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Abstract

Background Although lymph node (LN) metastasis (LNM) of papillary thyroid carcinoma (PTC) is common,

routine prophylactic LN dissection (LND) is still controversial. The purpose of this study was to investigate risk

factors for recurrence of PTC with clinically node-negative lateral neck to determine the utility of intraoperative LN

biopsy.

Materials and methods This study involved 185 patients with pathologically confirmed PTC and clinically node-

negative lateral neck. All patients underwent thyroidectomy with or without ipsilateral or bilateral central LND after

intraoperative central LN biopsy. Routine lateral neck LND was not performed. Clinicopathologic and intraoperative

findings and post-treatment recurrences were recorded. Univariate and multivariate analyses with Cox-proportional

hazards model were used to identify factors associated with recurrence.

Results During a follow-up of 50–96 months, six (3.2 %) patients had recurrences in lateral cervical LNs at a

median 28 months (range 7–57 months) after surgery. Overall, 2- and 5-year RFS rates were 98.4 and 96.7 %,

respectively. Univariate analyses revealed that tumor size (P = 0.005), bilaterality (P = 0.033), T4 disease

(P \ 0.001), and intraoperative diagnosis of central LNM (P = 0.001) were significantly predictive of recurrence.

Multivariate analyses showed that T4 disease (P = 0.049) and intraoperative diagnosis of central LNM (P = 0.027)

were independently predictive of recurrence.

Conclusions Prophylactic lateral neck LND is not advocated for PTC with clinically node-negative lateral neck.

Intraoperative LN biopsy may help identify patients at risk for recurrence and those who would benefit from LND.

Introduction

Papillary thyroid carcinoma (PTC) is the most common

type of thyroid cancer, accounting for approximately 85 %

of all thyroid cancers in areas of sufficient iodine intake

[1]. PTC shows an excellent prognosis, with 10-year

overall survival rates after surgery greater than 90 %, and

only a few patients dying of recurrences or metastases [1,

2]. However, PTC metastasizes to regional lymph nodes

(LNs) in approximately 30–80 % of patients [3, 4]. The

metastatic pattern of PTC consists of an orderly progres-

sion to the lymphatic basin, firstly to the central neck and

subsequently to the lateral neck compartment [5, 6]. Cer-

vical LN metastasis has no major impact on survival in

low-risk patients but is an important factor for locoregional

recurrence [7]. Despite this high rate of PTC metastasis,

prophylactic LN dissection has significant risks and mini-

mal impact on survival [4, 8, 9].
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Little is known about the clinical implications of elec-

tive lateral LN dissection (LLND) in PTC, although many

studies have analyzed the implications of central LN dis-

section (CLND). Prophylactic LLND, defined as the

removal of jugular LNs at cervical levels II–IV, revealed

that 57.5 % of patients with PTC had metastatic LNs in the

lateral compartment [10]. Although therapeutic LLND,

along with imaging and biopsy of the lateral neck, has been

recommended, the utility of prophylactic LLND remains

unclear, regardless of imaging or palpation findings [11,

12]. No studies have shown any survival benefit or

reduction in recurrence when prophylactic surgery is per-

formed [9, 11]. Therefore, American Thyroid Association

(ATA) has not recommended prophylactic LLND for

patients with clinically node-negative lateral neck [11].

However, the accuracy of ultrasound (US) and computed

tomography (CT) for diagnosing nodal metastasis may be

as low as 27 % [10]. The failure to detect N1b disease may

lead to false stage assignment as stage III or lower rather

than stage IV, which may cause postoperative recurrence.

Furthermore, few randomized controlled trials have

assessed the necessity and extent of neck dissection in PTC

and its prognostic implications.

The aim of this study was to investigate the risk factors

for recurrence of PTC in patients with clinically node-

negative lateral neck, as determined by image-guided fine

needle aspiration (FNA) and intraoperative LN biopsy of

the lateral neck. This would help determine the utility of

intraoperative LN biopsy.

Materials and methods

Study design

From March 2006 to August 2008, this study involved

patients with pathologically confirmed, previously

untreated PTC and clinically node-negative lateral neck

who underwent thyroidectomy with or without ipsilateral

or bilateral CLND. Preoperative US and FNA were used to

identify primary tumors and LNs suspected of metastases.

