normal reference range of TSH, the prevalence of senile subclinical hy-
pothyroidism, clinical hypothyroidism would be reduced from 19.87%
to 3.3% and from 2.09% to 1.6%, respectively, in the elderly over 65 via
applying the age-specific TSH reference range, whilst the prevalence
of clinical hyperthyroidism might remain.? The trend of the prevalence
of hyperthyroidism with age is related to the iodine status of the pop-
ulation.” In iodine-deficient areas, the prevalence of hyperthyroidism
increases with age, reaching as high as 15% in the elderly over 70 years
old.® The prevalence of hyperthyroidism in the elderly in iodine-rich
areas is lower than that in the general population, with about 65%-75%
being mild.*? Aging mainly impacts the upper limit of serum TSH nor-
mal range. lodine status is the main factor affecting the prevalence of
thyroid dysfunction in the elderly.

In China, the prevalence of thyroid nodules is 32.23%, 36.01% in
the elderly aged 60-69 and over 70, respectively." Approximately,
5%-15% of thyroid nodules are proved as carcinomas. In the United
States, the overall incidence of thyroid carcinomas is 7.98/10° from
1974 to 2013. The incidence is highest in the age group of 40-
59 years old (13.28/10°) compared to the 60-79 group (13.15/10°)
and over 80 group (8.81/10°).1° Meanwhile, the overall mortality
rate is 0.44/10°, with the highest ratein the 60-79 age group and a
significant decrease in the elderly over 80 years old. The prevalence
of thyroid nodules increases with age; meanwhile the prevalence of
thyroid carcinoma decreases over 80 years old.

The multimorbidity of thyroid diseases and metabolic syndrome,

diabetes mellitus, hypertension, and dyslipidemia are quite common

TABLE 1 Prevalence of thyroid diseases in different age groups in 31 provinces and cities of China (%; n = 78 470)

Age Subclinical
(years old) Hyperthyroidism hyperthyroidism
Overall 0.78 0.44

18-29 0.82 0.34

30-39 0.85 0.38

40-49 0.83 0.51

50-59 0.76 0.49

60-69 0.65 0.40

270 0.47 0.66

P .005 .08

Graves' Subclinical Thyroid
disease Hypothyroidism hypothyroidism nodules
0.53 1.02 12.93 20.43
0.55 0.45 11.77 11.30
0.57 0.70 10.10 15.50
0.59 1.26 12.04 20.38
0.54 1.31 15.00 27.57
0.46 1.42 16.13 32.23
0.28 2.08 19.09 36.01
.01 <.0001 .005 <.0001
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311 especially in elderly women.® A survey of 24 en-

in the elderly,
docrine and geriatric medical centers in China found that 23.79% of
patients with type 2 diabetes mellitus were associated with thyroid
dysfunction in the elderly from 2015 to 2016. The survey also indi-
cated that the prevalence of subclinical hypothyroidism, hypothy-
roidism, subclinical hyperthyroidism, hyperthyroidism was 4.89%,
9.3%, 1.13%, and 3.16%, respectively. Among the patients previ-
ously diagnosed with senile type 2 diabetes, the multi-morbidities
of thyroid dysfunction were 20.88% in women and 8.96% in men.
Therefore, attention should be paid to the screening of thyroid dis-

eases in elderly diabetic patients.

®  Recommendation 1: The elderly are at high risk for thyroid
disease and have a high rate of multimorbidity with metabolic
diseases. Therefore, more attention should be paid to patients
with senile thyroid diseases.

®  Recommendation 2: Aging mainly impacts the upper limit of
serum TSH normal range. lodine status is the main factor affect-
ing the prevalence of thyroid dysfunction in the elderly.

3 | LABORATORY, IMAGING, AND
CYTOLOGICAL EXAMINATIONS AND
COMPREHENSIVE GERIATRIC ASSESSMENT
AND SCREENING FOR SENILE THYROID
DISEASES

3.1 | The age-related changes of the hypothalamus-
pituitary-thyroid axis

The HPT axis of healthy elderly people changes with age, which is
presented as decreased levels of serum total trilodothyronine (TT3)
and free triiodothyronine (FT3), slightly increased or remained
levels of free thyroxine (FT4), decreased ratio of FT3/FT4, and in-
creased TSH levels.*** A prospective cohort study in Australia
selected 908 people with an average age of 45 without thyroid dis-
eases and thyroid antibodies. It was found that TSH increased by
an average of 0.32 mU/L in 13 years, which was more obvious in
the elderly over 60 years old, while no significant change in FT4.1°
The American Cardiovascular Research Survey (CHS) conducted a
follow-up study including 843 subjects with an average age of 72
for almost 13 years. The study revealed a 13% (0.34 mU/L) increase
in TSH, 1.7% (0.02 ng/dL) increase in FT4, and about 13% (-14.9 ng/
dL) decrease in TT3.X¢ Another cross-sectional survey found that the
levels of serum TSH in centenarians (average age of 98, 1.97 mU/L)
were significantly higher than those in controls (average age of 72,
1.55 mU/L).Y” The age-related changes of HPT axis may be a protec-
tive mechanism for the elderly to slow down their catabolism. Due
to waning metabolism in the elderly, the conversion of T4 to T3 is
reduced, the inhibition of TSH feedback is weakened, and the level
of TSH is increased. In addition, it might also be associated with an
increase in the tuning of TSH response to thyroid hormones or a

decrease in TSH biological activity with aging.

3.2 | Laboratory tests
3.2.1 | Measurement of thyroid hormone levels

Immunoassay is widely employed in thyroid hormone detection at
present.’® The bound and free T4 and T3 form the TT4 and TT3,
which are modulated by thyroglobulin. Hypoproteinemia, which is
common in the elderly, can decrease serum thyroxine-binding globu-
lin (TBG) and TT4 levels. Besides, certain drugs and disease states
can also interfere with the measurement of serum TT4 and TT3.

FT4 and FT3, free forms of thyroid hormones, are theoretically
better indicators reflecting thyroid hormone activity as they are not
affected by TBG.

3.2.2 | Measurement of TSH levels

With application of sensitive TSH assay, TSH has become the most sen-
sitive indicator of thyroid function. The level of serum TSH increases
with aging. A domestic survey involving 14 985 subjects showed that
the upper limit of serum TSH in the elderly (8.86 mU/L) was signifi-
cantly higher than that in the non-elderly (6.57 mU/L), while there was
no significant difference in the lower limit of normal range.? Therefore,
the age-specific serum TSH reference range is recommended for the
diagnosis of thyroid diseases in the elderly by some experts. However,
to date, there is no convincing evidence to prove the effect of chang-
ing the normal range of TSH in the elderly on health outcomes.*’ Thus,

the normal range of TSH in non-elderly is still adopted.

3.2.3 | Measurement of thyroid autoantibody titers

Antithyroid peroxidase antibody (TPOAb) and antithyroglobulin an-
tibody (TgAb) titers are major indicators of autoimmune thyroiditis.
The positive rate of TgAb in patients with autoimmune thyroiditis
is relatively low, and its sensitivity is inferior to TPOAb. The posi-
tive rates of TPOAb and TgAb are higher in the elderly.” Thyroid-
stimulating hormone receptor antibody (TRAD) is a crucial marker of
Graves' disease. TRADb is positive in approximately 60%-90% of pa-
tients with first-onset Graves' disease. TRAb can also be positive in
patients with Graves' ophthalmopathy with normal thyroid function.
In addition, TRAb has certain significance in predicting recurrence of
hyperthyroidism after withdrawal of antithyroid drug therapy. The
specificity and sensitivity of positive TRADb to predict recurrence is
about 50%, but the prediction of negative TRAb is non-specific.?°

3.3 | Imaging

3.3.1 | Ultrasonography

Ultrasonography provides detailed views that help measure the size of

the thyroid gland, identify structural abnormalities, and characterize its
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texture and blood flow status. It plays an important role in the diagno-
sis and differential diagnosis of thyroid diseases. Diffuse hypoechoic,
reticular changes reflect lymphocyte infiltration and interstitial fibro-
sis in the thyroid gland, while flaky hypoechoic changes with irregu-
lar margins are often indicative of thyroid destruction. Color Doppler
can display thyroid blood flow. The peak systolic blood flow velocity
of internal and inferior thyroid artery is elevated in Graves' disease.
The purpose of initial sonographic assessment is to screen, diagnose
thyroid nodules, and further to distinguish benign nodules from those
with suspicious or malignant features, especially evidenced by physical
examination or other imaging. Ultrasonography is also applied in fine-
needle aspiration biopsy (FNAB) of thyroid nodules, assessment of cer-
vical lymph nodes, the follow-up of thyroid nodules. The significance of
thyroid ultrasound is superior to computed tomography (CT) and mag-
netic resonance imaging (MRI) in distinguishing between benign and

malignant nodules.

3.3.2 | Scintigraphy

= Y yptake: It is primarily recommended for the differential
diagnosis of thyrotoxicosis and the evaluation of **!| therapeutic
dose, instead of the diagnosis of hyperthyroidism due to the
application of sensitive TSH.

®  Radionuclide scintigraphy: The thyroid gland can uptake and
concentrate **™TcO,” or radioactive iodine (**!1 or *2%), which
can generate images that display the position, size, shape, and
radioactivity distribution of the thyroid gland. Radionuclide scin-
tigraphy is indicated for functional nodules or function status of
thyroid, and diagnose of ectopic thyroid tissue or thyroid absence.
It is usually not used to differentiate between benign and malig-
nant nodules. “Cold nodules” indicates non-functioning, while
“hot nodules” indicate hyperfunctioning nodules or toxic thyroid
adenoma. When the radionuclide imaging shows that the reginal
thyroid tissue is sparse or defective radionuclide distribution, a
pro-tumor imaging agent can be injected. And further pro-tumor
phenomenon could be confirmed when radionuclide occupies
this region, indicating probable malignant tumor. 3! whole-body
diagnostic scintigraphy is indicated for detection of postopera-
tive residual, metastasis, and recurrence of differentiated thyroid

carcinoma.

