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Objective: To develop evidence-based recommendations for safe, effective,

and appropriate thyroidectomy.

Background: Surgical management of thyroid disease has evolved consid-

erably over several decades leading to variability in rendered care. Over

100,000 thyroid operations are performed annually in the US.

Methods: The medical literature from 1/1/1985 to 11/9/2018 was reviewed

by a panel of 19 experts in thyroid disorders representing multiple disciplines.

The authors used the best available evidence to construct surgical manage-

ment recommendations. Levels of evidence were determined using the

American College of Physicians grading system, and management recom-

mendations were discussed to consensus. Members of the American Associ-

ation of Endocrine Surgeons reviewed and commented on preliminary drafts

of the content.

Results: These clinical guidelines analyze the indications for thyroidectomy

as well as its definitions, technique, morbidity, and outcomes. Specific topics

include Pathogenesis and Epidemiology, Initial Evaluation, Imaging, Fine

Needle Aspiration Biopsy Diagnosis, Molecular Testing, Indications, Extent

and Outcomes of Surgery, Preoperative Care, Initial Thyroidectomy, Periop-

erative Tissue Diagnosis, Nodal Dissection, Concurrent Parathyroidectomy,

Hyperthyroid Conditions, Goiter, Adjuncts and Approaches to Thyroidec-

tomy, Laryngology, Familial Thyroid Cancer, Postoperative Care and Com-

plications, Cancer Management, and Reoperation.

Conclusions: Evidence-based guidelines were created to assist clinicians in

the optimal surgical management of thyroid disease.
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pathogenesis, poorly differentiated thyroid carcinoma, postoperative care,
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T hyroidectomy, a term used herein to include any type of thyroid
surgery, is a common procedure in the US, with >100,000

thyroidectomies performed every year.1,2 Recent advances in the
diagnosis and management of benign and malignant thyroid disease
have emphasized algorithmic, personalized, and evidence-based
care. Surgical indications and treatment paradigms also have under-
gone extensive change, particularly with the addition of new cyto-
logic and pathologic diagnostic criteria, molecular profiling tests,
operative techniques, and adjuncts. However, such transformations
have propagated differences in clinical interpretation and manage-
ment, and as a result, clinical uncertainty and even controversy
have emerged.

Recognizing the importance of these changes, the American
Association of Endocrine Surgeons (AAES) determined that evi-
dence-based clinical guidelines were necessary to enhance the safe
and effective surgical treatment of benign and malignant thyroid
disease, and convened a multidisciplinary panel with representation
from the disciplines of endocrinology, pathology, and surgery to
supply a broad update for all involved clinicians. The guidelines
specifically aim to:

1. Help surgical caregivers and their team members understand
relevant aspects of the epidemiology and pathogenesis of
thyroid disease.

2. Describe the succinct diagnosis of thyroid disease using labora-
tory studies, molecular profiling, and clinical findings (both
subjective and objective).

3. Define the indications for surgical intervention and the appropri-
ate extent and conduct of surgery.

4. Detail methods for safe and effective perioperative management,
including complications.

5. Analyze the optimal management of thyroid cancer based on a
personalized approach.

The presentation, diagnosis, and management of thyroid
nodules and thyroid cancer have been addressed by several national
and international organizations.3–5 The guidelines presented here
focus on surgical management in adults (age>18 yrs) and include the
most current information with the goal of achieving definitive
surgical treatment of thyroid disease as safely and efficiently
as possible.

METHODS

In August 2016, AAES leadership approved the development
of clinical practice guidelines for optimal adult thyroid surgery. A

multidisciplinary writing group was assembled with broad-based
expertise in endocrinology, pathology, and surgery, and the major
topics and questions were identified.

Using methods similar to those of the recent AAES Parathy-
roidectomy Guidelines,6 the authors applied a systematic process of
assessing the quality of evidence, drafting the text and recommen-
dations supported by that evidence, and amending the material in
discussion to reach consensus. In brief, a 4 to 8-person topic
subcommittee was appointed for each section based on relevant
expertise, was led by a primary author (C.C.L., E.G.G., B.J.M.,
K.N.P., W.T.S., or L.Y.), and included multiple authors. The sub-
committees reviewed the evidence to prepare draft text that was then
discussed in detail by the entire group during monthly teleconfer-
ences and via email from September 2016 to March 2019. Editing for
organization and to eliminate redundancy was performed by all
authors and particularly by K.N.P., C.R.M., C.C.L., and S.E.C.
Commonly used abbreviations appear in Table 1.

Literature Evidence
Search parameters for the medical literature were set from

January 1, 1985 to November 9, 2018. At the authors’ discretion, this
time frame was extended back to allow for inclusion of landmark
articles that offered historical perspective or to illustrate time-tested
principles. For each topic, the primary coauthor conducted a PubMed
Medical Subject Heading search using Boolean logic for relevant
search terms. Limitations were applied to select publications contain-
ing an abstract (English Language) and appearing in abridged index
medicus (AIM), otherwise known as core clinical journals in PubMed.

Conflict of Interest (COI)
The cochairs (S.E.C., C.R.M.) were required to have no COI.

Working with the AAES President, the cochairs developed and
instituted a detailed COI policy that was applied before and through-
out the writing process (Appendix A). Standard definitions were
utilized, and in policy development we also gratefully acknowledge
the leadership of the American Thyroid Association (ATA).7 Authors
were required to declare COI at the project’s inception and every
6 months thereafter, which was reviewed for relevance by the senior
authors. When COI was present, that author was recused from
participation in all writing, discussion, and editing of the topic.
Topic subcommittee members were required to have zero COI.
COI was otherwise present for 6/19 authors (32%) (4 for FNA
Diagnosis, 2 for Adjuncts and Approaches, 2 for Cancer Manage-
ment.)

Grading of Practice Recommendations
The 2010 American College of Physicians (ACP) grading

system, which employs a validated scale to critically interpret and
evaluate the strength and quality of the evidence and provide
guidance on how to best apply the recommendation to individual
patients,8 was utilized in manuscript preparation. The American
College of Physicians system applies the terms ‘‘Strong’’ when
benefits clearly outweigh risks and/or the recommendation should
be applied to all or most patients without reservation, ‘‘Weak’’ when
benefits are finely balanced with risks or appreciable uncertainty
exists, and ‘‘Insufficient’’ when the evidence to support a recom-
mendation is conflicting, lacking, or of poor quality; in these
circumstances, the authors provided opinion based on expert inter-
pretation of the available data. The quality of the evidence was
graded ‘‘High’’ for well-done randomized controlled trials or over-
whelming evidence, ‘‘Moderate’’ for randomized controlled trials
with important limitations, well-designed cohort or case-control
studies, or large observational studies, and ‘‘Low’’ for potentially
biased, small observational, or case studies.8
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AAES Member Input and Sister Society
Endorsement

Productive feedback and suggestions from all sources were
discussed in detail, and consensus revisions were made as required,
including comments received after oral presentation of progress at
the 2018 national AAES meeting, and after solicitation of feedback
from AAES membership in November 2018. The document was
reviewed and endorsed by the Society of Surgical Oncology, the
International Association of Endocrine Surgeons, the American
Thyroid Association, and the Graves’ Disease and Thyroid Founda-
tion.

Cautions to Implementation
These recommendations are meant to enhance clinician deci-

sion-making by describing and evaluating the evidence and reason-
ing (eg, likely benefits and harms) behind clinical recommendations,
and should not be interpreted as setting the medical standard of
care.9. The guidelines present the authors’ view of when and how
thyroid surgery is best performed based on evidence available at the
time of writing. We emphasize that it is the responsibility of treating
physicians to maintain a current working knowledge of the manage-
ment of patients who require thyroid surgery as it pertains to their
practice, especially since current evidence is likely to change in the
future. The guidelines are not intended for use as a basis to approve or
deny financial coverage for any therapeutic or diagnostic modality;
cannot account for individual patient characteristics; may not address
all relevant comorbidities, subpopulations, effects on patient quality
of life, or other factors; cannot be considered inclusive of all proper
methods of care; and may omit other treatments reasonably directed
at obtaining the same results. We recommend that users confirm that
the information presented is correct by way of independent sources.
The authors accept no responsibility for inaccuracies, information
perceived as misleading, or the success of any treatment regimen
detailed within. The guidelines do not represent the only approach to
treating thyroid patients, are intended to be flexible, are not meant to
replace individual physician judgment, should not be relied on as a
substitute for proper patient assessment, and may require significant
adaptation in practice settings. The guidelines are intended for the
perioperative management of adult patients and should not be applied
to the surgical management of children (<18 yrs).

The guidelines content was subject to external peer review.
The authors were completely independent from AAES in its produc-
tion. Nothing in these guidelines is intended to endorse a drug or
product; any mention of trade names is intended for identification
only. No funding was received by the authors or AAES to support
this work.

PATHOGENESIS AND EPIDEMIOLOGY

Thyroidectomy in the US is most commonly performed for
symptomatic benign disease, concern for malignancy, and hyperthy-
roid conditions.1,2

Thyroid Dysfunction
Thyroid dysfunction (hyper- or hypothyroidism) is present in

approximately 6% of the US population, making assessment of
thyroid function an essential part of evaluation for all patients with
thyroid disease10,11 (see ‘‘Initial Evaluation’’).

Hyperthyroidism (see ‘‘Hyperthyroid Conditions’’) is due to
excess secretion of thyroid hormone from the thyroid gland. Approx-
imately 1.2% of the US population has hyperthyroidism, which can
be characterized as nodular (Plummer disease) or diffuse.12 The most
common etiology is Graves disease (GD), followed by toxic multi-
nodular goiter (TMNG) and toxic adenoma (TA).13 Thyrotoxicosis

TABLE 1. Abbreviations

AAES American Association of Endocrine Surgeons
ACP American College of Physicians
ACR American College of Radiology
AS active surveillance
ATA American Thyroid Association
BII Bethesda 2
BIII Bethesda 3
BIV Bethesda 4
BV Bethesda 5
CHRPE Congenital hypertrophy of the retinal pigment epithelium
CLN Cervical lymph node
CLNM Cervical lymph node metastasis
CNC Carney complex
CND Central compartment nodal dissection
CS Cowden syndrome
CXR Chest x-ray
DS DICER1 syndrome
DTC Differentiated thyroid cancer
EBRT External beam radiation therapy
EBSLN External branch of the superior laryngeal nerve
ETE Extrathyroidal extension
FA Follicular adenoma
FAP Familial adenomatous polyposis
FDA Food and Drug Administration
FFPE Formalin fixed paraffin embedded
FNAB Fine needle aspiration biopsy
FNMTC Familial non-medullary thyroid cancer
FTC Follicular thyroid cancer
FVPTC Follicular variant of papillary thyroid cancer
GD Graves’ disease
HCTC Hürthle cell carcinoma
IOPE Intraoperative pathologic examination
IPM Intraoperative parathyroid hormone monitoring
LND Lateral neck dissection
LT Laryngeal twitch
MNG Multinodular goiter
MTC Medullary thyroid cancer
ND Neck dissection
NIFTP Noninvasive follicular thyroid neoplasm with papillary-like

features
NISQIP National surgical quality improvement program
NPV Negative predictive value
PDTC/ATC Poorly differentiated/anaplastic thyroid cancer
pHPT Primary hyperparathyroidism
PPV Positive predictive value
PTC Papillary thyroid cancer
PTH Parathyroid hormone
PTL Primary thyroid lymphoma
PTMC Papillary thyroid microcarcinoma
PTU Propylthiouracil
RAI Radioactive iodine
RCT Randomized controlled trial
RLN Recurrent laryngeal nerve
RLNM Recurrent laryngeal nerve monitoring
SLN Superior laryngeal nerve
T3 Triiodothyronine
TA Toxic Adenoma
TC Thyroid cancer
Tg Thyroglobulin
TI-RADS Thyroid imaging reporting and data system
TMNG Toxic multinodular goiter
TSH Thyroid stimulating hormone
TSH-R TSH receptor
U.S. United States
US Ultrasound
VFD Vocal fold dysfunction
WDT-UMP Well differentiated thyroid cancer of unknown malignant potential
WHO World health organization
WS Werner syndrome

AMP indicates antimicrobial prophylaxis. BMI, body mass index; CNB, core needle
biopsy; FL, fiberoptic laryngoscopy; FSA, frozen section analysis; FVPTC, follicular
variant PTC; GO, Graves ophthalmopathy; HA, Hürthle cell adenoma; IOPE,
intraoperative pathologic evaluation; MT, molecular testing; PONV, postoperative
nausea and vomiting; PTC, papillary thyroid cancer; TT, total thyroidectomy; XRT,
ionizing radiation.
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can be autoimmune (GD, Hashimoto’s thyroiditis), drug-induced
(amiodarone, lithium, cytokine, tyrosine-kinase inhibitors, immuno-
therapy), or postpartum. GD is the most common form of hyperthy-
roidism in the US, with an incidence of 20 to 50 cases per 100,000
persons. It affects a younger population, women 5 times more often
than men, and is more common in Caucasians.14 TMNG prevalence
increases with age, making this etiology more common among older
patients.15 TA has been associated with somatic activating mutations
(Table 2).16 Practice patterns for the treatment of GD vary geograph-
ically, between disciplines and over time,17 with surgery as the first-
line therapy in 75% of patients with TA and 50% with TMNG.12,18

Hypothyroidism is found in 4.6% of the US population, and
4.3% is subclinical (elevated TSH only).18 Hypothyroidism can be
caused by autoimmune disease (Hashimoto thyroiditis, Reidel thy-
roiditis), thyroidectomy, radioactive iodine treatment, congenital
disorders, and medications (eg, amiodarone and lithium). Immuno-
globulin G4-related systemic disease can manifest as Reidel thyroid-
itis or the fibrous variant of Hashimoto thyroiditis;19–22 such patients
frequently present with compressive symptoms. Patients with Hashi-
moto thyroiditis are at increased risk for the development of papillary
thyroid carcinoma (PTC) on pooled systemic-analysis23 and rarely,
for primary thyroid lymphoma.

Although most are treated medically, hypothyroid, or hyper-
thyroid patients with Hashimoto thyroiditis who are poorly con-
trolled with medication or have symptoms of local compression may
need thyroidectomy (see ‘‘Indications, Extent and Outcomes of
Surgery’’ and ‘‘Hyperthyroid Conditions’’).24

Benign Thyroid Nodules
Nonfunctioning thyroid nodules (also referred to as nodular

goiter or nodular hyperplasia) are very common.3 They can occur in
up to 19% to 68% of randomly selected individuals, with prevalence
increasing linearly with age and higher in women.25 While the exact
ratio of benign to malignant thyroid nodules is unknown, as not all
patients undergo surgery, estimates are from 7 to 13:1 based on
cytology and 2 to 5:1 based on surgical pathology.26 Nodule size is
not consistently associated with PTC in large cohort studies, multiple
systematic reviews, and meta-analyses.26–32 However, in 2 large
clinical studies, an association was observed between larger nodule
size and higher risk of follicular or Hürthle cell malignancy.26,33

Follicular neoplasms (either adenoma or carcinoma) make up
approximately 20% of nodules undergoing fine-needle aspiration
biopsy (FNAB).34 Follicular adenoma (FA) maintains a microfollic-
ular cytoarchitecture without invasion of the capsule or microvascu-
lature and does not have nuclear features of PTC. FA are typically
solitary and may contain papillary hyperplasia (papillary cytoarch-
itecture without nuclear features of PTC).35,36 Post-FNAB pseudo-

invasion can be distinguished from true capsular invasion by identi-
fying evidence of inflammatory/fibrotic reaction along the needle
track. Some FA have pleomorphism, mitoses, and necrosis but not
invasion and are considered precursor lesions to poorly differentiated
or anaplastic thyroid carcinoma.37

Hürthle cell neoplasms, including Hürthle cell adenomas
(HA) and carcinomas (HCTC), are now considered a distinct
entity/type of well-differentiated thyroid cancer by the World Health
Organization (WHO). The distinction between HA and HCTC is
based on evidence of capsular or vascular invasion.38

Lesions of Indeterminate Malignant Potential
Although thyroid histopathologic diagnostic categories were

previously limited to benign and malignant, in 2017, the WHO
introduced a category for borderline thyroid tumors which includes:
1) noninvasive follicular thyroid neoplasm with papillary-like fea-
tures (NIFTP); 2) well-differentiated tumor of uncertain malignant
potential (WDT-UMP), and 3) follicular tumor of uncertain malig-
nant potential (FT-UMP)38 (See ‘‘Perioperative Tissue Diagnosis’’).
With each of these relatively new diagnoses, future studies are
needed to elucidate the diagnostic accuracy, clinical course, and
molecular distinctions (Table 2).39

Thyroid Cancer
Thyroid cancer (TC) incidence has been increasing over the past

few decades, predominately ascribed to the detection of small
PTC.40,41 Over 2 decades, the proportion of PTC < 1 cm (papillary
thyroid microcarcinoma, PTMC) increased from 25% to 39% over 2
decades.40 The increase has been observed irrespective of sex and
across race and ethnicities, with the greatest rise in white females.42

Ionizing radiation is a known risk factor for PTC (see ‘‘Initial
Evaluation’’). Although the US Preventive Services Task Force con-
cluded from a systematic review that screening for thyroid cancer
would likely identify indolent tumors and may increase the risk of
harm,43 recent evidence indicates that there is also an increasing
incidence of larger, more aggressive PTC and, contrary to prior reports,
an increase in incidence-based mortality (annual percent change of
1%).44

The several different types of thyroid cancer are categorized
by cell of origin.38 Those derived from follicular cells are the well-
differentiated thyroid carcinomas (DTC, broadly categorized as PTC,
follicular cancer (FTC), and HCTC), poorly differentiated carcinoma
(PDTC), and anaplastic thyroid carcinoma (ATC). DTC make up
>95% of the TC diagnosed each year13 and the most common
subtype (>88%) is PTC, of which 75% to 80% are the classical
variant. Aggressive PTC variants include the tall cell, columnar cell,

TABLE 2. Thyroid Tumor Phenotype and Associated Genetic Alterations

Phenotype Known Somatic Genetic Mutation/Alterations

Toxic adenoma TSH-R, GNAS
Benign thyroid nodules N-, H-, and K-RAS, EIF1AX
Noninvasive follicular tumor with papillary like features (NIFTP) N-, H-, and K-RAS, BRAF K601E
Infiltrative Follicular Variant Papillary Thyroid Carcinoma (FVPTC) N-, H-, and K-RAS, BRAF V600E
PTC RET/PTC, BRAF V600E, N-, H-, and K-RAS, TERT
Columnar cell, tall cell, hobnail variant PTC BRAF V600E
Diffuse-sclerosing variant PTC RET/PTC
Follicular thyroid carcinoma (FTC) N-, H-, and K-RAS, PAX8/PPAR, PTEN
Hürthle cell carcinoma NRAS, genes in the PI3K-Akt pathway
PDTC NRAS (Insular), BRAF V600E, PIK3CA, RET/PTC, TERT
ATC NRAS, BRAF V600E, PIK3CA, TP53, bcatenin. EIF1AX
MTC RET (germ line mutation in inherited MTC, somatic

mutation), N-, H-, and K- RAS (somatic mutations)
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hobnail, and diffuse sclerosing types, while clinically less aggressive
variants include most FVPTC and Warthin-like tumors.

Recent nomenclature changes are essential to review. The
distinction between FVPTC and either WDT-UMP or NIFTP is
largely based on penetration of the tumor capsule (Table 3). The
diagnosis of classical PTC requires papillary cytoarchitectural pat-
tern as well as nuclear features of PTC.38 FTC, comprising approxi-
mately 8% of DTC cases, is divided into widely invasive (ie, gross
invasion) and minimally invasive. Minimally invasive FTC is further
risk-stratified by the degree of microscopic capsular and vascular
invasion. FTC with capsular invasion alone or with vascular invasion
limited to less than 4 vessels is considered lower risk by some; others
consider any vascular invasion as high risk.45 The 2017 WHO
Classification groups FTC into minimally invasive (capsular invasion
only), grossly encapsulated angioinvasive FTC, and widely-invasive
FTC.38

Hürthle cell carcinoma (HCTC, 2.3%), has characteristic
mitochondrial-rich, plump follicular cells that stain pink with eosin,
and have a distinct molecular signature from FTC.46–48

PDTC has a worse prognosis (mortality of �50%) than all
DTC variants, and exhibits high grade features; prognosis is associ-
ated with the degree of poor differentiation.49,50 Turin consensus
diagnostic criteria include 1) 1 of 3 typical growth patterns (insular,
trabecular, or solid), 2) absence of conventional nuclear features of
PTC, and 3) presence of one convoluted nuclei;>3 mitoses per HPF,
or tumor necrosis.51 ATC is found in <1% of cases but accounts for
40% of thyroid cancer deaths. Observations of foci of PDTC and
ATC within lower-grade tumors, as well as stepwise molecular
pathogenesis using varying platforms, lend support for progression
from DTC to PDTC to ATC52 with an increasing mutation burden,
particularly involving TERT promoter, TP53, EIF1AX, genes
involved in the PIK3CA-AKT-mTOR pathway, SWI/SNF complex,
and mismatch repair genes53–55 (see ‘‘Molecular Testing’’).

Medullary thyroid cancer (MTC), which today makes up
approximately 2% of incident TC cases, originates in the calcitonin
producing parafollicular C-cells predominately found in the upper
thyroid poles. Sporadic MTC is 3 times as common as hereditary
MTC. While nearly all cases of familial MTC, MEN2A, and MEN2B
have germ line mutations in the RET proto-oncogene, only 50% of
sporadic cases include somatic mutations of this gene.56 Depending
on the specific RET mutation, C-cell hyperplasia is seen as early as
birth in MEN2B patients. As C-cell hyperplasia can also be present in
a number of benign diseases, the distinction between it and medullary
thyroid microcarcinoma is challenging; the entity is defined by some
as invasion through the follicular basement membrane and others by
high density of C-cells per high-power field.57 Regardless of the
setting, parafollicular cells are not iodine-avid, making extirpative
surgical treatment of MTC critical (See ‘‘Initial Thyroidectomy,’’
‘‘Nodal Dissection,’’ ‘‘Familial TC’’).

Primary Thyroid Lymphoma
Primary thyroid lymphoma (PTL) is rare, and the main treat-

ment is chemotherapy and/or EBRT; however, given that 90% of
patients present with rapidly enlarging goiter and some with acute
airway compromise, surgeons are frequently involved in management
(see ‘‘Perioperative Tissue Diagnosis’’). PTL can be misdiagnosed as
ATC. Lymphocytic thyroiditis is found histologically in over 50% of
cases,58 with a majority of patients having a history of Hashimoto
thyroiditis.30,58–60 Knowledge of its pathognomonic pseudocystic
ultrasound (US) pattern (asymmetrical hypoechoic areas) and of the
need to obtain an adequate biopsy specimen (by FNAB, core tissue
biopsy, and/or open operative biopsy) for flow cytometry are essential
for making a PTL diagnosis and determining the subtype of lym-
phoma.61

INITIAL EVALUATION

The initial surgical evaluation of a patient with thyroid disease
provides pivotal information about malignancy risk, symptomatol-
ogy, and possible thyroid hormonal dysfunction. Findings also can
guide laboratory and imaging evaluation and may influence the
conduct and extent of thyroidectomy (see ‘‘Indications, Extent,
and Outcomes of Surgery’’).

History

Ionizing Radiation
The initial evaluation should query for a history of ionizing

radiation (XRT) exposure, which is a risk factor for PTC.62 Espe-
cially during the 1950s, XRT was administered for many pediatric
conditions such as skin angiomas, acne, facial hirsutism, enlarged
adenoids, tinea capitus, or tuberculous cervical adenitis, and was also
given widely to infants who supposedly had ‘‘thymic enlargement’’
in studies of respiratory distress and sudden infant distress syn-
drome.63 Currently, cervical XRT is used therapeutically for Hodgkin
disease but even when delivered predominantly to the abdomen and/
or chest can have effects on the thyroid in pediatric patients.63

Increased risk of TC was observed after nuclear exposure at
Hiroshima and Nagasaki (1945), the Bikini Atoll (1954), Chernobyl
(1986), and Fukushima (2011).64 The accident at Chernobyl resulted
in atmospheric release of radioactive iodine which affected the
thyroid preferentially.65,66 In contrast, the recent incident in Fukush-
ima yielded radiation exposure at lower doses than originally pre-
dicted, and other studies suggest that the risk of TC may not be
increased.67,68 In the US, TC incidence has increased at a rate greater
than predicted in the counties surrounding Three Mile Island, but it is
not known if the rise was caused by the 1979 nuclear accident.69

The radiation-related factors that increase TC risk are: dose,
age at exposure, latency period, female gender, and degree of iodine
deficiency at exposure.64,70–72 In a pooled analysis, risk increased

TABLE 3. Histopathological Features of Thyroid Tumors Derived From Follicular Cells

Diagnosis Cytoarchitectural Pattern Nuclear Features of PTC Capsular Invasion

PTC Papillary Yes N/A
WDT-UMP Papillary Yes� Into but not throughy

FVPTC Follicular Yes Yes
NIFTP Follicular Yes No
FT-UMP Follicular No Into but not through
MIFTC Follicular No Minimal
MIFTC w/angioinvasion Follicular No Yes
WIFTC Follicular No Gross

�Well-developed or partially developed PTC-like nuclear changes.
yQuestionable capsular or vascular invasion.
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with doses of 0.05 to 0.1 Gy but decreased when the dose exceeded
30 Gy.73 Younger age increased the risk, which appeared to peak at
25 to 30 years post exposure but remained elevated more than
50 years later. Exact determination of cancer latency periods is
likely affected by surveillance intensity.73 In meta-analysis, the
incidence of TC following XRT for breast cancer was�3-fold higher
than in the general population, although a lesser degree of association
was also observed in women with breast cancer who did not receive
XRT, likely implicating other factors.74

Syndromic TC
A number of inherited predisposition syndromes can increase

the risks of thyroid nodular disease and TC (Table 4; see ‘‘Familial
TC’’). In general, patients with syndromic TC either have a known
history of inherited predisposition syndrome or a family history of
the associated manifestations.

Distinctive thyroid histologic findings should lead to syn-
dromic evaluation. For example, cribriform-morular variant of PTC
can be a manifestation of familial adenomatous polyposis (FAP),
while the presence of multiple oncocytic follicular nodules and
neoplasms is concerning for PTEN-hamartoma syndrome.75 With
the exception of RET-associated syndromes, it is controversial
whether a preoperative diagnosis of inherited predisposition should
alter the initial diagnostic approach for a thyroid nodule. However,
the preoperatively known presence of a familial RET mutation is
valuable, as it may impact the extent of initial thyroidectomy, the
decision to perform prophylactic thyroidectomy, the management of
other disease-related manifestations, and the evaluation of at-risk
family members76,77 (see ‘‘Familial TC’’).

Clinical Characteristics
Ascertaining the history is important, including how and when

the presenting problem was identified, whether there were prior
biopsies or evaluations, and whether growth or change has been
perceived by the patient or providers. A history of chronically stable
thyromegaly that has recently transitioned to rapid growth is

concerning for an aggressive malignancy. A history of autoimmune
thyroiditis, hypothyroidism, or GD also should be obtained, as it can
alter recommendations for the extent of initial thyroidectomy (see
‘‘Indications, Extent, and Outcomes of Surgery’’).

The evaluation should be consistent for all patients with
thyroid nodules, but a personal history of nonthyroid malignancy
raises concern for metastasis to the thyroid, which is rare but has been
reported with renal cell, lung, colon, breast, melanoma, and ovarian
primaries.78 Most such lesions are metachronous, and presentation is
often similar to primary nodular disease. Although the thyroid can be
the sole metastatic site for �10% of nonthyroid cancers, prior to
thyroidectomy a concern for secondary spread should prompt con-
sideration of oncologic reassessment of time to recurrence, and
feasibility of complete resection.79

The patient should be asked about presence/absence of com-
pressive symptoms (Table 5).80 Classically, dysphagia to solids
suggests a mechanical obstruction (such as thyromegaly), while
dysphagia to liquids alone (or first) is more likely related to esoph-
ageal dysmotility.81 Swallowing symptoms are reported in up to 50%
of thyroid patients, often associated with reflux,82 and may improve
after thyroidectomy.83 In a prospective study of 200 consecutive
thyroid nodule patients, globus sensation was routinely assessed by a
visual analogue scale pre- and post-thyroidectomy and was reported
in up to 60% of subjects, with improvement following thyroidectomy
in 80% to 90%.84 Globus sensation is associated with nodules>3 cm,
anterior nodule location, thyromegaly, and thyroiditis.85 Other causes
of globus or dysphagia should be considered before attributing them
to thyroid disease.

Dyspnea has been described in thyroid nodular disease, most
commonly in association with goiter; it can also result from cardiac
dysfunction or pulmonary hypertension secondary to untreated
hyperthyroidism, or even hypothyroid-related diaphragmatic dys-
function. Shortness of breath is reported in �40% to 50% of patients
with goiter.86 Positional dyspnea is seen in up to 3 quarters of patients
with substernal goiter, may be associated with a diagnosis of
obstructive sleep apnea,84 and may improve with thyroidectomy

TABLE 4. Inherited Predisposition Syndromes for Thyroid Cancer

Familial Adenomatosis
Polyposis

PTEN-Hamartoma Tumor
(Cowden)

Carney Complex
Type 1 RET-Associated DICER1

Gene APC PTEN PRKAR1A RET DICER1
Pathognomonic criteria >100 colorectal adenomatous

polyps
Mucocutaneous lesions,

cerebellar tumors
(Lhermitte-Duclos
disease)

Multiple pigmented skin
lesions (eg, nevi,
blue nevi, lentigines)

Medullary thyroid cancer Pleuropulmonary blastoma

Other major manifestations – Breast, endometrial, thyroid
cancer, macrocephaly

Blue nevi, pigmented
nodular adrenals,
cardiac myxomas

Primary
hyperparathyroidism,
pheochromocytoma,
mucosal neuromas

Ovarian sex cord-stromal
tumors, cystic nephroma,
and multinodular goiter

Minor manifestations Extracolonic polyps, congenital
hypertrophy of retinal
pigment epithelium, thyroid
nodules/cancer, soft tissue
tumors, desmoids, osteomas

Fibrocystic breast disease,
gastrointestinal
hamartomas, lipomas,
fibromas, renal cell
carcinomas uterine
fibromas

Thyroid nodules,
melanotic
schwannomas,
adrenal or pituitary
adenomas,
hepatocellular
carcinoma,
pancreatic cancer

Hirschsprung’s disease,
cutaneous lichen
amyloidosis

Wilms tumor,
rhabdomyosarcoma,
ciliary body
medulloepithelioma,
pineoblastoma, pituitary
blastoma, nasal
chondromesenchymal
hamartoma

Thyroid disease prevalence:
Benign 40% 75% Up to 75% – Up to 30%
Cancer 0.4-12% 35% <5% 100% –
Cancer
Subtypes

CMV-PTC 63% PTC 50% PTC MTC FTC
FV-PTC 25% FV-PTC 28% FTC FV-PTC
PTC 12% FTC 14%

CMV indicates cribriform-morular variant. FV, follicular variant.
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particularly if objective parameters of mass effect are present includ-
ing tracheal compression of >35% on preoperative cross-sectional
imaging, a resected gland weight of >100 g, and/or a unilateral
resected lobe weight of>75 g86,87 (see ‘‘Goiter’’). An assessment for
rapid progression of dyspnea is important, since this can be associ-
ated with an aggressive malignancy.

Obtaining a history to evaluate the patient for thyroid hormone
dysfunction is important.3 Symptoms of hyperthyroidism include
fatigue, palpitations, anxiety, insomnia, unexplained weight fluctua-
tions, visual changes, and heat intolerance.13 Symptoms of severe
hypothyroidism may overlap, however; such symptoms include cold
intolerance, constipation, dry skin, slowed thinking, and edema.88

Assessing thyroid function by symptomatology alone lacks both
sensitivity and specificity, and diagnosis must include
biochemical evaluation.

The history also should identify patient-specific character-
istics that may increase operative risk, require preoperative manage-
ment, and/or alter the operative approach (Table 6). For example,
prior thyroid or parathyroid surgery could have resulted in morbidity
related to hypoparathyroidism and nerve injury, thereby elevating
remedial surgery risk (see ‘‘Reoperation’’).

Recommendation 1: Evaluation of thyroid disease should
include specific inquiry about personal history, family history,
clinical characteristics, and symptoms. (Strong recommendation,
low quality of evidence)

Several preoperative risk assessment tools intended to opti-
mize patient selection and anticipate operative morbidity have been
investigated (including the ACS NSQIP surgical risk calculator and
indicators of frailty) but have not yet been validated for thyroidec-
tomy patients. In a recent NSQIP study of total thyroidectomy,
factors associated with postoperative morbidity included age �70
years, non-Caucasian race, dependent functional status, history of
CHF, smoking history, hypertension, steroid use, wound infection,
history of preoperative sepsis, bleeding disorder, and ASA class
�3.89 In a NSQIP study that included all types of thyroidectomy,
risk factors for morbidity included age �70 years, steroid use,
diabetes, hypertension, COPD, and dialysis.90 Both studies were
inherently limited as the NSQIP database captures only 30 day and
nonprocedure-specific outcomes (see ‘‘Postoperative Care and Com-
plications’’). In high-risk or frail patients with significant comorbid-
ities, the goals of thyroidectomy should be carefully assessed and
nonoperative approaches considered.

TABLE 5. Compressive Symptoms That May Be Associated With Thyroid Nodules/Cancer

Definition Nonthyroid Related Etiologies

Dysphagia Difficulty in transitioning food from
the mouth to stomach

Benign and malignant esophageal lesions, Zenker’s diverticulum, esophageal
stricture, esophageal dysmotility, sensory or motor deficits of the esophagus,
RLN or SLN dysfunction, aberrant right subclavian artery (associated with
nonrecurrent laryngeal nerve)

Globus sensation Feeling of lump or other foreign
body in the throat

Reflux, lingual tonsil hypertrophy, laryngeal or pharyngeal neoplasm,
esophageal dysmotility

Positional dyspnea Shortness of breath that is relieved
with change of position

Platypnea-orthodeoxia syndrome (symptoms improve with lying flat), other
cardiac shunting abnormalities, mediastinal or abdominal mass

Orthopnea Shortness of breath when lying flat
that improves when sitting or
standing

Cardiopulmonary disease, obstructive sleep apnea, diaphragmatic dysfunction

Hoarseness Abnormal voice Reflux, sinus-related, sarcoidosis, idiopathic, muscle tension, age-related
atrophy, prior intubation, viral, vocal fold neoplasm

TABLE 6. Personal History or Physical Examination Findings Which Modify Operative Risk

Preoperative Intervention

Personal or family history of
anesthetic complications

Screening for malignant hyperthermia
Anesthesia evaluation

History of difficult intubation or
small recessed jaw

Anesthesiology Evaluation with possible awake intubation, be prepared for rigid bronchoscopy
Assess neck access on exam
CT imaging as required

Prior thyroid/parathyroid, Carotid,
or other pertinent surgery

Review of operative and pathology reports
Query for postoperative complications (voice changes or hypocalcemia)
Voice assessment/laryngeal evaluation

Prior cervical discectomy Assess extent of neck extension
Assess for presence of radiculopathy
Possible CT/MRI of cervical spine if indicated by neurologic symptoms
if prior anterior approach, Voice assessment /laryngeal evaluation

Possible or diagnosed bleeding or
clotting disorder

Screen for need for hematologic evaluation

Currently taking antithrombotic or
antiplatelet medications

Document indication for medication (atrial fibrillation, clotting disorder, high risk for CVA, prior
revascularization procedure, etc)

Discussion with prescribing MD to balance perioperative medical management with risk of postoperative
cervical hematoma

Celiac sprue, IBD, Roux en Y
gastric bypass, or any condition
of chronic diarrhea

Check vitamin D 25-OH level and if low, replete preoperatively
If chronically on calcitriol, check vit D 1,25 OH level
Counsel patient regarding implications of malabsorption in postoperative management
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Physical Examination
Examination findings that can suggest hyperthyroidism

include elevated heart rate, hypertension, and exophthalmos. A slow
heart rate and slowed Achilles heel reflex time may signal hypothy-
roidism. In meta-analysis, overweight and obese patients have
significant higher risks of PTC, FTC, and ATC, but no increased
risk of MTC.91,92 Taller height also has been associated with
increased DTC risk.92 Demographic and anthropometric factors
are not reliable indicators of histology.

The physical assessment is also a key step in operative
planning (Tables 6, 7). Palpable nodules are typically at least
1 cm in size.93 Immobile nodules, especially with associated lymph-
adenopathy, are concerning for malignancy. Thyromegaly is often
evident preoperatively, but its extent may be apparent only with
supine positioning (see ‘‘Goiter’’). When the inferior extent of a
nodule or enlarged thyroid lobe is not accessible on exam (ie, goes
below the clavicle), CT imaging should be obtained for evaluation of
the extent of substernal projection.84–86 Pemberton sign is the
presence of vascular engorgement and facial congestion occurring
when a patient with a large substernal goiter raises their arms over
their head, further narrowing the thoracic inlet.94 Limited neck
extension can herald difficulty in intraoperative positioning or
access. If associated with neurologic symptoms, limited neck mobil-
ity also can suggest underlying cervical disc disease requiring further
preoperative evaluation and even pre-emptive or simultaneous man-
agement.