Patients also underwent intraoperative LN biopsy. Patients

were excluded if they had metastatic nodes in the lateral

neck before and at surgery (n = 48), recurrent PTCs

(n = 26), or other thyroid pathology (n = 41), or were lost

to follow within 2 years after surgery (n = 4), or had

distant metastases at initial presentation (n = 1) (Fig. 1). A

total of 185 consecutive patients were finally included.

Tumors were staged according to the American Joint

Committee on Cancer (AJCC) staging system (7th ed.,

2010) [13]. The Institutional Review Board of our hospital

Fig. 1 Flow chart of the study

population. Note: Clinically

node-negative lateral neck

indicates the absence of positive

LNs from ultrasonography-

guided fine needle aspiration

and intraoperative LN biopsy in

the lateral neck. LNs lymph

nodes, PTC papillary thyroid

carcinoma, IO intraoperative,

LNM lymph node metastasis,

CLND central neck lymph node

dissection
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approved this study, and written informed consent was

obtained from all enrolled patients.

Surgery, intraoperative LN biopsy, and pathological

examination

The enrolled patients underwent total thyroidectomy

(n = 178) or lobectomy and isthmusectomy (n = 7).

Lobectomy was typically performed as the initial surgical

treatment for patients with low-risk papillary thyroid micro-

carcinoma (PTMC) and a solitary malignant lesion limited to a

single lobe [11]. Any patients who had a solitary PTMC but

positive LNs on pathology underwent total or completion

thyroidectomy. Of the 185 patients, 101 underwent prophy-

lactic CLND, 48 underwent therapeutic CLND, and 36

received no treatment (Fig. 1). Therapeutic CLND was

defined when preoperative or intraoperative histological

diagnosis of central compartment lymph node metastasis was

made, regardless of macro- or micro-metastasis. All patients

underwent preoperative high-resolution US and intraopera-

tive central LN biopsy. Patients suspected of having meta-

static nodes in the central compartment underwent therapeutic

bilateral CLND. Unilateral CLND was performed on that side

for clinically non-metastatic PTC localized to the ipsilateral

side or for PTCs with a single positive intraoperative central

LN and small metastatic foci. Unilateral CLND included

dissection of the prelaryngeal/pretracheal and paratracheal

regions ipsilateral to the proven PTC location [14]. Patients

who had a solitary PTMC without metastasis, extrathyroid

extension or local invasion, and had no familial history of

thyroid cancer or previous irradiation of the neck did not

undergo unilateral or bilateral CLND.

CLND was performed in a conventional manner, not

using typical microdissection methods [15]. Nodal clear-

ance was performed cranially to both superior thyroid

arteries and the pyramidal lobe, caudally to the innominate

vein, laterally to the carotid sheaths, and dorsally to the

prevertebral fascia [4]. Particular attention was paid to

ensure the identification of the parathyroid glands, and

parathyroid autotransplantation was performed as required,

not on principle. The thymus was routinely preserved by

separation from the central LNs. Routine LLND was not

performed on patients without preoperatively or intraop-

eratively positive lateral neck nodes. All surgery was per-

formed by the same surgeon (J-L.R.).

All patients underwent intraoperative biopsy of sentinel

or non-sentinel LNs. The intraoperative biopsy of LNs did

not depend on the preoperative US findings. After retrac-

tion of the skin and muscular flap, approximately 0.2 mL

of 2 % methylene blue was injected into the parenchyma

surrounding the primary tumor. The first blue-stained LN,

defined as the sentinel LN, was harvested and sent for both

frozen and standard sections [16, 17]. In addition, to

increase the intraoperative detection rate of metastatic

cervical LNs, the other blue-stained LNs as well as any

other central LNs, if suspicious of metastasis, were har-

vested for histological examination. The presence of met-

astatic foci from intraoperative LN biopsy was first

examined with step serial frozen sections and was con-

firmed with permanent sections. Patients without apparent

sentinel LNs also underwent intraoperative biopsy of one

or more non-sentinel LNs close to primary tumors in the

central compartment. Patients who had no sentinel LNs in

the central compartment often underwent exploration of

ipsilateral level IV. However, no other patients underwent

routine exploration of LNs in the lateral neck compartment

that were not suspected of metastasis by intraoperative

palpation or preoperative images. Any patients with met-

astatic LNs in the lateral compartment that were intraop-

eratively identified were excluded in analyses because they

underwent simultaneous therapeutic LLND.

The CLND specimens were marked, separated, and sent

for pathological examination, along with thyroid specimens.

