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Objective: We sought to evaluate and compare the outcomes of different surgical protocols
for papillary thyroid cancer (PTC) located in the isthmus in a retrospective intention-to-treat
analysis.

Patients and methods: The data of 3,068 patients who received thyroidectomy due to thyroid
cancer in our center were reviewed. Of these, 103 patients had a dominant carcinoma located in
the isthmus. Various baseline and tumor characteristics and surgical outcomes were evaluated
and compared with respect to the different surgical protocols (85 cases with total thyroidectomy
and 18 cases with less-than-total thyroidectomy). Univariate and multivariate analyses were
performed to identify resected patients who developed recurrence with isthmic PTC.
Results: The postoperative complication rates were comparable between the two groups (17.6%
versus 11.1%, P=0.500). Although the total thyroidectomy group showed a much higher rate
(P=0.004) and number (P<<0.001) of parathyroidectomies, long-term follow-up indicated that
parathyroid autotransplantation did not significantly damage the function of the parathyroid
(P>0.05). Tumor recurrence was observed in five patients, including two patients in the total
thyroidectomy group and three patients in the less-than-total thyroidectomy group; the tumor
recurrence rate in the total thyroidectomy group was significantly lower than that in the less-
than-total thyroidectomy group (P=0.040). Univariate and multivariate analyses indicated less-
than-total thyroidectomy as a risk factor for tumor recurrence in PTC cases with tumors located
at the isthmus (hazard ratio: 1.870, 95% confidence interval: 1.320-2.218, P<<0.001).
Conclusion: Our findings indicate that total thyroidectomy is an appropriate initial surgical
protocol for isthmic PTC due to the lower recurrence rate, comparable postoperative complication
rate, and parathyroid function recovery.
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Introduction

Thyroid cancer is the most frequent endocrine carcinoma, occurring in ~5%—10% of
patients with a thyroid nodule.! The incidence of papillary thyroid cancer (PTC) has
increased rapidly in the last two decades,”® mainly due to the advent of diagnostic
procedures such as ultrasonography and ultrasound-guided fine needle aspiration
(FNA) biopsy.* In particular, the number and thinness of anatomical slices have
resulted in a marked increase in the rate of preoperative diagnosis of papillary thyroid
microcarcinoma.® Thyroidectomy and ablation by iodine (I)-131 followed by long-term
levothyroxine (LT4) suppression of thyrotropin (thyroid stimulating hormone, TSH)
is the traditional treatment for differentiated thyroid cancer.’
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The surgical management of thyroid cancer located in the
isthmus remains unclear and controversial. Some research-
ers argue that PTCs located in the isthmus are more likely to
be associated with multifocal disease, lymph node involvement,
and capsule invasion, thus supporting total thyroidectomy as
the first-choice treatment for these patients.®’ However, some
opposing conclusions have been proposed; for instance, isth-
musectomy alone may be sufficient because this approach
does not require exploration of the tracheoesophageal
grooves and thus reduces the postoperative complications
and operating time.® To our knowledge, there are currently
no precise guidelines for the management of patients with
dominant thyroid nodules of the isthmus, even according to
the American Thyroid Association (ATA) or the European
Thyroid Association (ETA)."!!

Few reports exist in the literature on thyroid isthmusec-
tomy; most series include only small numbers of malignant
lesions, and no consistent conclusions have been drawn.® !
This study was designed to analyze the outcomes (tumor
recurrence and postoperative complications) of different
surgical protocols. This is the first report from mainland
China and one of the largest series reporting on the surgical
procedures for PTC confined to the isthmus.

Patients and methods

A total of 3,068 patients undergoing thyroidectomy due to
thyroid cancer during the period between March 2009 and
May 2015 in the Department of Thyroid and Parathyroid
Surgery Center in West China Hospital of Sichuan Univer-
sity, People’s Republic of China, were enrolled. Of these,
103 patients had a dominant thyroid nodule in the isthmus.
The inclusion criteria for our study consisted of PTC con-
firmed by histopathological diagnosis and preoperative ultra-
sound diagnosis of a nodule located in the thyroid isthmus.
The exclusion criteria included a PTC node located in the
gland rather than the isthmus, patients who underwent initial
treatment elsewhere before referral, those who were consid-
ered unresectable at the time of referral, and patients lost to
follow-up (two cases), or those (three cases) with missing
clinical data that may severely disturb the statistics and the
results, with information lost by >30%. The medical data of
patients with a final pathologic report of PTC were collected
and analyzed. Approval to conduct this study was obtained
from the Institutional Review Board of West China Hospital
of Sichuan University, and written informed consent was
obtained from all the study participants. Data were extracted
from the electronic medical records and entered into an
Excel spreadsheet for analysis. Data collected included the