Voice Assessment
A careful voice assessment should be performed in the

evaluation of thyroid disease. Subjective voice impairment was
reported preoperatively in 30% to 80% of thyroidectomy patients,
and the incidence varies by type of voice quality assessment
used.82,95 Voice changes and hoarseness can have numerous causes
but are frequently idiopathic. Further evaluation should be performed
for patients who have had prior surgery that put the RLN at risk,
including anterior cervical discectomy, prior thyroid/parathyroidec-
tomy, carotid endarterectomy, tracheostomy, cardio/thoracic proce-
dures, and esophagectomy (Table 6).3 Such a history should be
specifically investigated and sites of prior incisions should be noted
on examination. Documented vocal fold immobility can impact the
decision for surgery and the extent of thyroidectomy (see ‘‘Indica-
tions, Extent, and Outcomes of Surgery,’’ ‘‘Laryngology’’).

Laryngeal examination can be performed using several differ-
ent techniques. Both current guidelines and the cost-to-benefit ratio
of routine preoperative laryngeal examination on all thyroid patients
recommend a selective approach3,96(see ‘‘Laryngology’’).

Recommendation 2: The preoperative physical examination
should include voice assessment. (Strong recommendation, mod-
erate-quality evidence)

Laboratory Evaluation
The initial laboratory evaluation for all patients with thyroid

disease should include a serum TSH level. If the TSH is suppressed,
then a free T4 and total T3 should be obtained, and management of
hyperthyroidism should be the initial clinical focus.13 In addition, a
thyroid uptake scan should be obtained to assess if the index nodule is
hyperfunctioning; such nodules have a low risk of malignancy and do
not require FNAB97,98 (see ‘‘Hyperthyroid Conditions’’). In most
cases an elevated TSH level should be normalized prior to further
management.3 Thyroiditis may be further assessed if the information
will help determine surgical management (see ‘‘Indications, Extent,
and Outcomes of Surgery’’). Nodules identified in the setting of
euthyroidism should be assessed with US and FNAB (see ‘‘Imag-
ing,’’ ‘‘FNAB Diagnosis’’).

In the absence of known MEN2A, the incidence of concomi-
tant parathyroid disease in patients with thyroid nodules is 3% to
5%99–101 and is higher (�35%) with prior XRT102 among other
factors.6 Because of the cost and potential morbidity of missed
parathyroid disease, preoperative assessment of serum calcium
should be considered, and measurement of parathyroid hormone
also may be indicated (see ‘‘Concurrent Parathyroidectomy’’ and
‘‘Preoperative Care’’).

Routine screening for MTC using preoperative calcitonin
levels is controversial. In a study of >10,000 patients with thyroid
nodules, an elevated basal calcitonin level was more sensitive than
FNAB in diagnosing MTC, and such patients presented with
earlier stage disease and had longer disease-specific survival.103

However, these calcitonin elevations were all confirmed by pen-
tagastrin stimulation, which is no longer available in the US. False-
positive rates of nonstimulated calcitonin vary widely, and a
number of benign conditions can contribute to spurious elevation,
including chronic renal failure, proton pump inhibitors, chronic
lymphocytic thyroiditis, DTC, and non-thyroidal malignancies.104

Current ATA and NCCN guidelines do not recommend screening
basal serum calcitonin levels in the evaluation of thyroid nod-
ules.3,105 Targeted screening for at-risk individuals should be
considered.

When MTC is diagnosed by FNAB or is suspected on
history, measurement of serum calcitonin and CEA levels is useful
as they can be accurate indicators of disease extent. A basal
calcitonin level <20 pg/mL is associated with a low risk of nodal
metastasis, while a preoperative level �500 pg/mL raises concern

TABLE 7. ATA Ultrasound Features and Size Guide the Need for FNAB for Thyroid Nodules and Cervical Lymph Nodes

Risk Category Features Risk of Malignancy, % Nodule Size to Biopsy, cm

High Solid or solid/cystic AND �1 of the following concerning features:
Irregular margin
Microcalcifications
Taller-than-wide
Rim calcifications with soft tissue extrusion
Extrathyroidal extension

70–90 �1

Intermediate Hypoechoic solid w. no concerning features 10–20 �1
Low Isoechoic or hyperechoic solid or partially cystic w. no concerning

features
5–10 �1.5

Very low Spongiform or partially cystic without any of the above features <3 �2
Benign Purely cystic <1 –
– Malignant lymph nodes (microcalcifications, cystic component,

peripheral vascularity, hyperechogenecity, round shape, loss of
echogenic fatty hilum)

50–100 –
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for distant metastasis.106,107 RET-gene testing should inform the
risk of associated manifestations (see ‘‘Familial TC’’).

Recommendation 3: TSH should be measured in patients
with nodular thyroid disease. Additional laboratory studies may
help in specific circumstances. (Strong recommendation, low-
quality evidence)

IMAGING

Successful thyroid surgery is contingent on thorough and
accurate imaging, which also impacts preoperative planning, extent
of surgery, and postoperative management. Inadequate preoperative
imaging may be a root cause of incomplete initial surgery.108,109

Preoperative

Ultrasonography
The initial and most critical thyroid imaging study is cervical

US. Current adult guidelines recommend a thyroid US with survey of
the cervical lymph nodes (CLN) in patients with a known or
suspected thyroid nodule, and for all patients undergoing thyroidec-
tomy for malignant or suspicious cytologic or molecular findings.3

The objectives of diagnostic US are to assess the nodule or tumor
(size, location, suspicious features) and to identify and characterize
abnormal lymph nodes in the central and lateral neck which may be
involved with thyroid cancer.

Thyroid Nodule US. Multiple studies have characterized the
sonographic features associated with TC, including microcalcifica-
tions, hypoechogenicity, irregular margins and a shape taller than
wide measured on transverse view.110–119 Features predictive of TC
are microcalcifications, irregular margins, and tall shape (Table 7).
Up to 58% of benign nodules are hypoechoic compared to thyroid
parenchyma, making nodule hypoechogenicity less specific.116

High, intermediate, low, very low, and benign thyroid nodule char-
acteristics and malignancy rates appear in Table 7.120–125

The US features of FTC differ from those of PTC. Intranodular
vascularity correlates with malignancy in follicular lesions, but not
PTC. Furthermore, compared to conventional PTC, FVPTC is more
likely to have the same US appearance as FTC, and both FTC and
FVPTC are more likely to be iso- or hyperechoic.115,116,126–129

However, a recent meta-analysis concluded that vascular flow on
color Doppler sonography may not accurately predict TC.130

Several groups, including the ATA,3 have proposed methods to
guide practitioners in recommending FNAB based on observed US
features.120,131–133 From the American College of Radiology, the
recent Thyroid Imaging, Reporting and Data System (TI-RADS)
uses nodule composition, echogenicity, shape, margin, and echo-
genic foci to assign a predictive score from TR1 to TR5; TR1 nodules
are likely benign and FNAB is not advised, whereas TR5 nodules are
highly suspicious for cancer. The system was validated in a prospec-
tive study where the TI-RADS predictive score correlated with
histologic malignancy rate134 but its performance efficacy has not
yet been studied in cohorts with long-term nonoperative surveillance.
Figure 1 compares the ATA and TI-RADS classification systems for
recommending FNAB.

Parathyroid Incidentaloma US. Fastidious neck US has led
to the unexpected detection of enlarged parathyroid glands, some-
times termed parathyroid incidentalomas,135,136 with a detection rate
of about 1.5%.136 Normal parathyroids are too small to be seen on
US, but enlarged glands often have characteristic US features that
differentiate them from lymph nodes (LN), such as shape, location,
hypoechogenicity, and a hilar or polar feeding vessel.6 FNAB with
PTH washout137 and/or molecular analysis can confirm their pres-
ence, but the diagnosis of hyperparathyroidism is rendered biochem-
ically. Because parathyroid FNAB can cause hemorrhage producing
surrounding fibrosis which results in alteration of surgical dissection

FIGURE 1. Comparison of the ATA 2015 Guidelines and ACR TI-RADS classification systems for recommending FNAB.
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planes and can cause histologic changes mimicking parathyroid
carcinoma, FNAB of parathyroid glands is to be avoided when
possible6 (see ‘‘Concurrent Parathyroidectomy’’).

Cervical Lymph Node US. US is the first-line imaging
modality for assessment of cervical lymph node metastasis
(CLNM).138,139 Many experts routinely perform US evaluation of
the central and lateral neck whenever thyroid nodules are detected.
Central and lateral LN are affected by metastatic PTC in up to 70% of
cases,140 either at presentation or during surveillance. The sensitivity
of US in detecting abnormal LN varies from 25% to 60% for the
central neck and 70% to 95% for the lateral neck.141,142 One of the
main factors influencing sensitivity is practitioner expertise.

Benign CLN are typically oval with a hyperechoic central
stripe and vascular flow in the center (ie, hilum).143 Loss of a visible
hilum is felt to represent interruption of lymphatic flow by tumor
invasion. In a benign LN, the hilar stripe may not always be easily
seen, thus lack of a hilum is only 29% specific for CLNM.139

Lymph node location, size, and shape are also important
features of US assessment for potential metastatic involvement.
Evidence generally supports a stepwise progression of PTC metas-
tases, starting in ipsilateral level VI (prevalence 50–70%) and
proceeding laterally to levels III and IV (prevalence 30–45%),
and then to level II with some studies reporting equivalent prevalence
as for III and IV.140,144–147 Therefore, if one level is involved, a
compartment-oriented selective lymph node dissection is recom-
mended (see ‘‘Nodal Dissection’’). This progression is not always
reliable and should not preclude evaluation of any suspicious LN in
the neck. Though LN >1 cm in maximum diameter are convention-
ally considered more likely to harbor malignancy, many benign or
reactive nodes will exceed 1 cm while remaining fusiform in shape,
especially near the submandibular glands and in patients with
lymphocytic thyroiditis. In a study of DTC that carefully matched
the US and histologic findings, size >1 cm was associated with only
68% sensitivity and 75% specificity for CLNM.148 Smallest nodal
diameter >5 mm also has been proposed as a predictor of malig-
nancy, with a reported specificity of 96% and sensitivity of 61%.139

Shape is more reliably associated with LNM than size. Benign lymph
nodes typically are oval or fusiform even with hypertrophy or
enlargement from nonmalignant causes, but malignant LN often
will appear rounded139,148,149 because the neoplastic infiltration
typically occurs in the cortex, at the site of lymphatic influx.143

The Solbiati index provides an objective measure of roundness by
coding the ratio of longest to shortest nodal diameter. A ratio >2 is
highly suggestive of benign character, whereas <2 is concerning for
LNM.143 Other US features predictive of malignant LN involvement
include microcalcifications, hyperechoic or cystic character, and
peripheral hypervascularity.149–153

If US identifies a suspicious LN, FNAB of the lymph node
should be performed for cytology, with washout for thyroglobulin
measurement when possible.3

LN Mapping. Bilateral US evaluation of LN compartments
II-VI (ie, mapping) should be performed routinely in the preoperative
evaluation of patients with cytologic evidence of thyroid carci-
noma, and considered for levels I–VII in patients identified to
have metastatic nodal disease.2,154 LN mapping should carefully
diagram where suspicious lymph nodes are located and assess for
features of aggressive behavior, such as strap muscle invasion,
internal jugular vein thrombus, and posterior tumor location.
Ideally, this should be performed preoperatively by an experienced
sonographer to guide complete resection of the primary tumor as
well as a compartment-oriented dissection of affected LN basins, if
LNM are present.108

Surgical Planning. Prior to thyroidectomy, US is often per-
formed by the surgical team to facilitate both operative planning and
patient counseling regarding surgical risks. In recent multidisci-
plinary literature, surgeon-performed US is more accurate, helpful
for preoperative planning, and associated with lower local recur-
rence rates compared to radiologist-performed US.155–157 As
patient positioning is optimized under general anesthesia, surgeons
may elect to repeat US just prior to incision to keep an anatomic
‘‘roadmap’’ fresh in their minds and ensure that US abnormalities
are adequately addressed at operation and are present in the surgical
specimen.108

Recommendation 4: A diagnostic US should be performed in
all patients with a suspected thyroid nodule. (Strong recommenda-
tion, high-quality evidence)

Recommendation 5:
a. US assessment of bilateral central and lateral LN compartments

should be performed in the preoperative evaluation of patients
with cytologic evidence of thyroid carcinoma. (Strong recom-
mendation, low quality of evidence).

b. US assessment of bilateral central and lateral LN compartments
may be performed in the preoperative evaluation of patients
with indeterminate cytologic evidence of thyroid carcinoma.
(Strong recommendation, insufficient evidence).

Translaryngeal US. Vocal cord ultrasonography (VCUS) is a
new modality that can be simple and accurate in diagnosing true
vocal fold (TVF) paralysis preoperatively, with a sensitivity of 62–
93%.158,159 In patients with abnormal mobility or inadequate vocal
fold visualization, such VCUS results trigger further evaluation with
fiberoptic laryngoscopy (FL, see ‘‘Laryngology’’).160–162 VCUS can
be a sensitive, noninvasive, convenient, and inexpensive method of
evaluation and can be performed during the initial surgical visit.
However, when the clinical scenario suggests substantial operative
risk contingent on the optimal documentation of the degree of vocal
cord dysfunction, FL is advised.

US Limitations. US is the first-line imaging modality for
assessing thyroid nodules and CLN because it is widely available,
inexpensive, provides detailed high-resolution anatomic data,
avoids ionizing radiation, and facilitates FNAB of suspicious
lesions. However, the results are operator dependent.163,164 US
utility is also limited for deep structures and those acoustically
shielded by air or bone. Patients with substernal goiter, morbid
obesity, poor neck extension, remote cervical adenopathy (high
level II, VI or VII, substernal, infraclavicular or retro/parapharyng-
eal LN) or apparent locally advanced disease may benefit from
cross-sectional imaging.

Cross-sectional Imaging
Cross-sectional imaging, namely, computerized tomography

(CT) or magnetic resonance imaging (MRI), has a supplemental role
in the preoperative evaluation of thyroid disease, and is recom-
mended with intravenous contrast as an adjunct to US for patients
with clinical suspicion of advanced disease, including invasive
primary tumor, or clinically apparent multiple or bulky LN.108 Cross
sectional imaging may also be of value with clinical findings such as
vocal cord paresis/paralysis, progressive overt dysphagia or odyno-
phagia, mass fixation to surrounding structures, hemoptysis, stridor
or positional dyspnea, rapid enlargement, and large size or medias-
tinal extension (see ‘‘Goiter’’). US features that prompt CT or MRI
include incomplete thyroid or LN imaging, suspicion for significant
extrathyroidal invasion (including irregular or indistinct margin
between tumor and strap muscles, airway, esophagus or major
vessels), bulky, posteriorly located, or inferiorly located LN, and
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unavailable US expertise. Both CT and MRI provide axial imaging
from skull base to mediastinum in a standardized, reproducible
fashion that is user independent. The sensitivities of MRI and
PET for detection of CLNM are relatively low (30–40%).165

The accuracy of neck CT is optimized by use of intravenous
iodinated contrast. Noncontrast CT lacks definition, and its utility is
thus limited to gross evaluation of mediastinal disease. MRI with
gadolinium is an alternative modality that avoids iodinated contrast.
Although MRI resolution can be limited in the central compartment
due to motion artifact from swallowing and respiration (169), it is
generally preferable to noncontrast CT in preoperative imaging for
thyroid cancer.

When CT/MR imaging is required preoperatively, the benefit
gained from improved anatomic resolution generally outweighs any
potential risk from postponement of subsequent radioactive iodine
(RAI) imaging or therapy. Preoperative communication between the
surgeon and endocrinologist is important. When there is concern, the
urinary iodine-to-creatinine ratio can be measured at an interval of at
least 1 month to allow urinary iodine levels to return to baseline
levels before moving forward with RAI.166 At present, there is no
evidence to suggest delays of this minor scale adversely affect
thyroid cancer outcomes.

Recommendation 6: CT or MRI with intravenous contrast
should be used preoperatively as an adjunct to US in selected
patients with clinical suspicion for advanced locoregional thyroid
cancer (Strong recommendation, low quality of evidence)

Elastography
Ultrasound elastography has been investigated for its ability to

modify thyroid nodule cancer risk assessment. Elastography is a
measurement of tissue stiffness. US elastography requires an US
machine and a computational module, which often must be pur-
chased separately. To allow the required direct determination of
tissue strain, the index nodule must not overlap with other nodules in
the anteroposterior plane making the test unsuited for patients with
multinodular goiter, coalescent nodules, posterior/inferior nodules,
or obesity. Although an initial prospective study suggested near
100% PPV and NPV,167 more recent, larger studies report US
elastography performance that was substantially inferior to US.168

In the largest prospective study, PPV was 36% (comparable to that
for US detection of microcalcifications), and NPV was 97% in a
population with a low cancer prevalence of 9%.169 Thus, while US
elastography may hold promise as a noninvasive tool, its perfor-
mance is variable, operator-dependent, and limited to solid nodules
of specific shape and accessibility.

PET/CT
Routine preoperative positron emission tomography (18FDG-

PET) scanning is not recommended for the initial evaluation of a
thyroid nodule3 but may be useful in highly selected cases when
evaluation suggests aggressive histology such as PDTC or ATC.
Studies have shown that 30 to 40% of 18FDG-PET positive thyroid
nodules may harbor a malignancy170–172 thus such nodules should be
evaluated by US and FNAB accordingly. PET sensitivity for CLNM
is even lower than that of CT/MRI, since PET also can detect
inflammatory lymph nodes.

Imaging for Hyperthyroid Conditions
Thyroid scintigraphy is not indicated in an euthyroid patient.3

For hyperthyroid patients, US and thyroid uptake testing or scintig-
raphy are not the primary testing modalities, but their findings can be
critical in the differential diagnosis and in selecting treatment after
hyperthyroidism is established with serologic test results (see
‘‘Hyperthyroid Conditions’’).173,174

Postoperative
US is an important tool for TC surveillance, and also aids in

the detection, localization, and planning of revision surgery for
recurrent/persistent disease3 (see ‘‘Reoperation’’). Prior inflamma-
tion, scarring, and reactive adenopathy constitute known limiting
factors of US and other imaging modalities, thus it is generally
advisable to allow approximately 6 months to elapse for imaging of
recently manipulated compartments. By contrast, US LN visualiza-
tion in the central compartment is often improved after total thy-
roidectomy because there is now little intervening tissue between the
trachea and the common carotid arteries. CT or MRI should be
considered in previously operated patients with rising and signifi-
cantly elevated thyroglobulin or calcitonin levels plus negative US
(see ‘‘Cancer Management’’).

Functional Imaging for TC Metastases
Radioiodine whole body scanning has traditionally been the

primary functional imaging modality for patients suspected to have
persistent/recurrent DTC.3 In patients who have undergone remnant
ablation, these scans have a high specificity but low sensitivity;
moreover, their low resolution is insufficient for surgical planning.
Newer technology utilizing radioiodine with SPECT/CT fusion
significantly improves anatomic localization of radioiodine avid
disease and may be used to guide reoperation with or without
radioguidance.108,175–177

18FDG-PET is widely accepted as a method for detecting
recurrence of DTC, particularly in patients who are thyroglobulin-
positive and radioiodine whole body scan negative.178–18018FDG-
PET avidity inversely correlates with iodine avidity, and the former
has been shown to be a strong predictor of poor outcome in patients
with metastases.180A number of studies have shown that 18FDG-
PET is effective in localizing resectable recurrence(s) in DTC
patients, thus facilitating revision surgery.181–184 The sensitivity
of 18FDG-PET-CT appears to be enhanced with thyrotropin stimu-
lation;185,186 however, some recent studies have refuted the find-
ing.187

FINE NEEDLE ASPIRATION BIOPSY (FNAB)
DIAGNOSIS

FNAB is used for evaluation of suspicious thyroid nodules,
and the results guide management. Occasionally, core needle biopsy
may be indicated (see ‘‘Perioperative Tissue Diagnosis’’). Soon after
introduction in the 1970s, the use of routine preoperative FNAB
decreased by 50% the number of patients who required thyroidec-
tomy and doubled the surgical yield of TC.188,189 Enthusiastic use
then led to refinements in technique and indications.3 In a population
level study, >90% were performed using US guidance, and although
the rate of thyroid FNAB doubled from 2006 to 2011, the rate of
thyroidectomy increased more slowly.190

FNAB Indications
The most recent ATA Guidelines classify a nodule as having

high, intermediate, low, or very low suspicion for malignancy based
on various US features (see Fig. 1).3 In addition to these features, size
on US can be used to select nodules for FNAB (Table 7), although it
remains controversial whether nodule size as an isolated variable is
associated with malignancy. In 366 patients with PTC or FTC, distant
metastasis did not occur until the primary tumor was >2 cm in
size;191 however, among 1003 thyroid nodules, those <2 cm had the
highest risk of malignancy.192 In a meta-analysis which utilized only
studies that included histology, larger nodules (3–5.9 cm) had the
highest risk of malignancy.28 In a study in which not all nodules had
histologic correlation, the risk of malignancy was higher in larger
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nodules and plateaued at 2 cm, although the risk of FTC and other
rare malignancies continued to increase with nodule size.26 Because
of the generally indolent behavior associated with TC <1 cm,
subcentimeter nodules are not usually biopsied unless associated
with metastatic disease, or if there is suspicion for local invasion
(such as a posterior nodule).3

Independent of size or US features, other indications for
FNAB include nodules in patients with risk factors for malignancy
(see ‘‘Initial Evaluation,’’ ‘‘Familal TC’’) or associated with clini-
cally concerning findings such as fixation, immobility, hoarseness, or
RLN dysfunction. Simple cysts are often therapeutically aspirated if
symptomatic on presentation.3 Evidence-based guidelines for decid-
ing which thyroid nodules need to be biopsied have been well
described (see Figure 1).3,131

Indications for FNAB of Cervical Lymph Nodes
Suspicious US features of cervical LN include loss of fatty

hilum, location, size, shape, microcalcifications, hyperechoic or
cystic character, and peripheral hypervascularity3 (see ‘‘Imaging’’).
Preoperative LN FNAB should be considered if the results will
change the planned operative approach. If a total thyroidectomy is
already planned, then the central compartment (level VI) LN can be
assessed intraoperatively and preoperative biopsy of any suspicious
nodes in this compartment may be deferred (see ‘‘Nodal Dissec-
tion’’).

Recommendation 7:
a. FNAB is a standard component of thyroid nodule evaluation,

and its indications should follow established guidelines based
on US characteristics, size, and clinical findings. (Strong rec-
ommendation, moderate-quality evidence)

b. FNAB of a sonographically suspicious cervical LN should be
performed when the results will alter the treatment plan.
(Strong recommendation, low-quality evidence)

Pre-FNAB Considerations
Complications of FNAB are usually minor, including mild

bruising, soreness, swelling, or discomfort. Neck hematoma with
airway obstruction, referred pain, and transient RLN paresis are
extremely rare events.193 Studies have demonstrated no effect of
antithrombotic or anticoagulant medications on FNAB hematoma
or adequacy rates, and these medications do not need to be
stopped prior to FNAB.194,195 The risk of postprocedural hema-
toma may be reduced by using smaller gauge needles, US guid-
ance to avoid hypervascular areas, and a minimized number of
passes. Contraindications to FNAB include being unable to coop-
erate with the procedure and a history of severe bleeding disor-
der.196 Nodules that are not accessible by US (eg, posterior, retro-
esophageal or anterior mediastinum) may require surgical resec-
tion for diagnosis (see ‘‘Indications, Extent and Outcomes of
Surgery’’).

Although the decision to biopsy relies on US criteria and
a preprocedure US is typically obtained, in detailed discussion
the authors could not reach consensus on whether US guidance
is obligatory for thyroid FNAB. At a minimum, US guidance
should be used for nonpalpable nodules, those with >25% cystic
component, and when an initial FNAB result is inadequate.196

Nodules that meet imaging criteria for biopsy and are readily
palpable may be biopsied with palpation guidance, particularly if
US guidance is logistically difficult to acquire.196 In a recent
single institution study of 489 nodules, there was no difference in
inadequacy rates or accuracy when nodules were biopsied by
palpation compared to US guidance.197 However, other studies
have demonstrated that adequacy rates are higher using US
guidance.198–201

FNAB Technique
Standard materials needed for onsite processing of FNAB

specimens include long bevel fine needles, syringes, glass slides,
95% alcohol fixative, and liquid-based preservative for cell block
preparation. After cleansing the skin, the needle is introduced into the
nodule using 6–15 rapid back and forth movements over 2 to
5 seconds. Up to 4 additional passes to sample different regions of
the nodule may reduce the likelihood of sampling error, especially
for larger nodules. Using US guidance, the 2 commonly used
methods are parallel (long axis) or perpendicular (short axis) tech-
niques.196,202 US gel should be wiped off the skin prior to performing
FNAB as it can cause artifacts that interfere in cytologic interpreta-
tion.203 Upon completion, mild pressure is applied to the site (by the
patient or an assistant), and a small adhesive dressing is placed.

Slides are made immediately. In conventional smear prepa-
rations, the needle contents are extruded as droplets onto glass slides,
smeared, and then fixed in 95% ethanol for Papanicolaou staining
(valuable in evaluating nuclear detail) and/or air-dried for Diff-Quik
staining (which allows for onsite adequacy assessment). If molecular
testing is considered, the residual material in the needle hub can be
expelled into nucleic acid preservative and stored under appropriate
conditions until the test is ordered (see ‘‘Molecular Testing’’).

Other adjunctive analyses include washout testing for thyro-
globulin (Tg) if the biopsied lesion is a LN3 or for parathyroid
hormone (PTH) if there is significant concern for an intrathyroidal
parathyroid;6 the residual material in the hub is collected into�1 mL
normal saline (or other Tg/PTH-free solution) and compared to
serum levels. Reported cutoff Tg levels indicative of CLNM vary
widely, and are influenced by factors including whether the thyroid is
in situ to provide a source of serum Tg, the presence of anti TgAb,
and possible unintended biopsy of adjacent thyroid tissue, particu-
larly in the central compartment.204–206 Although false-positive
results have been reported in the presence of detectable Tg levels,
a LN aspiration Tg level<1 ng/mL is likely to signal a benign LN.204

Onsite assessment may improve the FNAB adequacy rate,207

although specimen adequacy also depends on the type of nodule and
on operator experience.196 An adequacy threshold of >85% to 90%
has been proposed for achieving proficiency but has not been
validated.202,208 Cystic nodules have little to no follicular cells,
while colloid nodules are characterized by abundant, thick colloid.
For adequacy, solid nodule cytology requires a minimum of 6 groups
of 10 or more well-preserved follicular cells, preferably on a single
slide.196 If the FNAB yield is inadequate, additional aspirations can
be repeated immediately as long as the patient is tolerating the
procedure. In a study of 1381 thyroid FNABs, onsite assessment
improved the adequacy rate (75% vs 60%) and reduced the necessary
number of needle passes,209 and this finding was confirmed in a
meta-analysis that also observed the benefit to be more pronounced
in centers with lower baseline adequacy rates.207 Adequacy is also
limited by anatomic features such as a high proportion of cystic
component, macrocalcifications, and small nodule. Cell block prep-
aration and immediate slide preparation improve the accuracy of
FNAB.210,211

Recommendation 8: In most circumstances, FNAB yield and
adequacy may be optimized using US-guidance, with or without
onsite cytologic assessment. (Strong recommendation, moderate-
quality evidence)

FNAB Result Categories
Since 2008, cytology is conventionally classified using the

Bethesda System for Reporting Thyroid Cytopathology which was
updated in 2017 (Table 8).212,213 Standardization of cytology classi-
fication has led to less ambiguous diagnoses and decreased surgery
rates without diminishing the accuracy of biopsy results.212 The
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recent reclassification of some neoplasms as NIFTP has altered the
risk of malignancy for all cytology categories.214,215 However, since
NIFTP requires surgical excision for diagnosis, malignancy risk can
be reported separately either with and without NIFTP213,216 (see
‘‘Pathogenesis and Epidemiology,’’ ‘‘Perioperative Tissue Diagno-
sis’’).

The majority of FNAB results will be benign, with a risk of
cancer <4%.217 Although a higher-than-expected false-negative
cytology result has not been observed in all studies, 1 study of
routine resection for large size reports a malignancy rate of 12.9% in
nodules >4 cm with benign cytology.38,218–220 It remains controver-
sial if there is a nodule size above which nodules should be
definitively assessed by histology rather than cytology.

Cytology that is positive for malignancy is seen in up to 5% of
FNAB (see ‘‘Pathogenesis and Epidemiology’’) and corresponds to
histologic PTC, MTC, or ATC.217 Although cytologic morphology
can help differentiate between these cancer types, helpful ancillary
studies include immunohistochemical staining for calcitonin or
Tg.3,221 ATC lacks Tg expression and is often clinically distinguish-
able from DTC. Flow cytometry immunophenotyping is often
needed for lesions that are suspicious for PTL but requires a core
or surgical tissue biopsy (see ‘‘Perioperative Tissue Diagnosis’’).
Patients should be counseled preoperatively that false-positive
malignant FNAB results can occur (<2%).217

Nodules that are categorized as follicular lesion of undeter-
mined significance/atypia of undetermined significance (Bethesda
III; FLUS/AUS), follicular neoplasm/suspicious for follicular neo-
plasm/oncocytic neoplasm (Bethesda IV; FN), or suspicious for
malignancy (Bethesda V; SFM) comprise at least 20% of FNAB
results and are considered cytologically indeterminate (Table 8). The
proportion of biopsies classified in 1 of the 3 indeterminate catego-
ries increased 4-fold in 2015 compared with�10 years earlier, which
was attributed to the adoption of the Bethesda system along with
more stringent recommendations for which nodules should undergo
FNAB.222

For results in the Bethesda III category, nodules may undergo
repeat FNAB, which leads to a more definitive reclassification in
60% to 65%, and thus is recommended as the next clinical manage-
ment step.3,223 Diagnostic lobectomy or thyroidectomy is indicated
for Bethesda III lesions with suspicious US features,224,225 cytologic

nuclear atypia,226,227 and repeat Bethesda III cytology3 (see ‘‘Indi-
cations, Extent, and Outcomes of Surgery’’). Nodules that are
classified as Bethesda IV on cytology are associated with HCC,
FTC, or FVPTC, but can also be benign (FA, hyperplastic nodules,
etc) (Table 8). MTC can present as FN on cytology.56,228 To obtain a
definitive diagnosis for nodules classified as Bethesda IV requires
histologic evaluation to assess for capsular or vascular invasion. The
Bethesda V category has the highest risk of malignancy among the
cytologically indeterminate categories and is less commonly diag-
nosed (Table 8). The adjunctive role of molecular testing for nodules
categorized as Bethesda IVand V is discussed below (see ‘‘Molecular
Testing,‘‘ ‘‘Indications, Extent, and Outcomes of Surgery’’).

Before thyroidectomy, review of prior thyroid cytology can be
helpful as both inter- and intraobserver variability can be signifi-
cant.229 In a review of 7154 thyroid FNABs, discordance between
initial interpretation and review was 30%, and the rate was even
higher (63%) within the indeterminate categories.230 In a single
institution study of 3885 thyroid cytology specimens, rereview led to
a decreased rate of indeterminate results from 38% to 28%. Discor-
dant cytology is associated with low cellularity, an initial indetermi-
nate category, thyroiditis, and low consult volume at the initial
institution.231

The cytologic features of MTC are variable and overlap with
other thyroid pathologies; in fact only �50% of histologic MTC are
diagnosed correctly by preoperative FNAB.232 The most common
variants of MTC are spindle cell and oncocytic, which can be
variously interpreted preoperatively as ATC, Hürthle cell neoplasm,
or even PTC. In a multicenter study, measuring the FNAB aspiration
fluid for calcitonin improved sensitivity of MTC detection.233

The preoperative prediction of TC aggressiveness is of
increasing interest as this can help guide the extent of initial
thyroidectomy. The 2015 ATA guidelines3 recommend either lobec-
tomy or total thyroidectomy as definitive treatment for TC, but the
extent of thyroidectomy depends on estimation of recurrence risk,
which is defined predominantly by histologic features that are only
available postoperatively. The Bethesda category appears to provide
some prognostic information. In a prospective cohort analysis of
1291 patients with histologic TC, higher risk cancers were seen more
commonly with a preoperative FNAB result that was positive
for malignancy, while lower risk cancers were associated with

TABLE 8. The Bethesda System for Reporting Thyroid Cytopathology

Category
Proportion of

FNAB

Proposed Risk
of NIFTP or
Malignancy

Proposed Risk of
Malignancy

(Excludes NIFTP) Clinical Management

I. Nondiagnostic 10%–15% 5%–10% 5%–10% Correlate with clinical/radiologic
findings

Consider repeat FNAB
II. Benign 60% 0%–3% 0%–3% Periodic US exam

Consider repeat FNAB if size
increases or change in US
feature

III. Follicular lesion of undetermined
significance/atypia of undetermined
significance

10% 6%–18% 10%–30% Correlate with clinical/radiologic
findings

Consider repeat FNAB � molecular
testing

Surgery�

IV. Follicular neoplasm/suspicious for follicular
neoplasm

10% 10%–40% 25%–40% Consider molecular testing
Surgery�

V. Suspicious for malignancy 3% 45%–60% 50%–75% Surgery�

VI. Malignant 5%–6% 94%–96% 97%–99% Surgery�

�When surgery is needed, thyroid lobectomy or total thyroidectomy is indicated by clinical and cancer-related variables including molecular testing results and patient preference.
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FLUS/AUS or SFM;234 an unfavorable outcome (including local
recurrence, distant metastasis, or death) was uncommon but was
most likely with malignant FNAB results. In 371 patients with
thyroid cancer and an initial FLUS/AUS result, recurrence was rare
(3%) albeit with mean follow-up of only 3 years.235 However, in
another single institution study of 360 thyroid cancers, Bethesda
category was not predictive of worse outcome within tumor sub-
types.236 Additional studies are needed to better define the potential
prognostic implications of the Bethesda system.

Recommendation 9: The Bethesda System for Reporting
Thyroid Cytopathology should be used to report and stratify the
risk of malignancy in a thyroid nodule. (Strong recommendation,
high-quality evidence)

MOLECULAR TESTING

Molecular testing (MT) to examine somatic changes has
become an important adjunct in the diagnosis and treatment of many
cancers, and is primarily utilized in thyroid disease as a preoperative
method to refine the cancer risk of cytologically indeterminate
thyroid nodules.3,237 In development, such testing requires defining
the molecular profile of nodules that are benign, malignant, and even
nonthyroidal, developing reliable analytic assays to detect these
profiles in Clinical Laboratory Improvement Amendments-approved
laboratories, and further levels of assessment (below). Molecular
profiling includes genomic alterations (such as point mutations,
insertions, and deletions), gene fusions resulting in rearrangements
or translocations, copy number variations, RNA-based gene expres-
sion, and/or micro-RNA (miRNA) expression.238

MT to Guide Need for Surgery
Avoiding surgery for a cytologically indeterminate nodule can

be considered if an informed patient wishes and it is clinically
appropriate (see ‘‘Indications, Extent and Outcomes of Surgery’’).
Negative MT results can reduce the risk of cancer to one that is
approximately equivalent to that for a benign FNAB result (�5%).239

The type, indication for, and interpretation of MT should consider
nodule and clinical variables, and whether the results will change
planned recommendations.240 US and cytology results may help
classify risk and determine if surgery is warranted. In addition, if
thyroidectomy is indicated regardless of cancer risk ie due to
symptoms, imaging features, nodule size etc, then ordering MT
for the purpose of avoiding surgery would not be indicated. In some
settings, if multidisciplinary management of cytologically indeter-
minate nodules leads often to observation based on locally available
radiographic and cytologic expertise, then the clinical utility of MT
may be diminished.

Recommendation 10: If thyroidectomy is preferred for clini-
cal reasons, then MT is unnecessary. (Strong recommendation,
moderate-quality evidence)

MT to Guide Thyroid Nodule Management
There have been several versions and types of MT, but

currently 3 tests are commercially available. MTs should be evalu-
ated in a systematic framework to ensure that each has analytical
validity (how accurately can the test detect if the variant is present or
absent), clinical validity (how well does the genetic variant being
analyzed relate to the risk of disease), and clinical utility (does the
test provide clinically helpful information about diagnosis and
treatment).241 An ideal clinical validation study is multi-institutional,
includes histologic correlation for all nodules regardless of MT
result, has histology interpreted by a pathologist who is blinded to
the MT results, and avoids post hoc exclusions. Sensitivity and
specificity are inherent test properties, but clinical use is typically

directed by negative and positive predictive values (NPV, PPV)
which are dependent on both test performance and cancer prevalence
which is institutionally and geographically variable242 (see ‘‘Patho-
genesis and Epidemiology’’). The benign call rate, that is, the
proportion of FNAB which are MT negative, is a predictor of the
number of avoidable diagnostic surgeries and has implications for a
test’s real-time clinical utility.

An early form of MT was the 7-gene panel (7GP) designed to
evaluate point mutations in BRAF (V600E and K601E), H-, K-, and
N-RAS, and the RET/PTC 1/3 and PAX8/PPARg rearrange-
ments.243,244 The 7GP included genetic alterations for �70% of
all thyroid cancers, and in clinical validation studies improved
diagnostic specificity and cost savings.245–251 Under the 2009
ATAG, which advised total thyroidectomy for all DTC, FNAB testing
for 7GP was associated with increased rates of correct initial extent
of thyroidectomy (lobectomy vs total thyroidectomy).252 The 7GP is
now incorporated into 2 commercially available tests: ThyGenX þ
ThyraMIR (which combines 7GP with a 10 miRNA panel) and
ThyroSeq, which is an expanded multigene panel.

