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Background: After initial surgical treatment of differentiated thyroid cancer (DTC) residual lymph node metastases
are often found at the time of radioactive iodine (131I) therapy. Recurrence of DTC is due to persistent disease not
removed at initial surgery which also did not respond to 131I treatment. This study aimed at determining locations of,
and reasons for, residual nodal metastases detected by 131I scans with single-photon emission computed tomography
(SPECT/CT) obtained prior to radioiodine therapy following surgical treatment of DTC.
Methods: This is a retrospective study of 352 patients with intermediate and high-risk DTC treated with 131I therapy
at the University of Michigan from 2007 to 2014. All patients underwent total thyroidectomy with or without lymph
node dissection followed by radioiodine therapy. Pre-ablation diagnostic 131I scans with SPECT/CT were used
postoperatively to localize nodal metastases, which were then compared with the cervical lymph node basins
dissected at the time of surgery to determine the reason for residual nodal metastases: incomplete nodal dissection
versus preoperative unrecognized nodal metastases.
Results: Of the 352 patients in the study, 146 (41.5%) had residual nodal metastases detected on 131I scans with
SPECT/CT following initial surgery but prior to 131I therapy. Among the 146 patients with residual disease, there
were a total of 218 distinct nodal metastases. Relative to the primary tumor, 71.6% (n = 156) of metastases were
ipsilateral, 22.0% (n = 48) were contralateral, and 6.4% (n = 14) were non-sided in the central neck (level VI/VII).
Cervical lymph node levels VI, III, and II had the greatest frequencies of residual metastases (33.9%, 22.9%, 18.8%,
respectively). Residual metastases occurred because of incomplete nodal dissection (49.3%), lack of preoperative
identification (37.7%), or a combination of both (13%).
Conclusion: Residual nodal metastasis following initial surgical treatment for regionally advanced differentiated
thyroid cancer is rather common on highly sensitive 131I scans with SPECT/CT and is due to both unrecognized
nodal involvement preoperatively and incomplete removal of metastatic lymph nodes during compartment-orientated
nodal dissection. The surgical management of high-risk DTC should include preoperative imaging to evaluate for
nodal metastases in the central and lateral neck and compartment-orientated nodal dissection of involved com-
partments. Attention should be given to complete dissection in levels VI, III, and II, particularly when dissecting
compartments ipsilateral to the primary tumor.

Keywords: thyroid cancer, thyroidectomy, radioiodine, persistent thyroid cancer, papillary thyroid cancer
surgery, lymph node dissection

Introduction

Approximately 63,000 new cases of thyroid cancer
occur in the United States each year, and more than 90%

are due to differentiated thyroid cancer (DTC). Cervical
lymph node metastasis occurs in 20–50% of patients with

DTC and this nodal involvement varies from clinically rel-
evant macrometastasis to seemingly clinically irrelevant
micrometastasis noted only after prophylactic central neck
dissection (1–3). The prognostic implications of regional
lymph node metastasis in patients with papillary thyroid
cancer include higher rates of recurrent disease, the need for
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additional treatment with surgery and/or radioiodine, and an
increase in relative risk of death (4–7). In patients with pre-
operative evidence of lymph node metastasis on physical exam
and/or imaging studies, total thyroidectomy with compartment-
orientated lymph node dissection and compartment-orientated
removal of malignant lymph nodes is the standard of care and is
recommended by the American Thyroid Association guidelines
for the treatment of DTC (1). This compartment-orientated
approach to resection of lymph node metastases typically in-
cludes central compartment (level VI) or central and lateral
compartment (levels II–V) dissection, depending on the extent
of disease.