patients’ demographics, preoperative ultrasonographic tumor
characteristics, surgical details, postoperative pathological
details, postoperative outcome, postoperative complications
according to the Clavien system,'>!* tumor recurrence, and
long-term tumor-free survival. Neutrophil-to-lymphocyte
ratio (NLR)'*!* and platelet-to-lymphocyte ratio (PLR)'¢ that
have been reported as predictive factors for tumor recurrence
were also included in our analysis and comparison.

All patients underwent preoperative ultrasonography to
evaluate the location of the primary tumor, and FNA cytol-
ogy was conducted to confirm the preoperative diagnosis.
Three surgeons with at least 15 years of thyroid and
parathyroid surgery experience performed all the operations,
and the histopathological evaluation of thyroid specimens
was performed by one of two pathologists in our institu-
tion. Both thyroid gland and nodal tissue were evaluated
from 1 mm-thick anatomic slices. Contralateral level VI
dissection was performed mainly depending on the presence
of lymph node metastasis in prelaryngeal, orotracheal, or
gland invasion. Lateral neck dissection was performed only
in cases with clinically evident node metastases in preop-
erative FNA cytology or intraoperative frozen sections.
The surgical protocols were recommended to the patients
mainly based on the tumor’s diameter, location, capsular
invasion, lymph node metastasis, and patients’ will; the
data of total and subtotal thyroidectomy group are differ-
ent, attributing not only to the tumor location in isthmus
but also to the procedure itself. Postoperative therapy and
follow-up included I-131 radioiodine therapy for selected
patients, TSH suppression therapy for all patients, and
thyroglobulin measurement and ultrasonography to detect
tumor recurrence.

The clinical characteristics considered for univariate
and multivariate analysis of PTC recurrence in isthmic PTC
patients were age at diagnosis (=45 years versus >45 years),
sex (male versus female), clinical lymph node metastasis at
the time of diagnosis (cNO versus kN+), postoperative histo-
pathological results (¢cNO versus kN+), NLR (=3 versus >3),
greatest diameter of the tumor (=10 mm versus >10 mm),
capsular invasion (yes versus no), coexisting autoimmune
thyroid disease (yes versus no), lateral node involvement
(yes versus no), and postoperative I-131 radioiodine therapy
(yes versus no).

The primary outcome measure was long-term tumor-
free survival and postoperative complications. The second
outcome measures included parathyroid function recovery
(parathyroid hormone and calcium levels on postoperative
day 1 and 30).
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This retrospective analysis was performed according
to an intention-to-treat principle (ITTA) using the preop-
erative and intraoperative characteristics at the intraopera-
tive decision point of applying either total thyroidectomy
or other procedures. The 103 patients with isthmic PTC
were subdivided into two groups based on the largest dia-
meter of the isthmic lesion: group A included patients with
PTC =10 mm (microcarcinoma), and group B included
patients with PTC >10 mm, according to the World Health
Organization criteria.®

Continuous data were expressed as mean + SD, and the
differences between continuous data were analyzed using the
Mann—Whitney U-test. Differences between the categorical
data were analyzed using the chi-squared and Fisher’s exact
test (two-tailed), if necessary. Tumor recurrence outcomes
were analyzed using the Kaplan—Meier method. Univariate
analyses were performed to identify factors predicting tumor-
free survival. All variables with P<<0.05 were included in
the multivariate analysis to assess independent predictive
factors using Cox regression analysis. The Cox propor-
tional hazards model was used to generate adjusted hazard

ratios (HR) and 95% confidence intervals (CI). A P-value
of <0.05 was considered statistically significant. SPSS
software (SPSS 17; SPSS Inc., Chicago, IL, USA) was used
for statistical analysis.