The initial ThyGenX þ ThyraMIR clinical validation report
was a multisite study inclusive of 109 Bethesda III and Bethesda IV
nodules with histopathologic correlation.253 Cytology and histology
were interpreted at the local institution, and pathologists were
blinded to the MT results. The cancer prevalence was 32%, and
61% of the cohort had benign MT. Sensitivity and specificity were
89% (73–97) and 85% (76–92), respectively. Two small single
institution studies have provided additional clinical validation for
the ThyGenX þ ThyraMIR test, with one (n¼60) reporting a lower
sensitivity of 48% (range 27–69)254 and the other (n¼10) reporting a
lower specificity of 71%.255 Clinical utility is not described. The
current version has expanded the DNA and RNA panel, and is now
called ThyGeNEXT þ ThyraMIR; no performance data is available
for this iteration.

Two iterations of ThyroSeq have been described in analytic
validation studies and both utilize next generation sequencing to
identify a panel of molecular alterations. ThyroSeq v2 tested for
56 thyroid-related genes including point mutations, gene fusions,
and gene expression, while ThyroSeq v3 expanded the number
of tested genes to 112, inclusive of copy number alterations in
10 genomic regions.256 The benign call rate for ThyroSeq v2
was similar to that for ThyGenX þ ThyraMIR and ranges from
65% to 93%.253,257–259 A multicenter prospective study of Thy-
roSeq v3 including 247 Bethesda III and Bethesda IV nodules in
which both pathologist and clinicians were blinded to MT results
reported sensitivity of 94%, specificity of 82% with a cancer
prevalence of 28% inclusive of NIFTP, and a benign call rate of
61%.260

Using a different MT strategy, the Afirma Gene Expression
Classifier (GEC) was an RNA-based panel which was specifically
selected to associate with benign nodules.261 In essence, a negative
result ideally obviates the need for surgery. Since the initial analytical
validation studies, additional expression markers for MTC, Hürthle
cell lesions, BRAF, and RET/PTC fusions have been added and the
newest iteration is now called the Genomic Sequencing Classifier
(GSC).262–264 Clinical validation studies of GEC have been numer-
ous and heterogeneous in design and outcome. The first report was a
multi-institution study inclusive of 265 Bethesda III, IV, and V
nodules in analysis of GEC test performance.265 Because the
NPV was 85% for Bethesda V nodules due to high cancer prevalence
(62%), GEC was no longer performed for this cytologic category.265

GSC validation used this same cohort of samples, of which 190
Bethesda III and IV nodules had adequate RNA for retesting.
Sensitivity was 91% (79–98) and specificity was higher than for
GEC at 68% (60%–76%, 95% CI). Follow-up clinical validation
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studies of GEC reported relatively consistent sensitivities of 83% to
100%266–272 but unlike the initial study,265 the majority of subse-
quent analyses included only a small proportion of MT negative
nodules with histologic correlation or long-term follow-up.273

Not all studies limited GEC use to only Bethesda III and IV
nodules, and in others, utilization was inconsistent. Both factors may
have led to the observed range of GEC specificity (15%–40%) and
PPV (14%–58%).266–269,274–280 Clinical utilization studies of GEC
have included cost analyses and reports of observed reductions in
necessary diagnostic thyroidectomies.281–286 Management of posi-
tive GSC results is typically diagnostic surgery with varying rates of
malignancy expected, depending on the local pretest probability
of cancer.

Molecular alterations characteristic of Hürthle cell carcinoma-
(HCC)s are different than follicular-patterned lesions,47,287 and MT
performance in Hürthle cell neoplasms has been variable to date.288

Changes incorporated into both GSC and ThyroSeq v3 may improve
MT performance in this nodule subset.260,264

Few studies have compared performance of >1 MT on either
the same set of nodules or within the same institution. In a study that
retrospectively obtained multiple MTs (GEC, ThyGenXþThyra-
ThyraMIR, and RosettaGX which was a 24 miRNA expression
classifier that is no longer available) on 10 cytologically indetermi-
nate (Bethesda III–V) nodules with histology, all 3 MT had 100%
sensitivity and NPV.255 In an analysis to determine if clinical
management of all biopsied nodules (Bethesda I–VI) was altered
by the use of MT (inclusive of GEC, ThyGenX, ThyroSeq, and 7GP),
<10% had a change in planned management according to the 2009
ATAG.289 In a prospective direct single-institution comparison that
randomized Bethesda III/IV nodules to GEC versus ThyroSeq v2
MT,290 the benign call rate differed (ThyroSeq 77% vs GEC 43%);
however, not all MT negative nodules had histology. When nodules
with histology were assessed, sensitivity for both tests was 100%
(NPV 100%), but specificity was lower for GEC (16% vs ThyroSeq
60%). Particularly concerning cost efficacy, clinical validation data
that evaluate use of >1 MT on the same nodule are not available.

A summary of the commercially available MTs and corre-
sponding results from the index clinical validation study appears in
Table 9.253,260,264 However, use of MT results to make clinical
decisions relies on PPV and NPV which are contingent on regional
cancer prevalence for each cytology category.242 Using sensitivity
and specificity from the index studies, the risk of malignancy
depending on a positive or negative MT result is shown relative
to cancer prevalence in Figure 2.

Recommendation 11: When the need for thyroidectomy is
unclear after consideration of clinical, imaging, and cytologic
features, MT may be considered as a diagnostic adjunct for
cytologically indeterminate nodules. (Strong recommendation,
moderate-quality evidence)

Recommendation 12: Accuracy of MT relies on institutional
malignancy rates and should be locally examined for optimal
extrapolation of results to thyroid cancer risk. (Strong recommen-
dation, moderate-quality evidence)

MT to Guide Extent of Surgery
Because it is available preoperatively, some information from

MT can be used to guide extent of surgery but clinical variables
should also be considered, that is, as stated above, if total thyroidec-
tomy is already indicated, then MT will not alter the extent of
thyroidectomy under the current ATAG although under the 2009
ATAG, 7G MT was associated with increased rates of correct initial
thyroidectomy.252 To date, no MT has been studied for surgical
guidance under the 2015 guidelines which substantially modified
recommendations on the extent of thyroidectomy, so that lobectomy
or total thyroidectomy are potential options for 1 to 4 cm TCs3 (see
‘‘Indications, Extent, and Outcomes of Surgery’’). To be useful for
deciding extent of surgery, a given MT needs to first provide reliable
prognostic information. In a single institution study of 1510 TC,
aggressive features such as CLNM, distant metastasis, and recur-
rence were associated with BRAF V600E and RET/PTC-1 and -3
rearrangements.291

BRAF V600E, a mutation that was focused upon early in the
evolution of MT, has been extensively studied and is associated with
more aggressive PTC subtypes, such as the tall cell variant, in
addition to other histologic tumor characteristics including CLNM
and ETE.292,293 BRAF V600E mutant tumors have also been associ-
ated with recurrence, even in PTMC.294,295 When PTC is solitary and
1 to 4 cm in size, recurrence is more likely with positive BRAF
V600E (9.5% vs 3.4%).296 However, not all BRAF V600E-positive
PTC are associated with aggressive disease. Overall, its prognostic
value is limited when histologic features are available to refine risk
stratification.297,298 BRAF V600E can be detected by ThyGenX,
Afirma GEC, and ThyroSeq. By contrast, BRAF K601E is a clini-
cally indolent mutation that should not be confused with BRAF
V600E.299

ThyroSeq and ThyGenX testing can also detect TERT pro-
moter mutations which are found in� 10% of TC and are associated
with cancer-specific mortality.300–302 In a case report, aggressive
PTC exhibited multiple mutations,303 and in meta-analysis aggres-
sion was associated with coexistent BRAF V600E and TERT in
particular.304 Testing for BRAF V600E and TERT promoter muta-
tions is not necessarily recommended for initial risk stratification;
however, if MT is available and such mutations are present, they are
called out as being associated with increased risk of recurrence in the
2015 ATA Risk classification.3 Further study will determine if
genotype provides information that has not already been obtained
clinically, by US imaging, and/or by cytologic classification, as well
as determine if altering the initial extent of surgery based on MT
results will affect outcomes.

RAS mutations have been variably associated with malig-
nancy, a phenomenon that is often the cause of differing specificity
values for the MTs that include RAS testing (Table 9). In one single-
institution series, RAS-positive nodules were associated with a 75%
risk of malignancy with HRAS mutations conferring the highest risk
(90%).305 However, another series reported a RAS-associated malig-
nancy risk of only 9%.258 RAS mutation can be seen in several thyroid
histologies, including FA, NIFTP, encapsulated and unencapsulated

TABLE 9. Commercially Available Molecular Tests for Bethesda III and IV Nodules

Test Name Type of Test False Negatives� Sensitivity (95% CI)� Specificity (95% CI)�

Afirma Gene Sequencing Classifier Multigene expression (RNA-based) 4/103 (4%) 91% (79%–98%) 68% (60%–76%)
Interpace ThyGenXþThyraMir 7 gene panel þ 10 miRNA 4/67 (6%) 89% (73%–97%) 85% (75%–92%)
CBLPath ThyroSeq version 3 Multigene NGS 4/150 (3%) 94% (86%–98%) 82% (75%–87%)

�Includes only results with histologic correlation and before post hoc exclusions.
CI indicates confidence intervals; miRNA, micro-RNA; NGS, next-generation sequencing; RNA, ribonucleic acid.
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FVPTC, classic PTC, MTC, and PDTC/ATC.305,306 The inter- and
intraobserver variability associated with diagnosis of follicular-pat-
terned thyroid neoplasms is high and likely accounts for the discrep-
ancy.307 Regardless, when clonally present, mutant RAS is an
oncogene, and thyroid lobectomy should be considered for definitive
diagnosis as well as definitive management.238

Practical Aspects of MT
All MT types require either at least 1 dedicated FNAB pass

(Table 10) or else retrieval of residual material in the needle hub after
the FNAB specimen is collected for cytology; the collection vial with
the necessary preservative is included in the shipping kits available
with each test. An additional patient visit for repeat FNAB can be
avoided if the sample for MT is routinely collected at initial FNAB,
stored at the local institution, and then submitted for MT when
needed. This may not be feasible at some locations but is in routine
use at others. Current cost analyses for MT (below) do not include the
cost and inconvenience of an additional office visit for MT-dedicated
FNAB, when necessary. Although the costs of MT currently do not
deviate substantially, most cost-effectiveness modeling studies have
been sensitive to small cost fluctuations that can change the study
outcome.245,283,284,308

Concerns With MT
Validation and utility studies are needed for all MT. Many

reports have relied on retrospective evaluation of initial accuracy

parameters, and follow-up independent studies have often reported
diminished utility although in single-institution studies of small
cohorts.266,276 Providers and patients may also find it challenging
to interpret MT results and identify the clinical situation where they
may be most helpful, potentially leading to over- or under-treat-
ment.240,289 In clinical scenarios leading to nodule observation,
patient willingness or ability to continue surveillance should also
be carefully considered before obtaining MT.

The financial aspects of GEC, ThyroSeq, and 7GP have been
evaluated in several hypothetical cost-effectiveness analy-
ses.245,246,265,281,309 In general, the cost of MT can indeed be offset
by avoiding surgery, but the costs may equilibrate with long-term
clinical surveillance.308 A better understanding of what malignancies
are missed by MT, and the natural history of MT-negative nodules,
could help identify which nodules truly require continued follow-up.
In a meta-analysis, cost-effectiveness was determined by a number of
avoided operations, which was projected based on theoretical esti-
mations for both ThyGenX þ ThyraMIR and Rosetta since few
clinical validation studies exist for these 2 tests.310 No MT has been
clinically validated for pediatric patients. MT validation and utility
studies for Bethesda V nodules are also lacking.

Another variable in evolution that will likely impact MT
performance is the recent terminology shift to NIFTP.311 Molecular
analysis has shown the presence of clonal cell populations in NIFTP
which may have the potential to be invasive or metastatic311 but
because NIFTP decreases the risk of true malignancy for the

FIGURE 2. Risk of malignancy accord-
ing to test result and cancer prevalence.
Figures constructed from published
sensitivities and specifities in Table 9.

Annals of Surgery � Volume 271, Number 3, March 2020 Definitive Surgical Management of Thyroid Disease in Adults

� 2020 Wolters Kluwer Health, Inc. All rights reserved. www.annalsofsurgery.com | e37



 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

indeterminate Bethesda categories (see ‘‘FNAB Diagnosis’’) the
PPV of all MT will be impacted.312

INDICATIONS, EXTENT, AND OUTCOMES OF
SURGERY

The indications for thyroidectomy can be grouped into the
general categories of local compressive symptoms, malignancy risk,
and hyperthyroidism. For patients who are to undergo thyroidectomy,
the initial extent of surgery is determined by multiple factors as
discussed throughout these guidelines and summarized in Table 11.
The outcomes of thyroid operations, including the impact of surgeon
volume, are also presented.

Extent of Initial Thyroidectomy
As summarized in Table 11 and addressed below, when an

indication for thyroidectomy is present, the surgical decision regard-
ing initial operative extent is driven by multiple factors including
symptoms, primary etiology, presence of contralateral nodular dis-
ease, thyroid functional status, comorbidities, family history, surgical
risk, comparative outcomes, and patient preferences (see ‘‘Initial
Evaluation,’’ ‘‘FNAB Diagnosis,’’ ‘‘Molecular Testing,’’ ‘‘Initial
Thyroidectomy,’’ ‘‘Goiter,’’ ‘‘Reoperation’’).

Cytologically Benign Nodules
Although the majority of thyroid nodules are cytologically

benign on FNAB (Bethesda II) and can be safely observed (see
‘‘FNAB Diagnosis’’), thyroidectomy should be considered for
Bethesda II nodules associated with significant local compressive
symptoms such as difficulty with breathing or swallowing. Patients
with larger nodules are more likely to report such symptoms,313

which can be multifactorial and incorrectly attributed to the thyroid
(see ‘‘Initial Evaluation’’). Cross-sectional imaging and other studies
may help to delineate whether the nodule is actually compressing the
trachea or esophagus.87

Progressive enlargement of a nodule classified as Bethesda II
is another indication for thyroidectomy. The 2015 ATA guidelines
define nodule growth on follow-up US as either a 20% increase in at
least 2 nodule dimensions with a minimum increase of 2 mm, or more
than 50% increase in volume, and suggest that such patients be
offered repeat FNA or resection.3

TABLE 10. Practical Aspects of Molecular Testing

Afirma GSC ThyGenXþThyraMir ThyroSeq

Sample type needed Two dedicated passes One dedicated pass One dedicated pass; cell blocks or
FFPE can be used

Cytology interpretation Centralized Centralized or local Centralized or local
Separate FNA Selective versus all FNAB sent for

centralized cytology review
Selective versus all FNAB sent for

centralized cytology review
Selective versus all FNAB sent for

centralized cytology review
Specialized kit Yes Yes Yes
Time to test results Within 2 wks 10–14 business days Within 2 wks
How test results reported a. Cytopathology resulted then

GSC is evaluated on BIII/IV
only

b. GSC resulted as Benign or
Suspicious

c. Additional analysis for BRAF
V600E, MTC, RET/PTC1 and 3
expression

a. ThyGenX oncogene reported
b. If ThyGenX negative, then ThyraMIR

assessed and reported as high or low
risk

Positive or negative with detailed
results for each type of
molecular marker tested

Interpretation
of MT results

Benign ¼ consider surveillance
Suspicious ¼ consider surgery

7GP positive¼ consider surgery
ThyraMIR High¼ consider surgery
ThyraMIR Low¼ consider surveillance

Negative¼ consider surveillance
Positive¼ consider surgery

TABLE 11. Clinical Factors That Favor Initial Total Thyroidec-
tomy Versus Lobectomy

Favor total
thyroidectomy

1) Planned RAI for known or suspected
DTC, including:

a. Malignant FNAB for >4 cm lesion
b. Gross ETE on US or intraoperatively
c. Clinical, IOPE or US evidence for
CLNM

d. Known distant metastasis
e. Adverse MT result (ie, BRAF V600E
þ TERT)

2) MTC
3) Bilateral thyroid disease, including:

a. Euthyroid or toxic nodular goiter
b. Graves’ Disease
c. Contralateral dominant/index nodule
d. History of XRT
e. Familial predisposition syndrome
f. Need for concurrent contralateral
parathyroidectomy

4) Struma ovarii

Controversial/
no consensus

1) Uni-lobar known or suspected DTC 1–
4 cm that appears low-risk on US

2) Index lesion plus existing thyroid
hormone dependence

3) Uni-lobar DTC with need to facilitate
Tg/US surveillance

4) Uni-lobar lesion with complex medical
situation

5) Uni-lobar lesion and patient preference
for TT

Favor lobectomy
and isthmusectomy

1) Uni-lobar PTMC that appears low-risk
on US

2) Uni-lobar lesion with indolent MT result
3) Unilateral goiter

When thyroidectomy is already indicated, the listed factors can help inform
decision-making about the initial surgical extent, that is, the choice of initial
bilateral versus unilateral thyroidectomy. The content is based on the expert opinion
of the authors and is not intended to be proscriptive or rotely applicable to individual
clinical circumstances (see ‘‘Cautions to Implementation,’’ ‘‘Abbreviations Table’’).
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No absolute threshold for nodule size mandates thyroidec-
tomy, but some routinely consider resection of BII nodules measur-
ing �3 or �4 cm due to a reported increased risk of malignancy
(5%–22.8%).219,314 A 2014 study reported that routine thyroidec-
tomy for 125 Bethesda II nodules measuring�4 cm on US resulted in
a 10.4% rate of histologic TC.219 A 2017 Italian study of 202 patients
with solitary BII nodules recommended a 3 cm threshold for opera-
tion due to a 22.8% malignancy rate on final pathology.314 The issue
remains controversial due to methodology variations315 and institu-
tional variations in pathology/cytology analysis.

Some patients with Bethesda II nodules who are otherwise
asymptomatic may elect to undergo thyroid resection for cosmetic or
other reasons.

Goiter and Thyroiditis
Most asymptomatic goiters in euthyroid patients can be safely

observed, but many surgeons consider surgery for goiter causing
dyspnea, dysphagia, tracheal or esophageal compression, or thoracic
outlet syndrome, as well as for nodular goiter with substernal
extension (see ‘‘Goiter’’).87,316,317

Although most patients with Hashimoto’s thyroiditis are
managed medically, surgery is occasionally indicated in thyroiditis
patients with significant compressive symptoms, progressive
enlargement, or suspicion of malignancy.24,318 Uncommonly, pro-
gressive enlargement of a nontoxic goiter may prompt consideration
of resection to prevent future development of symptoms. Some
asymptomatic patients may request thyroidectomy because their
goiter is cosmetically unappealing.

Recommendation 13: Patients with a thyroid nodule, goiter
or thyroiditis who exhibit local compressive symptoms or progres-
sive enlargement should be considered for thyroidectomy. (Strong
recommendation, low-quality evidence)

Hyperthyroidism
Antithyroid drug therapy, RAI, and thyroidectomy are all

options for management of hyperthyroidism. Each modality has
its own advantages and disadvantages, which should be discussed
with patients and the multidisciplinary team. Most patients with
hyperthyroidism can be managed with antithyroid medications, but
some will be refractory to medical therapy, develop adverse reac-
tions, have large glands or nodules not amenable to RAI, have
contraindications to RAI, or have coexisting conditions or situations
that may prompt consideration for thyroidectomy. Other types of
hyperthyroidism may warrant thyroidectomy, including refractory
amiodarone-induced thyrotoxicosis,319 large toxic multinodular goi-
ter,12 and selected toxic solitary adenomas320 (see ‘‘Hyperthyroid
Conditions’’).

Recommendation 14: Thyroidectomy is one of several
options for treatment of hyperthyroidism and should be preferen-
tially considered when RAI or medical therapy is contraindicated
or undesirable. (Strong recommendation, moderate-quality evi-
dence)

Cytologically Malignant Nodules
The stratification of malignancy risk by FNAB and the use of

MT to provide additional management information are covered
above (‘‘FNAB Diagnosis,’’ ‘‘Molecular Testing’’).

Initial risk stratification in TC management is very often
performed by the surgeon, who determines (based on imaging,
clinical, cytologic, and molecular findings, etc.) whether and when
to operate, the initial extent of resection, and what technique(s) to
use. In general, patients should be considered for thyroidectomy with
an FNAB result demonstrating DTC, MTC, (see ‘‘Perioperative
Tissue Diagnosis’’) or an isolated secondary metastasis to the thyroid

(see ‘‘Initial Evaluation’’).3,321,322 In contrast, thyroidectomy is not
generally performed for PTL or ATC,323 although the surgeon may
sometimes need to perform an open biopsy to provide tissue to make
a definitive diagnosis (see ‘‘Perioperative Tissue Diagnosis’’).
Rarely, thyroidectomy is performed for what is later found to be
ATC histologically, or for known ATC that is confined to the thyroid
gland.324

Active surveillance (AS) may be appropriate for patients with
significant comorbidity or limited life expectancy3 and is also a new
option reported for selected patients with small, stable PTC (see
‘‘Cancer Management’’). Active surveillance requires appropriate
patient counseling, selection and a commitment to long-term follow-
up.

Several studies have demonstrated that lobectomy for DTC 1
to 4 cm yields disease-specific mortality and recurrence outcomes
similar to total thyroidectomy, but there is also continuing contro-
versy.325–327 A systematic review of 13 large-scaled studies reports
comparative survival and disease-free survival outcomes by extent of
surgery for PTC 1 to 4 cm. The largest series, using the National
Cancer Database, found a 91.4% versus 92.9% difference in overall
survival with lobectomy versus total thyroidectomy, but this did not
maintain statistical significance with multivariable adjustment.328,329

In a recent study which compared outcomes for FVPTC versus
classical PTC and stratified by size, there was no difference in
survival between subtypes by extent of surgery without size stratifi-
cation; however, in the classical PTC group, patients who underwent
total thyroidectomy for larger tumors (2.0 to 3.9 cm) had a significant
survival advantage (HRR 1.53, P ¼ 0.02).330 The results of the few
studies reporting disease-free survival were mixed, with 3 of 5
reporting increased recurrence but with questionable clinical rele-
vance.331–335 In further discussion of the initial extent of thyroidec-
tomy, several studies have called into question the oncologic
outcomes of the new ATA Guidelines’ focus on lobectomy alone
for low-risk DTC.3 In retrospective studies, a high proportion of
patients with apparent low-risk DTC who received TT but would
have qualified for lobectomy under the new guidelines, would later
have been recommended for completion thyroidectomy (43%, 59%,
49%) because of unanticipated findings such as tall-cell histology,
angioinvasion, ETE, positive margins, or positive LN.336 A 2018
study of actual outcomes following implementation of the 2015 ATA
guidelines was more favorable, reporting that 20% of patients with
low-risk DTC who underwent initial lobectomy required completion
surgery.337

For patients with DTC cytology or known/suspected MTC
who are to undergo thyroidectomy, the extent of resection is deter-
mined by multiple factors (Table 11, see also ‘‘Initial Thyroidec-
tomy,’’ ‘‘Cancer Management’’). In general, most patients with
malignant cytology and tumors �4 cm, evidence of local invasion,
nodal or distant metastases, multiple bilateral nodules, or evidence of
MTC should undergo total thyroidectomy;3 the need for possible
lymphadenectomy is covered in ‘‘Nodal Dissection’’. Patients with
DTC 1 to 4 cm in size without aggressive cytologic or US features
and no other identified reason for initial total thyroidectomy, may be
offered ipsilateral lobectomy and isthmusectomy and are less likely
to be recommended for postoperative RAI; however, such patients
and their referring endocrinologists should be informed that close
follow-up of the contralateral lobe and cervical nodal basins is
required, that Tg measurements will be difficult to interpret due
to remaining thyroid tissue, and that future RAI, if recommended,
will first require completion thyroidectomy or 2-stage remnant
ablation (see ‘‘Cancer Management’’). Patients with isolated DTC
�1 cm or minimally invasive FTC and no other worrisome radio-
graphic or clinical features such as LNM or local invasion are usually
treated with lobectomy alone.
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Cytologically Indeterminate Nodules
The safety and outcomes of active surveillance for manage-

ment of indeterminate thyroid nodules are unknown.
Conventionally, patients with an FNAB result in the category

of Suspicious (Bethesda V; see ‘‘FNAB Diagnosis’’) should be
considered for surgery. As with malignant cytology, the extent of
thyroid resection is determined by tumor size, radiographic features,
contralateral nodular disease, MT results if performed, and other
clinical factors (Table 11).3 Although it is no longer used routinely, in
patients with Bethesda V cytology, intraoperative frozen section may
be helpful in diagnosing malignancy and guiding decisions about
initial surgical extent (see ‘‘Adjuncts and Approaches’’).338

Patients with a cytologic diagnosis of FN (Bethesda IV)
should be considered for MT or thyroidectomy.253 Thyroidectomy
is indicated in patients with larger FN tumors (�3–4 cm), serial
enlargement, worrisome US features, family history of TC, or a
history of radiation exposure, and its extent is determined by clinical
factors (Table 11).3 In all other situations, if MT is not performed, or
if it produces low yield or suspicious results, thyroidectomy is
indicated, and the extent of resection is based on clinical factors.339

Patients with a cytologic diagnosis of AUS/FLUS (Bethesda
III) may be offered the options of repeat FNA (see ‘‘FNAB Diagno-
sis’’), surgery, or MT to assist with further stratification of malig-
nancy risk.253 If MT is performed and produces low yield or
suspicious results, thyroidectomy is indicated with initial extent
determined by clinical factors.339 If MT is not performed, patients
with confirmed AUS/FLUS should be considered for thyroidec-
tomy.339 In some multidisciplinary settings, selected Bethesda III
patients without worrisome radiographic or clinical features may be
offered the option of AS.340

In all cases of indeterminate cytology, patients should receive
in-depth discussion regarding the utility and limitations of cytologic
analysis, MT (if utilized), the unknown role of active surveillance,
and the clinical and radiographic features that also factor into the
decision-making process. In some situations, the use of MT may
require repeat FNAB (see ‘‘Molecular Testing’’).

Recommendation 15: For nodules that are cytologically
categorized as Bethesda III, clinical factors, radiologic features,
and patient preference should inform decision-making regarding
whether to proceed with repeat biopsy, MT, diagnostic thyroidec-
tomy, or observation. (Strong recommendation, moderate-quality
evidence)

Recommendation 16: Diagnostic thyroidectomy and/or MT
are accepted options for patients with nodules cytologically cate-
gorized as Bethesda IV. (Strong recommendation, moderate-qual-
ity evidence)

Recommendation 17: Thyroidectomy is indicated for thyroid
nodules >1 cm cytologically categorized as Bethesda V or VI.
(Strong recommendation, moderate-quality evidence)

Other Situations
Patients with nodules that cannot be biopsied should be

considered for thyroidectomy. In addition, patients who have under-
gone �2 FNAB with inadequate results (Bethesda I) should be
offered diagnostic surgery.341–343 Some thyroid nodules are located
in positions inaccessible for FNAB (ie, substernal, posterior, or deep
to the internal jugular vein/carotid artery) and should be considered
for surgical resection. Some thyroid cysts may require resection.344

The indications for and extent of initial thyroidectomy may be altered
when concurrent surgery for primary hyperparathyroidism is planned
(see ‘‘Concurrent Parathyroidectomy’’). RAI treatment of struma
ovarii (a rare ovarian tumor composed of thyroid tissue that may
cause hyperthyroidism or present with metastasis) may first require
total thyroidectomy.345

Medical comorbidities can increase perioperative risks (see
‘‘Initial Evaluation, ’’ ‘‘Preoperative Care, ’’ ‘‘Postoperative Care and
Complications’’). Strict age or comorbidity thresholds do not exist
beyond which thyroidectomy is invariably unsafe. Surgeon judgment
and patient selection remain the standards for assuring optimal
outcomes, and appropriate preoperative counseling and engagement
with other providers are particularly helpful in such instances. The
surgeon retains the right to refuse operation if the patient is noncom-
pliant or if the patient’s comorbidities render the operation unsafe.

Outcomes of Thyroidectomy
Numerous recent reports have demonstrated improved out-

comes of thyroidectomy in the hands of high-volume thyroid sur-
geons,346–349 including both thyroid-specific complications
(hematoma, hypoparathyroidism, RLN injury) and 30-day compli-
cations (infection, length of operation, length of hospital stay). A
2017 analysis of the National Inpatient Sample over a 10-year period
identified that a surgeon volume threshold of >25 thyroidectomies
per year is associated with improved outcomes (coded as reduced
short-term complication rates and shorter hospitalization).350 A 2013
system-wide study of multidisciplinary surgical outcomes reported
that surgeons who performed�30 total thyroidectomies per year had
improved outcomes for DTC treatment, especially in completeness
of thyroid resection.349 A 2017 review of a nationwide registry in the
United Kingdom found that surgeons performing �50 thyroidecto-
mies per year had lower complication rates and shorter lengths of
stay.351 A 2017 study of patients with GD using the National
Inpatient Sample demonstrated improved outcomes of thyroidec-
tomy in patients treated at high-volume centers (>47 thyroid oper-
ations per year).2 It should be noted that total thyroidectomy is
associated with higher complication rates than lobectomy alone, even
in the hands of experienced surgeons (see ‘‘Postoperative Care and
Complications’’).352,353

Selected patients with preoperative complaints of dysphagia
and dyspnea frequently report reduction in these symptoms following
thyroidectomy. A 2012 review of 124 patients utilized a swallowing
quality-of-life questionnaire to demonstrate significant improvement
following operation,354 and a 2012 report of >1000 patients queried
about positional dyspnea before and after thyroidectomy for goiter
identified symptomatic improvement in 82%.87 Snoring and sleep
apnea can also improve after thyroidectomy, but with less complete
documentation; a 2012 study utilizing a validated sleep apnea
questionnaire demonstrated >20% reduction in the number of
patients with snoring and/or sleep apnea following thyroidectomy
for goiter.355 In patients with symptomatic thyroiditis, 2 single-
institution reports from 2011 demonstrated >93% symptomatic
benefit in patients undergoing thyroidectomy after failing nonsurgi-
cal management.24,318

A 2000 meta-analysis of 35 studies involving >7000 patients
demonstrated a 92% success rate for subtotal or total thyroidectomy
in treating hyperthyroidism.356 A 2015 review found significantly
improved outcomes ( P ¼ 0.001), for total thyroidectomy (100%
resolution of hyperthyroidism) compared with subtotal resection.357

Recommendation 18: When possible, thyroidectomy should
be performed by a high-volume thyroid surgeon. (Strong recom-
mendation, moderate-quality evidence)

PREOPERATIVE CARE

Antibiotics
Surgical site infection is a rare complication after routine

transcervical thyroidectomy, with a reported incidence of 0.09% to
2%358 and in a small European study, preoperative antibiotic admin-
istration did not affect its incidence.359 Antimicrobial prophylaxis
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(AMP) for clean surgery of the head and neck was not recommended
in a 1999 pharmacy guideline, with moderate strength of evidence.360

A recent single-institution randomized trial confirmed the safety of
clean thyroid and parathyroid surgery without AMP.358 However,
routine AMP is still commonly used for clean thyroid and parathy-
roid surgeries in Japan and many other countries;360,362 according to
an international survey of 275 endocrine surgeons, 26% administered
AMP ‘‘almost always’’, particularly in Asia (59%).362 Because both
preoperative (obesity, alcohol use) and intraoperative factors (ie,
operative time, airway injury) are associated with infection, high-risk
patients may benefit from selective use of AMP, in which case gram-
positive coverage should be administered before or on induction.363

With rare exceptions, postoperative AMP is not indicated (see
‘‘Postoperative Care and Complications’’).

Recommendation 19: Antimicrobial prophylaxis is not nec-
essary in most cases of standard transcervical thyroid surgery.
(Strong recommendation, high-quality evidence)

Steroids
As demonstrated in both a meta-analysis and a randomized

controlled study, intravenous dexamethasone is associated with a
reduction in postoperative nausea and vomiting (PONV) as well as
pain after thyroidectomy.364,365 Higher dexamethasone doses are
generally more effective (8–10 mg vs 1.25–5 mg). The timing of
administration is also an important factor as the effects of intravenous
glucocorticoids are mediated mainly through altered protein synthe-
sis, with an onset of action at 1 to 2 hours, thus dexamethasone given
before induction of anesthesia is more effective.366

Data are inconsistent about the impact of perioperative ste-
roids on voice outcomes after thyroidectomy367 and such use is not
yet widely advocated. A recent consensus clinical practice guideline
made no recommendation regarding the impact of a single intraop-
erative dose of intravenous corticosteroid,95 but a recent randomized
double blind placebo-controlled trial showed that preoperative
administration of dexamethasone(8 mg) reduced rates of postopera-
tive temporary RLN dysfunction and hypoparathyroidism as well as
reducing pain, fatigue, and PONV.368 Similarly, a Swiss double-
blind, randomized study showed that a single preoperative 8 mg dose
of dexamethasone significantly improved PONV, pain, and post-
operative voice function within the first 48 hours (most pronounced
within 16 h of thyroidectomy).369

Recommendation 20: Prior to thyroidectomy, in the absence
of contraindications, a single preoperative dose of dexamethasone
should be considered to reduce nausea, vomiting, and pain. (Strong
recommendation, high-quality evidence)

Surgical Preparation for Graves’ Disease and
Hyperthyroidism

Thyroid storm may be precipitated by anesthestic agents, the
stress of surgery, or thyroid manipulation and may be prevented by
pretreatment with antithyroid drugs (ATDs). Whenever possible,
thyrotoxic patients should be rendered clinically and if possible,
medically euthyroid before undergoing surgery13 (see ‘‘Hyperthy-
roid Conditions’’). TSH levels will lag behind clinical improvement.
If a euthyroid state cannot be achieved prior to surgery, the most
important factor to control is the heart rate, using beta blockers to
achieve a target rate less than 90 as this will help mitigate cardiac
effects.

In GD, use of preoperative potassium iodide (KI, given as
SSKI or as Lugol solution) is frequently advised. This treatment is
controversial but has staunch adherents, with recent strong evidence
that SSKI beneficially decreases thyroid blood flow, vascularity, and
intraoperative blood loss370–372 and also beneficially blocks conver-
sion of T4 to T3.373 Conversely, in a study comparing 162 patients

with GD to 102 patients with TMNG, none of whom received SSKI
preoperatively, no differences were observed in operative time, blood
loss, or complications and the authors concluded that omitting
preoperative SSKI for GD patients does not impair outcomes.374

These findings serve to mitigate concern when KI is not given
because of scheduling issues, shortage, allergic reactions, intoler-
ance, etc. KI can be given as 5 to 7 drops (0.25–0.35 mL) of Lugol
solution (8 mg iodide/drop) or 1 to 2 drops (0.05–0.1 mL) of SSKI
(50 mg iodide/drop) 3 times daily in water or juice for 7 to 10 days
before surgery (see ‘‘Hyperthyroid Conditions’’).

In exceptional circumstances when it is not possible to render
a patient euthyroid, when the need for thyroidectomy is urgent, or
when the patient is allergic to ATDs, the patient should be treated
with beta-adrenergic blockade, KI, glucocorticoids, and potentially
cholestyramine in the immediate preoperative period.13 Rarely,
plasmapheresis may be required if other measures cannot control
the thyrotoxic state.375 Plasmapheresis and plasma exchange are best
used for short-term control followed by immediate thyroidectomy. It
is best if the surgeon and anesthesiologist have experience in
this situation.

Recommendation 21: If surgery is chosen as treatment for GD:
a. Ideally patients should be rendered clinically euthyroid preop-

eratively. (Strong recommendation, low-quality evidence)
b. A potassium iodide containing preparation can be con-

sidered prior to surgery. (Weak recommendation, low-quality
evidence)

Vitamin D and Calcium
Before total or reoperative thyroidectomy, patients who have

had prior gastric bypass surgery should be counseled about a higher
risk of severe postoperative hypocalcemia. Roux-en-Y gastric bypass
surgery circumvents most of the stomach, duodenum, and proximal
jejunum, thereby limiting the ability to absorb calcium and vitamin
D,376 with calcium citrate being the type that is best absorbed. The
incidence of refractory hypocalcemia following thyroidectomy in
patients who have undergone prior gastric bypass may be under-
reported377 and if uncorrected can even necessitate bypass rever-
sal,378 thus vitamin D and calcium stores should be aggressively
repleted (see also ‘‘Postoperative Care’ and Complications’’). In
addition, the residual equivalent of 1 normal parathyroid may not be
sufficient to maintain normocalcemia, which has been proposed as a
reason to preferentially consider lobectomy or to use a staged
approach.379

Recommendation 22: Gastric bypass patients should be
counseled about a higher risk of severe postoperative hypocalcemia
after total or completion thyroidectomy. (Strong recommendation,
low-quality evidence)

Hypercalcemia in a patient scheduled to undergo thyroidec-
tomy should be further evaluated preoperatively (see ‘‘Concurrent
Parathyroidectomy’’). Vitamin D deficiency is a probable risk factor
for postoperative hypocalcemia following total thyroidectomy, and in
randomized but nonstratified studies, symptomatic hypocalcemia
was less frequent in patients treated with perioperative oral calcium
and vitamin D.380,381 Calcium and vitamin D administration should
be considered prior to thyroidectomy for patients at risk for hypo-
calcemia.