3.3.3 | Computed tomography and magnetic
resonance imaging

Computed tomography and MRI are important in differential diag-
nosis of thyroid nodules as they can visualize the contour of thyroid
against its surrounding tissues. For thyroid with suspicious features,
CT and MRI are preferred to evaluate the extent of lesions and to
detect tracheal invasion and metastasis to lymph nodes. CT and MRI
are also utilized to discriminate between thyroid and non-thyroid

mediastinal cancers.
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It should be noted that thyrotoxicosis might develop in

1-3 months after administration of iodinated contrast media.
Therefore, it is recommended that elderly with high risk factors
(such as known atrial fibrillation or ischemic heart disease) should
perform thyroid function tests before administration of iodinated-

contrast agents.

3.4 | Fine-needle aspiration biopsy

Ultrasound-guided FNAB remains the most important method for
detecting malignancy in the management and monitoring of thy-
roid nodules. In accordance with the recently developed Bethesda
System for Reporting Thyroid Cytopathology, a sampled nodule can
be categorized as non-diagnostic or unsatisfactory, benign, atypia of
undetermined significance or follicular lesion of undetermined sig-
nificance, follicular neoplasm or suspicious for a follicular neoplasm,
suspicious for malignancy, and malignant.

Ultrasound-guided FNAB is generally safe in the elderly when
excluded with contraindications, such as hemorrhagic tendency,
significantly prolonged bleeding and clotting time, significantly
decreased prothrombin activity, and uncooperativeness due to
mental disorders or cardiopulmonary insufficiency. For patients
with a low risk of cardiovascular events, it is recommended to
discontinue aspirin 3-7 days before puncture and then resume
aspirin 24-48 hours after this procedure.?®?! Patients with a
higher risk of cardiovascular events (such as history of coronary
stent implantation or ischemic stroke, etc) are suggested not to
discontinue during the procedure, but should be informed of the

potential risk of bleeding.

3.5 | Comprehensive geriatric assessment

Comorbidity of thyroid diseases with multiple chronic diseases
and geriatric syndromes is common in the elderly suffering frailty.
In turn, consequent polypharmacy could be a major health haz-
ard.*»22 CGA is recommended to be adopted in both clinic and
research to thoroughly evaluate the impacts of senile thyroid dis-
eases and relevant interventions on the overall health condition
and further to adjust the management if necessary.?® The main

points are as follows:

e Purpose: To maintain the function and to ensure the quality of
life, especially to improve the ability of daily living of the elderly.

e Object: Elderly patients with complicated conditions, impaired
self-care ability, and psychological disorders, but with a certain
potential for recovery.

e Timing: Regular assessment, especially after changes in the
health status or adjustment of treatment.

o Items: Activities of daily living®*2% (

including basic activities of
daily living [BADL], instrumental activities of daily living [IADL]

and advanced activities of daily living [AADL]), mobility and
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balance, comprehension/communication (including cognitive
assessment),?” mood and emotion (such as depression anxiety
assessment), malnutrition, sarcopenia (grip strength, 6-meter
walking speed, body composition analysis), frailty (Fried's frailty

28-30

phenotype, FRAIL scale), assessment of quality of life.

3.6 | Screening for senile thyroid diseases

Despite the features of high prevalence, nonspecific symptoms and
signs, and hazard to health condition in senile thyroid diseases, there
is still a lack of evidence-based medical recommendations to screen
thyroid diseases in general elderly population. However, generali-
zation of screening for hypothyroidism during admission to nurs-
ing institution or hospital, and routine health check-ups, especially
for elderly women is recommended. Active screening is needed for
the following situations: history of external cervical radiation or
131 treatment, history of thyroid surgery or abnormal thyroid func-
tion, family history of autoimmune thyroid disease, complications of
other autoimmune diseases, anemia, dyslipidemia, hypertension, di-
abetes or other metabolic diseases, mental and cognitive disorders,
cardiovascular diseases, pulmonary hypertension, digestive system
diseases, osteoporosis or sarcopenia, as well as current medication
of amiodarone, ketoconazole, lithium, interferon-a, interleukin-2, ty-
rosine kinase inhibitors, orimmune checkpoint inhibitors, etc. Serum
TSH should be preferred as screening indicator. Ultrasonography
screening for thyroid nodules is not recommended in elderly com-

munity dwellers.

m  Recommendation 3: The HPT axis changes with age, which
is mainly manifested as increased TSH levels and decreased
T3 levels.

®  Recommendation 4: It recommends application of comprehen-
sive geriatric assessment to thoroughly evaluate the impacts
of senile thyroid diseases and relevant intervention on overall
health condition, especially in the initial state of disease and dur-
ing adjustment of treatment, on purpose of individualized strati-
fied management.

®  Recommendation 5: It recommends generalization of screen-
ing for hypothyroidism during admission to nursing institution
or hospital, and routine health check-ups, especially for elderly
women and family history of thyroid diseases. TSH should be
preferred as screening indicator.

®  Recommendation 6: Itis not recommended to generally screen thy-
roid nodules in elderly community dwellers via ultrasonography.

4 | SENILE HYPERTHYROIDISM
4.1 | Definition

Hyperthyroidism is defined as thyrotoxicosis due to overproduction

of thyroid hormones by an overactive thyroid. Clinically, serum TSH

is decreased or even undetectable, whilst levels of free triiodothy-
ronine (FT3) and/or FT4 are elevated over the upper limits of normal

ranges.

4.2 | Etiology

The common causes of endogenous hyperthyroidism in the elderly
are Graves' disease (GD), toxic multinodular goiter (TMNG), and toxic
adenomas (TA). Other rare causes include TSH-secreting pituitary
tumors, trophoblastic tumors, and metastatic differentiated thyroid
carcinoma. GD is the main cause of senile hyperthyroidism in iodine-
rich areas. Senile hyperthyroidismin iodine deficiency areas is mostly
manifested as TMNG.? Hyperthyroidism caused by excess iodine is
common in the elderly. The risk of iodine-induced hyperthyroidism
is increased in the elderly under exposure of iodinated-contrast
medium. The incidence of Amiodarone-induced thyrotoxicosis is
6%-10%, which is more frequently described in iodine-deficiency

areas.!

4.3 | Clinical manifestations

Hyperthyroidism in the elderly is occult in onset due to absence of
sympathetic symptoms and signs. The initial and most commonly
occurring symptoms are cardiovascular-related, including palpita-
tion, atrial fibrillation, increased systolic blood pressure, wide pulse
pressure, heart failure, and induced angina pectoris in patients with
coronary heart disease.>?%® Atrial fibrillation is estimated to be pre-
sent in 30%-60% of hospitalized elderly patients suffering from
hyperthyroidism. The cumulative incidence of atrial fibrillation in
hyperthyroidism patients aged over 60 reached 13% in a Denmark
population-based study after 20-year follow-up.** Atrial fibrillation
inclines to evoke embolic stroke in senile hyperthyroidism patients.
Also, they are prone to suffer from heart failure, half of which result
from left ventricular dysfunction. The elderly with a history of atrial
fibrillation, hypertension, ischemic heart disease, or risk factors for
coronary heart disease, such as smoking and diabetes, are more
prone to develop congestive heart failure.

Apathetic hyperthyroidism is more common in the elderly,
characterized by symptoms of weight loss, palpitations, diarrhea,
anorexia, apathy, somnolence, and even insanity in severe cases.
Hyperthyroidism in older adults has been associated with impaired
attention and concentration and emotional and cognitive decline.
Elevated serum FT4 levels could predict new-onset dementia in
community-dwelling men aged over 70 years.®> In addition, overt
hyperthyroidism is a well-recognized risk factor for low bone mineral
density and osteoporotic fracture in the elderly.

The peak of Graves ophthalmopathy (GO) is between 50 to
60 years of age. However, older men over 60 years are inclined to
develop optic neuropathy.®¢ The risk factors for developing GO in-
clude smoking, prolonged duration, and high level of FT4. The de-

gree of goiter in elderly patients was commonly lower than that in
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young patients. Large goiters or retrosternal goiters may occur in
elderly patients with TMNG, leading to obstructive symptoms such
as dyspnea.

Thyrotoxis crisis, also known as thyroid storm, is character-
ized by rapid metabolic explosion with multisystem involvement.
It mostly occurs in thyrotoxic patients who are untreated or inad-
equately treated. The common precipitants are infection or other
acute illness, non-thyroid surgery, trauma, and emotional stress, etc.
Sympathetic symptoms, such as fever, profuse sweating, and tachy-
cardia, are usually absent in older patients. Instead, more of them
present with apathetic crisis, characterized by fatigue, but not high
fever. The presentation of apathetic crisis can be varied as conges-
tive heart failure, liver failure, acute abdominal pain, epilepsy, stroke,
rhabdomyolysis, coma, and shock. Evaluation of thyrotoxis crisis is
needed in elderly patients with multi-organ involvement or in critical

condition, especially when level of thyroid hormone is elevated.®”

4.4 | Diagnosis and differential diagnosis
441 | Diagnostic criteria

For overt hyperthyroidism, TSH concentrations are lower than the
reference range and serum FT4 and/or FT3 concentration are above
the reference range. With mild hyperthyroidism, FT4 and TT4 are
still within the reference range, but T3 is elevated with suppressed

TSH level, which is also known as “T3 hyperthyroidism.”

4.4.2 | Etiological diagnosis

TRAD is one of the major indicators to distinguish the etiology of
hyperthyroidism and to diagnose GD. Among newly diagnosed GD,
60%-90% are TRAb positive. The uptake of radioactive iodine in-
creased and the time to peak is advanced in hyperthyroidism. On ra-
dionuclide imaging with 2%l or ?mTc, GD presents as homogeneous
distribution of radionuclide in the thyroid; TMNG as concentration
of radionuclide in multiple spots asymmetrically; TA as concentrated
radionuclide in one spot and decreased uptake in residual thyroid
tissues. Ultrasonography is sometimes used as a cost-effective
scanning. The peak velocity of inferior thyroid artery is increased.
Solitary or multiple nodules could be detected in cases of TMNG
or TA.