Results

Patient and tumor characteristics

A total of 3,068 patients undergoing thyroidectomy due to
thyroid cancer in our center were enrolled. Of them, cases
of follicular thyroid carcinoma (n=116, 3.8%) and medul-
lary thyroid carcinoma (n=84, 2.7%) were excluded. In
addition, most of the PTCs were located in the lobe (n=2,760,
90.0%), and these patients were also excluded. A total of
108 PTC cases had tumors located at the isthmus; however,
two patients were lost to follow-up, and three cases with
missing data were also excluded. Thus, 103 PTC cases with
tumors located at the isthmus were included in our analysis
(as shown in Figure 1). For these patients, five surgical
protocols were performed due to the preoperational and
intraoperational tumor characteristics and presence of lymph
node metastasis. The patients’ baseline characteristics are
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Figure | Synopsis of the study, including isthmic PTC patients with different surgical protocols.

Abbreviation: PTC, papillary thyroid cancer.
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Table | Baseline and tumor preoperative features of the isthmic PTC patients

Preoperative features Total thyroidectomy group Less-than-total thyroidectomy group P-value
85 18
Age at diagnosis (mean * SD, years) 444154 43.2£14.6 0.768
=45 50 10 0.799
>45 35 8
Sex (male/female) 19/66 4/14 0.990
Height (cm), mean + SD 162.6£7.5 156.8+11.2 0.013
Weight (kg), mean = SD 63.1£13.7 60.8£10.9 0.505
BMI (kg/m?), mean £ SD 23.1+4.5 24.947.6 0.208
Multifocality (yes/no) 24/61 4/14 0.654
Bilaterality (yes/no) 3/82 0/18 0.268
Autoimmune thyroid disease (yes/no) 22/63 2/16 0.180
Capsule invasion (yes/no) 57/28 4/14 <0.001
Extrathyroid extension (yes/no) 3/82 0/18 0.421
Total tumor size (mean * SD, mm) 14.4+8.9 12.2+10.9 0.373
Total tumor size (=| cm, >| mm) 35/50 177 0.124
Isthmic tumor size (mean £ SD, mm) 12.448.1 10.2£9.9 0.306
Isthmic tumor size (=10 mm, >10 mm) 48/37 13/5 0.219
Largest tumor size (mean + SD, mm) 13.518.4 10.4+10.1 0.184
cN stage (NO/NI) 7916 16/2 0.561
pN stage (NO/N1) 33/52 9/9 0.372
pN stage (NO/N1b) 67/18 0/0 <0.001
NLR (mean £ SD) 2.0+0.8 2.1£1.0 0.835
=3 77 16 0.826
>3 8 2
PLR (mean * SD) 117.7£54.1 103.2+69.4 0.330
=200 76 17 0.514
>200 9 |
TSH level (mU/L, mean * SD) 5.3+12.8 29423 0.446
FT4 level (pmol/L, mean £ SD) 16.0£3.3 18.4£3.6 0.006
FT3 level (pmol/L, mean + SD) 5.0+0.9 47+14 0.388

Abbreviations: BMI, body mass index; cN, clinical lymph node metastasis; FT3, free triiodothyronine; FT4, free thyroxine; NLR, neutrophil-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; pN, pathological lymph node metastasis; PTC, papillary thyroid cancer; SD, standard deviation; TSH, thyroid stimulating hormone.

summarized in Table 1. Most of the patients were female
(80 cases, 70.8%). The PTCs in 75 (66.4%) patients had
only one target, and three (2.9%) cases showed extrathyroid
invasion; the details of the PTC and lymph node character-
istics are listed in Table 1. In total, 61 cases (59.2%) showed
pathologically proven lymph node metastasis. Even for the 56
cases with a tumor diameter =10 mm, capsule invasion was
observed in 25 cases (44.6%), and lymph node characteris-
tics were observed in 28 patients (50%). Lateral lymph node
metastasis was observed in 18 of 103 patients (17.4%).
Two major groups were established according to whether
total thyroidectomy was performed: total thyroidectomy
(85 patients) and less-than-total thyroidectomy (18 cases:
16 cases with lobe combined isthmusectomy, one case
with isthmusectomy only, one case with isthmus and wide
field isthmusectomy). The patients’ baseline characteristics
and tumor features of the two groups were listed and com-
pared, as shown in Table 1. No significant differences were