Despite attempts to resect all regional metastatic disease at
the time of initial surgical therapy, residual malignant lymph
nodes are often found on imaging at the time of radioactive
iodine (RAI) treatment (5). Single-photon emission com-
puted tomography (SPECT/CT) is an imaging modality
with an image contrast resolution that is superior to earlier
gamma cameras and is used to enhance the sensitivity of 131I
(RAI) scanning to diagnose lymph node metastases post-
operatively. SPECT/CT features include improved intrinsic
resolution, scatter rejection technology, iterative reconstruction,
and CT-based attenuation correction algorithms for SPECT
which allows for detailed anatomic localization of residual
lymph node metastasis after surgery and may be more sen-
sitive in detection of small lymph node metastasis than ul-
trasound or CT imaging (5). Residual nodal metastases after
initial surgery can occur in both dissected and undissected
lymph node compartments and are therefore due to lack of
recognition of lymph node involvement on preoperative as-
sessment with physical exam and imaging, or intraoperatively
during direct inspection of lymph nodes during thyroidectomy.
Alternatively, residual nodal metastasis can also be due to in-
complete removal of involved lymph nodes in a surgically dis-
sected nodal compartment, such that metastatic lymph nodes are
left behind when performing lymph node dissection.

Persistent lymph node metastasis after initial surgical
treatment and radioiodine therapy is the most common eti-
ology of recurrent disease (1). Therefore, recurrent DTC is
persistent disease that was not removed at initial surgery and
that did not respond to radioactive iodine treatment. The
completeness of surgical resection is an important determi-
nant of outcomes because residual lymph node metastases
represent the most common site of disease persistence and
recurrence of DTC (5,8,9). Additionally, persistent lymph
node metastases often lose the ability to concentrate radio-
iodine, rendering additional RAI treatments ineffective (10).
Consequently, persistent cervical lymph node metastases that
do not respond to RAI therapy usually require reoperation if
residual disease is of significant size and volume to have
clinical relevance (11).

In an effort to further the understanding of persistent
lymph node metastasis after initial surgery treatment, this
study analyzed the postsurgical radioiodine SPECT/CT scan
results in patients with intermediate and high-risk DTC prior
to administration of 131I therapy. The first aim of this study
was to identify the most common anatomic locations of
persistent lymph node metastases following initial surgical
treatment of intermediate and high-risk DTC. The second aim
of this study was to identify the primary reasons for residual
malignant lymph nodes following initial surgical treatment of
intermediate and high-risk DTC which was deemed to be

either due to preoperatively unrecognized nodal involvement
and omission of nodal dissection or due to incomplete sur-
gical dissection of the involved lymph nodes.

Methods

Following institutional review board approval, a retro-
spective chart review of all patients with intermediate or
high-risk DTC treated with RAI at the University of Michi-
gan Health System between 2007 and 2014 was performed.
High and intermediate-risk DTC was defined by the Ameri-
can Thyroid Association (ATA) in 2009 as a tumor with any
of the following characteristics: ‡T2 stage, N1a or N1b stage,
any extrathyroidal extension, or vascular invasion (6). This
study population included patients with a diagnosis of pap-
illary, follicular, or Hürthle cell thyroid cancer who were
treated with adjuvant radioiodine therapy following initial
surgery. Patients not receiving radioiodine therapy were ex-
cluded from this study; therefore, patients with low-risk DTC
without an indication for postoperative radioiodine were not
included in this study. Patients having more than one surgical
procedure prior to RAI treatment, besides completion thy-
roidectomy after hemithyroidectomy, were also excluded
from this study.

Surgery was performed at either the University of Michi-
gan or at an outside institution and included total thyroidec-
tomy with or without a lymphadenectomy as dictated by the
clinical extent of disease noted on preoperative exam and
imaging studies. The decision to perform a lymph node dis-
section was based on preoperative evidence of lymph node
involvement by physical exam and any imaging that was
available for each patient, including cervical ultrasound and
cross-sectional imaging with CT, MRI, or PET/CT. The ap-
pearance of metastatic cervical lymph nodes on ultrasound
included a hypoechoic, rounded appearance with loss of fatty
hilum, microcalcifications or cystic change. On CT scan,
metastatic lymph nodes have an enlarged, rounded appear-
ance and enhancement with intravenous contrast. Patients
with preoperative evidence of level VI or VII lymph node
metastasis had a bilateral central neck dissection and patients
with lateral neck nodal involvement (levels II–V) had a
compartment-orientated lateral neck dissection in addition to
a central neck dissection. Prophylactic central neck dissec-
tion was performed at the discretion of the surgeon. Although
prophylactic central neck dissection was typical at the Uni-
versity of Michigan during the study period, similar decisions
regarding patients referred from outside institutions were at
the discretion of those providers. The decision to recommend
radioiodine therapy was made by the referring physician after
surgical pathology was available and was based on national
guidelines (1).