4.4.3 | Differential diagnosis

Hyperthyroidism should be distinguished from thyrotoxicosis de-
rived from other causes, including destructive thyroiditis or over-
dose of thyroid hormone tablets. Radionuclide imaging is the major
method for discrimination. Destructive thyroditis refers to release of
preformed thyroid hormones via autoimmune mechanism includes

subacute thyroiditis and painless thyroiditis. Uptake of radioactive

e WI LEY-7

?9™Tcis low in the above conditions. The uptake is also reduced

123) or

within 1-2 months after the administration of iodinated-contrast
medium or amiodarone. The measurement of inferior thyroid artery
peak systolic velocity by Doppler ultrasound is also helpful to distin-

guish hyperthyroidism from destructive thyrotoxicosis.

4.5 | Treatment

Overt hyperthyroidism has been associated with cardiovascular
mortality, osteoporosis, and cognitive decline. Thus, interventions
are demanded irrespective of age. There are three treatment op-
tions: antithyroid drugs (ATDs), radioactive iodine (RAI) ablation of
the thyroid gland, and surgical thyroidectomy. For elderly patients
with hyperthyroidism, it is very important to control adrenergic

symptoms rapidly and avoid recurrence.

451 | Antithyroid drugs

Indications

Antithyroid drugs, including methimazole (MMI) and propylthioura-
cil (PTU) available in China, are preferred as first-line therapy for
mild cases of senile Graves' hyperthyroidism without cardiovascular
complications. ATDs can be administrated as long-term maintenance
therapy for senile TMNG patients with limited survival, or those who

cannot follow radioiodine treatment.®®

Initial dose

Elderly patients with hyperthyroidism exhibit a mild increase in thy-
roid hormone. Besides, the side effects of ATDs are dose-related.
Therefore, it is suggested that the initial ATDs dose in the elderly not
be set too high. The recommended daily dose of MMl is 5-20 mg or
PTU 50-300 mg.

Duration of treatment

The standard duration of ATDs therapy for GD is 12-18 months.
A meta-analysis showed a higher remission rate and lower recur-
rence rate in elderly patients taking ATDs than that in young pa-
tients.3” However, relapse rate of senile hyperthyroidism after the
conventional duration of ATD treatment ranges from 40% to 60%.
Long-term maintenance therapy with low-dose MMI can effectively
improve the thyroid function with a high tolerance for older patients
with frailty, recurrent GD symptoms, refusal to or with surgical con-
traindications, in case of cardiovascular side effects.*®

Adverse effects of ATDs

Mild adverse effects of ATDs include rash, pruritus, arthralgia, and
gastrointestinal symptoms. Major rare toxic reactions include agranu-
locytosis and hepatitis/cholestasis, mostly within 3 months of ATDs
initiation. Antineutrophil cytoplasmic antibodies (ANCA)-positive vas-
culitis rarely occur in elderly patients. Patients taking ATDs should be

closely monitored and be informed about the adverse drug reaction.
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D

Additionally, for elderly patients with cognitive impairment, written
information about this serious adverse event and its associated symp-
toms should be provided for their families or guardians.

The incidence of agranulocytosis caused by ATDs ranges from
0.2% to 0.5%. Agranulocytosis is more likely and more fatal in older
patients than in younger adults. According to a survey in the UK,
the fatality rate of agranulocytosis and granulocytopenia caused by
ATDs in patients over 65 years old is significantly higher than that in
younger patients (13.8% vs 1.2%).** Whenever fever and/or pharyn-
gitis is developed in patients on ATDs, a prompt differential blood
count should be obtained. Once granulocytopenia is confirmed,
ATDs should be discontinued; moreover, broad spectrum antibiotic
and the granulocyte colony-stimulating factor should be prescribed
in symptomatic patients. In the setting of agranulocytosis induced
by one ATD, switching to the other ATD is contraindicated. Baseline
blood cell count before initiation of ATDs and routine cell count
monitoring is recommended for early detection of asymptomatic
granulocytopenia.

The most common feature of ATDs-induced hepatotoxicity is
elevated transaminase and bilirubin, while acute liver failure is a
serious and rare manifestation. ATD-induced hepatoxicity is more
common in adults aged over 65 years.* Liver function test should be
obtained immediately in patients who experience symptoms of liver
injury including jaundice, acholic stool, or dark urine. Baseline liver
enzymes and follow-up monitoring is advised for all patients.

Drug interaction

Methimazole and PTU are both rapidly absorbed by the gastroin-
testinal tract. Then, 75%-80% of MMl is excreted in the urine in the
form of prototype or metabolites, while 40% of PTU is detected in
urine. MMI or PTU rarely interact with other drugs.*®

4.5.2 | Radioactive iodine ablation

Indication
For senile hyperthyroidism with heart diseases such as atrial fibril-
lation, tachyarrhythmia, and heart failure, TMNG, and TA, the first

therapeutic choice is radioactive iodine ablation (RAI.

Precautions

The elderly are insensitive to 181 35 a result, higher dose of 13
should be preferred for these patients. Transient thyrotoxicosis de-
terioration may occur within a short term after RAI. Studies have
shown that thyroxine levels could increase by about 36% three
weeks after RAI, and the risk of complications might increase even
in asymptomatic elderly patients with hyperthyroidism. For patients
with severe thyrotoxicosis, atrial fibrillation, cardiac dysfunction,
pulmonary hypertension, lung disease, cerebrovascular disease, or
uncontrolled hyperglycemia, it is recommended to take MMI and
B-adrenoceptor blockers (B-blockers) before RAI and restart these
drugs 3-7 days after RAI. For those unable to take ATDs due to se-

rious side effects, lithium can control thyroid function to a certain

extent without influencing the effectiveness of RAI. Permanent hy-
pothyroidism might be developed after RAI treatment. Hence, thy-
roid function should be monitored after RAI, and thyroid hormone

replacement should start in the early stages of hypothyroidism.

453 | Surgery

Indication

Thyroidectomy is not preferred for elderly hyperthyroidism. Instead,
it is the original treatment in patients with large goiters, and even
associated obstructive symptoms, or in patients with suspected ma-
lignancy, or coexisting hyperparathyroidism.**

Precautions

A high-volume thyroid surgeon is preferred for thyroidectomy in
elderly. Ideally, patients should be prescribed with ATDs and -
blockers preoperatively to achieve a euthyroid state and cardiac
rate control. The range of thyroid resection should be as thorough as
possible to avoid hyperthyroidism or tumor recurrence.

4.5.4 | Therapy of senile hyperthyroidism
accompanied with special clinical manifestations

Cardiovascular events

Evaluation of cardiac function should be obtained via testing serum
B-type natriuretic peptide (BNP) or N-terminal pro-B-type natriu-
retic peptide (NT-proBNP), electrocardiogram, echocardiography,
and dynamic 24-hour Holter. f-adrenergic blockade is used in pa-
tients with moderate to severe hyperthyroidism to prevent or im-
mediately control heart rate. Anticoagulation therapy is required in
patients with atrial fibrillation. It is a challenge to treat congestive
heart failure in elderly patients with hyperthyroidism. The priority is
to maintain cardiac hemodynamics, controlling heart rate, and pre-
vent thromboembolism during atrial fibrillation. Treatment modali-
ties include immediate restoration of euthyroid function, control of
heart rate by p-blockers, diuretics to reduce volume overload, and

management of hypokalemia.

Graves ophthalmopathy

Assessment of ophthalmopathy in routine clinical practice in-
cludes visual acuity, visual field, intraocular pressure, exoph-
thalmos, fundus, extraocular muscle function, and optic nerve
function. CT and MRI are used to evaluate involvement of ex-
traocular muscle and to exclude exophthalmos due to other
causes. For patients with active GO, smoking cessation is sug-
gested, while RAl treatment is not recommended. Besides, euthy-
roidism should be maintained during treatment. For patients with
active moderate to severe GO treated with high-dose glucocor-
ticoid, gastrointestinal-protective agents, calcium, and vitamin D
should be administered concomitantly. Bisphosphonates could be

used for patients with osteoporosis.
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Thyrotoxic crisis

Thyrotoxic crisis has a high mortality rate. Early detection and mul-
tidisciplinary collaboration are crucial. The therapeutic goal is to
suppress overproduction of thyroid hormone and further release
of thyroid hormone into circulation, block peripheral conversion of
T4-T3, control rising adrenergic tone, remove precipitants, and treat
coexisting issues. ATDs should be administrated as soon as possible.
The preferred medicine is PTU. The loading dose for PTU or MMl is
600 mg/d or 60 mg/d, respectively. An hour after the administra-
tion of ATDs, give five drops of supersaturated potassium iodine by
mouth every 6 hours, or sodium iodide 1.0 g dissolved in 500 mL
liquid intravenously at a total dosage of 1-3 g in the first 24 hours
and then be reduced gradually after control of thyrotoxicosis.
Glucocorticoids should be administered, such as intravenous dex-
amethasone 2 mg every 6-8 hours, or hydrocortisone 50-100 mg
every 6-8 hours. Patients without or having recovered from heart
failure could be treated with propranolol 20-40 mg every 6 hours, or
other selective p1-blockers. Patients with heart failure are contrain-
dicated. Therapeutic plasmapheresis should be considered if clinical
improvement is not noted within initial treatment of ATDs, inorganic

iodine, corticosteroids, or B-blockers.

4.6 | Prognosis

For hyperthyroidism patients aged over 65 years, who remained un-
treated for more than 6 months, the risk of cardiovascular events
increased significantly even after controlling other risk factors such
as hyperglycemia, dyslipidemia, and hypertension.** Sixty percent
of patients with coexisting atrial fibrillation and new-onset hyper-
thyroidism could restore normal heart rhythm while maintaining eu-
thyroidism. However, the remission rate of senile hyperthyroidism
is rather low. Atrial fibrillation is an independent risk of mortality
in senile hyperthyroidism. A cohort study revealed that all patients
who suffer atrial fibrillation during ATD therapy were aged over
65 years.45 Another study showed that only one-third of patients
aged over 60 could restore normal left ventricular diastolic function
with achieved euthyroid function.

4.7 | Flowchart for diagnosis and treatment of senile
hyperthyroidism

Figure 1.

