Effective Perioperative Management of Multiple
Endocrine Neoplasia Type 1-Associated Insulinomas

EREIN, WE DISCUSS
aspects of the re-
cently reported
study by Crippa et

' al, “Surgical Man-
agement of Insuhnomas Short- and
Long-term Outcomes After Enucle-
ations and Pancreatic Resections,”
in terms of effective perioperative
management of multiple endocrine
neoplasia type 1 (MEN1)-associ-
ated insulinomas. Crippa et al con-
cluded that surgical management of
insulinomas can provide satisfac-
tory outcomes with no mortality and.
good functional results.! They also
revealed that insulinomas associ-
ated with MEN1 have a higher risk
than those not associated with
MEN]1 for being malignant and mul-
tifocal and that their curative treat-
ment requires pancreatic resec-
tion.! Multiple endocrine neoplasia
type 1 is an autosomal dominantly
inherited endocrine tumor syn-
drome characterized by tumor de-
velopment in endocrine organs such
as the parathyroid, endocrine pan-
creas, anterior pituitary, and adre-
nal cortex.? A recent multicenter
study in Japan reported that pri=
mary hyperparathyroidism, gastro-
enteropancreatic neurcendocrine tu-
mors (GEP-NETs), and pituitary
tumors were seen in 94.4%, 58.6%,
and 49.6% of patients with MENT1,
respectively.” The presence of GEP-
NETs, which includes insulino-
mas, is one of the most major prog-
nostic factors for patients with
MENT1, and surgical resection of
these tumors is the most effective
therapy to improve long-term prog-
nosis.” Despite these findings, the
optimal perioperative management
of patients with MEN1-associated in-
sulinoma remains unclear. The ar-
ticle by Crippa et al’ contributes to
ouft understanding of the efficacy of
surgical management for MEN1-
associated insulinomas; however,

there are 3 points that are not fully
addressed by this study.! These
points are: (1) It is not clear how the
location of MEN1-associated mul-
tifocal insulinomas with malignant
potential is identified to achieve cu-
rative surgical resection. (2) Itis not
clear how perioperative glycemic

" control is achieved in patients with

insulinoma. (3) Itis not clear if there
are differences in tumor location be-
tween patients with and without
MENI.

Regarding the first point, Crippa
et al reported that multiple insuli-
nomas were found in 8% of pa-
tients and 5.5% of patients had
MENT1, so insulinomas associated
with MEN1 have a higher risk than
those not associated with MEN1 for
being malignant and multifocal.! It
is not clear from this study how the
locations of MEN1-associated mul-
tifocal insulinomas with malignant
potential are identified to promote
curative surgical resection. It is dif-
ficult to accurately detect the loca-
tion of multiple insulinomas using
conventional diagnostic imaging
techniques such as percutaneous ul-
trasonography, computed tomogra-
phy, and magnetic resonance
imaging, especially when tumors are
less than 5 mm in diameter. We be-
lieve that this issue would be fur-
ther complicated in cases where
there are nonfunctioning tumors,
which often appear in MEN1. Al-
though endoscopic ultrasonogra-
phy and intraoperative ultrasonog-
raphy are more efficient than the
conventional diagnostic imaging
techniques mentioned earlier for the
detection of microfocal or multi-
focal insulinomas, they are not able
to accurately identify multiple func-
tioning GEP-NETs.? To accurately
detect the location of MEN1-
associated multifocal insulinomas
with malignant potential to achieve
curative surgical resection, we rec-

ommend the selective arterial secre-
tagogue injection (SASI) test with
calcium™’ because this test can lo-
cate functioning GEP-NETs with
high sensitivity and specificity, es-

~pecially in patients with MEN1 with

gastrinoma. In support of the SASI
test for this purpose, Imamura et al*
showed that identification of func-
tioning NETs (gastrinoma or insu-
linoma or VIPoma) among mul-
tiple GEP-NETs in patients with
MEN1 is essentially impossible with
imaging techniques alone and that
ther SASI test was able to localize
functioning NETs by assessing
whether gut hormones (gastrin or
insulin or vasoactive intestinal pep-
tide) were secreted from the GEP-
NETs in the area of interest by stimu-
lation with a secretagogue (secretin
or calcium). The SASI test appears
to be the only technique available
that can differentiate functioning
NETs among multiple GEP-NETs in
patients Wlth MEN]1. Furthermore,
other reports®’ support the applica-
tion of the SASI test in identifying
MEN1-associated insulinomas.
For the second point, Crippa et
al clarify how perioperative glyce-
mic control is achieved in patients
with insulinoma, which is crucial
to effective treatment because most
patients with MEN1 with insuli-
noma have hypoglycemia-related
symptoms.! Glycemic control in
such patients is often difficult
because blood glucose concentra-
tions shift from a hypoglycemic
state to a hyperglycemic one fol-
lowing removal of the insulinoma.
Recently, we reported tight glyce-
mic control (TGC) in surgical
patients using an artificial pancreas
(AP).® Our own prospective ran-
domized clinical trial® showed that
perioperative TGC using an AP
(targeted blood glucose zone of
80-110 mg/dL [to convert to milli-
moles per liter, multiply by
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0.0555]) in patients who under-
went pancreatectomy significantly
reduced the incidence of surgical
site infection compared with con-
ventional insulin therapy (targeted
blood glucose zone of 150-200
mg/dL). Using an AP, we achieved
TGC without hypoglycemia or
hyperglycemia in all patients,
including some with insulinomas,
with maintenance of blood glucose
concentrations compatible with
targeted levels. We believe that
novel glycemic control using an AP
is suitable for patients with insuli-
noma as an effective approach to
achieve TGC.

The final point we raise regard-
ing the study by Crippa et al is that
it does not clarify if there are dif-
ferences in tumor location between
patients with and without MEN1.!
Most pancreatic resections (80.5%)
were performed for insulinomas
located in the pancreatic body/tail,
whereas most insulinomas located
in the proximal pancreas (56 of 69;
81%) underwent enucleation.?
Therefore, we agree with the rec-
ommendation by Crippa et al that
pancreatic resection be the treat-
ment of choice for patients with
MEN1-associated insulinomas.

In conclusion, to improve the
surgical management and outcome
for patients with MEN1-associated
insulinomas, we propose that (1)
accurate identification of the loca-
tion of tumors be carried out pre-
operatively using the SASI test, (2)
stable TGC be achieved by using
an AP, and (3) pancreatic resec-
tions be the treatment of choice
considering the malignant and/or

multifocal potential of these
tumors.

Kazuhiro Hanazaki, MD, PhD
Akihiro Sakurai, MD, PhD
Masaya Munekage, MD
Takehiro Okabayashi, MD, PhD
Masayuki Imamura, MD, PhD

Author Affiliations: Department of
Surgery, Kochi Medical School, Kochi
University, Nankoku (Dr Hanazaki,
Munekage, and Okabayashi) and
MEN Consortium of Japan (Drs
Hanazaki, Sakurai, Munekage, and
Imamura).

