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Objective
To determine whether patients with tertiary hyperparathyroid-
ism due to single- or two-gland disease undergoing limited
resection have similar long-term outcomes compared with
patients with hyperplasia undergoing subtotal or total
parathyroidectomy.

Summary Background Data
Tertiary hyperparathyroidism occurs in less than 2% of pa-
tients after renal transplantation. Approximately 30% of these
cases are caused by one or two hyperfunctioning glands.
Nevertheless, the standard operation for this disease has
been subtotal or total parathyroidectomy with
autotransplantation.

Methods
Seventy-one patients underwent surgery for tertiary hyperpara-
thyroidism. At the time of surgery, 19 patients who had a single
or double adenoma underwent limited resection of the enlarged
glands only (adenoma group). The remaining 52 patients with
three- or four-gland hyperplasia had subtotal or total parathyroid-
ectomy with implantation (hyper group). Long-term cure rates
between the two groups were compared.

Results
In the adenoma group, 7 patients had a single adenoma and
12 underwent resection of a double adenoma. In the hyper
group, 49 patients had subtotal and 3 had total parathyroid-
ectomies. After surgery, 70 of 71 patients (99%) were cured
of their hypercalcemia. The incidence of postoperative tran-
sient hypocalcemia was significantly higher in the hyper group
(27% vs. 5%). No patients in either group had permanent hy-
pocalcemia requiring long-term supplementation. With up to
16 years of follow-up, there have been no recurrences in the
adenoma group, whereas three patients (6%) in the hyper
group have had recurrent or persistent hyperparathyroidism.

Conclusions
Patients with tertiary hyperparathyroidism who underwent lim-
ited resection of a single or double adenoma only had equiva-
lent long-term cure rates compared with patients undergoing
more extensive resections. Therefore, the authors recom-
mend in patients with tertiary hyperparathyroidism and en-
largement of only one or two parathyroid glands that the re-
section be limited to these abnormal glands only.

Tertiary hyperparathyroidism occurs in patients with
chronic renal failure who have undergone a successful kid-
ney transplant. The development of tertiary hyperparathy-
roidism is thought to arise from a resetting of the homeo-
static response mechanism of the parathyroid tissue

secondary to prolonged alterations in serum calcium and
phosphate in patients with renal failure.

Although tertiary hyperparathyroidism is not a common
disease process in the renal transplant population (1.6–3%
in some series),1–4 it can cause significant problems, includ-
ing pathologic fractures, joint disease, renal calculi, mental
status changes, muscle weakness, and peptic ulcer disease
as well as pancreatitis.4–10 Surgery remains the only cura-
tive therapy for tertiary hyperparathyroidism.1,3,11,12

The standard surgical approach to patients with tertiary
hyperparathyroidism has been either subtotal parathyroid-
ectomy or total parathyroidectomy with autotransplantation.
This surgical strategy is based on the belief that tertiary
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hyperparathyroidism is generally the result of hyperplasia of
all four (or more) glands. However, several reports indicate
that up to 29% of patients with tertiary hyperparathyroidism
may have disease limited to one or two glands.4,13–22 Al-
though some surgeons recommend subtotal or total parathy-
roidectomy with autotransplantation for fear of recurrent
disease in these patients, others propose resection of only the
enlarged glands after a formal neck exploration.1,3,4 To deter-
mine whether resection of a single or double adenoma in
patients with tertiary hyperparathyroidism results in equivalent
long-term cure rates, we reviewed our experience.

METHODS

Between January 1984 and May 2001, 3,995 patients
underwent kidney transplantation at the University of Wis-
consin Hospitals and Clinics. Of these, 71 were referred for
clinically significant post-transplantation hyperparathyroid-
ism requiring parathyroid exploration; these patients form
the basis for this report. The criteria for surgical referral
were symptomatic hypercalcemia after kidney transplanta-
tion, or asymptomatic hypercalcemia 1 or more years after
successful renal transplant (Ca�� � 10.5 mg/dL with ele-
vated parathyroid hormone [PTH] levels and a normal se-
rum creatinine level). Patients in whom hyperparathyroid-
ism developed after failure of their transplanted kidney were
excluded.

