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ABSTRACT

Introduction: Graves' disease (GD) is a systemic autoimmune disorder, ultimately caused by autoantibodies
stimulating the TSH receptor (TSHR-Ab) on thyroid follicular cells. Novel targeted therapies are under
investigation, but treatment of GD still relies on antithyroid drugs (ATDs), radioactive iodine, or thyroidectomy.
Areas covered: Narrative review of original articles, randomized clinical trials, systematic reviews and meta-
analyses, guidelines on PubMed from inception to March 2026, using the following terms: GD, management
of GD, thyroidectomy, hypoparathyroidism, hypocalcemia, recurrent laryngeal nerve injury, hematoma,
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Expert opinion: Thyroidectomy is the least common treatment for GD. However, it effectively eradicates hypoparathyroidism;

hyperthyroidism, if all thyroid tissue is removed. Preoperative preparation includes ATD treatment to restore
euthyroidism whenever possible, iodine solution (controversial in patients rendered euthyroid prior to
surgery), and vitamin D (with or without calcium), if deficient. In patients with risk factors for cardiovascular
(CV) complications, thyroidectomy may prevent the CV risk associated with unstable/severe hyperthyroid-
ism. Thyroidectomy is safe in the hands of skilled, high-volume surgeons, with a low incidence of the main

recurrent laryngeal nerve
injury; thyroidectomy;
thyroid storm

complications, i.e. hypoparathyroidism, recurrent laryngeal nerve injury, and hematoma.

1. Introduction

Graves' disease (GD) is a systemic autoimmune disorder repre-
senting the most frequent cause of hyperthyroidism in iodine-
replete areas (1). Autoantibodies binding to and unrelentlessly
stimulating the TSH receptor on thyroid follicular cells (TSHR-
Ab) are the ultimate effector responsible for thyroid growth
and uncontrolled production of excess thyroid hormones
(thyroxine, T4, and triiodothyronine, T3) [1]. GD is complicated
in about one third of patients by an autoimmune orbital
disease, named Graves’ orbitopathy (GO) or thyroid eye dis-
ease [2], far less frequently by skin (thyroid dermopathy) or
finger/nails (thyroid acropachy) involvement [3].

Although total thyroidectomy is associated with almost 100%
resolution and rapid eradication of hyperthyroidism, surgery is the
least popular therapeutic approach compared to the other avail-
able therapies for GD (antithyroid drugs [ATDs] and radioactive
iodine [RAI] treatment). Several surveys have shown that surgery is
the first-line treatment in only 1-2% of newly diagnosed GD
patients, although this proportion increases to 15-23% if GO is
present at baseline [4-6]. ATDs have gained increasing popularity
and are currently viewed worldwide as the first-line treatment
under most circumstances [5]. Their major limitation is the very
high recurrence rate (about 50%) after drug discontinuation at the
end of a typical 18-24-month course [7], but this might to some
extent be overcome by prolonging treatment for many years (=5
years), may be indefinitely in some cases [8]. However, this
approach is not universally accepted, because most studies
came from the same institution and, after many vyears of

treatment, at least 20% of patients relapse [9]. RAl treatment has
lost much of its popularity for several reasons, including fears of
radiation, pregnancy intention, and possible negative effects on
GO [7]. Nevertheless, RAI is an effective way of eradicating
hyperthyroidism early in the course of the disease or in the case
of relapsing hyperthyroidism, thereby reducing the risk of long-
term systemic complications of exposure to thyroid hormone
excess [7]. In any case and of paramount importance, the choice
of treatment should result from a thorough shared decision-
making process, in which the role and the expectations of the
well-informed patient are essential [10].

Aim of the present narrative review is to discuss the current
role of thyroidectomy in the management of adult GD, with
particular emphasis on perioperative challenges and postopera-
tive outcomes. To this purpose we searched original articles,
randomized clinical trials, systematic reviews and meta-
analyses, guidelines on PubMed from inception to March 2026,
using the following terms: Graves’ disease, management of
Graves’ disease, thyroidectomy, hypoparathyroidism, hypocalce-
mia, recurrent laryngeal nerve injury, hematoma, near-infrared
autofluorescence, indocyanine green angiography, Graves’ orbi-
topathy, thyroid eye disease, hypothyroidism, levothyroxine.

1.1. Selection of thyroidectomy as the treatment for
Graves’ disease

In addition to patient preference, there are situations in which
thyroidectomy represents a valid and/or necessary treatment
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Article highlights
o Thyroidectomy does not represent the cure of Graves' disease (GD).
This holds true for the other available treatments, ATDs and RAl,
because none of them targets the pathophysiological basis of this
autoimmune disease;.

Thyroidectomy is the least used first-line treatment for GD, but it is
a very effective way to eradicating hyperthyroidism and to prevent-
ing its possible deleterious effects, particularly on the cardiovascular
system. Therefore, it should be considered in at-risk patients, for
whom a definitive treatment is warranted and surgery represents
a valid alternative option to RAI;.

The best surgical approach is total thyroidectomy, because it is not
associated with relapsing hyperthyroidism and is not bound to
a substantial increase in the rate of complications compared to
more conservative procedures;.

Thyroidectomy should be performed by high-volume, skilled sur-
geons (=25-50 thyroidectomies/year);.

Preparation of patients to surgery requires restoration of euthyroid-
ism with ATDs, whenever possible. The conventional preoperative use
of Kl is controversial in euthyroid patients, but is useful in patients
with partially controlled hyperthyroidism. VitD deficiency should be
corrected prior to surgery, to reduce the risk of postoperative
hypocalcemia;.

Fluorescence-based techniques for visualizing parathyroids and their
vessels have been associated with a reduced risk of postoperative
hypocalcemia;.

Intraoperative neuromonitoring helps reduce the risk of RLN injury;.
GD per se is a risk factor for the occurrence of the main complications,
hypocalcemia, RLN injury and postoperative neck hematoma.;.
Hypothyroidism is the desired goal of thyroidectomy in GD. The
current standard of care is represented by LT4 monotherapy.

for Graves’ hyperthyroidism, if an alternative to RAl is war-
ranted or requested by the patient [11,12] (Figure 1). These
conditions include:

1.1.1. Relapsing hyperthyroidism following ATD
withdrawal

Thyroidectomy can be selected if the patient is unwilling to
continue long-term ATD treatment and/or is reluctant to
receive RAl treatment because afraid of radiation, has small
children, or is planning pregnancy within 6 months. For exam-
ple, the decline of RAI treatment for GD in Japan may be
related not only to the Fukushima nuclear power plant acci-
dent in 2011, but also to the longlasting negative impact and
mental trauma following the 1945 atomic bombings of
Hiroshima and Nagasaki [13].

1.1.2. Unstable hyperthyroidism

Unstable hyperthyroidism with fluctuations in thyroid status
and persistently suppressed TSH values after 12 months from
initiation of ATD treatment is associated with an increased risk
of all-cause mortality, major adverse cardiovascular events
(MACE) and atrial fibrillation (AF) [14]. Cumulative periods
(>6 months) of low TSH in untreated or pharmacologically-
treated patients have been related to a 10% increase in both
mortality and cardiovascular (CV) morbidity [15,16].
Furthermore, fluctuations in thyroid status causing suboptimal
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Figure 1. Main indications for selecting thyroidectomy in patients with Graves’ disease. AE: adverse events; ATD: antithyroid drugs; RAI: radioactive iodine; I = low.

Created in BioRender, Gallo, D. (2026) https://BioRender.com/5sxa8zf.
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restoration/maintenance increase the risk of GO progression
[9]. Under these circumstances, a definitive treatment for GD
by either RAI or thyroidectomy seems advisable.

1.1.3. Large goiter with/without compressive symptoms
These cases are less likely to go into remission even with long-
term ATD treatment, or may require multiple doses of RAl,
thereby exposing the patient to risks of uncontrolled
hyperthyroidism. Thyroidectomy is also indicated when GD is
associated with primary hyperparathyroidism requiring sur-
gery [17].

1.1.4. Ultrasonographically and/or cytologically highly
suspicious nodules

If there is a concrete risk of cancer, surgery is preferable to RAI,
because it represents the cure for both hyperthyroidism and
associated thyroid cancer.

1.1.5. Intolerance to or severe adverse events of ATDs
during pregnancy

This is an exceptional situation, requiring surgery during
the second trimester of pregnancy, avoiding the first trimester
for the teratogenic effects of anesthesia and the increased risk
of abortion, and the third trimester for the risk of premature
delivery and lower birthweight [11,18].

1.1.6. Low thyroidal radioactive iodine uptake

This may be due to iodine contamination related to the use of
iodine-rich drugs or substances (amiodarone, iodinated con-
trast media, iodine-rich seaweeds) making RAI treatment
unfeasible [19].

1.1.7. Lack of facilities for RAl treatment

In a study from Sub-Saharian Africa the number of thyroidec-
tomies tripled over a 10-year period, because of the paucity of
specialized endocrinology and nuclear medicine centers [20].

1.1.8. Presence of GO

If GO is mild and/or inactive, any treatment for GD can be
used. If GO is moderate-to-severe and active, current guide-
lines recommend the use of ATDs while aggressively treating
GO [21,22]. However, thyroidectomy is a suitable treatment
(with or without RAI ablation) also in these forms of GO,
provided that treatment for GO is then promptly instituted [9].

1.1.9. Socioeconomic factors

In a large (n=634) retrospective study patients undergoing
thyroidectomy had a lower income and were more frequently
uninsured than patients treated with ATDs [23].
Socioeconomic factors may contribute to selecting surgery,
since hypothyroidism, inevitably following thyroidectomy,
may require a lower degree of surveillance in terms of hospital
visits and hormone assays (one TSH measurement per year)
compared to long-term ATD treatment [23] Likewise,
a retrospective study of 236 GD patients from Boston showed
that patients with limited English proficiency had a shorter
time period from endocrinological consultation to surgery
compared to English proficient patients, possibly reflecting
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communication barriers limiting a robust shared decision-
making process [24].

Summary: Although thyroidectomy is the least used treat-
ment for newly diagnosed GD, there are several situations
that, in addition to patient choice, make surgery an excellent
tool to get rid of hyperthyroidism permanently.

2. Extent of surgery, surgical approaches, and the
role of surgical volume

2.1. Extent of surgery

Several surgical procedures have been used for GD, including
subtotal bilateral thyroidectomy, lobectomy plus contralateral
subtotal lobectomy (Dunhill procedure), near-total thyroidect-
omy (preservation of a very small posterior remnant, <1 g),
and total thyroidectomy (removal of all visible thyroid tissue)
(Figure 2). Total thyroidectomy should be the procedure of
choice for GD to remove virtually all the intrathyroidal
immune cells involved in the pathogenesis of the disease
and the TSHR, the antigen ultimately responsible for triggering
TSHR-Ab production. Surgery is followed by a relatively fast
decrease in serum TSHR-Ab levels [25]. Four systematic
reviews and meta-analyses and one randomized clinical trial
(RCT) [26-30] investigated the relation between the extent of
surgery (subtotal thyroidectomy, near-total thyroidectomy,
total thyroidectomy) and the rate of relapsing hyperthyroidism
or major complications in GD patients (Table 1). Total thyroi-
dectomy and near-total thyroidectomy were associated with
eradication of hyperthyroidism in 99.6-100% of cases, while
subtotal thyroidectomy was followed by a relapse of
hyperthyroidism in 7.9-9.7% of patients. Total thyroidectomy
was associated with a slightly higher incidence of transient,
but not permanent hypoparathyroidism or recurrent laryngeal
nerve (RLN) injury compared to subtotal thyroidectomy [28]
(Table 1). One systematic review of 4 RCTs and 19 non-RCTs
showed that total thyroidectomy was associated with
a slightly higher incidence of transient and chronic hypopar-
athyroidism than subtotal thyroidectomy, but differences were
insignificant when the analysis was limited to RCTs [29]. In
a systematic review and meta-analysis of 2 RCTs and 3 non-
RCTs, total thyroidectomy had a slightly higher incidence of
transient and permanent hypoparathyroidism than near-total
thyroidectomy, but the included studies were not of very high
quality [30] (Table 1).

2.2. Surgical approaches

Thyroidectomy is conventionally performed via a central neck
incision (transcervical thyroidectomy), using the mini-invasive
video-assisted approach, when feasible [31]. Several remote-
access endoscopic and robotic approaches have been pro-
posed for both benign and malignant thyroid disorders,
aimed at preventing the problem of a visible scar in the
neck [32]. These techniques include transaxillary approach,
bilateral axillo-breast approach, retroauricolar approach, and
transoral approach (via vestibular, sublingual, or combined
incisions). While the first three techniques primarily use the
robotic procedure, the transoral technique primarily employs
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Removal of all visible thyroid

tissue
Faster decrease in serum
TSHR-Ab levels

Preservation of a very small
posterior remnant, <1 g

Lobectomy plus contralateral
subtotal lobectomy

Preservation of small portions
of both lobes

Figure 2. Surgical procedures for Graves’ disease. Compared with antithyroid drugs, radioactive iodine treatment, and other surgical procedures, total thyroidectomy
is associated with a faster decrease in TSHR-Ab levels. TSHR-Ab: TSH-receptor autoantibody. Created in BioRender, Gallo, D. (2026) https://BioRender.com/x5ffrvy.

Table 1. Extent of surgery for Graves’ disease and the risk of postoperative relapsing hyperthyroidism and major complications.

Author Surgical procedure
(yr) Study design (n. of pts.) Relapsing hyperthyroidism Major complications Ref.
Palit 2000) Systematic review and meta-analysis of TTx: 538 TTx: 0% No differences in the [26]
35 studies, 5859 pts. STx: 7203 STx: 7.9% incidence of chronic
(1965-1988) hypoparathyroidism
or RLN injury
Genovese (2010) Review of 19 studies, TTx: 1388 TTx: 0.3% No differences in the [27]
4546 pts. STx: 3158 STx: 10.4% incidence of chronic
(2001-2011) hypoparathyroidism
or RLN injury
Barczynski (2012) RCT of 200 pts. TTx: 96* TTx: 0% Slight increase in [28]
STx: 95* STx: 9.5% transient (but not
permanent)
hypoparathyroidism
after TTx
No difference in RLN
injury
Feroci Systematic review and meta-analysis of TTx: 1665 TTx: 0.4% Slight increase in [29]
(2014) 23 studies, 3242 pts. STx: 1557 STx: 8.2% transient and
(4 RCTs, 19 non-RCTs) permanent
(1970-2012) hypoparathyroidism
after TTx**
No difference in RLN
injury
Mu Systematic review and meta-analysis of TTx: 321 TTx: 0.3% Slightly higher [30]
(2020) 5 studies, 528 pts NTx: 207 NTx: 0% incidence of
(2 RCT, 3 non-RCTs) hypoparathyroidism

in the TTx group

*Patients who complete a 5-yr follow-up; **Differences were insignificant in analysis limited to RCTs.
Abbreviations: TTx: Total thyroidectomy; STX: Subtotal thyroidectomy; NTx: Near-total thyroidectomy; RLN: Recurrent laryngeal nerve; RCTs: Randomized clinical

trials.

the endoscopic procedure [32]. Detailed description of results
using these approaches is beyond the scope of this review.
However, a recent consensus statement from major scientific
societies concluded that surgical outcomes and the rate of
complications of remote-access thyroidectomy are superimpo-
sable to, while cosmesis and health-related quality of life (HR-
Qol) outcomes due to scar are better than those of

transcervical thyroidectomy [33]. According to the consensus
statement, In the case of benign conditions, including GD,
remote access approaches can be considered if the goiter is
not too large, but are contraindicated if the patient has
a history of previous neck surgery, trauma or radiation around
the remote incision and path, or is morbid obese [33]. These
techniques are not minimally invasive, require specialized
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technologies, skilled surgeons, have higher costs than trans-
cervical thyroidectomy, and usually require a longer hospital
stay.