®  Recommendation 7: The common causes of senile hyperthy-
roidism are GD, TMNG, and TA. Serum TRADb, thyroid ultra-
sound, and static radionuclide scan help determine the causes
of thyrotoxicosis.

®  Recommendation 8: Elderly patients often present with apa-
thetic hyperthyroidism, and are more prone to suffer with car-
diovascular complications such as atrial fibrillation and cardiac

dysfunction. The classic manifestations, like high fever, are

e WI LEY-7

usually absent in older adults with thyroid crisis, making the di-

agnosis challenging. Comprehensive geriatric assessment before
and after treatment is recommended, to promptly detect frailty
for subsequent individualized management.

m  Recommendation 9: ATDs are preferred for mild cases of senile
Graves' hyperthyroidism with no cardiac complications. ATDs
can also be used as long-term maintenance therapy for senile
TMNG or TA patients with limited survival or contraindicated for
RAIl therapy.

®  Recommendation 10: The initial ATDs administration in older
adults have a lower dose requirement. The recommended daily
dose of MMl is 5-20 mg or PTU 50-300 mg. ATDs should be pre-
scribed for 12-18 months, or serve as long-term maintenance
therapy in low-dose regimes.

®  Recommendation 11: Severe adverse effects of ATDs include
agranulocytosis and hepatoxicity, for which the elderly are at
higher risks. Total blood cell count and differential blood count
and liver function test should be monitored before and through-
out ATDs administration. Verbal and written information about
these severe adverse effects and precautions should be provided
for patients and their families.

®  Recommendation 12: For Graves' hyperthyroidism, TMNG, and
TA accompanied by cardiovascular changes, including atrial fi-
brillation, tachyarrhythmia, and heart failure, the first therapeu-
tic modality is RAL. If necessary, to suppress thyrotoxicosis, MMI
can be administrated before RAI and 3-7 days after RAI.

®  Recommendation 13: Thyroidectomy is preferred for patients
with large goiters, and even associated obstructive symptoms,
suspected malignancy, or coexisting hyperparathyroidism.

m  Recommendation 14: thyroid crisis in elderly patients requires
early detection and multiple modalities, including ATDs, inor-
ganic iodide, glucocorticoids, p-blockers, removal of precipi-
tants, and management of other comorbidities.

5 | SENILE SUBCLINICAL
HYPERTHYROIDISM

5.1 | Definition

Subclinical hyperthyroidism refers to low or undetectable serum
TSH with normal levels of serum FT4, TT3, and/or FT.

5.2 | Classification

The classification schemes of senile subclinical hyperthyroidism are
consistent with that in adults: (a) according to the serum TSH con-
centration, it can be divided into categories of mild (0.1 mU/L - lower
limit of normal) and severe (<0.1 mU/L). (b) according to the course of
disease, it can be divided into categories of continuous (23 months)

and temporary (<3 months). (3) according to the etiology, it can be
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Senile hyperthyroidism

l

Etiological diagnosis: medical history and
physical examination, thyroid ultrasound,
TRAD, and radionuclide imaging

l

CGA, bone density test, ECG, 24-h
Holter, and echocardiography

|
! |

Patients with obvious goiter
presenting compressive symptoms,
hyperparathyroidism, or suspected

|
[ e |

thyroid cancer l
Clinical hyperthyroidism Subclinical hyperthyroidi:
CT, MRI l

l S, comielidi Mild, severe patients who
heart disease or diabetes,
or ATD-intolerant

|
e

FIGURE 1 Flowchart for diagnosis and treatment of senile overt hyperthyroidism and subclinical hyperthyroidism. ATD, antithyroid
drug; CGA, comprehensive geriatric assessment; CT, computed tomography; ECG, electrocardiogram; GD, Graves' disease; MRI, magnetic
resonance imaging; RAI, radioactive iodine; TA, toxic adenomas; TMNG, toxic multinodular goiter

cannot comply with Severe Mild
radiation protection or

with limited survival

divided into endogenous and exogenous types. Exogenous subclini-
cal hyperthyroidism is caused by excessive replacement of levothy-
roxine or intake of iodine-rich foods.

5.3 | Etiology

Common causes of endogenous subclinical hyperthyroidism are
identical with overt hyperthyroidism, including GD, TA, and TMNG.
Exogenous subclinical hyperthyroidism often due to excessive re-
placement or TSH suppression by levothyroxine. Transient subclinical
thyrotoxicosis commonly occurs during treatment of ATDs or RAI for
hyperthyroidism, subacute thyroiditis or painless (silent) thyroiditis. In
addition, a clinical history can distinguish subclinical hyperthyroidism
from other causes of low TSH but unrelated thyroid overactivity, such
as medication of certain drugs (dopamine, dobutamine, high-dose
glucocorticoids, bromocriptine, somatostatin analogs, gonadotropin-
releasing hormone analogs, amphetamine, and bexarotene, etc), pi-
tuitary or hypothalamic deficiencies, psychiatric diseases, and severe

non-thyroidal illness (sick euthyroid syndrome).

5.4 | Clinical manifestations

e Atypical or asymptomatic

The elderly with subclinical hyperthyroidism usually present as-
ymptomatic or only non-specific symptoms, such as fatigue and
weakness, insomnia, palpitation, weight loss, and anorexia, all of
which are superimposed with signs of neurasthenia or geriatric
syndromes. Goiters might be observed, and attention should be
paid to the presence of thyroid nodules or GO.

e Cardiovascular effects

The absolute risk of cardiovascular events in elderly patients with
subclinical hyperthyroidism increases markedly with aging,
but the relative risk is not increased significantly. HUNT study
evaluating a total of 26 707 participants showed that subclini-
cal hyperthyroidism is associated with increased cardiovascular
mortality.*” The risk of cardiovascular events, especially atrial
fibrillation, inversely correlates with TSH levels.*® Based on a pro-
spective observation study “8 and a Meta-analysis,49 subclinical
hyperthyroidism is strongly associated with increased atrial fibril-
lation, arrhythmia, heart failure, major cardiovascular adverse
events, cardiovascular mortality, and all-cause mortality.

e Osteoporosis and fracture

A meta-analysis of 13 prospective cohort studies revealed severe
subclinical hyperthyroidism (TSH <0.10 mlU/L) was associated
with an increased risk of osteoporotic fracture, but no associa-
tion was found between mild subclinical hyperthyroidism and
fracture risk.>° Subclinical hyperthyroidism results in an elevated

risk of osteoporosis, which is often affected by sarcopenia, frailty,
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slowness, weakness, low activity, and the duration of subclinical
hyperthyroidism.?®

e Cognitive decline and dementia

Severe subclinical hyperthyroidism is associated with an increased
risk of cognitive decline and dementia.”* TEARS study demon-
strated that endogenous subclinical hyperthyroidism was associ-
ated with an increased risk of dementia, but no evidence showed
the association with serum TSH levels.>?

5.5 | Diagnosis

Subclinical hyperthyroidism is diagnosed by laboratory tests as low
or even undetectable TSH level with normal serum FT4, TT3, and/or
FT3. It should be noted to find the causes and conduct risk assess-

ments in elderly patients.

5.6 | Treatment

The therapeutic methods of endogenous subclinical hyperthyroid-
ism with various underlying etiologies are similar to that of overt
hyperthyroidism. Individualized management is suggested based on
stratification of severity of subclinical hyperthyroidism-associated
risks, which includes etiology, age and serum TSH level.

5.6.1 | Indications

e Antithyroid therapy is recommended for patients with severe
subclinical hyperthyroidism.

e For patients with mild subclinical hyperthyroidism, treatment
could be considered if they have atrial fibrillation. It recommends
considering treatment for patients with heart disease, diabetes,
renal failure, history of stroke or transient ischemic attacks, or
cardiovascular risks like atherosclerotic cardiovascular disease,
heart failure, and valvular heart disease.

5.6.2 | Treatment modalities

e ATDs are preferred for patients over 65 years old with mild GD
while TSH levels of 0.1-0.4 mIU/L, while RAI is a definitive treat-
ment for patients with ATDs intolerance, relapse, or heart disease.

e ATDs or RAI is recommended for patients over 65 years old with
subclinical hyperthyroidism due to GD when heart disease is pres-
ent, who are at a higher risk of cardiovascular events.

e For patients with TMNG or TA when low TSH is persistent, RAI
or surgery is preferred. If patients are contraindicated to RAI, life-
long therapy of low-dose ATDs therapy could also be considered.

e Surgical Thyroidectomy is recommended for patients with large
goiters and obstructive symptoms, suspected malignancy or co-

existing hyperparathyroidism.

 WILEY-Z

5.7 | Prognosis

Senile subclinical hyperthyroidism may progress to overt hyperthy-
roidism or return to euthyroidism, or remained with a low TSH level.
The risk of progression to clinical hyperthyroidism is related to the
degree and duration of serum TSH suppression, etiology, age, and
iodine ingestion.

The rate of progression to clinical hyperthyroidism inversely cor-
relates with baseline TSH level. A 7-year prospective follow-up study
found that only 0.5%-0.7% of patients with mild subclinical hyper-
thyroidism progressed to clinical hyperthyroidism, while 25%-50%
returned to euthyroidism. About 5%-8% of severe subclinical hyper-
thyroidism progressed to clinical hyperthyroidism annually. The 5-
year follow-up data in China revealed that 71.74% of the subclinical
hyperthyroidism returned to euthyroidism, 19.57% maintained the
low TSH levels, and 5.43% developed into overt hyperthyroidism.
Patients with low TSH level, positive TPOAb or goiter tend to prog-
ress to overt hyperthyroidism.>3

The disease course is less predictable by etiology, especially in
subclinical hyperthyroidism caused by GD than TMNG. Progression
to overt hyperthyroidism caused by GD often occurs within 1 year,
and the progression rate is higher after stress. Patients with TMNG
tend to have a lower remission. In iodine-deficient areas, progres-
sion rate to overt hyperthyroidism within 4-5 years is approximately
10%. The risk of progression increases especially after iodine expo-
sure, such as the administration of iodine-contrast agents or iodine-

containing drugs.