Pathologic specimens were stained with hematoxylin–eosin

and viewed by light microscopy. The size, number, and

location of each primary tumor and the presence of extra-

thyroidal extension and lymphovascular invasion of the

primary tumor were carefully assessed. Histological exam-

inations were performed by a board-certified pathologist

(G.G.) with 20 years of experience in thyroid pathology. The

size and number of LNs harvested, and the number, size, and

extracapsular spread (ECS) of positive LNs were reported.

Postoperative complications and follow-up

All patients underwent pre- and postoperative laryngo-

scopic examination and monitoring of serum total calcium.

Hypocalcemia was defined as total calcium \8.0 mg/dL,

corrected for serum albumin concentration. Permanent

hypocalcemia was defined as low total calcium concen-

tration requiring calcium supplementation for more than

6 months after surgery.

Patients with pT1b–T4 or pN1-staged PTC underwent

postoperative radioactive iodine (I131) ablation using

30–150 mCi and TSH suppression thyroxine therapy,

except for those who had undergone thyroid lobectomy. All

patients were followed postoperatively for the identifica-

tion of recurrent diseases by regular clinical and US

examinations, measurement of serum thyroglobulin con-

centrations, and whole-body iodine scanning after surgery.

Statistical analysis

Statistical analysis was performed with SPSS, version 21.0

for Windows (IBM, Armonk, NY, USA). Continuous

variables were expressed as median (range) or
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mean ± standard deviation (SD), and categorical variables

as numbers and percentage. The v2 test was used to

investigate differences between categorical data related to

postoperative complications, and the t test was used to

compare means of continuous variables; all the tests were

two-sided. The primary endpoint was to identify factors

prognostic of recurrence-free survival (RFS). Time periods

were calculated from the date of surgery to the date of any

recurrence or to the last clinical follow-up. Recurrence was

defined as the presence of histologically confirmed recur-

rent tumors at local, regional and/or distant sites. RFS

curves were calculated using the Kaplan–Meier method

and compared using the log-rank test. A Cox-proportional

hazards model was used to evaluate factors prognostic of

RFS by univariate and multivariate analyses; tests were

based on the likelihood ratio statistic, and the estimated

hazard ratio (HR) and 95 % confidence interval (CI) were

calculated. Variables with P \ 0.05 on univariate analyses

were selected for inclusion in the multivariate model.

Receiver operating characteristic (ROC) curve analysis

was used to determine the area under the curve (AUC) in

order to estimate RFS according to a specific variable and

to determine the tumor size cutoff value predicting RFS.

All tests were two-sided and differences were considered

statistically significant at P \ 0.05.

Results

Patient characteristics and pathology

The 185 study patients consisted of 39 men and 146

women, of median age 47 years (range 18–87 years).

Patient characteristics are summarized in Table 1. The

mean size of proven PTC was 1.2 cm (range 0.3–5.5 cm).

Multifocal and bilateral tumors were identified in 60

(32.4 %) and 32 (17.3 %) patients, respectively, with

macroscopic and microscopic extracapsular extension in 86

(46.5 %) and 109 (58.9 %) patients, respectively. Tumors

stages were T1 in 71 patients (38.4 %), T2 in 2 patients

(1.1 %), T3 in 106 patients (57.3 %), and T4a in 6 patients

(3.2 %), with 155 (83.8 %) patients having MACIS scores

\6.0. Pathologic central LN metastases were observed in

67 (45.0 %) of the 149 patients who underwent CLND

(Fig. 1). Methylene blue-stained sentinel LNs were

observed in the central compartments of 157 (84.3 %) of

the 185 patients, with 44 (23.8 %) positive on intraopera-

tive frozen sections. Four patients were intraoperatively

diagnosed with central non-sentinel LNs. Therefore, a total

of 48 patients were intraoperatively diagnosed with central

LN metastasis (Fig. 1). Nineteen (28 %) of 67 patients with

central LN metastasis received no proper diagnosis by

intraoperative LN biopsy. The median total LNs harvested

and involved in the central neck were 9 (range 3–34) and 1

(range 0–10), respectively. The median size of metastatic

tumors was 3.4 mm (range, 0.5–15 mm). The mean size of

neck metastatic foci was larger in patients with intraoper-

ative diagnosis of central LN metastasis than in those

without it (4.1 ± 2.5 vs. 2.0 ± 1.1 mm, P = 0.001).

Bilateral paratracheal metastases were found in 4 of the 39

(10 %) patients who underwent bilateral CLND.

