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Abstract
Background—Operation for MEN1 related hyperparathyroidism includes a neck exploration with
resection of 3.5 or 4 parathyroid glands and transcervical thymectomy (TCT). We reviewed our
experience with initial operation for MEN1 HPT to determine the outcome and utility of routine
TCT.

Methods—All patients with MEN1 who underwent initial neck exploration from 1993 – 2007 under
an IRB-approved protocol were reviewed.

Results—We identified 66 patients with initial surgery for HPT in MEN1. In 34 patients, four
glands were found and in 32 patients, less than four glands were found. In two of the 34 (6%) and
17 of the 32 (53%), intra-thymic parathyroid tissue was found on permanent pathology. No thymic
carcinoid tissue was found in any specimen.

Conclusions—These data highlight the importance of performing TCT when less than four entopic
parathyroid glands are found at first operation.

INTRODUCTION
Multiple endocrine neoplasia type 1 is an autosomal dominant familial cancer syndrome with
a prevalence of 1 in 10,000 to 1 in 100,000.1 Endocrine manifestations include pituitary,
parathyroid, and enteropancreatic endocrine tumors, as well as other rarer tumors.1,2 The
MEN1 gene, and its protein product menin, were identified in 1997; most of the mutations
predicted a truncated protein product and thus suggest a loss of function role for MEN1 in
tumorigenesis.1 Primary hyperparathyroidism (HPT) due to parathyroid tumor(s) is usually
the earliest and most frequent manifestation of MEN1 with a penetrance of almost 100% by
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age 50.2 Parathyroid disease in MEN1 patients is multiglandular in nature due to its hereditary
basis, and all parathyroid tissue is generally considered abnormal or at high risk for tumors.3

The recurrence rate for hyperparathyroidism in sporadic patients has been reported to be
approximately two percent.4 Recurrence rates in MEN1 patients are much higher, ranging from
14 to 69 percent depending on the operation performed, time after operation, and series.5–8
The high recurrence rates and understanding of the underlying genetic mechanisms have led
to efforts to clear as much abnormal parathyroid tissue as possible without causing permanent
hypoparathyroidism.

Transcervical thymectomy (TCT) has often been performed with neck exploration in MEN1
patients and mainly at initial parathyroidectomy.7–10 The rationale for this has been concern
that there may be ectopic or missing parathyroid tissues in the thymus.11 An association
between highly aggressive thymic carcinoid tumors and MEN1 has also been described.12–
14 However, no study has systematically studied the yield of these tissues in thymectomy
specimens performed with parathyroid resection in MEN1 patients. We reviewed our
experience with initial parathyroid resection and TCT for all MEN1 patients over a 14 year
period to determine the utility of performing routine TCT.

METHODS
Sixty six patients with MEN1-related HPT who underwent initial neck exploration with TCT
from 1993 to 2007 were identified and their charts retrospectively reviewed. These patients
were admitted to the NIH under an IRB approved clinical protocol and all gave informed
consent. We defined MEN1 HPT as occurring within a known MEN1 kindred or in a patient
with pancreatic and/or pituitary lesions.

Demographic information, signs and symptoms at presentation or screening, and duration of
symptoms when present were collected. Information regarding kindred, mutational status, and
other manifestations of MEN1 were collected as were pre- and post-operative serum and
ionized calcium values, pre-, intra-(when available), and postoperative parathormone values.
Data regarding the types and results of pre-operative tumor localization studies were also
collected.

All peri-operative data, operative notes, and pathology reports were reviewed for the number
of glands the surgeon found in the neck exploration and the thymectomy specimen. The current
NIH preference at an initial operation for these patients is a transcervical incision and subtotal
(3.5 gland if four glands are found) resection without fresh parathyroid autotransplantation.
15 All patients underwent transcervical thymectomy. Thymic tissue is identified on both sides
of the neck and dissected in a substernal manner in order to resect as much thymic tissue as
possible down to the inominate and below if it can safely be removed via the collar incision.
This typically results in removal of an estimated 30–40% of the thymus. Pathology reports
were also reviewed for the presence of any carcinoid tissue in thymectomy specimens. Follow-
up data were obtained when available.

For the purpose of analysis, we divided the patients into two groups. The first group consisted
of patients in whom four glands were found during the neck exploration and before TCT was
performed, and the second group consisted of those patients in whom gland(s) were still
unaccounted for prior to TCT. The yield of additional parathyroid and any carcinoid tissues as
well as recurrence data were compared between these groups.

These groups were also compared with respect to pre-operative data. A chi-squared test or
Fisher’s exact test, as appropriate, was used to compare dichotomous characteristics. Counts
of signs, symptoms, or signs plus symptoms were compared between the groups using an exact
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Cochran-Armitage test for trend.16 The distribution of kindred vs. lesion vs. both was
compared between groups using Mehta’s modification to Fisher’s exact test.17 Continuously
distributed parameters were compared between groups using a Wilcoxon rank sum test since
many parameters were not normally distributed. All p-values are two-tailed and have not been
adjusted for multiple comparisons.