5.8 | Flowchart for diagnosis and treatment of
senile subclinical hyperthyroidism

Figure 1.

®  Recommendation 15: For the elderly with low level of serum
TSH but normal levels of thyroid hormone, subclinical hyper-
thyroidism is diagnosed by repeated screening tests.

®  Recommendation 16: Risk assessment of cardiovascular effects,
osteoporosis and fracture, cognitive decline and dementia should
be performed in elderly patients with subclinical hyperthyroid-
ism. Comprehensive geriatric assessment is recommended for
early detection of frailty to guide individual intervention.

®  Recommendation 17: Individualized management is suggested
based on stratification of severity of subclinical hyperthyroidism-
associated risks, which includes etiology, age, and serum TSH
level.

m  Recommendation 18: Antithyroid therapy is recommended for
elderly patients with severe subclinical hyperthyroidism. For pa-
tients with mild subclinical hyperthyroidism, treatment could be
considered if necessary; it recommend considering treatment for
patients with cardiovascular risks, including heart disease, diabetes
and heart failure. The therapeutic options for endogenous subclin-

ical hyperthyroidism are similar to those of overt hyperthyroidism.
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6 | SENILE HYPOTHYROIDISM
6.1 | Definition

Hypothyroidism is a metabolic condition caused by inadequate
production of thyroid hormone or inadequate action of thyroid
hormone in target tissues. Hypothyroidism is mainly divided into
overt hypothyroidism and subclinical hypothyroidism (SCH). The
prevalence and incidence of hypothyroidism is related to the
threshold of TSH range, age, sex, race, and other factors (see
Chapter 2 and 3).

6.2 | Etiology

Most hypothyroidism in the elderly (more than 99%) arise as primary
from the thyroid gland. Chronic autoimmune (Hashimoto) thyroiditis
is the most common cause of hypothyroidism, followed by antithy-
roid treatment with 31 or thyroid surgery.

Central hypothyroidism is rare in the elderly, mainly caused by
a deficiency of TSH due to hypothalamic and/or pituitary diseases.
Symptoms of central hypothyroidism might be ignored due to de-
ficiencies of other pituitary hormones (mainly adrenocorticotropic
hormone).

Drug-induced hypothyroidism is relatively common in the el-
derly. It can be caused by ATDs, amiodarone, lithium, cytokines, or
tumor-targeted drugs. Amiodarone, an iodine-rich antiarrhythmic
drug, causes hypothyroidism in up to 20% of cases, which is the most
common cause of drug-induced hypothyroidism in the elderly.

Thyroid hormone resistance syndrome (RTH) is a type of hypo-
thyroidism caused by impaired function of thyroid hormone in pe-
ripheral tissue.

6.3 | Clinical manifestations

Hypothyroidism in the elderly is an insidious condition with slow
progression. The symptoms and signs are often non-specific, in-
cluding cold intolerance, fatigue, dry skin, puffiness, drowsiness
or insomnia, depression, impaired memory, gait instability, weight
gain, constipation, joint and muscle pain, all of which resembles
symptoms of frailty, cognitive or psychological disorders in the
elderly. Hypothyroidism can lead to pericardial effusion and in-
creased risk of cardiovascular diseases and is strongly correlated
with morbidity and progression of heart failure. In addition, hypo-
thyroidism will result in obstructive sleep apnea-hypopnea syn-
drome, anemia and renal dysfunction, aggravating chest distress,
shortness of breath, and edema. Myxedema coma is an extremely
life-threatening complication of hypothyroidism, usually seen in el-
derly patients induced by coexisting diseases. Its main manifesta-
tions are lethargy, psychosis, stupor, coma, pale skin, hypothermia,
bradycardia, respiratory failure, or heart failure, with poor progno-

sis and high mortality.

6.4 | Diagnosis and differential diagnosis
6.4.1 | Diagnosis

The diagnosis of hypothyroidism is based on laboratory test of serum
levels of TSH and FT4. Overt hypothyroidism is diagnosed by an elevated
TSH level and a decreased FT4 level. T3 is not a necessary indicator for
the diagnosis as it mainly comes from the peripheral conversion of T4.

6.4.2 | Differential diagnosis

Central hypothyroidism should be considered when serum TT4 and
FT4 levels are below the lower reference limit but TSH level is re-
duced or inappropriately elevated. Imaging of the hypothalamus and
pituitary gland and laboratory screening of other hypothalamus-
pituitary axis are required for patients in whom central hypothy-
roidism is suspected. Collection of medication history is important
to screen suspected drug-induced hypothyroidism as polypharmacy
is common among elderly patients. Hypothyroidism in the elderly
should be distinguished from frailty, cognitive impairment, depres-

sion, loss of appetite, constipation, or other gastrointestinal diseases.

6.5 | Treatment
6.5.1 | Pre-treatment assessment

Comprehensive geriatric assessment before treatment of hypo-
thyroidism is recommended in the elderly. Assessment of current
cardiac situation and performing coronary revascularization when
necessary are suggested in patients with angina pectoris before thy-

roid hormone replacement.

6.5.2 | Treatment target for thyroid hormone
replacement in the elderly

The therapeutic purpose is to relieve the symptoms and avoid pro-
gression to myxedema coma. The target TSH levels should be indi-
vidualized based on age, the prevalence and risks of cardiac diseases,
osteoporosis, and fracture. Patients aged between 60 and 70 years
old, without evidence of cardiac diseases or related risks, maintain
TSH levels above 50% of the upper limit of reference range, which
is consistent with younger adults. The reference range of TSH for
patients over 70 years should be 4-6 mU/L, and that of 6-7 mU/L

for patients with high risk of arrhythmia or osteoporotic fracture.

6.5.3 | Titration of levothyroxine therapy

Levothyroxine (L-T4) is the mainstay of treating hypothyroidism. Initial

dosage as low as 0.5-1.0 pg/kg/d and up-titration at a slower pace are
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recommended for elderly patients, and the maintenance dose may also
have to be lower. A starting dose of 12.5-25 pg/d and slower is recom-
mended in those with ischemic heart diseases, in order to prevent in-
duction of angina pectoris or aggravation of myocardial ischemia. The
maintenance dosage should also be lower than younger adults. L-T4
has a plasma half-life of 7 days, and it is suggested to take L-T4 1 hour
before breakfast every morning with an interval of over 2-4 hours
before administration of other drugs or food. Dose adjustments are
required based on the monitoring indices as co-administered food and
concomitant medications may affect absorption.>* Lifelong replace-
ment is usually required, yet there are cases of spontaneous remission
of hypothyroidism caused by Hashimoto's thyroiditis.

Consume of L-triiodothyronine (L-T3) alone is not recommended
as an alternative replacement therapy. As Desiccated thyroid hor-
mone derived from animals, it is unsuitable for elderly patients due

to its unstable bioavailability and high T3 content.

6.5.4 | Post-treatment monitoring

The dose of L-T4 can be titrated every 4-6 weeks based on monitored
levels of TSH and FT4 function. Adjust dose in increments of 12.5-
25 pg/d till clinically euthyroid or achieving target TSH levels. Once
stabilized, evaluate biochemical response every 6 to 12 months.

6.5.5 | Drug interactions

Absorption and effect of L-T4 could be suppressed by concomitant
intake of caffeine, calcium carbonate, ferrous sulfate, aluminum hy-
droxide, and magnesium hydroxide. In addition, bioavailability of L-T4
would be enhanced by 25% when co-administered with rifampicin.*®

6.5.6 | Risk of overtreatment and management

L-T4 replacement therapy is associated with iatrogenic thyrotoxico-
sis. Mortality is increased in both over- and under-treatment, and
the risk of mortality is higher with overtreatment.>* Major adverse
consequences of long-term over-treatment include atrial fibrilla-
tion, osteoporosis, sarcopenia, and frailty. Therefore, close monitor
of thyroid function is required with initial L-T4 replacement, as well
as routine comprehensive evaluation of disease status, especially
progression of myocardial ischemia, atrial fibrillation, heart failure,
osteoporosis, sarcopenia, and frailty. To maintain the best function
and life quality of elderly patients, the control target of TSH and the
dosage of L-T4 should be adjusted in time.

6.5.7 | Treatment for myxedema coma

Myxedema coma must be treated promptly due to the severity and

lethality. Treatment involves:

WILEY--®

e Removal of induced factors. Infection, which accounts for 35% of

all the precipitants, needs to be treated with antibiotics.

e Thyroid hormone replacement. Intravenous injection of T3 is pre-
ferred, followed by oral intake until patients are recovered from
comatose with improved clinical signs. Lower dose should be con-
sidered for patients with coronary heart disease or arrhythmia. An
initial L-T4 dose of 200-300 pg administered intravenously should
be followed by 50 pg administered intravenously daily until the
patient is able to take oral replacement. Intravenous administra-
tion could be replaced by nasogastric feeding of L-T4 powder.

e Glucocorticoid supplementation. Hydrocortisone should be ad-
ministered intravenously at a dosage of 200-400 mg daily inter-
mittently for 3-7 days. Lastly, supportive treatment. It includes
mechanical ventilation, passive warming, maintenance of elec-
trocyte levels, correction of anemia, and stabilization of hemo-
dynamics. Warming blankets should be avoided as the resulting

peripheral dilation may cause and insufficient blood volume.

6.6 | Euthyroid sick syndrome

Euthyroid sick syndrome (ESS), also known as low T3 syndrome or
non-thyroidal illness syndrome (NTIS), is characterized by low thy-
roid hormone level with a variety of nonthyroidal systemic illness,
such as severe illness, starvation, malnutrition, major operation, or
trauma. ESS is considered as an adaptive response to preserve en-
ergy, which is usually seen in the elderly, with the main feature of
decreased FT3 and TT3 levels, elevated trans-triiodothyronine (rT3)
level, normal or slightly elevated TT4 level, and normal TSH level.
The prevalence of ESS in the hospitalized elderly patients is 17.7%-
31.86%, with 60%-90% of them in critical condition that is positively
related to the mortality.>® The severity of ESS is usually associated
with the degree of TT3 reduction. Patients with severe illness may
have decreased TT4 and FT4 levels but normal TSH level, which
is also known as low T3-T4 syndrome. Most patients can achieve
normal TSH level after treating the underlying diseases. A transient
increase of TSH may occur in recovery phase, which needs to be dis-
tinguished from primary hypothyroidism. Thyroid hormone replace-
ment is not recommended for ESS.