observed between the two groups except in patient height,
the presence of tumor capsule invasion and LT4 level: the
patients in the total thyroidectomy group were taller (P=0.013)
and included more cases with capsule invasion (P<<0.001) and
lower free thyroxine (FT4) levels (P=0.006) when compared
with the other group. The other details of the comparison
are listed in Table 1. The increased capsule invasion in the
total thyroidectomy group was mainly due to intraoperative
selection bias, as patients with PTC with macroscopic capsule
invasion are more likely to accept total thyroidectomy.

Postoperative recovery and surgical-

related complications

According to the Clavien—Dindo system for complication
grading, 17 patients of the 103 cases (16.5%) suffered postop-
erative surgical-related complications. Of these, ten patients
(9.7%) suffered grade 1 complications, including postopera-
tive vomit (four cases), pain (three cases), fever (two cases),
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and incision infection (one case); five patients (4.9%) suf-
fered grade 2 complications, including hoarseness requiring
persistent observation and treatment (two cases), severe
postoperative hypocalcemia needing treatment (one case),
lower extremity deep venous thrombosis (one case), and
cervical chylous leakage (one case); and two patients (1.9%)
suffered severe complications (grade 3), including one patient
who suffered intractable chylous leakage with the applica-
tion of Pseudomonas aeruginosa injection and one patient
who suffered postoperative bleeding and accepted reopera-
tion. No grade 4 or 5 complications were observed in these
103 cases. When we compared the complication rate of the
total thyroidectomy group with that of the less-than-total
thyroidectomy group, although the postoperative complica-
tion rates were higher in the total thyroidectomy group, with
15 of 85 patients (17.6%) compared with two of 18 patients
(11.1%) in the less-than-total thyroidectomy group, this
difference did not reach statistical significance (P=0.500).
Meanwhile, two patients in the total thyroidectomy group
and no patients in the less-than-total thyroidectomy group
suffered severe complications, with no significant difference
(P=0.513) between the two groups as shown in Table 2.
No recurrent laryngeal nerve injury or permanent palsy
occurred.

For comprehensive comparison, we evaluated and
compared other recovery factors such as the length of
postoperative hospital stay, overall drainage volume, and
overall hospitalization costs. No significant differences
were observed between the two groups with respect to
these three aspects (P>0.05). Meanwhile, we also evalu-
ated parathyroid function recovery; although the total

Table 2 Postoperative recovery of the two patient groups

thyroidectomy group showed a much higher rate (P=0.004)
and number (P<<0.001) of parathyroidectomies, all of these
dissected parathyroids were confirmed by intraoperative
frozen pathology and were autotransplanted in the sterno-
cleidomastoid. Thus, total thyroidectomy with parathyroid
autotransplantation did not significantly damage the function
of the parathyroid, with comparable parathyroid hormone
and serum calcium levels at the first day and 1 month after
surgery (P>0.05).

Intention-to-treat tumor recurrence rate

and prognostic factors

The median follow-up period was 22 months (range
2-54 months). Tumor recurrence was observed in five
patients, including two patients in the total thyroidectomy
group and three patients in the less-than-total thyroidectomy
group. No patient died from tumor recurrence, and most
cases of recurrence (four cases, 80%) occurred >30 months
after the operation. An intention-to-treat tumor recurrence
comparison was made between the two groups, as shown in
Figure 2; the tumor recurrence rate in the total thyroidectomy
group was significantly lower than that in the less-than-total
thyroidectomy group (P=0.040).