Similarly, recent data for GD suggest that preoperative sup-
plementation of oral calcium and/or vitamin D may reduce the post-
thyroidectomy risk of hypocalcemia. A prospective study compared
45 GD patients treated with oral calcium carbonate (3 g a day for
2 wks) to 38 GD patients who underwent thyroidectomy without
treatment and to 38 euthyroid controls, and found that rates of
biochemical and symptomatic hypocalcemia were higher in non-
treated GD patients.382 Again in GD, a meta-analysis identified both
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preoperative vitamin D deficiency and GD itself as risk factors for
postoperative hypocalcemia and advised that calcium and 25-
hydroxy vitamin D levels be preoperatively assessed, and prophy-
lactically repleted or supplemented.383 This topic warrants further
systematic study.

Recommendation 23: Prior to thyroid surgery for GD,
calcium and 25-hydroxy vitamin D levels may be assessed and
repleted or supplemented prophylactically. (Strong recommenda-
tion, moderate-quality evidence)

Universal/Standard Consent and Counseling
Informed consent consists of 5 basic elements: voluntarism,

capacity, disclosure, understanding, and ultimate decision-mak-
ing.384 Valid consent requires that a patient be given the information
about risks, benefits, and alternatives to surgery and offered the
opportunity to have questions answered prior to making a decision
about whether to have surgery. The counseling discussion also helps
patients manage their expectations, handle any consequences and/or
complications that may arise,385 and can also help to avert unneces-
sary emergency visits and patient anxiety. Many factors affect
understanding and information retention386 and the act of signing
consent paperwork alone does not correlate well with understanding
the comprehensive picture.387 To enhance verbal communication,
many thyroid surgeons thus use means such as pamphlets, datasheets,
and multimedia or web-based interactive media to enhance periop-
erative patient learning.

When obtaining consent for surgery, trainees are often unable
to provide patients with full descriptions of the risks, benefits and
alternatives, or to correctly answer questions.388 We advise that 1)
patients be informed by the operating surgeon of the major risks
specific to thyroidectomy and surgery in general, including injury to
the laryngeal nerves resulting in temporary or permanent changes in
voice; injury to the parathyroids resulting in hypocalcemia and the
need for temporary or permanent medication; infection; bleeding
resulting in return to the operating room, hypothyroidism requiring
chronic medication, and other patient-specific factors; 2) patients be
informed about recommendations for postoperative narcotic use
(below), and 3) the consent process be documented clearly in the
patient’s chart.

Venous Thromboembolism (VTE) Prophylaxis
Although VTE prophylaxis has become relatively routine in

surgical procedures that are longer, more physiologically extensive
and/or followed by bedrest, it remains controversial for routine
thyroidectomy. Not only is the risk for VTE after thyroidectomy
quite low (0.02%–0.2%) but also any postoperative hemorrhage may
cause acute airway compromise requiring emergency decompression
(below) thus many thyroid surgeons believe that the risk of bleeding
outweighs the benefits of VTE prophylaxis.389–391 In a large NSQIP
study, the rate of VTE after thyroid and parathyroid operations was
0.16% and the authors concluded that VTE prophylaxis should be
reserved for patients determined to be at high risk.389 Immediate
postoperative ambulation is routinely utilized after thyroidectomy.

Recommendation 24: Chemical VTE prophylaxis should be
reserved for selected patients determined to be at high risk for VTE
after thyroidectomy. (Strong recommendation, low-quality evi-
dence)

Interdisciplinary Communication
Communication among healthcare professionals is one of

9 notable ways to improve patient safety, and communication lapse
is one of the most common causes of a sentinel event.392 However, in
thyroid surgery there is no universally accepted model for transmis-
sion of perioperative information. A recent study designed checklists

for different stages of the care process.392 In addition, the ATA
Surgical Affairs Committee suggested an essential perioperative
dataset of critical information that should be readily available to
the multidisciplinary team,393 noting that these findings are acquired
and discussed in 3 distinct settings: preoperative evaluation (see
‘‘Initial Thyroidectomy’’), intraoperative findings, and postoperative
data, events and plans. While optional, the ATA authors also noted
that synoptic surgical reporting can facilitate systematic documen-
tation.393 Mutual multidisciplinary communication is an important
component of optimal patient care and should be systematically
encouraged.

INITIAL THYROIDECTOMY

Except for survival data for DTC and MTC by initial surgical
extent (see ‘‘Indications, Extent, and Outcomes of Surgery’’) there is
a paucity of data on the comparative outcomes of various types and
techniques of thyroidectomy. Establishing common principles and
terminology for safe, effective thyroidectomy is a critical component
of these guidelines and allows for informed communication with
patients and other physicians. Here, we discuss the conduct of
initial thyroidectomy.

Nomenclature
Descriptions of commonly used nomenclature for thyroidec-

tomy are shown in Table 12, which also attempts to clarify the
specific definitions of near-total and subtotal thyroidectomy as these
differ historically and among experts today.

Partial thyroid lobectomy (‘‘nodulectomy’’) alone is not rec-
ommended, but rarely may be necessary during other cervical
procedures such as tracheostomy. Lobectomy and isthmusectomy
(or rarely an isthmusectomy alone) is the minimum extent of surgical
resection in most cases of malignancy. During planned total thyroid-
ectomy, the surgeon may choose to perform near-total resection by
leaving a very small amount of thyroid tissue (for example, at the
ligament of Berry) when the RLN is felt to be at risk. However,
whether unilateral or bilateral, subtotal thyroidectomy is rarely
recommended in the US except in highly unusual circumstances
when intended to preserve thyroid, RLN, and/or parathyroid func-
tion.394

Whether it is done inadvertently or by intent, the most
common sites of incompletely resected thyroid tissue are at the
pyramidal lobe, the ligament of Berry, superior pole, and in
the tracheoesophageal groove.395 Failure to completely resect
in situ thyroid tissue can also occur at the thoracic inlet. Parti-
cularly when performing thyroidectomy for malignancy, meticu-
lous attention to removal of all tissue in these areas is
recommended.

TABLE 12. Thyroidectomy Nomenclature

Name of Procedure Extent of Resection

Lobectomy One entire thyroid lobe without isthmus
Lobectomy and

isthmusectomy
One entire thyroid lobe with isthmus and

pyramidal lobe
Isthmusectomy Isolated isthmus resection
Subtotal thyroidectomy Preservation of small posterior remnant(s)

of the contralateral or bilateral lobe(s)
(Rarely recommended today)

Near-total thyroidectomy Resection of all but a very small posterior
remnant, ie, at the ligament of Berry

Total thyroidectomy All visible thyroid tissue
Completion

Thyroidectomy
Reoperative resection of any remaining

thyroid tissue
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Surgical Planning
Except for rare circumstances, thyroidectomy is an elective

procedure that occurs once the dual decisions are made that surgery
is indicated and the patient is medically optimized in all the areas
detailed above. Planning about the extent of initial thyroidectomy is
covered in ‘‘Indications, Extent, and Outcomes of Surgery’’. Imag-
ing studies should be reviewed and, when possible, be available to
view in the operating room (see ‘‘Imaging’’). Interdisciplinary
communication is essential, especially when treating patients with
hyperthyroidism, large substernal goiters, or airway compromise
(see ‘‘Preoperative Care’’). A plan for managing a potentially
difficult airway should be discussed with anesthesiology before-
hand so that appropriate expertise and equipment are available. A
surgical timeout improves team coordination, safety, and out-
comes.396,397 If a nerve monitor is being used (see ‘‘Laryngology’’)
one should verify the equipment is available and functioning and
that only short acting neuromuscular blockade is used by anesthe-
siology for intubation.

While vessel ligation technique, types of suture, choice of
retraction devices, and use of adjuncts (see ‘‘Adjuncts and
Approaches’’) may vary between surgeons (below) certain elements
are critical to all safe and effective thyroidectomies.

Positioning, Incision, and Exposure
Following successful intubation, the patient is generally

placed in a semi-Fowler position with a bump (ie, rolled blanket,
inflatable device, padded IV bag, etc) under the shoulders to extend
the neck. Adequate neck access is important for exposure and is
often impacted by body habitus. Over-extending the neck may be
associated with increased postoperative pain.398 It is important to
ensure that the endotracheal tube is secured and out of the operative
field. Pressure points should be padded, and the skin prepared
and draped.

A transverse centered incision is made, preferably in a natural
skin crease for optimal cosmetic results. The use of local anesthetic is
at the discretion of the surgeon. Incisional positioning will vary
according to patient habitus and surgeon preference but is generally
rostral to the sternal notch and caudal to the cricoid cartilage. Incision
length will be dictated by body habitus and thyroid size. Subpla-
tysmal skin flaps are developed by some surgeons superiorly to the
thyroid cartilage and inferiorly to the sternal notch.

Next, the median raphe is opened to begin mobilization of
the sternohyoid and sternothyroid muscles away from the under-
lying thyroid. Although the strap muscles are usually retracted
laterally and preserved, improved exposure of the superior pole by
transection of the laryngeal head of the sternothyroid muscle and/
or en bloc resection of cancer-invaded muscle, may be required
on occasion.

Critical Steps of Thyroid Dissection
The order of critical steps will vary based on surgeon prefer-

ence, disease process, and patient anatomy. In general, thyroidec-
tomy proceeds through tissue planes that deepen from a ventral to
dorsal direction, while the overlying strap muscles are dissected in a
medial to lateral direction away from the underlying thyroid capsule
toward the carotid sheath.

The middle thyroid vein, which is often identifiable on the
ventral surface of the thyroid lobe, is ligated and divided, allowing
medial mobility of the lobe to gradually expose the tracheoesopha-
geal groove. As the lobe is mobilized and rotated medially, its fine
(ancillary) blood supply is isolated and divided. The inferior para-
thyroid is usually seen on or near the inferior thyroid capsule and
typically resides anterior and medial to the RLN. It should be
dissected away from the thyroid capsule with care being taken to

preserve the parathyroid capsule, lateral attachments and blood
supply.

As dissection deepens, many experts routinely clear off the
trachea inferior to the isthmus and superiorly, and dissect the
pyramidal lobe with care taken to preserve the cricothyroid muscle
fibers. The prelaryngeal ‘‘Delphian’’ lymph node(s) if present should
be removed in cases of suspected or known malignancy and sent for
pathologic review either as a frozen section (if this will change the
extent of surgery) or with the thyroid specimen.

It is important to expose and resect in continuity the entire
superior thyroid pole. Further exposure is obtained following ligation
of the superior pole vessels, which is performed by inferolateral
retraction of the superior pole together with dissection to isolate the
vascular pedicle, which often arborizes on the anterior superior
capsule. Both ligation of the superior pole vessels close to the thyroid
capsule and consideration of the distance/heat of an adjunctive
energy source will help to protect the external branch of the superior
laryngeal nerve (EBSLN). The EBSLN may be visually identified at
the inferior edge of the inferior constrictor muscle. If a nerve monitor
is being used, the fibers being considered for transection may be
stimulated prior to dividing the superior pole vasculature to help
protect the EBSLN.

Recommendation 25: The superior pole vessels should be
ligated close to the thyroid capsule to avoid potential EBSLN
injury. (Strong recommendation, insufficient evidence)

A critical step is identification and protection of the RLN. Its
course ideally should be visualized through the entire operative field
and kept in view to assess for tension during medial retraction of the
thyroid lobe. It usually runs in a superior-medial path passing
posterior to the inferior thyroid artery, tubercle of Zuckerkandl (if
present) and deep to or through the posterior suspensory ligament
(ligament of Berry) before entering the larynx just deep to the lower
border of the inferior constrictor muscle and posterior to the crico-
thyroid articulation. The path of the RLN can be variable, for
example, it can pass anterior to the tubercle, and it can also branch
at any point in its course. There are several ways to initially identify
the RLN including at the thoracic inlet, in the tracheoesophageal
groove, and at the laryngeal entry point. Whenever possible, RLN
integrity should be protected with delicate, careful dissection that
avoids tension and traction, taking caution in using a thermal device
along its course. After the tubercle of Zuckerkandl (if present) is
mobilized, the ligament of Berry should be divided as close to the
trachea as possible without putting the RLN at risk. The most
common site of RLN injury is at the ligament of Berry.399 Routine
RLN identification improves outcomes400 (see ‘‘Laryngology’’).

Recommendation 26: The RLN should be identified to help
preserve it. (Strong recommendation, low-quality evidence)

The superior parathyroid should be carefully preserved in
situ. Compared with the inferior parathyroid, the superior gland
lies anatomically posterior to the RLN and is often identified
superior-lateral to the intersection of the inferior thyroid artery
and RLN. However, the relationships between the inferior thyroid
artery, RLN, and superior parathyroid can be quite variable.
Whenever possible, parathyroid glands that lie within the superfi-
cial thyroid capsule should be dissected free and preserved with
their blood supply intact. If no parathyroid glands are identified,
then inspection of the thyroid specimen capsule is reasonable.
Whenever feasible it is ideal not to enter the thyroid capsule
during dissection.

If the blood supply to a parathyroid gland is compromised,
parathyroid autotransplantation should be strongly considered. In the
uncommon case that a parathyroid is potentially involved with cancer
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or level VI lymph nodes, after attention is paid to other viable
parathyroid tissues the involved parathyroid may be taken en bloc.
One way to perform autotransplantation is to sharply mince the
devascularized parathyroid and place the tissue into a suture- or
surgical clip-marked intramuscular pocket, commonly in the ipsilat-
eral sternocleidomastoid (SCM). Alternatively, it can be placed con-
tralateral to a known cancer, and/or into strap muscles.6 Prior to
autotransplantation it can rest briefly in cold sterile saline and it is
reasonable to obtain an intraoperative pathologic evaluation (IOPE) to
confirm parathyroid tissue identity (see ‘‘Perioperative Tissue Diag-
nosis’’).

Recommendation 27:
a. Dissection should be performed along the thyroid capsule to

help preserve the parathyroid glands. (Strong recommendation,
low-quality evidence)

b. If a parathyroid gland cannot be preserved, parathyroid auto-
transplantation should be performed. (Strong recommendation,
low-quality evidence)

As the RLN is traced, the inferior pole vessels are dissected
and ligated while taking care to preserve the blood supply to the
inferior parathyroid gland. Usually division of the inferior vascular
pedicle will complete the lobar mobilization, but care should be taken
to detect, deliver, and resect a substernal thyroid component if
present (see ‘‘Goiter’’).

The pyramidal lobe should be identified and resected during
total thyroidectomy, and if a thyroid lobectomy and isthmusectomy is
being performed, the pyramidal lobe should be identified and
resected en bloc with the lobe. The isthmus is likewise taken in
continuity and provides the medial margin of resection.

The specimen should be oriented for pathologic examination,
typically with a suture placed to mark the superior pole to facilitate
correlation with cytology and/or imaging. Any area of concern or
query, such as gross extrathyroidal extension, should also be identi-
fied for the pathologist. Specimens are submitted for permanent
section unless frozen section analysis is being used to guide the
operative approach (see ‘‘Adjuncts and Approaches’’).

If it is indicated to proceed to the contralateral lobe for total
thyroidectomy, the surgeon can leave the ipsilateral lobe in situ or
transect it at the isthmus. The same steps are then performed to
mobilize and resect the contralateral thyroid lobe.

Prior to closure, a dry, bloodless field should be verified.
Some surgeons have the anesthesiologist perform positive pressure
ventilation to help assess for venous bleeding. Hemostatic agents
have unclear benefit (see Adjuncts and Approaches). Drains are
rarely used; a meta-analysis of >2000 patients reported that drain
use after thyroidectomy was associated with no differences in
reoperation rate, hematoma, or seroma formation- while also asso-
ciated with increased pain and a trend for increased wound infec-
tion.401 Various suture materials and techniques are used for
approximation of the strap muscles, platysma, and dermis, all with
similar results. Postoperative antibiotics are not indicated in thyroid
surgery. The operative report should include standard recommended
detail and features393 (see ‘‘Postoperative Care and Complica-
tions’’).

Additional Considerations in Thyroidectomy for
Cancer

In patients with known DTC or MTC, or with a suspicion of
cancer, there are some additional technical considerations: 1) Pre-
operative FNA can cause an inflammatory reaction that mimics local
invasion; when encountered, visible inflammation should be docu-
mented in the operative report; 2) Ipsilateral inspection and potential
dissection of abnormal prelaryngeal (Delphian node), pretracheal,

and paratracheal lymph nodes is recommended (see ‘‘Nodal Dissec-
tion’’); 3) If surgical clips are used for vessel ligation, titanium is the
preferred metal as other types can affect the quality of future cross-
sectional imaging; 4) Dissection and removal of the pyramidal lobe
should be done as completely as possible; 5) Although the precept is
debated, many surgeons prefer to approach the lobe with cancer first,
thus preserving the option of limiting the operation to that side in the
event of observed injury to the RLN; 6) For adequate oncologic
management, an en-bloc resection is necessary with removal of all
gross (visible) tumor; thus if there is suspicion for extrathyroidal or
extracapsular extension of tumor into the surrounding strap muscles,
these tissues should be taken with the specimen. Gross thyroid cancer
should not be left behind with the intent of preserving parathyroid
glands or nerves with the expectation that RAI will kill residual
disease, and the risks and benefits of leaving residual tumor to
preserve a functioning nerve are considered on a case by case basis;
7) During lobectomy, it is important that the resection include the
isthmus as well as the entire Tubercle of Zuckerkandl unless doing so
jeopardizes the RLN; 8) If cancer involves the RLN, the surgeon
should consider its preoperative functional status to help decide
between shaving tumor from a functioning nerve versus resecting a
nonfunctioning nerve (see ‘‘Laryngology’’); 9) In the rare event of
unexpected tracheal involvement, the surgeon may need to seek
experienced assistance i/n obtaining a grossly negative margin,
which may involve tangential shaving of tumor, or consider tracheal
sleeve resection after interval assessment and patient consent.

PERIOPERATIVE TISSUE DIAGNOSIS

Core Needle Biopsy of the Thyroid and Cervical
Lymph Nodes

FNAB is the first line of investigation for suspicious thyroid
nodules and cervical lymph nodes, but has nondiagnostic results in
5% to 15% of cases (see ‘‘FNAB Diagnosis’’).212,384,402 Alternative
methods of diagnosis must balance high yield with ease of perfor-
mance and safety, as well as cost, expertise, and patient comfort.
Core needle biopsy (CNB) examines a tissue sample, rather than
dissociated cells and colloid, and is associated with few complica-
tions when performed by experienced operators403,404 but has a
sensitivity of only 68% for thyroid nodules.405 Moreover, due to
the need to examine the lesional capsule on histology, CNB cannot
distinguish FA from FTC. However, when FNAB is nondiagnostic,
CNB may yield a higher rate of diagnosis than repeat FNA.405

CNB may also serve as a primary method for diagnosis for
suspected PTL and ATC. Both are aggressive malignancies for which
thyroidectomy is rarely indicated, making a noninvasive diagnostic
approach ideal. Most studies are retrospective single-institution
experiences with sensitivities in diagnosing PTL of 93% to 95%
for CNB versus 45% to 71% for FNAB, and in diagnosing ATC of
77% versus 54%, respectively.407,408 Because the 2008 WHO clas-
sification bases PTL diagnosis on morphologic features as well as
immunophenotypic, cytogenic, and molecular profile,409 and cellular
yield for flow cytometry may be higher by FNAB than by CNB, CNB
is often considered second-line for flow cytometry. In handling CNB
tissue, if PTL is considered as a possible diagnosis, a portion of the
fresh sterile core is teased to release cells into a transport medium
such as Roswell Park Memorial Institute media, to be sent for flow
cytometry (if not already performed by FNAB). The remainder of the
tissue core is placed in formalin. Molecular analysis of CNB speci-
mens is also possible (see ‘‘FNAB Diagnosis’’).

Recommendation 28: Core needle biopsy should be rarely
utilized in the initial evaluation of a thyroid nodule. (Strong
recommendation, low–quality evidence)
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Incisional Biopsy of the Thyroid and Incisional/
Excisional Biopsy of Cervical Lymph Nodes

In selected, unusual circumstances an incisional biopsy of
thyroid tissue may be required to make a definitive diagnosis and is
usually reserved for patients with PTL who cannot be appropriately
subtyped or with ATC who cannot be definitively diagnosed by
FNAB or CNB. Excisional or rarely incisional biopsy of a cervical
LN should be reserved for when a thyroid-related diagnosis cannot be
obtained otherwise. Incisional biopsy should only be considered if
the LN is large and additional morbidity would be incurred by
resecting it entirely.

Intraoperative Pathologic Evaluation of the Thyroid
IOPE of the thyroid is typically performed by frozen section

analysis (FSA) and/or cytologic touch or scrape analysis. It may be
utilized in thyroidectomy to assure adequacy of tissue collection in
the setting of an unknown diagnosis (above) as well as for clarifica-
tion of tissue type and margin status (below). FSA should not be used
when it could be deleterious, such as in the setting of a small lesion
that would necessitate being frozen in its entirety with tissue loss
preventing a diagnosis on final pathology.

IOPE has been often studied for its ability to predict final
histopathology. Unfortunately, this ability is reportedly quite low,
moreover (as with CNB) FSA is not informative for follicular
neoplasms410,411 since the histologic characteristics of FTC and
HTC require detailed analysis of the tumor capsule and vasculature
for invasion, which is not practical or feasible in an intraoperative
setting.412 Given that only the assessment of nuclear features is
required to diagnose PTC, IOPE may be useful in cases where PTC is
suspected and its diagnosis would change the extent of operation.410

When PTC is diagnosed preoperatively by FNAB, IOPE is not
recommended or useful.

Recently, IOPE has been suggested for use in determining
extrathyroidal extension of tumor, which may lead to a change in
operative plan,413 but this single-institution observation needs further
investigation. Although negative macroscopic margins are usually
the goal of TC resection, IOPE may also be utilized for evaluation of
margins to assist in complete tumor extirpation, such as at interface
with the trachea. However, data to evaluate whether IOPE accurately
predicts margin status on final pathology or changes the extent of
operation are lacking.

Recommendation 29: Thyroid IOPE should only be utilized
in settings in which the information it provides has a high likeli-
hood of altering the operative procedure. (Strong recommendation,
low–quality evidence)

Intraoperative Pathologic Evaluation of CLN and
Parathyroid Tissue

IOPE of a cervical LN can confirm its identity versus para-
thyroid tissue or extrathyroidal thyroid tissue, can help determine
whether it harbors malignancy, and in both situations, may change
the extent of operation. In a meta-analysis examining the use of IOPE
to identify metastatic adenopathy during TC surgery,414 among 242
LN without malignancy on IOPE, a positive result was diagnosed on
final histology in 12%; the majority of the false negative cases were
from studies utilizing LN immunohistochemical analysis (a rare
practice) and/or represented metastasis. Several issues of IOPE
pathologic expertise include 1) psammoma bodies without epithe-
lium in an LN can represent metastatis thus should not necessarily be
considered as negative; 2) with significant thyroiditis at the time of
LN IOPE, there is potential for a false-positive read with the
specimen sent as an LN in actuality being a sequestered, or parasitic,
thyroid nodule which occurs when nodules of hyperplastic thyroid

obtain an independent blood supply and become separate from the
main gland; 3) IOPE artifact can also cause intranuclear inclusions
similar to those of PTC when a true LN should contain lymphoid
follicles, a capsule, and a subcapsular sinus.

During thyroidectomy, the distinction of parathyroid tissue
from LNs, thyroid nodules, and fatty tissue may be challenging. In a
large retrospective review comparing 1579 cervical FSA to final
pathologic diagnosis, the overall accuracy rate of distinguishing
parathyroid from nonparathyroid tissue was 99.2%.415 In situ or
ex vivo PTH aspiration analysis can also be used to identify
parathyroid tissue.416

Recommendation 30: IOPE has value in confirming identi-
fication of parathyroid tissue. (Strong recommendation, moderate-
quality evidence)

Recommendation 31: IOPE has value in identification of
CLN metastases when the information may alter extent of surgery.
(Strong recommendation, moderate–quality evidence)

Final Histopathologic Diagnosis
Interobserver variation in interpretation of final histopatho-

logic diagnosis is not uncommon. In evaluation of 776 thyroid
nodules, expert interobserver concordance of benign versus malig-
nant thyroid disease was 90.3% (95% CI, 88.0%–92.3%),26 concor-
dance between the local histopathologist and final expert consensus
was 90.7% (95% CI, 88.5%–92.7%), and the most disagreement
seen was in diagnosis of FTC and HTC (61%). The determination of
malignancy type is also subject to observer variance; that is, minimal
extrathyroidal extension (ETE) and extranodal extension are PTC
features that predict disease biology but in a recent study, the
interobserver concordance among expert pathologists was poor for
ETE (kappa coefficient of 0.14), and fair for extranodal extension
(kappa coefficient of 0.35) suggesting the need for standardized
criteria.417,418 In single-institution studies a second histopathologic
opinion commonly alters clinical treatment. When 66 specimens
were reread at a tertiary center with a thyroid multidisciplinary focus,
disagreement led to a change in the assessed prognosis for 10% of
patients, and strong disagreement led to change of therapy for 8%.419

To summarize, second reads of thyroid histopathology should be
performed when the initial pathologist is uncertain of the diagnosis
and at the discretion of the clinician or patient, and also should be
strongly considered for difficult diagnoses, such as FTC and NIFTP.

The surgeon and pathologist should establish mutual expec-
tations of how tissue specimens are to be optimally received by the
pathologist, the typical length of time for a diagnosis to be rendered,
and the communication plan for patients in instances that require
further time for evaluation.

Benign Lesions of the Thyroid
Follicular-patterned nodular hyperplasia can exhibit complete

or partial encapsulation and often contains a combination of macro-
and microfollicles. The nodules may display a variety of degenera-
tive changes including fibrosis and hemorrhage. Consistent histo-
pathologic criteria distinguishing hyperplastic nodules from FA are
lacking. Classically, FA is a single encapsulated lesion in an other-
wise normal gland that lacks any vascular or capsular invasion and
has a distinct growth pattern (microfollular, macrofollicular, or
trabecular).420

Differentiated Thyroid Carcinoma
DTC arises from the thyroid follicular epithelial cell. Classic

PTC is diagnosed by its nuclear features which include enlargement,
oval shape, elongation, and overlapping.421 The nuclei usually
display clearing and irregular contours, including grooves and
nuclear pseudoinclusions. A papillary architecture is often present
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and complex with branching, though if absent, the diagnosis of PTC
may rely upon nuclear features alone. PTCs are immunoreactive for
cytokeratins, thyroglobulin, and thyroid transcription factor-1 and
negative for chromogranin A and synaptophysin.

Variant types of PTC (Table 13) include FVPTC, which is
composed of neoplastic follicles, rather than papillae, and has 2 main
subtypes: infiltrative (or nonencapsulated) and encapsulated
(EFVPTC). Infiltrative FVPTC has absent or incomplete encapsula-
tion with tumor penetrating non-neoplastic thyroid parenchyma.422

EFVPTC was recently evaluated with a distinction made between
invasive and noninvasive EFVPTC, and the latter was reclassified by
a new nomenclature as noninvasive follicular thyroid neoplasm with
papillary-like features (NIFTP) [311, below]. Other PTC variants
include columnar cell, tall cell, cribiform morular, diffuse sclerosing,
and hobnail.

FTC is an invasive neoplasm of follicular cell origin charac-
terized by follicle formation without the typical nuclear features of
PTC. FTC is categorized by two main features: 1) capsular invasion,
defined by tumor penetration through the tumor capsule and not
affiliated with previous FNA site, and/or 2) vascular invasion.421

Minimally invasive FTC possess only microscopic capsular invasion
and no vascular invasion. Grossly encapsulated angioinvasive FTC
exhibit vascular invasion with or without microscopic capsular

invasion.420 Widely invasive FTC demonstrate widespread infiltra-
tion of the adjacent thyroid tissue and/or blood vessels. Although
older studies recommended 10 tissue blocks to adequately evaluate
the tumor capsule and thyroid interface,423,424 there are no good data
on number of blocks, moreover encapsulated FTC can vary greatly in
size, making a recommendation for a specific number of blocks
unreasonable. Challenges for the pathologist in evaluating follicular-
patterned lesions include difficulty in diagnosing capsular invasion
since consensus is absent on what constitutes invasion, with some
counting any penetration into the tumor capsule while others requir-
ing complete infiltration through the complete thickness of the
capsule. In FTC the number of foci of vascular invasion is also an
important histologic finding, as �4 foci is associated with a higher
risk of recurrence.425,426 Scoring systems such as MACIS and
TNM (see ‘‘Cancer Management’’) are also prognostic for FTC,
with 10-year disease-free survival rates of 97% to 98% for minimally
invasive FTC and <50% for widely invasive FTC.427–429

HCC, once described as an oncocytic variant of FTC, is now
thought to represent a distinct type of DTC, in part due to its unique
mutational profile.287,430,431 HCC is made up of cells with abundant
granular eosinophilic cytoplasm reflecting plentiful mitochondria
and is associated with a range of architectural patterns varying from
well-formed follicles to solid or trabecular growth. Classification of

TABLE 13. PTC Subtypes

Subtype
Nuclear Features
of PTC Present? Characteristics Prognosis

(Follicular-variant encapsulated,
non-invasive) now NIFTP

Y Follicular growth pattern with no invasion, no well-
formed papillae, low mitotic activity, lack of tumor
necrosis, and low nuclear score

RAS mutation more common

10-yr DSS 100%

Follicular-Variant

Encapsulated, invasive

Nonencapsulated/infiltrative

Y Follicular growth pattern

RAS mutation or PPARG rearrangement more common

Low rate of LNM

BRAF V600E more common

10-yr DSS 93%

10-yr DSS �100%

Equivalent to classic/
conventional PTC

Columnar cell Occasionally Papillae lined by columnar cells with nuclear stratification

Large tumors with capsular invasion are associated with
LNM and DM

Variable

Cribriform morular N Presence of morules–squamoid areas with intranuclear
inclusions and nuclear clearing

Associated with Familial Adenomatosis Polyposis
Syndrome

Equivalent to classic/
conventional PTC

Classic/conventional Y LNM common 5-yr DSS 97.4%
10-DSS 93%

Diffuse sclerosing Y Diffuse fibrosis, dense lymphoid infiltration, squamous
metaplasia

Extrathyroidal extension and LNM possible

5-yr DSS 96%
Equivalent to high risk PTC

Tall cell Y >30%–50% cells are 2� long as wide and eosinophilic
cytoplasm

Increased risk of DM

5-yr DSS 95.6%

Hobnail Y >30% have hobnail features (eccentric nuclei and
tapering cytoplasm), syncytial or micropapillary
clusters with apically placed nuclei

BRAF V600E or p53 positive

5-yr DSS 83%
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invasion for HCC is similar to that for FTC as described above.
HCC may have higher risk for local recurrence and be less iodine-
avid.432–435 10-year survival for HCC is lower than FTC (76% vs
85%).436

The pathology report for a patient with DTC should include
the histologic diagnosis, including subtype, location, and the char-
acteristics required for AJCC TNM staging. For the 8th edition AJCC
guidelines, which no longer utilize microscopic ETE, requisite
histopathologic characteristics for staging of DTC and PD/ATC
include the size of the dominant nodule as well as presence of
LNM.437 Additional histopathologic features are associated with
disease biology and should be considered for reporting, including
tumor multifocality, microscopic margin status, angioinvasion, lym-
phatic invasion, perineural invasion, and microscopic ETE.438 In
reporting histopathologic features, the 8th edition AJCC guidelines
suggest inclusion in the pathology report of the number and location
of involved LN, the number of nodes sampled, the size of largest
involved LN, the size of metastatic foci within an involvedLN, and
the presence of extranodal extension.437 The use of synoptic pathol-
ogy reporting minimizes variability between institutions and ensures
inclusion of information required for patient care.439 The College of
American Pathologists (CAP) provides a widely utilized checklist-
format synoptic for thyroid cancer.440

Recommendation 32: A standardized synoptic pathology
report is recommended when reporting thyroid neoplasms. (Strong
recommendation, low–quality evidence)

Neoplasms of Uncertain Malignant Potential
Some encapsulated follicular-patterned neoplasms cause diag-

nostic difficulties due to ambiguity as to whether the nuclear changes
are adequate to diagnose PTC, or due to uncertainty about the
presence or absence of capsular or vascular invasion.431,441 In
2017, the World Health Organization acknowledged these 2 uncer-
tainties and utilized the terms ‘‘well-differentiated tumor of uncertain
malignant potential’’ (WDT-UMP) and ‘‘follicular tumor of uncer-
tain malignant potential’’ (FT-UMP); FT-UMP includes cases in
which the tumor does not have nuclear features of PTC but the
capsular or vascular invasion is equivocal, and WDT-UMP describes
a well-circumscribed tumor composed of follicles with partially
developed PTC-type nuclear changes and questionable capsular or
vascular invasion. Evaluation of the entire tumor capsule or its
margin circumference is required to make the diagnosis of any
borderline thyroid tumor.

NIFTP is the newly-minted term for those encapsulated or
circumscribed tumors for which capsular and vascular invasion has
been excluded. Other criteria for NIFTP diagnosis include: encap-
sulation or clear demarcation from adjacent thyroid tissue, a follicu-
lar growth pattern, a nuclear score of 2 to 3, no tumor necrosis, and no
high mitotic activity.311 In more recent studies, any papillary growth
or presence of psammoma bodies excludes a tumor from being
described as NIFTP and confers a diagnosis of encapsulated
PTC.442 Because capsule invasion is one of the defining features
differentiating EFVPTC and NIFTP, thorough evaluation of the
tumor capsule interface is essential before making or excluding
the diagnosis of NIFTP. The presence of BRAF V600E mutation
has also been recommended as an exclusion criterion for this
diagnosis.443

Poorly Differentiated Thyroid Carcinoma
PDTC occupies a morphologically intermediate position

between DTC and ATC. Diagnostic consensus criteria for PDTC,
known as the Turin criteria, were created by an international group of
thyroid pathologists and include 1) presence of a solid/trabecular/
insular pattern of growth, 2) lack of conventional nuclear features of

PTC, and 3) presence of �1 of the following features: convoluted
nuclei; mitotic activity �3 � 10HPF; and tumor necrosis.51

Anaplastic Thyroid Carcinoma
ATC is a widely invasive tumor composed of a mixture of 3

main growth patterns: spindle cell, pleomorphic cell, and squamoid.
Rarely (10%) ATC is confined to a thyroid lobe or gland or is
represented by microscopic anaplastic foci.444,445 Most cases exhibit
numerous mitotic figures and atypical mitoses446 as well as extensive
coagulative necrosis.421 Immunohistochemical markers of thyroid
differentiation, such as thyroglobulin, are usually not present. tran-
scription factor-1 can be identified in up to 30% of cases. Unlike
lymphoma, ATC often is positive for pankeratin (AE1/AE3).54

Medullary Thyroid Carcinoma
MTC derives from C cells and is a neuroendocrine tumor.

Characteristic histologic features are sheets, nests, or trabeculae of
polygonal, round or spindle cells that are separated by fibrovascular
stroma. Tumor cells often possess round or oval regular nuclei with
nonprominent nucleoi and scant mitotic figures. The most important
immunohistochemical markers used to identify MTC are calcitonin
and CEA. More general neuroendocrine markers such as chromog-
ranin A and synaptophysin may also be helpful for diagnosis.

In hereditary MTC, C-cell hyperplasia (CCH) occurs prior to
cancer development and most likely represents clonal proliferation of
multiple transformed progenitor cells. The diagnostic criteria for
CCH are controversial but there is general consensus on the complete
surrounding of follicles by C cells and distribution of C cells beyond
the normal anatomic location.447 Also challenging is the distinction
between CCH and medullary microcarcinoma, which by definition is
an MTC tumor of <1 cm and showing invasion. CCH may be
physiologic or neoplastic, the former requiring IHC and quantitative
analysis for diagnosis and the later usually diagnosed by H&E
stains.448 For the 8th edition AJCC guidelines, requisite histopatho-
logic characteristics for MTC staging include dominant nodule size
and presence of lymph node metastasis.437 Use of the College of
American Pathologists (CAP) synoptic for thyroid cancer is recom-
mended for reporting MTC and includes additional histopathological
features such as multifocality, microscopic margin status, angioin-
vasion, lymphatic invasion, perineural invasion, microscopic extra-
thyroidal extension, and CCH.438 Synoptic nodal information for
MTC and DTC are the same (above).

Thyroid Paraganglioma
Paragangliomas in the region of the thyroid gland are rare

tumors arising from the inferior laryngeal (parasympathetic) para-
ganglia. They can be mistaken for follicular or C-cell-derived
malignancies, may present as intrathyroidal masses, are not func-
tional in terms of catecholamine secretion, and can be distinguished
from other tumors by positive staining for chromogranin A, synap-
tophysin, neuron-specific enolase, and/or S-100.449

NODAL DISSECTION

Lymph node metastasis (LNM) is often present at TC diag-
nosis and can occur subclinically in up to 75% and 80% of MTC and
PTC patients, respectively.450–452 Therefore, a preoperative diagno-
sis of TC by cytology or molecular testing should prompt imaging to
assess for LNM.453

Neck US that includes evaluation of central and lateral LN
basins is recommended in patients with cytologic evidence of TC
(see ‘‘Imaging’’) and may be performed in patients with indetermi-
nate cytology to help identify nonpalpable lymphadenopathy.3 In
selected patients, CT of the neck and upper chest can provide
additional data especially in extensive lateral neck disease and for
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regions not accessible by US.454 Iodinated intravenous contrast
should be utilized with CT to assess for vascular involvement.