A retrospective review of patients’ medical records in-
cluding clinic notes, operative reports, pathology reports,
radiology reports, and outside hospital documents was per-
formed. The lobe(s) involved by the primary tumor were
classified into 6 distinct categories: left, right, multifocal,
isthmus, pyramidal, and unspecified. Multifocal primary tu-
mors were defined as those with more than one focus of
DTC and included all tumor sizes. The extent of surgery
(total thyroidectomy with or without central or lateral neck
dissection) and the pathologic staging based on operative
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pathology using American Joint Committee on Cancer stag-
ing criteria for DTC was noted.

After surgery, all patients underwent postoperative pre-
ablation 131I scans with SPECT/CT (diagnostic scans) per the
University of Michigan institutional protocol. Planar whole-
body scan and static neck and chest images were acquired in
anterior and posterior projections at 24 hours after oral ad-
ministration of 1 mCi (37 MBq) 131I. All patients underwent
routine SPECT/CT imaging with an axial field of view ex-
tending from the skull base to the diaphragm. All abnormal
activity foci seen on planar scans outside of the neck and
chest were also evaluated with SPECT/CT. Post-treatment
whole-body scan and static neck and chest images were ob-
tained at 2–3 days post-therapy in all patients to determine
therapeutic 131I localization, and the results were correlated
with the diagnostic scans. Patients then received radioiodine
treatment, and the prescribed therapeutic 131I activity (median
dose = 150 mCi; range 30–500 mCi) was based on all avail-
able information (histopathology, stimulated thyroglobulin,
and findings on diagnostic scans).

The primary outcome for this study was the presence of
residual lymph node metastasis detected on 131I SPECT/CT
obtained after initial surgery, but before treatment with ther-
apeutic 131I. Therefore, the efficacy of radioiodine therapy on
the treatment of these residual metastasis was not a primary
outcome measure of this study. The diagnostic and immediate
post-treatment scans were reviewed for the presence of rem-
nant thyroid tissue, residual tumor in the thyroid bed, residual
lymph node metastases, and distant metastases. The anatomic
location of iodine-avid cervical nodal metastases was deter-
mined using a standardized classification system proposed
by the American Head and Neck Society and the American
Academy of Otolaryngology–Head and Neck Surgery (12).
Residual lymph node metastasis was defined as any residual
activity noted on either RAI scan as iodine-avid nodules or
suspicious lymph nodes noted on SPECT/CT which did not
concentrate 131I. There were no patients with primary tumor
recurrence in the thyroid bed in the absence of central neck
lymph node metastases. If a patient had multiple, discrete
lymph node metastases, each lymph node was recorded as an
individual metastasis. The anatomic location of persistent
nodal metastases found on postoperative SPECT/CT was
compared with the cervical lymph node levels that were noted
to contain metastatic lymph nodes on preoperative imaging
and to the lymph node compartments dissected during the
initial surgical procedure in order to determine the reason for
residual nodal metastases. The reasons for residual lymph
node metastases was classified as either incomplete opera-
tion, which was defined as residual nodal metastasis in a
nodal compartment (central or lateral) that was dissected at
the time of initial surgery, or unrecognized nodal involve-
ment, which was defined as the presence of residual lymph
node metastasis in an undissected nodal compartment and
therefore was presumed to be due to lack of identification of
nodal involvement preoperatively on physical exam or any
imaging study performed. For example, in patients having
total thyroidectomy alone, any residual lymph node metas-
tasis detected on 131I SPECT/CT would be defined has having
unrecognized nodal involvement since no neck dissection
was performed. In a patient having a total thyroidectomy with
a therapeutic central neck dissection for suspiscious nodes
noted in the central neck on preoperative ultrasound, residual

lymph node metastasis detected on 131I SPECT/CT in the
central and lateral neck would be classified as having both
incomplete operation for the residual metastatic nodes in the
central neck and unrecognized nodal involvement for the
metastatic nodes in the lateral neck.