All patients underwent a formal neck exploration through
a Kocher incision. All glands were identified and examined.
If three or four glands were enlarged, a 3.5-gland (subtotal)
or a 4-gland (total) parathyroidectomy with transplantation
of the remaining tissue into the brachioradialis muscle was
performed. In most instances, if only one or two glands
were enlarged and the remaining glands were normal, then
only the enlarged glands were resected.

Outcomes were based on chart review. Postoperative
hypocalcemia was defined as a serum calcium level of 7.9
mg/dL or less with associated symptoms, including numb-
ness and tingling in the perioral region or in the extremities.
Recurrence was defined as a serum calcium level exceeding
10.5 mg/dL in consecutive samples 6 months after surgery.
Persistent disease was defined as a serum calcium level
greater than 10.5 mg/dL within 6 months of surgery. Data
were recorded as mean � SEM. Statistical analysis was
performed with SPSS software (SPSS Inc., Chicago, IL).

RESULTS

Pretransplant Data

There were 71 patients, 32 men and 39 women. The
average age at parathyroidectomy was 43 � 2 years. The
primary renal disease leading to transplantation was chronic
glomerulonephritis (n � 10), hypertension (n � 9), poly-
cystic kidney disease (n � 9), diabetes (n � 8), membrano-
proliferative glomerulonephritis (n � 5), unknown (n � 5),

chronic pyelonephritis (n � 4), congenital hypoplasia (n �
4), obstructive uropathy (n � 3), focal segmental glomeru-
lar sclerosis (n � 4), Alport’s disease (n � 3), systemic
lupus erythematosus (n � 2), amyloidosis (n � 1), renal cell
carcinoma (n � 1), lithium toxicity (n � 1), chemotherapy
toxicity (n � 1), and IgA nephropathy (n � 1). There were
49 cadaveric transplants, 18 living related transplants, 2
repeat living related transplants, and 2 living unrelated
transplants. The average duration of dialysis was 27 � 4
months. Thirteen patients received a kidney without under-
going dialysis.

Preparathyroidectomy Data

The average preoperative calcium level was 11.0 � 0.3
mg/dL. Different PTH assays were used during this period
to measure PTH levels. The mean preoperative PTH C-
terminus level was 1,184.31 pg/mL (reference range 18–
120 pg/mL) in 32 patients. In 29 patients the mean preop-
erative N-terminus level was 98.67 pg/mL (reference range
1.0–6.8 pg/mL). In 14 patients, the mean preoperative
intact PTH level was 545.21 pg/mL (reference range 15–65
pg/mL). Preoperative serum phosphate and serum alkaline
phosphate levels were 2.14 � 0.66 mg/dL and 195 �
171.87 U/L, respectively.

Forty-six patients were symptomatic (66%). Twenty-two
presented with bone pain. Nine had musculoskeletal com-
plaints, including myalgias and weakness. Seven patients
experienced mental status changes. Three patients presented
with pancreatitis and two with renal calculi. Other symp-
toms on presentation included diarrhea, insomnia, and met-
astatic calcifications (Table 1). Twenty-five of the patients
were asymptomatic at presentation.

Surgical Data

The average time between renal transplantation and par-
athyroidectomy was 4.2 � 0.7 years. The average duration
of parathyroidectomy was 144 � 5.3 minutes. The average
gland weight was 892 � 174.46 mg. The average length of
stay was 3.5 � 0.3 days. Twenty-one of the patients were
found to have either one (n � 9) or two (n � 12) enlarged

Table 1. PREOPERATIVE SYMPTOMS

Symptom No. of Patients

Bone pain 22
Muscular pain 9
Mental status changes 7
Pancreatitis 3
Renal calculi 2
Metastatic calcifications 1
Diarrhea 1
Insomnia 1
Total 46
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glands, and 19 of them underwent resection of a single or
double adenoma (adenoma group). The remainder of the
patients (hyper group) underwent subtotal (n � 48) or total
parathyroidectomy (n � 3) with autotransplantation into the
brachioradialis muscle. Seven patients (9.8%) were found to
have ectopic glands (five at initial neck exploration and two
on reexploration for recurrent disease). Four were located in
the thymus (5.6%) and three were intrathyroidal (4.2%).
Seven of the patients in the hyper group had enlargement of
only three glands (13.4%). In a separate patient, only 3
glands were identified and 2.5 glands were removed.