2.3. Surgical volume

Guidelines and consensus statement strongly underscore that
thyroid surgery should be carried out by high-volume, skilled
surgeons [11,18,34]. Definition of high-volume surgeon is
a matter of debate. In an analysis of 5860 thyroidectomies
(for both benign and malignant diseases) performed in
Maryland during a 6-year period (1991-1996), surgeons were
categorized in four groups according to the total number of
thyroidectomies performed over the study period: A: 1-9; B:
10-29; C: 30-100; D: >100 [35]. The highest-volume surgeons
(group D) had the shortest hospital stay (1.4 days vs. 1.7 in
groups B and C, and 1.9 in group A) and the lowest rate of
overall complications (5.1% vs. 6.1% in groups B and C, and
8.9% in group A) [35]. In a Maryland Health Service database,
including 21,270 patients, high-volume surgeons (>24 thyroi-
dectomies/year) had a lower incidence of RLN injury and
hypoparathyroidism than low-volume surgeons [36]. In
a retrospective, cross-sectional analysis of the Nationwide
Inpatient Sample database from 2006 to 2011, including
215,068 patients (11,205 with GD), improved outcomes were
reported in centers performing >47 thyroidectomies/year [37].
Data from the UK administrative dataset of 72,594 patients
(2004-2012) showed that the rate of complications, as well as
the length of hospital stay, greatly decreased if surgeons
operated on >50 thyroidectomies/year compared to occa-
sional thyroid surgeons (<5 thyroidectomies/year) [38].
Analysis of another database of 16,954 patients revealed that
the odds of having a complication progressively decreased
with the increasing number of thyroidectomies/year ([39]
(Figure 3). Interestingly, the rate of post-thyroidectomy hypo-
calcemia was lower in teaching hospitals (with residency pro-
grams) than in non-teaching hospitals [40]. A position
statement from the European Society of Endocrine Surgeons
concluded that >50 thyroidectomies/year is an appropriate
threshold to identify a high-volume surgeon, whereas <25
procedures/year is an appropriate threshold to identify a low-
volume surgeon [41]. A more recent transcontinental
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consensus statement from several scientific societies stated
that surgeons offering remote-access thyroidectomy should
perform at least 25 thyroidectomies/year [33].

Summary:Total thyroidectomy is the surgical procedure of
choice for GD, because hyperthyroidism does not relapse
thereafter and the rate of complications is substantially super-
imposable to that of less radical approaches. The transcervical
approach is most used, but remote-access approaches are
now also widely used in specialized centers. The risk of com-
plications is reduced in the hands of a high-volume (at least
>25, better 250 thyroidectomies/year) surgeon.

3. Preoperative treatment
3.1. Antithyroid drug treatment

As recommended by current guidelines [11,18,34] GD patients
should be rendered euthyroid, whenever possible, with ATDs
prior to surgery. In patients with uncontrolled hyperthyroid-
ism, anesthesia, manipulation during surgery, stress, infections
may precipitate thyroid storm, a potentially lethal endocrine
emergency [42]. However, hyperthyroidism may be poorly/
partially controlled prior to surgery for several reasons, includ-
ing poor compliance, intolerance/allergy to ATDs, severe ATD
adverse events (agranulocytosis, hepatotoxicity, vasculitis,
pancreatitis), refractoriness to ATDs. A retrospective single-
center study of 67 patients showed that no thyroid storm
occurred in patients with overt (21%) or subclinical (33%)
hyperthyroidism at surgery [43]. In a systematic review and
meta-analysis of 8 retrospective studies (low-to-moderate
quality) including 1336 patients (96% with GD), patients who
were preoperatively euthyroid had lower risks of hypocalce-
mia, voice impairment, and hematoma than hyperthyroid
patients, although differences did not reach statistical signifi-
cance [44]. However, one patient, whose hyperthyroidism was
poorly controlled, had a non-lethal thyroid storm [44]. In
a retrospective study of 81 GD patients, 24 were submitted
to surgery, mostly because of ATDs adverse events, while still
being thyrotoxic under several treatments (Lugol’s solution,
lithium, steroids); surgical outcomes, including hypocalcemia,
hematoma, intraoperative blood loss, operating time, hospital
stay did not significantly differ from those of euthyroid 54 GD
patients [45]. At variance, in a study of 275 patients (134

22
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Figure 3. There is a negative relationship between the number of thyroidectomies/year and the risk of postoperative complications. Derived from Adam et al. [39].
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euthyroid, 141 hyperthyroid at surgery), uncontrolled
hyperthyroidism was associated with a longer operating time
(>1h in 19.8% of hyperthyroids vs. 7.3% of euthyroids), more
blood loss (20 ml vs. 15 ml), more frequent postoperative tran-
sient hypocalcemia (13.4% vs. 4.7%), although no cases of
thyroid storm occurred in hyperthyroid patients [46]. In
a retrospective study 56 of 242 patients, hyperthyroid when
submitted to thyroidectomy, had a higher heart rate and more
frequently needed anti-hypertensive drugs, but no case of
thyroid storm was reported nor there were differences in
blood loss and arrhythmias compared to patients with well
controlled hyperthyroidism [47]. In addition, in a recent study
from Japan thyroidectomy in patients with poorly controlled
hyperthyroidism was followed by a rapid decline in serum
thyroid hormone levels, with no increased stress response
(assessed by serum cortisol levels) compared to preoperatively
euthyroid patients [48]. Thus, as a rule and in agreement with
current guidelines [11,18,34], restoration of euthyroidism
should be achieved prior to surgery, but in selected cases
thyroidectomy, if urgently needed, can be performed before
achieving optimal control of hyperthyroidism, provided that
the surgeon and the anesthesiologist are highly expert in this
clinical setting.

3.2. Potassium iodide

Current guidelines recommend the preoperative addition of
potassium iodide (KI) for a short period of time (10-14 days)
prior to surgery [11,18,34]. Kl can be given as saturated solu-
tion (SSKI, 50 mg iodide per drop, 1-2 drops three times daily)
or as Lugol’s solution (8 mg iodide per drop, 5-7 drops three
times daily). The rationale for using Kl resides with the notion
that, in addition to blocking peripheral conversion of the
prohormone T4 the active hormone T3, it decreases thyroid
gland blood flow, microvessel density, and gland friability,
thereby reducing intraoperative blood loss [49,50]. The

potential benefit of preoperative KI was supported by color
flow Doppler sonography showing that Lugol’s solution nor-
malized the decreased intrathyroidal artery resistance
observed in GD patients [51]. The latter finding has been
challenged by a recent RCT showing no differences in thyroid
vascularization at ultrasonography in GD patients either
untreated or pretreated with Lugol’s solution [52]. In
a European survey of clinical practice, only about 40% of
respondents used Kl in addition to ATDs in the preparation
of GD patients for surgery (4). Results of the literature are not
unequivocal, as illustrated in Table 2. A small single-center RCT
of 33 GD patients (15 treated, 18 not treated with SSKI) [53]
and a systematic review and meta-analysis of 9 studies (with
high degree of heterogeneity), including 510 GD patients
either treated (n=223) or untreated (n=287) with SSKI [54],
showed that the use of SSKI in the immediate preoperative
period significant reduced intraoperative blood loss and
a operating time, with no differences between the two groups
in terms of postoperative complications (Table 2). In
a retrospective study of 442 GD patients, pretreatment with
Kl was associated with a significantly longer operating time,
but no differences in postoperative complications compared
to the untreated control group [55]. Similar results were
obtained in a RCT of 90 GD patients from two centers in
Spain [56]. It has been argued that pretreatment with Lugol’s
solution increases thyroid firmness, making it more compli-
cated to remove the thyroid without harming the parathyroids
[571. In a Swedish retrospective register-based study of 813 GD
patients, the group pretreated with Lugol’s solution more
frequently needed postoperative calcium and vitamin
D (VitD) supplementation, as surrogate marker of postopera-
tive hypocalcemia [58] (Table 2). In a single-center, single-
blind RCT from Italy, 56 GD patients were randomly assigned
to receive or not to receive Lugol’s solution for 7 days prior to
surgery [52]. While the Lugol’s solution-treated group showed
a significant reduction in serum free T4 (FT4) and free T3 (FT3)

Table 2. Effects of preoperative iodine solution on perioperative and postoperative outcomes of thyroidectomy for Graves’ disease.

Study

Author Study groups Operative Intraoperative Postoperative Hospital
(yr) design (pts.) time blood loss complications* stay Ref
Whalen RCT, SSKI+: 15 Decreased  Decreased Not reported Decreased  [53]
(2017) single center SSKI-: 18
Tsai(2019) Systematic review and meta-analysis of 9 studies  SSKI+: Unchanged Decreased Unchanged Unchanged [54]

(5 RCTs)** 283

SSKI-: 287
Lindner Retrospective, SSKI+: Increased Unchanged Unchanged Unchanged [55]
(2020) single center 125
SSKI-: 317

Barranquero Retrospective SSKI+: 44 Unchanged Unchanged Unchanged Unchanged [56]
(2021) multicenter SSKI-: 56
Hedberg Retrospective LS+:33  Unchanged Unchanged Increased Unchanged [58]
(2024) registry-based LS-: 780 hypocalcemia***
Schiavone RCT, LS+:29  Unchanged Unchanged Unchanged Not [52]
(2024)**** single center LS-: 27 reported
Ciriotto***** Retrospective, LS+:57  Unchanged Unchanged Unchanged Unchanged [59]
(2026) single center LS-: 43
Haroon Systematic review and meta-analysis of 11 studies 1S+: 760  Unchanged Unchanged Unchanged Unchanged [60]
(2026) (only 3 RCTs) IS-: 1497

*Transient/permanent hypoparathyroidism, transient/permanent laryngeal nerve injury, postoperative hematoma; **Mostly Graves’ disease; ***Indirectly estimated
by the increased need of postoperative need for vitamin D and calcium supplementation; ****_Lower serum free thyroxine and free triiodothyronine levels at

operation; *****Graves’ disease: 67%, Toxic nodular goiter: 33%.

Abbreviations: RCT: randomized clinical trial; SSKI: saturated solution of potassium iodide; LS: Lugol’s solution; IS: iodine solution (either SSKI or LS).



levels on the day of surgery, there were no differences
between the two groups concerning intraoperative/post-
operative blood loss, operating time, and postoperative com-
plications [52] (Table 2). Likewise, a retrospective study of 100
patients (67 GD, 33 toxic multinodular goiters) failed to show
any significant difference in operating time, blood loss,
immediate postoperative complications [59]. Furthermore,
a recent meta-analysis of 11 studies including 2257 GD
patients showed that the group pretreated with iodine solu-
tion and the untreated control group had similar outcomes in
terms of intraoperative blood loss, operating time, postopera-
tive hypocalcemia, RLN injury and hematoma [60] (Table 2).
These results need to be confirmed by well-designed, larger,
multicenter RCTs. However, if SSKI or Lugol’s solution is not
immediately available or the euthyroid GD patient is not
compliant because of the unpleasant taste of the drops, thyr-
oidectomy can be performed safely without iodine solution
pretreatment. This recent evidence might be considered in
future revisions of guidelines. The situation is different if the
patient has uncontrolled hyperthyroidism and needs to be
operated on urgently. Under these circumstances, Lugol’s
solution or SSKI can rapidly decrease serum free thyroid
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hormone levels, making surgery safe and uneventful [52,61].
Cases of refractory hyperthyroidism requiring urgent thyroi-
dectomy may also benefit from the use of glucocorticoids,
beta-blockers (to achieve a target rate <90 beats per min),
iopanoic acid [62], cholestyramine [63], plasmapheresis [64].

3.3. Calcium and/or vitamin D supplementation

GD per se represents a risk factor for postoperative hypocalce-
mia, likely due to the accelerated bone turnover associated
with hyperthyroidism (‘hungry bone syndrome’) [65]. Hungry
bone syndrome results from an abrupt increase in the bone
formation-to-resorption ratio after surgical treatment of
hyperthyroidism, leading to increased calcium demand.
Predisposing factors include vertebral osteoporosis, thyrotox-
icosis-related-osteodystrophy, rapid antithyroid preparation
before surgery, and parathyroid removal [66]. For this reason,
studies investigated the preventive role of calcium and/or VitD
supplementation prior to surgery (Table 3). A placebo-
controlled RCT of 90 patients showed that preoperative com-
bined treatment (oral calcium carbonate + alfacalcido)l
reduced the incidence of postoperative hypocalcemia,

Table 3. Impact of vitamin D and calcium supplementation on risk and symptoms of postoperative hypocalcemia.

Author
(yr) Study design Treatment arms Results Ref
Genser RCT, 219 pts (GD 14.3%) 111 pts (7 GD): alfacalcidol 2 mcg/d from Hypocalcemia incidence (POD1-2) [68]
(2014) the day before surgery to POD8 no differences between the two groups
108 pts (10 GD): NS Symptoms
alfacalcidiol group: 11%
NS group: 22%, p 0.02
Hypoparathyroidism after 6 m
alfacalcidiol group: 0%
NS group: 4%, p =0.04
Oltmann Prospective 45 GD pts: OC 3g/d for 2 w Ca levels 4 h after TTx [69]
(2015) case-control study 38 GD pts: NS GD OC group: 8.3 mg/dl
40 non-GD pts: NS NS groups: 8.6 mg/dl, p = 0.05.
Symptoms
GD OC group and non-GD: 10%
NS GD: 26%, p < 0.05
Sessa Prospective comparative 100 pts: calcitriol T mcg the day before  Hypocalcemia incidence (during hospitalization) [73]
(2022) study, 300 pts (43.3% with surgery and 4 h after surgery followed no differences between groups
AITD) by Sympomatic hypocalcemia
calcitriol T mcg/d and OC 3 g/d from high dose S: 1/100
POD1 (high dose S) low dose S: 1/100
100 pts: calcitriol 0.5 mcg/d the day PTH based: 6/100, p = 0.042
before surgery followed by Mean hospitalization length
calcitriol T mcg/d and OC 3 g/d from high dose S: 1.1+ 0.5 d
POD1 (low dose S) low dose S: 1.4+ 0.5 d
100 pts: NS unless evidence of PTH PTH based S: 2+ 0.4 d, p <0.001
decrease > 50% at 4 h (PTH based S)
Jin Single blind RT, 209 pts with 103 pts: OC 600 mg/d + Hypocalcemia POD1 [74]
(2023) thyroid cancer alfacaldidol 1 mcg/d for 2 d OC+alfacalcidiol group: 41.7%
106 pts: placebo Placebo: 65.9%, p < 0.05
Hospitalization after TTx
OC+alfacalcidiol group: 2.79+1.15 d
Placebo: 3.55 + 1.89 days, p < 0.05
No differences in mean postoperative Ca levels (POD1
and W 3) and hospitalization length in the hTx
Yosefof Retrospective cohort study, 491 pts: alfacalcidol 1 mcg/d for 5 d No differences in the incidence of short (14.5 vs 15.7%) [72]
(2025) 1219 pts (11% GD) 728 pts: NS and long-term (3.9 vs 4.2%) postoperative

hypocalcemia
Thyrotoxicosis was associated to postoperative
hypocalcemia

Abbreviations: Cholecal: cholecalciferol; GD: Graves' disease; NS:not supplemented; OC:oral carbonate calcium; OR: odds ratio; POD: postoperative day; PTH:
parathyroid hormone, pts; RCT: randomized control trial; S: supplemented; hTX: hemithyroidectomy; VitD: Vitamin D supplementation (both cholecalciferol and