Correspondence: Dr Hanazaki, De-
partment of Surgery, Kochi Medi-
cal School, Kochi University, Nan-

koku, Kochi 783-8505, Japan -

(hanazaki@kochi-u.ac.jp).

Author Contributions: Study con-
cept and design: Hanazaki and Sakurai.
Acquisition of data: Hanazaki and
Munekage. Analysis and interpreta-
tion of data: Hanazaki, Okabayashi,
and Imamura. Drafting of the manu-
script: Hanazaki, Sakurai, Munekage,
Okabayashi, and Imamura. Critical
revision of the manuscript for impor-
tant intellectual content: Hanazaki,
Sakurai, and Imamura. Statistical
analysis: Munekage and Okabayashi.
Obtained funding: Hanazaki and
Sakurai. Administrative, technical, and
material support: Hanazaki and
Imamura. Study supervision:
Hanazaki, Sakurai, and Imamura.
Contflict of Interest Disclosures:
Nomne reported.

Funding/Support: The activity of the
MEN Consortium of Japan has been
supported by grants H22-Nanchi-
Ippan-105 and H24-Nanchi-Ippan-
053 from the Ministry of Health,

Welfare, and Labor, Government of
Japan (Dr Sakurai).

Additional Information: The activ-
ity of the MEN Consortium of Ja-
pan has been selected as one of the
“high-profile clinical issues” of the
Japan Endocrine Society. i
Additional Contributions: We
thank other members of the MEN
Consortium of Japan for their help-
ful work. ,

1. Crippa S, Zerbi A, Boninsegna L, etal. Surgical man-
agement of insulinomas: short- and long-term out-
comes after enucleations and pancreatic resections.

 Arch Surg. 2012;147(3):261-266.

2. Sakurai A, Suzuki S, Kosugi S, et ai; MEN Consor-
Hum of Japan. Multiple endocrine neoplasia type
1 in Japan: establishment and analysis of a muiti-

_centre database. Clin Endocrinol (Oxf). 2012;76
" {4):533-539. .
3. Hanazaki K, Sakurai A, Munekage M, et al. Sur-
" gery for gastroenteropancreatic neuroendocrine tu-
* mor (GEPNET) in multiple endocrine neoplasia type
1. Surg Today. in press.

4. Imamura M, Shimada M, Kato M, Doi R, Okada N,
Hashimoto M. Usefulness of selective arterial cal-
cium injection test and secretin test in patients with
insulinoma. L Hep Bil Pancre Surg. 1994;1(5);
530-534. doi:10.1007/BF01211915,

5. imamura M, Komoto |, Ota S, et al. Biochemically
curative surgery for gastrinoma in multiple
endocrine neoplasia type 1 patients. World
J Gastroenterol. 2011;17{10):1343-1353.

6. Tucker ON, Crotty PL, Conlon KC. The manage-
ment of insulinoma. Br J Surg. 2006;93(3):264-
275.

7. Grant GS. insulinoma. Best Pract Res Clin
Gastroenterol. 2005;19(5):783-798.

8. Hanazaki K,-Maeda H, Okabayashi T. Tight peri-
operative glycemic control using an artificial en-
docrine pancreas. Surg Today. 2010;40(1):1-7.

9. Okabayashi T, Nishimori |, Yamashita K, et al.
Continuous postoperative blood glucose monitor-
ing and confrol by artificial pancreas in patients
having pancreatic resection: a prospective random-
ized clinical trial. Arch Surg. 2009;144(10):933-
937.

ARCH SURG/VOL 147 (NO . 11), NCV 2012

fels ]

WWW. ARCHSURG.COM



World J Surg (2012) 36:1241-1246
DOI 10.1007/s00268-012-1558-4

Clinical Features, Treatment, and Long-Term Outcome
of Papillary Thyroid Cancer in Children and Adolescents

Without Radiation Exposure

Yukie Enemoto + Keisuke Enomoto
Shinya Uchine - Hiroshi Shibuya - Shin Watanabe -
Shire Noguchi

_Published online: 13 March 2012
© Société Internationale de Chirurgie 2012

- Abstract

Background - Cancer of the thyroid gland is rare in chil-
dren and adolescents. A history of neck irradiation is a
well-established risk factor for tumor development, and
most previous reports focused on cases that were induced
by radiation exposure. We present here a retrospective
review of the clinical features; treatment, and long-term
outcome of children and adolescents with papillary thyroid
cancer (PTC) without a history of radiation exposure who
were treated at our institution over a period of ~50 years.
Methods =~ We retrospectively investigated 142 PTC
patients without an irradiation history who were younger
than 20 years of age when treated from 1961 to 2005 (17
males and' 125 females; mean age = 16.3 =+ 2.7 years;
follow-up = 21.8 &= 12.0 years). The clinicopathological

results were evaluated using the medical records. Disease- .

free survival (DFS) and cause-specific survival (CSS) were

assessed with the Kaplan-Meier method and compared with |

the log-rank test. Parametric analyses were performed
using Student’s ¢ test and nonparametric analyses were
performed using the Mann—Whitney U test.

Results At diagnosis, three patients had distant lung
metastasis and 33 had gross neck lymph node (LN)
metastasis. All patients were treated with surgery (hemi/

. partial thyroidectomy in 45 patients, subtotal thyroidec-

tomy in 85, total thyroidectomy in 12, no LN dissection
in 50, central compartment dissection in 20, and modi-
fied radical neck dissection in 72), and postoperative
external beam radiation therapy was administered to 59.

Y. Enomoto - K. Enomoto (B<) - S. Uchino - H. Shibuya -
S. Watanabe - S. Noguchi

Noguchi Thyroid Clinic and Hospital Foundation, 6-33,
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Postoperative ablative therapy using 1'*! was not per-
formed in this series. Recurrence was found for regional
LN (n = 25), lung (n = 9), remnant thyroid (n = 5), and
others (n = 4). DFS and CSS at 40 years were 74.1 and
97.5%, respectively. DFS was significantly worse in
patients aged <16 years with a family history of thyroid -
cancer, preoperative neck gross LN metastasis, maximum .
tumor diameter; and extrathyroidal invasion. Preoperative
gross neck LN metastasis and distant metastasis at diag-
nosis were significant factors for CSS. No other factors
contributed to DFS and CSS. When the clinical features of

_children and adolescents were compared, the incidence of

preoperative gross neck LN metastasis and distant metas-
tasis at diagnosis and tumors with a maximum diameter
>10 mm were significantly higher in the children group
than in the adolescent group. DFS was significantly shorter
in the children group than in the adolescent group, but no -
51gmﬁcant difference was found in CSS between these two
groups. : ‘
Conclusions” The prognosis of PTC in children and ado-
lescents is excellent, regardless of the extent of thyroid-

 ectomy and LN dissection. We recommend that only

children or adolescents with preoperative gross neck LN
metastasis and distant metastasis at diagnosis should be
subjected to postoperative ablative therapy:

