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Thyroid; Cervical lymph node metastases are very common in patients with papillary thyroid cancer
Surgery; (PTC). Despite that PTC has an excellent prognosis, lymphatic spread is associated with
Papillary; increased risk of loco-regional recurrence, which significantly impairs quality-of-life and can
Lymph node alter prognosis of the patient. Therefore, the identification of lymph node metastases preop-
metastases; eratively is very important for the surgeon to plan the optimal surgical therapy for the indi-
Node dissection; vidual patient. In most western countries, cervical lymph node dissection (CLND) is
Recurrence; performed in the presence of cervical lymphadenopathy (therapeutic CLND). In contrast, in
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eastern countries (mainly in Japan, where the use of postoperative radioiodine adjuvant
therapy is restricted by law), most surgeons perform prophylactic CLND (i.e., CLND in the
absence of cervical lymphadenopathy). CLND is performed on a compartment-oriented basis.
Currently, given the very high incidence of cervical lymph node metastases in PTC, there is
a clear trend —even in western countries— in favor of central (level IV) node dissection, even
in patients without clinically or ultrasonographically evident node disease. This surgical
strategy will prevent disease recurrence, which may require an additional and more morbid
surgery. Experience is therefore required from the part of the operating surgeon, who should
be able to perform safely CLND at the time of initial surgery (thyroidectomy), to minimize
surgical morbidity.

© 2009 Published by Elsevier Ltd.

Abbreviations: PTC, Papillary thyroid cancer; CLND, Cervical lymph

node dissection; PTMC, Papillary thyroid microcarcinoma; RLN, ~ Contents
Recurrent laryngeal nerve.
* Corresponding author. Tel./fax: +30 (210) 74 87 192. Introduction ........... ... ... i, e58
E-mail address: georgesakorafas@yahoo.com (G.H. Sakorafas). The extend of the problem................ e59

0960-7404/$ - see front matter © 2009 Published by Elsevier Ltd.
doi:10.1016/j.suronc.2009.04.002


mailto:georgesakorafas@yahoo.com
http://www.elsevier.com/locate/suronc
http://www.sciencedirect.com

e58 G.H. Sakorafas et al.
Biologic behavior and clinical significance of cervical lymph node metastases/micrometastases in PTC ....... e59
Applied surgical anatomy; lymph node compartments and pattern of lymph node metastasis .............. e60
Types of cervical lymph node dissection . . ... ... ... ..ttt e et e eb1
Radical neck disseCtion . . . . ... ittt i e e e e e eb1
Extended radical neck dissection . . .. ... ..t et e eb1
Modified radical neck dissection . ... ... ... e e e e e eb1
Selective neck dissection . ... ... it e e e e e e62
Bermy PICKING . ottt it i e e e e e e e e e e e e e e e62
YU (o= LS o - L ==Y e62
Elective vs. routine CLND . . . . ... i it it ettt e et e e e e62
Elective or therapeutic CLND . . . . ... i i it it it et et et ettt et e e e62
Routine or prophylactic CLND . . . .. .. e e et et et et e et e e62
Practical considerations . . .. ... .. ittt it e e e e e e e e63
Preoperative investigation/documentation . . ... ... . i i e e e e e e63
INCISION @NA @CCESS .« ¢ vt ittt et et et ettt ettt et et e e e e e63
Management of parathyroids . . ... ... .. ittt it e e e e e63
EXtent Of CLND . ..ot i ettt ettt et e e e e e e63

The role of contralateral neck dissection . .. .... ... ittt ittt e eennn eb4
What’s the role of CLND in microscopic metastatic spread? . . . ... ... ittt eennnnn. eb4
(00301 51 fef- Ut (o) 2 - eb64
Hypoparathyroidism . ... .. it e e e e e e e e e65
Recurrent laryngeal Nerve iNJUIY . ..ottt i it i et e et et e e e e e e e e65
Thoracic dUCE INJUINY . .o i e it et it ettt ettt et ettt e65

Neck anesthesia/neuropathic pain/decreased shoulder mobility ........... ... ... ... ... ... .... e65
Other complications . .. ...ttt it e et et et e e e e65
Newer surgical approaches . . . ..ottt i i i i e et e et e et e e e e e65
Video-assisted technique . . . . ... i e e et e e e65
Sentinel lymph node dissection . .. .. ... ...t e e e eb6
Postoperative Management . ... ..o e e e e e e et e e e e eb6
TSH SUPPIESSION . . o ittt e e e e e e e e e e e e e e eb6
Radioactive iodine therapy (RIT) . ... i it i i i i i i i et et et et ettt e e67
Conflict of interest statement . . ... .. i e e e e e e e67
YU 3 T 1 o 1P e67
RE EIENCES . . o i e e e e e e e e e67
Introduction identification of cervical lymph node metastases may be

Papillary thyroid cancer (PTC) is the most common type of
thyroid cancer, representing about 75% of all thyroid
malignancies and more than 90% of differentiated thyroid
cancer [1,2]. The optimal strategy for treatment of patients
with PTC combines complete surgical resection of clinically
and radiologically evident disease within the neck, appro-
priate use of radioiodine ablation (RIA) (when indicated),
and postoperative TSH suppression. PTC shows a mild bio-
logical behavior and has an excellent prognosis. Adequate
management leads to a survival rate of excess of 90%.
Death by PTC is very rare [3]. However, cervical lymph node
metastases are common in PTC and are associated with
a significant probability for loco-regional recurrence of the
disease, even in low-risk patients. As a result, a rapid shift
in patient care from a focus on overall survival to a focus on
recurrence-free survival has recently noted. These consid-
erations generated a strong interest in a more compre-
hensive preoperative evaluation of the neck and renewed
the controversy about the role and the extent of lympha-
denectomy at the time of thyroidectomy [4]. Preoperative

a problem, despite recent progress and continuous
improvement of diagnostic modalities used in the preop-
erative investigation of thyroid diseases. Moreover, many
questions remain unanswered regarding the optimal
management of patients with cervical lymph node metas-
tases. In selecting the optimal management, an in-depth
understanding of the biological behavior of cervical lymph
node metastases is required. Ideally, surgical treatment
should be radical enough in order to achieve complete
eradication of the disease, while —at the same time—
minimizing treatment and disease-related morbidity. To
eliminate the probability of leaving behind residual
disease, routine total thyroidectomy with cervical lymph
node dissection (CLND) would be theoretically the ideal
operation. However, such an aggressive surgical approach
will represent over-treatment in a large percentage of
patients, associated with an unjustified increase of surgical
morbidity.