Univariate and multivariate analyses of risk factors

for recurrence

All patients were regularly followed for a median

72 months (range 50–96 months) after surgery. Six (3.2 %)

patients had recurrences at a median of 28 months (range

7–57 months) after surgery, five in the lateral neck alone

and one in the central and lateral neck. ROC curve analyses

showed that the AUC of tumor size was 0.827 (95 % CI

0.709–0.945, P = 0.007), with a cutoff value for tumor

size of 1.25 cm. Univariate analysis revealed that tumor

Table 1 Patient characteristics (N = 185)

Variables N %

Sex

Male 39 21.1

Female 146 78.9

Median age, years (range) 47 (18–87)

Primary tumor

Mean size, cm (range) 1.2 (0.3–5.5)

Multifocality 60 32.4

Bilaterality 32 17.3

Extrathyroidal extension 86 46.5

T classification (T1/T2/T3/T4a)a 71/2/106/6

Central lymph nodes (n = 149)

Nodal involvement 67 45.0

Extranodal extension 5 3.4

Surgery

Total thyroidectomy 178 96.2

Lobectomy and isthmusectomy 7 3.8

No CLND 36 19.5

Unilateral CLND 110 59.5

Bilateral CLND 39 21.0

MACIS score, median (range) 4.6 (3.2–8.8)

Median follow-up, months (range) 72 (50–96)

Recurrence 6 3.2

Lateral neck alone 5 2.7

Central and lateral neck 1 0.5

CLND central neck lymph node dissection, MACIS metastasis, age,

completeness, invasiveness, and size
a American Joint Committee on Cancer (AJCC) tumor-node-metas-

tasis stage (7th ed., 2010)
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Table 2 Relationships between clinicopathologic variables and recurrence in the 185 study patients

Variable N (%) 5-year RFS (%) HR (95 % CI)a P value

Age (year)

\45 80 (43.2) 96.4 1

C45 102 (56.8) 96.9 1.20 (0.24–5.93) 0.826

Gender

Male 39 (21.1) 100

Female 146 (79.9) 95.8 5.38 (0.08–365.62) 0.207

Primary tumor size (cm)

B1.25 128 (69.2) 99.2 1

[1.25 57 (30.8) 91.2 11.32 (1.32–96.93) 0.005*

Multifocality

No 125 (67.6) 98.4 1

Yes 60 (32.4) 93.2 4.25 (0.78–23.19) 0.069

Bilaterality

No 153 (82.7) 98.0

Yes 32 (17.3) 90.4 2.19 (1.08–4.88) 0.033*

Macroscopic ETE

No 99 (53.5) 98.8

Yes 86 (46.5) 94.1 5.81 (0.68–49.71) 0.069

Microscopic ETE

No 76 (41.1) 97.1

Yes 109 (58.9) 96.3 1.40 (0.26–7.65) 0.696

T classification

T1–3 179 (96.8) 99.7

T4a 6 (3.2) 66.7 15.71 (2.88–85.89) \ 0.001*

IO diagnosis of LN involvement

No 137 (74.1) 99.2

Yes 48 (25.9) 89.6 14.63 (1.71–125.25) 0.001*

Pathologic LN involvementb

No 83 (55.7) 98.7

Yes 66 (44.3) 93.9 5.10 (0.57–45.63) 0.104

No. of involved LNsb

B2 120 (80.5) 97.4

C3 29 (19.5) 93.1 2.80 (0.47–16.76) 0.239

Lymph node ratiob,c

B0.4 130 (87.2) 97.6

[0.4 19 (12.8) 89.5 4.73 (0.79–28.31) 0.060

Nodal ECS

No 144 (96.6) 96.5

Yes 5 (3.4) 100 – 0.673

MACIS

Low risk (\6) 155 (83.8) 96.7 1

High risk (C6) 30 (16.2) 96.7 1.04 (0.12–8.86) 0.975

Thyroidectomy

Hemithyroidectomy 7 (3.8) 100

Total thyroidectomy 178 (96.2) 96.5 – 0.620

198 World J Surg (2015) 39:194–202

123



size (P = 0.005), bilaterality (P = 0.033), advanced tumor

(T4, P \ 0.001), and intraoperative diagnosis of central LN

metastasis (P = 0.002) were significantly associated with

recurrence (Table 2). Multivariate analyses showed that T4

disease (HR 6.32, 95 % CI 1.01–39.80; P = 0.049) and

intraoperative diagnosis of central LNM (HR 11.59, 95 %

CI 1.32–101.86; P = 0.027) were independent factors

predictive of recurrence (Table 3; Fig. 2).