actived formulations); p, comparison between groups of treatment.
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compared to controls (13% vs. 36%) [67]. In a RCT of 219
patients operated on for various thyroid disorders, periopera-
tive alfacalcidol supplementation reduced the incidence of
transient postoperative hypocalcemia and related symptoms
[68] (Table 3). A prospective case-control study compared
surgical outcomes of 45 GD patients treated with 3 g calcium
carbonate daily for two weeks before surgery to those of 38
GD patients and 40 non-GD euthyroid controls not pretreated
with calcium [69]. Preoperatively, serum calcium and parathyr-
oid hormone (PTH) concentrations were similar in the three
groups, VitD was not measured. Postoperatively, serum cal-
cium levels were slightly, but significantly lower, and hypocal-
cemia-related symptoms significantly more frequent in the
untreated groups [69]. Serum VitD deficiency may be a risk
factor for postoperative hypocalcemia, as shown by
a prospective clinical trial of 130 patients with nontoxic nod-
ular goiter [70] and by two systematic reviews of observational
studies (not limited to GD) [65,71]. Conversely, a retrospective
study of 1219 patients (GD, only 11%) submitted to thyroi-
dectomy showed that preoperative treatment with alfacalcidol
(1 mcg/day for 5 days) did not reduce the incidence of post-
operative hypocalcemia [72]. In a study of 300 patients (130
with autoimmune thyroid disorders), the group receiving pre-
operative treatment with 1 mcg calcitriol the day before sur-
gery, 1mcg calcitriol 4h after surgical procedure, 1 mcg
calcitriol plus 3 g calcium carbonate starting on the day after
surgery had a decrease in postoperative symptomatic hypo-
calcemia compared to the groups given a lower preoperative
dose of calcitriol (0.5 mcg) or no preoperative treatment [73].
The incidence of post-thyroidectomy chronic hypoparathyr-
oidism did not significantly differ in the three groups [73]. In
a RCT study of 209 thyroid cancer (not GD) patients, a short
preoperative course (two days) of alfacalcidol (1 mcg/day) and
calcium carbonate (600 mg/day) was associated with
a significantly reduced incidence of postoperative (day 1)
hypocalcemia and a shorter hospital stay compared to pla-
cebo-treated patients [74]. A systematic review and meta-
analysis of 39 RCTs and 37 observational studies (mainly of
low quality) concluded that the combination of VitD and
calcium supplementation was more effective than calcium
supplementation alone or no supplementation in preventing
post-thyroidectomy transient hypocalcemia [75]. Surprisingly,
a retrospective study of 397 patients showed that VitD defi-
ciency might be a ‘protective’ condition hypothetically due to
an earlier parathyroid function recovery after surgery [76]. The
results of the above studies are not unequivocal for several
reasons, including the retrospective design and the small
sample size of many studies, the frequently low quality of
systematic reviews and meta-analyses, the frequent lack of
specific evaluation of GD patients. These uncertainties are
mirrored by the recommendations of major scientific societies.
The American Thyroid Association guidelines recommend that
calcium and 250H-VItD should be assessed preoperatively and
repleted if necessary or given prophylactically (strong recom-
mendation, low-quality evidence) [34]; the European Thyroid
Association guidelines recommend that vitD deficiency should
be corrected to reduce the risk of postoperative hypocalcemia
(strong recommendation, high-quality evidence) [11]; the
American Endocrine Surgeons guidelines state that prior to

surgery for GD calcium and 250H-VitD may be assessed and
repleted or supplemented prophylactically (strong recommen-
dation) [18].

Summary:Restoration of euthyroidism by ATDs is the stan-
dard of preoperative care for GD patients. Surgery can be
performed in patients with only partially controlled hyperthyr-
oidism if the surgeon and the anesthesiologist are highly
expert in this clinical setting. The preoperative administration
of Kl in euthyroid patients under ATD treatment is controver-
sial (and infrequently used), but it is certainly useful (together
with other treatments) in patients with uncontrolled
hyperthyroidism, because it inhibits T4-to-T3 conversion.
Evidence concerning preoperative supplementation with cal-
cium and/or VitD in the absence of VitD deficiency is contro-
versial, but current guidelines substantially agree that calcium
and VitD should be assessed preoperatively and repleted, if
necessary.

4, Complications of thyroidectomy

Main complications of thyroid surgery are hypoparathyroid-
ism, RLN injury, and neck hematoma.

4.1. Hypoparathyroidism

The prevalence of all-cause chronic hypoparathyroidism is
between 6.4 and 37 per 100,000 [77]. Post-surgical hypopar-
athyroidism accounts for 75% of all cases and, although occur-
ring mainly after thyroid surgery, may develop after
parathyroidectomy or other neck surgeries [78,79].
Postoperative hypoparathyroidism may be caused by either
accidental removal of one or more parathyroid glands or their
devascularization during thyroidectomy [77]. The number of
postoperatively functioning parathyroid glands is relevant,
since the risk of postoperative hypocalcemia is 16% if 1-2
parathyroid glands are preserved, 6% for three glands, and
2.5% for four glands [79]. Recent guidelines recommend that
circulating PTH values should be measured within 12-24h
after total thyroidectomy, because a value >10 pg/ml virtually
excludes subsequent permanent hypoparathyroidism [78,79].
It is worth noting that some patients with early postoperative
PTH value < 10 pg/ml may recover normal parathyroid func-
tion over time [80]. In addition to other factors, including
female sex, young age, preoperative VitD deficiency, GD
per se is a risk factor for postoperative hypocalcemia [65,81]
(Figure 4). The higher frequency of hypoparathyroidism in
these groups may reflect the prevalence of GD among
women and younger individuals. Other factors possibly con-
tributing the the increased frequency in women include smal-
ler parathyroid gland size, the presence of estrogen receptors
in normal parathyroid tissue, and postmenopausal changes,
such as reduced vitamin D levels, increased bone turnover,
decreased bone mineral density and loss of the modulating
effect of estrogens on bone metabolism [82].

The relationship between obesity and the risk of postopera-
tive hypoparathyroidism remains debated, as several studies
have reported no significant association. However, in a large
systematic review and meta-analysis, obesity was associated
with a significant reduced risk (odds ratio, 0.79) of
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Figure 4. Risk factors for post-thyroidectomy hypocalcemia. Ca: calcium; Mg: magnesium; VitD: vitamin D; +: increased risk of postoperative hypocalcemia; -:
reduced risk of postoperative hypocalcemia. Created in BioRender, Gallo, D. (2026) https://BioRender.com/er1y3yb.

postoperative hypoparathyroidism [83]. In a retrospective ana-
lysis of 352 patients undergoing total thyroidectomy, the pro-
tective effect of a higher body mass index was independent of
either VitD levels or the number of visualized parathyroid
glands [84]. Potential explanations include a protective role
of the cervical fat pad during surgical dissection and the
positive association between PTH levels and adiposity
(‘Obesity paradox’).

Postoperative hypoparathyroidism may be transient or per-
manent, the latter being defined by the persistence of hypo-
calcemia in the presence of undetectable/ low/
inappropriately normal circulating PTH values =12 months
after surgery [78,79]. The latter time-point seems more reliable
than the 6-month time-point. In fact, a review of 8,832 thyroid
surgeries from several series showed that early postoperative
hypocalcemia occurred in 2981 patients (33.8%); of the latter,
73.9% recovered normal parathyroid function within 6
months, but an additional 7.4% normalized between 6 and
12 months [78].

Fluorescence-based imaging techniques for identifying
parathyroid glands and their vessels intraoperatively have
been developed. Near-infrared autofluorescence (NIRAF) can
help obtain an earlier and more frequent identification of the
parathyroid glands and decrease the rate of accidental para-
thyroidectomy. A meta-analysis of nine RCTs including 1363
patients submitted to total thyroidectomy for both benign
and malignant thyroid disorders showed that the use of
NIRAF reduced the rate of early postoperative hypocalcemia,
but not the incidence of permanent hypoparathyroidism [85].
Contrast-enhanced fluorescence imaging (indocyanine green
[ICG] angiography) helps identify parathyroid glands’ vessels
at the beginning of surgery [86]. A recent systematic review
and meta-analysis of 28 studies (including nine RCTs) showed
that fluorescence imaging (either NIRAF, ICG, or both) may
reduce early (day 1) postoperative hypocalcemia and short-
term hypoparathyroidism [87]. Both NIRAF and ICG angiogra-
phy may be useful in detecting parathyroid gland(s) viability

and and vascular integrity, guiding the decision of whether
proceeding to selective parathyroid gland autotransplantation.
These techniques require a fluorescence system but may be
helpful, especially in low-volume institutions. Recent guide-
lines state that ‘standardization of the technique, as well as
long-term randomized controlled studies, are required to truly
assess any sustained beneficial effect of NIRAF [and ICG angio-
graphy] on parathyroid function’ [79].

Treatment of post-surgical chronic hypoparathyroidism
relies on the use of calcium and activated VitD metabolites
[88]. Typical doses of VitD metabolites are: calcitriol [1,25(0OH),
D]: 0.25-2mcg once or twice daily; alfacalcidol [1a(OH)Ds]:
0.5-4mcg once daily; dihydrotachisterol: 0.3-1mcg once
daily [79]. In the liver alfacalcidol is rapidly activated to
1,25(0H),D, and dihydrotachisterol to 25(0H)D dihydrotachis-
terol [79]. Dietary calcium intake should be optimized and
supplemented, if serum calcium target levels are not reached,
with either calcium carbonate (taken with meals) or calcium
citrate (taken independently of food intake), in doses ranging
0.5-3g daily, monitoring serum calcium and phosphorus
levels, and urinary calcium excretion [77]. If serum magnesium
is low, magnesium deficiency should also be corrected
because it can worsen hypocalcemia. In some cases, thiazide
diuretics are used to decrease urinary calcium excretion,
thereby reducing the risks of kidney complications, such as
kidney stones and nephrocalcinosis [77]. Early postoperative
severe and symptomatic hypocalcemia should be promptly
corrected by intravenous calcium gluconate. PTH replacement
therapy is an important issue. For the time being, the pegy-
lated form of PTH(1-34), palopegteriparatide, is the only PTH
replacement therapy approved by the European Medicines
Agency and the Food & Drug Admistration for chronic hypo-
parathyroidism [79], but long-term data are still limited.
Ongoing studies are evaluating parathyroid allotransplanta-
tion, parathyroid cell transplantation, and parathyroid orga-
noids, but results are too preliminary to foresee their possible
use in clinical practice.
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4.2. Recurrent laryngeal nerve injury

RLN injury is a major complication of thyroidectomy with
significant implications for patient voice function, airway pro-
tection, and HR-QoL. It may be transient, due to vocal folds
edema following endotracheal intubation, or permanent. Early
postoperative fiberoptic laryngoscopy is more reliable than
symptomatic voice assessment in diagnosing RLN injury [89],
with a sensitivity and negative predictive value of 92% and
98%, respectively [90]. Transient RLN injury usually resolves in
few days, but sometimes it takes weeks to months for a full
recovery. GD per se is an independent risk factor for RLN injury
[91]. As shown by a systematic review and meta-analysis of 10
studies (mostly retrospective) including 108,153 patients, obe-
sity is associated with a 15% increased risk of RLN injury [83].
A careful surgery technique with direct visualization of the
nerve has been the standard of care for avoiding this compli-
cation, but since many years intraoperative neuromonitoring
(IONM) has been introduced to decrease the risk of RLN injury
[92]. Results of several systematic reviews and meta-analyses
have provided conflicting results on IONM true effectiveness,
possibly because of methodological bias, including lack of i)
differentiation between continuous and intermittent IONM, ii)
analysis of different stimulation amplitudes, and iii) evaluation
of neuromuscular blockade. A recent systematic and meta-
analysis included 103 studies (RCTs, prospective studies, and
retrospective cohorts) involving 132,212 patients submitted to
thyroidectomy, irrespective of diagnosis, surgical approach,
and extent of surgery [93]. This study showed a 38% reduction
in transient unilateral RLN injury and a 51% reduction in
permanent RLN injury using IONM; in addition, continuous
(rather than intermittent) IONM, lower amplitude (<2 mA),
and avoidance of neuromuscular blockade had a protective
effect on RLN injury [93]. In a recent, large-volume single-
center retrospective analysis of 1263 total thyroidectomies,
IONM was associated with a significant reduction in perma-
nent RLN injury and a faster recovery from transient RLN injury
[94]. IONM has been reported to reduce also the risk of
damage to the external branch of the superior LN during
superior thyroid pole dissection [95].

Voice rehabilitative therapy due to unilateral RLN injury is
frequently followed by full recovery of normal vocal fold func-
tion [90].

4.3. Postoperative hematoma

Postoperative neck hematoma is an infrequent, but serious
and potentially life-threatening complication of thyroidect-
omy, and a relevant cause or readmission/reoperation.
Analysis of an Austrian database of 30,142 thyroidectomies
over a 30-year period evidenced postoperative bleeding in
519 cases (1.7%) [96]. Similar incidence rates were found in
a study of the UK Registry of Endocrine & Thyroid Surgery (449
cases out of 39,014 thyroidectomies, 1.2%) [97], in a report
from a Serbian tertiary center (72 cases out of 6938 proce-
dures, 1.04%) [98], and in a Japanese report (incidence rate,
1.85%) [99]. Identified risk factors include male sex, older age,
retrosternal goiter, preoperative antiplatelet/anticoagulant
therapy, postoperative heparin therapy, total thyroidectomy,

reoperation [96-98], and obesity [83]. Postoperative bleeding
occurs within 6 h in 80% of cases [93], within 24 h in 95% of
cases [97]. Reoperation may be needed in about 1% of cases,
tracheostomy may rarely be required, mortality rate is about
0.1% [99]. Most relevant to this review article, GD per se is
a significant risk factor for postoperative bleeding.
A systematic review and meta-analylsis of 11 studies (10 retro-
spective, one prospective; 48,381 patients, including 3185 GD
patients) showed that GD was the only indication for thyroid
surgery having an increased risk for postoperative neck hema-
toma [100]. More recently, in a North American surgical cohort
of 17,906 patients (1207 with GD), GD had the highest odds of
postoperative neck hematoma (odds ratio, 1.65, 95% Cl,
1.10-2.46) and hypocalcemia (odds ratio, 2.04, 95% Cl,
1.66-2.50) compared to other indications for thyroid surgery
[81]. The reasons underpinning this increased risk are unclear
but may include the increased thyroid vascularization in GD.
Although overnight thyroidectomy has been reported in
a retrospective study to lead to higher patient satisfaction
compared to a 3-day hospital stay [101], the possible
increased risk inherent to GD suggests caution in the adoption
of outpatient/overnight thyroidectomy in GD, or, at least,
a very careful selection of patients (young patients, well con-
trolled hyperthyroidism, no coagulation abnormalities) in
high-volume centers. In this regard, it is worth noting that in
the above mentioned North American study, most GD patients
with a postoperative neck hematoma were inpatients, sug-
gesting that patients, such as GD patients, bearing a higher
risk of postoperative neck hematoma, are likely monitored as
inpatients after thyroidectomy [81]. This is very important in
the elderly, because of the slight increase in the risk of hema-
toma and RLN injury, as shown in a recent systematic review
and meta-analysis of 11 studies (10 retrospective and 1 pro-
spective) including >100,000 patients aged =65 years [102].

Measures to minimize the risk of postoperative neck hema-
toma include intraoperative careful hemostasis, postoperative
maintenance of normal blood pressure, control of pain, cough,
nausea and vomiting.

Summary: Surgery is the main cause of chronic hypopar-
athyroidism. Its diagnosis relies on circulating PTH values <10
pg/ml 12-24 h after surgery. It may transient or permanent (if
persisting =12 months after surgery). Fluorescence-based ima-
ging techniques (NIRAF, ICG angiography) may help reduce
the incidence of postoperative hypoparathyroidism. IONM
reduces the risk of RLN injury. Postoperative neck hematoma
is a rare, but serious complication of thyroid surgery. Most
importantly, GD per se represents an independent risk factor
for postoperative occurrence of hypoparathyroidism, RLN
injury, and neck hematoma, suggesting the adoption of an
inpatient approach in high-volume institutions.

5. Relation between thyroidectomy and Graves’
orbitopathy

The choice of the optimal treatment of GD in the presence of
GO, as well as the effects of treatments for hyperthyroidism on
GO are highly debated, as recently reviewed [9]. In general,
particular attention has been paid to the possible deteriora-
tion or de novo occurrence of GO after RAI treatment, which



has been demonstrated in RCTs in patients with mild and
active GO [103,104]. It is widely recognized that ATDs are
neutral as to the course of GO [105], and restoration of euthyr-
oidism by ATDs and its stable maintenance may be associated
with beneficial effects on GO [9].