Surgical Outcomes

Sixty-nine of the 70 patients undergoing a first-time ex-
ploration for hyperparathyroidism became eucalcemic after
surgery. One patient who underwent a 2.5-gland resection
required reexploration within 8 days of the initial operation
for persistently elevated serum calcium levels. On re-explo-
ration, an ectopic gland was located in the thyroid by
intraoperative ultrasound. The patient subsequently became
eucalcemic after excision of the ectopic gland. Another
patient was referred for persistent hypercalcemia after suc-
cessful renal transplantation. Six months before transplan-
tation, she had undergone a three-gland parathyroidectomy
with autotransplantation into the brachioradialis muscle at
another institution. A preoperative nuclear imaging study
suggested a parathyroid gland in the substernal region. A
gland was identified on reexploration in the thymus. After
resection, her serum calcium level returned to normal.

Comparison of Limited Versus Subtotal
or Total Resection

Patients were placed into two groups based on the intra-
operative findings and the procedure performed (limited
resection vs. subtotal or total parathyroidectomy). The ad-
enoma group consisted of 19 patients who underwent lim-
ited resection of one or two adenomas. The hyper group
included all patients who underwent subtotal or total para-
thyroidectomy with autotransplantation. No differences
were noted between these two groups with regard to age,
gender, symptoms, duration of dialysis, or time between
transplantation and parathyroidectomy (Table 2). We also
compared the preoperative laboratory values (serum cal-
cium, PTH, creatinine, and phosphate levels) of the two
groups; no significant differences in these values were ob-
served (Table 3).

In comparing the postoperative outcomes of the two
groups, there was no significant difference in the mean
serum calcium, phosphate, or alkaline phosphatase level,
gland weight, duration of operation, or follow-up (Table 4).
There was a significantly higher rate of transient postoper-
ative hypocalcemia in the hyper group (27%) than in the
adenoma group (5%) (P � .036) (Table 5). Importantly, one
of the patients in the hyper group with enlargement of a
single gland underwent a subtotal parathyroidectomy and
developed hypocalcemia. Three of these patients had three-
gland hyperplasia and two other patients underwent total
parathyroidectomy with autotransplant. All 14 patients who
had transient postoperative hypocalcemia required oral cal-
cium and/or vitamin D supplementation lasting 2 to 18

Table 2. DEMOGRAPHICS AND PRESENTATION

Adenoma (n � 19) Hyper (n � 52) P Value

Mean age (years) 43 � 2 47 � 2 NS
M:F 8:11 19:32 NS
Symptomatic 12/19 (63%) 34/51 (68%) NS
Duration of dialysis (months) 25.7 � 6.3 27.4 � 6.4 NS
Time to parathyroid surgery (months) 20.3 � 4 21.4 � 3 NS

Values expressed as mean � SEM.

Table 3. PREOPERATIVE LABORATORY VALUES

Adenoma (n � 19) Hyper (n � 52) P Value

Calcium (mg/dL) 11.2 � 0.21 11.0 � 0.2 NS
Phosphate (mg/dL) 2.19 � 0.68 2.13 � 0.66 NS
Creatinine (mg/dL) 1.57 � 0.45 1.48 � 0.6 NS
Alkaline phosphatase (U/L) 182 � 20.3 201 � 27.7 NS
Intact PTH (pg/mL) 405 � 145 600 � 140 NS

PTH, parathyroid hormone. Values expressed as mean � SEM.
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months. Two of the patients required subsequent autotrans-
plantation of cryopreserved tissue. In all patients, hypocal-
cemia resolved. In contrast, only one of the patients in the
adenoma group required oral calcium and vitamin D sup-
plementation for several weeks. Her low serum calcium
level coincided with an episode of acute pancreatitis; thus,
it is unclear whether the etiology of hypocalcemia was truly
secondary to the surgery performed or to the pancreatitis.

