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Abstract

Context: There are three therapeutic modalities for the management of Graves’ disease (GD), including thyroid surgery, radioactive
iodine (RAI), and antithyroid drugs (ATDs). We aimed to briefly review the history of these treatment strategies and their advantages
and disadvantages.
Evidence Acquisition: We searched PubMed for English language articles using pertinent search terms.
Results: Each treatment modality for GD is accompanied by several advantages and disadvantages. Nowadays, ATDs are the most
commonly prescribed therapy for GD worldwide. The lack of well-designed, large RCTs comparing three different treatments for
hyperthyroidism concerning various short-term and long-term outcomes has led to remarkable uncertainty in the preference of
each of these treatments, as is evident in relevant guidelines from different societies. Recently, the efficacy and safety of long-term
use of ATDs have been documented.
Conclusions: Pros and cons of each therapeutic modality for Graves’ hyperthyroidism should be taken into account during the
physician-patient discussion to select the primary treatment. Considering recent data about the long-term efficacy and safety of
ATDs, it seems that the appropriate selection of Graves’ patients for long-term ATD therapy can be a new avenue in the treatment
and even cure of GD.
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1. Context

Graves’ disease (GD), an autoimmune thyroid disorder,
is the most common etiology of hyperthyroidism compris-
ing 60% - 90% of hyperthyroid patients (1). According to
modern medical literature, the first cases of GD were intro-
duced by Caleb Parry (1755 - 1822) and Robert Graves (1796 -
1852) in 1786 and 1835, respectively (2, 3). However, Avicenna
(980 - 1037), the famous Persian physician, had described
the first scenarios of hyperthyroidism and its association
with proptosis in his book of Al-Qanoon (4).

Since then, three therapeutic modalities, including
thyroid surgery as the oldest modality, radioactive iodine
(RAI), and antithyroid drugs (ATDs) have been used for the
management of GD. The findings from studies to compare
the impact of these treatments on the patients’ long-term
quality of life (5, 6) and cardiovascular outcomes (7, 8) are
scarce and inconsistent. The remarkable uncertainty in the
preference of each of these treatments is evident in rec-
ommendations in international guidelines on hyperthy-
roidism (9, 10). Based on these guidelines, the selection

of treatment strategies depends on each patient’s clinical
situation and availability of treatment modes considering
their pros and cons. In this article, we briefly review the
history of these treatment strategies and their advantages
and disadvantages.

2. Evidence Acquisition

We searched PubMed for English language articles us-
ing search terms of “Graves” OR “hyperthyroidism” AND
“treatment” OR “surgery” OR “thyroidectomy” OR “antithy-
roid” OR “thionamide” OR “radioiodine” OR “radioactive
iodine” from inception to March 1, 2020. We also examined
the references of review articles to find new related studies.

3. Results

3.1. Surgery

The oldest therapeutic modality for hyperthyroidism
is thyroid surgery. The first successful surgeries on the
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Graves’-affected thyroid gland in the late 19th century re-
sulted in awarding the Nobel Prize for Medicine and Physi-
ology to the Swiss surgeon, Kocher (1841 - 1917) (11). The mod-
ification of the technique of thyroidectomy to total lobec-
tomy on the one side, leaving a small remnant on the other
side, was introduced by Thomas Peel Dunhill (1876 - 1957)
(12).

Nowadays, compared to two other therapeutic modal-
ities, i.e., RAI and ATDs, surgery is the least selected treat-
ment option for GD worldwide (13-15). Thyroidectomy
would be the favorite choice in some circumstances, in-
cluding Graves’ patients with concurrent confirmed or
suspected thyroid malignancy, large goiters (≥ 80 g), ≥
1 large thyroid nodules, or patients with coexisting hyper-
parathyroidism requiring surgery (9). The patient should
be treated with ATDs to become euthyroid before surgery.

Both American Thyroid Association (ATA) and Euro-
pean Thyroid Association (ETA) strongly recommend to-
tal thyroidectomy by a high-volume thyroid surgeon as
the preferred surgical procedure when surgery is selected
for the therapy of GD (9, 10). Liu et al. (16) compared
three types of surgical techniques, namely total thyroidec-
tomy, bilateral subtotal thyroidectomy, and unilateral to-
tal and contralateral subtotal thyroidectomy (Dunhill pro-
cedure) for patients with GD based on the data of five ran-
domized clinical trials with low to moderate quality. To-
tal thyroidectomy was the most successful surgical pro-
cedure regarding the outcome of recurrence prevention
(100%) but associated with a higher risk of permanent
hypoparathyroidism compared to bilateral subtotal thy-
roidectomy. The surgical technique did not affect the
course of Graves’ orbitopathy (16).