As far as the effects of surgery on the course and outcome
of GO are concerned, in a RCT study, 168 Graves' patients were
divided into two groups, group 1 (age, 20-34 years) and group
2 (age, 35-55years) [103]. Group 1 patients were treated with
either ATDs (n =27) or subtotal thyroidectomy (n=27); at the
end of follow-up GO developed or progressed in 4 of 27
medically-treated patients (15%) and 3 of 27 surgically-
treated patients (11%), with no significant difference between
the two groups [103]. Among the older age patients (group 2),
progression/development of GO occurred in 4/38 patients
treated with ATDs (10%) and 6/37 patients submitted to sub-
total thyroidectomy (16%), differences between the two
groups being insignificant also in this case [103]. In a case-
control study, 30 patients with GD and absent/mild GO sub-
mitted to near-total thyroidectomy were matched with 60
patients treated with ATDs: GO progressed in one patient
with preexisting GO in the surgical group (3%) and developed
in two patients medically treated (3%) [105]. In a prospective
database cohort study of 48 GD patients treated by either
total (n=46) or subtotal (n=2) thyroidectomy, among 20
patients with GO prior to surgery, stabilization/improvement
of the disease was reported after surgery at the end of follow-
up [106]. In a recent Bayesian meta-analysis of 22 cohort
studies (17 retrospective, 5 RCTs) including 131,297 GD
patients, the risk of GO progression/development after thyroi-
dectomy was lower than using ATDs (hazard ratio, 0.54) or RAI
treatment (hazard ratio, 0.62); however, when only RCTs were
considered, no differences were detected between ATDs and
thyroidectomy [107]. In a RCT of 42 patients with moderate-to-
severe and active GO treated with intravenous glucocorticoids
(IVGCs) and randomly assigned to either ATD treatment (n=
24) or total thyroidectomy (n=18), no significant differences
between the two groups were observed as to the outcome of
IVGC treatment [108]. In a retrospective cohort study of 92
patients treated with IVCG for moderate-to-severe and active
GO, early thyroidectomy was associated with a slightly higher
rate of GO inactivation compared to ATDs [109]. In
a retrospective study of 80 GD patients initially treated with
ATDs, 40 were submitted to surgery and 40 to RAI treatment
[110]. Before the definitive treatment, active GO was present in
13 patients of the surgical group and in 4 of the RAI group; at
the end of follow-up, eye involvement was reported in only 5
patients treated surgically, but in 7 patients treated with RAI
(110). As shown by two RCTs [111,112] and two retrospective
studies [113,114], thyroidectomy followed by RAI remnant
ablation (so-called total thyroid ablation) is associated with
an earlier response to IVGC therapy for moderate-to-severe
and active GO compared to total thyroidectomy alone,
although this difference does not persist at a longer follow-
up [114].

Summary:Thyroidectomy has no negative impact on devel-
opment of GO or progression of mild GO. In patients with
moderate-to-severe and active GO, early thyroidectomy (with
or without RAI remnant ablation) may be associated with an
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earlier response to immunosuppressive treatment, but large,
multicenter, prospective studies are needed to substantiate
this benefit.

6. Cardiovascular outcomes in Graves’ patients after
thyroidectomy

Hyperthyroidism (both subclinical and overt) increases the risk
for all-cause mortality, cardiovascular (CV) morbidity and mor-
tality, and MACE [115]. It is worth noting that the risk for
mortality and MACE, including AF and arterial embolism, is
highest in the first three months after diagnosis, but it remains
higher than in controls during long-term (>2-3 years) follow-
up [116,117]. The CV risk is higher in untreated than in treated
patients and increases per every 6 months of decreased/sup-
pressed TSH, i.e. of a suboptimal control of hyperthyroidism
[1516]. In a nationwide register-based Danish study of
>30,000 GD patients, mortality in GD, particularly in males,
was increased compared to the control population [118]. The
association of hyperthyroidism with all-cause mortality, acute
myocardial infarction, and CV disease was supported by addi-
tional large dataset-based studies [117,119]. This suggests
that, in addition to prompt restoration and stable mainte-
nance of euthyroidism, a definitive treatment for hyperthyr-
oidism might be indicated particularly in at-risk groups
(elderly, obese, smokers, patients with diabetes, hypertension,
dyslipidemia, severe/unstable hyperthyroidism). In a Finnish
large comparative cohort study, hospitalizations due to all
CV complications were more frequent in patients treated
with RAl than in patients submitted to thyroidectomy [120].
However, this difference held true only if RAI treatment did
not cause permanent hypothyroidism [120], which should
represent the deliberate goal of both RAI treatment and thyr-
oidectomy. A registry-based study from Sweden [121]
reported that in hyperthyroid patients (particularly men) thyr-
oidectomy was associated with a long-term reduction in over-
all mortality compared to patients treated with RAI, possibly
due to faster eradication of hyperthyroidism by surgery. In
a retrospective, population-based study from Korea, GD
patients treated surgically had a similar risk of AF compared
to controls, while the risk was higher in patients treated with
ATDs or RAI [122]. Interestingly, longer duration of ATD treat-
ment increased the risk of AF [122], suggesting the opportu-
nity of an early definitive treatment in at-risk patients.
Likewise, in a retrospective study of 1371 GD patients from
the Mayo Clinic, ATD treatment was associated with a higher
risk of late AF than RAI treatment or thyroidectomy, although
this difference did not persist at multivariable regression ana-
lysis [123]. This suggests but does not prove that the longer
time required to restore euthyroidism using ATDs, compared
to the other two treatments, may be an important risk factor
for late AF. In a recent analysis of the UK Biobank, surgically-
treated patients had a significantly reduced all-cause mortality
compared to ATD-treated patients, who had a significantly
higher risk of AF, likely reflecting periods of poorly controlled
hyperthyroidism [124]. These results are in keeping with
a large health insurance database study from Taiwan of
144,062 newly diagnosed hyperthyroid patients (precise etiol-
ogy of hyperthyroidism not defined), showing that
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hyperthyroid patients submitted to thyroidectomy had a lower
rate of MACE, all-cause mortality, heart failure, and CV mortal-
ity than ATD-treated patients [125].

Summary: The above studies are predominantly retrospec-
tive, observational, or registry-based and are subject to con-
founding by indication. However, they overall suggest that
early correction of hyperthyroidism by total thyroidectomy
may decrease the CV risk associated with thyroid hormone
excess. This is particularly relevant in at-risk GD patients, who
may benefit from early eradication of hyperthyroidism,
thereby preventing the risk of dangerous periods of fluctua-
tions of thyroid status and relapsing hyperthyroidism.

7. Quality of life after thyroidectomy

GD and, in general, hyperthyroidism heavily impact on HR-
Qol, impairing physical and social function, mental health and
overall wellbeing. Impairment of HR-QolL is often detectable
years after hyperthyroidism has been cured [126,127]. In some
instances, hyperthyroidism may not only affect social relations
but may also have deleterious effects on economic status
([128]. A review of 75 studies showed that 18-66% of
hyperthyroid patients (both toxic nodular goiter and GD) had
limitations in daily activities and general health perception,
with social and emotional impairment [127]. Not surprisingly,
GO, when present, is an important contributor to the impair-
ment of HR-QolL, because of the changes in appearance and
functioning of the eyes [129]. Relevant psychosocial conse-
quences of GO include impaired self-perception, restrictions
in daily activities, sick leave absence, early retirement, job loss
[130]. In a survey of 443 respondents to a home-made ques-
tionnaire, 179 of 394 respondents with GO (45%) felt
depressed and/or anxious, 174 (44%) mentioned concern
about their appearance, 73 (19%) were socially isolated, 192
(49%) complained of decreased confidence and well-being,
with impact on reading, driving and socializing [131].

Evaluation of the effects of GD therapies on HR-Qol is
difficult because of the retrospective design of most studies,
presence/absence of comorbidities, age, presence/absence of
preexisting GO, confounding by indication. In a prospective
RCT of 174 GD patients, >90% were satisfied or very satisfied
with the treatment for hyperthyroidism, with no difference
between ATD vs. RAI or thyroidectomy, also regarding work
ability and social life [128]. A follow-up study of the same
cohort 14-21 yr later again found no differences in the out-
come of patients submitted to either therapy, although all
patients, irrespective of the treatment for hyperthyroidism,
complained of a decreased vitality and mental QoL, possibly
related to an imperfect control of thyroid function, perception
of disease, psychological vulnerability, missing expectations,
or other factors [126]. In a non-RCT of 1186 patients evaluated
6-10years after diagnosis, HR-QoL was similar in patients
treated with ATDs or surgery, and slightly worse in patients
receiving RAI treatment [132].

Conventional transcervical thyroidectomy for benign and
malignant disorders leaves a visible scar causing not only
a cosmetic concern, but, possibly, sensory disturbances, includ-
ing hyposthesia, paresthesia and discomfort [133]. It is not sur-
prising that a visible scar may have a negative impact on HR-QoL

[134], although evidence is not unequivocal. Interestingly,
a recent cross-sectional survey study of 1334 patients submitted
to transcervical thyroidectomy showed that scar perception
improved progressively within the first two years after surgery
and was a primary driver of the associated improvement in HR-
QoL [134]. Improvement in scar perception-related HR-QoL was
associated with age (>40 years) and sex (males >females), sug-
gesting that young patients, particularly women, prioritize
appearance [134]. Remote access thyroidectomy offers the
potential for an improved cosmetic outcome by avoiding
a visible scar. A recent systematic review and meta-analysis
included three studies which compared transcervical thyroidect-
omy to either transoral endoscopic thyroidectomy or transaxil-
lary thyroidectomy [135]. Although the individual studies favored
remote-access thyroidectomy in terms of HR-QoL improvement,
their meta-analysis showed that differences with transcervical
thyroidectomy were insignificant, possibly due to heterogeneity
and small sample size of the studies [135].

Hyperthyroidism is usually characterized by weight loss,
while restoration of euthyroidism is associated with weight
regain, sometimes in excess of the pre-illness weight.
Severity of hyperthyroidism appears to be a risk factor for
excessive weight regain [136]. Obesity has a negative impact
on HR-QolL [137]. A systematic review and meta-analysis of 17
studies with 3164 patients (only five studies [n =431] included
patients with hyperthyroidism) submitted to total thyroidect-
omy, with a mean follow-up of about two years, reported an
estimated overall weight gain of 2.13Kg, but this effect was
significantly more pronounced in hyperthyroid patients,
whose weight gain was 5.19 Kg after surgery [138]. The weight
gain was negatively associated with age, but not with sex
[138]. Weight gain after thyroid surgery (not limited to GD),
even in the presence of good control of post-surgical
hypothyroidism, is a relevant cause of patient dissatisfaction
and reduced HR-QoL [139]. A recent cross-sectional analysis of
a prospectively completed database of 108 hyperthyroid
patients (etiology not specified), 74% of whom treated with
ATDs alone, showed that, despite normal TSH values in about
80% of patients, there was a mean weight increase of 7.2 Kg
(mean percent weight gain, 8.8%) over a 41-month duration of
disease [140]. Weight gain was an independent predictor of
poorer HR-QoL outcomes, specifically in cosmetic complaints,
tiredness and overall HR-QoL domains [140]. Mechanisms
underpinning weight increase after correction of hyperthyr-
oidism, including the use of thyroidectomy, remain unclear. In
a recent small longitudinal study, weight gain after thyroidect-
omy for GD was largely attributable to a significant increase in
skeletal muscle mass (but not in fat mass) compared to pre-
surgical analysis of body composition [141]. In any case, given
its effects on HR-QoL and the long-term consequences of
overweight/obesity, weight control should be part of
a comprehensive management of GD, including patients trea-
ted surgically [142].

Summary: HR-Qol is severely affected in GD patients, espe-
cially if complicated by GO. Restoration of euthyroidism is
usually followed by an improvement in the HR-QoL, although
the latter may remain suboptimal years after treatment of
hyperthyroidism and irrespective of the type of treatment.
Scar perception is a relevant and surgery-specific factor



influencing post-surgical HR-QoL, which may be reduced by
minimally invasive or remote access procedures. Excessive
weight regain after treatment of hyperthyroidism is an impor-
tant factor affecting HR-Qol, but is not specific for
thyroidectomy.

8. Management of post-thyroidectomy
hypothyroidism

Hypothyroidism is the unavoidable consequence of total thyr-
oidectomy, and is not a complication, but rather the desired
goal in GD patients. Ideally replacement treatment should: i)
restore biochemical and tissue euthyroidism, avoiding over-
treatment and undertreatment; ii) abolish signs and symptoms
of hypothyroidism, thereby normalizing HR-QoL; iii) avoid
iatrogenic thyrotoxicosis. The current standard of care is
levothyroxine (LT4) monotherapy, a synthetic form of the
main (pro)hormone synthesized by the thyroid gland
[143,144]. The other thyroid hormone, liothyronine (LT3),
which is metabolically active, mostly (80%) derives from per-
ipheral deiodination of T4 mediated by deiodinases (DIO), but
is in part (20%) synthesized by the thyroid gland [145]. Thus,
to mimic physiology, replacement therapy in athyreotic
patients should in principle rely on the combination of both
LT4 and LT3 [146]. However, for the time being, combination
therapy is controversial, due to the conflicting results of pub-
lished studies.

Treatment of hypothyroidism is not as easy as it might
appear. Optimal timing of initiation of therapy is unsettled.
Guidelines either do not provide clear indications [11,34] or
indicate to wait for one week after surgery [18]. Based on the
observation that serum free T3 levels rapidly decline on day 1
postoperatively, others propose an earlier institution of treat-
ment to prevent even short periods of hypothyroidism [147].
Many patients are either under- or overtreated [148], and both
conditions are associated with an increased CV risk and excess
mortality [148]. About 10-15% of LT4-treated patients are
dissatisfied and complain of symptoms, such as fatigue, low
energy, brain fog, memory deficit, low mood, resulting in
decreased HR-QoL [149,150]. This has been attributed to psy-
chosocial factors, unrealistic patient expectations, comorbid-
ities [151]. In patients whose hypothyroidism represents the
progression of chronic autoimmune (Hashimoto’s) thyroiditis
or the consequence of total thyroidectomy for Graves’ disease,
autoimmunity might play a role in this dissatisfaction,
although the underpinning mechanisms are unclear [150].
Studies in athyreotic animals showed that euthyroidism can
be restored in all tissue only by combination therapy [152].
Thus, persisting symptoms reported in some athyreotic
patients treated with LT4 might also be contributed to by
imperfect restoration of biochemical and tissue euthyroidism.
In a study of 1181 athyreotic patients with normal serum TSH
values under LT4 treatment, about 15% of patients had serum
free T3 (FT3) below the normal range, while 7% had serum FT4
values above the upper normal range, with a resulting
decrease in the FT3/FT4 ratio [153]. Another study also
showed that, compared to preoperative FT4 concentrations,
postoperative higher serum FT4 levels were required to reach
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the preoperative serum TSH levels; however, this was not
associated with decreased serum FT3 levels [154]. Athyreotic
LT4-treated patients carrying type 2 DIO Thr92Ala polymorph-
isms have lower postoperative serum FT3 concentration com-
pared to wild-type allele patients [155]. Carriers of the above
tipe 2 DIO homozygous polymorphism were reported to have
an impaired HR-QoL at baseline in the General Health and
Anxiety/Depression domains and showed a greater improve-
ment in HR-QolL if treated with the combined therapy [156].
According to a small Danish study, carriers of the type 2 DIO
Thr92Ala and monocarboxylate transporter (MCT)10 poly-
morphisms more frequently preferred the combined treat-
ment [157]. These findings are not unequivocal, since in
a Dutch large, population-based cohort study of 12,625 parti-
cipants, the Thr92Ala type 2 DIO polymorphism had no effect
on thyroid parameters, HR-Qol, and cognitive functioning
[158]. Several clinical trials (mostly with a parallel or cross-
over design) evaluated combination therapy to LT4 monother-
apy, with inconsistent results as to improving symptoms and
HR-QoL in patients dissatisfied with LT4 alone. In a recent
double-blind, placebo-controlled RCT, 141 athyreotic patients
were treated with either LT4 + LT3 (in refracted doses) or LT4
monotherapy; the dose of LT3 was calculated to maintain a T4:
T3 ratio of 13:1 to 20:1 [159]. At six months, no significant
differences in the HR-QoL and serum sex-hormone binding
globulin (a peripheral tissue surrogate marker of thyroid hor-
mone action) were found; no patient preferred the combined
treatment despite the increase in FT3/FT4 ratio; dose adjust-
ment during the study period was greater in the combination
therapy group [159]. At variance, a recent systematic review,
meta-analysis, meta-regression of 11 RCTs (eight crossover)
including 1135 patients reported patient preference for the
combined therapy over LT4 monotherapy [160]. Likewise,
a systematic review and meta-analysis of 18 studies showed
that a higher proportion of patients (43%) preferred the com-
bined treatment compared to LT4 monotherapy (23%), with
>30% of patients having no preference [161]. Accordingly, it
has been emphasized that the choice of replacement regime
for hypothyroidism should be the result of a patient-centered
shared decision-making process [162]. Recent data from
a multisource systematic review and meta-analysis of 52 stu-
dies (21 RCTs, 4 cohort studies, 27 case reports) reported that
LT3 use, if regulated, i.e., not associated to supratherapeutic
doses, compounding errors, or misuse for weight loss and
bodybuilding, is not bound to an increased risk of adverse
events and death [163]. The use of LT3 (in combination with
LT4) has been insofar hampered by the short life of the current
preparations, requiring multiple daily administration, possibly
impacting on patient compliance with therapy, and potentially
causing dangerous daily fluctuations in serum FT3 levels. This
limitation might be overcome by slow-release LT3 formula-
tions providing stable FT3 concentrations. For the time being,
while waiting for larger, multicenter, better designed RCTs,
according to current guidelines LT4 monotherapy remains
the gold standard treatment for hypothyroidism under most
circumstances ([143]. A survey of >6000 specialists from 28
European countries confirmed that LT4 monotherapy is the
prevalent initial treatment for hypothyroidism [151]. In
selected patients with persistent symptoms despite
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biochemical euthyroidism, a trial of combination therapy may
be a valid option [164].