Other surgical complications in either group were rare.
There were no postoperative hematomas or infections, and
only one patient experienced transient, recurrent laryngeal
nerve neuropraxia that resolved within 2 weeks.

Long-Term Follow-Up

The average follow-up was 62.7 months. One patient was
lost to follow-up. Thirteen have died. Nine of these patients
died with functioning renal allografts. Three patients cur-
rently require dialysis. Although there were more instances
of recurrence or persistent disease in the hyper group (n �
3 [7.5%]) versus the adenoma group (n � 0), this did not
approach statistical significance. Two of the patients in the
hyper group have undergone reexploration of the neck. One
was found to have an ectopic gland in the thyroid, which
was resected 8 days after the original operation when serum
calcium levels failed to return to normal (previously re-
ferred to). The second patient was found to have an enlarged
right inferior parathyroid gland that had been partially re-
sected in the first operation and was re-resected and auto-

transplanted into the forearm. The third patient is currently
asymptomatic and awaiting reexploration.

DISCUSSION

We report our experience and outcomes with surgical
management of tertiary hyperparathyroidism. The incidence
of this disease is less than 2% in this index population.
Nevertheless, it is a disease that produces debilitating symp-
toms in the majority of patients and can threaten the existing
allograft. In our hands, parathyroidectomy in patients with
tertiary hyperparathyroidism is associated with a long-term
cure rate of 99%.

Numerous studies have reported on the incidence of
adenoma as the cause of tertiary hyperparathyroidism. The
incidence ranges from 0% to 32%.4,13–22 The incidence of
single or double adenoma in our series was 30%. As with
previous series, several of our patients were found to have
asymmetric hyperplasia limited to one or two glands,
whereas others had true adenomas on pathologic sec-
tion.4,15,23 We did not distinguish between these two disease
entities at the time of surgery because it would not have
altered our surgical approach. Further, patients with either
process had similar outcomes. Nevertheless, this issue raises
several questions. First, would patients with adenomas have
developed primary hyperparathyroidism if they had not
developed renal disease? Second, do patients with asym-
metric hyperplasia represent a group in which only one or
two glands develop a persistent secondary hyperplastic re-

Table 4. POSTOPERATIVE LABORATORY VALUES AND FOLLOW-UP DATA

Adenoma (n � 19) Hyper (n � 52) P Value

Duration of surgery (minutes) 143.7 � 9.49 144.3 � 47 NS
Calcium 9.36 � 0.22 9.09 � 0.11 NS
Phosphate 3.28 � 0.17 3.46 � 0.1 NS
Alkaline phosphatase 92.6 � 10.3 95.5 � 5 NS
Average gland weight (mg) 1,282 � 415 749.9 � 140.6 NS

Values expressed as mean � SEM.

Table 5. POSTOPERATIVE COMPLICATIONS

Adenoma (n � 19) Hyper (n � 52) P Value

Transient hypocalcemia 1/19 (5%) 14/52 (27%) .036
Permanent hypocalcemia 0 0 NS
Transient RLN injury 0 1/52 (2%) NS
Permanent RLN injury 0 0 NS
Recurrence/persistence disease 0 3/52 (6%)* NS
Mean duration of follow-up (months) 69.3 � 11.5 60.1 � 7.3 NS

RLN, recurrent laryngeal nerve. Values expressed as mean � SEM or a percentage for each group.
* Includes one patient who underwent reexploration 8 days after the original operation for persistent hypercalcemia.
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sponse after the resolution of uremia? There has been at
least one report showing that parathyroid adenomas arise in
renal transplant recipients in association with the allelic loss
of chromosome 11 in the enlarged glands only.24 In con-
trast, multiple adenomas and hyperplasia express a high
level of EGF receptors but solitary adenomas do not, sug-
gesting further differences in the etiology of these disease
processes.25 However, for the purposes of managing pa-
tients with enlargement of only one or two glands, distin-
guishing between these two potential disease entities ap-
pears to be unnecessary.