RESULTS
Features of HPT and MEN1

Demographic information for all patients is presented in Table 1. There were eight kindreds
with multiple family members in the patient cohort. All but two patients underwent one or
more pre-operative non-invasive parathyroid tumor localization studies; no patients were found
to have images suggestive of mediastinal masses. All patients underwent neck exploration and
TCT.

Number of Parathyroid Tumors
In 40 cases, four glands were found and a 3.5 gland resection was performed. In 18 cases, three
glands were found and a 2.5 gland resection was performed; in 4 cases, three glands were found
and all were resected. In four cases, two or fewer glands were found and all of these glands
were resected.

Patients in whom the surgeon identified all four glands in the neck exploration prior to
beginning TCT are shown on the left of Figure 1. This group included three patients in whom
a lesion was identified in cervical thymic tissue during neck exploration before beginning the
transcervical thymectomy. Of the 34 patients in this group, additional parathyroid tissue was
found in only two permanent thymic specimens (2/34, 6%). Pathology described the tissue
within the thymectomy specimen as a full gland in one patient and clusters of thyroid and
parathyroid tissue in the second patient.

Of the 32 patients in the group in which less than four entopic parathyroid glands were found
during the neck exploration, additional parathyroid tissue was found by the surgeon or the
pathologist in the thymic specimen in 17 patients (17/32, 53%). A lesion was identified in
cervical thymic tissue during neck exploration before beginning the transcervical thymectomy
in one patient in this group. Pathology reported the tissue within the thymectomy specimens
as hypercellular parathyroid tissue in seven patients, full glands in nine patients, and
parathyroid tissue in one patient. Following thymectomy, four glands were accounted for in
eight of these 32 patients.

Overall, thymic parathyroid tissue was found in two of the 34 patients (6%) in whom four
entopic glands were identified during neck exploration and 17 of the 32 (53%) patients in whom
four glands were not (p<0.0001 by Chi-square test). No carcinoid tissue was seen in any
specimen. Demographic characteristics, MEN status, signs and symptoms at presentation, and
serum calcium and parathormone values were compared between these two groups; no
characteristic was found to be significantly different (Table 2).

Post-operative Status
The mean percent of the maximum changes in serum calcium, venous ionized calcium, and
intact parathormone values after operation were −18.4% ± 0.99 (n=61), −20.4% ± 1.1 (n=64),
and −84.6% ± 2.3 (n=52). Serum calcium values were normal or low post-operatively in all
patients except for two patients who had persistent hyperaparathyroidism. All four glands were
not found in either patient at the end of neck exploration and TCT. Six patients had
postoperative complications (9%). There were five cases of infection requiring antibiotics
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(sinus infection, two urinary tract infections, otitis media, and leg cellulitis). The patient with
leg cellulitis also developed transient rhabdomyolosis which resolved with hydration. There
was one case of post-operative seizure which was associated with transient elevation of creatine
kinase.

Transient post-operative hypocalcemia was seen in most patients.. The mean post-operative
serum calcium (normal range: 2.05–2.50 mmol/L) and venous ionized calcium (normal range:
1.12–1.32 mmol/L) nadirs were 1.90 ± 0.02 mmol/L (n=51) and 1.07 ± 0.01 mmol/L (n=53)
respectively. 43 patients (65%) were discharged home with oral calcium supplements.

Follow-up data were available for 59 patients (89%) and are presented in Table 3. The mean
follow-up time was 6.4 ± 0.5 yrs, range 0.42 – 14 years. Sixteen of these patients had recurrent
primary HPT. Eight recurrences occurred in patients who had four glands seen at the conclusion
of neck exploration; the mean time to recurrence in these patients was 2.4±0.4 years. Four of
these patients were re-explored at the NIH; three were found to have hyperplasia of the remnant
gland and one patient was found to have a fifth gland. Eight recurrences occurred in those who
had less than four glands seen at the conclusion of neck exploration; the mean time to recurrence
in these patients was 3.8±0.8. Two of these eight patients had four glands found after
thymectomy. Two of these patients were re-explored at the NIH and both were found to have
hyperplasia of the remnant gland.

One patient was re-explored for persistent disease and was found to have an undescended gland.

Fifteen of the 59 patients had persistent hypocalcemia despite oral supplementation (25%).
Five of these patients had less than four glands seen during neck exploration. Mean serum
calcium, venous ionized calcium, and intact parathormone values at the last recorded visit or
prior to autograft for these patients were 2.19 ± 0.04 mmol/L (n=10), 1.18 ± 0.03 mmol/L
(n=7), and 31.3 ± 7.5 pg/mL (n=9) respectively. Six cryopreserved parathyroid autografts were
performed for hypocalcemic symptoms in these patients using our previously described
techniques.18

There were no other long-term complications and no cases of thymic carcinoid.