The aim of this paper is to critically summarize currently
available data regarding the optimal treatment of patients
with PTC with a particular emphasis on the role of CLND.
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Current controversies and recent trends are presented and
extensively discussed in order to help the practicing
surgeon to select the ideal operation for the individual
patient with PTC.

The extend of the problem

In patients with PTC there is a high incidence of cervical
lymph node metastasis at the time of primary diagnosis,
depending not only on the actual pathological stage of the
disease, but also on which diagnostic modalities are
employed to assess the potential metastases [5—7]. Clinical
examination may detect lymph node involvement in 15—
30% of patients [8]. However, data from centers where
routine CLND or sentinel lymph node biopsy (SLNB, see
below) are practiced showed that occult metastases may
be observed in up to 90% of patients [9—14]. Interestingly,
for clinically node-negative PTC, lymph node metastases
are found in 50—60% of the central lymph nodes [15].
Lymph node metastases occur in a significant percentage
(ranging from 15% to 65%) of patients with papillary thyroid
microcarcinoma (tumor <10 mm in diameter) (PTMC) [16—
18]; this lymphatic spread in PTMC probably is responsible
for a 5% lymph node recurrence rate, a 2.5% distant
metastasis rate, and a 1% disease-related mortality rate
[15,19,20]. Factors associated with lymph node metastasis
in PTMC patients include tumor size (>5mm), extrac-
apsular invasion, and multifocality [19,20—22].
Micrometastases (defined as the presence of metastatic
deposits within a lymph node of less than 2 mm in diameter)
are a very common and particular problem [23]. Unfortu-
nately, many authors do not distinguish macro-and micro-
metastatic disease in their reports and this complicates the
estimation of the true incidence of micrometastatic
spread. Obviously, the reported rates of micrometastases in
PTC vary with the technique used to detect them. Data
specifically regarding micrometastatic spread are limited,
and come mainly from centers where routine CLND is per-
formed; these reports describe that lymph node micro-
metastases are observed in 53—66% of patients [24,25]. In
an interesting study, Qubain et al. [24] described the
pattern of micrometastatic spread in a cohort of 80
patients who underwent routine central and ipsilateral
modified radical neck dissections. They examined a total of
2551 lymph nodes with immunohistochemistry (IHC) to
identify all micrometastases and describe their distribu-
tion. In their study, even PTMC was associated with
micrometastatic disease in 26%, while tumors greater than
10 mm were associated with micrometastases 66% of the
time. Others, however, have reported that only 12% of
patients had purely micrometastatic disease in isolation
[26]. These authors have reported that the rate of patients
with macroscopic metastases was more than double that of
those with solely micrometastases (29% vs. 12%) [25].

Biologic behavior and clinical significance of
cervical lymph node metastases/
micrometastases in PTC

Despite the very high incidence of cervical lymph node
metastases in PTC, the reported rates of loco-regional

recurrence range between 3% and 30% for low-risk PTC
(Table 1) [27,28]. Even for high-risk cases (Table 1), the
rates are only 59% often in patients with evidence of
macroscopically involved nodes. These data indicate that
the majority of lymph node metastases do not progress
following initial treatment whether they are micro-
metastases or macrometastases. However, the presence of
macrometastatic disease has been widely recognized as an
independent risk factor for loco-regional recurrence in PTC
[6,15,29—-37]. Cervical recurrence occurs in up to 20% of
patients with low-risk PTC and up to 60% of those with high-
risk disease [29,32,38,39]. Prognosis for the development of
loco-regional recurrences relies on other variables
combined in a variety of prognostic algorithms [38,40,41].
Massive extrathyroid extension, male gender, and age 55
years or older have been associated with increased proba-
bility of disease recurrence [42]. Large tumor size is
inversely associated with disease-free survival. Indeed, Ito
et al. [42] recently reported that the 10-year lymph nodes-
disease-free survival rate of patients with carcinoma larger
than 3 cm was low at 87%, whereas that of patients with
carcinoma <3 cm was as high as 97.5%.

Currently, despite some controversy [43—46], it is
generally accepted that cervical lymph node involvement in
PTC does not affect overall survival [29,30,32,33,39,40,
47—49]. A negative impact of lymph node metastases on
overall survival has been shown in some subgroups, such as
elderly individuals or patients with bulky nodal disease

Table 1 Risk stratification systems for differentiated
thyroid cancer.

Ages Age
Metastases
Extent
Size

AMES Age
Metastases
Extent
Size

MACIS Metastases
Age

Completeness of resection

Diploid
Age
Metastases
Extent
Size

Grade

Age
Metastases
Extent
Size

DAMES

GAMES

TNM/UICC Tumor size
Nodal status

Metastases

From Gosnell JE, Clark OH. Surgical approaches to thyroid
tumors. Endocrinol Metab Clin N Am 2008;37:437—55.
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[5,36,43,44,50—54]. Most authors agree that extended
CLND does not significantly reduce overall survival of
patients with PTC.