Intreduction

Malignancy of the thyroid gland is rare in children and
adolescents, with a reported incidence of 2.6-12.9% of all
thyroid malignancy patients [1-6]. Papillary thyroid cancer
(PTC) is the most common thyroid malignancy in pediatric
and adult patients {1-5]. Radiation exposure in children has
been reported to be associated with the occurrence of PTC
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[7-10]. The majority of previous reports focused on the
incidence of PTC in children that was induced by radiation

exposure, which is associated mainly with the Chernobyl -

accident [11, 12]. Indeed, only a few studies have focused
‘on the incidence of PTC in children and adolescents in the
absence of radiation exposure. ' )
Many studies have reported higher recurrence and sur-
vival rates for PTC in children without radiation exposure

“than in adults [1-6], with recurrence and mortality rates in’

children of 15-40 and 0-13%, respectively [13-17]. Long-
term follow-up periods are needed and the outcome should
be discussed in the long-term context, especially for chil-
dren. The majority of studies had follow-up periods of

10-20 years and only a few studies have provided results -

- for a period longer than 30 years [6, 18, 19]. -
We present here a retrospective review of the clinical
features, treatment, and long-term outcome of PTC in
children and adolescents without a history of radiation
~ exposure over a period of 50 years.’

Patients and methods

We performed 142 primary surgicél resections of PTC in.
patients younger than 20 years without a history of irra-

diation who were treated from 1961 to 2005 at the Noguchi
Thyroid Clinic and Hospital Foundation. The details of the
patients” presentations, family history, radiation history,
surgical and pathological findings, adjunctive therapy, and

outcome were obtained from our hospital’s computerized

'databasc,y and these data were confirmed using the medical
- records. The patients were 17 males and 125 females with a
median age at initial operation of 16.3 &£ 2.7 years (ran-
ge = 6-19 years). There were 40 patients aged <15 years
old (children group) and 72 patients' aged >135 years

(adolescent group). The median follow-up period Vwas'

. 21.8 & 12.0 years. A familial history of thyroid cancer was
~ seen in 12 patients. We did not include PTC with specific
pathology in this study, e.g., poorly differentiated carci-

noma and variants of PTC (cribriform-morula, tall cell, and

follicular variants).

We analyzed the differences in the following clinical
variables between children (<15 years) and adolescents
(>15 years): gender, familial history of thyroid cancer,
preoperative. gross neck lymph node (LN) metastasis, dis-
tant metastasis at initial presentation, maximum tumor

diameter, extrathyroidal invasion at primary site, and tumor.

multiplicity. Statistical analyses were performed using
Fisher’s exact probability test and Welch’s ¢ test. Survival
" ‘rate from the date of initial surgery until death or loss of
contact (cause-specific survival; CSS) and tumor recur-
rence (disease-free survival; DFS) were estimated by the
Kaplan-Meier method. Statistical significance for survival

@ Springer

was compared using the log-rank test. The candidate risk
factors were compared by DFS and CSS in all patients. A
p value <0.05 was considered statistically significant. All

" analyses were performed using JMP 5.1.1 statistical soft-

ware (SAS Institute, Cary, NC, USA).

Resulfs

The incidence of childhood PTC in patients <20 years was
1.5% (142 of 9,164 PTC patients underwent thyroidectomy
between 1961 and 2005). The distribution of patients
according to age and sex are shown in Fig. 1. A familial
history of thyroid cancer in first-degree relatives was
present in 12 of 142 patients (8.5%}). At initial presentation,

~ three patients had distant lung metastasis with gross neck

LN metastasis and 30 had gross neck LN metastasis
without other metastatic organs. All patients were treated -
with surgery (hemi/partial thyroidectomy in 45 patients,

subtotal thyroidectomy in 85, total thyroidectomy in 12, no

LN dissection in 50, central compartment dissection in 20,
and modified radical neck dissection in 72). Postoperative

“external beam radiation therapy was administered to 59

patients. Postoperative radioiodine remnant ablation was
not performed on any of the patients with a curative -
resection at the time of the initial surgery. The patients with
lung metastasis at initial presentation underwent a total

- thyroidectomy following radioiodine therapy. Thyroid-

stimulating hormone (TSH) suppression therapy was not
administrated and the TSH level was maintained at a low
normal level with or without t-thyroxine in all patients.
Table | gives the surgical procedures and postoperative
complications. Hypoparathyroidism, including temporary
hypoparathyroidism, was found in 12 patients (9.2%) and

- permanent hypoparathyroidism was found in 1 (0.7%).
Recurrent laryngeal nerve palsy, including temporary.

{Cases}
354

PR R

FH .
104

6 9 10 11 12 13 4 15 16 17 18 19 {Age}
Fig. 1 Age distribution of the childhood PTC patients. The solid
black scale bars indicate males and the gray scale bars indicate
females
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Table 1 Surgical methods and complications

Surgical Temporary and  p value* Permanent p value*
complications permanent number
number
Hypqparé.thyfoidism .
TT (yes/no) 8/4 /11
ST (yes/mo) 4/81 <0.001 0/85 0.007
Lobectomy  0/45 <0.001  0/45 0.051
and others :
* (yes/no)
Laryngeal nerve palsy
T (yes/no)‘ 66 - 2/10
ST (yes/no) 5/80 <0.001  2/83 0.020
Lobectomy ~6/39 0.006 0745 0.005
and others :
(yes/no)

TT total thyroidectomy, ST subtotal thyroidectomy
* p value compared to TT

recurrent laryngeal nerve palsy, was found in 17 patients
(13.6%) and permanent recurrent laryngeal nerve palsy was
found in 4 (2.9%). There was a significant increase in the

incidence of postoperative hypoparathyroidism following -
“total thyroidectomy compared to subtotal -thyroidectomy -

.(temporary, p < 0.001; permanent only, p = 0.007) and
hemi/partial thyroidectomy (temporary, p < 0.001; per-
. manent only, p = 0.051). Similarly, there was a significant
increase in the incidence of postoperative laryngeal nerve
palsy following total thyroidectomy compared to subtotal
thyroidectomy (temporary, p < 0.001; permanent only,
p = 0.020) and hemi/partial thyroidectomy (temporary,
p = 0.006; permanent only, p = 0.005).