Categorical variables are presented as percentages and are
compared for statistical significance via Pearson’s chi-square
and Fisher’s exact tests. Bonferroni’s multiple comparisons
correction was applied as necessary. Continuous variables
are reported as means – standard deviation and are compared
via independent samples t-tests.

Results

There were 352 patients with intermediate or high-risk
DTC referred for postoperative radioiodine therapy after
initial surgical treatment over the study period. Diagnostic
and post-treatment 131I SPECT/CT scans noted 206 (58.5%)
patients without nodal metastases and 146 (41.8%) patients
with residual nodal metastases consistent with persistent
DTC. The demographics of these two groups are noted in
Table 1. There was a significant difference between the mean
age of patients with nodal metastasis (40.6 years) and without
nodal metastasis (49.6 years) ( p < 0.05). Of the 160 patients
less than 45 years old, there were significantly more patients
with residual nodal metastasis (86, 53.8%) than without re-
sidual nodal metastasis (74, 46.3%) ( p < 0.05). In contrast, of
the 192 patients 45 years old or greater, there were signifi-
cantly fewer patients with residual nodal metastasis (60,
31.3%) than without residual nodal metastasis (132, 68.8%)
( p < 0.05). No significant differences in sex, hospital where
initial surgery was performed, tumor types, and tumor size
were observed between the two study groups. There was no
significant difference in the use of preoperative cervical ul-
trasound between patients with residual nodal metastasis
(119, 84.4%) and those without residual nodal metastasis
(174, 84.5%). Of the 107 patients who underwent a preop-
erative CT scan, 57 (40.4%) had residual nodal metastasis
and 50 (25.1%) did not have residual nodal metastasis
( p < 0.005). Of the patients who had both a preoperative ul-
trasound and a preoperative CT scan performed, five had
lateral neck lymph nodes and one had central neck lymph
nodes diagnosed on CT scan that were not detected on ul-
trasound. Conversely, of this same group of patients, four had
lateral neck lymph nodes and four had central neck lymph
nodes diagnosed on ultrasound that were not detected on
CT scan. The 98 patients in the multifocal primary tumor
group were the only patients that demonstrated significantly
more residual nodal metastases compared with those without
multifocal primary tumors: 51 patients with residual nodal
metastases (34.9%) had a multifocal primary tumor, while
only 47 patients without nodal metastases (22.8%) had a
multifocal primary tumor ( p < 0.05). Patients with T1a tu-
mors had significantly fewer residual nodal metastases [15
(10.3%) with metastases vs. 38 (18.4%) without metastases,
p < 0.05], while patients with T1b tumors had significantly
more residual metastases [41 (28.1%) with metastases vs. 27
(13.1%) without metastases, p < 0.001]. There were no sig-
nificant differences in rates of residual nodal metastases among
patients with T2, T3, T4, or Tx disease. Patients with N1a
disease had significantly fewer residual nodal metastases [46
(31.5%) with metastases vs. 87 (42.2%) without metastases,
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p < 0.05]. There were no significant differences in rates of re-
sidual nodal metastases among patients with N0, N1b, Nx, M0,
or M1 disease. Cancer stage I, stage III, and stage IVA patients
showed significant differences ( p < 0.05) in the incidences of
residual nodal metastases. Patients with stage I cancer had
significantly more residual nodal metastases [102 (69.9%) with
metastases vs. 86 (41.8%) without metastases, p < 0.05]. Pa-
tients with stage III cancer had significantly fewer residual
nodal metastases [19 (13.0%) with metastases vs. 63 (30.6%)

without metastases, p < 0.05] and patients with stage IVA
cancer also had significantly fewer residual nodal metastases
[19 (13.0%) with metastases vs. 44 (21.4%) without metasta-
ses, p < 0.05].