Univariate and multivariate analysis for
recurrence

A total of 16 variables that could be risk factors for PTC
recurrence were included in the univariate analysis: age at
diagnosis (=45/>45), sex (male/female), body mass index
(=24/>24), multifocality (yes/no), bilaterality (yes/no),
autoimmune thyroid disease (yes/no), capsule invasion

Complications Total thyroidectomy group Less-than-total thyroidectomy group P-value
85 18

Clavien—Dindo classification 15 (17.6%) 2 (11.1%) 0.500

Grade | 10 (11.8%) 0

Grade Il 3 (3.5%) 2 (11.1%)

Grade llla I (1.2%) 0

Grade llib I (1.2%) 0
Total hospital stay days, mean + SD 5.9+2.1 7.3£5.2 0.070
Postoperative drainage volume (mL), mean £ SD 179.1+212.7 198.7+164.4 0.713
Overall hospitalization costs (dollars), mean = SD 3,345.4£878.5 3,235.7£924.3 0.635
Parathyroids autologous transplantation (yes/no) 41/44 2/16 0.004
Parathyroids autologous transplantation number 0.710.8 0.1+0.3 <0.001
PTH level (pmol/L, the first day) 2.2+1.6 2.6%1.7 0.337
Serum calcium level (mmol/L, the first day) 2.1+0.2 2.040.1 0.651
PTH level (pmol/L, | month) 3.7£2.0 3.6x1.7 0.878
Serum calcium level (mmol/L, | month) 2.3+0.7 2.240.1 0.753
Abbreviation: PTH, parathyroid hormone.
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Figure 2 Unadjusted comparison of the intention-to-treat recurrence for patients
with isthmic PTCs receiving either total thyroidectomy or less-than-total thyroid-
ectomy.

Abbreviation: PTC, papillary thyroid cancer.

(yes/no), extrathyroid extension (yes/no), total tumor size
(=1 cm/>1 cm), isthmic tumor size (=10 mm/>10 mm),
cN stage (NO/N1), pN stage (NO/N1), NLR (=3/>3),
PLR (=200/>200), TSH level (low/normal), and surgical
protocol (total thyroidectomy/less-than-total thyroidec-
tomy). Univariate analysis identified the following factors
as predicting tumor recurrence: pN stage N1 (P=0.031),
PLR >200 (P=0.028), and less-than-total thyroidectomy
(P<<0.001). Multivariate analysis identified less-than-total
thyroidectomy as a risk factor for tumor recurrence in PTC
cases with tumors located at the isthmus (HR: 1.870, 95%
CI: 1.320-2.218, P<<0.001).

Discussion

The thyroid isthmus is the central part of the thyroid gland
and lies anterior to the trachea, overlying the second to
fourth tracheal rings and being covered by the strap muscles,
fascia, and skin in the middle of the neck.® The rate of dif-
ferentiated carcinoma located in the isthmus was reported
to range from 1% to 9.2% for all thyroid malignant carci-
noma nodules.”!® In our present study, the rate of patients
with dominant nodules of the thyroid isthmus was 3.9%
among PTCs, which is comparable with that of previous
reports. Thus, a dominant thyroid nodule of the isthmus
is an uncommon lesion and requires surgery. For PTCs,
despite excellent outcomes, with a lower risk of death or
disease recurrence (indolent tumor) than patients with most

other malignancies, mortality rates may be increasing in
some subgroups,'” and the loss of quality of life should also
demand our attention.'® Until now, the extent of appropri-
ate surgical resection for PTCs located in the isthmus has
remained a matter of considerable debate; furthermore, no
consensus exists in the guidelines for the surgical protocol
of PTCs confined to the isthmus. Most previous studies
support total thyroidectomy as the standard surgical pro-
tocol for PTCs located in the isthmus.®*'* However, Nixon
et al'® reported that cases with PTC nodules confined to
the isthmus without evidence of extraglandular extension
may be suitable for thyroid isthmusectomy or wide field
isthmusectomy due to the reduced chance of damaging the
recurrent laryngeal nerve and parathyroid glands without
exposing the tracheoesophageal grooves. However, only
six patients treated with isthmusectomy were reported in
this study, which may limit the argument for choosing
isthmusectomy as the standard surgical protocol for isthmic
PTCs. We also performed one isthmusectomy and one wide
field isthmusectomy for isthmic PTCs; however, the lack of
follow-up beyond 5 months may limit our ability to draw
conclusions. In our present study, an overall pathological
incidence of lymph node metastasis of 59.2% (61 cases)
was observed in patients with PTC in the isthmus. Even
for the 56 cases with tumor diameters =10 mm, capsule
invasion was observed in 25 cases (44.6%), and lymph node
characteristics were observed in 28 patients (50%). The rate
of lymph node metastasis in our results was much higher
than that reported in other studies.®*!” The main reason for
this higher rate was that we defined lymph node metastasis
as any node, including the central (including prelaryngeal
and pretracheal) and lateral compartments, showing metas-
tases. In previous studies, the lymph node metastasis rate of
patients with PTC located in the isthmus versus the lobes
was compared, and the former location showed a much
higher rate of lymph node metastasis.® There are some
potential reasons for this higher lymph node metastasis rate.
First, with regard to the anatomical location, the isthmus is
a very thin piece of thyroid tissue, and even tumors with a
small diameter can very easily undergo capsular invasion.®
Lymphatic drainage of the isthmus may also contribute to
the higher lymph node metastasis rate, as lymph vessels from
the isthmus may drain into the pretracheal, prelaryngeal,
and bilateral central compartment lymph nodes. Meanwhile,
lateral node involvement was also commonly observed in
our study at 17.5%, which is comparable with other previ-
ous studies.”!” Lymphatic channels of the thyroid gland
develop more richly posterolaterally than anteromedially,
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which may have contributed to the higher rate of lateral
lymph node metastasis.