Surgical morbidity and follow-up

Of the 185 patients, 34 (18.4 %) had temporary hypocal-

cemia and two (1.1 %) had permanent hypocalcemia

(Table 4). The temporary hypocalcemia rate was signifi-

cantly higher in patients who underwent bilateral CLND

than in those who underwent unilateral CLND and those

who did not undergo CLND (2/36 vs. 21/110 and 11/39,

P = 0.039). Permanent vocal fold paralysis occurred in

five patients, with significant invasion of the unilateral

recurrent laryngeal nerve by tumors. Temporary vocal fold

paralysis was observed in two patients, both of whom

recovered within 3 months; this rate did not differ in

patients with and without CLND (0/36 vs. 2/143,

P = 0.479). Two patients showed postoperative bleeding

and one had minimal chyle leakage.

Assessment of the six patients with recurrence included

level II, III, or IV of the lateral neck ipsilateral to the primary

tumor in five patients, and ipsilateral levels II and IV and the

thyroidectomy bed in one patient. All six patients with tumor

recurrences underwent modified radical neck dissection on

the ipsilateral side. Five of these patients remain alive

without tumor recurrence at the last follow-up; the sixth

patient died without evidence of diseases at age 94 years.

Fourteen patients who underwent lobectomy for a non-

metastatic, low-risk PTMC did not receive postoperative

radioactive I131 ablation. Other remaining patients received

I131 ablation of median 80 mCi (range 30–150 mCi). Most

patients underwent TSH suppression thyroxine therapy,

and four patients with lobectomy refused the therapy.

Discussion

This study examined the risk factors for recurrence in 185

patients with PTC and clinically node-negative lateral neck

who underwent thyroidectomy with or without CLND. All

patients underwent preoperative US, FNA, and intraopera-

tive central LN biopsy. Although the incidence of central LN

metastases was high (45 %) in these patients, only 3.2 %

experienced postoperative recurrences, mostly in the lateral

neck. Although the lateral neck is the second most common

site of PTC metastasis, few studies have assessed elective

LLND and its prognostic implications. The efficacy of pro-

phylactic LLND for patients without clinically node-nega-

tive lateral neck remains unclear [11, 12], although our data

suggest that prophylactic LLND is not necessary due to the

Table 2 continued

Variable N (%) 5-year RFS (%) HR (95 % CI)a P value

CLND

No 36 (19.5) 96.9 1

Ipsilateral 110 (59.5) 98.1 0.66 (0.06–7.22) 0.730

Bilateral 39 (21.0) 92.3 2.84 (0.30–27.99) 0.366

RAI

No 67 (36.2) 100

Yes 118 (63.8) 94.8 – 0.291

RFS recurrence-free survival, HR hazard ratio, CI confidence interval, ETE extrathyroidal extension, LN lymph node, IO intraoperative, ECS

extracapsular spread, CLND central neck LN dissection, RAI postoperative radioactive I131 ablation
a Cox-proportional hazards model, * P \ 0.05
b Of the 149 patients who underwent central unilateral or bilateral neck LN dissection
c Calculated by dividing the number of positive LNs by the total number of LNs removed. When central LNs were involved only on the

ipsilateral side, the total number of LNs was the number of ipsilateral paratracheal and pretracheal/prelaryngeal LNs harvested

Table 3 Multivariate analysis of clinicopathologic factors predictive

of recurrence

Variable HR 95 % CI P value

Tumor size ([1.25/B1.25 cm) 6.38 0.66–61.48 0.109

Tumor bilaterality (yes/no) 2.87 0.56–14.66 0.206

T classification (T4a/T1–3) 6.32 1.01–39.80 0.049

IO diagnosis of LN involvement

(yes/no)

11.59 1.32–101.86 0.027

HR hazard ratio, CI confidence interval, ETE extrathyroidal exten-

sion, IO intraoperative, LN lymph node
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relatively low recurrence rate. The expectant management of

the lateral neck appears to be reasonable in patients with

clinically node-negative lateral neck.