Recurrence was found in 28 (20%) of the 139 patients
who underwent a complete operation. The recurrent sites
were the neck LN in 25 patients, lung in nine, remnant
thyroid in five, mediastinum LN in one, and others in three,

including duplication. The patients with recurrence in the

neck LN were resected surgically, and the patients with
distant metastases in the lung and bone were treated with
radioiodine therapy. During follow-up, three patients died
of the disease and five patients died of other reasons. DFS
and the CSS at 40 years were 74.1 and 97.5%, respectively
- (Fig.2). _

Significant differences in DFS were observed in patients
<16 years (p = 0.030) and in those with a familial history of
thyroid cancer (p = 0.041), preoperative gross LN metas-
tasis (p = 0.006), tumor diameter >30 mm (p = 0.033),
extrathyroidal invasion (p = 0.004), and histological LN
metastaéis (p = 0.002) (Fig. 3). Preoperative gross LN
metastasis (p = 0.010) and distant metastasis at diagnosis
(p < 0.001) were significant factors' for CSS (Fig. 4). No
other factors contributed to DFS and CSS (Table 2).

1.0 =y,

‘\\"% CSsS
0.8~ - W%
U ‘ . ‘
3 06~ DFS
®
2
£ 0.4
-
(4]
S 02
R e e e
O 30 C20 30 T 40 56
Years After Surgery

Fig. 2 Overall disease-free survival (DFS) and cause-specific
survival (CSS) rates of childhood PTC patients, DFS and CSS at
40 years were 74.1 and 97.5%, respectively ’ )

The clinic;ﬂ features of the children and adolescent

* groups are summarized in Table 3. The male/female ratio-
.was 6/34 (1:5.7) in children and 11/91 (1:8.3) in adoles-

cents. The female ratio tended to be higher in adolescents

than in children, although it was not significantly different

(p = 0.567). -Furthermore, this sex difference was not
observed in children <11 years (1:1.3). A familial history

of thyroid cancer was observed more frequently in children

(six patients, 15%) than in adolescents (six patients, 4.2%),
but there was no significant difference (p = 0.097). Pre-
operative gross LN metastasis was found in seven children
(42.5%) and 16 adolescents (15.7%; p = 0.002). Distant
lung metastasis at diagnosis was found in three children
(7.5%) in contrast to no adolescents (p = 0.021). The
maximum tumor diameter was significantly larger in chil-
dren (25.0 & 2.7 mm) than in adolescents (18.0 & 1.7
mm; p = 0.048). The incidence of a tumor with a maxi-
mum diameter >10 mm was significantly higher in chil-
dren (85%) than in adolescents (55.9%; p = 0.001).
Extrathyroidal invasion of the tumor was seen in 22 chil-

~ dren (55%) and 41 adolescents. (40.2%), and multifocal

tumors were found in six children (15%) and ten adoles-
cents (9.8%); however, -these differences were not
significant. V

Discussion

Many risk factor analyses of patients with differentiated
thyroid cancer have been reported [20-26]. Older age, male
gender, familial history of thyroid cancer, tumor size,
multifocal tumors, extrathyroidal invasion, LN metastasis,
and distant metastasis are well-recognized prognostic risk
factors in this field. Various prognostic scoring systems,
e.g., TNM Staging System [22], AMES System [23],

2} Springer



1244

World J Surg (2012) 36:1241-1246

AGES and MACIS System [24, 25], and Ohio State Uni-
versity Scoring System [26], are determined by combining
these factors. These risk factors and the scoring systems are
‘based mainly on the results of adult patients with PTC,
while childhood PTC accounts for only a small portion of
the data. There are many controversies regarding the proper
treatment of pediatric patients, and their long-term survival
_is excellent, but the risk of local recurrence is rather high.
~ Recent molecular analysis showed that PTC is caused by
the activation of the MAP ‘kinase pathway. In young
patients, RET/PTC, AKAP9-BRAF, and NTRKI recombi-
nation events are the main genetic alterations [27]. In
contrast, PTC in adults is the result of predominantly point
mutations, e.g., in BRAF [27-29]. The difference in
oncogenic factor between children and adults may be
refated to their clinical cause. Identification of the prog-
nostic indicators for PTC that are specific for children and
adolescents, which are biologically different, is very
“important in deciding an appropriate therapeutic strategy.

In this article, we identified age (<16 years), familial
history of thyroid cancer, preoperative gross neck LN

@ Springer
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metastasis, tumor diameter, and extrathyroidal invasion as -
risk factors for DFS in children and adolescents with PTC

without a history of radiation exposure. Furthermore, pre-

operative gross neck LN metastasis and distant metastasis
at diagnosis were significant risk factors for CSS. The
patients with these CSS risk factors are considered to -
belong to a high-risk group and should be treated with total
thyroidectomy and radioiodine therapy using 1", The
extent of thyroid gland and LN resection was not associ-
ated with outcome, while wider resection, especially total _
thyroidectomy or near-total thyroidectomy, resulted in an
increased rate of postoperative hypoparathyroidism. Our
sample size. may be inadequate to conclude a difference in
these variables based on the extent of thyroidectomy. From
our long-term survival data, childhood PTC shows a
favorable prognosis and we select patients who are indi-
cated for total thyroidectomy with radioiodine therapy
from our childhood PTC patients. Our opinion is that ste-
reotypical treatment of total thyroidectomy following
radioiodine ablation should not be performed in all child-
hood patients. '
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Fig. 4 Postoperative cause-specific survival (CSS) rate according to
the risk factors: a preoperative clinical gross lymph node metastasis
(CN) and b distant metastasis at diagnosis (DM)

This is the first report to compare the clinical features of
childhood and adolescent PTC directly. A high prevalence
of PTC in females was observed in both groups, but it was
higher in adolescents. Notably, this sex difference was not
seen in patients aged <11 years. Sex-related hormonal
factors originating from unknown sex chromosome-related

genes may contribute to this female preponderance of PTC. -

" Robinson and Orr [30] first reported familial nonme-
dullary thyroid cancer (FINMTC) in 1955. The incidence of
FNMTC is reportedly 1.8-10.5% among nonmedullary

Table 3 Clinical characteristics of the patient groups

Children Adolescents p
(n=40) (=102
Sex (male/female) 6/34 11/91 ) 0.567
Familial history of thyreid cancer 6 (15%) 6 (4.2%)  0.097
Preoperative lymph node 17 16 (15.7%)  0.002
metastasis (42.5%) .
‘Distant metastasis at diagnosis 3 (7.5%) 0 (0%) 0.021
Tumor with maximum diameter 34 (85%) 57 (55.9%) 0.001
>10 mm E .
Tumor diameter (mm) 250+27 18017 0.048
" Extrathyroidal invasion 22 (55%) 41 (402%) 0.134
" Multiple primary tumor site 10 (9.8%)  0.387

6 (15%)

" thyroid cancers,. but its incidence in childhood PTC is

unknown [31-37]. In this series, a familial history of thy-
roid cancer was seen in 9.2% of patients and, specifically,
the incidence of FNMTC was higher in children compared
to adolescents. Genetic factors may be more involved with
the occurrence of childhood PTC than adolescent PTC.
Preoperative gros‘S‘ neck LN metastasis, distant metas-
tasis at diagnosis, and tumors with 'a maximum diameter
>10 mm were found significantly more frequently in
childhood PTC than in adolescent PTC. The diameter of
childhood PTC tumors tended to be larger than that of
adolescent PTC tumors. These results suggest that PTC in
children may be a distinct clinical entity from PTC in
adolescents and adults. '

Conclusion

Children and adolescent PTC patients have an excellent
prognosis, regardless of the extent of thyroidectomy and
LN dissection. Preoperative neck LN metastasis and distant
metastasis at diagnosis emerged as significant risk factors
for CSS. We believe that children and adolescents without
these risk factors should avoid the extent of thyroidectomy
following postoperative ablative therapy.