Recent guidelines have updated the issue of treatment of
hypothyroidism with LT4 as monotherapy [144,165].
A detailed description of the recommendations is beyond
the scope of this review article. The main key-points are
hereby summarized: i) LT4 tablet should be taken on an
empty stomach at least 30 min (ideally 60 min) before break-
fast or at bedtime (=3 hours after dinner); ii) if the patient is
switched to another brand, thyroid status should be checked
after 6 weeks; iii) the daily dose of LT4 should be comprised
between 1.5-1.7mcg/kg in patients with thyroid in situ,
1.8-2.0 mcg/kg in athyreotic patients, with the aim of main-
taining serum TSH within the normal range; iv) if the daily
dose exceeds the common doses, patient compliance, drug or
nutrients interference, comorbidities should be searched for;
v) in obese patients the lean mass is the major determinant of
LT4 dose; vi) switching to the (more expensive) liquid solution
or soft gel formulations of LT4 can be considered in the
presence of malabsorption; vii) liquid formulations may be
preferentially used in the unconscious or enterally fed adult
patient and in the infant [144,165].

Summary: Hypothyroidism is the desired goal of total thyr-
oidectomy in patients with GD. The current standard of care of
hypothyroidism is LT4 monotherapy, although a more physio-
logical replacement should be based on a combination of LT4
and LT3. In selected patients with persistent symptoms of
hypothyroidism and dissatisfaction with LT4 monotherapy,
small doses of LT3 may be added. Large, multicenter RTCs
are warranted to establish whether the combined therapy is
superior to LT4 monotherapy.

9. Conclusions

This review analyzed pros and cons of thyroidectomy for the
management of hyperthyroidism due to Graves’ disease.

All available treatments for GD are imperfect, because they
do not target relevant pathogenetic step of the disease.
Compared to ATDs and RAI treatment, thyroidectomy is the
least used first-line treatment, but it is useful and effective not
only in patients with relapsing hyperthyroidism, but also as
the initial therapy in patients in whom prompt eradication of
the disease is warranted because of high cardiovascular risk. If
surgery is selected, total thyroidectomy, rather than more
conservative approaches, is the procedure of choice, because
it eliminates the risk of a recurrence of hyperthyroidism.
Thyroidectomy bears a low risk of complications if performed
by a high-volume surgeon.

Whenever possible, hyperthyroidism should be controlled
by ATDs prior to surgery. Recent studies have challenged the
preoperative use of Kl, which is still useful in patients whose
hyperthyroidism is only partially controlled. VitD deficiency
should be corrected prior to surgery, to reduce the risk of
postoperative hypocalcemia;

Fluorescence-based techniques (NIRAF, ICG angiography),
through visualization of parathyroids and their vessels, seem
to reduce the risk of postoperative hypocalcemia, while intrao-
perative neuromonitoring helps reduce the risk of RLN injury.

GD per se represents a risk factor for the occurrence of the
main surgical complications, hypocalcemia, RLN injury and
postoperative neck hematoma.

Hypothyroidism is the desired goal of thyroidectomy in GD.
The current standard of care is represented by LT4
monotherapy.

10. Expert opinion

The available treatments for GD have drawbacks and limita-
tions. Pharmacological treatment with ATDs is not devoid of
toxicity and is bound to a high rate of relapses (about 50%) [7].
Recent studies showed that after prolonged (>5 years, up to 20
years) ATD treatment achieves remission of hyperthyroidism in
a larger proportion (around 80%) of patients, but not in all of
them [9]. RAI treatment and total thyroidectomy, particularly
the latter, are extremely effective in eradicating hyperthyroid-
ism, but inevitably cause hypothyroidism and the related need
for lifelong thyroid hormone replacement therapy (7). Therapy
of hypothyroidism is not that simple because potentially dan-
gerous periods of overtreatment and undertreatment are not
infrequent [148]. On the other hand, the risks of uncontrolled/
relapsing hyperthyroidism for the CV system, mortality, fertility,
cancer, GO should not be overlooked, and definitive eradication
of hyperthyroidism may represent the best way to prevent
them, especially in at-risk patients, who are old, obese, smokers,
diabetic, or with concomitant/preexisting CV disorders.

In view of the above uncertainties, the choice between very
long-term (maybe lifelong) ATD treatment or lifelong thyroid
hormone replacement therapy (after RAI or thyroidectomy),
one disease (hyperthyroidism) or another disease (hypothyr-
oidism), should be patient-centered within a thorough, shared
decision-making process. In particular, a multidisciplinary
approach is mandatory for the GD patient who is candidate
for surgery, to achieve a meticulous preoperative control of
hyperthyroidism (endocrinologist), a safe surgical procedure
(skilled high-volume surgeon and anesthesiologist), expertise
in the early postoperative management of complications (sur-
geon and endocrinologist), lifelong thyroid hormone replace-
ment therapy (endocrinologist) and management of chronic
hypoparathyroidism (endocrinologist).

In clinical practice and in keeping with current guidelines
[11,18], under most circumstances and unless the patient is
willing to go immediately for a definitive treatment, our
approach in patients with newly diagnosed GD is to use
ATDs as the first-line treatment for an 18-24-month course.
Persistence of detectable, but declining serum TSHR-Ab
levels around the end of the ATD course may suggest
continuing ATD treatment beyond 18-24 months. If
hyperthyroidism is poorly controlled or unstable in an
apparently compliant patient during the first ATD course
(and TSHR-Ab levels remain very high), we propose the
patient to go for a definitive treatment before the end of
the drug treatment course. If hyperthyroidism relapses after
the first ATD course, we thoroughly discuss with the patient
the pros and cons of the two options, i.e., a second course
of ATDs or a definitive treatment.



11. Five-year view

Pilot studies for the treatment of GD have been carried out with
the goal of restoring immune tolerance, contrasting
B lymphocytes, blocking stimulatory TSHR-Ab or interfering
with their binding to the TSH receptor, and blocking recycling
of TSHR-AB [see refs. [166,167] for recent reviews]. Results of
these studies are promising, but very preliminary. It seems unli-
kely that in the next five years we will witness a definitive answer
to the question of how to ‘cure’ GD. We will have to keep on
using current therapies for (many?) years to come before sur-
geons or nuclear medicine specialists go out of the business in
the field of GD. As far as surgical treatment of GD is concerned,
we expect that further refinement of surgical techniques con-
tributes to improving the outcomes of thyroidectomy, already
excellent in the hands of skilled surgeons.

Author contributions

CRediT: Luigi Bartalena: Conceptualization, Data curation, Formal analy-
sis, Methodology, Writing - original draft, Writing - review & editing;
Daniela Gallo: Conceptualization, Data curation, Methodology, Writing —
original draft, Writing - review & editing; Eliana Piantanida:
Conceptualization, Data curation, Writing — original draft, Writing — review
& editing; Maria Laura Tanda: Conceptualization, Data curation, Formal
analysis, Methodology, Writing — original draft, Writing - review & editing.

Funding

This paper was not funded.

Declaration of interests

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

ORCID

Luigi Bartalena
Daniela Gallo
Eliana Piantanida
Maria Laura Tanda

http://orcid.org/0000-0001-8447-5449
http://orcid.org/0000-0002-1873-3048
http://orcid.org/0000-0002-2360-1621

http://orcid.org/0000-0001-7551-1751

References

Papers of special note have been highlighted as either of interest (+)
or of considerable interest (s¢) to readers.
1. Davies TF, Andersen S, Latif R, et al. Graves’ disease. Nat Rev Dis
Primers. 2020;6(1):52. doi: 10.1038/s41572-020-0184-y
2. Bartalena L, Tanda ML. Current concepts regarding Graves’ orbito-
pathy. J Intern Med. 2022;292(5):692-716. doi: 10.1111/joim.13524
3. Bartalena L, Fatourechi V. Extrathyroidal manifestations of Graves’
disease: a 2014 update. J Endocrinol Invest. 2014;37(8):691-700.
doi: 10.1007/5s40618-014-0097-2

EXPERT REVIEW OF ENDOCRINOLOGY & METABOLISM 15

. Bartalena L, Burch HB, Burman KD, et al. A 2013 European survey of

clinical practice patterns in the management of graves' disease.
Clin Endocrinol (Oxf). 2016;84(1):115-120.

. Villagelin D, Cooper DS, Burch HB. A 2023 international survey of

clinical practice patterns in the management of graves disease:
a decade of change. J Clin Endocrinol Metab. 2024;109
(11):2956-2966. doi: 10.1210/clinem/dgae222

. Atkinson M, Agrawal M, Muralidhara K, et al. British thyroid associa-

tion survey of graves’ disease management in the Uk. Clin
Endocrinol (Oxf). 2025;103(3):376-384.

. Bartalena L, Piantanida E, Gallo D, et al. Management of graves’

hyperthyroidism: present and future. Expert Rev Endocrinol Metab.
2022;17(2):153-166. doi: 10.1080/17446651.2022.2052044

. Azizi F, Mehran L, Abdi H, et al. Approach to the patient considering

long-term antithyroid drug therapy for graves' disease. J Clin
Endocrinol Metab. 2024;109(10):e1881-e1888. doi: 10.1210/clinem/
dgae456

. Bartalena L, Smith TJ. Treatment of hyperthyroidism in graves’

disease complicated by thyroid eye disease. J Clin Endocrinol
Metab. 2025;110(4):922-930.

«« Comprehensive review of the debated issue of the management of

10.

Graves’ hyperthyroidism in patients with Graves’ orbitopathy.
Bartalena L, Gallo D, Kahaly GJ, et al. Process to radioactive iodine
treatment for graves’ hyperthyroidism: condemned or absolved?
J Endocrinol Invest. 2025;48(9):1927-1950. doi: 10.1007/540618-
025-02653-x

. Kahaly GJ, Bartalena L, Hegedis L, et al. 2018 European thyroid

association guideline for the management of graves’ hyperthyroid-
ism. Eur Thyroid J. 2018;7(4):167-186. doi: 10.1159/000490384

. Piantanida E. Preoperative management in patients with Graves’

disease. Gland Surg. 2017;6(5):476-481. doi: 10.21037/9s.2017.
05.09

. Yamashita S, Amino N, Shong YK. The American thyroid association

and American association of clinical endocrinologists hyperthyroid-
ism and other causes of thyrotoxicosis guidelines: viewpoints from
Japan and Korea. Thyroid. 2011;21(6):577-580.

. Okosieme OE, Taylor PN, Evans C, et al. Primary therapy of Graves’

disease and cardiovascular morbidity and mortality: a linked-record
cohort study. Lancet Diabetes Endocrinol. 2019;7(4):278-287.

«« Important study on the relevance of early definitive treatment

20.

21.

22.

of Graves’ disease to reduce the hyperthyroidism-related car-
diovascular morbidity and mortality.

. Lillevang-Johansen M, Abrahamsen B, Jgrgensen HL, et al. Excess

mortality in treated and untreated hyperthyroidism is related to
cumulative periods of low serum TSH. J Clin Endocrinol Metab.
2017;102(7):2301-2309. doi: 10.1210/jc.2017-00166

. Lillevang-Johansen M, Abrahamsen B, Jergensen HL, et al. Duration

of hyperthyroidism and lack of sufficient treatment are associated
with increased cardiovascular risk. Thyroid. 2019;29(3):332-340. doi:
10.1089/thy.2018.0320

. Guo H, Lv J, Zhang H, et al. Primary hyperthyroidism complicated by

primary hyperparathyroidism: a case report and literature review.
Front Oncol. 2025;15:1524367. doi: 10.3389/fonc.2025.1524367

. Patel KN, Yip L, Lubitz CC, et al. The American association of

Endocrine surgeons guidelines for the definitive surgical manage-
ment of thyroid disease in adults. Ann Surg. 2020;271(3):e21-e93.
doi: 10.1097/SLA.0000000000003580

. Sohn SY, Inoue K, Rhee CM, et al. Risks of iodine excess. Endocr Rev.

2024;45(6):858-879.

Excellent review of iodine excess-related thyroid dysfunction.
Sidibé EH. Thyréopathies en Afrique subsaharienne [French]. Cah
Santé. 2007;1:33-39. doi: 10.1684/5an.2007.0058

Bartalena L, Kahaly GJ, Baldeschi L, et al. The 2021 European group
on graves’ orbitopathy (EUGOGO) clinical practice guidelines for
the medical management of graves’ orbitopathy. Eur J Endocrinol.
2021;185(4):G43-G67. doi: 10.1530/EJE-21-0479

Burch HB, Perros P, Bednarczuk T, et al. Management of thyroid eye
disease: a consensus statement by the American thyroid associa-
tion and the European thyroid association. Thyroid. 2022;32
(12):1439-1470. doi: 10.1089/thy.2022.0251


https://doi.org/10.1038/s41572-020-0184-y
https://doi.org/10.1111/joim.13524
https://doi.org/10.1007/s40618-014-0097-2
https://doi.org/10.1210/clinem/dgae222
https://doi.org/10.1080/17446651.2022.2052044
https://doi.org/10.1210/clinem/dgae456
https://doi.org/10.1210/clinem/dgae456
https://doi.org/10.1007/s40618-025-02653-x
https://doi.org/10.1007/s40618-025-02653-x
https://doi.org/10.1159/000490384
https://doi.org/10.21037/gs.2017.05.09
https://doi.org/10.21037/gs.2017.05.09
https://doi.org/10.1210/jc.2017-00166
https://doi.org/10.1089/thy.2018.0320
https://doi.org/10.1089/thy.2018.0320
https://doi.org/10.3389/fonc.2025.1524367
https://doi.org/10.1097/SLA.0000000000003580
https://doi.org/10.1684/san.2007.0058
https://doi.org/10.1530/EJE-21-0479
https://doi.org/10.1089/thy.2022.0251

16 L. BARTALENA ET AL.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Jin J, Sandoval V, Lawless ME, et al. Disparity in the management of
graves’ disease observed at an urban county hospital: a decade-
long experience. Am J Surg. 2012;204(2):199-202.