Residual nodal metastases were categorized as either ip-
silateral, 156 (71.6%), or contralateral, 48 (22.0%), relative
to the location of primary thyroid tumor (Fig. 1a and 1b).
Nodal metastases from multifocal and isthmus primary tu-
mors were categorized into the ipsilateral group. There were

Table 1. Patient Demographics and Tumor Characteristics

Patients with residual
nodal metastasis, n (%)

Patients without residual
nodal metastasis, n (%) p-Value

Number of patients 146 206
Mean age (years) – SD 40.6 – 16.8 49.6 – 15.7 <0.001

<45 86 (58.9%) 74 (35.9%) <0.05
‡45 60 (41.1%) 132 (64.1%) <0.05

Sex
Female 96 (65.7%) 136 (66.0%) NS
Male 50 (34.3%) 70 (34.0%) NS

Hospital where initial surgery was performed
University of Michigan 119 (81.5%) 174 (84.5%) NS
Other hospital 27 (18.5%) 32 (15.5%) NS

Preoperative imaging n = 141 n = 199
Ultrasound 119 (84.4%) 179 (89.9%) NS
CT scan 57 (40.4%) 50 (25.1%) <0.005

Tumor types
Papillary 142 (97.3%) 195 (94.7%) NS
Follicular 3 (2.0%) 9 (4.4%) NS
Hürthle Cell 1 (0.7%) 2 (1.0%) NS

Lobe involvement
Left 35 (24.0%) 68 (33.0%) NS
Right 56 (38.4%) 81 (39.3%) NS
Multifocal 51 (34.9%) 47 (22.8%) <0.05
Isthmus 4 (2.7%) 7 (3.4%) NS
Pyramidal 0 (0%) 1 (0.5%) NA
Unspecified 0 (0%) 2 (1.0%) NA

Mean tumor size (cm) – SD 2.4 – 1.7 2.5 – 1.8 NS
Tumor stage

T1a 15 (10.3%) 38 (18.4%) <0.05
T1b 41 (28.1%) 27 (13.1%) <0.001
T2 24 (16.4%) 29 (14.1%) NS
T3 52 (35.6%) 81 (39.3%) NS
T4a 13 (8.9%) 26 (12.6%) NS
T4b 0 (0%) 2 (1.0%) NS
Tx 1 (0.7%) 3 (1.5%) NS

Nodal involvement
N0 22 (15.1%) 30 (14.6%) NS
N1a 46 (31.5%) 87 (42.2%) <0.05
N1b 48 (32.9%) 57 (27.7%) NS
Nx 30 (20.5%) 32 (15.5%) NS

Distant metastases
M0 134 (91.8%) 193 (93.7%) NS
M1 12 (8.2%) 13 (6.3%) NS

Cancer stage
Stage I 102 (69.9%) 86 (41.8%) <0.05
Stage II 5 (3.4%) 10 (4.9%) NS
Stage III 19 (13.0%) 63 (30.6%) <0.05
Stage IVA 19 (13.0%) 44 (21.4%) <0.05
Stage IVB 0 (0%) 2 (1.0%) NA
Stage IVC 1 (0.7%) 1 (0.5%) NS
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156 (71.6%) nodal metastases ipsilateral to the primary tumor
and 48 (22.0%) which were contralateral. No laterality was
assigned to 14 (6.4%) central neck (levels VI and VII) me-
tastases on the operative or pathology report.