Table 2 Risk factors for
disease-free survival and cause-

specific survival in childhood
PTC

Factors Number (%) p (DES)  p (CSS)

-~ Sex (malé/female) . 17 (12%)/125 (88%) 0.2920 0.6073 '
Age (children: <16/adolescent: >16 40 (28%)/102 (72%) 0.0303 0.4396
Familial history of thyroid cancer (yes/no) 12 (8%)/130 (92%) 0.0143 0.7237 .
Lymph node metastasis at diagnosis (yes/no) 33 (23%)/109 (77%)  0.0062 0.0062
Distant metastasis at diagnosis (ves/no) 3 (2%)/139 (98%) - <0,0001
Tumor size (<30/>30 mm) 96 (68%)/46 (32%).  0.0325 0.0632
Extrathyroidal invasion (yes/no) 63 (44%)79 (56%)  0.0040 0.1511
Primaryv tumor site (single/multiple) 126 (89%)/16 (11%) 0.6808 0.6138
Surgery (total or subtotal thyroidectomy/lobectomy, other) 97 (98%)/45 (32%) 02193 .0.2119
Postoperative radiation therapy (yes/no) 59 (42%)/83 (58%) 0.3633 0.2116
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Abstract

Background Thoracoscopic surgery has replaced con-

_ ventional sternotomy or thoracotomy for resection of
mediastinal parathyroid lesions. We review our experience
with this type of surgery with reference to selection of the
appropriate approach and the pitfalls of lesion localization
before and during surgery.
Methods - During a 14-year period, we treated 14 patxents
with hyperparathyroidism, in whom a mediastinal lesion
had been localized preoperatively by sestamibi scan. Pri-
mary hyperparathyroidism- was present in 12 patients
(single adenoma in 11, associated with MEN 1 in one) and
secondary hyperparathyroidism in 2. Thoracoscopic pro-
cedures were performed by the three-port method.
Results . The thoracoscopic procedure was successful in
eight patients who were shown preoperatively to have a
deep-seated (5 anterior, 3 middle) mediastinal lesions.
Intraoperative visual confirmation of parathyroid adenoma
was difficult only in a 19-year-old patient with a tumor
embedded in the thymus, necessitating partial thymectomy.
One of the eight mediastinal lesions resected thoraco-
scopically was a sestamibi-positive thymoma. Secondary
hyperparathyroidism recurred 4 years after thoracoscopic
mediastinal parathyroidectomy in one patient, necessitating

_ additional thoracoscopic removal of this supernumerary
lesion. However, seven patients with mediastinal parathy-
roid lesions localized at the aortic arch or upper region
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T. Okamoto

Department of Endocrine Surgery, Tokyo Womcn s Medxcal
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were treated successfully via a cervical approach. None of

“the patients suffered any surgical complications.

Conclusions - Thoracoscopic surgery is safe and feasible
for resection of deep mediastinal parathyroid lesions. Such
lesions localized preoperatively at the aortic arch or upper
region can be treated via a cervical approach. Preoperative
sestamibi scan can sometimes give a false- posmve result in
cases of concurrent thymoma

Introduction.

For patients with hyperparathyroidism, many of the patho-
logical parathyroid glands are located in the neck and cari be
resected through standard neck exploration. Up to 20% of
parathyfoid glands are ectopic, and 2% cannot be accessed by
standard cervical surgical approaches because they are located
deeply in the mediastinum or high in the neck [ 1, 2. Before the
advent of effective parathyroid imaging, deep-seated medi-
astinal parathyroid enlargements were occasionally difficult
to localize and remove. However, since the clinical intro-
duction of 99m-TC sestamibi scanning, mediastinal parathy-
roid lesions can be detected preoperatively.

In the era of minimally invasive surgery, thoracoscopxc
surgery has replaced conventional sternotomy or thora-
cotomy for resection of ectopic parathyroid lesions located
deep in the mediastinum. Thoracoscopic surgical removal
of these lesions offers many of the advantages of median
sternotomy, namely the potential for directly visualizing
the gland and gaining access to the entire mediastinum.
However, because of the rarity of these lesions, reports
describing the use of this minimally invasive procedure for
their removal have been based mainly on small series or
individual cases. Moreover, few reports have addressed the
issue of selection of the optimal surgical approach, i.e.,
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transcervical or thoracoscopic. We review our experience
of surgical treatment for mediastinal parathyroid lesions
with reference to selection of the appropriate surgical
~approach and the pitfalls of lesion localization before and
during surgery. o

Patients and methods .

Between 1997 and 2010, we treated 994 patients with
primary or secondary hyperparathyroidism, among whom a

mediastinal lesion was localized preoperatively by 99m-TC

sestamibi scintigraphy/single photon emission computed
tomography (SPECT) in 14 patients. These 14 patients
included 12 with primary hyperparathyroidism (single
adenoma in 11, associated with MEN 1 in one) and 2 with
secondary hyperparathyroidism. The  characteristics of
these consecutive patients are shown in Table 1. Three
patients (nos. 3, 12, and 13) had a history of prévious neck
surgery. Patient 12 with recurrent secondary hyperpara-
thyroidism had undergone total parathyroidectomy
(4 glands) by bilateral neck exploration accompanied by
autografting 6 years before recurrence. Patient 3 with
persistent primary hyperparathyroidism had undergone
bilateral neck exploration elsewhere. Patient 13 with pri-
mary hyperparathyroidism had undergone thyroid lobec-
tomy for papillary thyroid carcinoma. The patients
comprised 3 men and 11 women with a median age of 55
(range, 19-78) years. For accurate preoperative localiza-
tion of mediastinal lesions, CT scan was performed based
on the information obtained by 99m-TC sestamibi

scintigraphy/SPECT in all patients. MRI was additionally
performed if CT scan failed to localize the lesion.

We reviewed the clinicopathologic features of these 14
patients retrospectively. The variables studied were the
weight and location of the parathyroid lesion, preoperative
localization methods, operative procedure, intracperative
localization, operation time, estimated blood loss, mor-
bidity, and follow-up outcome. Patients were followed for
a median of 76 (range, 8-142) months after mediastinal
exploration. '

Cervical appioaéh for mediastinal parathyroid lesions

A cervical approach was selected for resection of para-
thyroid lesions localized in the anterior or posterior posi-
tion of the superior mediastinam before surgery. For
anterior superior mediastinal lesions, the anterior medias-
tinum was entered from beneath the head of the clavicle
and sternum by retracting the thymus superiorly. For pos-
terior superior mediastinal parathyroid lesions, dissection
was performed medial to the sternocleidomastoid and lat-
eral to the strap muscles. The cervical procedure was
performed without any lifting system for the sternum.