Annesi CA, Woods AP, Kim NE, et al. Limited English proficiency
and graves’ disease at an urban safety net hospital. J Surg Res.
2024;296:56-65. doi: 10.1016/j.js5.2023.12.012

Laurberg P, Wallin G, Tallstedt L, et al. TSH-receptor autoimmunity
in graves’ disease after therapy with anti-thyroid drugs, surgery, or
radioiodine: a 5-year prospective randomized study. Eur
J Endocrinol. 2009;158(1):69-75.

Palit TK, Miller CC, Miltenburg DM. The efficacy of thyroidectomy
for graves’ disease: a meta-analysis. J Surg Res. 2000;90(2):161-165.
Genovese BM, Noureldine SI, Gleeson EM, et al. What is the best
definitive treatment for graves’ disease? A systematic review of the
existing literature. Ann Surg Oncol. 2013;20(2):660-667. doi: 10.
1245/510434-012-2606-x

Barczynski M, Konturek A, Hubalewska-Dydejczyk A, et al.
Randomized clinical trial of bilateral subtotal thyroidectomy versus
total thyroidectomy for graves’ disease with a 5-year follow-up. Br
J Surg. 2012;99(4):515-522.

Feroci F, Rettori M, Borrelli A, et al. A systematic review and meta-
analysis of total thyroidectomy versus bilateral subtotal thyroidect-
omy for graves' disease. Surgery. 2014;155(3):529-540. doi: 10.
1016/j.surg.2013.10.017

Mu L, Ren C, Xu J, et al. Total versus near-total thyroidectomy in
graves’ disease: a systematic review and meta-analysis of compara-
tive studies. Gland Surg. 2021;10(2):729-738. doi: 10.21037/gs-
20-757

Miccoli P, Berti P, Conte M, et al. Minimally invasive surgery for
thyroid small nodules: preliminary report. J Endocrinol Invest.
1999;22(11):849-851. doi: 10.1007/BF03343657

Pivotal study on mini-invasive video-assisted thyroidectomy.
Lu Q, Zhu X, Wang P, et al. Comparisons of different approaches
and incisions of thyroid surgery and selection strategy. Front
Endocrinol (Lausanne). 2023;14:1166820. doi: 10.3389/fendo.2023.
1166820

Russell JO, Tae K, Roth MY, et al. Remote-access thyroidectomy and
parathyroidectomy: a 2025 consensus statement from the
Asia-pacific society of thyroid surgery, American Head and neck
society, American association of Endocrine surgeons, American
thyroid association, European society of Endocrine surgeons, and
Latin American thyroid society. Thyroid. 2025;35(11):1285-1296.
doi: 10.1177/10507256251388410

Ross DS, Burch HB, Cooper DS, et al. 2016 American thyroid asso-
ciation guidelines for diagnosis and management of hyperthyroid-
ism and other causes of thyrotoxicosis. Thyroid. 2016;26
(10):1343-1421. doi: 10.1089/thy.2016.0229

Sosa JA, Bowman HM, Tielsch JM, et al. The importance of surgeon
experience for clinical and economic outcomes from
thyroidectomy. Ann Surg. 1998;228(3):320-330. doi: 10.1097/
00000658-199809000-00005

Seminal paper investigating the inverse relationship between
surgical volume and the incidence of post-thyroidectomy
complications.

Gourin CG, Tufano RP, Forastiere AA, et al. Volume-based trends in
thyroid surgery. Arch Otolaryngol Head Neck Surg. 2010;136
(12):1191-1198. doi: 10.1001/archoto.2010.212

Rubio GA, Koru-Sengul T, Vaghaiwalla TM, et al. Postoperative
outcomes in graves’ disease patients: results from the nationwide
inpatient sample database. Thyroid. 2017;27(6):825-831. doi: 10.
1089/thy.2016.0500

Nouraei SA, Virk JS, Middleton SE, et al. A national analysis of
trends, outcomes and volume-outcome relationships in thyroid
surgery. Clin Otolaryngol. 2017;42(1):354-365.

Adam MA, Thomas S, Youngwirth L, et al. Is there a minimum
number of thyroidectomies a surgeon should perform to optimize
patient outcomes? Ann Surg. 2017;265(2):402-407.

Weiss A, Parina RP, Tang JA, et al. Outcomes of thyroidectomy from
a large California state database. Am J Surg. 2015;210
(6):1170-1176.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Lorenz K, Raffaeli M, Barczynski M, et al. Volume, outcomes, and
quality standards in thyroid surgery: an evidence-based
analysis-European society of endocrine surgeons (eses) positional
statement. Langenbecks Arch Surg. 2020;405(4):401-425. doi: 10.
1007/500423-020-01907-x

Kruithoff ML, Gigliotti BJ. Thyroid emergencies: a narrative review.
Endocr Pract. 2025;31(10):1310-1318. doi: 10.1016/j.eprac.2025.
06.010

Al Jassim A, Wallace T, Bouhabel S, et al. A retrospective cohort
study: do patients with Graves’ disease need to be euthyroid prior
to surgery? Otolaryngol Head Neck Surg. 2018;47(1):37. doi: 10.
1186/540463-018-0281-z

Lincango EP, Figueroa LA, Arias Cortez C, et al. Safety of surgery for
managing hyperthyroidism in patients with or without preopera-
tive euthyroidism: a systematic review and meta-analysis.
Endocrine. 2025;90(1):49-59. doi: 10.1007/512020-025-04340-6

Lee PS, Chen JY, Kuo PC, et al. Influence of preoperative thyroid
status on clinical outcomes in graves’ disease undergoing thyroi-
dectomy. World J Surg. 2025;49(9):2464-2473. doi: 10.1002/wjs.
70020

Fazendin J, Zmijewski P, Allahwasaya A, et al. Surgical treatment of
hyperthyroidism can be performed safely before a euthyroid state
is achieved. Thyroid. 2023;33(6):691-696. doi: 10.1089/thy.2022.
0392

Swaminathan N, Carrillo DG, Stallworth J, et al. Intraoperative
hemodynamics of hyperthyroidism: controlled versus uncontrolled
graves disease. J Surg Res. 2025;316:222-228. doi: 10.1016/jjss.
2025.11.012

Yamashita H, Yoshimoto K, Okamura M, et al. Perioperative endo-
crine dynamics in euthyroid versus hyperthyroid patients with
Graves' disease undergoing total thyroidectomy: a prospective
cohort study. BMC Surg. 2026. doi: 10.1186/512893-026-03693-7
Online ahead of print.

Marigold JH, Morgan AK, Earle DJ, et al. Lugol's iodine: its effect on
thyroid blood flow in patients with thyrotoxicosis. Br J Surg.
1985;72(1):45-47.

Erbil Y, Ozluk Y, Giris M, et al. Effect of lugol solution on thyroid
gland blood flow and microvessel density in the patients with
graves’ disease. J Clin Endocrinol Metab. 2007;92(6):2182-2189.
doi: 10.1210/jc.2007-0229

Ansaldo GL, Pretolesi F, Varaldo E, et al. Doppler evaluation of
intrathyroid arterial resistances during preoperative treatment
with lugol’s iodide solution in patients with diffuse toxic goiter.
J Am Coll Surg. 2000;191(6):607-612.

Schiavone D, Crimi F, Cabrelle G, et al. Role of lugol solution before
total thyroidectomy for graves’ disease: randomized clinical trial. Br
J Surg. 2024;111(8):znae196. doi: 10.1093/bjs/znae196
Randomized clinical trial showing that preoperative treatment
with iodine solution may not be necessary in Graves’ patients
who are euthyroid under antithyroid drug treatment.

Whalen G, Sullivan M, Maranda L, et al. Randomized trial of a short
course of preoperative potassium iodide in patients undergoing
thyroidectomy for graves’ disease. Am J Surg. 2017;213
(4):805-809.

Tsai CH, Yang PS, Lee JJ, et al. Effects of preoperative iodine
administration ~ on  thyroidectomy  for  hyperthyroidism:
a systematic review and meta-analysis. Otolaryngol Head Neck
Surg. 2019;160(6):993-1002.

Lindner K, KuBmann J, Fendrich V. Preoperative potassium iodide
treatment in patients undergoing thyroidectomy for graves’ dis-
ease - perspective of a European high-volume center. World J Surg.
2020;44(10):3405-3409.

Barranquero AG, Muioz de Nova JL, Gbmez-Ramirez J, et al. Effect
of preoperative potassium iodide administration on graves’ disease
surgery: a propensity score analysis. Am J Surg. 2021;222
(5):959-963. doi: 10.1016/j.amjsurg.2021.04.023

Mercier F, Bonal M, Fanget F, et al. Does surgery without lugol’s
solution pretreatment for graves’ disease increase surgical morbid-
ity? World J Surg. 2018;42(7):2123-2126. doi: 10.1007/500268-017-
4443-3


https://doi.org/10.1016/j.jss.2023.12.012
https://doi.org/10.1245/s10434-012-2606-x
https://doi.org/10.1245/s10434-012-2606-x
https://doi.org/10.1016/j.surg.2013.10.017
https://doi.org/10.1016/j.surg.2013.10.017
https://doi.org/10.21037/gs-20-757
https://doi.org/10.21037/gs-20-757
https://doi.org/10.1007/BF03343657
https://doi.org/10.3389/fendo.2023.1166820
https://doi.org/10.3389/fendo.2023.1166820
https://doi.org/10.1177/10507256251388410
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1097/00000658-199809000-00005
https://doi.org/10.1097/00000658-199809000-00005
https://doi.org/10.1001/archoto.2010.212
https://doi.org/10.1089/thy.2016.0500
https://doi.org/10.1089/thy.2016.0500
https://doi.org/10.1007/s00423-020-01907-x
https://doi.org/10.1007/s00423-020-01907-x
https://doi.org/10.1016/j.eprac.2025.06.010
https://doi.org/10.1016/j.eprac.2025.06.010
https://doi.org/10.1186/s40463-018-0281-z
https://doi.org/10.1186/s40463-018-0281-z
https://doi.org/10.1007/s12020-025-04340-6
https://doi.org/10.1002/wjs.70020
https://doi.org/10.1002/wjs.70020
https://doi.org/10.1089/thy.2022.0392
https://doi.org/10.1089/thy.2022.0392
https://doi.org/10.1016/j.jss.2025.11.012
https://doi.org/10.1016/j.jss.2025.11.012
https://doi.org/10.1186/s12893-026-03693-7
https://doi.org/10.1210/jc.2007-0229
https://doi.org/10.1093/bjs/znae196
https://doi.org/10.1016/j.amjsurg.2021.04.023
https://doi.org/10.1007/s00268-017-4443-3
https://doi.org/10.1007/s00268-017-4443-3

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Hedberg F, Falhammar H, Calissendorff J, et al. Surgical outcome
after thyroidectomy due to Graves’ disease and lugol iodine treat-
ment: a retrospective register-based cohort study. Endocrine.
2024;85(1):272-278. doi: 10.1007/s12020-024-03708-4

Ciriotto D, Bernardi S, Eramo R, et al. Premedication with lugol’s
solution in total thyroidectomy for graves’ disease and toxic multi-
nodular goiter: is it still indicated? Updates Surg. 2026;78
(1):343-350. doi: 10.1007/513304-025-02475-9

Haroon AM, Ghani A, Ayesh AR, et al. The effect of iodine solution in
total thyroidectomy for patients with graves disease: a meta-analysis.
Surgery. 2026;190:109926. doi: 10.1016/j.surg.2025.109926
Calissendorff J, Falhammar H. Rescue pre-operative treatment with
lugol’s solution in uncontrolled graves’ disease. Endocr Connect.
2017;6(4):200-205. doi: 10.1530/EC-17-0025

Baeza A, Aguayo J, Barria M, et al. Rapid preoperative preparation
in hyperthyroidism. Clin Endocrinol (Oxf). 1991;35(5):439-442. doi:
10.1111/j.1365-2265.1991.tb03562.x

Moreno Watashi D, Sehgal A, Tejada Frisancho F, et al. Efficacy and
safety of adjunctive bile acid sequestrant therapy for thyrotoxico-
sis: a systematic review and meta-analysis of randomized con-
trolled trials. Thyroid. 2025. doi: 10.1177/10507256251409074
Tanska K, Leszczynska D, Glinicki P, et al. Therapeutic plasma
exchange with albumin as a valuable method of preparing thyr-
otoxic patients for a life-saving thyroidectomy. J Clin Apher.
2021;36(3):496-498. doi: 10.1002/jca.21866

Edafe O, Antakia R, Laskar N, et al. Systematic review and
meta-analysis of predictors of post-thyroidectomy hypocalcaemia.
Br J Surg. 2014;101(4):307-320. doi: 10.1002/bjs.9384

Karunakaran P, Maharajan C, Chockalingam R, et al. The effect of
total thyroidectomy on the recovery of bone mineral density in
subjects with hyperthyroidism. Surgery. 2019;165(1):80-84. doi: 10.
1016/j.surg.2018.05.082

Gkanis V, Nastos K, Ntalaperas K, et al. Calcium and vitamin
D reduce hypoparathyroidism and hospital stay after thyroidect-
omy: a randomized controlled trial. Surgery. 2026;192:110071. doi:
10.1016/j.surg.2025.110071

Genser L, Trésallet C, Godiris-Petit G, et al. Randomized controlled
trial of alfacalcidol supplementation for the reduction of hypocal-
cemia after total thyroidectomy. Am J Surg. 2014;207(1):39-45. doi:
10.1016/j.amjsurg.2013.05.007

Oltmann SC, Brekke AV, Schneider DF, et al. Preventing postopera-
tive hypocalcemia in patients with graves disease: a prospective
study. Ann Surg Oncol. 2015;22(3):952-958. doi: 10.1245/510434-
014-4077-8

Erbil Y, Bozbora A, Ozbey N, et al. Predictive value of age and
serum parathormone and vitamin d3 levels for postoperative hypo-
calcemia after total thyroidectomy for nontoxic multinodular
goiter. Arch Surg. 2007;142(12):1182-1187.

Vaitsi KD, Anagnostis P, Veneti S, et al. Preoperative vitamin
D deficiency is a risk factor for postthyroidectomy hypoparathyr-
oidism: a systematic review and meta-analysis of observational
studies. J Clin Endocrinol Metab. 2021;106(4):1209-1224. doi: 10.
1210/clinem/dgab039

Yosefof E, Dudkiewicz D, Ritter A, et al. Preoperative vitamin
D administration does not affect rates of post-thyroidectomy
hypocalcaemia. Acta Otorhinolaryngol Ital. 2025;45(4):237-243.
doi: 10.14639/0392-100X-A808

Sessa L, De Crea C, Zotta F, et al. Post-thyroidectomy hypocalcemia:
is a routine preferable over a selective supplementation? Am
J Surg. 2022;223(6):1126-1131. doi: 10.1016/j.amjsurg.2021.10.015
Jin X, Shen J, Liu T, et al. The significance of short-term preopera-
tive calcium and activated vitamin D3 supplementation in thyroi-
dectomy: a randomized trial and prospective study. Endocr
Connect. 2023;13(1):e230377.

Antakia R, Edafe O, Uttley L, et al. Effectiveness of preventative and
other surgical measures on hypocalcemia following bilateral thyr-
oid surgery: a systematic review and meta-analysis. Thyroid.
2015;25(1):95-106. doi: 10.1089/thy.2014.0101

Martin-Roman L, Colombari R, Fernandez-Martinez M, et al. Vitamin
D deficiency reduces postthyroidectomy protracted

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93

94.