Despite that the role of lymph node metastases in
defining prognosis (i.e., overall survival) currently remains
relatively limited, the surgeon should recognize that local
nodal recurrence is a significant problem for patients,
associated with a poor prognosis and high morbidity and
mortality rates, usually due to invasion of the trachea or
the great vessels or to recurrent laryngeal nerve involve-
ment [55]. Therefore, the impact of local recurrence on
patient’s quality-of-life is tremendous. Moreover, about
10% of patients with local recurrence and 50% of those with
distant metastasis will die of the disease [39]. In these
patients, reoperation is a traumatic event and may be
associated with unacceptably high complication rates, such
as injury to the recurrent laryngeal nerve, hypoparathy-
roidism, palsy of the spinal accessory nerve, and unsightly
surgical scars (see below) [30,56]. For these reasons and
because death is very uncommon in PTC [3], survival is no
longer the outcome of interest in PTC; instead, loco-
regional recurrence is used as a valid endpoint to evaluate
the effectiveness of therapy for PTC. These data renewed
the interest regarding the rates of local recurrence in PTC
during the last decade.

Data regarding the biological behavior of micro-

metastatic disease are few. There is evidence that only
a small proportion of microscopic metastases in PTC will
many years

become clinically apparent even over

Figure 1

[15,16,18—22]. Survival is not affected by the presence of
micrometastases, and even rates of loco-regional recur-
rence are low, suggesting that micrometastatic deposits
have little prognostic significance [25]. Therefore, patients
with micrometastatic disease seem to have the same
prognosis as patients without any metastatic disease.

Applied surgical anatomy; lymph node
compartments and pattern of lymph node
metastasis

The neck contains a very rich lymphatic network. Indeed,
two-fifths of the body’ lymph nodes are located in the head
and neck region [57,58]. The thyroid gland has an extensive
lymphatic drainage, which may follow a number of direc-
tions. Until the early 1990s, cervical lymph nodes classifi-
cation was based on anatomic location, with the anterior
nodal groups labeled as submental, submandibular,
internal jugular, supraclavicular, posterior triangle, and
parotid [59]. This classification was cumbersome and
a better topographic classification was adapted to aid in
mapping nodal surgical intervention. Nowadays, the most
widely used classification system is based on recommen-
dations by the American Joint Committee on Cancer (AJCC)
and the American Academy of Otolaryngology — Head and
Neck Surgery and uses landmarks from cross-sectional
anatomic imaging [60—62] (Figure 1). This system is
composed of six major nodal regions (I-VI) and defines

B

(A) Note the anatomic landmarks that are used to divide the lateral and central lymph node compartments into levels

1-VI. (B) Lymph node mapping by levels, based on Cross-sectional imaging. However, lymph node mapping can be approximated by
sonographic imaging and knowledge of the necessary anatomic landmarks. (From Ref. # [64]).
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a compartment-oriented neck dissection. Sublevel classi-
fication is also used when certain zones within the larger
levels have independent biological significance.

Level | lymph nodes are submental (sublevel IA) and
submandibular (sublevel IB) and usually do not contain
lymph node metastases from PTC.

Level Il (upper jugular region) lymph nodes are located
above the level of the hyoid bone to the base of skull;
level lIA lymph nodes are located anterior (medial) to
the vertical plane defined by the spinal accessory nerve
and are often removed in a standard lateral neck
dissection for thyroid cancer. Level IIB nodes are located
posterior (lateral) to this vertical plane requiring
a dissection that significantly manipulates the spinal
accessory nerve.

Level Il (middle jugular region) lymph nodes are located
between the levels of the hyoid bone and the cricoid
cartilage.

Level IV (lower jugular region) lymph nodes are below
the level of the cricoid cartilage extending to the clav-
icle. The term ‘lateral compartment’ includes levels Il
through level IV lymph nodes, which are found around
the jugulocarotid vascular bundle and may be under the
sternocleidomastoid muscle.

Level V lymph nodes are the posterior triangle group
including the supraclavicular lymph nodes. This group is
further divided into Level VA (lymph nodes located
above the horizontal plane defined by the inferior
border of the cricoid cartilage and includes the lymph
nodes lying along the spinal accessory nerve) and level
VB (lymph nodes located below the horizontal plane
defined by the inferior border of the cricoid cartilage
and includes the lymph nodes lying along the transverse
cervical artery).

Level VI lymph nodes are included in the central (or
anterior) compartment, posterior and inferior of the
thyroid gland and adjacent to the trachea and esoph-
agus; this compartment includes the pretracheal and
paratracheal nodes, precricoid (Delphian) node, and the
perithyroidal lymph nodes as well as the lymph nodes
along the recurrent laryngeal nerves. Anatomically, the
central or anterior compartment (level Vl) is bounded by
the medial carotid sheaths laterally, the hyoid bone
superiorly, and the thoracic islet (sternal notch)
inferiorly.

Level VIl lymph nodes are the superior mediastinal
lymph nodes. Preoperatively, some of these nodes may
be imaged by ultrasound if the patient’s neck is
hyperextended.

Lymphatic metastasis from PTC occurs in a stepwise
fashion: first to the lymph nodes in the ipsilateral trache-
oesophageal groove, and, subsequently, to lymph nodes in
the jugular chain, including the supraclavicular fossa
[63,64]. Many groups have reported that the risk of
lymphatic metastasis was greatest for the lateral nodal
groups of levels Il, lll, and IV [6,7,15,64—69]. Central (level
VI) lymph nodes are also involved at comparable rates (29%
vs. 32% for central and lateral lymph nodes, respectively)
[70], while bilateral lymph node metastases may be

observed in a significant percentage (up to 30%) of patients
[70,71]. Other groups have reported that ipsilateral central
neck is the most common site of metastatic PTC
[6,7,24,67—69]. In fact, there is a significant level of co-
existence of metastatic disease in the central and lateral
compartments. Roh et al. have found that patients with
lateral cervical metastases from PTC are also very likely to
have clinically (86%) or pathologically (90%) positive
central-neck disease [64]. It is also well recognized that
both central and lateral disease can occur in isolation;
indeed, multiple-level nodal involvement is commonly
observed [24,68,70,72]. Metastases to the level V nodes
may be observed in up to 20% of patients [64]. Level |
disease is very rare [6,67], while only level | or V metastases
(isolated metastases, without involvement at other levels)
have not been reported [7,65].

