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a b s t r a c t

Background: The 2015 American Thyroid Association (ATA) guidelines recommend pursuing total thy-
roidectomy with therapeutic central lymph-node dissection (CND) in patients with clinically apparent
nodal disease (cN1a), regardless of tumor size. The aim of this study was to investigate whether total
thyroidectomy is necessary for thyroid papillary microcarcinoma (PTMC) patients with preoperative
unilateral cN1a.
Methods: This study included 295 papillary thyroid microcarcinoma patients who underwent total
thyroidectomy with bilateral CND from January 2012 to June 2015.
Results: The median follow-up time was 42.5 months. Locoregional recurrence (LRR) was observed in
only two (0.9%) patients. Among 70 cN1a patients, only 19 (27.1%) were at intermediate risk for disease
recurrence and required total thyroidectomy per the ATA guidelines. Lobectomy can be considered as a
treatment option for the remaining patients (72.9%).
Conclusions: Our study showed that more than two-thirds of PTMC patients with clinical nodal disease
who underwent total thyroidectomy and CND were actually lobectomy candidates. Total thyroidectomy
as the first surgical option for cN1a, especially in PTMC patients, should be reconsidered.

© 2021 Published by Elsevier Inc.
1. Introduction

In the last decade, the paradigm of treating thyroid cancer has
shifted from adopting the maximum tolerated treatment to instead
using the minimum necessary treatment. Recently published
studies have emphasized an active surveillance strategy as the ideal
treatment option for low-risk thyroid papillary microcarcinoma
(PTMC) unless the patient presents with high-risk features such as
clinically involved nodal disease, distant metastasis, high-grade
malignancy on cytology, tumor abutting the trachea or recurrent
laryngeal nerve, tumor enlargement, or novel lymph-node metas-
tasis during observation.1e10 According to the 2015 American Thy-
roid Association (ATA) guidelines, the initial surgical procedure
should include total thyroidectomy with central-compartment
gery, Department of Surgery,
chool of Medicine, 81 Irwon-
neck dissection (CND) for thyroid cancer patients with clinically
suspected nodal disease (cN1a) without a specific tumor size.11

It is evident that lobectomy exhibits the pros of less surgery-
related complications such as vocal cord palsy or hypoparathy-
roidism relative to total thyroidectomy. In addition, lobectomy
patients may not necessarily need to take lifelong thyroid
hormones.12e14 In a similar fashion, the extent of node dissection
has an impact on the incidence of surgery-related complications
and resultant discomfort. Apparently, bilateral CND leads to less
favorable surgery-related complications as compared with unilat-
eral CND.15e17 The Updated American Joint Committee on Cancer
(AJCC)/TumoreNodeeMetastasis Staging System for Differentiated
and Anaplastic Thyroid Cancer (eighth edition) reported that the
10-year survival rate is not significantly affected by the stage of
thyroid cancer with the exception of advanced stages in old age.18

Thus, local recurrence and the postoperative quality of life remain
important issues.19e21

The present study grew from the larger desire to elucidate how
endocrine surgeons might decide the extent of surgery to conduct

mailto:jskim0126@skku.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjsurg.2021.08.015&domain=pdf
www.sciencedirect.com/science/journal/00029610
www.americanjournalofsurgery.com
https://doi.org/10.1016/j.amjsurg.2021.08.015
https://doi.org/10.1016/j.amjsurg.2021.08.015
https://doi.org/10.1016/j.amjsurg.2021.08.015


K. Back, J. Lee, J.-H. Choe et al. The American Journal of Surgery 223 (2022) 635e640
in PTMC patients with clinically involved nodal disease. Specifically,
this study aimed to evaluate whether total thyroidectomy is the
only treatment for PTMC patients with clinical nodal disease by
analyzing the final pathology results retrospectively. Furthermore,
we attempted to present clinical evidence to help better stratify the
choice of surgical strategy for thyroid cancer.
2. Materials and methods

2.1. Patient selection

This study was approved by the Institutional Review Board at
Samsung Medical Center, a tertiary referral center in Seoul, Korea.
We conducted a retrospective study at this single institution from
January 2012 to June 2015. We reviewed patients who were diag-
nosed with papillary thyroid carcinoma (PTC) and who underwent
total thyroidectomy with bilateral CND. Patients with the following
were excluded from this study: tumor size larger than 1 cm, a
history of previous thyroidectomy, an age younger than 18 years or
older than 80 years, cN1b confirmed by fine-needle aspiration
with/without thyroglobulin(Tg) washout measurement, non-PTC
carcinomas (follicular/medullary/anaplastic), PTC variants, mixed-
type PTC, preoperatively detected bilateral PTC, completion thy-
roidectomy, distant metastasis, and follow-up duration of less than
six months [residual tumor or suspicious lymph node (LN) detected
within six months after the initial surgery or loss to follow-up
within six months]. Finally, a total of 295 patients were chosen
for the final analysis (see Fig. 1).