Among the 146 patients with residual nodal metastases,
there were a total of 218 discrete nodal metastases: 102 pa-
tients had 1 metastasis, 25 patients had 2 metastases, 12 pa-
tients had 3 metastases, 6 patients had 4 metastases, and 1

patient had 6 metastases. The locations of the 218 total nodal
metastases were classified based on the defined cervical
lymph node levels in Table 2. Of note, 74/218 (33.9%) me-
tastases were found in level VI, making it the level with the
highest frequency of residual nodal metastases. The next
most frequent regions of nodal metastases were found in the
lateral neck: levels III [50 (22.9%)] and II [41 (18.8%)], re-
spectively. Cervical level IV [23 (10.6%)] showed lower

FIG.1. Distribution of
cervical lymph node levels
associated with nodal
metastases (A) ipsilateral to
the primary thyroid tumor
(this includes multifocal and
isthmus primary tumors)
and (B) contralateral to the
primary thyroid tumor.
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frequencies of nodal metastasis than levels II and III in the
anterior lateral neck. Out of the 218 total residual metastases,
0 (0.0%) were found in level V and only 1 (0.5%) was found
in level I.

Evaluation of the reasons for residual nodal metastases
showed that 71 patients (48.6%) had an incomplete operation
(the residual metastatic nodes were in a previously dissected
compartment), 56 patients (38.4%) had preoperatively un-
recognized nodal metastases (the residual nodes were in a
previously undissected compartment), and 19 (13.0%) had a
combination of both incomplete nodal dissection and unrec-
ognized nodal metastases in more than one compartment
(Table 3).

Assessment during long-term follow-up after initial surgery
(median follow-up time: 1048.5 days, range: 62–2878 days)
showed that 28 of the 146 patients (19.2%) with residual nodal
disease went on to have persistent disease after a single dose
of radioiodine therapy (Table 4). This suggests that the use of
radioiodine therapy in the treatment of residual lymph node
metastasis was effective in 80.8% of patients in this study’s
patient cohort. Of the 28 patients with persistent disease after
both surgery and the initial dose of radioiodine, 20 patients
underwent additional treatment for DTC, which included 18
(64.3%) who underwent a repeat surgery and 2 (7.1%) who
received additional RAI therapy. The remaining 8 patients
(28.6%) had not yet undergone additional surgery, RAI or
other treatment at the time of completion of this study.

Discussion

The findings from this study demonstrate that patients with
high and intermediate-risk DTC referred for radioiodine
therapy after initial surgical treatment have high rates of re-
sidual nodal metastasis on highly sensitive diagnostic iodine
SPECT/CT scanning. SPECT/CT radioiodine scanning pro-
vides a superior image contrast resolution compared with
planar radioiodine scans alone and is highly sensitive in de-
tecting residual nodal metastasis and provides more detailed
information about the location and extent of regional and
distant metastases and is likely the contributing factor for the
higher than previously published rates of residual lymph node
metastasis after initial treatment (5,7–16). The high incidence
of residual nodal metastasis on diagnostic iodine scanning
also highlights the lower relative sensitivity of preoperative
cervical ultrasound in detecting small volume lymph node
metastasis, particularly in the central neck, during the initial
evaluation for DTC as compared with postsurgical iodine
scanning with SPECT/CT. Residual cervical lymph node
metastases may require either remedial surgery with its
associated increased risk of complications and/or further
radioiodine therapy with its associated risks related to addi-
tional radiation exposure (7). The 8% (28/352) rate of per-
sistent disease that required additional treatment in this study
is lower than the estimated rates in the current literature of

Table 2. Anatomic Location of Residual Nodal

Metastases Based on Defined Cervical

Lymph Node Levels

Cervical neck level No. of nodal metastases

I 1 (0.5%)
II 41 (18.8%)
III 50 (22.9%)
IV 23 (10.6%)
V 0 (0%)
VI 74 (33.9%)
VII 29 (13.3%)
Total 218 (100%)

Table 3. Association of Surgical Treatments with Reasons for Residual Nodal Metastases

No. of patients w/
residual nodal

metastasis n = 146
TT n = 20
(13.7%)

TT + CLND
n = 95 (65.1%)