Of note, tumor position within the thyroid correlates to
some degree with the site of metastatic spread [24].
Tumors in the isthmus, middle and lower thirds more
commonly metastasize to the central compartment, while
tumors in the rest of the gland to the ipsilateral jugular
nodes [24,60]. However, metastatic pathways are unpre-
dictable, while in some cases the metastatic process ‘skips’
the predicted compartment. Usually the term ‘skip’
metastases describe lateral compartment disease in isola-
tion (i.e., without central compartment involvement);
‘skip’ metastases were observed in about 20% of PTC in
a retrospective review of patients undergoing routine
central and lateral neck dissections [73].

Types of cervical lymph node dissection

To ensure accurate communication and adequate assess-
ment of reported studies, the surgeon should have a clear
understanding of the different types of CLND [74].

Radical neck dissection

This basic procedure was described in 1906 by George Grile
and included removal of all the lymph nodes in the neck,
along with three important anatomic structures — the
sternocleidomastoid muscle, the internal jugular vein, and
the spinal accessory nerve. Major drawbacks to this surgical
procedure were dysmorphy and shoulder dysfunction due to
sacrifice of the spinal accessory nerve (see below,
complications).

Extended radical neck dissection

This is a more aggressive procedure than radical neck
dissection, in which additional lymph node groups or non-
lymphatic structures relative to the radical neck dissection
are removed. Radical and extended radical neck dissection
with sacrifice of uninvolved cervical structures in patients
with PTC and regional metastatic disease are not indicated.

Modified radical neck dissection

This procedure was described as a “functional neck dissection’
in 1962 by Oswaldo Suarez, an Argentinian surgeon and
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subsequently popularized in Europe by Ettore Bocca and
Caesar Gavilan, and in the US by surgeons from the MD
Anderson Hospital (Richard Jesse, Alando Ballantyne, and
Robert Byers) [75]. The major pendulum swing from radical to
modified neck dissection occurred in the early 80s. The
surgical philosophy behind this procedure was to remove
a selected group of lymph nodes and to preserve vital or
important structures (such as the sternocleidomastoid
muscle, internal jugular vein, carotid artery, vagus, phrenic,
and spinal accessory nerve, along with the submandibular
salivary gland), thereby minimizing morbidity [76]. Depending
on which non-lymphatic structure is preserved, modified
radical neck dissection is further subdivided into type |/
(preservation of the spinal accessory nerve), type Il (preser-
vation of the spinal accessory nerve and internal jugular vein),
and type Il (preservation of the spinal accessory nerve,
internal jugular vein, and sternocleidomastoid muscle).

Selective neck dissection

In this type of surgery, one or more lymph node groups
routinely removed in the radical neck dissection is
preserved. Currently, most procedures are performed on
a ‘compartment-oriented’ basis, based on different
anatomical regional boundaries (see above). The term
central compartment dissection describes removal of
lymph nodes and soft tissues in level VI with preservation of
the recurrent laryngeal nerves and at least the superior
parathyroid glands. The term lateral compartment dissec-
tion refers to removal of all soft tissue and lymph nodes in
levels lIA, IIl, IVand V [57]. In other words, in this procedure
all the fibrofatty tissue (including lymph nodes) from the
lateral wall of the carotid sheath to the trapezius muscle
and from the subclavian vein inferiorly to the hypoglossal
nerve superiorly is excised. Since the incidence of lymph
node metastases is extremely low in levels | and IIB nodes,
these regions do not need routine dissection, unless there is
obvious metastatic disease [65]. Level VII should be
removed and blocked with level VI nodes, in patients with
obvious metastatic disease at level VI.

Berry picking

This is a procedure used mainly in the 60s and 70s and in
which only suspicious and/or enlarged lymph nodes are
removed. This type of surgery cannot achieve complete
removal of metastatic disease and more lymph node will be
found harboring metastatic thyroid carcinoma; as a conse-
quence, there was a high incidence of recurrent disease in
the neck requiring further surgery [77].

Nowadays, selective neck dissection (a compartment-
oriented procedure) is the preferred type of surgery, which
avoids the increased morbidity of the more extensive
dissections, while at the same time minimizes local recur-
rence rates by removing overt or occult metastases that
would be missed by the berry picking procedure [57,77].

Surgical strategy

There are two different surgical approaches in the
management of PTC specifically regarding the role of CLND.
Worldwide, the vast majority of surgeons (mainly in

Western countries) perform selective (elective or thera-
peutic) CLND (i.e., CLND in the presence of cervical
lymphadenopathy). However, other surgeons (mainly from
East countries, such as Japan) support routine CLND. As
above noted, despite that CLND appears to have no impact
on survival of the patients, its omission may be associated
with increased loco-regional recurrence rates, which may
have a negative impact mainly on patient’s quality-of-life
but also (to a less extent and in some subgroups of patients)
on overall survival. These considerations have refueled the
discussion about the optimal management of cervical lymph
nodes in the management of PTC (i.e., selective vs. routine
CLND) and have led to a shift towards a more aggressive
approach in investigating and sampling of the regional
lymph nodes, in the hope that more aggressive initial
surgery in patients with cervical lymph node metastases
will decrease loco-regional recurrence rates [78].

Elective vs. routine CLND

Elective or therapeutic CLND

Elective or therapeutic CLND involves the removal of
regional lymph nodes that are found abnormal either
preoperatively (clinically and/or radiographically) or
intraoperatively and therefore proven or suspected to
harbor metastatic disease. Performance of a therapeutic
CLND is based on the fact that regional disease control is
necessary to prevent morbidity from local tumor growth, to
maintain quality-of-life, and to maximize disease-free and
possibly overall survival [79]. This concept is well-accepted
in the treatment of PTC. As above noted, compartment-
oriented lymph node dissections are recommended in all
the guidelines for patients who have known lymph node
metastases. These dissections should be preferred over
‘berry picking’ [77,78]. Radical neck dissection is rarely
indicated. This approach decreases the risk of recurrence in
low-risk patients and may prolong survival in high-risk
patients. Proponents of elective CLND emphasize that
metastases in nonpalpable lymph nodes will remain indo-
lent and rarely become clinically significant, in argument
against routine CLND (see above) [15,74].