6.7 | Flowchart for diagnosis and treatment of senile
hypothyroidism

Figure 2.

m  Recommendation 19: L-T4 replacement is the mainstay of
treating hypothyroidism in the elderly. Consume of L-T3 or
desiccated thyroid extract alone is not recommended as an
alternative replacement therapy.

®  Recommendation 20: Comprehensive geriatric assessment
before treatment of hypothyroidism is recommended in the

elderly for early detection of frailty. Management should be
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individualized based on age, risks of cardiac diseases, osteoporo-
sis, and fracture.

®  Recommendation 21: The therapeutic targets of hypothyroidism
in the elderly should be individualized. Patients aged between
60 and 70 years, without evidence of cardiac diseases or re-
lated risks, maintain TSH levels above 50% of the upper limit of
reference range. The reference range of TSH for patients over
70 years should be 4-6 mU/L, and that of 6-7 mU/L for patients
with high risk of arrhythmia or osteoporotic fracture.

m  Recommendation 22: Initial dosage as low as 0.5-1.0 pg/kg/d
and up-titration at a slower pace of 12.5-25 pg are recom-
mended for elderly patients. Initial dosage and titration should
be even lower in elderly patients with ischemic heart disease.

= Recommendation 23: Monitor of thyroid function required every
4-6 weeks and then 6-12 months intervals until euthyroidism.

®  Recommendation 24: Drug interaction of the risk of over-
treatment should be emphasized during L-T4 replacement.

®  Recommendation 25: Thyroid hormone replacement is not rec-
ommended for elderly patients with ESS.

7 | SENILE SUBCLINICAL
HYPOTHYROIDISM

7.1 | Definition
Subclinical hypothyroidism (SCH) is characterized by an elevated

serum TSH level but normal T4 levels. SCH is classified as mild and

severe based on TSH level. Mild SCH is more common in the elderly.

7.2 | Etiology

Consistent with overt hypothyroidism, autoimmune thyroiditis is the
major cause of SCH in the elderly, followed by prior 3| therapy or

thyroid surgery.

7.3 | Clinical manifestations

Signs and symptoms of SCH are usually non-specific or absent,
which may be confused with those of geriatric syndromes or mental
disorders.

Patients with a higher TSH level (above 10 mU/L) are at higher risk
of cardiovascular events, fracture, and mortality. A prospective cohort
study targeting older patients aged between 70 and 82 years with
SCH reported correlation between high TSH level (above 10mU/L)
with increased incidence of heart failure.’® A meta-analysis also de-
scribed an increased risk of heart failure in SCH patient with TSH level
higher than 10 mU/L.5” Waring et al. reported a higher risk of cardio-
vascular mortality in older participants with SCH only when TSH was
above 10mU/L.% A retrospective study that included 162 369 partic-
ipants with SCH described a higher risk of heart failure, all fractures,
fragility fractures, and mortality with TSH above 10 mU/L in patients
aged over 65 years old.”? A recent meta-analysis included five obser-
vational studies and two randomized controlled trials with 21 055 sub-
jects. Subgroup analyses showed that thyroid hormone therapy was
not significantly associated with all-cause or cardiovascular mortality
aged over 65-70 years old. However, a significant association between
thyroid hormone therapy and a lower all-cause or cardiovascular mor-

tality aged under 65-70 years old was observed.®®

Senile hypothyroidism
CGA
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FIGURE 2 Flowcharts for diagnosis and treatment of senile overt hypothyroidism and subclinical hypothyroidism. CGA, comprehensive

geriatric assessment
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The influence of SCH on cognitive function and quality of life
among elderly patients remains unclear. A study conducted by Aubert
et al. of participants with SCH aged 70-79 years old, demonstrated
no relationship between SCH and the risk of dementia and cogni-
tive impairment.>! Another meta-analysis found that the association
between SCH and cognitive impairment only existed in participants
under the age of 75 years, and the risk of cognitive impairment was
positively correlated with the increment of TSH level.®? Additionally,
a cross-sectional study of participants with SCH aged over 65 years
old showed that there were no significant differences between SCH
and euthroidism in symptoms (fatigue, constipation, weight gain,
lack of energy), cognition, neuropsychological function, emotion,
and quality of life.6%%% Another study reported that higher quality of

life in elderly patients with SCH than in those with euthyroidism.é%¢°

7.4 | Diagnosis and differential diagnosis
74.1 | Diagnosis

The diagnosis of SCH is assigned after repeated measurement of el-
evated TSH level but normal TT4 and FT4 levels within 2-3 months.
A level of TSH between the upper reference limit and 10 mU/L is a

mild SCH, while levels above 10 mU/L represent severe SCH.

7.4.2 | Differential diagnosis

An elevation of TSH level could due to other causes, which requires
discrimination: (a) False-positive results due to thyroid autoantibod-
ies; (b) a transient elevation in the recovery stage of ESS; (c) about
20% of patients with central hypothyroidism have a mild increase of
TSH level; (d) about 10.5% of patients with end-stage renal disease
have an elevated TSH level; (e) glucocorticoid deficiency may lead
to a mild increase of TSH level. (f) adaptive response to long-term
cold exposure (9 months), which raises TSH level by 30%-50%; (g)
recovery phase of subacute thyroiditis; (h) drugs, including amiodar-
one and lithium.

7.5 | Prognosis

The outcomes of SCH includes spontaneous euthyroidism, main-
tenance of SCH condition, and progression to overt hypothyroid-
ism. Baseline level of TSH and TPOAb are major factors affecting
the outcomes of SCH. A study from Japan reported that 50% of
elderly patients with SCH regained normal TSH levels, and 7% of
them progressed to overt hypothyroidism after a mean follow-up of
4.2 years. It also showed that euthyroidism was not achieved in pa-
tients whose TSH level was above 8 mU/L.%® Another cohort study
showed that 46% of patients with SCH regained a normal TSH level
with a baseline TSH of 4.5-6.9 mU/L, while only 7% of patients with

SCH achieved euthyroidism when baseline TSH was above 10 mU/L
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after 2 years.®” It was also noticed that positive TPOAb strongly cor-

relates with high risk of progression to overt hypothyroidism.

7.6 | Treatment
7.6.1 | Treatment controversies

There is controversy surrounding the benefit of thyroid hormone
replacement in elderly patients with SCH on cardiovascular risks.
In a randomized, controlled, double-blind study on elderly patients
with SCH after median treatment of L-T4 for 18.4 months, no dif-
ferences were observed in the average thickness of carotid intima
media, minimum carotid intima-media and maximum carotid plaque
between the treatment group and the placebo group.® In another
randomized controlled study on patients with SCH over 40 years old
with a median follow-up of 7.6 years, L-T4 treatment was reported
to correlate with lower risks of ischemic heart disease events, while
no evident association was observed in patients over 70 years old.%’

It also remains controversial whether cognitive function will be
benefited from thyroid hormone therapy. A randomized controlled
trial recruited 94 patients with SCH aged over 65 years reported
no significant improvement of cognitive function in patients re-
ceiving L-T4 replacement for 12 months.”® In TRUST study, 737
patients with SCH (TSH: 6.40 + 2.0 mU/L) aged over 65 years were
included. No beneficial effects were seen on the Hypothyroid
Symptoms score and Tiredness score with a median follow-up of
1 year.”! So far, most of the studies suggested L-T4 provided no
apparent benefits in cognitive function and symptoms in elderly
people with SCH.

7.6.2 | Risk of overtreatment

L-T4 replacement is associated with iatrogenic thyrotoxicosis, es-
pecially in elderly persons with SCH. The principal adverse con-
sequences of long-term over-treatment are new-onset atrial
fibrillation, heart failure, osteoporosis, all-cause and cardiovascu-
lar mortality.”*7? It can lead to the decline in activities of daily liv-
ing, mobility/balance ability, comprehension/interaction (including
cognitive function). Besides, it can also cause psychological and
emotional disorders such as depression and anxiety, the progres-
sion of malnutrition, sarcopenia and frailty, and a lower quality of
life.24-30

Grossman et al.”® found that L-T4 treatment significantly in-
creased the mortality of individuals aged over 65 years with SCH.
Jabbar et al.”* reported that L-T4 treatment had no significant ben-
efit on left ventricular ejection fraction in elderly patients with SCH
and coexisting acute myocardial infarction. Benefits of L-T4 re-
placement remain unclear, while adverse effects of over-treatment
are noted. Therefore, therapeutic decisions in elderly persons with
SCH need to be made with caution. Comprehensive geriatric as-

sessment is especially required regarding the progression of atrial
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fibrillation, osteoporosis, sarcopenia, frailty, and malnutrition. The
control target of TSH and the dosage of L-T4 should be adjusted
promptly.

7.6.3 | Therapeutic decisions

Individualized L-T4 replacement for elderly patients with SCH should
be considered based on the degree of TSH elevation, age, life expec-

tancy, potential risks, and comorbidity.

7.7 | Flowchart for diagnosis and treatment of
senile SCH

Figure 2.

e For elderly patients with SCH over 80 years old, no benefits were
proved with L-T4 treatment, and elevated TSH level was even as-
sociated with lower mortality in some studies.?>”> Therefore, rou-
tine replacement is not recommended. Instead, monitor of thyroid
function every 6 months is advised.

e For elderly patients with SCH aged 70-80 years old, it is accepted
that those with TSH levels above as well as with clinical symptoms
and cardiovascular risks, should be treated. Conversely, a close
follow-up and thyroid function examination is recommended in
patients whose TSH is below 10 mU/L.

o For elderly patients with SCH aged between 60 and 70 years but
TSH levels below 10 mU/L, treatment is only considered when
they have clinical symptoms, cardiovascular risks, or positive
TPOADb. Otherwise, routine monitor of thyroid function is recom-
mended every 6 months. If no clinical improvements observed
or even adverse effect developed after 3-4 months later once
achieving euthyroidism, treatment should be terminated gradually.
L-T4 replacement is recommended in those with TSH levels above
10 mU/L, L-T4 replacement is recommended as those with overt
hypothyroidism.