TT + CLND +
ILND

n = 21 (14.4%)

TT + CLND
+ BLND n = 10

(6.9%)

Unrecognized nodal involvement 56 (38.4%) 20 (100%) 31 (32.6%) 4 (19%) 1 (10%)
Incomplete operation 71 (48.6%) 0 (0%) 47 (49.5%) 15 (71.4%) 9 (90%)
Both 19 (13%) 0 (0%) 17 (17.9%) 2 (9.6%) 0 (0%)
Cervical neck levels involved

I 1 (0.7%) 0 (0%) 1 (1.1%) 0 (0%) 0 (0%)
II 8 (5.5%) 3 (15%) 5 (5.3%) 0 (0%) 0 (0%)
III 24 (16.4%) 6 (30%) 13 (13.6%) 3 (14.3%) 2 (20%)
IV 10 (6.8%) 2 (10%) 6 (6.3%) 2 (9.5%) 0 (0%)
V 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
VI 44 (30.1%) 4 (20%) 32 (33.7%) 6 (28.6%) 2 (20%)
VII 15 (10.3%) 2 (10%) 8 (8.4%) 3 (14.3%) 2 (20%)
>1 level involved 44 (30.1%) 3 (15%) 30 (31.6%) 7 (33.3%) 4 (40%)

BLND, bilateral lymph node dissection; CLND, central lymph node dissection; ILND, ipsilateral lymph node dissection; TT, total
thyroidectomy.

Table 4. Long-Term Follow-Up of Patients

with Residual Nodal Metastases

Patients with residual nodal
metastasis on initial
diagnostic 131I scan

with SPECT/CT n = 146

Persistent disease following
radioactive iodine

28 (19.2%)

Intervention
Repeat surgery 18 (64.3%)
Repeat radioactive iodine 2 (7.1%)
Surveillance 8 (28.6%)
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20–50% and may be a result of patient factors and treatment
factors that will require additional study (17–20). Only 14%
(20/146) of patients with residual nodal metastasis on post-
operative radioiodine scan with SPECT/CT went on to re-
quire additional treatment (18 repeat surgery; 2 additional
radioiodine) after their first dose of therapeutic radioiodine
thus highlighting the effectiveness of therapeutic radioiodine
therapy for regional control in patients with small, low vol-
ume residual nodal metastasis after initial surgical treatment.

There were 146 (41.8%) patients in this study with re-
sidual nodal metastases (persistent DTC) on postoperative
diagnostic radioiodine scanning after initially curative in-
tent surgery. Multifocal primary tumors were found to result
in residual nodal metastases more frequently than unilateral
primary tumors. The most common location for residual nodal
metastases for all patients was in central neck (cervical level VI),
and to a lesser extent in the lateral neck (levels II and III). The
pattern of lymph node metastasis disease progression starting in
the central neck and then to progressing to the lateral neck is
evident in the results of this study and supports the guideline
recommendation to include dissection of at least the ipsilateral
central neck when performing a lateral neck dissection for lymph
node metastases in patients with regionally advanced DTC (1).