Routine or prophylactic CLND

Routine or prophylactic CLND is the removal of lymph nodes
that are normal on physical examination and radiographic
imaging. This approach is based on the theory that early
detection and removal of microscopic disease in regional
lymph nodes may prevent recurrence/metastatic spread
and improve disease-free and possibly overall survival [57].
Proponents of this strategy emphasize the relatively high
frequency of lymph node metastases mainly in central and
lateral lymph nodes (see above) [73]. They also note that
recurrence —especially in the central compartment— may
be very difficult to treat surgically [5,80]. Central CLND can
be performed without extension of the surgical incision.
Routine CLND allows accurate staging of the disease, which
is important to assess the risk of recurrence and to deter-
mine the need for adjuvant postoperative radioiodine
therapy. However, in contrast to elective (therapeutic)
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CLND, the role of routine (prophylactic) CLND in the
management of PTC remains highly controversial. The
argument against routine CLND for PTC includes two main
concepts: first, that lymphatic metastases have not been
shown to increase overall survival, and second, that more
radical surgery is associated with increased complication
rates [58]. However, the possible benefits of prophylactic
CLND should be weighed against the potential risks [81].
Opponents of routine CLND emphasize that reoperation for
recurrent disease can be performed with acceptable
morbidity by experienced surgeons; this argues against
routine CLND for PTC. Routine CLND is championed mainly
in Japan, where the use of radioactive is strictly limited by
law and it is considered that the effectiveness of radiodine
ablation of cervical lymph nodes is limited [45,53,71,82].
Some Japanese authors have concluded that routine
modified radical neck dissection improves not only local
recurrence rates, but also the cause-specific survival in
some group of patients (i.e., female patients older than 60
years of age, patients whose primary tumor had extra-
thyroidal invasion) [53]. Others recommend prophylactic
CLND for patients having two or more of the four following
clinicopathological characteristics: male gender, age > 55
years, maximal tumor diameter >3 cm, and massive
extrathyroid extension [42]. According to the authors,
these patients are at high risk for lymph node recurrence,
even after prophylactic CLND.

Practical considerations

Preoperative investigation/documentation

Because of the high prevalence of metastatic cervical
lymph node involvement in PTC, careful high-quality
ultrasound (US) examination of the neck by an experienced
radiologist should be performed preoperatively in all
patients to properly plan surgical intervention [4,83,84].
Preoperative US will identify suspicious cervical lymph-
adenopathy in 20—30% of cases; obviously, this finding will
result in an alteration of the planned surgical approach
[85,86]. On the other hand, preoperative US should not lead
to an overly aggressive surgical approach to small lateral
neck lymph nodes that may be of little clinical consequence
and are likely to be easily treated with subsequent radio-
active iodine remnant ablation (see below). Preoperative
assessment of vocal cord function should be a mandatory
part of the work-up of any patient who has thyroid cancer
[83]. This will allow adequate documentation of any
possible infiltration of the recurrent laryngeal nerve by the
tumor, a finding which may have significant medicolegal
importance postoperatively.

Incision and access

Most commonly, total thyroidectomy and CLND are per-
formed through a transverse (horizontal) or curvilinear
incision in the suprasternal area at the level of the cricoid
cartilage, with a J-shaped or a hockey stick incision along
the border of the sternocleidomastoid muscle, up to the
mastoid process, if indicated. A McFee incision (double
transverse incision) should be avoided because of poor

esthetic results, but may occasionally be necessary when
higher lymph nodes are palpable and are not accessible
through the typical incision [87]. Access to the central
compartment is possible through the usual incision of
thyroidectomy (i.e., without extension). The inferior part
of the central compartment is less easily accessible and
requires experience and adequate training on the part of
the operating surgeon. Access to the lateral compartment
may be more difficult and usually require extension of the
incision [42].

Management of parathyroids

During level VI lymph node dissection (central CLND) at
least the superior parathyroid glands should be preserved in
situ. It is usually difficult to perform an adequate para-
tracheal node dissection and preserve the inferior para-
thyroid glands in situ. Therefore, the inferior parathyroid
glands are usually harvested from the surgical specimen
and autografted into the sternocleidomastoid (or strap)
muscle(s) to prevent permanent hypoparathyroidism [57].

Extent of CLND

Currently, therapeutic CLND is performed on a compart-
ment-oriented basis. In patients with suspicious or clearly
abnormal clinical or US findings in the central and/or lateral
neck, this compartment-oriented operation includes
a central and/or lateral CLND [83]. Central CLND removes
all lymph nodes immediately adjacent to the thyroid,
especially in the tracheoesophageal groove and proceeds
laterally to and includes the lymph nodes within the carotid
sheath [87]. Lateral CLND involves removal of all lymph
nodes and soft tissues in levels IIA (most commonly level IIB
nodes are not involved), Ill, IV and V, usually with preser-
vation of the internal jugular vein, carotid artery, vagus
nerve, phrenic nerve, sternocleidomastoid muscle, and
spinal accessory nerve [57,65,83,88]. As the detection of
lateral neck disease becomes more sensitive, patients may
be found to have limited disease (for example, a single
abnormal lymph node) in level IV or VB. In such cases, it
may be reasonable to limit the dissection to the lower neck
(levels IV and VB).