The incidence of postoperative complications was 22%
and consisted of 15 cases of postoperative transient hy-
pocalcemia and 1 case of temporary recurrent laryngeal
nerve neuropraxia. This is consistent with previous se-
ries.3,4,14 The incidence of postoperative transient hypocal-
cemia was significantly higher in the hyper group. Two of
these patients underwent total parathyroidectomy with au-
totransplantation, for which hypocalcemia is a frequent and
well-recognized complication.26,27 However, in reviewing a
third subset of patients (those with 3-gland disease who
underwent 3.5-gland resection), there was a higher rate of
hypocalcemia (3/7 [43%]) compared with patients with
4-gland hyperplasia who underwent an identical operation
(8/40 [20%]). Further, of the two patients with adenomas
who underwent subtotal parathyroidectomy, significant
postoperative hypocalcemia developed in one. These find-
ings are consistent with previous studies and suggest that
aggressive resection of parathyroid tissue, particularly in
patients who do not have four-gland disease, may not leave
adequate parathyroid tissue in situ to prevent postoperative
hypocalcemia.14

We hypothesize that patients with enlargement of only
one or two glands have a more limited disease process than
those with four-gland hyperplasia and do not require a
subtotal or total parathyroidectomy with autotransplantation
to achieve similar rates of long-term eucalcemia. The lack
of recurrent disease in the adenoma group after limited
resection suggests that this hypothesis is correct. Alterna-
tively, a more aggressive resection in this group of patients
is not only unnecessary but may also subject them to a
greater risk of postoperative hypocalcemia. The data pre-
sented here support a surgical strategy of resection limited
to enlarged glands so that postoperative complications can
be minimized.

There have been numerous other series, including two
from our institution, regarding the surgical strategy for
tertiary hyperparathyroidism.4,15,19,22,28–30 Several of these
studies describe the results of limited resection for single
and double adenoma.3,23,31 Results from the latter studies
have been mixed. Gasparri et al23 recommended a more
aggressive surgical resection because limiting resection to
less than a subtotal parathyroidectomy resulted in a very
high rate of recurrence of disease. In contrast, Kilgo et al4

described a limited strategy for single and double adenoma

with very favorable outcomes and no recurrent disease at
follow-up.

Our data support this more limited strategy for the fol-
lowing reasons. First, there is a high incidence of postop-
erative hypocalcemia after subtotal parathyroidectomy that
is even greater with disease limited to less than four glands.
Second, our long-term data indicate that limiting resection
to the affected glands only in patients with single or double
adenoma results in a cure rate of 100% at 5 years of
follow-up. Importantly, there was no significant difference
in the rate of recurrence between the adenoma (n � 0) and
the hyper (n � 3) groups.

Our surgical strategy is to perform a formal neck explo-
ration in renal transplant recipients with clinically signifi-
cant tertiary hyperparathyroidism. We wait at least 1 year
after the renal transplant to perform a parathyroidectomy in
patients with asymptomatic tertiary hyperparathyroidism
because most of these patients will have resolution of their
hypercalcemia within this period.3,4,15,32 Thereafter, all pa-
tients with hypercalcemia are explored and the size of all
four glands is evaluated to determine whether the disease is
due to single or double adenoma or hyperplasia. If disease
involves only one or two glands, then the enlarged glands
are resected. In patients with hyperplasia, we recommend
3.5-gland resection with tagging of the remaining half-gland
with a nonabsorbable, colored suture. We prefer to avoid
total parathyroidectomy with autotransplantation for hyper-
plasia because of the high postoperative incidence of hy-
pocalcemia (67%) and the low rate of recurrence after
3.5-gland parathyroidectomy (6%). If all four glands cannot
be identified, then a cervical thymectomy should be per-
formed after complete exploration of the neck. With this
strategy, we were able to locate seven ectopic glands, in-
cluding two on reexploration, without having to perform a
median sternotomy.