The complications of thyroid surgery include transient
or permanent hypoparathyroidism, transient or perma-
nent recurrent laryngeal nerve palsy, and bleeding. Like-
wise, near-total or total thyroidectomy is inevitably fol-
lowed by hypothyroidism, replacing one disease, hyper-
thyroidism, by another disease, hypothyroidism.

3.2. Radioiodine Therapy

The first therapeutic use of RAI in hyperthyroidism was
reported in the work by Drs. Hertz and Roberts in 1941 - 1946
(17). Since then, RAI has been used as the primary treat-
ment or the second choice after the recurrence of hyper-
thyroidism following ATD therapy. The goal of RAI ther-
apy in GD is to overcome hyperthyroidism by rendering
the patient hypothyroid (9). For many decades, RAI was
the most commonly used treatment for GD in the United
States; however, the decreasing trend of RAI use accompa-
nied by the increasing trend of ATD use for GD since 2005
has been documented (13).

3.2.1. Radioiodine and Cardiovascular Complications and Mor-
tality

Hyperthyroidism exerts major influences on the car-
diovascular system and can lead to atrial fibrillation, arte-
rial stiffness and hypertension, cardiomyopathy and con-
gestive heart failure, and the increased risk of cardiovas-
cular events (8, 18). The treatment of hyperthyroidism
with RAI may also increase cardiovascular death due to the
influence of radioiodine on the vascular system. It may
also lead to hypothyroidism that may occur after treat-
ment. Besides, the levothyroxine use for the treatment
of hypothyroidism may result in iatrogenic subclinical or
overt hyperthyroidism. Data regarding this issue from ob-
servational surveys are inconsistent. Increased all-cause
and cardiovascular mortality following RAI treatment of
2,668 hyperthyroid patients in England disappeared when
patients received thyroxine therapy (19). The Boelaert et
al. (20) prospective study for the comparison of mortality
during ATD use and after RAI documented the increased
all-cause and especially cardiovascular mortality during
thionamide therapy and after RAI treatment without in-
duction of hypothyroidism. Besides, individuals with RAI-
induced hypothyroidism showed a lower mortality risk
than those on ATD therapy. The largest cohort study, al-
beit being retrospective, comparing all-cause mortality as
the primary outcome and major cardiovascular events as
the secondary outcome between treatment groups of GD
in the UK showed that effective RAI therapy could reduce
all-cause mortality and major cardiovascular events by 50%
and 41%, respectively, compared to ATD therapy (8).

A recent Swedish register study with a minimum mean
duration of follow-up of 16.3 years showed an increased
risk of all-cause mortality in hyperthyroid patients treated
with RAI compared to those treated by surgery. The pri-
mary difference was related to cardiovascular mortality,
particularly in men (7).

3.2.2. Radioiodine and Cancer Incidence and Mortality

One of the worrisome issues regarding RAI therapy
for hyperthyroidism is the probable increased cancer in-
cidence and mortality after RAI prescription. The present
evidence is conflicting (21-23); based on the findings of a
population-based study in the UK, hyperthyroid individu-
als treated by RAI had a decrease in the overall cancer inci-
dence and mortality with an increased relative risk of small
bowel and thyroid cancer (24). One of the largest retrospec-
tive cohort studies about this topic with > 35,000 hyper-
thyroid patients and the mean follow-up of eight years (25)
revealed the safety of RAI as a treatment option for hyper-
thyroidism. However, keeping in mind the limitations, the
24-year extension of this study showed a significantly pos-
itive relationship between organ-absorbed RAI doses and
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the risk of mortality from solid organ cancers (26). In the
most recent study with 123,167 person-year follow-ups, no
associations were reported between RAI treatment of hy-
perthyroidism and cancer incidence (27).