DISCUSSION
Prophylactic thymectomy

Current initial operations for primary HPT in MEN1 patients include either subtotal
parathyroidectomy (in which 3.5 glands or less are removed) or total parathyroidectomy (in
which 4 or more glands are removed) with autotransplantation.7 Subtotal resections have been
associated with higher recurrence rates than complete resections with autotransplantation,
however, sub-total resections have a lower incidence of prolonged post-operative
hypocalcemia. Among 92 MEN1 patients seen at the NIH, subtotal resection resulted in 33%
(19/58) recurrence with median follow-up of 5.7 years, while total resection resulted in 23%
(3/13) recurrence with median follow-up of 10.9 years.7

TCT is commonly performed with parathyroid resection in MEN1 patients.7,15 A review of
503 unselected autopsy cases found 24 (5%) with at least five parathyroid glands in separate
locations. The most common location for the fifth gland was in or near the thymus. Twenty-
six percent of the inferior glands were also found in or near the thymus, but only 2.2% of glands
were found in the mediastinal thymus or the anterior mediastinum. Of note, true intrathyroidal
glands were found only in three cases (0.2%) [11]. Thymic carcinoid tumors have been
described in several series of MEN1 patients.12–14 Besides these reports, the data regarding
the utility of TCT to remove additional parathyroid tissue or carcinoid tumors during
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parathyroid resection in MEN1 patients are limited. TCT adds time to the operation and
increases the possibility of injury to adjacent structures (nerves and vessels) and also does not
clear all of the mediastinal thymic tissue.

In the prior NIH study of initial operation for 92 MEN1 patients, TCT was performed in 86%
of cases but data are not reported regarding pathology analysis of thymic specimens.7 In
another series of 50 MEN1 patients from Sweden, thymectomy data are reported for 15 patients
who underwent total parathyroidectomy with TCT at reoperation for recurrence. A fifth
parathyroid gland was found in six of 15 thymus specimens (40%).5 A third series of 37 MEN1
patients from The University of Texas MD Anderson Cancer Center undergoing both initial
and re-operation reported the thymus to be the location for additional glands in six of eight
patients (75%) with ectopic glands. Twenty TCTs were performed and six specimens contained
parathyroid tissue (30%).8

Finally, a series of 256 MEN1 cases collected from the GENEM registry in France and Belgium
reviewed trends in operative strategy for HPT. TCT was performed with parathyroid resection
in 32% of operations before 1986, 54% between 1986 and 1990, and 62% after 1990. Univariate
analysis of factors associated with post-operative normocalcemia found less than subtotal
parathyroidectomy vs. subtotal (54 % cure vs. 93%, p=0.0001), and no thymectomy vs
thymectomy (58% cure vs. 84%, p=0.0001) to be significant. However, on multivariate
analysis only the extent of resection remained significant.10

Thymic carcinoid in MEN1
Approximately 100 cases of thymic carcinoids in the setting of MEN1 series have been
reported.12,13,17 In a prospective study of 85 MEN1 patients at the NIH, investigators found
seven patients (8%) with thymic carcinoid. All patients were male and four were smokers. One
patient underwent TCT with parathyroidectomy prior to development of thymic carcinoid, four
patients did not, and this information was unknown for two patients. The mean time of onset
of thymic carcinoid was 19 years after MEN1 diagnosis and 16 years after presentation with
hyperparathyroidism.12 In two retrospective studies of seven patients each with MEN1 and
thymic carcinoid, all patients in both studies were male and most were smokers. Data regarding
previous neck operations are not available in these studies.13,14

Thymic carcinoid has been reported to occur despite previous TCT. This occurred in one patient
in the prior NIH study.12 Occurrence was also described in an MEN1 patient who presented
with left shoulder pain and a large intrathoracic mass on CT nine months after parathyroid
resection and TCT.19 The natural history of thymic carcinoid is not well described, but it is
thought to demonstrate aggressive growth.12,13,17

From these data, the yield of supernumerary or ectopic parathyroid glands for all MEN1
patients undergoing TCT is unclear, and no recent study has commented on the presence of
carcinoid tumors within thymic specimens. Additionally, data from cadaveric review of
sporadic patients revealed that 26% of missing inferior glands were found in or associated with
the thymus, but that only 24 cases (5%) had more than 4 glands.11 Cadaveric data are not
available for MEN1 patients alone and it is unknown how many, if any, of the patients in this
series were MEN1. However, these data raise the question of the utility of routine TCT when
all four glands are identified during neck exploration.