Recently we have started to use intraoperative PTH as-
says. We find this assay particularly useful in patients with
one- or two-gland disease and in patients with ectopic
glands because it enables us to determine whether further
resection is needed to achieve eucalcemia.
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Discussion
DR. COLLIN J. WEBER (Atlanta, GA): First of all, Dr. Rikkers, I too have

successfully treated occasional patients by removal of one or two enlarged
parathyroid glands in patients who have had a renal transplant. I must say
that I have found it quite useful to be able to analyze intraoperative PTH
during those procedures.

A cautionary note. Although I too agree that a patient who has had a
renal transplant can develop a parathyroid adenoma like anyone else, the
greatest likelihood is that this represents two-gland hyperplasia, as was
described so aptly in years past by both Drs. Wells and Dr. McGarity and
others. Molecular studies are required to confirm monoclonality of these
lesions. Otherwise, they are probably hyperplasia.

I believe it is important to focus our attention on the renal population and
how much they can benefit from what I call parathyroid reduction surgery.
This is an important study for a number of reasons, but perhaps the most
important one is how much these patients benefit from an increase in bone
density.

I do have several questions which may help us to further understand
whether these lesions were in fact adenomas by the classical definition of
hyperplasia.

For example, were the patients who you described with one- or two-
gland disease on dialysis for a shorter or longer period prior to their renal
transplant than the other patients in your group? Were they noted to be
hypercalcemic before their renal transplant? If that was the case, I think the
diagnosis of hyperplasia would be favored. Have you utilized intraopera-
tive PTH monitoring in any of these cases? And perhaps more important,
have you, as Dr. Udelsman has done, and others I would applaud, measured
parathyroid hormone as well as calcium in the postoperative period? I think
long-term follow-up in this interesting patient population will be useful.

Dr. Robert Udelsman (New Haven, CT): I would like to thank you for
the privilege of the floor and sending the manuscript in a timely fashion.

Dr. Rikkers and his colleagues from the University of Wisconsin have
addressed the management of renal allograft recipients who develop au-
tonomous parathyroid hormone secretion that is inappropriate to the serum
calcium level, so-called tertiary hyperparathyroidism. They demonstrate
that resection limited to macroscopically enlarged parathyroid glands ap-
pears to be curative. The manuscript is well written and the data are quite
convincing.

Follow-up calcium data are presented, but as Collin Weber mentioned,
parathyroid hormone data were not. It would be important to give us some
PTH follow-up in these patients as this would help us understand the
natural history of these patients.

In the manuscript you described transient hypocalcemia as a complica-
tion in 27% of patients who underwent conventional surgery for multigland
hyperplasia. I suggest that if some of these patients underwent total cervical
parathyroidectomy with immediate heterotopic parathyroid transplant to
the forearm as described by Dr. Wells, that in fact hypocalcemia is not a
complication, but rather an expected postoperative finding.

Finally, I would also like to suggest that if some of these patients had a
hungry bone syndrome, they would be especially likely to develop post-
operative hypocalcemia. I am particularly delighted to discuss this manu-
script because I had something to do in the role of training Dr. Chen, who
was involved in the study, and I am delighted to see the quality of the work
being performed at Wisconsin.

DR. GERARD M. DOHERTY (St. Louis, MO): The part that I like a lot
about this paper is the explanation of the physiology of this disease. When
we talk medical students through the understanding of renal osteodystro-
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phy during an operating room session, I always get a little stuck making the
transition from secondary hyperparathyroidism to tertiary hyperparathy-
roidism, on the question of why this should be multiple-gland disease. Why
should there be multiple independent glands that remain persistently au-
tonomous after transplantation has fixed the underlying problem of the
renal failure?

I think this paper points out that it doesn’ t really have to be multiple
glands that are abnormal. Just one gland can remain autonomous and still
have the same effect. From a physiology standpoint I like this a lot and it
will help greatly in our explanations.