The optimal extent of prophylactic CLND is not clear.
The British Thyroid Association (BTA) and American Thyroid
Association (ATA) (2006 task force disclosure on thyroid
cancer) [4] argue that the potential increased morbidity is
small in experienced hands, and therefore a strong argu-
ment can be made that central-neck lymph nodes should be
routinely dissected in all patients with known PTC and no
known preoperative or intraoperative adenopathy [57,87].
The ATA recommends this tactic (i.e., routine central
CLND) for patients with PTC and Hurthle cell cancer [4].
Routine central CLND is also supported by other interna-
tional guidelines [90]. The European Thyroid Association
(ETA) notes that routine central CLND may also provide
useful and accurate pathologic N staging information that
may guide subsequent treatment and follow-up [84]. This
approach may enhance the effect of radioiodine ablation
therapy by removing potentially positive nodes, may
prevent central-neck recurrence, and may improve survival
compared with historical controls [5,57]. Of note, it has
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been reported that total thyroidectomy performed in
conjunction with ipsilateral CLND in patients with PTC and
no apparent lymphadenopathy results in significantly lower
serum thyroglobulin levels, thereby facilitating post-
operative follow-up [91]. This strategy, however, remains
controversial. Other guidelines (for example, AACE/AAES
[American Association of Clinical Endocrinologists/Amer-
ican Association of Endocrine Surgeons] and NCCN [National
Comprehensive Cancer Network] guidelines) do not
recommend routine central CLND, particularly in low-risk
patients [84,92,93]. Clearly, this extensive surgery is not
recommended for surgeons who have not had the necessary
experience in thyroid surgery and central-neck anatomy.
Patients without a cytologic diagnosis of PTC before surgery
(e.g., indeterminate thyroid nodule on FNA) and no
evidence of adenopathy should not undergo any form of
lymphadenectomy unless grossly abnormal paratracheal
lymph nodes are seen at the time of operation. Other
groups recommend removal of levels [I—IV lymph nodes in
routine CLND. To reduce postoperative morbidity (mainly
postoperative hypocalcemia), Son et al. have proposed
limited central CLND in node-negative patients [94]. The
location of the lymph nodes may also be useful for the
decision-making. Prophylactic lateral neck dissection for
patients with PTC is generally not recommended [79]. The
surgeon should remember that the incidence of malignant
lymph nodes is much higher in levels Ill, IV, and VI than in
level Il [60]. Level V metastases are not uncommon, with
level VB nodes being more commonly involved than level VA
nodes [42]. When any of the levels Il, 1ll or IV have nodal
disease, there is a significant association with positivity in
level V [6,7,88]. Factors suggestive level V disease include
multifocal thyroid tumor, metastatic disease in level II, llI
or IV, contralateral metastasis, or perineural/lymphovas-
cular invasion [88,95]. However, in the process of surgical
decision-making, the surgeon should remember that
dissection of level V nodes carries a high morbidity. Possible
benefits should always be weighted against potential
morbidity; moreover, it should be remembered that the
biological significance of occult level V metastases in the
non-operated neck remains unknown, particularly when
patients are treated with radioactive iodine ablation and
suppressive doses of exogenous thyroid hormone [88].

In the discussion about the extent of prophylactic CLND
in PTC, it should be remembered that the impact of the
central compartment recurrence differs from that of
a lateral compartment. Reoperation for recurrence in the
lateral compartment can be performed more easily than
that for recurrence in the central compartment, where
more critical structures (i.e., trachea, great vessels, etc)
are located. Therefore, since metastases in the central
compartment are very common and given that surgery for
recurrence in the central compartment may be a compli-
cated procedure, prophylactic central CLND during the
initial thyroid surgery (usually through the same incision)
seems to be a reasonable management option
[5,44,54,55,80].

The role of contralateral neck dissection

Although at the time of surgery localization of metastatic
lateral lymph nodes is usually ipsilateral to the primary

tumor, about 20—25% of patients with unilateral PTC will
have involvement of the contralateral l|ateral neck
compartment [60,70,72]. The risk of contralateral lateral
compartment lymph node involvement increases with
increasing burden of ipsilateral lymph node involvement
[72]. Bilateral CLND is generally not recommended
[15,24,69]. However, the presence of bilateral or contra-
lateral neck disease is indicative of aggressive biological
behavior and complete dissection of the contralateral neck
nodes may be warranted.

What'’s the role of CLND in microscopic metastatic
spread?

Given the relatively benign biological behavior of lymph
node micrometastases and the availability (at least in most
western countries) of radioactive iodine ablation, most
surgeons would not select an aggressive surgical approach.
Such a conservative approach is favored for patients with
PTMC [42,96]. However, in selected patients with PTMC
(i.e., with known [clinically or ultrasonographically]
cervical lymphadenopathy, multifocal disease, extrathyroid
extension, especially when PTMC is >5mm) a more
aggressive therapeutic strategy may be indicated
[16,19,20]. In these cases, usually a central CLND is per-
formed on the ipsilateral side, ideally at the time of
thyroidectomy [96,97]. Central lymph node metastases of
PTMC may be detected by using the sentinel lymph node
biopsy (see below).

Complications

Despite that —in experienced hands— CLND can be per-
formed safely, it may be associated with a potentially
significant morbidity [76,98](Table 2). Ito et al. [42] have
reported that the incidence of major complications was 24%
following total/near-total thyroidectomy with modified
CLND. The complication rate increases as the cervical LND
range becomes more radical [99—102]. Therefore,
decreasing the extent of CLND would reduce postoperative
side effects. The fear of postoperative complications

Table 2 Complications following cervical lymph node
dissection for thyroid cancer.

Central-neck dissection
Hypoparathyroidism (temporary/permanent)
Recurrent (inferior) laryngeal nerve injury
Superior laryngeal nerve injury
Hemorrhage/seroma

Lateral neck dissection
Hypoparathyroidism (temporary/permanent)
Hemorrhage/seroma
Chyle leak
Wound infection
Nerve injuries (accessory, ramus mandibularis,
sympathetic [Horner’s syndrome], phrenic, brachial
plexus, cutaneous cervical plexus)

From Ref. # [79], modified.
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should not jeopardize the appropriateness of surgical
therapy and proper oncologic outcome, however. Reoper-
ation for recurrence (especially to the central lymph nodes)
due to inadequate initial surgery may be much more tech-
nically demanding and associated with increased morbidity
[103].