All patients were assessed by US preoperatively to evaluate the
primary tumor and the presence of suspected nodal metastases.
Suspicious thyroid lesions were diagnosed by fine-needle aspira-
tion (FNA) or rarely core needle biopsy. Clinically involved central
nodal disease (cN1a) was defined as LN metastases in the central
neck compartment on preoperative US per the ATA guidelines.
2.2. Surgical methods

Surgical strategies were chosen according to the ATA guidelines.
Therapeutic CND was performed after metastatic CLN was detected
during preoperative US. Patients whowere ruled as clinically node-
negative by preoperative US underwent prophylactic CND since
Fig. 1. Flow cha
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they had bilateral thyroid surgery. CND was defined as a level VI
dissection extending superiorly to the hyoid bone, inferiorly to the
innominate artery, laterally to the carotid sheaths, and dorsally to
the prevertebral fascia. The central-compartment LNs included the
pretracheal, prelaryngeal, and paraesophageal LNs. The term
“ipsilateral” was used to indicate the same side as the main tumor,
while “contralateral” referred to the opposite side of the main tu-
mor. In cases of bilateral tumors, the largest tumor was considered
to be the main tumor. Open or minimally invasive (endoscopic or
robotic) thyroidectomy was chosen based on patients’ preferences
after a thorough discussion of the pros and cons of each approach.
2.3. Histopathological examination of surgical specimens

Surgical specimens were microscopically examined by two or
more experienced pathologists. The following histopathologic fac-
tors were assessed: main tumor size (longest diameter of the
largest lesion), cell type of the main tumor, multifocality, bilater-
ality, extrathyroidal extension (ETE) (microscopic or gross),
regional lymph-node metastasis (central or lateral compartment),
and underlying conditions of the thyroid such as chronic lympho-
cytic thyroiditis (CLT). In our institution, the largest node among the
metastatic LNs was measured. In cases of metastatic LNs with
multiple tumor deposits in a single LN, the pathologist measured
the largest dimension of the largest deposit. Multifocality was
defined as the presence of more than two lesions in one lobe,
regardless of bilaterality. ETE was defined as involvement of peri-
thyroidal soft tissues, including fibro-adipose tissue, strap muscles,
nerves, and small vascular structures by direct extension of the
thyroid tumor. In addition to gross ETE, minimal (minor or micro-)
ETE detected only by microscopic examinationwas also included. If
all involved tissue was completely removed along with the tumor,
the resection margin was reported as negative. The staging of
thyroid cancer was determined in accordance with the seventh
edition of the AJCC Cancer StagingManual and the Future of TNM.22
2.4. Postoperative follow-up and management

After the initial surgery, all patients underwent regular follow-
up assessments at six-to 12-month intervals with clinical evalua-
tions including physical examinations; US, thyroid function testing
rt of study.
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(including T3, free T4, TSH), and the measurement serum Tg level
together with its antibody. CT or iodine-131 (131I) scans was per-
formed if clinically needed during follow up. Suspicious lesions for
recurrence were evaluated by US-guided FNA biopsy with or
without Tg washout level and/or CT or positron-emission tomog-
raphy (PET). Locoregional recurrence was defined as the presence
of tumors or metastatic LNs on cytology from FNA or the elevation
of the Tg washout level. Radioactive iodine (RAI) therapy was per-
formed with 131I at four to 12 weeks after surgery according to the
ATA guidelines. RAI was applied after thyroid hormone withdrawal
or after stimulation with recombinant thyroid-stimulating hor-
mone. When RAI treatment was no longer required, patients
resumed regular follow-up.

2.5. Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences version 24.0 software program (IBM Cor-
poration, Armonk, NY, USA). Variables with p-values of less than
0.05 were considered to be statistically significant. The chi-squared
test and Student's t-test were used to compare categorical variables
between unilateral cN1a patients and cN0 patients. For multivariate
analysis, we used logistic regression to identify associated variables.