The findings from this study also indicate that both initial
preoperative identification and surgical dissection of clini-
cally involved lymph nodes have an influence on the rates of
persistent DTC. Improvement in these areas has the potential
to lower the incidence of residual nodal metastases, which
would lead to decreased recurrence rates and the subsequent
need for additional surgical or radioiodine treatments. In this
study, residual lymph node metastases occurred due to an
incomplete nodal operation slightly more frequently than it
was due to preoperative unrecognized nodal involvement,
however improvements in both of these two categories may
result in a significant decrease in residual nodal metastases.
As 38.4% of patients in this study had unsuspected residual
metastases, a complete evaluation of the central and lateral
neck preoperatively is important to possibly reduce rates of
residual metastases. Physical examination is not sensitive
enough to detect abnormal lymph nodes, so either cervical
ultrasound or cross-sectional imaging is required in patients
with DTC to detect clinically abnormal lymph nodes as re-
commended by ATA guidelines (1). In this study, patients
with or without residual nodal metastasis had similar rates of
preoperative cervical ultrasound performed, but CT was used
more frequently in patients with residual nodal metastasis.
This is likely due to a selection bias because in patients with
recognized nodal metastasis on ultrasound, CT scan is com-
monly obtained for further lymph node mapping prior to
therapeutic neck dissection. Additionally, this study was not
designed to compare the sensitivity of ultrasound and CT in
the detection of lymph node metastasis, therefore no con-
clusions can be made from the data in this study as to whether
ultrasound or CT is more effective in the detection of nodal
metastasis prior to surgical intervention. The highly sensitive
functional nuclear imaging with diagnostic and post-treatment
SPECT/CT scans is able to detect early metastases in small,
nonenlarged lymph nodes that may appear normal on preop-
erative cervical ultrasound and/or CT imaging. The use of
postoperative diagnostic scintigraphy with SPECT/CT and
therapeutic 131I administration in patients with intermediate
and high-risk of recurrence allows for treatment of these foci of

residual disease with an appropriate dose of RAI at an early
state with curative intent. The increased sensitivity of 131I
with SPECT/CT to detect microscopic nodal involvement,
which may not be recognized on preoperative ultrasound or
cross-sectional imaging due to limitations of resolution, will
likely contribute to a least a constant low level of persistent
DTC after surgical treatment. The presence of clinically sus-
picious lymph nodes preoperatively should necessitate a nodal
dissection of that compartment. However, if macroscopic nodal
disease is not suspected due to incomplete imaging or lack of
recognition of suspicious lymph nodes on imaging, the nodal
dissection may be omitted and will lead to residual macro-
scopic nodal metastasis and the likely need for reoperative
lymph node dissection. The ATA guidelines for the treatment
of regionally advanced DTC include a recommendation to
complete a compartment-oriented dissection of the affected
compartments, and ‘‘berry picking’’ or selective neck dis-
section should be avoided in the initial surgical treatment of
these patients (1).

The limitations of this study include that it is a retrospective
analysis of a single-center database, which makes the results
more difficult to generalize to all thyroid cancer treatment
centers. Furthermore, only intermediate and high-risk DTC
patients who were referred for RAI treatment were included in
this study, which introduces an inherent selection bias. The
conclusions of this study can only be applied to this cohort of
patients with intermediate and high-risk DTC and not to pa-
tients with low risk DTC who were excluded from this study,
but who make up the majority of patients with thyroid cancer.
An additional limitation is the use of 131I SPECT/CT as the
primary outcome measure for residual lymph node metastasis
which may not be typical in other institutions. SPECT/CT is
likely more sensitive than ultrasound or CT imaging and
therefore may detect higher rates of lymph node microme-
tastases, some of which may not have comparable clinical
relevance to lymph node macrometastasis noted on lower
sensitivity imaging studies such as ultrasound or CT. Ad-
ditionally, FNA was not utilized to confirm the presence of
PTC in every suspicious lymph node detected on SPECT/CT,
so there is possibility that false positives on 131I SPECT/CT
may skew the rates of residual lymph node metastasis toward
higher than actual rates.

In conclusion, residual iodine-avid lymph node metastasis
is commonly detected on highly sensitive 131I SPECT/CT
after initial curative-intent surgery in patients with high-risk
differentiated thyroid cancer. The most common anatomic
locations for residual nodal metastasis is level VI in the central
neck and in levels II and IV in the lateral neck ipsilateral to the
primary tumor and special attention should be paid to these
areas during surveillance. By anatomic correlation, roughly
half of residual lymph node metastases are due to inability to
recognize the extent of nodal involvement preoperatively while
the other half are due to incomplete compartmental lymph node
dissection. Recognition of the common locations of residual
lymph node metastases and the causation of this persistent dis-
ease may help improve the initial surgical management of pa-
tients with differentiated thyroid cancer and reduce the rates of
residual disease and subsequent recurrence.
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