3.2.3. Radioiodine and Quality of Life

Compared to the general population, individuals with
hyperthyroidism who had impaired quality of life (QoL)
significantly improved after treatment (28). There were
no significant differences between long-term (14 - 21 years)
QoL of Graves’ patients randomized to three treatment
modalities in Sweden (5). However, a recent report from a
large non-randomized cohort of Swedish patients revealed
that 6 - 10 years after treatment, RAI therapy was associated
with worse general and thyroid-specific QoL compared to
other treatment modalities, i.e., ATD and thyroidectomy
(6). Several limitations of this study, including its observa-
tional nature, lack of data on thyroid function status at the
time of evaluation, and a response rate of 50%, should be
taken into account when interpreting its findings.

3.2.4. Radioiodine and Hypothyroidism

Based on ATA recommendation, the RAI dose applied
for the treatment of Graves’ hyperthyroidism should be
enough to induce hypothyroidism (9). A retrospective sur-
vey of 291 patients with GD treated with ablative RAI doses
in the Mayo clinic showed that 82% of patients became hy-
pothyroid when assessed > 16 weeks following RAI therapy
(29).

3.3. Antithyroid Drugs

In the early 1940s, thioureas were introduced as goitro-
genic agents by TH Kennedy (30) and Astwood et al. (31).
The first prescription of thiourea analogs for the treatment
of hyperthyroidism was done by Astwood (32); interest-
ingly, agranulocytosis, known as a major adverse effect of
thionamides, occurred in one of his three treated patients.
By continued work of Astwood et al. on many antithyroid
compounds, propylthiouracil and methimazole were in-
troduced to the medicine in the late 1940s (33, 34) and are
now the most commonly used therapeutic modalities for
hyperthyroidism (14, 15, 35). These ATDs exert their antithy-
roid effects by the inhibition of thyroid hormone synthe-
sis via decreasing iodine organification and iodotyrosine
coupling. They also have immunomodulatory and proba-
bly antioxidant properties (36).

Methimazole is the preferred ATD for the treatment
of hyperthyroidism because of its advantages, including
the better safety profile and once-daily dose prescription
(37, 38). Propylthiouracil is reserved for selected condi-
tions such as the pregestational period, the first 16 weeks

of pregnancy, thyroid storm, and in the setting of minor
adverse reactions to methimazole (9, 10, 39). Considering
the safety profile of ATDs, there are two categories of ad-
verse effects: minor, common side effects including skin
problems, arthralgia, and gastrointestinal upset and ma-
jor, rare side effects including agranulocytosis, hepatic in-
jury, and vasculitis (38).

Antithyroid drugs have been successfully used during
pregnancy and lactation, as well as in children (36, 38,
40). Methimazole and propylthiouracil cross the placenta.
Compared to propylthiouracil, methimazole use during
early pregnancy is associated with a higher rate of congen-
ital malformations. Based on data favoring neonatal safety
of ATDs, their prescription at the lowest effective doses for
the nursing mother is approved by professional societies
(39, 41).

Concerning the orbitopathy neutrality and even pos-
sible beneficial immunomodulatory effects of ATDs (36),
they are one of the therapeutic modalities recommended
for Graves’ patients with orbitopathy (9). Compared to RAI,
the ATD use is accompanied by a lower risk of development
or worsening of Graves’ orbitopathy (42, 43). A prospec-
tive randomized clinical trial of patients with moderate
to severe Graves’ orbitopathy is ongoing to compare the
course of orbitopathy in patients treated with ATD versus
thyroidectomy (44).

One of the unresolved debates regarding ATD therapy
is the optimal duration of treatment. Considering the high
relapse rate (30% - 70%) of GD following ATD discontinua-
tion after the conventional duration of 12 - 18 months (9,
45) and emerging data about a high remission rate after
long-term ATD use associated with acceptable safety con-
cerns (46, 47), extended ATD prescription beyond the stan-
dard duration of 12 - 18 months is increasingly approved by
many thyroid experts (48, 49). Data are scarce regarding
the impact of long-term ATD treatment on the course of
Graves’ orbitopathy; however, the stability of orbitopathy
has been reported in retrospective studies (50, 51).

3.4. Comparison of Different Therapeutic Modalities for Graves’
Hyperthyroidism

Table 1 summarizes the pros and cons of each therapeu-
tic modality for Graves’ hyperthyroidism, which should
be taken into account during the physician-patient discus-
sion to select the primary treatment. These treatment op-
tions differ in the speed of attaining euthyroidism, relapse
rate, need for medication use, the effect on accompanied
orbitopathy, course of TRAb concentration, and complica-
tions.