3. Results

3.1. Clinicopathological characteristics of 295 PTMC patients

The 295 study participants were divided into two groups ac-
cording to preoperative physical and radiologic CLN status as fol-
lows: 225 (76.3%) patients without suspected metastatic CLN (cN0)
and 70 (23.7%) patients with suspicious ipsilateral metastatic CLN
(cN1a). The median follow-up time was 42.5 months. The clinico-
pathological characteristics of the patients in the two groups are
compared in Table 1. A comparison of the two groups showed that
the findings concerning age (P < 0.001), tumor size (P ¼ 0.040),
multiplicity (P < 0.001), number of retrieved CLNs (P < 0.001),
central LN metastasis (P < 0.001), number of metastatic CLNs (P ¼
0.001), and the largest LN diameter (P ¼ 0.044) were significantly
different. The proportion of patients with tumors larger than 0.5 cm
was higher in the cN1a group than in the cN0 group (87.1% vs.
75.6%; P ¼ 0.040). Central LN metastasis was more frequent in the
cN1a group as compared with in the cN0 group (77.1% vs. 38.7%;
P < 0.001). The frequency of ipsilateral metastatic CLN was 43.5% in
the cN0 group and 75.7% in the cN1a group (P < 0.001). Contra-
lateral central LNmetastasis occurred in 11.6% of patients in the cN0
group and 12.9% in the cN1a group (P ¼ 0.769). All contralateral
central LN metastasis were microscopic metastasis because only
unilateral cN1a patients were enrolled. The percentage of patients
with more than five metastatic LNs was 4.0% in the cN0 group and
17.1% in the cN1a group (P ¼ 0.001). Moreover, the largest LN
diameter being at least 2 mm was occurred more in cN1a group
than cN0 group (11.4% vs 4.4%; P ¼ 0.044). Recurrence (P ¼ 1.000)
were not statistically different between the groups. LRR was
observed in two (0.9%) patients in the cN0 group and none in the
cN1a group (Table 1).

Factors associated with the largest metastatic central LN
measuring greater than 2 mm and/or the presence more than five
metastatic central LNs.

During univariate analysis, unilateral cN1a (odds ratio: 2.08; P¼
0.057) was the most associated factor for metastatic LN size�2mm
and/or >5 LN metastasis in pathologically proven N1a (pN1a) pa-
tients, but it was not statistically significant. In multivariate anal-
ysis, no risk factors for metastatic LN size �2 mm and/or >5 LN
metastasis were founded after adjusting sex, age, tumor size,
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multifocality, ETE, and unilateral cN1a (Table 2). We assumed that
the reasonwhy it is statistically difficult to determine intermediate
risk patients based on analyzed risk factors, as presented in Table 1,
there were no significant associated factors because of the small
number of PTMC patients with the largest metastatic central LN
measuring at least 2 mm.

3.2. Number of metastatic LNs and size distribution of patients with
unilateral cN1a

In 70 PTMC patients with unilateral cN1a, the pathologic nodal
status of 51 (72.9%) patients were pN0 or having five metastatic
CLNs with the largest node size being less than 2 mm; thyroid lo-
bectomy instead of total thyroidectomy could have been considered
in such patients with microscopic metastatic CLN. The remaining
patients (27.1%) had either largest metastatic LN sizes of at least
2 mm or more than five metastatic CLNs or had more than five
metastatic CLNs with the largest node being smaller than 2 mm or
pN0; of these, 11 patients (15.7%) had more than five metastatic
CLNs with the largest node being smaller than 2 mm or pN0, seven
patients (10.0%) had less than five metastatic CLNs with the largest
node being greater than 2 mm, and one (1.4%) patient had more
than five metastatic CLNs with the largest node being greater than
2 mm (Table 3). This group of patients actually belonged to the
intermediate-risk category for disease recurrence according to the
ATA guidelines and total thyroidectomy could have been an optimal
treatment choice for these patients.

4. Discussion

Previous studies have reported that LN metastasis in PTMC pa-
tients is quite common and the proportion of metastatic CLN varies
from 31% to 64%.23e26 For thyroid cancer patients with cN1a, the
2015 ATA guidelines recommend total thyroidectomy with CND
regardless of tumor size. This recommendationwas made based on
the recurrence rate of up to 20% found in cN1a patients. In this
study, we retrospectively reviewed the final pathology results of
PTMC patients with preoperative cN1a who underwent total thy-
roidectomy and CND. Among 70 PTMC patients with cN1a, as many
as 70% of patients had less than five metastatic CLNs with the
largest node size being less than 2 mm. These patients are
considered at low risk for recurrence per the ATA guidelines and
hemi-thyroidectomy could be sufficient treatment in this group.
The rest of the patients were expected to have more than five total
metastatic CLNs and/or a largest metastatic CLN size of greater than
2 mm and were categorized as at intermediate risk of recurrence;
for these individuals, total thyroidectomy can be considered as a
treatment option. In PTMC patients, the proportion of lobectomy
candidates was about 73% even though most showed a preopera-
tive cN1a status (Table 3).