Preoperative FNAB of an abnormal LN is recommended if a
diagnosis of locally metastatic TC would change the operative plan
(see ‘‘FNAB Diagnosis’’). LN FNAB results, or LN tissue sampling
if necessary (see ‘‘Perioperative Tissue Diagnosis’’) may help estab-
lish a definitive diagnosis of TC with an indeterminate or non-
diagnostic nodule FNAB result, and/or change the operative plan to
include lateral and/or central compartment dissection.3 If metastatic
DTC is the primary concern, measurement of Tg level in the washout
fluid of the cytology specimen may improve diagnostic sensitivity
(see ‘‘FNAB Diagnosis’’).204

Nodal basins (see Table 14, Fig. 3) are defined by anatomic
boundaries and include the central (levels VI and VII) and lateral
(levels I-V) compartments.154,455 The extent of lymphadenectomy
should consider laterality and whether the nodal basins ipsilateral
and/or contralateral to the primary cancer are affected. Additionally,
although operative conduct is similar, describing whether nodal
dissection (ND) is performed therapeutically (ie, for clinically or
radiographically evident LNM) or prophylactically, (ie, for clinically
node negative or subclinical disease) is important for prognostic
purposes (below; see ‘‘Cancer Management’’).

To limit recurrence, initial nodal dissection (either central or
lateral) for TC should be a compartment-oriented clearance of the
fibrofatty and lymphoid tissue within the defined anatomic bound-
aries of the compartment while avoiding berry-picking of only
grossly positive LN.3 In a modeling study of NCDB patients with
PTC and resection of at least 1 central and/or lateral LN, examination
of 6, 9, and 18 LN in patients with T1b, T2, and T3 tumors,
respectively, was adequate to exclude the possibility of occult nodal
disease and underscore the importance of compartment-oriented
dissection to improve yield.453 Operative notes should describe
the anatomic boundaries, laterality, and gross findings of nodal
dissection.393

Central Compartment ND
The central compartment (defined as levels VI–VII) is typi-

cally the first site for LNM in both PTC and MTC (see ‘‘Imag-
ing’’).154 One exception that can occur when the primary tumor is
located in the upper pole and LNM may ‘‘skip’’ the central com-
partment to be found initially in the lateral compartment only.456

Central LNM involving the bilateral compartments occurs in 20% to
25% of PTC and is reportedly more common with PTC >1 cm,
for PTC located in the isthmus, and when the ipsilateral LN

TABLE 14. Anatomic Boundaries of the Neck and Involvement in PTC

Level Anatomic Boundaries Likelihood of LNM [95% CI]

I S: body of the mandible
P: stylohyoid muscle
A: anterior belly of the contralateral digastric muscle
I: hyoid
Triangular boundaries comprising anterior bellies of

digastric muscles and hyoid separates Ia and Ib

5%–9% [na]

II S: skull base
P: posterior SCM
A: stylohoid muscle
I: hyoid
CN XI separates IIa and IIb
IIa nodes lie anterior to IJV

IIa: 53% [47%–60%]
IIb: 16%[8%–27%]

III S: hyoid
P: posterior SCM
A: sternohyoid muscle
I: horizontal plane defined by the cricoid cartilage

71% [67%–74%]

IV S: inferior border of the cricoid cartilage
P: posterior SCM
A: sternohyoid muscle
I: clavicle

66% [61%–71%]

V S: convergence of SCM and trapezius
P: anterior border of trapezius
A: posterior SCM
I: clavicle
Inferior border of cricoid separates Va and Vb

Va: 8% [3%–20%]
Vb: 22% [8%–48%]

VI S: hyoid superiorly
P: deep layer of the cervical fascia
A: anterior layer of the cervical fascia
I: sternal notch

40%–60% [na]

VII S: sternal notch
P: deep layer cervical fascia
A: sternum
I: innominate on right and equivalent plane on the left

A indicates anterior; I, inferior; na, not available; P, posterior; S, superior; SCM, sternocleidomastoid muscle.
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compartment is positive.457–459 In MTC, central LNM are present in
the majority of patients who undergo initial TT and are not always
apparent by pre- or intraoperative assessment.450 Bilateral prophy-
lactic CND for known MTC is recommended at initial surgery (see
‘‘Familial TC’’).106,460 Conversely, FTC rarely involves LNM.

Therapeutic central compartment LN dissection (CND) is
indicated for PTC or MTC patients who have clinical or imaging-
apparent nodal disease, with the goal of complete resection of
oncologic disease at initial surgery to achieve local and regional
control. Incomplete nodal resection is associated with lower rates of
disease-free and cancer-specific survival.461 Because preoperative
imaging has low sensitivity for detecting CLNM when the thyroid is
in situ, the central compartment should also be inspected at the time
of initial thyroidectomy, so that therapeutic CND may be performed
concurrently, if appropriate.462–464

Prophylactic CND for low risk PTC is controversial. The
rationale is based on retrospective data that suggest excision of all
microscopic metastatic foci will help to avoid the potential added
morbidity of reoperation,465 allow for accurate staging,466 and limit
recurrence.467–469,470 An estimated 31 patients would need to be
treated with prophylactic CND to prevent one recurrence.467 Three

rebuttal points have been used to discourage routine prophylactic
CND for PTC. First, CND is potentially associated with higher risks
of hypoparathyroidism and RLN dysfunction.467 Early results from 1
randomized trial evaluating outcomes after TT demonstrated that
while bilateral prophylactic CND produced lower Tg levels post-
ablation, it also resulted in a higher rate of permanent hypoparathy-
roidism (18% vs 7%, P ¼ 0.02).471 With a median of 60-month
follow-up, the incidence of persistent PTC in both cohorts was the
same; however, the study was designed to demonstrate noninferiority
and was not powered to show differences in disease-related out-
comes.471 Second, PTC recurrence has low rates (<5%) after TT
alone, which are equivalent to those of TT with CND, and which can
be managed by reoperation with low morbidity at specialty cen-
ters.298,472,473 Third, the prognostic significance of the micrometa-
static PTC that is typically resected in prophylactic CND appears
minimal; in fact, current staging systems (ATA Risk Stratification,
8th edition AJCC TNM Staging, see ‘‘Cancer Management’’) have
been modified to diminish the role of low volume nodal involve-
ment.3,474 Prophylactic CND has not been shown to influence
survival, although prospective studies with adequate follow-up are
lacking.475–477 There are no data on prophylactic CND in lobectomy
alone.

A selective approach to prophylactic CND has been proposed
and in multivariable analysis of large retrospective datasets, younger
age, male gender, and larger DTC may be associated with a higher
likelihood of central LNM.478,479 Current ATA guidelines suggest
considering prophylactic CND for advanced primary DTC (T3/T4)
and/or if lateral LNM are present; however, this recommendation is
based on expert opinion.3 To distinguish PTC patients who may
benefit from CND, identification of the sentinel lymph node by
lymphoscintigraphy and/or blue dye has been described with variable
results and is still considered investigational (see ‘‘Adjuncts and
Approaches’’).480 IOPE of a suspicious-appearing central compart-
ment lymph node (see ‘‘Perioperative Tissue Diagnosis’’) is used by
some surgeons to determine if CND is needed and has also been used
to guide need for bilateral CND.481 In 1 study, IOPE of the Delphian
LN, found in level VI anterior to the cricothyroid membrane, had
35% sensitivity and 97% specificity in predicting additional central
LNM.482

In summary, in the absence of clinically evident LNM, there
are no conclusive data showing that aggressive prophylactic extirpa-
tion of microscopic PTC LNM improves disease-specific outcomes.
A well-designed and adequately powered randomized study is likely
not feasible for oncologic endpoints.154,483 Overall, whether prophy-
lactic CND for PTC is performed during initial thyroidectomy should
depend on tumor and patient characteristics and surgeon expertise.
For DTC, prophylactic CND in the reoperative setting is not indi-
cated.

Recommendation 33: During initial thyroidectomy for PTC,
the central compartment should be assessed for suspicious lymph-
adenopathy. If clinical or imaged LNM is present (ie, macroscopic
disease), a therapeutic CND is recommended. (Strong recommen-
dation, high-quality evidence)

The risks associated with CND for any indication include
temporary hypocalcemia in up to 40% of patients.468 Although this
resolves in the majority, in a meta-analysis the rate of permanent
hypoparathyroidism after CND is 2% to 4% which was higher than
after TT alone (OR 1.84, 95% CI 1.2–3.0).468 After bilateral
prophylactic CND, the rate of permanent hypoparathyroidism
approaches 18%.471 CND also carries an increased risk of RLN
dysfunction;154 however, most large studies report rates of paralysis
that range from 1% to 3% which are comparable to those with total
thyroidectomy alone.470,473

FIGURE 3. Cervical lymph node compartments. Consensus
statement on the terminology and classification of central neck
dissection for thyroid cancer. Reprinted with permission from
Mary Ann Liebert, Inc. from American Thyroid Association
Surgery Working Group, et al.154 Copyright � Mary Ann Lie-
bert, Inc., New Rochelle, NY. All permission requests for this
image should be made to the copyright holder.
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Intraoperatively, one of the first steps of CND should be
identification of the RLN and delineation of its course. LN and
CLNM are often found posterior to the RLN especially on the right,
and this area should be included. During mobilization of the upper
thyroid pole, particular effort should be made to preserve the superior
parathyroids on their vascular pedicles. Preservation of the inferior
parathyroid glands is a priority but because of concomitant LN
disease, may not be possible; devascularized or resected parathyroid
tissue should be immediately autotransplanted (see ‘‘Initial Thyroid-
ectomy’’). IOPE can help confirm parathyroid tissue prior to auto-
transplantation (see ‘‘Perioperative Tissue Diagnosis’’).

Lateral Compartment ND
The lateral compartment is comprised of 5 nodal levels; the

submandibular and submental (level I), the upper (II), middle (III),
and lower (IV) jugular, and the posterior triangle (V) (Table 14).455 A
radical neck dissection includes systematic dissection of all LN from
levels I to V, together with resection of the internal jugular vein (IJV),
the spinal accessory nerve (CN XI), and the SCM. The procedure is
morbid, disfiguring, and rarely performed for thyroid cancer today. A
modified radical neck dissection preserves 1 or more of the follow-
ing: IJV, CN XI, SCM.

A compartment-oriented selective neck dissection (SND) is
the term used when fewer than all 5 nodal levels are removed and is
the most commonly utilized type of therapeutic LN resection for
TC.455 At initial SND for PTC, levels IIa, III, IV, and Vb are typically
included (Table 14)3 and their comprehensive clearance is associated
with a lower risk of recurrence.455,484–486 To reduce the risk of injury
to CN XI and because of the low likelihood of LNM involvement,
level IIb is only dissected if there is radiographic evidence of LNM or
level IIa is positive, and similarly level Va is only dissected when it
has clinically or radiographically apparent LNM.455 TC LNM in
level I is rare (<10%) and recurrence is also rare (<1%) if not
dissected at initial SND.487–489 Prophylactic lateral ND has not been
shown to improve PTC survival or recurrence rates; thus, SND is
typically performed only for clinically evident disease.490–492

At the time of MTC diagnosis with palpable primary tumor,
ipsilateral lateral LNM are subclinically present in up to 75% of
patients, and calcitonin levels can help direct the need for lateral
ND.450 Ipsilateral and contralateral lateral LNM are signaled by basal
calcitonin levels >20 and >200 pg/mL, respectively.106 Some there-
fore advocate for prophylactic selective dissection of the ipsilateral
neck for MTC although this remains controversial.56,493 The suspi-
cion for lateral nodal disease in MTC can be based on US findings
and/or serum calcitonin levels (see ‘‘Familial TC’’).

Recommendation 34:
a. A compartment-oriented therapeutic lateral ND is recom-

mended for lateral LNM. (Strong recommendation, high-qual-
ity evidence)

b. Prophylactic lateral ND is not indicated for PTC. (Strong
recommendation, high-quality evidence)

Lateral ND can be associated with significant morbidity. CN
XI palsy occurs in 6% to 20% of cases, resulting in shoulder
weakness and inability to raise the arm requiring physiother-
apy;455,494 the dysfunction will resolve in most patients but can
be debilitating. Other neurologic complications include injuries to
the marginal mandibular branch of the facial nerve (which can occur
during dissection of levels I and II resulting in an asymmetrical
smile), injury to the hypoglossal nerve, and lateral neck numbness
from injury to the cervical sensory branches in level V.495 Less
common (<1%) are injuries to the phrenic nerve, brachial plexus,
cervical sympathetic chain (Horner syndrome) and/or hypoglossal
nerve (CNXII).455 Chyle leaks occur in up to 10% of patients who

undergo lateral ND, more commonly on the left side where the
thoracic duct joins the left IJV at its junction with the left subclavian
vein is located but also with right-sided dissection.494,496,497 Intra-
operatively, large lymphatics, which can be present especially with
bulky lateral neck disease, should be ligated, and raising the intratho-
racic pressure with Valsalva maneuver and head-down positioning can
help to identify chyle leak. Drains may help diagnose and allow
conservative management of chyle leak, but are not mandatory after
neck dissection.498,499 Management of low volume chyle leak can
often be done in the outpatient setting and includes adequate drainage,
diet modification (a low fat, medium-chain triglyceride diet, occasion-
ally TPN), and potentially octreotide.500 Persistent high output leaks
(>500 mL/d) may require surgical management and if uncontrolled,
even embolization of the thoracic duct with coils or tissue adhesive, or
thoracoscopic ligation of the thoracic duct between the aorta and
azygous vein hiatus.497 Chylothorax is a very rare occurrence (<20
cases reported) but may have significant consequences.501

Prognostic Implications of LNM
Patients with clinical N1 DTC (see ‘‘Cancer Management’’) or

with >5 pathologic LNM are considered ATA intermediate risk with
a recurrence rate of 15% to 20%.3 In multivariable analysis, the risk
of PTC recurrence is higher with age �45 years, >10 LNM, LN
extranodal extension, or if the proportion of resected LNM (defined
by the ratio of positive to total resected LN) exceeds 17%.502 In other
studies of PTC, extranodal extension is associated with a higher risk
of both recurrence and disease-specific mortality.503,504 The risk of
recurrence is also higher in patients with large nodal metastasis
(>3 cm).483,505 The prognostic significance of LNM in younger
patients (age<45 yr) is controversial. A population-level study using
the SEER database demonstrated that LNM did not alter overall
survival in young patients.506 However, a more recent study utilizing
data from both SEER and NCDB demonstrated a modest decrease in
overall survival associated with LNM in patients<45 years old.507 In
addition, the survival decrease was associated with a rising number of
LNM up to 6.507 In MTC, the number of LNM is also associated with
decreased overall survival.508

In DTC, reoperation for recurrent nodal disease results in
biochemical remission in only 30% to 50% of patients. In addition, if
the compartment has been previously dissected, reoperation for LNM
is associated with a higher risk of complications509,510 and although a
compartment-oriented dissection is recommended at reoperation,
this may be limited by scarring and the extent of initial dissection.3

In 1 study of PTC patients who had at least 1 abnormal LN on US
surveillance following initial treatment, at median follow-up of 3.5
years, LN growth occurred in only 10% to 20%, suggesting that
sonographically concerning LN may not require immediate resec-
tion.511

In poor operative candidates, especially those with multiple
prior neck surgeries, percutaneous ethanol injection of PTC LNM has
been reported in small single-institution series and can lead to
biochemical remission and resolution of structural disease.512 There
is a risk of associated RLN or other nerve (phrenic, brachial plexus)
injury although the risk appears to be low (<1%).513 Recurrences
occur in �20% to 25% as ethanol injection only treats the targeted
LN.512,513 The management of recurrent or persistent nodal disease
in TC patients can be complex and should occur within a multidis-
ciplinary framework.514

CONCURRENT PARATHYROIDECTOMY

Epidemiology and Evaluation
Concomitant primary hyperparathyroidism (pHPT) occurs in

0.2% to 5% of patients with thyroid disease, thus various groups have
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recommended routine assessment of calcium and/or PTH levels prior
to planned thyroidectomy.99,100,515,516 In a retrospective study of
1049 patients undergoing thyroidectomy, 5% had concomitant pHPT,
and another 0.9% had normal preoperative calcium and PTH levels
but were found to have an enlarged parathyroid at surgery.100 A
retrospective study of 13,387 patients evaluated in an endocrinology
clinic found hypercalcemia due to pHPT in 0.2% of patients with a
thyroid disorder; pHPT was more likely with thyroid disease [0.9%
with vs 0.29% without], especially with euthyroid goiter (P < 0.05)
or thyroid cancer (P ¼ 0.01).515

When pHPT is present, the cost-effectiveness of surgical
treatment is well established.517–519 The potential benefits for pro-
ceeding with initial parathyroidectomy at the same time as initial
thyroidectomy are numerous.6 While published data support routine
preoperative assessment, no data exist regarding the cost-effective-
ness of routine screening for pHPT. Many patients undergoing
thyroid surgery will likely have had at least a recent metabolic
panel. When present, hypercalcemia should be evaluated biochemi-
cally (see ‘‘Preoperative Care’’). Important cautions are that on US,
an enlarged parathyroid is not necessarily hyperfunctioning; para-
thyroid gland size does not perfectly predict function; and an imaged
structure may ultimately represent ectopic thyroid, fat, thymic tissue,
or LN.520

Recommendation 35: Hypercalcemia should be evaluated
preoperatively in a patient being evaluated for thyroid surgery.
(Strong recommendation, low-quality evidence)

In a patient diagnosed with concurrent thyroid and parathyroid
disease, US is the preferred initial imaging modality for both disease
types (see ‘‘Imaging’’).6 Further specific imaging, such as 99m-
technetium sestamibi with single-photon emission CT (SPECT),
SPECT-CT, or 4 dimensional (4D) CT, can be helpful in guiding
parathyroidectomy, especially if results allow a unilateral approach
when thyroid lobectomy is planned, indicate a contralateral explora-
tion, or diagnose an ectopic abnormal parathyroid.1 However, when
total thyroidectomy is already planned, further parathyroid imaging
may be unnecessary given the expectation that all parathyroids will
be examined during bilateral dissection.

In the setting of concomitant thyroid disease, parathyroid
imaging studies are less sensitive and less specific,521–524 for exam-
ple, posterior thyroid nodules may be mistaken for enlarged para-
thyroids,522,524 and 99mTc-MIBI may be retained in thyroid nodules
on delayed images.523 Except in select, uncommon situations such as
a suspected intrathyroidal parathyroid, preoperative parathyroid
FNAB is not advised6 (see ‘‘Imaging’’). Prior to deliberate parathy-
roid FNAB, the authors suggest consulting a surgeon regarding the
potential utility of results.

Incidental removal of normal parathyroid tissue occurs during
4% to 22% of thyroid resections, with associated factors of female
sex, younger age, total/subtotal thyroidectomy for malignancy, and
concomitant CND.6,525–534 Unintended removal can also be due to
intrathyroidal parathyroid location, which is reported in 0.7% to 4%
of patients undergoing surgery for pHPT.535,536 During thyroidec-
tomy, liberal autotransplantation of a questionably viable, morpho-
logically normal parathyroid is recommended to minimize the risk of
permanent hypocalcemia (see ‘‘Initial Thyroidectomy’’) after con-
firming it is parathyroid tissue by IOPE.

Indications for Concurrent Parathyroidectomy
To both reduce the need for reoperative neck surgery and

appropriately address treatable parathyroid disease when present,
multiple studies have advised that patients with a diagnosis of pHPT
should undergo concurrent parathyroidectomy at the time of planned
initial thyroidectomy,100,528,530,537–539 which can be performed

safely and with equivalent rates of cure compared with para-
thyroidectomy alone but may result in increased rates of hypo-
calcemia.100,528,538,540 The addition of thyroidectomy to
parathyroidectomy increases the risk of RLN injury.538

Occasionally, an enlarged parathyroid gland is encountered
during thyroidectomy in a patient with normal preoperative calcium
and/or PTH levels, a situation reported in 2 retrospective series to
occur in 1.0% and 1.9% of patients.100,541 We suggest that when
other viable parathyroid glands are preserved, a single incidentally
discovered, enlarged parathyroid should be removed, although data
are lacking to support or refute this approach.

Recommendation 36: Patients undergoing initial thyroidec-
tomy who are diagnosed with primary hyperparathyroidism should
undergo concurrent parathyroidectomy. (Strong recommendation,
moderate-quality evidence)

Special Situations
During initial surgery, the order of dissection for concurrent

thyroidectomy and parathyroidectomy depends on the indications,
disease severity, risk profile, use of adjuncts, alteration in venous
outflow, and other factors. In general, the most pressing problem
should take priority along with assurance of airway preservation.6

Hypercalcemia occurs in up to 22% of patients with thyro-
toxicosis, most often in older patients with GD, and in such cases
preoperative biochemical evaluation to differentiate this phenome-
non from pHPT should be pursued.515,537,542,543

In patients with chronic kidney disease on dialysis, at the time
of thyroidectomy the opportunity should be taken to treat secondary
HPT if present. After subtotal parathyroidectomy for multiglandular
parathyroid disease of any type, careful notation of the position of the
parathyroid remnant and its proximity to the RLN is advised, in the
event of need for reoperation. A clip or permanent suture may be
placed on or near the remnant to mark its location. Patients on
chronic lithium therapy should undergo full evaluation for pHPT
prior to planned thyroidectomy as the prevalence of lithium-associ-
ated HPT is high (18%)544–546 with a high rate of multigland
parathyroid disease (32%–62%).547–549 Patients who have had
gastric bypass surgery have special considerations as well (see
‘‘Preoperative Care’’).

Specific guidelines for the screening and management of
coexisting thyroid and parathyroid disorders exist for patients with
MEN I550,551 and MEN IIA.58,493,550–552 In familial conditions of
pHPT, the management of coexisting thyroid disease and HPT is
facilitated when a genetic mutation has been identified prior to
surgery (see ‘‘Familial TC’’).

Recommendation 37: Evaluation for HPT is recommended
in patients scheduled to undergo thyroid surgery who have a history
of familial pHPT. (Strong recommendation, moderate-quality evi-
dence)

HYPERTHYROID CONDITIONS

Hyperthyroidism is defined as increased synthesis or secre-
tion of thyroid hormone by the thyroid gland and is a principle
cause of thyrotoxicosis, which is a clinical syndrome resulting
from excessive amounts of bioavailable thyroid hormone from any
source (Table 15). The prevalence of hyperthyroidism in the US is
about 1.2%13 with variable presentation; approximately 40% of
hyperthyroid patients have subclinical disease and 60% have overt
features. Hyperthyroid patients with TA or TMNG should undergo
further investigation (see ‘‘Initial Evaluation,’’ ‘‘Imaging,’’
‘‘FNAB Diagnosis’’ ‘‘Goiter’’). The incidence of TC in selected
cohorts of surgically-treated TMNG is variable (3%–20%), but
overall low.
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Thyroid stimulating immunoglobulin and thyrotropin receptor
antibodies are indicative of GD, whereas antithyroid peroxidase or
antithyroglobulin antibodies indicate Hashimoto or chronic lympho-
cytic thyroiditis.13,553 Biotin ingestion may interfere with certain
thyroid immunoassays and should be discontinued if thyroid function
results do not match the clinical scenario.554 Hypercalcemia is
common in GD (see ‘‘Concurrent Hyperparathyroidism’’).

In a hyperthyroid patient, a RAI uptake test establishes the
functional status of the gland and any nodules which may be
present, but does not predict cancer risk.555,556 Although each
laboratory should establish its own normal range, normal RAI
uptake is generally 5% and 25%, while uptake is usually increased
in GD, TA, or TMNG, and is decreased or absent in thyroiditis.
The thyroid scintigraphy pattern after oral administration of 123I
or intravenous administration of 99mTc is helpful in distinguishing
diffuse (GD), heterogeneous (TMNG), and increased uptake in a
single nodule with suppression of uptake in the remainder of the
gland (TA).13

In hyperthyroidism, decisions about the type and timing of
treatment are determined by factors including urgency of cure,
compliance, access to care, and disease severity which can range
from subclinical to life-threatening. Overall, long-term treatment
with antithyroid medications is not recommended as a first or second-
line choice.13 RAI ablation or surgery may be selected as definitive
treatment (Table 16). Each treatment modality carries a risk profile
and should be balanced with practice patterns, patient preferences,
costs, and physician experience (Table 17).

Medical Treatment
Treatment of hyperthyroidism depends on the time-course of

the disease, which in some situations will resolve over weeks to years
with supportive treatment (such as, beta blockers, anxiolytics, or
gastrointestinal remedies) and in other cases, may require ATDs for
long-term management. Methimazole is the most common medica-
tion used to lower thyroid hormone levels. PTU is also available but
carries a ‘‘black box’’ warning due to a higher risk of serious adverse
effects (rash, hepatotoxicity, agranulocytosis). However, PTU
remains the most effective medication to rapidly lower hormone
levels in thyroid storm and may be used with care in highly selected
situations for short periods until methimazole can be substituted.
PTU is also the drug of choice in the first trimester of pregnancy
(below).557

Other medications and treatments that may assist in lowering
thyroid hormone levels either acutely or long term (see ‘‘Preoperative
Care’’) include steroids, lithium, cholestyramine, plasmapheresis,
and KI,13 which transiently inhibits thyroid iodide organification for
7 to 10 days, after which normal organification resumes, thus
continued administration of KI should be avoided as it can lead to
worsening hyperthyroidism.373,374,558,559

In a cost-effectiveness analysis comparing medical manage-
ment to both RAI ablation and surgery, long-term ATD treatment was
the least cost-effective.560 However, cost-effective strategies may be
different in other countries as revealed in a study examining practices
in Australia and England where RAI ablation was found to be the
least expensive strategy followed by ATDs and surgery.561

TABLE 15. Causes for Thyrotoxicosis Associated With and Without Hyperthyroidism

Thyrotoxicosis of thyroid origin
Nodular
Autoimmune
Destructive
Recurrent hyperthyroidism due to thyromatosis

Thyrotoxicosis of nonthyroid origin
HP axis—TRH, TSH producing pituitary adenoma
Extrathyroidal neoplasms—trophoblastic disease, struma ovarii, choriocarcinoma
Excessive ingestion of levothyroxine
Functional thyroid cancer metastases
Medications–amiodarone, lithium, interferon alpha, interleukin-2, iodinated contrast,

tyrosine kinase inhibitors, post-RAI for Graves disease (early), post-RAI for TMNG (late),
certain other immunomodulators

Genetic–resistance to thyroid hormone, familial nonautoimmune hyperthyroidism

HP indicates hypothalamic-pituitary; RAI, radioactive iodine; TRH, thyroid releasing hormone; TSH, thyroid stimulating hormone.

TABLE 16. Recommended Treatment for Causes of Hyperthyroidism

Cause of Thyrotoxicosis Typical Treatment� Additional Treatment Options Other (ETOH Ablation, RFA) Extent of Surgery

Single toxic nodule Surgery RAI ETOH ablation or RFA Lobectomy and
isthmusectomy

TMNG Surgery RAI Total thyroidectomy
Graves’ disease 1)No or mild GO

2) þ GO
1) RAI or Surgery
2) Surgery

Methimazole Total thyroidectomy

Acute, subacute, chronic thyroiditis Supportive (Beta-
blockers, NSAIDs)

Steroids
Surgeryy

Total thyroidectomyy

Functional thyroid cancer metastases
or benign thyroid deposits

RAI or surgery Image/catheter guided therapy
Chemotherapy

ETOH ablation
RFA

Complete resection

Hypothalamic pituitary axis Surgery XRT Medication (octreotide,
bromocriptine)

Complete resection

Extrathyroidal neoplasms Surgery Image/catheter guided therapy Complete resection

�Selection of therapy depends on the clinical situation and patient factors.
ySurgery for thyroiditis is rarely needed is performed in highly selected situations.
ETOH indicates ethanol; GO, Graves ophthalmopathy; NSAID, nonsteroidal anti-inflammatory drug; RFA, radiofrequency ablation.
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In the US, RAI ablation provides a common definitive
approach to achieving a euthyroid state for selected patients with
TMNG, isolated TA, or GD.10,13,563–566 RAI is well tolerated in
most patients but can fail to completely treat the disease, cause
keratoconjunctivitis sicca and xerostomia, and exhibit differential
thyroid uptake which may require surveillance and additional
long-term treatment. Destruction of thyroid tissue by RAI ablation
can lead to a transient increase in thyroid hormone levels about
1 week after treatment, which should be anticipated in patients
with cardiovascular disease, who may develop dysrhythmias or
other complications. Compared with thyroidectomy, hyperthyroid-
ism takes somewhat longer to resolve (4–8 wk for RAI ablation vs
2–6 wk for surgery depending on preoperative levels)566 and is
less likely to achieve full remission. In a retrospective study, RAI
ablation was successful in 92% of patients versus 100% for
surgery.567 RAI ablation is contraindicated in pregnancy. The risks
of thyroidectomy specific to hyperthyroid patients are detailed
below.

For TA, 2 other therapeutic approaches are ethanol injection
(see ‘‘Nodal Dissection’’) and radiofrequency ablation,568 neither of
which have gained popularity in the US nor are recommended as
initial treatment,13 but which may be considered when patients are
not candidates for conventional treatment. In most cases a surgeon
should be consulted prior to proceeding, as surgery after one of these
interventions can be more difficult if a euthyroid state does not result,
hyperthyroidism recurs, or a nodule persists.

Surgical Treatment
Surgery is selected for definitive treatment of hyperthyroid-

ism after considering factors that include etiology, clinical course
and severity, regional resources and limitations, patient comorbid-
ities, social constraints, and patient preference (Tables 16 and 17).
Overall, while the risks of thyroidectomy in general are low, they
are demonstrably higher in hyperthyroidism (below);569–574 more-
over, the likelihood of other morbidity is also increased, such as,
cardiac dysfunction in amiodarone-induced thyrotoxicosis
(below).575,576 For hyperthyroid patients who select thyroidec-
tomy, appropriate preoperative preparation is important (see ‘‘Pre-
operative Care’’).

In general (see ‘‘Indications, Extent, and Outcomes of Sur-
gery’’) thyroidectomy is rarely performed for thyroiditis, but may be
required in situations of brittle, difficult-to-control thyrotoxicosis,
unremitting symptoms, and/or large compressive goiter.24,318,577,578

Lobectomy may be selected for patients with isolated TA who are
young, desire more rapid resolution than RAI ablation provides, or
have a TA that is large, enlarging, causing compressive symptoms, or

cosmetically significant. For those with TMNG, total or near-total
thyroidectomy may be preferred over RAI ablation given large goiter
size or risk of persistent/recurrent disease, whereas subtotal thyroid-
ectomy, once favored, is no longer recommended as definitive
treatment (see ‘‘Initial Thyroidectomy’’) 12,13.

Surgery for GD is performed commonly today in the
U.S.,555,566,569–572,574,579 and total thyroidectomy is the procedure
of choice. Total thyroidectomy is more effective for GD than subtotal
thyroidectomy (Table 12) or RAI ablation (Table 16).359,556,580,581 In
a retrospective study of 40 patients undergoing total thyroidectomy
for GD, improvement in quality of life was reported to be marked and
rapid, with resolution of hyperthyroid symptoms in an average of
32 days.582

Amiodarone-induced thyrotoxicosis, which occurs as Type 1
(iodine-induced) and Type 2 (thyroiditis-induced)583 may require
thyroidectomy if medical management fails. Such patients often have
significant underlying cardiac dysfunction with high risk for com-
plications from anesthesia and surgery by the time surgical consul-
tation is obtained. Operative mortality as high as 9% has been
reported584), although other series reveal better outcomes.585–587

It is thus important that thyroid surgeons be involved in the thera-
peutic decision making for amiodarone-induced hyperthyroidism as
soon as there is evidence of nonresponse to medical therapy. Thy-
roidectomy under loco-regional anesthesia can be considered in
select cases, but requires a willing and able patient and a skilled
team.588

Graves’ Ophthalmopathy
Additional considerations affect treatment selection in

patients with Graves ophthalmopathy (GO) a debilitating condition
that can jeopardize eyesight.589,590 In patients with moderate to
severe GO,591–594 surgery is preferred over RAI ablation because
it has less potential for acute worsening of GO.13,595 A retrospective
study of 150 patients treated with ablation observed worsening
ophthalmopathy in 15% within 1 year of treatment. In a study that
compared subtotal thyroidectomy to RAI ablation, GO progressed in
6% versus 10% of patients, was stable in 78% versus 86%, and
improved in 16% versus 3%.13,596 Whether progression of GO after
RAI or surgery is simply due to the natural course of disease is
unclear, since the active phase of GO may last for 18 to 36 months.590

In mild GO, RAI ablation and surgery have equivalent low ophthal-
mologic risks if steroid treatment is prescribed at the time of RAI.13

In moderate to severe GO, steroids should be given with RAI ablation
if surgery cannot be pursued as the first-line option, to attempt to
mitigate any worsening of GO.13 As GO may not be obvious to
nonophthalmologists, and/or may threaten optic nerve viability, it is
advisable to refer GD patients to an ophthalmologist familiar with
GO for a baseline examination, the results of which may also direct
selection of treatment.

Recommendation 38: In patients with moderate to severe
Graves ophthalmopathy, total thyroidectomy should be considered
as first-line definitive treatment. (Strong recommendation, moder-
ate-quality evidence)

When to Start Thyroid Hormone
In patients who were rendered euthyroid preoperatively based

on free T4 and T3 levels (as changes in TSH will lag), ATDs should
be discontinued after surgery and weight-based levothyroxine should
be started.13 For patients who are hyperthyroid at the time of surgery,
ATDs should be discontinued postoperatively, and levothyroxine
typically started 1 week after surgery to allow time for thyroid
hormone levels to decrease to normal. Beta blockers, if used, should
be weaned over several days as tolerated to prevent rebound tachy-
cardia, headache, and other symptoms.

TABLE 17. Considerations for Selection of Surgery Rather
Than Radioactive Iodine for Treatment of Thyrotoxicosis

Pregnancy or desire for pregnancy within 6 months
Concern for thyroid malignancy
Goiter >80 g
Moderate or severe Graves ophthalmopathy
Social issues (infants, small children in the home, unable to follow RAI

safety measures)
Poorly controlled hyperthyroidism requiring rapid normalization of thyroid

hormone levels
Airway compromise necessitating urgent resolution
Other central neck pathology requiring surgery (primary

hyperparathyroidism, large size (>4 cm) or multiple benign thyroid
nodules)

Prior radioactive iodine treatment
Low % iodine uptake
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Surgical Complications in Hyperthyroidism
A recent National Inpatient Sample database study found an

increased risk of complications (bleeding, hypocalcemia, vocal-cord
paralysis, tracheostomy; see ‘‘Postoperative Care and Complica-
tions’’) in patients undergoing thyroidectomy for GD compared with
nontoxic goiter.2 However, when thyroidectomy is performed by a
high-volume thyroid surgeon, permanent complications rates (RLN
injury, hypocalcemia) were no higher than for thyroidectomy per-
formed for other reasons.352,597

Hematoma and intraoperative blood loss are more likely in
patients undergoing surgery for thyroiditis and especially for
GD.567,571,598,699 Such glands are often larger, adherent, inflamed,
and more vascular; from this perspective, KI solution given preoper-
atively to help control thyroid hormone levels also may help to
decrease gland vascularity371,558 (see ‘‘Preoperative Care’’).

Temporary postoperative hypocalcemia is also more common
in surgery for hyperthyroidism, especially GD;381,567,569,571,600,601

this is thought to be in part due to thyrotoxic osteodystrophy, that is,
increased bone hunger in longstanding hyperthyroidism602–606

although a meta-analysis advised that calcium and 25-hydroxy
vitamin D levels be preoperatively assessed and prophylactically
repleted or supplemented in GD patients (see ‘‘Preoperative
Care’’).383

Some groups have reported higher RLN injury rates in
GD,607–609 while others report no difference in permanent dysfunc-
tion.555,579,610–613 Injury is postulated to be due to stretch from more
difficult medial retraction, as well as increased intraoperative bleed-
ing with diminished visualization.