Diagnosis and treatment process of SCH for elderly patients, as

shown in Figure 2.

®  Recommendation 26: The diagnosis of SCH is assigned after
repeated measurement of elevated TSH level but normal TT4
and FT4 levels within 2-3 months.

®  Recommendation 27: Elderly patients with a higher TSH level
(above 10 mU/L) are at higher risk of cardiovascular events.
However, the benefits of L-T4 replacement on cardiovascular
outcomes and cognition in elderly patients with SCH remains
unclear.

®  Recommendation 28: Therapeutic decisions in elderly persons
with SCH need to be made with caution. Comprehensive geriat-
ric assessment is especially required for early detection of frailty.
Individualized L-T4 replacement for elderly patients with SCH

should be considered based on the degree of TSH elevation, age,
life expectancy, potential risks, and comorbidity.

8 | THYROID NODULES AND
DIFFERENTIATED THYROID CARCINOMA IN
THE ELDERLY

8.1 | Definition

Thyroid nodule is defined as an abnormal growth of thyroid cells
that forms a lump within the thyroid gland. Thyroid nodules are de-
termined as benign or cancerous. The incidence of malignant nod-
ules in the elderly is about 10%, equal to or lower than that in the
young. Benign nodules include nodular goiter, thyroid cyst, follicular
adenoma, and eosinophilic adenoma. Thyroid follicular carcinoma
include a couple of pathological types: papillary thyroid carcinoma
(PTC), follicular thyroid carcinoma (FTC), Hurthle cell carcinoma
(HCC) and poor differentiated/anaplastic thyroid carcinoma (PDTC
or ATC), the first three of which are collectively known as differ-
entiated thyroid carcinoma (DTC). There are also medullary thyroid
carcinoma (MTC) originating from parafollicular cells, lymphoma and

other metastatic cancers.

8.2 | Etiology and risk factors

According to the epidemiological study of thyroid diseases in 31
provinces and cities in China, iodine deficiency is a risk factor for
thyroid nodules. The incidence of thyroid nodules in women is sig-
nificantly higher than that in men. Age, being overweight, and fam-
ily history are also risk factors for thyroid nodules.* The following
signs suggest increased risk of malignancy in thyroid nodules: history
of head and neck radiotherapy; family history of medullary thyroid
carcinoma, multiple endocrine neoplasia type 2(MEN2) or thyroid
papillary carcinoma; age <14 years old or >70 years old; male; a rap-
idly growing nodule with firm, swelling, and fixed feature; persistent
hoarseness, dysphagia, or dyspnea.

The histologic subtypes of thyroid carcinoma change with age. Lin
et al.”® A retrospective analysis conducted by Lin et al.”® (n = 204) re-
ported 68% DTC, 29% other types (including ATC, lymphoma, and met-
astatic cancer from other sources). Further among DTC, PTC accounts
for only 68%, FTC takes up 30%, and the other 2% is HCC. Girardi
et al.”” analyzed 596 cases of adult thyroid carcinoma. Compared with
other age groups, the proportion of PTC in patients over 65 years with
thyroid cancer was the lowest (71.9%), and the proportion of FTC, MTC
and ATC were the highest among all age groups (12.3%, 5.6%, and 7.8%,
respectively). In addition, compared with younger adults, older patients
aged over 65 have larger tumor volume with higher proportion of stage
1V, and higher proportion of extra glandular invasion and non-PTC his-
tological types.”® In 2018, the SEER (The National Cancer Institute's Su
rveillance Epidemiology and End Results) database tracks survival rates

of 59 892 patients and concluded factors contributing to poor prognosis
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in group over 65 years, including higher proportion of male gender, ad-
vanced tumor grade, FTC subtypes and advanced tumor stages.79

8.3 | Clinical manifestations

Most patients with thyroid nodules have no symptoms. Symptomatic
patients usually present hoarseness due to the obstructiveness by

nodules.

8.4 | Laboratory and auxiliary diagnosis
8.4.1 | Laboratory parameters

(1) TSH: Studies have confirmed that elevated serum TSH levels
are associated with thyroid malignancies. TSH levels should
be detected in all elderly patients with thyroid nodules. The
possibility of autonomously functioning thyroid nodules should
be considered when TSH is suppressed.

(2) Thyroglobulin (Tg), TgAb, TPOAb: Positive TPOADb increased
the risk of malignancies of thyroid nodules.®° Elevated Tg levels
do not help to distinguish benign from malignant thyroid nod-
ules. Tg and TgAb can predict the recurrence of DTC. It should be
noted that measurement of Tg levels might be affected by posi-
tive TgAb.

(3) Calcitonin: Calcitonin should be measured when medul-
lary thyroid carcinoma or type 2 multiple endocrine neopla-
sia type 2 is suspected, or when there is a relevant family

history.

8.4.2 | Imaging parameters

(1) Ultrasonography: Ultrasonography with high resolution is
preferred in assessment of thyroid nodules. Malignant nodules
are indicated by sonographic patterns of hypoechogenicity,
border irregularity, microcalcification, taller-than-wide shape
(anteroposterior/transverse diameter ratio 21), and abnormal
cervical lymph nodes are patterns. Thyroid imaging reporting
and data system (TI-RADS) is now widely used to report the
classification of thyroid nodules.

(2) Others: Thyroid scintigraphy provides functioning informa-
tion for assessment of nodules >1 cm in diameter with low TSH
levels. The significance of CT and MRI are not superior to ultra-
sound in distinguishing between benign and malignant thyroid
nodules. The role of preoperative CT or MRI scanning is to vi-
sualize the contour of thyroid against its surrounding tissues as
well as to localize suspicious nodes. If necessary, CT scanning
with contrast is optional. *®FDG-PET cannot accurately distin-
guish between benign and malignant nodules. Therefore, CT,
MRI and PET are not routinely recommended for the evaluation

of thyroid nodules.

85
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8.4.3 | Fine-needle aspiration cytology

FNAB has become a routine method for detecting malignancies of
thyroid nodules. The Bethesda system for reporting thyroid cytopa-
thology (TBSRTC) is widely employed to guide cytological diagnoses.
Current research shows that fine needle aspiration of thyroid nod-
ules (21 cm) in the elderly over 70 years is safe and beneficial to iden-
tify malignant nodules. Only 1.5% of the results are confirmed as
high-risk thyroid carcinoma.®! Therefore, cytology is cost-effective

and devoid of unnecessary thyroid surgery.

8.4.4 | Molecular marker test

For thyroid nodules that cannot be determined by FNAB, molecular
markers of thyroid carcinoma can be detected by the puncture speci-
mens. Current studies have shown that high specificity of BRAFV6°°F
mutation in the diagnosis of adult PTC. BRAFY60%E mutation is also
present in a small number of patients with ATC, which are more com-

mon in older adults than in the general population.

8.5 | Flowchart for diagnosis and management of
thyroid nodules and differentiated thyroid carcinoma
in the elderly

Figure 3.

8.6 | Treatment for benign thyroid nodules
8.6.1 | Follow-up

Elderly patients with benign thyroid nodules can be followed up for
a long time. The general follow-up period is 12 years.8?3 During the
follow-up, FNAB should be considered if the nodule grows rapidly
significantly or presents new sonographic patterns of malignancies.

8.6.2 | Non-surgical treatment

(1) TSH suppression therapy: L-T, is generally used to suppress
TSH levels and then to reduce the size of nodules. Data showed
that only 5%-10% of the nodule decreased in volume by more
than 75% after L-T, treatment, and about 30% of the nodules
had a 50% reduction in volume. Overt or subclinical thyro-
toxicosis induced by long-term TSH suppression by L-T, may
lead to side effects, including osteoporosis and arrhythmias.
Therefore, TSH suppression is not routinely recommended in
therapies of benign thyroid nodules in the elderly.

(2) Percutaneous ethanol injection (PEl): PEl is a safe and ef-
fective technique for thyroid cysts or cystic-solid nodules that

mainly consist of cysts.5384 FNAB should be performed on solid
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Thyroid nodules with clinical or radiographic signs

; |

Ultrasound evaluation and grading

| |

| ! | [

l Low-risk Intermediate-risk *

Follow-up l

FNAB is determined based onnodule
size and clinical risk characteristics

Normal or elevated 1

TBSRTC
Non-diagnostic Benign AUS/FLUS FN/SFN
RepeatFNAB  «  Follow-up See recommendation of
«  Intervene if necessary TBSRTC

FIGURE 3 Flowchart of clinical diagnosis and treatment of thyroid nodules and differentiated thyroid carcinoma in the elderly. AUS,
atypia of undetermined significance; FLUS, follicular lesion of undetermined significance; FN, follicular neoplasm; FNAB, fine needle
aspiration biopsy; PTMC, papillary thyroid microcarcinoma; SFN, suspicious for follicular neoplasm; TSH, thyrotropic hormone

components of cystic-solid lesions before PEI. The common side
effects are pain, transient dysphonia, dizziness, fever, and intra-
cystic hemorrhage.

(3) Thermal ablation: Thermal ablation mainly includes laser ab-
lation, radiofrequency ablation, microwave ablation, and high-
energy focused ultrasound, etc. Laser or radiofrequency ablation
is recommended in patients with progressively growing solid/
mixed nodules that can cause compression symptoms and/or
cosmetic concerns, but not in asymptomatic patients. Domestic
studies on elderly patients have found that ultrasound-guided
laser ablation or microwave ablation is safe and cost-effective for
thyroid nodule.848> However, thermal ablation is contraindicated
in elderly patients with retrosternal goiter, contralateral vocal
cord dysfunction, hemorrhagic tendency, or cardiovascular in-
sufficiency. The incidence of treatment complications is very low,
and major side effects include mild to moderate neck pain and/
or burning sensation, fever, hematoma, transient dysphoria, skin
burns, and temporary thyroid dysfunction.