Hypoparathyroidism

Transient hypoparathyroidism is a very frequent complica-
tion following central CLND, more commonly following
bilateral CLND [55]. To prevent permanent hypoparathy-
roidism, autotransplantation (in the sternocleidomastoid
muscle or in the strap muscles) should be liberally per-
formed if —at the time of surgery— any parathyroid gland is
identified to be devascularized.

Recurrent laryngeal nerve injury

Total thyroidectomy and CLND include considerable
dissection in the paratracheal area, especially along the
course of the recurrent laryngeal nerve (RLN). Therefore,
RLN injury may occur. This complication can be avoided if
the RLN is identified and protected during surgery. Bilateral
RLN palsy is a severe complication, but fortunately quite
rare. Patients undergoing bilateral modified neck dissection
should be observed very closely for this complication. If
there is any concern about the patency of the airway in the
recovery room, the patient should be monitored closely,
evaluated with fiber-optic laryngoscopy, and re-intubated
(if indicated). True bilateral vocal cord paralysis may
require tracheostomy to secure the airway.

Thoracic duct injury

This complication can be observed following level IV CLND
and is due to injury of the thoracic duct near its end (at the
junction of the left jugular and subclavian vein). Thoracic
duct injury is manifested by chyle leak. If chyle leak is
identified at the time of surgery, it should be managed by
suture-ligation (which may include muscle buttress from
the sternocleidomastoid) [76]. Sometimes, chyle leak may
be manifested postoperatively as large amount of chylous
fluid into the drainage system. In these cases, a conserva-
tive approach with observation, pressure dressings, a fat-
free (medium-chain triglyceride) diet or potentially total
parenteral nutrition is successful in most (~90 %) patients.
However, in a small percentage of patients chyle leak may
persist. In these cases surgical exploration should be
considered; at surgery, the surgeon should identify and
secure by suture-ligation any chyle leak [56]. Occasionally,
this may be difficult, because of the extensive local
inflammation, which may cause further laceration of soft
tissue during suture placement. The use of a biological
sealant should be considered under these circumstances. In
some cases, a chyloma may be observed, which can be
treated easily by percutaneous aspiration (sometimes
multiple). Injection of tetracycline or other sclerosing
agents has been proposed by some authors, but may lead to
considerable scarring and fibrosis, inflammatory reaction,
and pain [76].

Neck anesthesia/neuropathic pain/decreased
shoulder mobility

Transection of the cervical rootlets and/or manipulations/
injury of the spinal accessory nerve during CLND may lead
to neck sensory abnormality (anesthesia, numbness, and/
or neuropathic pain), edema and limitation of neck/
shoulder movement, decline in speech and eating abilities,
etc [99—101,104]. These complications usually are
observed following lateral (level V) CLND and may have
a significant impact on patient’s quality-of-life (QOL),
altering daily activities, social function, and professional
performance [102,104—106]. Spinal accessory nerve should
be preserved whenever possible (if disease is not encir-
cling the nerve, a very rare occurrence) to reduce the
incidence of these complications [65]; however, varying
degrees of dysfunction of the spinal accessory nerve are
common after level V dissection even with nerve preser-
vation. Indeed, even after complete nerve preservation,
shoulder pain has been observed in 79% of patients after
radical neck dissection, 65% of patients after modified
radical neck dissection and 52% of patients after selective
neck dissection [99,100]. This is due to neuroapraxia,
caused by excessive traction, extensive dissection and
skeletonization, devascularization and ischemia, thermal
injury, blunt trauma during dissection, leading to degen-
eration of the upper trapezius and sternocleidomastoid
muscles [100,107]. These alterations have been docu-
mented by electromyography studies, which have
confirmed increased latency and decreased amplitude in
the operated neck. Often, shoulder function can improve
with intensive physiotherapy.

Other complications

Injury of the ramus mandibularis (resulting in lip weakness)
may occur during level | node dissection (level | is very
rarely involved by PTC, however [see above]). Seroma is
a relatively common complication after total thyroidec-
tomy and neck dissection, and can invariably be treated
conservatively, by observation (most seromas will resolve in
a few days) or aspiration (sometimes multiple). Wound
infection is quite rare [98]. If the wound is edematous of
fluctuant, aspiration or opening of the wound may be
required. Horner’ syndrome (due to injury of the sympa-
thetic chain, which lies deep to the carotid sheath and just
anterior to the prevertebral fascia) and injury of the
brachial plexus or hypoglossal nerve are quite rare [98].
Bleeding/hematoma are complications which can be pre-
vented by meticulous hemostasis (Table 2).

Newer surgical approaches

Video-assisted technique

Recently, this technique has been proposed by some
authors, especially for young women concerned with
cosmetic outcome [108,109]. By using the video-assisted
technique, the extended collar incision is avoided.
However, this method has not been adequately validated in
terms of oncologic safety and outcome, and experience
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remains very limited in a few centers; currently, this
method is considered as experimental.

Sentinel lymph node dissection

The concept of sentinel lymph node biopsy (SLNB) has
become very popular during the last 15 years mainly for
melanoma and breast cancer [110,111]. Sentinel lymph
node is defined as the first lymph node draining a regional
lymphatic basin from a primary tumor. Some authors have
recently tried to investigate the potential role of SLNB in
the management of patients with PTC. The SLNB philosophy
is theoretically appealing for PTC, since it could detect
subclinical lymph node metastases, thereby allowing the
formal CLND to be performed only in patients with docu-
mented lymph node metastases, thus avoiding the
morbidity of CLND in a significant percentage of patients
with node-negative disease. In other words, SLNB may be
helpful in selecting patients who would benefit from CLND,
thus reducing unnecessary surgery and possible morbidity in
other patients [112,113]. This is a particularly important
consideration, since surgical exploration and intraoperative
palpation are inaccurate for predicting lymph node spread,
particularly when metastatic lymph nodes are small (occult
metastases, micrometastases), and when they are located
in the central-neck compartment or behind the vessels.
When positive, SLNB can guide compartment-oriented neck
dissection. In patients with PTC, the sentinel node more
commonly occurs within the central compartment [25].
Reported rates for central compartment sentinel nodes
range between 75% and 85% [10,11]. Injection of isosulfan
blue or methylene blue into the thyroid nodule has resulted
in a high rate (>90%) of SLN identification [10,11,14]. Some
authors have reported a high sensitivity (71—100%),
a specificity of 100%, and a diagnostic accuracy ranging
from 75% to 100% for predicting disease status in the
remaining regional lymph node basin [9—14,112]. Diag-
nostic sensitivity may improve by using an intraoperative
immunohistochemical stain for cytokeratin-7 [12]. False-
negative results have been reported in up to 11% of patients
in series where neck dissection follows the SLNB; this
remains a serious concern regarding the value of SLNB
[10,11]. The extensive lymphatic network in the neck may
complicate the practical application of the theoretical
concept of SLNB in patients with thyroid cancer. Up to the
present time, experience remains relatively limited and
most endocrine surgeons remain skeptical about the
appropriateness of such an approach in the management of
PTC. Additional studies are needed which should include
larger number of patients and a long follow-up.