Hypothyroidism, the inevitable outcome of total thy-
roidectomy and ablative RAI therapy, necessitates thyroid
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Table 1. Pros and Cons of Three Treatment Modalities for Graves’ Hyperthyroidism

Treatment Modality Pros Cons

Surgery (1) The least relapse rate; (2) The most rapid control of
hyperthyroidism; (3) No detrimental effect on Graves’
orbitopathy

(1) Need for hospitalization; (2) Complications of surgery; (3)
Need for lifelong thyroid hormone replacement (4) Not
indicated in the elderly and the presence of comorbidities

Radioiodine (1) Less relapse rate (1) Need for thyroid hormone replacement; (2) Worsening of
orbitopathy; (3) Increasing TRAb levels; (4) Not indicated in
children and during pregnancy and lactation; (5) Need for
protective safety recommendations

Antithyroid drug (1) Applicable for a wide range of patients’ characteristics
including pregnant and lactating women and children; (2)
Immunomodulatory effect and TRAb reduction; (3) No
detrimental effect on Graves’ orbitopathy

(1) Rare adverse reactions; (2) Most relapse rate in the
conventional 12 to 18-month therapy but not in the long-term
approach

Abbreviation: TRAb, thyrotropin receptor antibody.

hormone replacement that is associated with some diffi-
culties to mimic the physiological status of thyroid func-
tion (52, 53). The findings of a Swedish randomized trial
of 179 patients with Graves’ hyperthyroidism and follow-
up duration of 4 - 10 years to compare the three therapeu-
tic options showed that ATD use for 18 months was associ-
ated with the highest relapse rate. On the other hand, RAI
prescription increased the risk of orbitopathy; the other
drawback of RAI was the increased serum levels of TRAb
during the first four years of follow-up in the opposite
of ATD and surgery that was associated with a steady de-
cline in TRAb concentrations (54). As mentioned earlier,
the assessment of QoL of these patients 14 - 21 years after
randomization did not show any difference between treat-
ment groups (5), which is parallel with the results of a 2016
Cochrane review with the inclusion of only two RCTs on 425
GD patients comparing RAI therapy versus 18-month me-
thimazole therapy. Moreover, this review revealed that al-
though RAI was associated with a statistically insignificant
lower risk of relapse of hyperthyroidism, it increased the
risk of developing and worsening orbitopathy (43). In a
more recently non-randomized Swedish cohort of hyper-
thyroid patients, 6 - 10 years after the diagnosis, RAI-treated
patients had worse thyroid-specific and general QoL com-
pared to other treatment groups (6).

Concerning the hard outcomes of cardiovascular and
cancer-related morbidity and mortality, contradictory
findings from different studies make it difficult to reach
a clear-cut conclusion. The surveys from different regions
of the world regarding the physicians’ practice patterns
for the management of GD have documented ATDs as the
preferred therapeutic choice (14, 15, 55) even in the North
America where there were more trends toward the use of
RAI for many decades (13).

4. Conclusions

The lack of well-designed, large RCTs comparing differ-
ent therapeutic modalities for hyperthyroidism concern-
ing various short-term and long-term outcomes has led to
remarkable uncertainty in the preference of each of these
treatments, which is evident in relevant guidelines from
different societies (9, 10). It is noteworthy that both to-
tal thyroidectomy and RAI create another thyroid disor-
der, i.e., hypothyroidism, requiring lifelong thyroid hor-
mone replacement (48). Both ATA and ETA recommend us-
ing the status of TRAb level to decide on the duration of
ATD therapy; if TRAb levels are persistently elevated at the
end of conventional 12-18-month ATD treatment, the selec-
tion of other therapeutic modalities, i.e., RAI, thyroidec-
tomy, or long-term ATD therapy accompanied by repeated
measurement of TRAb after an additional 12 - 18 months, is
recommended (9, 10). Considering recent data about the
long-term efficacy and safety of ATDs (46, 47), it seems that
the appropriate selection of Graves’ patients for long-term
ATD therapy for at least five years can be a new avenue in
the treatment of GD (56).

In conclusion, the revision of current guidelines on the
management of hyperthyroidism may be suggested to ac-
cord with the above-mentioned issues.
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