It is known that regional LN metastasis in PTC patients is an
independent predictor of a greater risk of recurrence.27e29 Some
authors have reported that LN metastasis in PTMC is associated
with LRR23,30,31; on the other hand, others have claimed that
microscopic LNM does not have an effect on LRR or decrease the
survival rate.32,33 The long-term effect of metastatic CLN on
locoregional recurrence in PTMC patients has not been made clear
yet. According to our results, recurrence occurred in only two pa-
tients (0.7%) in whole cohort (Table 1), and the events were inad-
equate to analyze for recurrence. Low-risk microscopic metastasis
was predominant in PTMC patients with unilateral cN1a as the final
pathology; thus, total thyroidectomywith bilateral nodal dissection
for patients with cN1 disease should be reconsidered as a blanket
recommendation for all patients with PTMC.

To minimize overtreatment, it would be helpful to conduct



Table 1
Clinicopathological characteristics of 295 cN0 and unilateral cN1a PTMC patients.

cN0
no. (%)

Unilateral cN1a
no. (%)

P-Value

Total 225 (76.3) 70 (23.7)
Sex 0.869
Male 43 (19.1) 14 (20.0)
Female 182 (80.9) 56 (80.0)
Age <0.001
Mean ± SD 50.6 ± 10.3 41.7 ± 9.7
<55 148 (65.8) 64 (91.4)
�55 77 (34.2) 6 (8.6)
Tumor size (cm) 0.040
Mean ± SD 0.70 ± 0.17 0.73 ± 0.16
�0.5 55 (24.4) 9 (12.9)
>0.5 170 (75.6) 61 (87.1)
Multiplicity <0.001
Absent 0 (0.0) 50 (71.4)
Present 225 (100.0) 20 (28.6)
BRAF mutationa 0.254
Absent 17 (9.6) 6 (15.8)
Present 161 (90.4) 32 (84.2)
Gross extrathyroidal extension 1.000
Absent 210 (93.3) 65 (92.9)
Present 15 (6.7) 5 (7.1)
Chronic lymphocytic thyroiditis 0.819
Absent 148 (65.8) 45 (64.3)
Present 77 (34.2) 25 (35.7)
Retrieved central LNs (no.) <0.001
Mean ± SD 7.0 ± 4.5 9.9 ± 4.5
Central LN metastasis <0.001
Absent 138 (61.3) 16 (22.9)
Present 87 (38.7) 54 (77.1)
Contralateral central LN metastasis 0.769
Absent 199(88.4) 61(87.1)
Present 26 (11.6) 9(12.9)
Number of metastatic central LNs (no.) 0.001
Mean ± SD 1.1 ± 2.2 2.7 ± 2.5
& 5 216 (96.0) 58 (82.9)
>5 9 (4.0) 12 (17.1)
Largest size of metastatic LN(mm) 0.044
<2.0 215 (95.6) 62 (88.6)
S 2.0 10 (4.4) 8 (11.4)
Loco-regional recurrence 1.000
Absent 223 (99.1) 70 (100.0)
Present 2 (0.9) 0 (0.0)

PTMC indicates papillary thyroid microcarcinoma; cN0, no suspicious central lymph node metastasis; cN1a, suspicious central lymph node metastasis; no, number;
SD, standard deviation; LN, lymph node; LNM, lymph node metastasis.

a Counted only in administered patients.

Table 2
Associations between number of CLNM >5 and/or largest central LN size �2 mm and clinicopathological characteristics of PTMC patients with pathologically-proven N1a
(n ¼ 141)a.