In our study, persistent hyperparathyroidism following resection occurred in two of the 66
patients (3%) and recurrent hyperparathyroidism was seen in 16 of the 59 patients (27%). These
rates are within the range of other published series.7–10 All 66 patients in our study underwent
TCT. No carcinoid tissue was found in any of the 66 thymectomy specimens. There was low
yield of parathyroid tissue within the permanent thymectomy specimens in patients when four
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entopic glands were identified (2/34, 6%) during neck exploration, whereas the yield was much
higher in patients when less than four glands were identified during exploration (17/32, 53%),
p<0.0001. Pre-operative data and the results of the intra-operative parathormone assay were
not found to be statistically different between the groups.

These data suggest that the results of the neck exploration should guide the decision to
undertake TCT. If four glands are found during the neck exploration, the risks of a TCT appear
to outweigh any benefit. In contrast, if four glands are not found during the neck exploration,
there is a much higher probability that the thymus will contain ectopic parathyroid tissue and
TCT remains indicated. In light of these data, we recommend reserving TCT in MEN1 patients
for those patients in which four glands are not found during the neck exploration.
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Figure 1.
Analysis of Patients by Number of Glands Found in Neck Exploration. PT = parathyroid
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Table 1
Patient Characteristics (n=66)

Demographics
n %

 Males 31 47
 Females 35 53
 Mean age at operation (yrs) ± SEM 33.5 ± 1.6
 Range of age at operation (yrs) 12.8 – 62
MEN1 Status n %
 Part of a known kindred 53 80
 Mutation identified in patient or family member 53 80
 Other Lesion (all) 49 74
  Pituitary 33 50
  Pancreatic 24 36
 Part of known Kindred Only 18 27
 Other Lesion Only 13 20
 Known Kindred and Other Lesion 35 53
Presentation n %
 Asymptomatic Patients 6 9
 Patients with ≥1 sign or symptom 60 91
 Symptoms
  Total patients with ≥1 symptom(s) 32 48
  Bone Pain 12 18
  Fatigue 12 18
  Anxiety or Depression 7 11
  Abdominal Pain* 7 11
  Constipation 4 6
  Nausea/vomiting 1 1.5
 Signs
  Total patients with ≥1 Sign(s) 54 82
  Osteopenia and/or Osteoporosis 37 56
  Nephrolithiasis 29 44
  Hypertension 2 3
  Nephrocalcinosis 1 1.5
  Renal Insufficiency 1 1.5
  Arrythmia 1 1.5
 Mean number of signs and symptoms ± SEM 3.8 ± 1.9
 Range of number of signs and symptoms 0 – 5

*
Of the 7 patients with abdominal pain, only 1 patient did not have concomitant Zollinger-Ellison Syndrome or Peptic Ulcer Disease
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Table 2
Comparison Among Patients Based on Glands Found During Neck Exploration
and Before Thymectomy

Four Glands Found n=34 <4 Glands Found n=32 p

Sex
Male 12 19 0.05
Female 22 33
Age at operation (yrs) 35.3±2.3 31.4±2.1 0.19
MEN1 definition
Part of Kindred Alone 9 9 0.88
Other MEN1 Lesion Alone 7 6 0.85
Kindred and Other MEN1 Lesion 18 17 0.98
Kindred vs. Lesion vs. Both 1.00
Symptoms
Bone Pain 6 6 0.86
Fatigue 5 7 0.45
Anxiety or Depression 3 4 0.63
Constipation 3 1 0.61
Number of symptoms 0.65±0.1 0.66±0.2 1.00
Signs
Nephrolithiasis 13 16 0.34
Osteopenia 13 12 0.95
Osteoporosis 7 5 0.6
Number of signs 1.3±0.2 1.2±0.1 0.76
Symptoms and Signs 1.9±0.2 1.9±0.2 0.83
Pre-Operative
Serum Calcium (mmol/L) 2.68±0.02 2.67±0.03 0.94
Venous Ionized Calcium (mmol/L) 1.53±0.02 1.54±0.02 0.52
Intra-operative
% change Intact Parathormone (pg/mL) −85±3 −86±3 0.67
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Table 3
Follow-Up Data*

Incidence of Four Glands Found <4 Glands Found

Supernumary Glands 0/34 (0%) 1/32 (3%)
Persistent Disease 0/34 (0%) 2/32 (6%)
Recurrence (Hypercalcemia) 8/31 (26%) 8/28 (29%)
Persistent Hypocalcemia 10/31 (32%) 5/28 (18%)
 Autografts performed+ 3 3
  Success 1 1
  Partial Success 1 1
  Failure 1 1

*
59 patients had follow-up; 31 patients in the four glands found group and 28 in the <4 glands found group.

+
Success defined as normocalcemia without supplementation; partial success defined as normocalcemia with Calcium supplementation only, failure as

requiring both Calcium and Vitamin D supplementation.18
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