Postoperative management

TSH suppression

Given that PTC is a TSH-dependent tumor, suppression of
TSH with supraphysiologic doses of levothyroxine to
decrease the rate of progression and recurrence of thyroid
cancer has been a cornerstone of treatment for more than
40 years; many retrospective and prospective studies have
shown the benefits of TSH suppression regarding disease

recurrence, progression, and mortality [39,114—116]. In
contrast, rapid tumor recurrence has been reported after
withdrawal of thyroid hormone or administration of
recombinant TSH [117].

The precise level of TSH suppression required has not
been adequately defined, especially for the low-risk
patients. After adequate treatment (surgery, with or
without radioiodine therapy) thyroid hormone replacement
should be administered at sufficient doses to prevent
symptomatic hypothyroidism and to induce a subclinical
hyperthyroid state (i.e., a suppressed TSH value with
normal T4 and T3 levels and without signs or symptoms of
thyrotoxicosis). Largely because the risk for atrial fibrilla-
tion and osteoporosis in older patients seems to rise when
the TSH falls below 0.1 mU/L, the ATA and American
College of Clinical Endocrinology (ACCE) recommend a goal
TSH of 0.1—0.4 mU/L for all patients except for high-risk
patients who have a goal TSH of less than 0.1 mU/L [4,92].
The National Comprehensive Cancer Network (NCCN) does
not give specific target goals, but notes that low-risk
patients should be titrated to achieve a TSH just below the
lower bound of the reference range [93]. The ETA and the
BTA recommend suppression of TSH to less than 0.1 mU/L in
all patients, but the ETA notes that after 3—5 years of
disease-free survival, the TSH suppression may be lessened
even in high-risk patients. Similarly, low-risk patients who
have had several years of disease-free survival can be
titrated to a TSH between 0.5 and 1 mU/L [84,89]. From
a practical point of view, a reasonable practice is to start
a 2ug/kg/day dose, and titrate replacement therapy
accordingly, based on follow-up thyroid function tests
obtained 6—8 weeks later [57]. Based on the results of
retrospective studies, it is known that the replacement
dose for the average patient with PTC is 2.11 ng/kg/day
and the dose required to achieve a suppressed TSH ranges
from 2.5 to 2.9 ug/kg/day [118]. Higher doses on a per-
kilogram basis are required for children and adolescents, as
well as pregnant women [57]. In the patient who has been
hypothyroid for a short time (typically the case in patients
with PTC who are rendered hypothyroid), one can usually
start at the full replacement dose without concern for
causing significant side effects.

The length of suppression therapy remains controversial
and should be individualized. For the low-risk patients
(representing the vast majority of patients) who remain
without evidence of recurrence after 5 years, a reasonable
strategy is to allow the TSH to rise to the low normal range.
This strategy has also been suggested for low-risk patients
who remain disease-free after 1 year following initial
therapy. In contrast, patients with known or suspected
residual disease and no relative contraindications should
continue TSH suppression indefinitely [57].

Chronic TSH suppression may be associated with some
morbidity, such as bone loss (particularly in post-
menopausal women), cardiac effects (mainly atrial fibril-
lation, particularly in older patients), etc [119,120].
Moreover, a negative effect on mortality has been
described [121]. The risk of adverse effects is greatest in
those whose TSH is maintained below 0.1 mU/L [122].
Therefore, the potential benefits of long-term TSH
suppression should always be weighed against the potential
risks of subclinical hyperthyroidism. These considerations
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should always be taken into account when deciding how
aggressive the TSH suppression should be and for how long
it should be offered to the patient.

Radioactive iodine therapy (RIT)

Radioactive iodine for the treatment of differentiated
thyroid cancer became established in the 1960s when it was
demonstrated that metastatic disease could be destroyed
with a subsequent increase in survival for those with
metastatic disease [123]. Its use increased in the 1970s and
evidence from this period supported the role of RIT in
dealing with microscopic deposits of thyroid cancer
[30,124]. Currently, RIT may be indicated either as an
alternative of CLND (following near total or total thyroid-
ectomy) or as adjuvant therapy (after near total or total
thyroidectomy and CLND) for PTC [4,57]. The first use of
RIT is widely practiced in most western countries. RIT is
recommended for patients at high risk for recurrence/
death from the disease, as classified by the usual clinico-
pathologic staging systems. In these patients, RIT reduced
the risk of local and distal metastases [125], as well as
mortality [39]. In contrast, the role of RIT is limited in low-
risk patients. A review of more than 2500 patients at the
Mayo Clinic showed no decrease in mortality or local
recurrence in patients with low-risk disease (MACIS <6)
[126]. From a surgical point of view, it should be noted that
complete removal of the normal and pathologic thyroid
parenchyma increases the efficiency of adjuvant RIT in
destroying any metastatic/micrometastatic disease that
may be present. RIT is much less effective in ablating
palpable regional metastatic lymph node involvement.
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