Thoracoscopic technique

We selected a thoraéoscopic approach for patients whose
parathyroid lesions had been localized in the deep medi-
astinum by preoperative imaging studies. The operations
were performed under general anesthesia using a double-
lumen endotracheal tube. Patients were placed in the lateral

Table 1 Characteristics of _

fients with Patient ~ Age at Gender Diagnosis - Serum Intact Previous

pa e operation Calcium PTH - neck
hyperparathyroidism in whom (year) (mg/dl) (pg/ml)  surgery
mediastinal lesions were . .
localized preoperatively 1 51 M PHPT 12.8 160 NG

2 71 F © PHPT ’ 12.9 320 No

3 73 F Persistent PHPT 13 ‘ 364 Yes

4 71 F PHPT - 122 212 No

5 78 F PHPT 13 747 No

6 57 F PHPT 111 201 No

7 48 M PHPT 114 256 No

8 33 F PHPT with MEN 1 11.9 127 - No

S 54 F SHPT - 10.1 1149 No
* Patient 12 developed 10 55 F PHPT : © 108 115 No
recurrence again due to another 1" 19 M PI—EPTV : 1'2 3 142 No
supernumerary gland 4 years "~
after excision of mediastinal 12 61 F Recurrence of SHPT 10.6 1401 Yes
supernumerary gland 66 Repeated recurrence of SHPT* 10.1 2446
PHPT primary 13 53 F PHPT 11.7 112 Yes
hyperparathyroidism, SHPT 14 55 F

secondary hyperparathyroidism -

PHPT ' 12,5 192 No

@ Springer



World J Surg (2012) 36:1327-1334

1329

decubitus position, except for two (one with MEN 1 and
one with secondary hyperparathyroidism) who underwent
cervical exploration concomitantly. All of the thoraco-
scopic procedures were performed using the three-trocar
method. The dissection was performed by using a mono-
polar hook. After incision of the mediastinal pleura, the
location of the lesion was identified on the basis of the
findings obtained by preoperative imaging studies. ‘

In all of the patients with primary hyperparathyroidism,
intraoperative parathyroid hormone (PTH) levels were
monitored with a rapid assay to confirm the success of
the procedure 15 min after resecting the lesion. Preopera-
tively, 99m-TC sestamibi was injected intravenously and
intraoperative gamma probe localization was attempted
in only one patient (no. 3) with persistent primary
hyperparathyroidism. \

Results

Location, weight, and histopathology of mediastinal

lesions

Fifteen mediastinal lesions localized by preoperative
imaging studies included seven located in the superior, five
in the anterior, and three in the middle mediastinum
(Table 2). Six of the former seven were located in the
anterior part (intrathymic) of the superior mediastinum, and
the remaining one in the posterior part (on,the right side
behind the trachea). Two mediastinal lesions located in the
aorto-pulmonary window were included. The median’
weight of the mediastinal parathyroid lesions was 1,188
(range, 260-8,530) mg. The resected mediastinal lesions
were histopathologically confirmed to be ten parathyroid

Table 2 Location, weight, histopathology, and preoperative localization results in patients with hyperparathyroidism in whom mediastinal

lesions were localized preoperatively

Ultrasonography CT MRI

middle mediastinum

Patient Location of .Weight of  Histopathology 99m-TC.
mediastinal mediastinal  of mediastinal  sestamibi
lesion parathyroid lesions scan
(mg) '
1 Left lower, intrathymic in the 387 Adenoma True Negative '1_'rue 'ND
‘superior mediastinum )
2 Right lower, intrathymic in the 500 Adenoma True Negative True ND
superior mediastinum ' ' '
3 ~ Right lowet, intrathymic in the superior 738 Adenoma True Negative True ND
mediastinum
4 Right lower, intrathymic - 1,031 Adenoma True Negative True ND
in the superior mediastinum '
5 Right upper, right side behind the trachea 8,530 Adenoma True Negative True ND
in the superior mediastinum
6 Right lower, intrathymic 2,568 Adenoma True Negative True ND
in the superior mediastinum : .
7 Right lower, intrathymic 1,550 Adenoma True Negative True ND
: in the superior mediastinum ) -
8 Supernumerary, anterior mediastinum 260 Hyperplasia  True 3 glands - True ~ ND
) . positive in the
. neck
9 Supernumerary, anterior mediastinum 2,572 Hyperplasia True 4 gland positive  True ND
. in the neck ‘
10~ Thymoma, anterior mediastinum - Thymoma False positive for ~ Negative Detected  ND
~ concurrent
) thymoma
11 Right lower, intrathymic 520 Adenoma True Negative Negative True
in the anterior mediastinum
12 Supernumerary, anterjor mediastinum 2,200 Hyperplasia True Negative True ND
.- Supernumerary, middle mediastinum 3,835 Hyperplasia True Negative . True ND
13 Left, aorto-pulmonary window in the 1,050 Adenoma True ‘Negative True ND
middle mediastinum
14 Left, aorto-pulmonary window in the 1,325 Adenoma True Negative True ND

ND not done
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adenomas, four parathyroid = hyperplasias, and - one
thymoma, ‘ '

Localization before and during surgery

Abnormal lesion sites and preoperative localization results
are shown in Table 2. Although 99m-TC sestamibi scan
-showed a positive lesion in the mediastinum in all patients,
a sestamibi-positive thymoma was included in patient 10
(Fig. 1). For this patient, a sestamibi scan was performed
again after thoracoscopic excision of the mediastinal thy-
moma, and no abnormal RI uptake in the neck could be
found. Ultrasonography of the neck showed cervical
parathyroid swelling in only two patients (nos. 8 and 9)
with multiglandular disease but failed to reveal any
mediastinal lesions in any of the patients. CT scan identi-
fied all of the mediastinal lesions that had been localized by
sestamibi scan, excluding one in a 19-year-old patient (no.
11) whose tumor was embedded in the thymus: MRI was
performed only in this CT-negative patient, and this iden-
tified the parathyroid adenoma embedded in the thymus.
Three-dimensional CT scan provided accurate anatomical
information in two patients with parathyroid adenoma
located in the aorto-pulmonary window (Fig. 2).