In patients with GD, the feared yet rare complication of
thyroid storm13,614–619 may occur during surgery or afterward even
if the patient is preoperatively rendered euthyroid, and is postulated
to occur from intraoperative manipulation and compression with
release of hormone into the circulation.617 Intraoperative thyroid
storm may resemble malignant hyperthermia with tachycardia,
hypertension or hypotension, heart failure, fever or diaphoresis,
but can be distinguished by lack of muscle rigidity/masseter
spasm and rise in end-tidal CO2.615,617,620,621 Treatment includes
fluids, beta-blockers and other cardiovascular medications, steroids,
and anti-thyroid medications. Mortality ranges from 8% to
25%.13,614–619

Recommendation 39: Due to the higher risk and greater
technical difficulty, thyroidectomy in Graves disease is best per-
formed by high volume thyroid surgeons. (Strong recommendation,
low-quality evidence)

The Hyperthyroid Pregnant Patient
TSH is expected to decrease in the first trimester due to a

normal hCG-mediated effect that requires no treatment.622 True
hyperthyroidism in pregnancy is treated with ATDs. Since terato-
genic effects from methimazole occur in 2% to 4% of exposed
children, PTU is the drug of choice in the first trimester. Methimazole
may be instituted after the first trimester.623–630 If beta-blockade is
required, atenolol should be avoided due to possible fetal growth
restriction with prolonged use.13

If hyperthyroidism cannot be adequately controlled and sur-
gery is deemed necessary, it is ideally performed during the second
trimester due to teratogenic effects of anesthesia in the first trimester,
and preterm labor and lower birth weight in the third trimester.631–636

Although some series report acceptable maternal and fetal outcomes
during all trimesters,637,638 there remains some risk of preterm labor
with surgery during the second trimester (4.5%–5.5%).632,639,640 US
evaluation of the fetal thyroid is reasonable to gauge development in
anticipation of any issues requiring treatment at birth, such as fetal

goiter causing airway compromise.641–645 In pregnant patients
undergoing thyroidectomy, consultation with a high-risk obstetrics
team is advised, including documentation of immediate perioperative
fetal heart tones.646,647

GOITER

Goiter is a clinical term used to describe enlargement of the
thyroid gland; it is often further defined by relationship to iodine
status, morphology (diffuse vs nodular), functional activity (nontoxic
vs toxic), hereditary relationship (familial vs sporadic), and anatomic
location (cervical vs mediastinal). The causes of goiter are multifac-
torial and depend on genetic susceptibility interacting with environ-
ment.648 The definition of goiter has been debated over many
decades without consensus;87 a normal thyroid gland weighs approx-
imately 10 to 20 gm. While some experts have proposed a particular
weight for goiter,649–653 the ATA has utilized the more generalized
term of ‘‘benign enlargement.’’80

Goiter is considered endemic when it is present in more than
10% of a population due to chronic iodine insufficiency, a situation
that reduces thyroid hormone synthesis and secretion leading to
tissue overgrowth.654 In the US, dietary iodine has been considered
adequate since the 1920s when iodine fortification occurred655 and
the mean thyroid weight fell from 28 g before 1950 to 18 g after
1960.656 Morphologically, iodine-deficient goiters are often diffuse
with a homogenous increase in size and preservation of normal
follicle morphology, whereas multinodular goiter (MNG) represents
a mixed group of etiologies and histologic features.657

Functionally, patients with goiters may be hypothyroid, euthy-
roid, or endogenously hyperthyroid, and if the patient is hyperthy-
roid, the cause can be due to GD, a single hyperfunctioning nodule, or
TMNG (see ‘‘Hyperthyroid Conditions’’). Etiologically, in GD,
autoimmune thyrotropin receptor antibodies stimulate the TSH-R
to increase hormone levels with subsequent diffuse enlargement of
the gland,13 whereas TMNG is often a combination of variously
functioning nodules with a balance of biochemical hyperthyroidism
thought secondary to constitutive activation of the cAMP signaling
pathway.658,659 Other etiologic factors include cigarette smoking,
natural goitrogens such as cassava, Hashimoto thyroiditis and other
infiltrative diseases, malignancy, and dyshormonogenesis.660 Famil-
ial clustering and female predominance suggest a genetic predispo-
sition for euthyroid goiter.657 Rarely, goiter is caused by a TSH-
secreting pituitary tumor, thyroid hormone resistance,661 or (for
TMNG) an autosomal-dominant activating germline mutation in
the TSHR gene.662

Goiter is denoted substernal if mediastinal extension is pres-
ent, meaning that the gland extends caudally past the sternal notch on
physical examination (below), CT imaging, or at the time of surgery.
A secondary mediastinal goiter involves the downward growth of an
enlarged cervical thyroid and represents the majority of cases, while
primary mediastinal goiter (2%) arises from ectopic thyroid tissue
with blood supply from intrathoracic vessels.663

The most commonly encountered goiters in current US prac-
tice are nontoxic and multinodular.656 In the absence of hyperthy-
roidism, an inflammatory process, or known malignancy, a goiter is
described as nontoxic, which is the subject of the remainder of
this chapter.

Indications for Resection
Surgical treatment of nontoxic goiter is indicated for symp-

toms related to compression of the trachea, esophagus, RLN, or
superior vena cava (see ‘‘‘Indications, Extent and Outcomes of
Surgery’’). The most common symptoms are nonspecific and include
shortness of breath (50%), dysphagia (30%), and voice change
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(13%).667 In a systematic review of the impact of resection, tracheal
compression was noted in 9% to 58% with cervical goiter and 35% to
73% with a substernal component.648 Tracheal compression can
cause positional dyspnea, defined as difficulty breathing that
improves by position change,87 and generalized shortness of breath
in up to half of patients.664 When findings suggest substernal
extension, CT or MRI should be performed to evaluate for tracheal
compression and may aid in surgical planning. After thyroidectomy,
83% of goiter patients with positional dyspnea report improvement
or resolution.87 The effect of thyroidectomy performed for tracheal
deviation is unknown. Formally defined obstructive sleep apnea
syndrome is associated with goiter;665 in evaluations assessing the
influence of cervical and substernal goiter on tracheal airflow using
flow volume loops, 14% to 60% of patients had upper airway
obstruction, often without associated symptoms.666–670 In an analy-
sis that used a validated sleep apnea questionnaire, thyroidectomy
significantly improved obstructive sleep apnea symptoms in patients
who screened positive before resection.358

The radiographic prevalence of goiter-associated esophageal
compression (8%) and deviation (14%)664 are not well studied.
Patient-reported swallowing difficulties occur in 10% to 43% of
those referred for goiter treatment,86,317,356 and goiter is also associ-
ated with globus sensation.664 The efficacy of goiter resection for
patient-reported swallowing difficulties is unknown.

Goiter resection is also indicated when there is an inability to
biopsy lesions of concern, either because of inaccessibility within the
thorax or because a high burden of nodularity (innumerable nodules)
precludes adequate evaluation. Approximately 9% to 13% of sub-
sternal goiters harbor malignancy.86,317,671–674 Additionally, the
natural history of substernal goiter can be progressive growth with
development or worsening of symptoms, an observation to consider
when deciding on potential surgical intervention.86 Patients with
substernal goiter who have a positive Pemberton sign warrant
thyroidectomy.675,676

Nonsurgical Treatment
Medical treatment options for nontoxic goiter include iodine

replacement, suppressive T4 therapy, and RAI ablation. Iodine
replacement is associated with a decrease in goiter size in areas
of severe iodine deficiency,677 but it is ineffective in regions of iodine
sufficiency.80 In a randomized, double-blind placebo trial of euthy-
roid patients with nodular goiter in an iodine-sufficient region,
suppressive T4 therapy (target TSH 0.2–0.8 mU/I) plus iodine
replacement, as well as suppressive T4 therapy alone, mildly
decreased thyroid volume at 1 year; neither long-term outcomes
nor effect on symptoms were studied.678 However, suppressive T4
therapy has low efficacy with a modest effect that is temporary, as
nodules will regrow to baseline within 1 year of treatment cessa-
tion.679,680 Suppressive T4 therapy is also associated with thyrotoxic
symptoms,681 requires lifelong use, and has been linked to both atrial
fibrillation and osteoporosis.682–684

RAI ablation has been widely used to treat patients with
nontoxic goiter for over 3 decades. In a randomized clinical trial
of I131 versus T4 suppression, at 2 years’ time goiter size was reduced
by 44% in the former versus 1% in the latter group, with a significant
decrease in bone mineral density in T4 suppressed patients as well.681

Use of recombinant human TSH (rhTSH) enhances RAI uptake,
improving its long-term effect and decreasing the required dose.685–

687 Adverse effects associated with RAI use for nontoxic goiter
include transient posttreatment thyrotoxicosis due to release of stored
hormone, transient or permanent hypothyroidism, initial gland swell-
ing which can pose a problem in large goiters with compromised
inspiration at baseline, and rare potential for development of sec-
ondary malignancies such as salivary gland cancer and leukemia.688

RAI use is not appropriate if there is a suspicious thyroid nodule on
imaging or cytology, or if there is pregnancy, impending pregnancy,
or inability to tolerate the treatment or its isolation constraints (see
‘‘Hyperthyroid Conditions’’). In summary, RAI ablation may be
considered for benign goiter in selected patients and T4-suppression
should be avoided.

Extent and Conduct of Resection
Whereas medical or RAI therapy may result in partial size

reduction of goiter, surgery offers the opportunity for definitive
treatment. In the past, subtotal thyroidectomy was a common pro-
cedure but the associated high rate of recurrence has led many to
recommend total thyroidectomy or initial complete lobectomy (see
‘‘Initial Thyroidectomy,’’ ‘‘Reoperation’’). A systematic review689

evaluated 4 randomized trials of total or near-total thyroidectomy
versus subtotal thyroidectomy for NTMG690–693 and reported that
recurrence was lower in the total thyroidectomy group (OR 0.05
(95% CI 0.01–0.21); P<0.0001; 1057 participants), the incidence of
transient hypoparathyroidism was lower in the subtotal thyroidec-
tomy group (OR 2.47 (95% 1.57– 3.88); P < 0.0001; 1275 partic-
ipants), and the incidences of permanent hypoparathyroidism and
transient and permanent RLN palsy did not differ. For goiter that is
confined anatomically to 1 lobe, lobectomy is a reasonable approach
given the low risk of disease development in the contralateral lobe
requiring surgical intervention (2%) and the reasonable probability
of retaining euthyroid status not requiring T4 replacement (73–
78%).694,694 In short, the extent of thyroidectomy for nontoxic goiter
must balance concerns for recurrence with potential morbidity.

Recommendation 40:
a. When surgery is indicated, total thyroidectomy is preferred for

treatment of bilateral goiter. (Strong recommendation, low-
quality evidence)

b. When the contralateral lobe is normal, lobectomy and isthmu-
sectomy is recommended for treatment of unilateral goiter.
(Strong recommendation, low-quality evidence)

Diagnosis and Preoperative Management
Because symptoms associated with nontoxic goiter (above)

can alter management, clinicians should routinely query patients
about potential symptoms related to local mass effect (see ‘‘Initial
Evaluation’’). On physical examination, a goiter may be graded by
World Health Organization criteria: Grade 0—nonpalpable/not
visible; Grade 1a—Palpable but not visible even in full extension;
Grade 1b—Palpable in neutral position/visible in extension; Grade
2—visible in normal position of the neck/no palpation required to
make diagnosis; Grade 3—visible at a distance. Substernal goiter
is diagnosed when the full extent of an enlarged thyroid cannot be
palpated with the patient’s neck extended, even with deglutition or
supine. A suboptimal exam may occur with obesity, a short thick
neck, or kyphosis; in such cases CT or MRI imaging may be useful
for diagnosis if US or exam fails to define the inferior thyroid
border. A preoperative voice assessment is advised (see ‘‘Initial
Evaluation’’) and further laryngoscopic evaluation is reserved for
those with voice change or history of previous anterior neck
surgery.696

Preoperative imaging of goiter starts with cervical US (see
‘‘Imaging’’). If the inferior edge of the thyroid lobes cannot be
identified on US or there is clinical concern for a substernal
component (above) cross sectional imaging is recommended. CT
or MR imaging is recommended to determine the smallest cross-
sectional area of the trachea, and surgeon review of images is often
helpful as tracheal compression is not always reported radiologically.
Correlation between CT and CXR is poor in this respect and CXR
should not be used for this purpose.86,664,697,698
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Recommendation 41: Cross sectional imaging of goiter is
recommended if there is concern for a substernal component.
(Strong recommendation, moderate-quality evidence)

Ninety-eight percent of substernal goiters can be removed
through a cervical incision.663,697 Anecdotally, CT images showing
caudal extent past the top of the aortic arch, to below the arch, or to
the carina, are increasingly strong reasons to involve thoracic surgery
preoperatively, and additional factors include intrathoracic goiter that
appears larger than the thoracic inlet, involves the posterior medias-
tinum, compresses the superior vena cava, or is suspicious for
malignancy on imaging.663,769,700 Thoracic consultation may also
be important to inform the patient of additional morbidity if there is
concern that substernal goiter cannot be removed cervically, and in
the rare situation of primary mediastinal goiter, which is completely
separate from the cervical thyroid gland, precluding removal through
a cervical approach.

Intraoperative Management
Surgery for a large cervical and/or substernal goiter is multi-

faceted and best handled by experienced thyroid surgeons701 (see
‘‘Indications, Extent, and Outcomes of Surgery’’). An anesthesia
team experienced in managing complex airway issues is also vital if
there is significant tracheal compression, and video-scopic laryn-
goscopy with awake fiberoptic intubation and/or rigid bronchos-
copy may be useful when difficult laryngeal exposure is anticipated.
In the hands of experienced anesthesiologists, intubation compli-
cations (defined as>2 intubation attempts) are uncommon, reported
in up to 11% of goiters > 600 g.80,702,703 In some instances, goiter
size and location may prevent rescue tracheostomy, a potential
situation that should also be discussed preemptively by the anes-
thesia and surgery teams. Other considerations may include the need
for large-bore intravenous access if concern for blood loss is high,
the location of such access if the large veins within the chest could be
compromised in the resection, the need for a type and screen,
placement of an arterial line and/or Foley catheter, and use of an
operating room equipped to manage a potentially extensive proce-
dure including median sternotomy or thoracotomy. If RLNM is
being used (see ‘‘Adjuncts and Approaches’’) the team should keep
in mind that with resection of a large goiter, manipulation of the
larynx and trachea can malposition the endotracheal tube and loss of
signal may result.704

Recommendation 42: When performing surgery for subster-
nal goiter, good communication, preparation and cooperation of
experienced surgical and anesthesia teams is recommended.
(Strong recommendation, low-quality evidence)

To lift a goiter cephalad and facilitate its cervical delivery, the
patient should be positioned with optimal extension of the neck as
allowed by habitus and comorbidities. The chest should be prepped
and draped if a sternal split is anticipated. The approach is typically a
collar incision placed approximately 1 to 2 fingerbreadths above the
sternal notch. In managing bilateral goiter, many surgeons resect the
larger lobe first while others selectively approach the smaller lobe to
facilitate later delivery of the larger lobe into the neck. Early ligation
and division of the superior vascular pedicle often assists in cervical
delivery of a thoracic component, along with sequential placement of
tissue clamps and delicate use of digital mobilization. Selective early
division of the isthmus may allow better access to the medial inferior
vessels. Delivery of the substernal component is usually necessary
before the RLN can be identified in the tracheoesophageal groove,
but occasionally the nerve is displaced anteriorly onto the paren-
chyma of the thyroid gland making it more vulnerable to injury;
taking this anatomic possibility into consideration, delivery under

direct visualization is preferred to a blind sweep of the finger which
should be done with caution.

Drain placement has not been shown to improve outcomes and
may increase length of hospitalization and postsurgical infec-
tion,705,706 (see ‘‘Postoperative Care and Complications’’). In the
setting of goiter, drains have not been studied but with substernal
goiter resection are occasionally used.

In a National Inpatient Sample database study, patients under-
going surgery for substernal goiter versus cervical thyroidectomy
were more likely to experience iatrogenic pneumothorax (adjusted
OR 5 4.40; CI 5 2.01–9.33).707 Although this complication is rare,
with any concern there should be a low threshold for obtaining a
postoperative CXR. Other adjusted complications specific to the
substernal goiter population include hemorrhage or hematoma [OR
1.34 (1.09–1.65)], respiratory failure [1.94 (1.48–2.55)], and post-
operative hypocalcemia [1.44 (1.28–1.62)].707

An extubation consideration specific to goiter is concern for
tracheomalacia, a condition traditionally thought to arise from long-
standing extrinsic compression impairing the structural integrity of
the tracheal rings and, giving rise to dynamic airway collapse >50%
of diameter.708 Today, there is debate as to the existence of this
phenomenon, and it is recognized that some cases have actually
represented bilateral RLN paralysis. In a systematic review, trache-
omalacia related to a large goiter was rare (0.8%–10%) and most
often handled without tracheostomy.663 Treatment options include
tracheostomy, prolonged endotracheal intubation, internal stenting,
and noninvasive positive pressure intubation.709

ADJUNCTS AND APPROACHES

While the basic principles of safe thyroidectomy have
remained constant since the early 20th century, numerous technical
adjuncts have been introduced, the most common and current of
which are discussed here.

Energy-based Vessel-sealing Devices
Control of the extensive vascular system of the thyroid has

traditionally been achieved using fine ties, titanium clips, and
electrocautery (see ‘‘Initial Thyroidectomy’’). In addition, in the
past few decades 2 types of adjunctive energy-based vessel-sealing
devices have achieved widespread use. The electrothermal bipolar
device (Ligasure) relies on bipolar cautery to seal blood vessels, and
in many retrospective and prospective studies produces equivalent
rates of RLN injury, hematoma, and hypoparathyroidism when
compared to conventional ligation technique.710–715 Most studies
also demonstrate decreased operative time compared with conven-
tional knot-tying, typically in the range of 5 to 10 minutes per
operation.710–715 The ultrasonic coagulator (Harmonic) uses an
ultrasonic shear technique to seal and divide blood vessels, and in
retrospective and prospective studies has rates of RLN injury,
hypoparathyroidism, and hematoma that are equivalent to conven-
tional technique;716–722 a multicenter prospective randomized trial in
Italy also identified decreased operative blood loss.716 All studies of
the ultrasonic coagulator have shown decreased operative time,
typically in the range of 10 to 30 minutes per operation.716–722

The 2 devices have also been compared in a number of clinical trials,
predominately with no observed differences in complication rates or
operative time;723–728 although some studies found decreased oper-
ative times for the ultrasonic coagulator.723,724 In 2 systematic
reviews examining 35 randomized trials of >4000 thyroidectomy
patients, the safety and efficacy of energy-based devices were
comparable to conventional knot-tying, and both adjuncts reduced
operative time with the ultrasonic coagulator an average of 6 minutes
faster.729,730
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Intraoperative Assessment of Nerve Function
Traditional methods for avoiding nerve injury during thyroid-

ectomy rely on both intraoperative visualization and knowledge of
the normal and variant RLN anatomy (see ‘‘Initial Thyroidectomy’’).
Reported rates of permanent RLN dysfunction after thyroidectomy
are typically low (<1%–5%) although due to several factors, reports
may underestimate the true incidence (see ‘‘Postoperative Care and
Complications’’).731 In an attempt to reduce dysfunction, over the
past few decades RLNM has become an increasingly popular adjunct
in thyroidectomy. At a minimum, its use (below) requires preopera-
tive planning, significant expertise, and avoidance of neuromuscular
blockade after anesthetic induction.

The efficacy of RLNM has been studied extensively, including
several large-scale multi-institutional trials, both prospective and
retrospective.399,732–739 However, no study has demonstrated a sig-
nificant difference in either transient or permanent RLN injury rates
with RLNM use. A 2017 review of 8 meta-analyses confirmed no
observable reduction in transient or permanent RLN injury.740

Routine use of RLNM during total thyroidectomy was not found
to be cost-effective compared with visual identification alone. A
2017 study reported that RLNM was potentially cost effective in
preventing bilateral RLN dysfunction.741,742

Despite these findings, selective use of RLNM is common.
Some surgeons advise that use is beneficial during challenging
operations such as reoperation, resection of large or substernal goiter,
or resection of locally advanced thyroid cancer, citing a systematic
review of 10 studies that reported a trend toward decreased rates of
temporary and permanent RLN injury when compared to visual
identification alone.743 Although comprising>10,000 nerves at risk,
this study was underpowered to detect a significant difference in
outcomes. Surgeons who wish to adopt the practice of selective
RLNM should be aware that successful utilization requires a learning
curve.744 An area in which RLNM may prove useful during planned
total thyroidectomy is in prevention of bilateral RLN injury, and in
this regard the concept of staged thyroidectomy based on RLNM
findings has gained recent traction. During a planned total thyroid-
ectomy, upon completion of the initial lobectomy, if the stimulated
signal has decreased by certain criteria or has been lost, consideration
is advised for stopping the operation rather than proceeding and
placing the contralateral nerve at risk.742,745–748 However, false-
positive causes of diminished function by RLNM can occur.749

The most widely used RLNM systems utilize passive moni-
toring, in which the presence and quality of the interrogation signal
confirm neural integrity, and loss of signal at any point caudal to an
injury indicates a nonfunctioning nerve or technical issues. In 2011
an international group of high-volume thyroid surgeons established
guidelines for safe use of RLNM, including an algorithm for
troubleshooting when loss of signal is encountered.704 In brief,
the surgeon first palpates the posterior aspect of the cricoid cartilage
during nerve stimulation to feel for laryngeal twitch (LT), and if LT is
present without a corresponding auditory or EMG signal, the anes-
thesiologist should be asked to reposition the endotracheal tube. If LT
is absent, then the RLNM system should be investigated for problems
with connections and auditory output, and the anesthesiologist
should confirm that the patient is not receiving neuromuscular
blockade. The stimulator should also be tested on nearby muscle
and if muscular twitch is intact, then ipsilateral RLN injury should
be suspected.

Recently, a technique for continuous RLN nerve stimulation
via direct placement of a flexible silicon cuff electrode which
encircles the vagus nerve has been suggested as a more accurate,
real-time technique750–755 especially for early detection of potential
injury via traction or stretch, but does require additional time as well
as dissection of the vagus within the carotid sheath. A prospective

multicenter study of>100 patients demonstrated safety.752 However,
a smaller prospective study of continuous vagal nerve monitoring in
thyroidectomy was aborted after 2 of 9 patients had serious adverse
events (hemodynamic instability and reversible neuropraxia attrib-
uted to the monitoring apparatus).756

Intraoperative monitoring of the EBSLN has been reported to
assist in its identification when compared to visualization alone, with
limited data on voice quality outcomes.757–760 The expected rate of
injury to the EBSLN is unknown (see ‘‘Laryngology’’) and is
suspected to be underreported.

Recommendation 43: While it does not prevent RLN injury,
RLNM is safe and may assist the surgeon during initial or
reoperative thyroidectomy. (Strong recommendation, moderate-
quality evidence)

Recommendation 44: During planned total thyroidectomy,
after completion of the initial lobectomy, if RLNM results suggest
loss of function, the surgeon may consider stopping the operation
for possible completion at a later date. (Strong recommendation,
low-quality evidence)

Rapid Parathyroid Hormone Testing
Some surgeons use rapid intra- or postoperative PTH testing

during total or reoperative thyroidectomy to help determine the
likelihood of postoperative hypocalcemia due to hypoparathyroid-
ism.761–770 The majority of studies are nonrandomized prospective
analyses demonstrating some utility. Protocols vary but the most
common time points for serum PTH measurements are at the
beginning of surgery and around 10 minutes following removal of
the thyroid gland, with later postoperative (ie, recovery room)
intervals also described. A PTH cutoff of <10 pmol/L is typically
used to predict postoperative hypocalcemia.762,764,767,770 Recom-
mendations on how to manage patients with single-digit PTH levels
vary between institutions and include initiation of calcitriol and
planning for prolonged hospitalization. In a meta-analysis of 14
studies, intraoperative PTH testing helped predict postoperative
hypocalcemia, but there was no difference in utility versus early
(within 1–4 h) postoperative PTH measurement.771 The predictive
value of this adjunct will vary with the local rate of hypoparathy-
roidism after thyroidectomy. Cost efficacy has not been studied.

Recommendation 45: Rapid PTH measurement during or
after total or completion thyroidectomy may help to manage
patients at risk for hypocalcemia. (Weak recommendation, moder-
ate-quality evidence)

Intraoperative Tissue Analysis
Potential use of IOPE in evaluation of thyroid, LN, parathy-

roid, and other tissues is covered in ‘‘Perioperative Tissue Diagno-
sis.’’ During thyroidectomy, because the intraoperative identification
of parathyroid glands may be difficult due to their small size and
similar appearance to surrounding tissues, new technologies for
assisting with parathyroid identification (such as autofluorescence)
continue to be reported and evaluated.772–778

Remote-Access Approaches
While thyroidectomy via cervical incision remains the stan-

dard approach (see ‘‘Initial Thyroidectomy’’), numerous remote-
access techniques have gained popularity internationally, and can
each be performed endoscopically or robotically, including the
transaxillary approach779,780 the bilateral axillo-breast approach
(BABA),781,782 the posterior ‘‘facelift’’ approach,783 and recently
a transoral endoscopic vestibular approach (TOETVA).784 Remote-
access approaches have not achieved widespread use in the US,785 a
fact that may relate to differences in cultural values, habitus, disease
severity, surgeon preference, and learning curves. In a US national
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database study of thyroid cancer patients undergoing thyroidectomy
from 2010 to 2011, 225 patients received a robotic approach com-
pared to >68,000 who had conventional thyroidectomy.786

The primary advantage of remote-access thyroidectomy is
improved cervical cosmesis. Several Asian studies have reported
increased patient satisfaction with cosmetic results following
remote-access thyroidectomy compared to cervical thyroidec-
tomy.783 Data regarding other outcomes, including complications,
are mixed, and data on long-term outcomes are lacking. A meta-
analysis of 11 studies of robotic transaxillary and BABA thyroidec-
tomy, identified increased operative time, hospital stay, and rate of
transient vocal fold dysfunction for robotic versus conventional
thyroidectomy, while blood loss, hematoma, and permanent vocal
fold dysfunction rates were similar between groups.787 In terms of
cost, remote-access approaches require longer operating times and
additional specialized equipment.788 A 2016 ATA consensus state-
ment concluded that remote-access thyroidectomy may be consid-
ered in selected patients with unilateral small thyroid nodules who
wish to avoid neck incision, and should only be performed in high-
volume centers by surgeons with expertise in both thyroid and
endoscopic or robotic surgery.783

Recommendation 46: Remote-access thyroidectomy should
only be performed in carefully selected patients, by surgeons
experienced in the approach. (Strong recommendation, low-quality
evidence)

Hemostatic Agents
A wide variety of topical hemostatic agents are currently

available with the intention of facilitating surgical hemostasis, but
data are limited concerning their effectiveness in preventing bleed-
ing. A 2013 randomized study of oxidized cellulose patch (Surgicel)
in thyroidectomy patients reported trends toward higher rates of
hematoma, increased postoperative drain output, and longer hospital
stay when compared with untreated patients,769 and the authors
concluded that this agent was not helpful and potentially harmful.

Although drains are not typically used in thyroidectomy in the
US (see ‘‘Initial Thyroidectomy’’), a 2009 Italian study utilizing a
matrix hemostatic agent with human recombinant thrombin Floseal
demonstrated treatment reductions in drain output, operative time,
and hospital stay; however, rates of hematoma were not different.790

In a multicenter prospective randomized trial, the combined use of
this agent and the ultrasonic coagulator reduced drain output and
operative time, but again with no difference in rate of neck hematoma
compared to conventional thyroidectomy.791 A 2005 Canadian pro-
spective randomized study of fibrin sealant (Tisseel) in thyroidec-
tomy demonstrated 44% less drain output but no differences in
hematoma, hospital stay, or other outcomes.792 Additional concerns
have been raised regarding the cost efficacy of topical hemostatic
agents and the potential risks of infection with use of human-
derived products.

LARYNGOLOGY

Responsible for vocal fold motion, the bilateral RLNs control
all intrinsic muscles of the larynx except for the cricothyroid muscle,
which is innervated by the bilateral EBSLNs which lengthen and
tense the vocal folds to modulate pitch and voice projection. Vocal
fold dysfunction (VFD) can arise prior to thyroidectomy from prior
cervical or mediastinal surgery, RLN involvement by central neck or
mediastinal cancer, and other causes including idiopathic.793 During
thyroidectomy, VFD can be caused by direct injury related to the
endotracheal tube or other tubes (nasogastric, temperature probe,
etc.), during intubation or extubation, and by operative impairment of
the RLN, vagus nerve, or ESBLN, with the latter situation less well

characterized. VFD can be partial (paresis), complete (paralysis),
temporary (resolves within 6 months of surgery), permanent (no
resolution 12 mo after surgery), and unilateral and/or bilateral (see
‘‘Postoperative Care and Complications’’).

A 2009 meta-analysis including more than 25,000 patients
undergoing thyroidectomy reported a temporary VFD rate of 9.8%
(range 1.4%–38%) and a permanent rate of 2.3% (0%–18.6%).794

Factors such as age, comorbidities, complexity, and severity of
disease (malignancy, thyroid size, inflammation, anatomic factors),
extent of dissection, and surgeon experience are associated with VFD
risk after thyroid surgery.795 Less commonly, VFD may be due to
intubation alone; in a large retrospective study of 31,217 patients
undergoing elective surgery, 0.077% experienced vocal fold paraly-
sis believed to be due to intubation alone.796

The impact of VFD is significant, affecting quality of life and
in some cases having an adverse economic impact.797 Rarely,
associated swallowing dysfunction or significant preoperative pul-
monary compromise may lead to intolerance of unilateral VFD and
even to a requirement for tracheotomy and/or gastrostomy. Due to the
possibility of airway compromise if bilateral VFD were to occur, the
potential need for tracheostomy should be considered. Because
laryngeal function is so important, a number of thyroid-related
societies have published statements or guidelines on perioperative
assessment of changes in voice, swallowing and respiratory
effort.3,793,798–800 The method, timing, and indications for this
assessment have not been standardized.801

Preoperative Evaluation
Preoperative knowledge of vocal fold abnormalities may alter

the conduct or extent of operation or delay thyroidectomy. Laryngeal
assessment may be functional or anatomic in nature. The utilized
methods vary widely by provider, specialty, and volume and com-
plexity of thyroid operation.95,802–804 Commonly used methods
include auditory assessment, mirror examination, transcutaneous
laryngeal ultrasound (TLUS), flexible laryngoscopy, and videolar-
yngostroboscopy.161,162,696,800,804–806

When evaluating patients for thyroidectomy the surgeon
should assess voice function and quality (see ‘‘Initial Evaluation’’).
Most deem simple auditory assessment by the surgeon to be an
acceptable initial method. Although subjective, a recent retrospective
review of 464 patients found that voice assessment by the surgeon
combined with knowledge of prior neck surgery was more reliable
than patient-reported voice change; however, voice quality was not
assessed in this study using a validated instrument.801 Clinically, in
the absence of poor pulmonary function, a sustained maximum
phonation time (MPT) <10 seconds (due to excessive air escape
from incomplete glottic closure) may suggest vocal fold dysfunc-
tion.807 Vocal quality may also be assessed by structured listening
and questioning of patients and family members; common tools
include the Grade, Roughness, Breathiness, Asthenia, and Strain
(GRBAS) Scale, the Consensus Auditory-Perceptual Evaluation of
Voice Clinical Protocol,808 and the Voice Handicap Index (VHI).809–

812 In a meta-analysis, only 3% of patients reporting preoperative
dysphonia had VFD after thyroidectomy, instead having conditions
such as polyps, gastroesophageal reflux, allergies, and other sources
of inflammation. Conversely, documented VFD occurs with a wide
range (0%–87%) when patients report no changes in voice qual-
ity.813,814

Anatomic assessment of vocal fold function can be performed
in the office by indirect mirror examination, TLUS, or indirect
flexible laryngoscopy. Indirect mirror examination is simple to
perform and has little to no associated cost but may not provide
adequate visualization in all cases and is not tolerated by some
patients.796 Introduced within the past decade, TLUS may be unable
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to visualize the vocal folds due to calcified thyroid cartilage (more
common in older patients and men) or body habitus, but with clear
visualization of equal and symmetric bilateral motion has equal
sensitivity and specificity to other methods, moreover is safe,
performed without discomfort, has a short learning curve (<50
cases),155 and may be performed at the time of office US, thereby
minimizing cost. If there is any question of inadequate visualization
of the vocal folds, indirect flexible laryngoscopy should be per-
formed.153,155,808,811–815

Prior to thyroidectomy, visualization of the vocal folds is
recommended routinely by some medical societies, and selectively
by others for patients determined to be at risk3,95,794,800,804 including
those with notable voice changes, known VFD, prior neck, medias-
tinal, cardiac or upper thoracic surgery, apparent invasive malig-
nancy, large substernal goiter, or extensive LNM.3,95,800 When the
vocal folds are visualized, the incidence of preoperative VFD among
patients with TC ranges from 1.7% to 9.6% (prevalence 0.69%–
4.3%).815,816 In patients without concerning findings or comorbid-
ities, the incidence of preoperative VFD is lower at 0% to
3.5%.664,696,802,806,813,817–819 In situations without obvious concern
for VFD, a recent retrospective study reported that routine preoper-
ative flexible laryngoscopy is not cost-effective.696

Recommendation 47: In preoperative discussion of thyroid-
ectomy, the surgeon should disclose to the patient the possibility,
likelihood, and implications of permanent vocal fold dysfunction.
(Strong recommendation, moderate-quality evidence)

Recommendation 48: Prior to thyroidectomy, laryngeal
examination should be performed in patients determined to have
vocal abnormalities as assessed by the surgeon, pre-existing laryn-
geal disorders, prior at-risk surgery, or locally advanced thyroid
cancer. (Strong recommendation, low-quality evidence)

Intraoperative Events
Intraoperative events that can cause VFD (see ‘‘Postoperative

Care and Complications’’) include: 1) intubation resulting in vocal
fold laceration, hematoma, edema or rupture; arytenoid dislocation;
formation of chronic granuloma or polyp; 2) thermal or traction-
related nerve trauma (ie, use of energy devices too close to a nerve;
unintentional clamping, ligation or transection); or 3) nerve transec-
tion (intentional or rarely unintentional)(see ‘‘Postoperative Care and
Complications’’). Visual intraoperative identification of the RLN and
EBSLN are useful in preventing impairment (above and ‘‘Initial
Thyroidectomy’’). Some degree of functional assessment can be
provided by RLNM (see ‘‘Adjuncts and Approaches’’). Excessive
traction on the RLN or a thermal event are common mechanisms
leading to paresis or paralysis and may not always be recognized
intraoperatively.

Postoperative VFD Care
If VFD is known or suspected to have occurred intraopera-

tively, immediate careful observation after extubation should be
considered by the entire team (surgery, anesthesia, nursing), assess-
ing in particular for altered respiratory status, stridor, and aspiration
of secretions. Immediate management of suspected unilateral VFD
varies depending on the setting and severity of the condition.
Immediate management of suspected bilateral VFD generally
requires direct examination to discern vocal fold position and motion,
extent of glottic closure, and presence of edema. With either unilat-
eral or bilateral VFD, the symptomatology and objective findings
may prompt additional management with options ranging from
simple observation to moderate supportive measures (racemic epi-
nephrine, humidified oxygen, elevated head of bed, steroids) to major
supportive measures (continuous positive airway pressure) and rarely
to tracheotomy or a laryngeal procedure. Thyroid surgeons should be

well versed in the immediate management of VFD as the situation
can be life threatening. However, as long as the airway is protected,
and adequate respiration is occurring, care can proceed in a careful
and calm manner. If reintubation or tracheotomy is required in the
recovery area or elsewhere in the hospital, assistance from anesthe-
siology and a multidisciplinary airway team should be considered,
depending on the acuity and severity of the situation, equipment
available, and the specific expertise of the surgeon.

After 24 to 48 hours postoperatively, the reported likelihood of
altered vocal quality varies widely (30%–90%) depending on study
type and methods.820–825 Postanesthetic changes in voice may last
for up to 2 weeks unless structural damage to the larynx has occurred
with intubation.95,826 The AAO-HNS recommends that voice assess-
ment be performed 2 to 8 weeks postoperatively since in VFD the
ideal time for vocal fold augmentation is <3 months after thyroid-
ectomy.95,785,827,828 Early intervention in those with RLN paresis or
paralysis is associated with superior functional outcomes. Another
reason for prompt diagnosis of VFD is possible early institution of
nimodipine pharmacologic therapy. In a small 2018 prospective
study, nimodipine use for 2 to 3 months postoperatively was associ-
ated with long-term normalization of the Vocal Handicap Index and
maximum phonation time and no atrophy of the paralyzed vocal
fold.829 In a study of 30 vocal fold dysfunction patients, the motion
recovery rate was tripled compared with historical controls; nimo-
dipine treatment was not tolerated by 7 excluded patients.830 In a
prospective study of 53 vocal fold dysfunction patients, 67% recov-
ered purposeful motion. Time to recovery was not different when
nimodipine was begun within 15 days, between 15 and 30 days, and
after 30 days.831

EBSLN dysfunction reduces the highest obtainable funda-
mental frequency of the projected voice,832,833 typically resulting in a
voice that is low pitched, gravelly, soft, and/or cannot be raised to
shout or reach high notes.793–795,823,834–849 Neuromonitoring can be
used intraoperatively to assist with identification and preservation of
the EBSLN.759 However, EBSLN dysfunction can be difficult to
assess and confirm as currently there is no consensus for diagnostic
findings on laryngoscopy.832,850,851 Even laryngeal electromyogra-
phy of the cricothyroid muscle, which is considered the standard for
diagnosis of EBSLN paralysis, has limitations regarding interpreta-
tion of results.832,852 Because reliable diagnosis is difficult, baseline
rates of EBSLN dysfunction and recovery after thyroidectomy are
not well understood. When assessed during thyroidectomy by
RLNM, reported EBSLN injury rates range from 0% to 58%, with
permanent paralysis in 0% to 5%.794,795,842,844–849 Although the
potential for EBSLN dysfunction is often cited in the thyroidectomy
literature, it is unclear if treatment recommendations would signifi-
cantly change outcomes. Voice therapy is most commonly employed
for EBSLN injuries but has inconsistent results.832,852

An area of continued debate among thyroid surgeons is routine
postoperative anatomic assessment of the vocal fold motion. Two
recent decision analyses found that routine laryngoscopy for all
patients was not cost-effective.98,816 In general, because patients
with VFD may be asymptomatic,847 the extent of investigation
may hinge on the outcome to be assessed, for example, voice quality
as it impacts quality of life versus accurate assessment of complica-
tion rates. In the first situation, auditory assessment alone is
deemed by multiple authors and medical societies to be suffi-
cient.3,95,793,798,843,844,849 In the latter circumstance, routine postop-
erative anatomic testing is necessary utilizing mirror exam, TLUS,
flexible laryngoscopy, or videolaryngostroboscopy. A retrospective
study of over 1000 RLNs at risk revealed that only 6% of patients
reporting significant voice changes after thyroidectomy had VFD,
and 44% of patients with documented dysfunction were asymptom-
atic.853 In a large retrospective study of over 5000 patients from the
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Scandinavian Quality Registry, the incidence of VFD from groups
performing routine postoperative laryngeal examination was nearly
twice that of groups utilizing subjective voice assessment.802,854

Surgeons should strive to know their own rates of temporary and
permanent VFD both to accurately inform patients and assess the
need for changes in operative technique.