EXPERT REVIEW OF ENDOCRINOLOGY & METABOLISM 17

hypoparathyroidism risk. Is gland preconditioning possible?
J Endocr Soc. 2022;7(1):bvac174. doi: 10.1210/jendso/bvac174
Cetani F, Bertoldo F, Bononi M, et al. Unveiling the complexities of
hypoparathyroidism: a comprehensive review of clinical manifesta-
tions, diagnosis, and novel therapies. J Endocrinol Invest. 2025;49
(4):725-746. doi: 10.1007/s40618-025-02760-9

Khan AA, Ali DS, Bilezikian JP, et al. Best practice recommendations
for the diagnosis and management of hypoparathyroidism.
Metabolism. 2025;171:156335. doi: 10.1016/j.metabol.2025.156335
Bollerslev J, Buch O, Cardoso LM, et al. Revised European society of
endocrinology clinical practice guideline: treatment of chronic
hypoparathyroidism in adults. Eur J Endocrinol. 2025;193(5):
G49-G78.

Mannstadt M, Cianferotti L, Gafni RI, et al. Hypoparathyroidism:
genetics and diagnosis. J Bone Min Res. 2022;37(12):2615-2629.
Excellent review on hypoparathyrodism.

Mohtashami S, Richardson K, Forest VI, et al. Thyroidectomy for
Graves' disease predicts postoperative neck hematoma and hypo-
calcemia: a North American cohort study. Ann Otol Rhinol Laryngol.
2022;131(4):341-351. doi: 10.1177/00034894211021288

Sands NB, Payne RJ, Coté V, et al. Female gender as a risk factor for
transient post-thyroidectomy hypocalcemia. Otolaryngol Head
Neck Surg. 2011;145(4):561-564. doi: 10.1177/0194599811414511
Ghani A, Al Darwashi LM, Hajeir MY, et al. Clinical impact of obesity
on thyroidectomy outcomes: a systematic review and meta-analysis.
Surgery. 2025;186:109598. doi: 10.1016/j.surg.2025.109598

Fields T, Ramonell K, Fazendin J, et al. The obesity paradox in
thyroid  surgery: is  higher BMI  protective  against
hypoparathyroidism? Am Surg. 2024;90(1):9-14. doi: 10.1177/
00031348231192065

Rao KN, Rajguru R, Dange P, et al. Lower rates of hypocalcemia
following near-infrared autofluorescence use in thyroidectomy: a
meta-analysis of RCTs. Diagn (Basel). 2024;14(5):505. doi: 10.3390/
diagnostics14050505

Valuable meta-analysis of NIRAF use during thyroidectomy.
Benmiloud F, Tolley N, Denizot A, et al. Parathyroid vascular anat-
omy using intraoperative mapping angiography: the PARATLAS
study. Br J Surg. 2025;112(3):znae307. doi: 10.1093/bjs/znae307
Cheung MH, Nguyen MT, Nguyen SA, et al. Fluorescent imaging in
thyroid surgery to preserve parathyroid function: a systematic
review and meta-analysis. Otolaryngol Head Neck Surg. 2026;174
(1):30-44. doi: 10.1002/0hn.70055

Khan AA, Guyatt G, Ali DS, et al. Management of
hypoparathyroidism. J Bone Min Res. 2022;37(12):2663-2677.
Exhastive review of the management of hypoparathyroidism.
Dionigi G, Boni L, Rovera F, et al. Postoperative laryngoscopy in
thyroid surgery: proper timing to detect recurrent laryngeal nerve
injury. Langenbecks Arch Surg. 2010;395(4):327-331. doi: 10.1007/
500423-009-0581-x

Dhillon VK, Rettig E, Noureldine SI, et al. The incidence of vocal
Fold motion impairment after primary thyroid and parathyroid
surgery for a single high-volume academic surgeon determined
by pre- and immediate post-operative fiberoptic laryngoscopy.
Int J Surg. 2018;56(8):73-78. doi: 10.1016/}.ijsu.2018.06.014

Wong KP, Mak KL, Wong CK, et al. Systematic review and
meta-analysis on intra-operative neuro-monitoring in high-risk
thyroidectomy. Int J Surg. 2017;38(2):21-30.

Higgins TS, Gupta R, Ketcham AS, et al. Recurrent laryngeal nerve
monitoring versus identification alone on post-thyroidectomy true
vocal Fold palsy: a meta-analysis. Laryngoscope. 2011;121
(5):1009-1017. doi: 10.1002/lary.21578

. Merchavy S, Kassem K, Awawde R, et al. Intraoperative nerve monitor-

ing parameters and risk of recurrent laryngeal nerve injury in thyroi-
dectomy: a systematic review and meta-analysis. Biomedicines.
2025;13(10):2516. doi: 10.3390/biomedicines13102516

Valuable meta-analysis of the IONM use during thyroidectomy.
Tarallo M, Carlino C, Crocetti D, et al. Safety and outcomes of
thyroid surgery: a high-volume center case series and the role of
intraoperative neuromonitoring in preventing complications. J Clin
Med. 2025;14(17):6077. doi: 10.3390/jcm14176077


https://doi.org/10.1007/s12020-024-03708-4
https://doi.org/10.1007/s13304-025-02475-9
https://doi.org/10.1016/j.surg.2025.109926
https://doi.org/10.1530/EC-17-0025
https://doi.org/10.1111/j.1365-2265.1991.tb03562.x
https://doi.org/10.1111/j.1365-2265.1991.tb03562.x
https://doi.org/10.1177/10507256251409074
https://doi.org/10.1002/jca.21866
https://doi.org/10.1002/bjs.9384
https://doi.org/10.1016/j.surg.2018.05.082
https://doi.org/10.1016/j.surg.2018.05.082
https://doi.org/10.1016/j.surg.2025.110071
https://doi.org/10.1016/j.surg.2025.110071
https://doi.org/10.1016/j.amjsurg.2013.05.007
https://doi.org/10.1016/j.amjsurg.2013.05.007
https://doi.org/10.1245/s10434-014-4077-8
https://doi.org/10.1245/s10434-014-4077-8
https://doi.org/10.1210/clinem/dgab039
https://doi.org/10.1210/clinem/dgab039
https://doi.org/10.14639/0392-100X-A808
https://doi.org/10.1016/j.amjsurg.2021.10.015
https://doi.org/10.1089/thy.2014.0101
https://doi.org/10.1210/jendso/bvac174
https://doi.org/10.1007/s40618-025-02760-9
https://doi.org/10.1016/j.metabol.2025.156335
https://doi.org/10.1177/00034894211021288
https://doi.org/10.1177/0194599811414511
https://doi.org/10.1016/j.surg.2025.109598
https://doi.org/10.1177/00031348231192065
https://doi.org/10.1177/00031348231192065
https://doi.org/10.3390/diagnostics14050505
https://doi.org/10.3390/diagnostics14050505
https://doi.org/10.1093/bjs/znae307
https://doi.org/10.1002/ohn.70055
https://doi.org/10.1007/s00423-009-0581-x
https://doi.org/10.1007/s00423-009-0581-x
https://doi.org/10.1016/j.ijsu.2018.06.014
https://doi.org/10.1002/lary.21578
https://doi.org/10.3390/biomedicines13102516
https://doi.org/10.3390/jcm14176077

18 L. BARTALENA ET AL.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Aygun N, Russell MD, Kartal K, et al. Intraoperative nerve monitoring
during thyroidectomy can reduce the injury to the external branch
of the superior laryngeal nerve during superior thyroid
Pole dissection: a prospective randomized study. Head Neck.
2025;48(5):1250-1258. doi: 10.1002/hed.70128 Online ahead of print.
Promberger R, Ott J, Kober F, et al. Risk factors for postoperative
bleeding after thyroid surgery. Br J Surg. 2012;99(3):373-379. doi:
10.1002/bjs.7824

Doran HE, Wiseman SM, Palazzo FF, et al. Post-thyroidectomy
bleeding: analysis of risk factors from a national registry. Br
J Surg. 2021;108(7):851-857.

Tausanovic K, Zivaljevic V, Grujicic SS, et al. Case control study of
risk factors for occurrence of postoperative hematoma after thyroid
surgery: ten year analysis of 6938 operations in a tertiary center in
Serbia. World J Surg. 2022;46(10):2416-2422. doi: 10.1007/500268-
022-06634-6

Saitou M, Akasu H, Jikuzono T, et al. Postoperative bleeding risk in
thyroid surgery: differences between conventional and endoscopic
video-assisted neck surgery methods. J Nippon Med Sch. 2024;91
(5):432-438. doi: 10.1272/jnms.JNMS.2024_91-507

Quimby AE, Wells ST, Hearn M, et al. Is there a group of patients at
greater risk for hematoma following thyroidectomy? A systematic
review and meta-analysis. Laryngoscope. 2017;127(6):1483-1490.
doi: 10.1002/lary.26195

Morandi R, Guarneri C, Nardin M, et al. Overnight total thyroidect-
omy: a safe management. Langenbecks Arch Surg. 2025;411(1):34.
Ghani A, Ayesh AR, Rajaram H, et al. Thyroidectomy outcomes in
older adults: a systematic review and meta-analysis. JAMA
Otolaryngol Head Neck Surg. 2026;5:e255345. doi: 10.1001/
jamaoto.2025.5345 Online ahead of print.

Tallstedt L, Lundell G, Terring O, et al. Occurrence of ophthalmo-
pathy after treatment for graves’' hyperthyroidism. The thyroid
study group. N Engl J Med. 1992;326(26):1733-1738. doi: 10.1056/
NEJM199206253262603

Bartalena L, Marcocci C, Bogazzi F, et al. Relation between therapy
for hyperthyroidism and the course of graves’ ophthalmopathy.
N Engl J Med. 1998;338(2):73-78. doi: 10.1056/
NEJM199801083380201

= Pivotal randomized clinical trial showing that radioactive iodine

105.

106.

107.

108.

109.

110.

111.

112.

treatment may cause progression of Graves’ orbitopathy.
Marcocci C, Bruno-Bossio G, Manetti L, et al. The course of graves’
ophthalmopathy is not influenced by near total thyroidectomy:
a case-control study. Clin Endocrinol (Oxf). 1999;51(4):503-508.
Weber KJ, Solorzano CC, Lee JK, et al. Thyroidectomy remains an
effective treatment option for graves’ disease. Am J Surg. 2006;191
(3):400-405. doi: 10.1016/j.amjsurg.2005.10.043

Liu X, Wong CKH, Wu T, et al. A comparison of cardiovascular
disease, cancer, mortality, and graves’ ophthalmopathy following
treatment for hyperthyroidism: a Bayesian network meta-analysis.
World J Surg. 2024;48(2):393-407.

Erdogan MF, Demir O, Ersoy RU, et al. Comparison of early total
thyroidectomy with antithyroid treatment in patients with moder-
ate-severe graves’ orbitopathy: a randomized prospective trial. Eur
Thyroid J. 2016;5(2):106-111. doi: 10.1159/000444796

Meyer Zu Horste M, Pateronis K, Walz MK, et al. The effect of early
thyroidectomy on the course of active graves’ orbitopathy (GO):
a retrospective case study. Horm Metab Res. 2016;48(7):433-439.
doi: 10.1055/5s-0042-108855

Kautbally S, Alexopoulou O, Daumerie C, et al. Greater efficacy of
total thyroidectomy versus radioiodine therapy on hyperthyroidism
and thyroid-stimulating immunoglobulin levels in patients with
Graves' disease previously treated with antithyroid drugs. Eur
Thyroid J. 2012;1(2):122-128. doi: 10.1159/000339473

Menconi F, Marind M, Pinchera A, et al. Effects of total thyroid
ablation versus near-total thyroidectomy alone on mild to moder-
ate graves’ orbitopathy treated with intravenous glucocorticoids.
J Clin Endocrinol Metab. 2007;92(5):1653-1658. doi: 10.1210/jc.
2006-1800

Moleti M, Violi MA, Montanini D, et al. Radioiodine ablation of
postsurgical thyroid remnants after treatment with recombinant

113

114.

115.

116.

117.

118.

119

120.

121.

122.

123

124

125

126.

127.

128.

129.

130.

131.

human TSH (rhTSH) in patients with moderate-to-severe graves’
orbitopathy (GO): a prospective, randomized, single-blind clinical
trial. J Clin Endocrinol Metab. 2014;99(5):1783-1789.

. Oeverhaus M, Koenen J, Bechrakis N, et al. Radioiodine ablation of

thyroid remnants in patients with graves’ orbitopathy. J Nucl Med.
2023;64(4):561-566. doi: 10.2967/jnumed.122.264660

Cosentino G, Lanzolla G, Comi S, et al. Ablative versus conservative
approach for hyperthyroidism treatment in patients with graves’ orbi-
topathy: a retrospective cohort study. Thyroid. 2025;35(3):298-306.
Biondi B, Kahaly GJ. Cardiovascular involvement in patients with
different causes of hyperthyroidism. Nat Rev Endocrinol. 2010;6
(8):431-443. doi: 10.1038/nrendo.2010.105

Dekkers OM, Horvath-Puhé E, Cannegieter SC, et al. Acute cardio-
vascular events and all-cause mortality in patients with hyperthyr-
oidism: a population-based cohort study. Eur J Endocrinol.
2017;176(1):1-9. doi: 10.1530/EJE-16-0576

Chen Q, Chen D, Wang X, et al. Increased risk of multisystem
comorbidities and disease trajectories following hyperthyroidism:
evidence from the 0.5 million Uk biobank population. Endocr
Connect. 2025;14(5):2250066. doi: 10.1530/EC-25-0066

Schwensen CF, Brandt F, Hegediis L, et al. Mortality in graves’
orbitopathy is increased and influenced by gender, age and pre-
existing morbidity: a nationwide Danish register study. Eur
J Endocrinol. 2017;176(6):669-676. doi: 10.1530/EJE-16-0954

. Kim HJ, Kang T, Kang MJ, et al. Incidence and mortality of myocar-

dial infarction and stroke in patients with hyperthyroidism:
a nationwide cohort study in Korea. Thyroid. 2020;30(7):955-965.
Ryodi E, Metso S, Huhtala H, et al. Cardiovascular morbidity and
mortality after treatment of hyperthyroidism with either radioac-
tive iodine or thyroidectomy. Thyroid. 2018;28(9):1111-1120. doi:
10.1089/thy.2017.0461

Giesecke P, Rosenqvist M, Frykman V, et al. Increased cardiovascu-
lar mortality and morbidity in patients treated for toxic nodular
goiter compared to Graves’' disease and nontoxic goiter. Thyroid.
2017;27(7):878-885.

Cho YY, Kim B, Choi D, et al. Graves’ disease, its treatments, and the risk
of atrial fibrillation: a Korean population-based study. Front Endocrinol
(Lausanne). 2022;13:1032764. doi: 10.3389/fendo.2022.1032764

. Naser JA, Pislaru SV, Stan MN, et al. Incidence, risk factors, and

outcomes of incident atrial fibrillation in patients with graves
disease. Mayo Clin Proc. 2023;98(6):883-891. doi: 10.1016/j.
mayocp.2022.12.013

. Elomaa K, Spick M, Gan EH, et al. Variable hyperthyroidism out-

comes related to different treatment regimens: an analysis of Uk
biobank data. Eur Thyroid J. 2025;14(2):e240393. doi: 10.1530/ETJ-
24-0393

. Peng CC, Lin YJ, Lee SY, et al. MACE and hyperthyroidism treated

with medication, radioactive iodine, or thyroidectomy. JAMA
Netw Open. 2024;7(3):e240904. doi: 10.1001/jamanetworkopen.
2024.0904

Abraham-Nordling M, Térring O, Hamberger B, et al. Graves’ dis-
ease: a long-term quality-of-life follow up of patients randomized
to treatment with antithyroid drugs, radioiodine, or surgery.
Thyroid. 2005;15(11):1279-1286. doi: 10.1089/thy.2005.15.1279
Watt T, Groenvold M, Rasmussen AK, et al. Quality of life in patients
with benign thyroid disorders. A review. Eur J Endocrinol. 2006;154
(4):501-510. doi: 10.1530/eje.1.02124

Ljunggren JG, Torring O, Wallin G, et al. Quality of life aspects and
costs in treatment of graves’' hyperthyroidism with antithyroid
drugs, surgery, or radioiodine: results from a prospective, rando-
mized study. Thyroid. 1998;8(8):653-659.