All of the mediastinal lesions treated by using a cervical

approach were identified by mediastinal visual inspection.
In a cervical approach, intraoperative radio-navigation was
not helpful for localization, because it was difficult to
differentiate nuclear counts in the parathyroid adenoma
from the background activity of the great vessels and the

Fig. 1 99m-TC sestamibi scan showing abnormal radioisotope
uptake in the chest alone. This mediastinal lesion was resected °
thoracoscopically and was histopathologically proven to be a

thymoma

@ Springér »

heart. Seven of the eight mediastinal lesions treated by
thoracoscopy, except for the one embedded in the thymus
of a young patient (no. 11), also were identified by tho-
racoscopic visual inspection alone. Although the parathy-
roid -adenoma embedded in the thymus could not be
identified directly by video view, the region of the thymus
where it was embedded was easily identified on the basis of
information obtained by preoperative imaging studies. The
lesion was removéd{ by partial thymectomy (Fig. 3). One of

F‘xg 2 Parathyroid adenoma localized at the aorto-pulmonary win-
dow by 3D-CT before surgery

Fig. 3 Macroscopic features of the specimen resected thoracoscop-
ically. A parathyroid adenoma (arrow) is deeply embedded in the
thymic tissue '
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Table 3 Surgical method and surgical ontcome in patients with hyperparathyroidism in whom mediastinal lesions were localized preoperatively

Patient  Surgical Surgical resection Postoperative‘ Postoperative Operation  Estimated
approach of parathyroid intact PTH*  status of time {min}  blood
: (pg/ml) hyperparathyroidism loss
(ml)
1 Cervical ‘Unilateral parathyroidectomy 56 Cured 120 k 60
2 Cervical Unilateral parathyroidectomy 21 Cured 110 20
3 Cervical Removal of single parathyroid adenoma 11 Cured 90 55
4 Cervical Removal of single parathyroid adenoma 16 Cured 146 40
5 Cervical Removal of single parathyroid adenoma 19 Cured ) 174 55
6 Cervical Removal of single parathyroid adenoma '35 - Cured 78 2
7 Cervical Removal of single parathyroid adenoma 26 Cured ) 146 . 35
8 Thoracoscopic ~ Resection of 3 glands in the neck and a 15 Cured 258 43
' and cervical supernumerary gland in the mediastinum :
9 Thoracoscopic  Total parathyroidectomy combined with 14 Remission’ 236 40
and cervical autotransplantation : '
10 Thoracoscopic - Partial thymectomy for thymoma, 115 Persistent 69 5
_ not including parathyroid lesion )
Cervical Removal of single parathyroid adenoma 29 : Cured o . 56 15
11 Thoracoscopic ~ Removal of single parathyroid adenoma 16 Cured 133 5
with partial thymectomy .
12 Thoracoscopic ~ Removal of a supernumerary parathyroid gland 112 Remission 110 10
Thoracoscopic  Removal of an additional supernumerary 126 Remission s 5
parathyroid gland
13 - Thoracoscopic ~ Removal of single parathyroid adenoma 21 Cured 117 35
14 Thoracoscopic  Removal of single parathyroid adenoma 28 . Cured 120 10

* Postoperative intact PTH was measured on the first postoperative day

the mediastinal lésions resected thoracoscopically was a
sestamibi-positive thymoma (patient 10). During surgery, -
we recognized that the mediastinal lesion was not a para-
thyroid adenoma, and no further explorative procedure was
performed at the. initial operation. We decided to examine
the localization of the parathyroid lesion again to minimize
surgical exploration procedure.

Surgical approach and outcome

A cervical approach was selected for resection of para-
thyroid lesions localized at the 6 anterior and 1 posterior
position of the superior mediastinum (Table 3). These
parathyroid lesions were successfully resected by cervical
incision without any special retractor for the sternum.
A thoracoscopic approach was selected for resection of deep
mediastinal lesions localized below the level of the aortic
arch in seven patients. The thoracoscopic procedure was
successful in all these patients in whom a deep (5 anterior, 3
middle) mediastinal lesion was localized preoperatively.

One of the mediastinal lesions resected thoracoscopi- -

cally was a sestamibi-positive thymoma (patient 10).
Postoperative relocalization was .required in this patient
because of persistent hyperparathyroidism. Although a
sestamibi scan was performed again, no abnormal

radioisotope uptake was evident. CT scan identified a low-
density mass in the neck, and a right lower parathyroid
adenoma was successfully removed by focused neck
exploration. In patient 12 with recurrence of secondary
hyperparathyroidism due to an enlarged supernumerary

* gland in the anterior mediastinum, the serum PTH level

was successfully normalized by the initial thoracoscopic
surgery. However, 4 years later, the patient developed
recurrence due to enlargement of another supernumerary
gland located in the middle mediastinum. The PTH
hypersecretion was treated successfully by a repeated

‘thoracoscopic procedure on the same side.

The median operation time and estimated blood loss for
the thoracoscop1c procedure was 116 (range, 6-133) min
and 7.5 (range, 5-35) ml, respectively. No surgical com-
plications were observed in any of the patients. During
follow-up after curative resection, none of the patients with
primary hyperparathyroidism developed recurrence.

Discussion
The majority of patients with primary or secdndaryv

hyperparathyroidism have abnormal parathyroid lesions in
the neck, which can be removed through standard ‘neckr
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“exploration. Although up to 20% of patients may have
hyperfunctional parathyroid glands extending into the
mediastinum, most of these also can be resected through a
«cervical incision, and direct mediastinal exploration is
required in only 2% of cases [1-3]. Traditionally, patients
with hyperparathyroidism have a deep mediastinal para-
thyroid lesion that requires a transsternal or transthoracic
approach involving an open technique. The reported
complication rate associated with these procedures can be
up to 29% [3-51. In a series of 38 patients treated by using
a median sternotomy, Russell et al. [4] reported that chest
complications, such as pleural effusion, pneumothorax, and

. pneumonitis, occurred in 21% and wound complications,

such as hematomas, anterior mediastinitis, and sternal
. dehiscence, occurred in 8%. In another series reported by
Conn et al. {3], 4 of 21 patlents treated by median ster-
notomy had complications, including two cases of pleural
effusion, one case of left subclavian vein thrombosis, and
one case of chondritis of the xiphosternal junction. Because
of the high incidence of surgical complications after a
transsternal or transthoracic open procedure, many sur-
geons have evaluated alternative approaches for accessing
mediastinal parathyroid glands. Schlinkert et al. [6]
reported that anterior mediastinotomy (Chamberlain’s
approach) was feasible in selected patients, although
lesions located deep in the mediastinum required sternot-
omy. Wells and Cooper [7] described a technique for close
anterior ‘mediastinal exploration using a special sternal

retractor to achieve thymectomy via a transcervical

approach, thereby allowing removal of the parathyroid
glands also. However, it is generally believed that para-

thyroid glands located in the aorto-pulmonary window or -

posterior mediastinum cannot be safely removed by the
transcervical method. As a nonsurgical alternative to
standard mediastinal exploration, angiographic ablation
. also has been reported. Doherty et al. [8] have reported the
largest series employing this technique, including 30
angiographic ablations in 27 patients. After these proce-
dures, 3 patients were hypoparathyroid, 14 were nermo-
calcemic, and 10 required subsequent treatment. Three of
the patients initially controlled by angioablation developed
recurrence. The authors also reported a cohort of 24
patients who underwent sternotomy. In the 1990s, advances

in techniques and equipment allowed surgeons to approach -

‘such parathyroid lesions located in the deep mediastinum.
The first description of successful thoracoscopic resection
of mediastinal parathyroid lesions was reported by Prinz
et al. [9] in 1994. In their series, all four paﬁents underwent
cervical thymectomy as part of their initial neck explora-
tion, but this maneuver did not include removal of their
abnormal mgdiastina}l parathyroid glands. Among a series
of 16 patients treated using the transsternal/transthoracic
approach, Cupisti and coworkers [10] reported three cases

@ Sp_ringer

of recurrent nerve palsy, one case of chylous fistula, and
one case of pleural effusion. In contrast, no complications
were observed in the two patients for whom thoracoscopy

was successful. This minimally invasive approach for

mediastinal parathyroidectomy also has been reported by
others [11-21], mainly as case reports or small series
because of the rarity of this type of lesion.