Recommendation 49: Voice assessment should be performed
at the postoperative visit. (Strong recommendation, low-quality
evidence)

Recommendation 50: After thyroidectomy, laryngeal exami-
nation should be performed in patients with known or suspected
new RLN dysfunction or aspiration. (Strong recommendation,
moderate-quality evidence)

Patients with known or suspected VFD, or those with particu-
lar concern about their voice after thyroidectomy, may be referred to
a laryngologist for additional evaluation and possible treatment. A
speech pathologist will in turn often become involved. Early referral
(2–8 wk postsurgery) to a laryngologist in combination with early
intervention results in superior voice outcomes.785,827,828 Often,
paresis improves over 6 to 12 months, but earlier short-term inter-
vention with nimodipine (above), temporary vocal fold medializa-
tion, or another procedure may benefit patients with severe
symptoms until the need for definitive treatment can be deter-
mined.785,827,828 Long-term treatment options for unilateral RLN
paralysis may include injection of bulking agents, thyroplasty,
arytenoid adduction, and reinnervation procedures. Depending on
the resting position of the paralyzed vocal fold, management options
for bilateral paralysis may include tracheostomy, cordotomy, aryte-
noidectomy, suture lateralization, reinnervation, electrical pacing,
and/or CPAP.

Recommendation 51: If vocal fold motion impairment is
suspected or identified, early referral of the patient to a laryngol-
ogist is recommended. (Strong recommendation, moderate-quality
evidence)

FAMILIAL THYROID CANCER

More than 90% of all TC is sporadic in nature, secondary to
somatic genetic alterations.855 Approximately 3% to 9% of TC is
FNMTC,856 with PTC the most common histologic subtype (85%–
91%), followed by FTC (6%–10%), ATC (1.6%), and HTC.857–859

FNMTC is nonsyndromic in 95% of cases. MTC accounts for 3% to
5% of all TC with approximately 25% of cases being hereditary.

Genetic Testing
The American Society of Clinical Oncology has published

iterative policy statements on genetic and genomic testing for
cancer susceptibility, stressing the importance of communication
with the patient about the purpose of the genetic testing, the
potential outcomes and implications for the patient and family
members, and the risks of cancers related to the genes being
tested.860 Unfortunately, direct-to-consumer testing removes pro-
vider involvement and leads to inadequate counseling and
informed consent; moreover, while concurrent multigene testing
is increasingly recognized as an efficient method of evaluating
multiple high-penetrance genes, a considerable proportion of such
panels will identify variants of uncertain significance (below)
associated with over-interpretation.861–863 Additionally, many
multigene panels include moderate-penetrant genes of unclear
clinical utility. For these reasons, the decision to perform genetic
testing, as well as the associated counseling and interpretation of
results, should involve an experienced professional team, which
ideally includes a genetic counselor.

Recommendation 52: Germline genetic testing should
include pre- and post-test counseling by a knowledgeable health
care provider. (Strong recommendation, low-quality evidence)

Hereditary Nonmedullary TC

Nonsyndromic Familial Nonmedullary TC (NFNMTC)
NFNMTC is defined by the presence of follicular cell-based

TC with 3 affected first-degree relatives864,865 in the absence of
predisposing environmental risk factors856 or a known familial
syndrome. The genetic basis of NFNMTC is uncertain, and molecu-
lar etiology may result from cumulative occurrence of several lower
penetrance susceptibility genes, to date including SRGAP1, TITF-1/
NKX2–1, FOXE1, telomere–telomerase complex, and RTFC, with
further validation necessary.866–870 Chromosome loci such as TCO
(19q13.2), NMTC1 (2q21), fPTC/PRN (1q21), MNG1 (14q32);
FTEN (8p23.1-p22), have also been implicated, though the candidate
genes at these locations are unknown.871–875 Currently, there is no
clinically available germline testing.

NFNMTC often occurs at an earlier age than its sporadic
counterpart, with conflicting reports about aggression.876–879 A
meta-analysis of 12 studies including 12,471 patients found that
patients with NFNMTC had a higher recurrence rate, higher risks of
multifocality, bilaterality, and extrathyroidal extension, and lower
disease-specific survival than those with sporadic disease.880 ‘‘Antic-
ipation,’’ namely, the finding that younger generations have earlier
and more severe features of malignancy than their predecessors, has
also been observed.881,882 A prospective cohort study using annual
US surveillance found that TC prevalence in at-risk individuals from
kindreds with 2 first-degree affected relatives was the same as for the
general population (4.6% vs 4.5%) while the corresponding rate of
TC in families with three- or more first-degree affected relatives was
significantly higher at 22.7%;883 the youngest age at TC diagnosis by
screening was 18 years. The age of screening initiation is unclear, but
an acceptable algorithm could be to begin screening 5 years prior to
the youngest adult family member diagnosed, with the understood
caveat of potentially finding and managing benign or indeterminate
thyroid disease.884 Although no data exist to support prophylactic
thyroidectomy in NFNMTC, with a clinical diagnosis the surgical
decision about extent of thyroidectomy should take into consider-
ation the potentially higher rates of observed multifocality
and bilaterality.

Recommendation 53: DTC screening should be performed
in at-risk individuals from families with three or more affected
first-degree relatives. (Strong recommendation, low-quality evi-
dence)

Syndromic FNMTC
Five percent of FNMTC cases are minor components of

inherited cancer syndromes (below) that are often associated with
well-defined driver alterations; testing of known susceptibility genes
is recommended when a syndromic phenotype is recognized (see
Table 4). Diagnosing a hereditary syndrome in an affected individual
properly allows both personal evaluation of other associated diseases
and screening of potentially affected family members.

Familial Adenomatous Polyposis. FAP is an autosomal-
dominant disease caused by inactivating mutations of the adenoma-
tous polyposis (APC) tumor suppressor gene located on chromosome
5q21. FAP is typified by multiple gastrointestinal adenomatous
polyps (especially in the colon) with malignant potential. Gardner
syndrome is an FAP variant that also has extracolonic manifestations
such as fibromas, osteomas of the mandible, epithelial cysts, con-
genital hypertrophy of the retinal pigment epithelium (CHRPE), and
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upper GI hamartomas. TC is associated with FAP, the most common
type being PTC with 20% to 40% possessing a cribiform-morular
variant histological pattern.885 Recent prospective registry screening
programs suggest the prevalence of PTC in FAP is 2.6% to
11.8%.886–898

Screening recommendations for TC in FAP patients vary
widely, from no screening,889,890 to screening only in those with
CHRPE, to screening by neck palpation891 or with US beginning at
age 16887 or as an adult.892 The relative rarity of FAP and lack of
tumor genetic analysis to confirm an APC-based etiology make
determinations of prevalence challenging. Because cribiform-moru-
lar variant PTC represents only 0.16% of all PTC,893 it is reasonable
that any patient presenting with this rare histology be evaluated
for FAP.

Cowden Syndrome. Cowden syndrome (CS) is an autoso-
mal-dominant disease characterized by macrocephaly, mucocutane-
ous lesions, hamartomatous changes, and epithelial tumors of the
thyroid, breast, kidney, colon, and endometrium. In 1995 and subse-
quently, an international consortium created and refined criteria for
CS diagnosis, detailing pathognomonic major and minor criteria to
aid in initiation of genetic testing.894–896 Whereas early studies
suggested that 85% of CS patients harbored the PTEN tumor
suppressor gene mutation,897,898 using more relaxed CS criteria, a
prospective study of 3042 probands found that 9.5% patients had a
PTEN mutation;899 the authors devised a clinical scoring test to
prompt PTEN testing and recommended that patients<40 years with
endometrial, thyroid, or breast cancer be evaluated for other features
of a PTEN germline mutation, particularly macrocephaly.899 Over-
representation of pediatric presentation as well as FTC histology are
also associated with PTEN-mutated CS.900

Because the lifetime risk of developing TC is 35% in patients
with a known PTEN mutation,901 consideration may be given to
screening US in this population, but no published data yet exist.
Prophylactic total thyroidectomy has been suggested for those
PTEN-mutated CS patients with developmental delay from severe
autism, a diagnosis that may be associated impractical lifelong
screening;76 however, the burden of daily thyroid hormone replace-
ment and the low likelihood of FNMTC (35%) should also be
considered. Other germline mutations responsible for CS include
alterations in SDHB-D, PIK3CA, AKT1, SEC23B, and KLLN
promoter methylation.856

Carney Complex. Carney complex (CNC) is an autosomal-
dominant disease with manifestations including myxomas of the soft
tissues and heart, spotty skin and mucosal pigmentation, blue nevi,
schwannomas, tumors of the adrenal and pituitary glands, Sertoli cell
tumors, thyroid nodules, and TC. CNC is diagnosed if 2 of these
features are present, or 1 major manifestation and an affected first
degree relative, or an inactivating PRKAR1A mutation.902 PRKAR1A
is thought to be a tumor suppressor gene, and a PRKAR1A mutation
or deletion was present in 73% of 353 patients evaluated from the
CNC consortium.903 The prevalence of thyroid cancer or nodules is
5% in CNC.902,904,905 No screening programs have been described
and given the relative rarity of TC in CNC, no prominent thyroid
histology has been identified and no evidence exists to support
prophylactic thyroidectomy.

Werner Syndrome. Werner syndrome (WS) is an autosomal-
recessive disease characterized by premature aging beginning in the
second decade of life, including scleroderma-like skin changes,
cataracts, atherosclerosis, osteoporosis, and premature graying and
hair loss. Further manifestations include soft tissue calcification,
hypogonadism, and high occurrence of neoplasms. An individual has

the clinical diagnosis if he or she possesses all of the cardinal features
and 2 further signs (www.wernersyndrome.org). WS is associated
with mutations of the WRN gene on chromosome 8p11–21;906

patients with a clinical diagnosis should be offered genetic testing.
In a case series, TC was reported in 16% of 189 patients with WS at a
median age of 40.907 In another series of 845 patients, among the
2.7% who were diagnosed with TC, FTC was the most common
(48%), followed by PTC (35%) and ATC (13%).908 Patients with the
clinical diagnosis of WS should be intermittently screened for TC; no
data are available on a role for prophylactic thyroidectomy.

DICER1 Syndrome. DICER1 syndrome (DS) is an autoso-
mal-dominant disorder of loss of function in DICER1, a protein that
cleaves noncoding small RNA precursors to create mature miRNAs.
It is characterized by pleuropulmonary blastoma (PPB), ovarian
Sertoli-Leydig tumors, multicystic nephroma, pineoblastoma, and
multinodular goiter along with other neoplasms. DS penetrance is
estimated at <15% for any of the associated manifestations909,910

which usually present in childhood. Refined criteria for DICER1
genetic testing include individuals who present with familial multi-
nodular goiter with consideration in isolated cases of pediatric
goiter.911 Treatment with alkylating chemotherapy (for PPB) has
been suggested to be a predisposing risk for DTC912–914 although a
case report for a family with DICER1 mutation and no history of
chemotherapy described multiple first-degree relatives with DTC;
the youngest age of diagnosis was 7 years.915 No current guidelines
for thyroid screening exist, but reasonable suggestions in the liter-
ature include thyroid palpation from age 10 years and, if exposure to
chemotherapy, thyroid US at 5 years after therapy completion or at
age 10 years, whichever occurs first.911

Papillary Renal Neoplasia. Papillary renal neoplasia is a
type of syndromic FNMTC in which the authors mapped a PRN1
locus on chromosome 1q21 in a single family with PTC, benign
thyroid nodules, and papillary renal neoplasia.873

McCune-Albright Syndrome. McCune-Albright syndrome
is caused by a post-zygotic somatic activating mutation in GNAS
that is associated with fibrous dysplasia and endocrinopathies,
including thyroid nodules and dysfunction; because it is a somatic
mutation, there is no inheritable risk.916

CHEK2. Germline mutations in the cell cycle checkpoint
kinase 2 (CHEK2) tumor suppressor gene may predispose to PTC.
A study evaluating 4 founder mutations for CHEK2 in 936 individu-
als found those harboring a mutation to be 3.3 times higher risk
(P<0.0001) of harboring PTC.917

Hereditary MTC
Mutations of the RET proto-oncogene, located on chromo-

some 10q11.2, are responsible for almost all cases of hereditary
MTC, with the majority found in identified codons within exons
10,11,13 to 16. Penetrance of MTC nears 100% in patients who
harbor a RET germline mutation. The 2015 ATA guidelines on MTC
recommend that all hereditary MTC be classified into either Multiple
Endocrine Neoplasia (MEN) 2A or 2B.56

MEN2A accounts for 95% of MEN2 cases, and may be
subdivided into 4 variants: 1) classical MEN2A, in which mutations
occur in RET codons 609, 611, 618, or 620 of exon 10 or codon 634 of
exon 11, and patients uniformly develop MTC and less frequently
have pheochromocytoma and pHPT depending on the codon
involved; 2) MEN2A with cutaneous lichen amyloidosis, a rare
presentation characterized by dermatological lesion(s) in the scapu-
lar region of the back corresponding to dermatomes T2-T6, and
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associated almost exclusively with RET codon 634 mutation; 3)
MEN2A and Hirschsprung disease, with the latter occurring in 7% of
patients918–920 due to a mutation in RET codon 609, 611, 618, or 620;
4) familial MTC (FMTC), which is now considered a variant of
MEN2A and is defined by the presence of a RET mutation in families
with MTC and no history of pheochromocytoma or pHPT.

Individuals with MEN2B have early onset MTC, often in
infancy, with most cases due to the codon M918T RET mutation in
exon 16. Approximately 50% of patients will develop pheochromo-
cytoma; other manifestations include a typical facies, thickened and
everted eyelids, the inability to form tears in infancy, skeletal
malformations (marfanoid body habitus, slipped capital femoral
epiphyses, scoliosis), and ganglioneuromatosis throughout the diges-
tive tract.921,922 Individuals with high risk mutations (such as C634)
often develop MTC in early childhood; genetic screening, calcitonin
measurement, and physical and US examinations should ideally
begin by age 3 with strong consideration for prophylactic total
thyroidectomy by age five. The phenotypes associated with moderate
risk mutations (below) are much more varied in presentation; genetic
screening and biochemical/radiographic evaluation can begin at
approximately age 5 and delaying surgery for years may be a
possibility if the findings remain unremarkable. Discussion between
the parents and the experienced healthcare team is essential.

Because 1% to 7% of individuals diagnosed with presumed
sporadic MTC will harbor a germline RET mutation,923,924 the
literature advises that all patients diagnosed with apparent sporadic
MTC should undergo genetic testing in the setting of appropriate pre-
and postgenetic counseling.51

Recommendation 54: All patients diagnosed with MTC
should undergo genetic testing for a germline RET mutation.
(Strong recommendation, high-quality evidence)

At a minimum, RET testing in presumed sporadic MTC
currently includes exons 8, 10,11,13 to16; sequencing of the entire
coding region may be performed if no RET mutation is identified and
there is high clinical suspicion. If RET testing confirms a pathogenic
mutation in a patient diagnosed with MTC, further workup consists
of evaluation for pheochromocytoma and pHPT (in MEN2A) or for
pheochromocytoma alone (in MEN2B). If MTC is diagnosed by
FNAB prior to surgery, the patient should either undergo genetic
testing before resection, or have preoperative biochemical evaluation
to rule out the presence of pheochromocytoma and pHPT. A priori
knowledge of a MEN2A-associated RET mutation allows for non-
cervical autografting of a parathyroid devascularized during thyroid-
ectomy to facilitate management of future pHPT. When concurrent
pheochromocytoma is diagnosed, its management takes clinical
priority over thyroidectomy, whereas when pHPT is concomitantly
present it can typically be managed during thyroidectomy (see
‘‘Concurrent Parathyroidectomy’’).

As sequencing of the entire coding region has become com-
monplace, more RET variants of uncertain significance are being
identified for which the mutation pathogenicity and phenotypic
expression are unknown. In this setting, intermittent screening for
pheochromocytoma and primary hyperparathyroidism is reasonable,
but the approach to genetic testing of at-risk family members is
challenging. Exome sequencing databases have an increasingly
important role. Easily available databanking offers efficient valida-
tion of newly discovered mutations implicated in the pathogenesis of
all hereditary cancers. This can help determine the pathogenicity of
the genetic alteration and how to best counsel affected individuals.925

In 2015, the ATA revised the genotype-phenotype categories
denoting levels of risk associated with age of MTC development:
highest risk includes patients with MEN2B with a M918T RET
mutation, high risk includes patients with a C634 or A883F mutation,

and moderate risk includes patients with known pathogenic RET
mutations other than M918T, C634 and A883F. With a screening
diagnosis of RET germline mutation, these categories are helpful in
guiding the timing of prophylactic total thyroidectomy, defined as
removal of the thyroid before MTC develops or while it is clinically
unapparent and confined to the gland.56 Prophylactic thyroidectomy
has a survival advantage in MEN2B. The timing and extent of
prophylactic thyroidectomy must balance the oncologic benefit of
removing the thyroid with the potential risks of hypoparathyroidism
and recurrent laryngeal nerve compromise, particularly early in life,
and typically requires considerable experience and expertise.

Familial MTC age of onset and course cannot be determined
by the kindred’s specific history, which should be used cautiously in
counseling.926 In general, kindred members at risk for the M918T
mutation (highest risk, associated with MEN2B) should have genetic
testing soon after birth and undergo thyroidectomy, ideally in the first
year of life, but unfortunately this group only makes up 25% of
MEN2B patients.921,922 Again, discussion between the parents and
the experienced healthcare team is essential.

Recommendation 55: An experienced multidisciplinary care
team should manage patients diagnosed with MEN2A and
MEN2B. (Strong recommendation, low-quality evidence)

The goal of total thyroidectomy in familial MTC is to remove
all C cells, each of which harbors a RET mutation and therefore is at
risk for malignant transformation. Because the distribution of C cells
is in the superior third of the thyroid lobes bilaterally, care should be
taken not leave remnant tissue in situ. In known MTC, whether
sporadic or familial in origin, a concomitant CND should be per-
formed (see ‘‘Nodal Dissection’’). However, CND is not routine in
the setting of a prophylactic thyroidectomy in a known germline
carrier, but may be needed if abnormal LN are identified pre-
or intraoperatively.

POSTOPERATIVE CARE AND COMPLICATIONS

After total thyroidectomy, testing of thyroid function should
be coordinated with the patient’s endocrinologist and/or primary care
physician. TSH level should be checked at 6 to 8 weeks postopera-
tively and T4 dose adjusted accordingly (below).927 Patients under-
going lobectomy should be aware that they are at risk for developing
subclinical hypothyroidism even with the contralateral lobe
intact928–930 and should have their TSH level checked as well,931

which is especially important if potentially pregnant.635 The optimal
postoperative TSH level depends on multiple factors, including
whether the patient has a diagnosis of TC of follicular cell origin
and has any ongoing features of hypo- or hyperthyroidism.

Routine Management

Documentation/Communication
Clear and detailed documentation is highly recommended.

Operative reports should include information about indication(s),
informed consent, surgical findings (ie, ETE, LN status, aberrant
anatomy), parathyroid gland status, RLN identification and preser-
vation, attending surgeon presence during procedural steps, hemo-
stasis, closure methods, and patient disposition.393 Electronic health
records allow for computerized and/or synoptic operative reporting
which can improve documentation and efficiency.932,933

While thyroidectomy is generally a safe operation, compli-
cations such as hematoma and bilateral VFD with airway compro-
mise can be life-threatening; thus appropriate preparation is
essential. The decision between inpatient and outpatient postopera-
tive care also depends on local resources, access for readmission
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should an emergency arise, surgeon experience, and in some cases
patient preference. It is reasonable to admit patients overnight for
pain control, treatment of PONV, or observation with particular risk
for hematoma (below). Thyroidectomy is increasingly being per-
formed as an outpatient procedure,934,935 which in high-volume
settings has comparable outcomes and readmission rates to overnight
stay after surgery.934–937

Prompt communication with referring physician(s) is courte-
ous, helps ensure a cohesive postoperative plan, and provides a
reminder of any immediate issues to be handled in a safe and timely
manner;393 if not done preoperatively, the surgical team should
consider discussing with the prescribing physician the postoperative
resumption of anticoagulants/NSAIDS/aspirin. Clear and simply
written postoperative instructions should be provided to the patient
and their escort. Specific protocols vary by institution but in general
include contact information and ‘‘when to call’’ scenarios in addition
to activity, diet, incisional care, and medication instructions. A
postoperative visit should be scheduled to evaluate the patient’s
recovery, voice, and symptoms, provide potential adjustment of
medications, review surgical pathology, and arrange further treat-
ment or follow-up.

Incision Care
Incision care is a frequently discussed topic. Published evi-

dence does not support the use of over-the-counter scar treatments.938

In randomized controlled trials, neither onion-extract (eg, Mederma)
gels nor vitamin E-based creams improve cosmetic results and in 1
study, vitamin E use resulted in 33% of patients developing contact
dermatitis.938–941

Medications
When required, T4 replacement dosing is initially started

based on the patient’s weight (0.8 mcg/lb or 1.6 mcg/kg), with
adjustments made for age (round up for younger patients, down
for older patients), BMI, and pregnancy.942 If RAI ablation is a
possibility, communication with the referring endocrinologist is
prudent before starting T4. T4 suppressive dosing should be
performed per 2015 ATA guidelines, as there is evidence that
maintaining TSH levels < 0.1 mU/L in high-risk nonmedullary TC
improves outcomes but is a risk factor for atrial fibrillation and, in
postmenopausal women, bone loss in the early postoperative
period.3,943,944 Arrangements should be made for a TSH level
to be checked 6 to 8 weeks following initiation or change of T4
dosing. After surgery for hyperthyroidism, antithyroid medica-
tions should be stopped and beta-blockade weaned in communi-
cation with the prescribing physician (see ‘‘Hyperthyroid
Conditions’’).13

Pain Management
While the Centers for Disease Control and Prevention have

published guidelines for the use of opioids for chronic pain, no such
guidelines exist for acute/postoperative pain control.945 However, the
CDC guidelines are helpful in underscoring the preference for non-
opioid and nonpharmacologic therapy and caution that opioid depen-
dence stems from prescriptions given for acute pain management.
Overall, 6% of patients have persistent opioid use 90 days after
surgery at rates equal after major and minor surgical procedures
(adjusted P ¼ 0.18).946 Moreover, opioid consumption is correlated
to the amount prescribed; in a cohort of patients undergoing thyroid
and parathyroid surgery, only 20% of opioid doses were used.947,948

A retrospective study of over 1700 patients undergoing parathyroid-
ectomy and thyroidectomy assessed the effect of a change in
prescribing practices to decrease opioid use and increased patient
education about nonopioid adjuncts, and reported fewer requests for

additional pain medication after discharge and that many patients did
not require any opioid medication.949 Use of nonsteroidal anti-
inflammatory drugs is also effective in reducing opioid use.950 If
opioids are prescribed, the lowest effective, immediate-release
options are preferred. Postoperative pain for patients undergoing
thyroidectomy is general reported as minimal; 83% of patients
needed less than 10 oral morphine equivalents (eg, 1 OMEQ ¼
5 mg hydrocodone).951

Recommendation 56:
a. Use of nonopioid and nonpharmacologic therapies and patient

education should be the first-line pain management after
thyroidectomy. (Strong recommendation, moderate-quality evi-
dence)

b. If opioids are prescribed for postoperative pain management,
the lowest effective dose of immediate release opioids (< 10 oral
morphine equivalents) should be prescribed. (Strong recom-
mendation, moderate-quality evidence)

Immediate Complications

Hematoma
Postoperative bleeding is a well-known complication of thy-

roidectomy. The reported incidence varies by institution and patient
population and is 0.7% to 1.5%, although some single-institution
reviews have reported rates as high as 5%. A large US population-
based study from 2000to 2009 reported an incidence rate of 1.3%.952

Hematoma risk correlates inversely with surgeon volume, and is
associated with increased mortality (1.3% vs 0.32%).935,953–954

Approximately 50% of cervical hematomas requiring reoperation
occur within 6 hours and 80% within 24 hours of the operation.598,935

In a 2016 study of 5156 patients, 89% of hematomas took place
within 12 hours of thyroidectomy.956 Rarely, hematoma can occur
days after hospital discharge, and patients should be informed about
when to call with concern.

Multiple risk factors for post-thyroidectomy hematoma have
been reported, but with inconsistency.565,920,936,937,938,939 In a 2013
case-control study involving 15 institutions from 3 countries, asso-
ciated factors included male gender, age >65, smoking, continued
use of antiplatelet or anticoagulant medications, GD, total thyroid-
ectomy (vs lobectomy), and drain placement.598 A single-institution
review of 5156 patients reported that male gender, benign pathology,
hypertension, and prior thyroid operation were risk factors956 A 2015
population-based study of>100,000 thyroidectomies identified male
gender, African-American race, history of alcohol abuse, 3 or more
significant comorbidities, GD, substernal thyroidectomy, and reop-
eration as risk factors in the southern US.952 A 2017 meta-analysis
identified only GD as an independent predictor.599 In reviews
focusing on high BMI, postoperative hematoma rates do not appear
to differ compared with normal BMI.957,958

Prevention of neck hematoma requires meticulous surgical
technique (see ‘‘Initial Thyroidectomy’’) and optimization of med-
ical or pharmacologic factors that may contribute to bleeding (see
‘‘Preoperative Care’’), that is continued anticoagulation is associ-
ated with twice the odds of postoperative bleeding.598 No device or
topical agent has been demonstrated to reduce the incidence com-
pared with conventional vessel ligation (see ‘‘Adjuncts and
Approaches’’).

Recommendation 57: Patients at higher risk for cervical
hematoma should be considered for overnight observation follow-
ing thyroidectomy. (Weak recommendation, moderate-quality evi-
dence)

To detect and manage hematoma, immediate postoperative
observation and education of recovery room staff, nurses, and

Annals of Surgery � Volume 271, Number 3, March 2020 Definitive Surgical Management of Thyroid Disease in Adults

� 2020 Wolters Kluwer Health, Inc. All rights reserved. www.annalsofsurgery.com | e63



 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

trainees are critical. Safe treatment relies on early detection and
expeditious evacuation to prevent or alleviate airway compromise.
An emergency evacuation kit should be readily available. The classic
sign is tense swelling and expansion under the incision, with an
increase in neck circumference, but early hematoma is sometimes
subtle and may be difficult to recognize. Ecchymosis is not a reliable
indicator as skin bruising and flap edema are common post-thyroid-
ectomy. As hematoma progresses, collected blood compresses the
cervical trachea and impairs venous return from the larynx, and
patients may develop rapid airway edema with sudden onset of
stridor, voice change (‘‘squeaky’’ or high-pitched), and tachypnea.
Other signs can include diaphoresis, tachycardia, increasing local
pain, difficulty swallowing, and anxiety or sense of ‘‘impending
doom.’’ Decreased oxygen saturation is a late manifestation of
airway compromise; normal oxygen saturation is typical in patients
with life-threatening hematoma and such measurements should not
replace clinical examination and judgment. In all instances of
suspected post-thyroidectomy hematoma, the patient must be evalu-
ated immediately at the bedside.

The timing of intervention for post-thyroidectomy hematoma
depends on the severity of airway compromise as well as surgeon
judgment and setting. If the patient is in extremis, bedside evacuation
by opening the cervical incision is performed. If the patient is more
stable, they may be transported to the operating room for urgent
management. The controlled environment with a full anesthesia team
is much preferred if the patient is maintaining an airway and can be
brought back immediately. Decompression may be necessary prior to
intubation. After the airway is secured, the patient can be positioned,
prepped, and draped. The surgeon’s treatment objectives are to
remove clotted blood and control the bleeding source(s), which
requires opening the incision at all levels, that is skin, platysmam
and strap muscles, while exploring the deep compartments with
caution to avoid RLN or parathyroid injury. In many instances of
hematoma, a source of active bleeding is no longer identifiable due to
compression. Hematoma can cause secondary pharyngeal or laryn-
geal swelling that should be discussed with anesthesia prior to safe
intubation and extubation.

Nonoperative management of an acute post-thyroidectomy
hematoma is not recommended; the surgeon should have a low
threshold for cervical exploration and err on the side of caution as
untreated hematoma is life-threatening. A few case reports have
described successful observation for highly selected patients with
minimal swelling and no signs or symptoms of airway compression,
but such patients usually presented days or even weeks following
operation.959

Recommendation 58: Patients with suspected hematoma
after thyroidectomy should be evaluated immediately with appro-
priate intervention as indicated. (Strong recommendation, low-
quality evidence)

Recurrent Laryngeal Nerve Dysfunction
Voice changes are common after thyroidectomy. When sec-

ondary to vocal fold edema from endotracheal intubation alone, this
usually subsides in a few days. If hoarseness persists, or there is
coughing, especially while drinking fluids, or there is concern for
nerve integrity, patients should be further evaluated (see ‘‘Laryngol-
ogy,’’ ‘‘Initial Evaluation’’).

Injury to the RLN is a recognized risk of thyroidectomy. Most
series report temporary VFD rates of 0.5% to 10%, and permanent
rates of 0% to 5% (see ‘‘Laryngology’’). In a 2009 systematic review
of 27 studies involving >25,000 patients, the average incidences of
temporary and permanent VFD following thyroidectomy were 9.8%
and 2.3%, respectively.794 Several risk factors have been described.
Reoperations have higher risk than do initial thyroidectomies (see

‘‘Reoperation’’)743,960,961 and in numerous studies, reoperations for
TC are associated with higher rates of both temporary and permanent
RLN injury, especially if there is tumor involvement of the nerve
itself, or if concurrent LND is required.743,960,962 Goiters, either
cervical or substernal, confer higher risk, with at least 1 study
correlating the risk of VFD directly with goiter size.963 Graves
disease is a well-described independent risk factor for
VFD,743,960,964 as is the presence of a nonrecurrent laryngeal
nerve.965 BMI has not been shown to affect risk957,958 nor has the
use of RLNM (see ‘‘Adjuncts and Approaches’’).

Rarely, transection of the RLN may occur or be required
during thyroidectomy. In such cases an experienced surgeon
should perform reanastomosis, with the purpose not to restore
function, but rather to maintain vocalis muscular tone and post-
operative voice quality by continued neural stimulation. If the 2
ends of the nerve lie in close proximity, primary reanastomosis is
performed using interrupted fine monofilament nonabsorbable
sutures (7–0 or finer). If the proximal end of the nerve is not
identified, or too great a distance separates them, a nerve graft
utilizing ipsilateral ansa cervicalis may be performed; the ansa
cervicalis is mobilized from the strap muscle, transected distally,
and the mobilized proximal segment is connected to the distal
transected end of the RLN. In multiple reports, RLN reanastomosis
by either technique966–969 does not restore vocal fold mobility, but
can improve voice outcomes by both subjective and objective
voice quality measurements.

Recommendation 59: If unilateral RLN transection occurs
during thyroidectomy, an attempt should be made at repair. (Strong
recommendation, moderate-quality evidence)

In certain instances, the RLN is stretched during thyroidec-
tomy, resulting in transient RLN dysfunction. Administration of
calcium channel blockers can improve recovery970 (see ‘‘Laryngol-
ogy’’).

Although a rare event (0.1%–0.4% of cases), bilateral vocal
fold dysfunction can be a life-threatening condition in the immediate
postoperative period (see ‘‘Laryngology’’). If there is concern for
transection or resection of a nerve and/or loss of RLNM signal, it is
essential to communicate this with the anesthesia team and be
prepared for reintubation and/or tracheostomy. Following extubation,
patients should be evaluated at the bedside for stridor or
marked dysphonia.

Calcium Supplementation, Hypocalcemia, and
Hypoparathyroidism

Because 2 contralateral parathyroid glands remain in situ,
there is no risk of hypocalcemia with initial lobectomy and no need to
measure postoperative calcium level in this setting.

After total or completion thyroidectomy, various institutional
and individual surgeon protocols may be used to prevent, detect, and
manage postoperative hypocalcemia; in 2018 the ATA released a
consensus statement summarizing some of these practices.971 Often,
serum calcium levels (with or without PTH) are measured postoper-
atively and oral calcium with or without calcitriol supplementation is
administered based on the results. Other experts routinely provide
prophylactic calcium with or without calcitriol to all patients under-
going total or completion thyroidectomy with low observed rates of
symptomatic hypocalcemia.972,973As a third alternative, PTH levels
are checked intraoperatively or in the recovery room to guide
supplementation (see ‘‘Adjuncts and Approaches’’).771 In a prospec-
tive cohort study of >400 patients, selective dosing of calcium and
vitamin D based on PTH levels reduced both the proportion of
patients experiencing symptoms of hypocalcemia, and critically low
calcium levels.973,974
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Recommendation 60: To prevent and/or manage postopera-
tive symptoms of hypocalcemia following total or completion
thyroidectomy, a strategy for calcium and/or vitamin D supple-
mentation should be considered. (Strong recommendation, moder-
ate-quality evidence)

Hypoparathyroidism leading to hypocalcemia is a recognized
complication of thyroidectomy. Reported rates vary considerably,
likely as a result of variations in biochemical definition, follow-up
interval, expertise, under-reporting, and the use of rapid intraoper-
ative PTH monitoring (see ‘‘Adjuncts and Approaches’’). Hypocal-
cemia is defined by a calcium level below the lower limit of the
normal range for an institution’s laboratory with or without associ-
ated symptoms such as acral or perioral numbness and tingling,
progressing in some cases to muscle cramps, trismus, tetany, or
laryngospasm. Transient hypocalcemia occurs commonly in the
immediate postoperative period after total or reoperative thyroidec-
tomy, and can also occur with diuretics, vitamin D deficiency, and/or
intravenous hydration after any type of surgery.383,975 Transient
hypoparathyroidism is defined by hypocalcemia with elevated phos-
phorus and/or reduced PTH levels. Permanent hypoparathyroidism is
defined by a requirement for calcium and/or calcitriol 6 months
following thyroidectomy; when measured off calcitriol, the PTH
level is usually low or undetectable. A 2014 systematic review of 115
studies of thyroidectomy reported a median transient hypocalcemia
rate of 27% (range 19%–38%), and median permanent hypopara-
thyroidism rate of 1% (range 0%–3%).383 Others have reported
transient hypocalcemia rates following thyroidectomy as high as
50%, and permanent rates as high as 5%.383

Multiple anatomic, clinical, and technical factors can increase
the risk of post-thyroidectomy hypoparathyroidism. In numerous
studies, GD is an independent risk factor for post-thyroidectomy
hypocalcemia and hypoparathyroidism383,976,977 (see ‘‘Hyperthyroid
Conditions’’). In 1994, an increased rate of hypoparathyroidism was
noted after thyroidectomy for large or substernal nontoxic goiter,977

but more recent analyses have not shown a higher rate in these
conditions.978,979 A systematic review of 115 studies identified
female gender and GD as the only factors predicting postthyroidec-
tomy hypocalcemia.383 Numerous studies have reported that concur-
rent CND for thyroid cancer is a risk factor;532,978,980,981 this is
believed to relate to both interruption of the blood supply and
unintentional parathyroid removal (typically the lower glands). A
2017 single-institution study of CND with thyroidectomy reported a
28% rate of parathyroid removal, associated with 64% transient, and
15% permanent hypoparathyroidism rates, respectively.532

The parathyroid glands are often partially subcapsular to a
thyroid lobe, or hidden within perithyroidal fat and/or lymph nodes,
and can even be entirely intrathyroidal; thus unintentional parathy-
roidectomy during thyroidectomy is a risk factor for postoperative
hypoparathyroidism, occurring in 20% of patients in a 2016 single-
institution study and associated to a high (6.7%) rate of permanent
hypoparathyroidism compared with 1.5% without parathyroidec-
tomy.534 Whenever possible, the surgeon should identify and pre-
serve the parathyroid glands during thyroid operation (see ‘‘Initial
Thyroidectomy’’).

In general, patients with postoperative hypoparathyroidism or
symptomatic hypocalcemia, whether from bone hunger or insuffi-
cient PTH, should receive calcium supplementation. The preferred
initial method of administration is oral. Calcium carbonate is widely
available without prescription, usually well tolerated, and a typical
postoperative dose is 1-2 g, 2-3 times daily with prompt dose
escalation as required for symptom relief (excess ingestion is readily
excreted). For patients who have undergone prior malabsorptive
weight loss surgery, have atrophic gastritis or other conditions

leading to malabsorption, or are taking a medication for chronic
acid suppression, calcium citrate is the preferred alternative because
of its better absorption (see ‘‘Preoperative Care’’).

If significant hypocalcemia persists despite oral calcium
therapy, oral calcitriol should also be initiated, at a typical dose
of 0.25 to 0.5 mg twice daily, keeping in mind that its effects on
calcium levels will not be apparent for at least a few days. The
phosphorus level can help to distinguish between bone hunger
(normal PO4) and hypoparathyroidism (elevated PO4). Magnesium
and 25-OH vitamin D levels should also be checked, a 1,25-OH2

vitamin D level considered, and diuretic use should be investigated as
a potential confounder.