PTCs arising in the isthmus are more likely to have
multiple foci, capsular invasion, and invasion of adjacent
tissues such as the trachea and strap muscles, even with a
smaller tumor size, when compared with PTCs located in the
lobe.?*?! The multifocality seems to be related to the midline
position of the tumors, which easily spread to the bilobes,
and more frequent capsular invasion appears to result from
tumors growing in the thin thyroid isthmus.’ In our present
study, the multifocality rate was 27.2%, which is lower than
that in other reports. This difference may be explained by
evaluation bias, as we defined multifocality as involving two
or more pathologically proven PTCs. These risk factors may
contribute to the high risk of recurrence after surgery.

Because the surgical protocols for these high-risk recur-
rence isthmic PTCs are critically important, our present
study evaluated the tumor characteristics of isthmic PTCs
and compared the outcomes, including tumor recurrence,
postoperative complications, and parathyroid recovery,
between total thyroidectomy and less-than-total thyroi-
dectomy groups. The total thyroidectomy group showed
a significantly lower tumor recurrence rate, and more
radical thyroidectomy may contribute to the advantage of
total thyroidectomy. Lymph system metastasis is the most
common metastasis pathway, and in the thyroid gland, the
lymph duct system is very rich.?>** As a result, intragland
metastasis is very common for PTCs, as demonstrated by
the multifocality shown in our results. Therefore, some
cellular metastatic foci may be residual if less-than-total
thyroidectomy is performed.

The safety of the surgical protocol is also a very important
aspect for group comparison. We compared the postopera-
tive complications according to the Clavien—Dindo system
and found no difference between the two groups, indicating
that total thyroidectomy is relatively safe when compared
with less-than-total thyroidectomy. No recurrent laryngeal
nerve injury or permanent palsy occurred in the total thyroi-
dectomy group. Experienced surgeons and intraoperational
real-time monitoring may contribute to this advantage.* The
postoperative recovery factors of the two groups were also
evaluated and compared. The most important point for this
comparison was parathyroid function recovery; although the
total thyroidectomy group showed many parathyroidecto-
mies, all of these removed parathyroids were confirmed by
intraoperative frozen pathology and were autotransplanted in
the sternocleidomastoid, with the surgical details presented
in our previous research.? Carbon nanoparticles as a lymph

node tracer may help to identify affected lymph nodes and
preserve the parathyroid.?6*’

There are several limitations to this study. First, the main
limitation is related to its single-center analysis and the lim-
ited series of isthmic PTC patients. Second, the study only
made comparisons among patients with isthmic PTCs, with-
out comparing PTCs located in the isthmus and the lobe, as in
other reports. Third, the mean follow-up time of 22 months
may have limited our analysis. Thus, larger randomized
multicenter studies are needed to confirm our results.

Conclusion

Due to multiple foci, capsular invasion, and lymph node
metastasis in isthmic PTCs, total thyroidectomy seems to be
more appropriate than less-than-total thyroidectomy because
of'its comparable postoperational complications and recovery
but reduced recurrence.
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