With regard to the most suitable surgical approach for
resection of mediastinal parathyroid lesions, a few reports
have discussed the issue of choosing between a compre-
hensive approach involving thoracoscopy and a cervical
approach. Sukumar et al. [20] recommended a transcervical
approach using a special sternal retractor to remove para-
thyroid glands located within the anterior or superior
mediastinum. They demonstrated that a sternal retractor
was able to open the thoracic inlet and increase the expo-
sure of the superior mediastinum, allowing the inferior
aspect of the left innominate vein to be reached under
direct vision. However, the authors also stated that para-
thyroid adenoma, located even in the anterior mediastinum,
was resectable under thoracoscopic vision or that the entire
thymus. gland could be removed with the adenoma in situ,
Liu at al. [18] recommended a cervical “back-door”.
approach for resection of posterior superior mediastinal
parathyroid adenomas. This “back-door™ approach was
initiated by dissection between the sternocleidomastoid and
strap muscles, and then extended down to the spine along a
plane medial to the jugular vein and carotid artery, and
inferiorly into-the posterior superior mediastinum. Both of
these reports stated that parathyroid adenomas in the
middle or posterior mediastinum were best accessed via a
thoracoscopic approach.-In our series, we also decided the
surgical method according to the location of the medias-
tinal lesions. All eight mediastinal lesions localized pre-
operatively below the level of the aortic arch in the deep”
mediastinum were sﬁccessfully removed by thoracoscopy.
Additionally in this series, a repeat thoracoscopic proce-
dure on the same side of the chest was successful for
resection of a hyperfunctional sapernumerary parathyroid
gland in a patient with recurrent secondary hyperparathy-
roidism. A thoracoscopic approach can be a feasible option
for mediastinal reexploration in such patients. Seven
patients whose parathyroid adenomas were localized in the
superior mediastinum were treated successfully by a
transcervical procedure without having to retract the ster-
num. The level of the aortic arch-on a horizontal chest CT
image can be a useful landmark for guiding a suitable

‘surgical approach.

‘Accurate preoperative localization of medxastmal para-
thyroid lesions is mandatory for successful mediastinal
exploration. Many surgeons have described the importance
of preoperative localization using sestamibi scan, CT scan,
and/or MRI. In our series, a combination of sestamibi scan
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and chest CT scan or MRI not only confirmed the presence
of an abnormal mass but also provided valuable informa-
tion about the surrounding or contiguous structures. It is,
however, noteworthy that our series included one medias-
tinal tumor showing sestamibi false positivity, and this was
proven to be a thymoma histopathologically. It has been
reported that thyroid disease, including benign nodules and
malignancies, and enlarged lymph nodes, can appear false-
positive in sestamibi scans for localization of parathyroid
- lesions [22-24]. Mitochondrial density within a tumor is
associated with retention of 99m-TC sestamibi, and it
should be bome in mind that some mitochondria-rich
mediastinal tumors, such as thymoma, can appear false-
positive for this reason. The patient involved underwent
sestamibi scan/SPECT for relocalization. of an abnormal
parathyroid after removal of the thymoma, but no abnormal

findings could be identified. On the other hand, a very

- small mediastinal parathyroid lesion weighing 260 mg
associated with MEN 1 was identifiable by sestamibi scan,
even though it has been reported that the sensitivity of
sestamibi scan in patients with multiglandular parathyroid
disease is lower than that in patients with single parathy-
roid adenoma [25]. This small mediastinai -parathyroid
lesion was localized by preoperative chest CT. The para-
thyroid adenoma found to be deeply embedded in the

thymus of a 19-year-old male was not revealed as a
mediastinal mass by CT scan because the thymus was not

atrophic. Only additional MRI was able to localize the
lesion in the intrathymic mediastinal parathyroid. Obtain-

ing such anatomic information about tamor location was

mandatory not ohly for selection of the optimal surgical
approach but also for dissection and localization ‘during the
operation, thus we emphasize the importance of precise
localization before surgery. :

- Another issue in this study was detecnon of enlarged
mediastinal parathyroid glands during surgery. Intraoper-
ative sestamibi gamma probe gnidance has been recom-
mended for thoracoscopic mediastinal exploration [15~17],
and the use of this radiognided method is able to facilitate
identification of parathyroid tissue and may reduce opera-
tion time. Recently, however, some reports have cast doubt
on the need for intraoperative radio-navigation [18, 21].
Alesina et al. {21] described one case in their personal
series that required a longer operation time due to difficulty
with dissection and considered that the use of a gamma
probe would have been helpful for reducing the operation
time. In our series, all the mediastinal lesions localized
preoperatively were detected successfully by visual
inspection alone during surgery, using not only a cervical
but also a thoracoscopic approach. No radioguided tech-
nique was necessary for intraoperative detection, even for a
small parathyroid lesion weighing only 260 mg. The

_parathyroid adenoma deeply embedded in the thymus of a

young male could not be directly identified by intraopera-
tive visual inspection, but the region of the thymic gland in
which the lesion appeared to be located was easily identi-
fied based on information from preoperative localization
studies. Therefore, we believe that most mediastinal para-
thyroid lesions can be localized by visual inspection alone
during surgery if they are accurately localized beforehand.
Operation time and estimated blood loss in our series
were comparable to those reported previously [18, 21]. No
morbidities were observed, and the follow-up outcome was
favorable. Therefore, thoracoscopic surgery should be the

~ treatment of choice for resection of parathyroid lesions

located deep in the mediastinum.

In conclusion, thoracoscopic surgery is safe and feasible
for resection of deep mediastinal parathyroid lesions, even
in patients undergoing repeat procedures. Mediastinal
parathyroid lesions localized preoperatively at the aortic
arch or upper region can be treated via a cervical approach
without any special sternal retractor. Preoperative sestam-
ibi scan can sometimes give a false-positive result in cases
of concurrent thymoma. Most mediastinal parathyroid
lesions localized preoperamvely can be identified by vxbual
inspection alone. :
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