Intravenous calcium and calcitriol should be used in patients
with life-threatening sequelae of hypocalcemia (cardiac arrhythmias,
seizures, trismus, tetany, or laryngospasm) or severe refractory
hypocalcemia despite oral calcium and calcitriol therapy.974 Various
regimens for intravenous correction of hypocalcemia typically use
calcium gluconate in saline, administered over several hours.982 The
infusion rate is adjusted based on subsequent serum calcium levels.
Intravenous boluses of calcium are not recommended due to their
short-lived effect; infusions of calcium over several hours are more
effective and preferred.

Recombinant parathyroid hormone (teriparetide) has recently
been introduced as a pharmacologic method for treatment of post-
thyroidectomy hypoparathyroidism refractory to oral or intravenous
calcium and calcitriol therapy.983 It is administered subcutaneously,
typically twice a day. Teriparetide therapy is quite costly with
minimal published data on its clinical use. In a 2016 pilot study
of 16 patients with symptomatic hypocalcemia following thyroidec-
tomy, teriparetide improved symptoms of hypocalcemia within
24 hours in all 8 patients who received it, allowing hospital discharge
1 day earlier.984 Larger-scale studies are required and at this time,
teriparetide therapy should be limited to carefully selected patients
who have exhausted all other medical options.

Recommendation 61: Patients with significant post-thyroid-
ectomy hypocalcemia should receive oral calcium as first-line
therapy, calcitriol as necessary, and intravenous calcium in severe
or refractory situations. (Strong recommendation, low-quality evi-
dence)

Rare Complications
A 2014 US NISQIP study reviewed >49,000 thyroid oper-

ations over a 7-year period and identified a 0.36% surgical site
infection rate; risk factors included longer operating time (157 vs
117 min for noninfection), clean-contaminated wound, obesity,
alcohol use, and dependent functional status.363 In a prospective
study of 6778 thyroidectomy patients operated on at a single
institution over 6-year period, no antibiotic prophylaxis was admin-
istered and the incidence of postoperative infection was 0.49%.985

The evidence for selected, uncommon use of antibiotic prophylaxis is
covered in ‘‘Preop Care.’’

Cardiopulmonary morbidity following thyroidectomy is rare.
A 2017 NSQIP review of >40,000 total thyroidectomies from 2005
to 2014 reported a <1% incidence (each) for cerebrovascular acci-
dent, myocardial infarction, cardiac arrest, pulmonary embolus,
pneumonia, and respiratory failure,89 and an overall mortality rate
of <0.1%. Appropriate preoperative medical evaluation and patient
selection facilitate reduction of cardiopulmonary risk.

Aerodigestive perforation during thyroidectomy is a rare event
that may occur with anesthetic manipulation, surgical technique, or
tumor involvement of the trachea or esophagus (see ‘‘Imag-
ing’’).986,987 Primary closure with muscle flap coverage is the
recommended technique for repair. Pneumothorax following thy-
roidectomy is rare and typically involves LND988,989 where the upper
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aspects of the pleura are in close proximity to the lower cervical
compartments. LND complications can also include chyle leak (see
‘‘Nodal Dissection’’).

CANCER MANAGEMENT

The initial management of TC depends in part on whether the
diagnosis occurs pre- or postoperatively. Only �50% of TC diagno-
ses occur by FNAB234 moreover the diagnosis of FTC and HTC, in
the absence of known distant metastasis, can only be determined
histologically (see ‘‘Perioperative Tissue Diagnosis’’). MTC can
often be diagnosed on FNAB, however may also present as cytologic
FN, depending on the histologic variant.221 PD/ATC can be diag-
nosed by cytologic features but patients often have clinical character-
istics which raise concern.

Active Surveillance
Active surveillance (AS) is a possible management strategy

for small PTC. The initial report of AS was from Kuma Hospital in
Japan on 162 patients with PTMC (size <1 cm).990 With 10-years’
follow-up, the cumulative experience for 1235 patients991 reported
that 8% had tumor size increase �3 mm, 3.8% had de novo LNM,
and 16% received surgery. In a similar study from Tokyo, the
cumulative data for 1465 patients with PTMC undergoing AS
reported that none who required surgery for disease progression
experienced recurrence or disease-specific mortality. Patients youn-
ger than 60 years were more likely to exhibit tumor growth over
time.992,993 Generally, tumor growth is common during AS, and in a
study from South Korea by 5 years of follow-up, 36% of PTMC
patients had an increase in tumor volume.994

Using AS, long-term outcomes data are available only for
PTMC. In a US series of 291 patients with median short-term follow-
up of 25 months, 20% had PTC 1 to 1.5 cm in size,995 and the
likelihood of tumor growth was independent of initial size suggesting
that AS may potentially be an option even for larger tumors. Ideal
candidates for observation were proposed to include older (age >60
yrs) patients with a solitary nodule surrounded by �2 mm of normal
thyroid that is not located posteriorly near the RLN and no evidence
of ETE or LNM on US.996

To date AS is not a widely adopted option. It requires informed
surgical discussion, patient motivation and compliance, potentially
more cost,997 an experienced multidisciplinary management team,
and high-quality neck US (see ‘‘Imaging’’). Clinical protocols
propose US every 6 months for 2 years to document nodule stability
and then every 1 to 2 years with annual thyroid function testing.996

Known surgical indications include tumor growth (increase �3 mm
in any dimension has been used, but a clinically relevant threshold
has not been studied), as well as LNM, or inability to continue
active surveillance.

Recommendation 62: An active surveillance protocol for
PTMC may be appropriate for carefully selected, informed, and
compliant patients. (Strong recommendation, moderate-quality
evidence)

Postoperative Risk Assessment
In patients who are surgically treated for TC, postoperative

oncologic management and communication rely on accurate prog-
nostication using a standardized staging system. At least 18 TC
prognostic staging systems have been described, and all predomi-
nantly use histologic variables to stratify risk of cancer-specific
mortality. The broad utility of many systems is limited, as some
were derived from PTC only (eg, MACIS and AGES) and others
grouped PTC and FTC survival together in analysis (eg, AMES and
GAMES).998 In a comprehensive analysis of all available staging

systems applied to a single-institution cohort of PTC patients,
MACIS was the most predictive of cancer-specific survival although
at the time the available version of the AJCC TNM staging system
was the 6th edition.998

The TNM system remains the most commonly used staging
system for all thyroid cancers and is periodically updated; the 8th
edition was released in October, 2016 with clinical implementation
in January, 2018.999 The TNM system was designed to correlate with
survival thus is not as accurate in predicting recurrence. Changes in
the 8th edition resulted in downstaging of most TC patients without
altering stage-related mortality. For DTC, these changes included
increasing the age threshold at diagnosis from 45 to 55 years before
stratifying into stage III/IV disease, removing minimal ETE from the
T3 definition, and decreasing the assigned stage (from III/IV–II) for
tumors �4 cm with LNM474,999 (Table 18). In new studies using the
SEER and NCDB databases, the 8th edition down-staged 23% to
24% of PTC patients and improved staging discrimination for
survival.1000 For ATC, the 8th edition TNM system changed the
definition of the T category to mirror the DTC definition, but the
staging is largely unchanged.999

The TNM staging for MTC in the 8th edition is unchanged
from the 7th edition. However, to improve MTC risk stratification, a
recent study using population-level databases to construct a new
TNM grouping proposed the inclusion in MTC stage IV of only
patients with distant metastasis.1001 Although histology is ultimately
needed for accurate staging, the surgeon’s findings such as degree of
intraoperative ETE and concern for LNM are important consider-
ations.

Recommendation 63: A validated postoperative staging sys-
tem such as the AJCC TNM classification should be used in thyroid
cancer care. (Strong recommendation, moderate-quality evidence)

Prognostic Variables
DTC is generally indolent; thus, recurrence is a more acute

concern than survival. Accordingly, the ATA has a risk stratification
system that was optimized for predicting recurrence and was pre-
dominantly based on histologic variables (Table 19).3,1002 Under the
2009 ATA recommendation to perform TT for all DTC, the ATA Risk
categories were independently validated but the literature does not
yet consider application to de-escalated initial treatment such as
lobectomy alone.1003,1004 Although the risk of DTC recurrence
varies, particularly in the low and intermediate risk categories, the
majority of patients with biochemical persistence (ie, abnormal Tg
level) will not develop structural disease.1003

TC subtype is also an important prognostic variable, particu-
larly with the 2016 terminology reclassification of a subset of
encapsulated FVPTC with very low risk histologic features as NIFTP
(see ‘‘Perioperative Tissue Diagnosis’’) (Table 13).311 NIFTP diag-
nosis following lobectomy does not necessitate completion thyroid-
ectomy; however, the diagnosis can be only made after histologic
evaluation. Thus initial surgical management is still
needed.311,1005,1006 Among PTCs, there is a wide range of biologic
behavior and aggressiveness (Table 13).1007–1012 Poorer prognoses
are seen with rare variants such as diffuse sclerosing, tall-cell,
hobnail, and PDTC (including insular). FTC is subclassified by
the WHO as either minimally or widely invasive (see ‘‘Perioperative
Tissue Diagnosis’’).1013

Nodal metastasis in FTC and HCC is rare but PTC nodal
metastasis (including micrometastasis) is reported in up to 80% of
patients, at rates highly reliant on detection method.483 The prog-
nostic contribution of LNM also depends on patient age, volume of
nodal disease, and presence of extranodal extension (see ‘‘Nodal
Dissection’’).3 As discussed (‘‘Nodal Dissection’’) in the 8th edition
of the AJCC TNM staging system, the prognostic impact of LNM on
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overall survival for all small (<4 cm) primary cancers has been
diminished. In a statistical modeling study using NCDB TC data, the
predicted number of LN required to achieve 90% confidence of
having no occult central LNM was 6, 9, and 18 for patients with T1b,
T2, and T3 disease respectively (by the 7th edition TNM system).453

Although these estimates are useful, the clinical consequence of
having low volume LNM (�5 involved LN, <2 mm in greatest
dimension) is likely minimal as only a small proportion (<6%) will
develop clinically-significant disease.3 At presentation, LNM is
clinically apparent in�20% to 30% of PTC patients and is associated

TABLE 19. ATA Risk Stratification Definitions and Treatment

Risk
Category Characteristics

Likelihood of NED After
TT and RAI Ablation, %

Minimal Extent
of Thyroidectomy RAI?

Goal TSH,
mU/L

Low Intrathyroidal, completely resected PTC or
encapsulated FV-PTC

No local or distant metastasis
No aggressive histology (tall cell, hobnail,

or columnar cell)
Intrathyroidal FTC with capsular and/or

<4 foci vascular invasion
Clinical N0 or �5 pathologic N1

micrometastasis (<2 mm)

78–91 Lobectomy Usually no 0.5–2

Intermediate PTC with microscopic extrathyroidal
extension, vascular invasion

Incomplete response to treatment
Clinical N1 or >5 pathologic N1 <3 cm

52–64 Total Strongly considered
esp with aggressive
histologies, older age,
and/or lateral LNM

0.1–0.5

High Gross extrathyroidal extension
Incomplete tumor resection
Distant metastases
Nodal metastasis �3 cm
FTC with extensive vascular invasion

31–32 Total Yes <0.1

NED indicates no evidence of disease, for example, Tg undetectable and no radiographic evidence of disease.

TABLE 18. AJCC TNM 8th Edition for DTC

Tumor (T) Category Criteria

Tx Cannot be assessed
T1 Size �2 cm limited to the thyroid

T1a Size �1 cm limited to the thyroid
T1b Size >1–2 cm limited to the thyroid

T2 Size >2–4 cm limited to the thyroid
T3 Size >4 cm limited to the thyroid, or tumor of any size with gross extrathyroidal extension invading

only strap muscles
T3a Size >4 cm limited to the thyroid
T3b Tumor of any size with gross extrathyroidal extension invading only strap muscles

T4 Tumor of any size with gross extrathyroidal extension
T4a Gross extrathyroidal extension invading subcutaneous tissues, larynx, trachea, esophagus, or RLN
T4b Gross extrathyroidal extension invading prevertebral fascia, encasing carotid artery or mediastinal vessels

Regional lymph node (N) category
Nx Cannot be assessed
N0 No evidence of locoregional LNM

N0a �1 cytologically or histologically confirmed benign lymph nodes
N0b No radiologic or clinical evidence of LNM

N1 LNM present
N1a LNM to level VI or VII
N1b LNM to lateral neck (levels I, II, III, IV, or V)

Distant metastasis (M) category
M0 No DM
M1 DM present

Staging
Age <55 yrs

I T(any) N(any) M0
II T(any) N(any) M1

Age �55 yrs
I T1 N0/Nx M0
II T1/T2 N1 M0

T3 N(any) M0
III T4a N(any) M0
IVA T4b N(any) M0
IVB T(any) N(any) M1
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with an increased risk of local recurrence of up to 30%. The
recurrence risk is higher in patients with >5 LNM, and/or if extra-
nodal extension is seen.483 Volume of LN disease is incorporated into
the 2015 ATA Risk stratification (Table 19) but not the AJCC TNM
8th edition (Table 18).

Specific somatic genetic mutations also modify risk. In meta-
analysis, BRAF V600E is associated with LNM (pooled OR 1.45,
95% CI 1.24–1.69), recurrence (pooled OR 2.20, 95% CI 1.57–
3.09), and overall survival (pooled OR 4.61, 95% CI 2.69–7.9).1014

Risk stratification improved when BRAF V600E status was consid-
ered in conventional staging systems such as AMES, MACIS, TNM,
and ATA Risk.1015 However, it remains unclear whether BRAF
V600E independent of histologic factors is still predictive of poor
prognosis,297.1016 In retrospective studies, TERT promoter mutations
are an independent predictor of poor disease-related outcomes
including recurrence and overall survival.300,301,304,1017,1018 In a
recent study that stratified DTC patients by response to therapy
and TERT mutation status, prediction of mortality and recurrence
was improved.302 In another study, TERT mutation status improved
prognostication for patients already stratified by conventional stag-
ing systems; although TERT in conjunction with BRAF or RAS had
the highest risk of recurrence and disease-specific mortality, the
dataset was too small to stratify further by dual mutations.1017 In
FTC, a higher somatic mutational burden has been associated with
poor prognosis independent of histologic features.1019 Tumor prog-
nostication using miRNA has undergone preliminary investigation,
but more study is needed.1020

Completion Thyroidectomy
When DTC is confirmed or diagnosed after initial lobectomy,

the first oncologic consideration is whether a completion thyroidec-
tomy (see ‘‘Reoperation’’) is needed; this decision is primarily
dependent on disease stage and risk of recurrence. In DTC, current
indications for completion thyroidectomy include consideration for
postoperative RAI therapy or concern for multifocal disease,3 but
completion thyroidectomy is not necessarily indicated for all histo-
logic DTC as lobectomy can be considered appropriate extent of
surgery for low-risk tumors �4 cm (see ‘‘Indications, Extent, and
Outcomes of Surgery’’). Histologic features are often what distin-
guish low- from intermediate risk cancers, but this information is
only available postoperatively. In recent studies examining initial
lobectomy for PTC �4 cm, completion thyroidectomy would poten-
tially be required for high risk features diagnosed postoperatively
(eg, aggressive histology, ETE, or multiple involved lymph nodes) in
40% to 50% of patients.336,1021 Improved preoperative risk stratifi-
cation may eventually be achieved using US findings, patient var-
iables, and/or tumor molecular profile (see ‘‘Molecular Testing’’).
Multidisciplinary communication to establish a risk-modified plan
for surveillance is a key component in determining if completion
thyroidectomy is needed.393

If MTC is diagnosed preoperatively, TT with central compart-
ment ND is the minimum initial recommended procedure (see,
‘‘FNAB diagnosis,’’ ‘‘Indications, Extent, and Outcomes of Sur-
gery,’’ ‘‘Familial TC’’). However, if MTC is diagnosed postopera-
tively, completion thyroidectomy is recommended if multifocal or
residual MTC is suspected, typically manifesting as persistent ele-
vations in calcitonin and/or CEA levels or by imaging findings.56

Hereditary MTC and a detected germline RET mutation should also
be treated with completion thyroidectomy as the incidence of
bilateral MTC is nearly 100%.56

Voice assessment should always occur prior to completion
thyroidectomy, and if there is any concern for voice dysfunction a
preoperative laryngeal exam should be performed (see ‘‘Laryngol-
ogy’’). If RLN dysfunction is present, that is, from the initial surgery,

the options include deferring completion thyroidectomy until func-
tion has returned or 2-stage ablation of the remaining lobe with RAI
(below). If completion thyroidectomy is needed immediately for
local control, the risk of permanent bilateral RLN injury should be
specifically discussed with the patient (see ‘‘Postoperative Care and
Complications’’).3,95

In the absence of imaged structural disease, there is no
indication for reoperative prophylactic CND for any TC histology.

Recommendation 64: Consider completion thyroidectomy
for high risk disease and/or when postoperative RAI therapy is
indicated. (Strong recommendation, moderate-quality evidence)

Recommendation 65: Total thyroidectomy should be per-
formed for patients undergoing prophylactic thyroidectomy for
medullary thyroid cancer. (Strong recommendation, moderate-
quality evidence)

Postoperative Treatment
When indicated, RAI ablation is administered for DTC at least

4 weeks after surgery and can be given either after T4 withdrawal or
recombinant TSH administration; both management protocols func-
tion to raise TSH and increase absorption of iodine.3 RAI is given for
remnant ablation to facilitate surveillance (�30 mCi), as adjuvant
therapy to treat microscopic disease (<150 mCi), and to treat distant
metastasis if not surgically resectable and for this purpose is given
either as an empiric fixed dose or by dosimetry. Indications for
adjuvant RAI ablation include: DTC considered high risk or inter-
mediate risk especially with aggressive histologies, and lateral LNM
at presentation (Table 19).3,332,1022 Regardless of use in staging,
consideration for RAI ablation may be triggered when nonstimulated
postoperative serum Tg levels are elevated postoperatively which is
concerning for either persistent TC or inadequate thyroid resection
(see ‘‘Initial Thyroidectomy’’). Two-stage RAI administration is
occasionally necessary if large volume remnant tissue requires
ablation but reoperation is not possible (ie, due to contralateral
RLN paralysis). Low iodine diets are encouraged before RAI abla-
tion, and a urine iodine level may help ensure clearance of the iodine
load if iodinated contrast was used for imaging within 2 to 3 months
of planned treatment.

TSH receptors are expressed in DTC and when stimulated by
TSH, can cause DTC growth; thus, the use of T4 to suppress TSH is a
strategy routinely used to reduce the risk of DTC recurrence.3,1022

Long-term TSH suppression even to subclinical levels can increase
the risks of atrial fibrillation, angina, and osteoporosis.13 As a result,
the need for and degree of TSH suppression should follow estab-
lished guidelines and be adjusted both for recurrence risk and patient
comorbidities. There is no indication for TSH suppression in MTC
or ATC.

If complete surgical resection for DTC was performed, there is
no indication for external beam radiation therapy (EBRT) except in
highly selected cases such as aerodigestive involvement; although
EBRT may improve locoregional recurrence in this setting, overall
survival is unchanged.1023,1024 Similarly, EBRT for locally advanced
MTC may reduce locoregional recurrence, although not all studies
have demonstrated a benefit;1025,1026 recent guidelines recommend
consideration in selected high risk MTC patients with multiple
cervical recurrences.56 EBRT does have a role in the palliative
management of ATC to improve local control and in some cases
survival.54 More precise radiation at potentially higher doses can be
delivered by IMRT and has been utilized for thyroid cancer patients
with access to specialized facilities.1027 Dose-limiting and late
toxicities may be lower with IMRT compared with EBRT.1028,1029

The risks associated with EBRT are potentially significant. Late
toxicities can include hoarseness, osteoradionecrosis, trismus, and
brain/central nerve injury.
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There is no role for systemic adjuvant therapy for DTC or
MTC. Tyrosine kinase inhibitors and small molecule inhibitors are
reserved for patients with RAI nonavid and progressive metastatic
disease. Based on phase 3 trial data demonstrating superiority in
prolonging progression-free survival, the FDA has approved vande-
nitib and cabozantinib for advanced MTC and lenvatinib and sor-
afenib for advanced DTC patients. In ATC, systemic chemotherapy
and EBRT may improve outcomes.54 Typically, paclitaxel or doce-
taxel (which are radiosensitizing) are combined with doxorubicin
and/or cisplatin or carboplatin; data are limited to case series with
some survival up to 5-years.54 For BRAF V600E positive ATC, a
phase 2 trial demonstrated that combination therapy with a BRAF
inhibitor (dabrafenib) and a MEK inhibitor (trametinib) resulted in an
overall response rate of �69% which appeared to be durable and
resulted in FDA approval for this treatment regimen.1030 Early
palliative care intervention improves quality of life, optimizes
resource utilization and reduces costs, and is recommended.1031

With biochemical cure, MTC 10-year survival is 97.7% and
the risk of recurrence is 5%.56 MTC patients should have a CEA and
calcitonin levels checked at least 2 to 3 months after surgery although
levels may take up to 6 months to reach nadir. If levels are still
detectable, surveillance includes serial tumor markers and US every
6 to 12 months. Calcitonin doubling time is independently and
directly correlated to survival.106,552 Rapidly increasing CEA levels
may indicate MTC dedifferentiation.56

Surveillance for DTC patients should include Tg and TgAb
levels and US every 6 to 12 months.3 Patients with negative imaging
and a suppressed Tg<0.2 ng/mL are considered to have an excellent
response with a 1% to 4% risk of recurrence.3 In this cohort, cervical
recurrences are the most common, and routine RAI whole body scans
are not needed. Detectable Tg levels are common, and when imaging
is negative, �30% will eventually have undetectable levels without
intervention, and only �20% will eventually develop imageable
disease.3 The highest risk of DTC relapse occurs with imaging- or
clinically-evident disease after initial treatment. Despite additional
treatment including resection, up to 85% of such patients will
continue to have biochemical and/or imaging evidence of persistent
disease, with low disease-specific survival requiring close interval
follow-up.3 In patients with Tg levels >10 ng/mL, CT of the chest
and/or 18FDG-PET imaging can be considered (see ‘‘Imaging’’).
Serum Tg doubling time can be an important prognostic vari-
able,1032,1033 and in a single-institution study, Tg doubling time
<1 year was associated with 50% cause specific survival at 10
years.1034

REOPERATION

Thyroid reoperation has been variously defined to mean
thyroid resection after previous thyroid surgery, or as thyroidectomy
in a previously dissected cervical compartment, including after
tracheostomy, parathyroidectomy, anterior cervical discectomy, or
carotid endarterectomy. This document uses the latter definition.

Although most patients undergoing thyroidectomy will require only
an initial operation for definitive treatment, reoperation may be
needed in 3 categories: central or lateral resection of persistent/
recurrent TC or LNM, resection of remnant ipsilateral thyroid tissue
resection after prior partial thyroidectomy, and completion total
thyroidectomy after previous contralateral lobectomy.

Indications
A common indication for thyroid reoperation is persistent or

recurrent TC. Approximately 30% of patients with DTC will have
persistent or recurrent anatomically structural LNM, 66% within
10 years of initial surgery1035 (see ‘‘Nodal Dissection’’). A less
common manifestation (<5% of DTC cases in a 2017 series)1036 is
persistent or recurrent TC in remnant thyroid tissue, typically near
the tubercle of Zuckerkandl in the previous resection bed. When
evaluating a patient with persistent or recurrent TC, it is important to
differentiate between nodal versus remnant thyroid tissue recurrence
by careful review of imaging studies and FNAB results, as this may
impact decision-making and planning for surgical intervention.

When persistent or recurrent TC is identified, decision-mak-
ing regarding observation versus reoperation or other therapy,
requires specific evaluation, risk-stratification and patient counseling
(Table 20). Many subclinical, radiographically detected LNM or
thyroid bed nodules will not exhibit growth or aggressive behavior
during long-term observation. As 2011 study of 191 patients with
US-identified central compartment nodules or LN after initial thy-
roidectomy reported stable disease in 91%; in the 9% with progres-
sion, growth occurred slowly (mean 1.3 mm/yr) with no observed
adverse outcomes such as local invasion or distant spread.1037 A
similar 2012 study evaluated 166 patients with suspicious lateral
compartment LN after initial thyroidectomy for DTC; during a mean
3.5-year follow-up period, 29% had interval progression (20% had
LNM growth of �3 mm, 9% of �5 mm), with no adverse out-
comes.511 Two 2015 reports concluded that DTC patients with
radiographically-detected recurrent LNM may be candidates for
observation for a central compartment LN �8 mm or lateral com-
partment node�10 mm and minimal (<3–5 mm/yr) or no growth on
serial imaging.3,1038 In addition, patients with a strong preference to
avoid further operation, significant comorbidities, or progressive
systemic disease also may be selected for observation.

In addition to LN size, an additional criterion for determining
need for reoperation is the trend of serial serum Tg levels. In a 2011
study Tg doubling time was a strong prognostic indicator in DTC,1036

suggesting that progressive increase in Tg level is an indication for
reoperation for clinically or radiologically apparent disease.

Recommendation 66: Selected patients with stable, low-
volume persistent or recurrent LNM can undergo active surveil-
lance. (Weak recommendation, low-quality evidence)

The management of persistent or recurrent MTC follows many
of the same principles as for DTC, although patients with MTC are

TABLE 20. Criteria for Patient Selection for Active Surveillance Versus Reoperation for Persistent or Recurrent Nodal Metastases
of DTC

Active Surveillance Reoperation

Central neck node �8 mm Central neck node >8 mm
Lateral neck node �10 mm Lateral neck node >10 mm
No/minimal nodal growth on serial imaging Nodal growth of >3–5 mm/yr on serial imaging
Thyroglobulin levels stable Thyroglobulin levels increasing
Patient/endocrinologist preference for continued observation Patient/endocrinologist preference for reoperation
Significant comorbidities Able to tolerate reoperation
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not candidates for RAI therapy. Nodal recurrence of MTC requiring
reoperation occurs in 12% to 27% of patients.1039–1041 Serial cervical
imaging and measurements of calcitonin and CEA allow the clinician
to track disease progression and recurrence (see ‘‘Cancer Manage-
ment’’). Calcitonin and CEA doubling times strongly correlate with
MTC disease progression and clinical outcomes1042,1043 suggesting
that patients with radiographically detectable MTC LNM and pro-
gressive rise in calcitonin or CEA levels should be considered
for reoperation.

Although typically undesirable (see ‘‘Initial Thyroidec-
tomy’’), partial initial thyroidectomy may occur unilaterally or
bilaterally in management of TC, requiring later remnant resection
of tissue left in situ (ie, at the superior pole, isthmus, pyramidal lobe,
or even substernally). Patients without a history of TC may also
require reoperation after partial thyroidectomy.1044 Inadequate pre-
operative imaging may be a root cause of incomplete initial thyroid-
ectomy. In reoperation, review of the previous operative and
pathology reports is key to understanding the extent of prior dissec-
tion and resection.

Contralateral thyroid reoperation may be required after initial
diagnostic lobectomy with a final histopathologic diagnosis of
clinically significant TC. Completion thyroidectomy (removal of
the contralateral lobe) is recommended for patients with TC exhibit-
ing intermediate to high-risk pathologic features, especially if RAI
ablation is planned (see ‘‘Cancer Management’’). If VFD is present
or the RLN was transected due to tumor involvement, the patient and
surgeon should have a detailed discussion regarding the risks and
benefits of completion thyroidectomy versus other options such as 2
stage RAI ablation or observation (see ‘‘Cancer Management’’). No
prospective data exist regarding the optimal timing of completion
thyroidectomy, and there is considerable variability in the recom-
mended interval. We suggest that, if possible, it is best either to return
to the operating room within 1 to 2 weeks of initial surgery, or to wait
until considerably more time has passed (typically 8 to 12 wks) due to
the likelihood of encountering significant inflammation during the
interim period of healing.

Preoperative Management
In thyroid reoperation, one of the first priorities is to obtain all

possible documentation from the patient’s prior operation(s). The
operative and pathology reports can detail the extent of previous
dissection, the structures identified and/or removed, the gross extent
of disease, and any injuries or complications that may have been
recognized. The actual pathology specimens and slides should be
requested for review, as there are often discrepancies in diagnosis or
staging on repeat evaluation by a pathologist with endocrine exper-
tise.1045 Other key data include radiology reports, images, perioper-
ative clinic records, and FNAB results for LN or suspicious remnant
tissue.

Current imaging is another critical component of assessment,
helping the surgeon to form a clear picture of the planned reoperative
field, the target(s) of resection, and adjacent vital structures. High-
resolution US is the most commonly utilized study and can be
performed during office evaluation, immediately preceding reopera-
tion, and/or in the operating room.1046,1047 CT with intravenous
contrast can provide detailed cross-sectional images of the relation-
ships of enlarged LNs and soft tissue disease to adjacent structures
and major blood vessels.1048 MRI is an alternative to CT but it is
more costly and its accuracy varies depending on institutional
expertise (see ‘‘Imaging’’).1049

PET-CT is not often required, but in the setting of elevated Tg
levels may be of value in patients with DTC that is refractory to RAI.
In addition, patients with higher-risk TC subtypes (such as tall cell
variant or PDTC) may be candidates for PET-CT prior to

reoperation,1050 which not only highlights cervical disease, but
may also identify other sites of distant metastasis, possibly altering
treatment. RAI scanning may be useful in identifying foci of
persistent or recurrent TC (see ‘‘Cancer Management’’), but the
resolution of this modality is not high enough to allow for its use as a
stand-alone study for preoperative planning.

Prior to any thyroid reoperation, a TSH level should be
evaluated, current medications should be reviewed, and a serum
calcium level should also be checked, as parathyroid glands may
have been injured or removed during the previous operation. The
prior operative report and pathology report should be reviewed to
confirm if any parathyroids were removed previously.

In patients with DTC who have undergone prior total thyroid-
ectomy, a Tg level with anti-Tg antibodies is also advised. Similarly,
patients with MTC who are planned for reoperation should undergo
preoperative calcitonin and CEA measurements, and also should be
screened for pheochromocytoma and hyperparathyroidism as appro-
priate (see ‘‘Familial TC’’).

In elective thyroid reoperation, at minimum a preoperative
voice assessment should occur, and if there is concern for voice
dysfunction, formal laryngeal evaluation should be performed to
evaluate vocal fold mobility (see ‘‘Laryngology’’).800 This also
applies to any patient with prior cervical or thoracic surgery associ-
ated with risk for RLN injury.

Risks
Due to scarring and altered anatomy, the risks of thyroid

reoperation are higher than for initial surgery. A 2007 study of 685
reoperations for both benign and malignant thyroid disease reported
significantly higher permanent complication rates (2.5% permanent
hypocalcemia, 1.5% permanent VFD) compared with initial thyroid-
ectomy.1051 Reoperation specifically for TC confers even higher
risks;1052–1056 a 2009 review reported 9.5% permanent hypopara-
thyroidism and 6.4% permanent VFD, with both rates significantly
higher than for initial thyroidectomy.1054 The parathyroid glands are
at especially high risk in reoperation; a 2010 study reported a 31%
rate of inadvertent partial or complete parathyroid resection on
histology.1057 Reoperation is also more technically challeng-
ing.514,1058,1059

Operative Approach
When possible, the prior cervical incision should be utilized,

although this may not be technically feasible if the target of reopera-
tion is located several cm away. In selected patients, to avoid
dissection through scar (especially overlying the trachea in the
midline), it may be useful in deeper layers to take a lateral approach
to either the central or lateral compartments by entering the space
between the SCM and the lateral edge of the strap muscles, with
lateral retraction of the carotid sheath structures. During reoperation
in the central compartment, scarring may impede identification of the
aerodigestive structures and initial placement of a nasogastric/oro-
gastric tube or esophageal temperature probe can facilitate palpation
of the esophagus. The extent of encountered scar tissue should be
noted and when possible, described in the operative report.

The extent of reoperative LN resection is determined by the
degree of scar tissue; as with first-time operations, compartment-
based node dissection is the optimal goal but may not be possible due
to altered anatomy. For lateral LNM, if the previous operation did not
involve the lateral neck then a compartment-based dissection should
be performed; otherwise, a more focused resection of only the
involved nodes may be needed to avoid injury to surrounding
structures.1060

Although uncommon, there still exist situations today where a
surgeon embarks upon a planned thyroid operation but ends up
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removing little or no thyroid tissue, because of inability to find the
gland, inexperience, or unexpected intraoperative findings such as
severe inflammation or tumor invasion.1060–1062 These outcomes
should be avoided as they do not benefit the patient, carry risk, and
create scarring that will make future thyroid operation more difficult
with greater risk.

One of the primary challenges of reoperation is identifying
and preventing injury to the RLN and in the reoperative setting,
RLNM may aid in mapping and/or confirmation of a visually
identified RLN.1063,1064 A 2014 study of 854 patients undergoing
thyroid reoperation demonstrated a significant decrease in paresis
and a trend towards a decrease in permanent VFD using RLNM
versus visual identification alone.1065 A 2017 systematic review of
RLNM during high-risk thyroidectomy (including reoperation)
reported a trend towards decreased rates of temporary and permanent
RLN injury (see ‘‘Adjuncts and Approaches’’).743

Perioperative diagnostic evaluation of the reoperative patient
often requires specialized radiologic and endocrine pathology exper-
tise. Moreover, decision-making about optimal management of
persistent or recurrent disease often requires the input not only of
the thyroid surgeon and endocrinologist, but also of nuclear medi-
cine, radiation oncology and medical oncology team members in a
multidisciplinary setting.

CONCLUDING REMARKS

‘‘In the ever-renewing society, what matures is a system or
framework within which continuous innovation, renewal, and rebirth
can occur.’’1066

Evolving over more than a century, thyroidectomy today is
typically a definitive and often curative procedure with a low risk of
morbidity. Medical and technological advances have required the
creation of evidence-based guidelines to define practice, personalize
care, stratify risk, reduce health care costs, improve outcomes, and
identify rational challenges for future efforts. In the future, this work
will certainly and rightly need to be done again. The current
document is based on the existing published evidence and was
informed by the clinical experience of 19 experts in thyroidology.
The target audience is the practicing surgeon in a community
hospital, academic center, or training program. Throughout the
writing process, the authors’ intent was to advise surgeons about
the right thing to do for the patient. We also learned a great deal from
each other. In humility and conscientious humanism, we are proud to
offer this consensus document to readers.
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848. Stopa M, Barczyński M. Prognostic value of intraoperative neural moni-
toring of the recurrent laryngeal nerve in thyroid surgery. Langenbecks Arch
Surg. 2017;402:957–964.

849. Vicente DA, Solomon NP, Avital I, et al. Voice outcomes after total
thyroidectomy, partial thyroidectomy, or non-neck surgery using a prospec-
tive multifactorial assessment. J Am Coll Surg. 2014;219:152–163.

850. Martinez ARM, Martins MP, Moreira AL, et al. Electrophysiology of
cranial nerve testing: cranial nerves IX and X. J Clin Neurophysiol.
2018;35:48–58.

851. Sinagra DL, Montesinos MR, Tacchi VA, et al. Voice changes after
thyroidectomy without recurrent laryngeal nerve injury. J Am Coll Surg.
2004; 199: 556–560.

852. Kaneko M, Hitomi T, Takekawa T, Tsuji T, Kishimoto Y, Hirano S. Effects
of voice therapy on laryngeal motor units during phonation in chronic
superior laryngeal nerve paresis dysphonia. J Voice. 2018;32:729–733.

853. Steurer M, Passler C, Denk DM, Schneider B, Niederle B, Bigenzahn W.
Advantages of recurrent laryngeal nerve identification in thyroidectomy and
parathyroidectomy and the importance of preoperative and postoperative
laryngoscopic examination in more than 1000 nerves at risk. Laryngoscope.
2002;112:124–133.

854. Bergenfelz A, Salem AF, Jacobsson H, et al. Risk of recurrent laryngeal
nerve palsy in patients undergoing thyroidectomy with and without intra-
operative nerve monitoring. Br J Surg. 2016;103:1828–1838.

855. Xing M. Molecular pathogenesis and mechanisms of thyroid cancer. Nat
Rev Cancer. 2013;13:184–199.

856. Peiling Yang S, Ngeow J. Familial non-medullary thyroid cancer: unravel-
ing the genetic maze. Endocr Relat Cancer. 2016;23:R577–R595.

857. Loh KC. Familial nonmedullary thyroid carcinoma: a meta-review of case
series. Thyroid. 1997;7:107–113.

858. Vriens MR, Suh I, Moses W, Kebebew E. Clinical features and genetic
predisposition to hereditary nonmedullary thyroid cancer. Thyroid.
2009;19:1343–1349.

859. Moses W, Weng J, Kebebew E. Prevalence, clinicopathologic features, and
somatic genetic mutation profile in familial versus sporadic nonmedullary
thyroid cancer. Thyroid. 2011;21:367–371.

860. Robson ME, Bradbury AR, Arun B, et al. American Society of Clinical
Oncology Policy Statement Update: Genetic and Genomic Testing for
Cancer Susceptibility. J Clin Oncol. 2015;33:3660–3667.

861. Kurian AW, Hare EE, Mills MA, et al. Clinical evaluation of a multiple-gene
sequencing panel for hereditary cancer risk assessment. J Clin Oncol.
2014;32:2001–2009.

862. Tung N, Battelli C, Allen B, et al. Frequency of mutations in individuals
with breast cancer referred for BRCA1 and BRCA2 testing using next-
generation sequencing with a 25-gene panel. Cancer. 2015;121:25–33.

863. Plon SE, Cooper HP, Parks B, et al. Genetic testing and cancer risk
management recommendations by physicians for at-risk relatives. Genet
Med. 2011;13:148–154.

864. Charkes ND. On the prevalence of familial nonmedullary thyroid cancer in
multiply affected kindreds. Thyroid. 2006;16:181–186.
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