Gerding MN, Terwee CB, Dekker FW, et al. Quality of life in patients
with Graves’ ophthalmopathy is markedly decreased: measurement
by the medical outcomes study instrument. Thyroid. 1997;7
(6):885-889. doi: 10.1089/thy.1997.7.885

Ponto KA, Merkesdal S, Hommel G, et al. Public health relevance of
graves’ orbitopathy. J Clin Endocrinol Metab. 2013;98(1):145-152.
Smith TJ, Hegedis L, Lesser I, et al. How patients experience
thyroid eye disease. Front Endocrinol (Lausanne).
2023;14:1283374. doi: 10.3389/fendo.2023.1283374


https://doi.org/10.1002/hed.70128
https://doi.org/10.1002/bjs.7824
https://doi.org/10.1002/bjs.7824
https://doi.org/10.1007/s00268-022-06634-6
https://doi.org/10.1007/s00268-022-06634-6
https://doi.org/10.1272/jnms.JNMS.2024_91-507
https://doi.org/10.1002/lary.26195
https://doi.org/10.1001/jamaoto.2025.5345
https://doi.org/10.1001/jamaoto.2025.5345
https://doi.org/10.1056/NEJM199206253262603
https://doi.org/10.1056/NEJM199206253262603
https://doi.org/10.1056/NEJM199801083380201
https://doi.org/10.1056/NEJM199801083380201
https://doi.org/10.1016/j.amjsurg.2005.10.043
https://doi.org/10.1159/000444796
https://doi.org/10.1055/s-0042-108855
https://doi.org/10.1159/000339473
https://doi.org/10.1210/jc.2006-1800
https://doi.org/10.1210/jc.2006-1800
https://doi.org/10.2967/jnumed.122.264660
https://doi.org/10.1038/nrendo.2010.105
https://doi.org/10.1530/EJE-16-0576
https://doi.org/10.1530/EC-25-0066
https://doi.org/10.1530/EJE-16-0954
https://doi.org/10.1089/thy.2017.0461
https://doi.org/10.1089/thy.2017.0461
https://doi.org/10.3389/fendo.2022.1032764
https://doi.org/10.1016/j.mayocp.2022.12.013
https://doi.org/10.1016/j.mayocp.2022.12.013
https://doi.org/10.1530/ETJ-24-0393
https://doi.org/10.1530/ETJ-24-0393
https://doi.org/10.1001/jamanetworkopen.2024.0904
https://doi.org/10.1001/jamanetworkopen.2024.0904
https://doi.org/10.1089/thy.2005.15.1279
https://doi.org/10.1530/eje.1.02124
https://doi.org/10.1089/thy.1997.7.885
https://doi.org/10.3389/fendo.2023.1283374

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

Torring O, Watt T, Sjolin G, et al. Impaired quality of life after
radioiodine therapy compared to antithyroid drugs or surgical
treatment for graves’ hyperthyroidism: a long-term follow-up with
the thyroid-related patient-reported outcome questionnaire and
36-item short form health status survey. Thyroid. 2019;29
(3):322-331. doi: 10.1089/thy.2018.0315

Amici JM, Taieb C, Le Floc'h C, et al. The impact of visible scars on
well-being and quality of life: an international epidemiological
survey in adults. J Eur Acad Dermatol Venereol. 2023;37(Suppl
3):3-6. doi: 10.1111/jdv.18856

Shen K, Liu Y, Tan M, et al. Long-term scar perception and quality
of life after open thyroidectomy in Chinese patients: a
cross-sectional survey study. Thyroid. 2025. doi: 10.1177/
10507256251398414 Online ahead of print.

Agrawal V, Yadav SK, Agarwal P, et al. Quality of life after endo-
scopic vs. conventional open thyroidectomy: a systematic review
and meta-analysis. Langenbecks Arch Surg. 2025;410(1):144. doi:
10.1007/500423-025-03616-9

Kyriacou A, Vryza P, Kyriacou A, et al. Severity of thyrotoxicosis
is a risk factor for excessive weight gain in treated
hyperthyroidism. Eur Thyroid J. 2025;14(3):e240373. doi: 10.
1530/ETJ-24-0373

Katz DA, McHorney CA, Atkinson RL. Impact of obesity on health-related
quality of life in patients with chronic illness. J Gen Intern Med. 2000;15
(11):789-796. doi: 10.1046/j.1525-1497.2000.90906.x

Huynh CN, Pearce JV, Kang L, et al. Weight gain after thyroidect-
omy: a systematic review and meta-analysis. J Clin Endocrinol
Metab. 2021;106(1):282-291. doi: 10.1210/clinem/dgaa754
Valuable review investigating the weight regain after
thyroidectomy.

Rotondi M, Croce L, Pallavicini C, et al. Body weight changes in
a large cohort of patients subjected to thyroidectomy for a wide
spectrum of thyroid diseases. Endocr Pract. 2014;20(11):1151-1158.
doi: 10.4158/EP14125.0R

Kyriacou A, Kyriacou A, Lamnisos D, et al. Weight gain after treat-
ment of hyperthyroidism is associated with impairment of quality
of life. Thyroid. 2025. doi: 10.1177/10507256251404868 Online
ahead of print.

Fukuda T, Tachibana S, Osako T, et al. Alterations in body weight and
composition in patients with Graves’ disease treated with total thyr-
oidectomy. Cureus. 2024;16(6):e63338. doi: 10.7759/cureus.63338
Nagayama Y, Yamashita H. Addressing the impact on the patient’s
quality of life following treatment for hyperthyroidism and subse-
quent  weight gain.  Thyroid.  2025. doi: 10.1177/
10507256251411927 Online ahead of print.

Jonklaas J, Bianco AC, Bauer AJ, et al. Guidelines for the treatment
of hypothyroidism: prepared by the American thyroid association
task force on thyroid hormone replacement. Thyroid. 2014;24
(12):1670-1751. doi: 10.1089/thy.2014.0028

Guglielmi R, Mian C, Novizio R, et al. Italian guidelines for the
management of adult individuals with primary hypothyroidism
outside pregnancy. J Endocrinol Invest. 2025;48(10):2295-2313.
Luongo C, Dentice M, Salvatore D. Deiodinases and their intricate
role in thyroid hormone homeostasis. Nat Rev Endocrinol. 2019;15
(8):479-488. doi: 10.1038/541574-019-0218-2

Salvatore D, Porcelli T, Ettleson MD, et al. The relevance of T3 in the
management of hypothyroidism. Lancet Diabetes Endocrinol.
2022;10(5):366-372. doi: 10.1016/52213-8587(22)00004-3
Nagayama Y, Tachibana S, Fukuda T, et al. Early postoperative
levothyroxine initiation after total thyroidectomy for graves’ dis-
ease. Endocr J. 2025;72(7):813-818. doi: 10.1507/endocrj.EJ25-0009
Feldt-Rasmussen U, Effraimidis G, Bliddal S, et al. Risks of subopti-
mal and excessive thyroid hormone replacement across ages.
J Endocrinol Invest. 2024;47(5):1083-1090.

Peterson SJ, Cappola AR, Castro MR, et al. An online survey of
hypothyroid patients demonstrates prominent dissatisfaction.
Thyroid. 2018;28(6):707-721.

150.

151.

152

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

EXPERT REVIEW OF ENDOCRINOLOGY & METABOLISM 19

Hegedus L, Bianco AC, Jonklaas J, et al. Primary hypothyroidism
and quality of life. Nat Rev Endocrinol. 2022;18(4):230-242. doi: 10.
1038/541574-021-00625-8

Attanasio R, Zarkovi¢ M, Papini E, et al. Patients’ persistent symp-
toms, clinician demographics, and geo-economic factors are asso-
ciated with choice of therapy for hypothyroidism by European
thyroid specialists: the “thesis” collaboration. Thyroid. 2024;34
(4):429-441. doi: 10.1089/thy.2023.0580

. Escobar-Morreale HF, Obregén MJ, Escobar Del Rey F, et al.

Replacement therapy for hypothyroidism with thyroxine alone
does not ensure euthyroidism in all tissues, as studied in thyroi-
dectomized rats. J Clin Invest. 1995;96(6):2828-2838.

Gullo D, Latina A, Frasca F, et al. Levothyroxine monotherapy
cannot guarantee euthyroidism in all athyreotic patients. PLOS
ONE. 2011;6(8):e22552. doi: 10.1371/journal.pone.0022552
Jonklaas J, Davidson B, Bhagat S, et al. Triiodothyronine levels in
athyreotic individuals during levothyroxine therapy. JAMA.
2008;299(7):769-777.

Castagna MG, Dentice M, Cantara S, et al. DIO2 Thr92Ala reduces
deiodinase-2 activity and serum-T3 levels in thyroid-deficient
patients. J Clin Endocrinol Metab. 2017;102(5):1623-1630. doi: 10.
1210/jc.2016-2587

Panicker V, Saravanan P, Vaidya B, et al. Common variation in the
DIO2 gene predicts baseline psychological well-being and
response to combination thyroxine plus triiodothyronine therapy
in hypothyroid patients. J Clin Endocrinol Metab. 2009;94
(5):1623-1629. doi: 10.1210/jc.2008-1301

Carlé A, Faber J, Steffensen R, et al. Hypothyroid patients encoding
combined MCT10 and DIO2 gene polymorphisms may prefer L-T3 +
L-T4 combination treatment - data using a blind, randomized, clin-
ical study. Eur Thyroid J. 2017;6(3):143-151. doi: 10.1159/000469709
Wouters HJ, van Loon HC, van der Klauw MM, et al. No effect of the
Thr92Ala polymorphism of deiodinase-2 on thyroid hormone para-
meters, health-related quality of life, and cognitive functioning in
a large population-based cohort study. Thyroid. 2017;27(2):147-155.
Brigante G, Santi D, Boselli G, et al. Randomized double-blind
placebo-controlled trial on levothyroxine and liothyronine combination
therapy in totally thyroidectomized subjects: the LEVOLIO study. Eur
J Endocrinol. 2024;190(1):12-22. doi: 10.1093/ejendo/Ivad172

de Lima Beltrao FE, Carvalhal G, de Almeida Beltrao DC, et al. Treatment
preferences in patients with hypothyroidism. J Clin Endocrinol Metab.
2025;110(3):887-900. doi: 10.1210/clinem/dgae651

Millan-Alanis JM, Gonzélez-Gonzalez JG, Flores-Rodriguez A, et al.
Benefits and harms of levothyroxine/L-triiodothyronine versus
levothyroxine monotherapy for adult patients with hypothyroid-
ism: systematic review and meta-analysis. Thyroid. 2021;31
(11):1613-1625. doi: 10.1089/thy.2021.0270

Bianco AC. Shared decisionmaking in the treatment of
hypothyroidism. Clin Endocrinol (Oxf). 2025;103(1):106-112. doi:
10.1111/cen.15228

Bahl S, Taylor PN, Premawardhana LD, et al. Risk of death and
adverse effects in patients on liothyronine: a multisource systema-
tic review and meta-analysis. J Clin Endocrinol Metab. 2025;110
(11):3278-3288. doi: 10.1210/clinem/dgaf449

Biondi B, Celi FS, McAninch EA. Critical approach to hypothyroid
patients with persistent symptoms. J Clin Endocrinol Metab.
2023;108(10):2708-2716. doi: 10.1210/clinem/dgad224

Centanni M, Duntas L, Feldt-Rasmussen U, et al. ETA guidelines
for the use of levothyroxine sodium preparations in monother-
apy to optimize the treatment of hypothyroidism. Eur Thyroid J.
2025;14(4):e250123. doi: 10.1530/ETJ-25-0123

Lanzolla G, Marind M, Menconi F. Graves disease: latest under-
standing of pathogenesis and treatment options. Nat Rev
Endocrinol. 2024;20(11):647-660. doi: 10.1038/5s41574-024-01016-5
Lee ACH, Kahaly GJ. Targeted immunotherapies for graves’ thyroi-
dal & orbital diseases. Front Immunol. 2025;16:1571427. doi: 10.
3389/fimmu.2025.1571427


https://doi.org/10.1089/thy.2018.0315
https://doi.org/10.1111/jdv.18856
https://doi.org/10.1177/10507256251398414
https://doi.org/10.1177/10507256251398414
https://doi.org/10.1007/s00423-025-03616-9
https://doi.org/10.1007/s00423-025-03616-9
https://doi.org/10.1530/ETJ-24-0373
https://doi.org/10.1530/ETJ-24-0373
https://doi.org/10.1046/j.1525-1497.2000.90906.x
https://doi.org/10.1210/clinem/dgaa754
https://doi.org/10.4158/EP14125.OR
https://doi.org/10.1177/10507256251404868
https://doi.org/10.7759/cureus.63338
https://doi.org/10.1177/10507256251411927
https://doi.org/10.1177/10507256251411927
https://doi.org/10.1089/thy.2014.0028
https://doi.org/10.1038/s41574-019-0218-2
https://doi.org/10.1016/S2213-8587(22)00004-3
https://doi.org/10.1507/endocrj.EJ25-0009
https://doi.org/10.1038/s41574-021-00625-8
https://doi.org/10.1038/s41574-021-00625-8
https://doi.org/10.1089/thy.2023.0580
https://doi.org/10.1371/journal.pone.0022552
https://doi.org/10.1210/jc.2016-2587
https://doi.org/10.1210/jc.2016-2587
https://doi.org/10.1210/jc.2008-1301
https://doi.org/10.1159/000469709
https://doi.org/10.1093/ejendo/lvad172
https://doi.org/10.1210/clinem/dgae651
https://doi.org/10.1089/thy.2021.0270
https://doi.org/10.1111/cen.15228
https://doi.org/10.1111/cen.15228
https://doi.org/10.1210/clinem/dgaf449
https://doi.org/10.1210/clinem/dgad224
https://doi.org/10.1530/ETJ-25-0123
https://doi.org/10.1038/s41574-024-01016-5
https://doi.org/10.3389/fimmu.2025.1571427
https://doi.org/10.3389/fimmu.2025.1571427

	Abstract
	1.  Introduction
	1.1.  Selection of thyroidectomy as the treatment for Graves’ disease
	1.1.1.  Relapsing hyperthyroidism following ATD withdrawal
	1.1.2.  Unstable hyperthyroidism
	1.1.3.  Large goiter with/without compressive symptoms
	1.1.4.  Ultrasonographically and/or cytologically highly suspicious nodules
	1.1.5.  Intolerance to or severe adverse events of ATDs during pregnancy
	1.1.6.  Low thyroidal radioactive iodine uptake
	1.1.7.  Lack of facilities for RAI treatment
	1.1.8.  Presence of GO
	1.1.9.  Socioeconomic factors


	2.  Extent of surgery, surgical approaches, and the role of surgical volume
	2.1.  Extent of surgery
	2.2.  Surgical approaches
	2.3.  Surgical volume

	3.  Preoperative treatment
	3.1.  Antithyroid drug treatment
	3.2.  Potassium iodide
	3.3.  Calcium and/or vitamin Dsupplementation

	4.  Complications of thyroidectomy
	4.1.  Hypoparathyroidism
	4.2.  Recurrent laryngeal nerve injury
	4.3.  Postoperative hematoma

	5.  Relation between thyroidectomy and Graves’ orbitopathy
	6.  Cardiovascular outcomes in Graves’ patients after thyroidectomy
	7.  Quality of life after thyroidectomy
	8.  Management of post-thyroidectomy hypothyroidism
	9.  Conclusions
	10.  Expert opinion
	11.  Five-year view
	Author contributions
	Funding
	Declaration of interests
	Reviewer disclosures
	References