Clinicopathological characteristics Univariate analysis Multivariate analysis

Adjusted OR 95% CI P-Value Adjusted OR 95% CI P-Value

Male sex (Ref ¼ female) 0.96 0.41e2.23 0.920 1.00 0.42e2.42 0.991
Age <55 (Ref ¼ � 55) 1.92 0.67e5.46 0.216 1.68 0.55e5.14 0.362
Tumor size (cm) 0.350 0.605
�0.5 Ref Ref
>0.5 1.73 0.54e5.48 1.38 0.41e4.67
Multifocality (Ref ¼ absent) 0.86 0.40e1.87 0.709 1.01 0.45e2.27 0.981
ETE (Ref ¼ absent) 0.33 0.40e2.76 0.445 1.76 0.77e4.02 0.181
Chronic lymphocytic thyroiditis (Ref ¼ absent) 1.65 0.75e3.65 0.212 N/A
Unilateral cN1a (Ref ¼ cN0) 2.08 0.97e4.46 0.057 1.93 0.85e4.38 0.115

PTMC indicates papillary thyroid microcarcinoma; cN0, no suspicious central lymph node metastasis; cN1a, suspicious central lymph node metastasis; CLNM, central lymph
node metastasis; OR, odds Ratio; CI, confidence interval; ETE, extrathyroidal extension; cN1a, clinical N1a; Ref, reference; N/A, not available.

a Patients without pathologically proven N1a were excluded.
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intraoperative frozen-section analysis, if available. Some studies
have shown the usefulness of intraoperative frozen section in
determining extent of surgery, on the other hand, others have
638
demonstrated that intraoperative frozen section has limited utility
in thyroid surgery.34,35 Although further studies are mandatory for
clarifying the accuracy and effectiveness of using intraoperative



Table 3
Metastatic LN number and size distribution of 70 PTMC patients with unilateral cN1a.

N ¼ 70 Number of CLNM �5 or pN0 Number of CLNM >5

Largest metastatic LN size <2 mm or pN0 51 (72.9%) 11 (15.7%)
Largest metastatic LN size � 2 mm 7 (10.0%) 1 (1.4%)

PTC indicates papillary thyroid carcinoma; LN, lymph node; cN1a suspicious central lymph node metastasis; CLNM, central lymph node metastasis; LN,
lymph node; pN0, pathologically proven no central lymph node metastasis.
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frozen sections, intraoperative frozen section still has some
advantages.36e38 By assessing frozen sections, it is possible to
discern details about the nodal status such as the LN size or number
of metastatic LNs or at least metastatic status, which could help to
determine the necessary extent of surgery. In addition, the exam-
ination of frozen sections would be useful especially in patients
with chronic lymphocytic thyroiditis with LN enlargement. Our
data indicated that 35% of patients had chronic lymphocytic
thyroiditis (Table 1). In the context of this inflammatory condition,
it is challenging to conduct exact differentiation of metastatic LNs
from reactive ones, however, intraoperative frozen exam will be
helpful for the differential diagnosis. It is no doubt that intra-
operative frozen exam is more precise than intraoperative gross
inspection or palpation. Although this usually takes additional time
and has limit to the accuracy of diagnosis, intraoperative frozen
biopsy can be helpful for determining the necessary surgical extent.
Further study about predictability of intraoperative frozen biopsy is
needed.

There were several limitations to this study. First, this was a
nonrandomized, retrospective, relatively small cohort study per-
formed in a single institution. Potential confounding variables may
not have been identified. Since all patients in this cohort underwent
total thyroidectomy and bilateral CND, this surgical intervention
itself may have influenced the recurrence rate. In addition, there
was a statistical limitation to clearly predict intermediate risk PTMC
patients by analyzed risk factors due to a relatively small sample
size of the cohort. This issue is an inevitable limitation in retro-
spective research, however, we consider that it doesn't invalidate
our results. Larger prospective randomized controlled trials with
additional intraoperative frozen data to compare the long-term
effect of lobectomy to that of total thyroidectomy in cN1a PTMC
patients are needed. Second, inter-observer variation in the
detection and interpretation of cervical LN metastasis and incon-
sistent surgical management are possible concerns because of the
long-term period of data collection. Third, our findings may not be
applicable to all centers, especially those ranked below tertiary
centers without skilled pathologists or where frozen section ex-
amination is not available.
5. Conclusion

In this study, we investigated the pathologic CLN status of PTMC
patients, especially focusing on the number and size of metastatic
LNs. Our retrospective data showed that about 70% of PTMC pa-
tients with preoperative cN1a who underwent total thyroidectomy
actually were viable lobectomy candidates. We expect that the
identification of nodal status using intraoperative frozen sections
would reduce overtreatment. It should be reconsidered that total
(or near-total) thyroidectomy is a mandatory surgical option in
preoperative cN1a patients regardless of considering other clini-
copathological factors, especially in case of PTMC. The strategy for
the surgical treatment of thyroid cancer needs to be further refined.
For this, careful preoperative clinical examinations, meticulous
radiologic evaluations, and intraoperative frozen-section collection
639
are prerequisites.
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