Previous studies assessed the risk factors for lateral

cervical LN metastasis in patients who underwent pro-

phylactic LLND for PTC with clinically node-negative

lateral neck [10, 18–20]. A recent report showed that the

LN metastasis rate in 603 consecutive patients with clini-

cally negative neck who underwent bilateral CLND and

LLND was 23 %, including 8 % with occult lateral neck

metastasis; thus, in these patients, metastatic LN in the

lateral neck was significantly associated with LN metas-

tasis [18]. Another recent study reported that the LN

metastasis rate, as confirmed by intraoperative frozen

biopsy, in 62 patients with PTC who underwent prophy-

lactic LLND after ipsilateral central metastasis was 55 %,

with primary tumor size and an increased number of

positive bilateral central LNs being risk factors for occult

lateral LN metastasis [19]. A Japanese group utilized an

aggressive surgical protocol, including thyroidectomy,

CLND, and prophylactic LLND, in 1,231 PTC patients

without preoperatively detectable lateral LN metastasis

[20]. Lateral LN metastasis was detected in 40.5 % of these

patients and was significantly associated with male gender,

age C55 years, tumor size [3 cm, and massive extrathy-

roid extension. A systemic review of LN metastasis in PTC

showed that the frequency of occult lateral LN metastasis

was dependent on T stage, with an overall metastatic rate

of 57.5 % [10]. Although these studies reported risk factors

for occult lateral LN metastasis in patients who underwent

prophylactic LLND, few studies have assessed the risk

factors for lateral nodal recurrence in patients who did not

undergo routine LLND. Although the surgical approach we

used was less aggressive than in previous studies [18–20],

we observed a low recurrence rate, perhaps due to the

routine use of postoperative radioactive iodine therapy.

We investigated the risk factors for recurrence in PTC

patients without prophylactic LLND, emphasizing the

clinical importance of intraoperative diagnosis of meta-

static LNs, whether or not they were sentinel LNs. Uni-

variate analysis showed that primary tumor size, tumor

bilaterality, massive extrathyroidal extension (T4a), and

intraoperative diagnosis of LN involvement were signifi-

cant predictors of recurrence, with T4 disease and intra-

operative diagnosis of LN involvement being

independently associated with recurrence on multivariate

analysis. Local PTC invasiveness has been shown to be

prognostic [20], but the prognostic implications of intra-

operative central LN biopsy had not been prospectively

evaluated. More frequently, intraoperative LN biopsy

detected larger metastatic foci in lateral than in false-neg-

ative LNs. Most false-negative nodes contained metastatic

foci B4.0 mm in size, which may not significantly affect

recurrence after surgery and postoperative iodine ablation

therapy. Intraoperative LN biopsy may be used to select

patients who would benefit from compartment neck dis-

section, thus reducing unnecessary LLND and its possible

morbidity in these patients. Minimizing the risks of

comorbidities is of great importance in PTC patients with

excellent prognoses [21], whereas aggressive surgery may

lead to more complications without additional benefits.

Extension of the surgical field and tissue peeling using a

more aggressive neck dissection may increase postopera-

tive pain, neck and shoulder movement limitations, as well

as sensory abnormalities [22, 23].

Although this study had the advantages of prospective

data collection, analysis, and follow-up, it had several

limitations. Our patients did not undergo routine LLND for

Fig. 2 Kaplan–Meier analyses of recurrence-free survival according to the tumor size (a B1.25 vs. [1.25 cm), T classification (b pT1–3 vs.

pT4), and intraoperative diagnosis of central lymph node metastasis (c). Log-rank test, P = 0.005 (a), P \ 0.001 (b) and P = 0.001 (c)
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PTC with clinically node-negative lateral neck. Random-

ized controlled trials of prophylactic LLND may be pre-

cluded by the considerable additional cost and morbidity.

However, the present study is the first to show a significant

association between intraoperative central LN diagnosis

and recurrence. Sentinel LN biopsy is not currently often

used but may be helpful in providing this additional prog-

nostic information. In addition, this may guide in selecting

the patients who need to undergo central LN dissection to

remove metastatic diseases in the central compartment. It

remains unclear, however, whether improvements in the

detection of small microscopic metastases in the central

neck lead to better prediction of post-treatment recurrence.

In conclusion, our results indicate that routine prophy-

lactic LLND is unnecessary in patients with PTC with

clinically node-negative lateral neck. The size, bilaterality,

and presence of T4 disease in the primary tumor, as well as

the intraoperative diagnosis of metastatic nodes in the

central compartment, were risk factors for recurrence.

Intraoperative LN biopsy may be the reliable methods of

selecting patients at risk for recurrence and those who

would benefit from neck dissection. Our findings may

require confirmation in prospective studies of patients

randomized to intraoperative LN biopsy or neck dissection.
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