(4) Radioiodine therapy: Radioiodine therapy is considered for
elderly patients with autonomic functioning nodules and toxic
nodular goiter. Its purpose is to eliminate autonomic function-
ing lesions, restore euthyroidism, and reduce goiter in size.
Radioiodine therapy is safe. More than 5% patients developed
transient thyrotoxicosis 2-4 weeks after radioiodine treatment.
After 20 years of follow-up, up to 60% of the patients may de-
velop hypothyroidism, which is related to radioiodine dose, re-

sponsiveness to radioiodine, and autoimmune thyroiditis.

8.6.3 | Surgery

Surgical indications for benign thyroid nodules include®®: (1) The

presence of local compression-related symptoms due to nodules;

(@ The nodules extend in the mediastinum or posterior to the ster-
num; 3 The nodules are growing progressively with suspicion of
malignancy. To reduce the incidence of complications related to sur-
gery and anesthesia, comprehensive preoperative assessment and
cardiovascular risk stratification are recommended for adults over
70 years old, which will provide a basis for individualized manage-

ment of surgery, anesthesia and cares.?>%”

8.7 | Treatment for differentiated thyroid carcinoma
8.7.1 | Active surveillance

Active surveillance can be an alternative to immediate surgery in
some elderly patients with low-risk DTC, especially those with low-
risk papillary thyroid microcarcinoma (PTMC). In 2014, Ito et al 88
conducted an observation analysis on 1235 diagnosed with low-risk
PTMC who adopted active surveillance for 18-227 months (aver-
age 75 months). They reported lower proportion of older patients
progressed. e. The rates of tumor enlargement, newly developed
lymph nodes metastasis, and clinical disease progression were 2.2%,
0.4%, and 1.6%, respectively, in patients aged over 60 years, which
were significantly lower than other age groups. Tuttle et al.®? found
younger age (<40 years old) at diagnosis was correlated with tumor
growth rates of patients diagnosed. A recent meta-analysis, including
five studies from Japan, South Korea, and the United States, showed
that the risk of tumor enlargement and lymph node metastasis of
patients with PTMC diagnosed over 40 years old under active sur-
veillance were lower than that of patients younger than 40 years."o
Overall, the progression rate of low-risk PTMC in the elderly is lower
than that in adults. Therefore, older patients with PTMC are good
candidates for active surveillance. Due to poor prognosis in older pa-

tients with DTC, patients with relevant family history, lymph nodes
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metastasis, extrathyroidal invasion or aggressive histology should
be excluded, while information on consent should be provided for
patients and their guardians. The initial observation period of active
surveillance is 3-6 months, and then the follow-up period is deter-
mined by disease condition. Patients under active surveillance may

still have surgery as an option after progression.

8.7.2 | Surgery

Individualized assessment of comorbidity and life expectancy in el-
derly patients with DTC is required for consideration of surgery and
its extent. Key factors that determine the benefits and risks of this
approach include biological features of thyroid carcinoma, course of
disease, indications and contraindications for surgery, surgeon expe-
rience, and expectations from patient.

A meta-analysis showed significantly higher risk of postopera-
tive recurrence, distant metastasis, and postoperative complications
in elderly patients with DTC.”! Therefore, total thyroidectomy is a
reasonable option for most elderly patients with DTC. SEER data
analysis showed that the 5- and 10-year disease-specific survival
(DSS) rate of patients aged 66 years or older with stage TINOMO
who received total thyroidectomy and lobectomy were 98.9% and
98.3%, respectively, and neither total thyroidectomy or 131 treat-
ment could improve DSS.7? Therefore, lobectomy is preferred for
older patients with low-risk DTC, especially those with poor overall
status and tumor size <2 cm.

8.7.3 | Radioiodine ablation

31| therapy should be considered for DTC patients at medium and
high risk of recurrence after surgery. The indications for elderly
patients are similar to those for younger adults. It should be noted
physiologically gradual decline in renal function may affect 3| clear-
ance. Radioiodine dose usually remains during adjuvant therapy.
However, lower dose should be considered over the treatment of
metastatic disease, which requires high dose of**!1. Elderly patients
with DTC usually have a good tolerance to 13| therapy but may have

the risk of nausea, salivary gland dysfunction, and secondary tumor.

8.7.4 | TSH suppression therapy

(1) TSH goals: Thyroid hormone therapy is generally required after
surgery to avoid hypothyroidism and to prevent recurrence of
DTC by suppressing TSH. The course of TSH suppression therapy
is divided into initial and follow-up stage based on TSH goals. In
2015, the American Thyroid Society (ATA) set TSH control goals
of 0.5-2.0, 0.1-0.5 and <0.1 mU/L, respectively, according to the
low, medium, and high risk of recurrence after DTC operation.83
Before starting L-T, therapy, we should evaluate the cardiac func-

tion and bone mineral density status of elderly DTC patients, as well
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as perform the comprehensive geriatric assessment. Postoperative

TSH <0.35 mU/L is significantly associated with higher risk of ar-
rhythmias in elderly DTC. Mazziott et al.”® found that during LT,
treatment, prevalence of vertebral fracture was significantly higher
in patients with TSH <0.5 mU/L than patients with TSH at 0.5-1
or >1 mU/L. Prevalence of side effects are even higher in patients
with coexisting arrhythmia or osteoporosis. According to the dual-
risk assessment system, TSH at the initial treatment stage could
be maintained at or slightly below the lower limit of the reference
range. For low-risk elderly patients, postoperative L-T, replacement
may be the only therapy required. In the long-term course, risk of
tumor growth/recurrence should be assessed dynamically based on
response to therapy, and concurrently risks of TSH suppression-
related side effects need to be taken into consideration, for pur-
pose of TSH goals adjustment.

8.7.5 | Postoperative evaluation

Postoperative risk stratification for DTC includes dynamic assess-
ment of risk of death from thyroid cancer, risk of persistence/recur-
rence, and response to therapy. Since the age at diagnosis of DTC is
an independent predictor of DSS, which affects the risk of postop-
erative mortality, the American Joint Committee on Cancer (AJCC)
TNM staging raised the cut-off age from 45 years old to 55 years
old.”* Tam et al.”® showed that the 10-year DSS of DTC patients
>55 years old was 93%, and the risk of cancer-related death was four
times that of DTC patients <55 years old. A retrospective study of
1235 PTMC patients conducted by Wang et al. showed that patients
over 65 years old have poorer recurrence-free survival. Age, central
cervical lymph node metastases, and tumor >5 cm in diameter are
independent risk factors for PTMC recurrence in the elderly.”® Once
the elderly DTC patients are identified with local recurrence and/
or distant metastases, the risk of tumor-specific mortality can reach
20%. Therefore, the risk of disease persistence/recurrence after ini-
tial treatment should be evaluated according to the degree of local
invasion, aggressive histology, local or distant metastases, surgical
modalities, postoperative serum Tg level, and whether or not to un-

dergo remnant ablation.

8.7.6 | Postoperative follow-up

Similar to adult patients, serum markers (Tg, TgAb) and imaging
methods (neck ultrasound, scintigraphy, CT, MRI, and PET-CT) are
adopted for routine monitoring of DTC in older patients during
long-term follow-up. Highly sensitive Tg assay makes Tg a good
candidate to assess response to therapy. Routine monitor of Tg
and/or TgAb are recommended 3-4 weeks after operation or 181
treatment, to evaluate the risk of tumor recurrence. Patients with
non-stimulated Tg above 0.2 ng/mL, stimulated Tg above 2-5 ng/
mL, continued elevated Tg or TgAb under TSH suppression, are

indicated for indicating further evaluation. In this case, diagnostic
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scanning, like neck ultrasound, scintigraphy, or PET-CT is required
for detection of remnant thyroid or incomplete surgical resection.

®  Recommendation 29: For elderly patients with thyroid nod-
ules, collection of detailed medical history and complete
physical examination are required, as well as serum assay
of TSH and neck ultrasound.

® Recommendation 30: For elderly patients with low TSH
levels, scintigraphy is considered to exclude autonomously
functioning thyroid adenoma.

®  Recommendation 31: For elderly patients with normal or el-
evated TSH levels, ultrasound and cytology should be con-
sidered. Meanwhile, cytology is interpreted based on the
Bethesda System.

®  Recommendation 32: For elderly with benign nodules, rou-
tine monitoring is preferred. The frequency of follow-up is
determined regarding the ultrasound pattern, symptoms, and
signs. TSH suppression therapy should be avoided.

® Recommendation 33: For elderly with thyroid nodules com-
prised of purely cyst or major cystic component, PEl is recom-
mended. Ultrasound-guided thermal ablation is considered in
patients with benign nodules that cause compression symp-
toms and/or cosmetic concerns and/or recurrence.

® Recommendation 34: Elderly patients with benign thyroid
nodules that cause obstructive symptoms or extend in the
mediastinum or posterior to the sternum, or are suspicious
for malignancy, are surgical candidates.

® Recommendation 35: Comprehensive geriatric assessment
and evaluation of survival expectancy, and individualized
risk assessment of DTC should be emphasized before treat-
ing DTC elderly.

® Recommendation 36: Limited numbers of PTMC patients
could adopt active surveillance by high-volume medical team
after evaluation of benefits and risks.

® Recommendation 37: Total thyroidectomy is preferred for
most elderly patients with DTC. Some low-risk DTC patients
or poor health condition may choose lobectomy.

® Recommendation 38: Radioiodine remnant ablation after
thyroidectomy in DTC elderly is considered based on recur-
rence risk. Assessment of renal function is required before
131 treatment. Dose of therapeutic !l could be reduced in
high-dose therapy.

® Recommendation 39: Postoperative TSH goals in DTC el-
derly are based on a dual-risk assessment, namely the risk
of persistence/recurrence and the risk of side effects to TSH
inhibition. Geriatric comprehensive assessment is required
before and after treatment, for early detection of frailty.
Cardiovascular status and bone mineral density should be
followed up, and TSH levels could be maintained at or slightly
below the lower limit of the reference range if necessary.

®  Recommendation 40: Levels of Tg and TgAb should be rou-
tinely monitored in elderly patients with DTC after surgery

to evaluate response to therapy.
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