I don’ t like the paper as much, though, in its implications about the
possibility of minimally invasive parathyroidectomy. I think that is going
to be some people’s inclination on reading this, to try and apply to the
population the operation that we all do now for primary hyperparathyroid-
ism and that Dr. Udelsman has so nicely described. This is a different
population, if only because there is a much higher incidence of multiple-
gland disease. This is a population in which 70% of the patients have
multiple-gland disease, at least by these data, and so we would be much
more dependent on our intraoperative PTH values to be able to pick out
every one of those patients so that we get this right at least the vast majority
of the time.

I like the paper very much overall. The one thing I would like you to
describe, though, is how you would progress from here. What is the next
step? Will you design a study to help us answer the question of whether we
can apply some of these minimally invasive parathyroidectomy techniques
to this patient population, or alternatively, how should we pick out the
patients in whom that can be applied?

DR. RICHARD E. GOLDSTEIN (Nashville, TN): Dr. Chen, I think that you
probably set a record for lead time in sending the article to us, and I would
like to thank you very much. It will stand as a record that I think will be
very difficult to beat in the future. I will shorten some of my comments
because a lot of the topics were touched on by some of the other discus-
sants, but I do want to ask several things.

One, in those patients in the series who had four-gland hyperplasia,
clearly the preference at your institution was to perform subtotal parathy-
roidectomy rather than total parathyroidectomy with autoimplantation.
And I would ask you to comment briefly why there is clearly such a
preference.

There is also some debate as to whether to routinely resect the upper
thymic tissue in this patient population, somewhat similar to some of the
issues that pertain to the MEN 1 population. And I wonder whether you
might comment on that.

Third, I also wanted to just echo some of the comments by Dr. Udelsman
as far as whether some of the postoperative hypocalcemia you are seeing
could be due to bone hunger. We have seen several patients that had very
substantial bone hunger, and in some of this population that would cer-
tainly not be unexpected.

Overall, I thought this paper was excellent, and clearly these patients
with single or double adenomas or perhaps single or double hyperplastic
glands are being cured. I do want to inject one bit of caution. Clearly, in the
hands of surgeons who are very used to dealing with these processes, you
might have more experience in recognizing one or two glands that are
enlarged versus several that may be fairly normal in size. But as a surgeon
at my institution who has the privilege of doing reoperative neck surgery,
I can tell you that it can be extremely challenging. And part of my
philosophy in dealing with some of these patients is to anticipate what may
happen down the road and how I might plan a second operative procedure
if it was necessary.

I wanted to thank you very much for asking me to comment on this
paper. I really enjoyed it. And I thank the Association for the privilege of
the floor.

DR. MITCHELL H. GOLDMAN (Knoxville, TN): I have two questions.
First, I notice that your time of surgery after transplantation was about

4.5 years. That seems a little bit late given the fact that most of us notice

that there is a resolution of the secondary hyperthyroidism within 6 to 12
months after transplantation. I was wondering why the delay.

The other part of my question along that line is, was there a difference
in the single-adenoma or double-adenoma patients and the patients with
“hyperplasia” in that time delay? In other words, were the hyperplastic
ones more toward the lower end of the range and the adenoma ones at the
upper end of the range?

Finally, were there any patients who were returned to hemo- or perito-
neal dialysis in the group, and what was the effect on those patients after
they had one or two adenoma resections?

DR. HERBERT CHEN (Madison, WI): I would like to start by thanking Dr.
Rikkers for presenting the work and the many discussants for their insight-
ful comments and provocative questions.

First of all, the most important point that Dr. Doherty brought up is that
we are not advocating minimally invasive parathyroidectomy for patients
with tertiary hyperthyroidism. We feel that these patients need a full
exploration with identification of all parathyroid glands. However, we
believe that limited resection should be done, if possible, when you have a
surgeon with significant experience in identifying normal parathyroids
from diseased parathyroids. The criterion we used in this study was size. At
the time of surgery, if I have any questions if it is a normal or abnormal
parathyroid gland I just call Jim Starling, who is the senior surgeon at our
institution, and I have him take a look as well.

Where do we go with the next step, Dr. Doherty asked. Well, Dr. Weber
alluded to intraoperative PTH, and I think that is going to be the next step
or the new technique we use to manage these patients. In this study only
about 10% of the patients underwent intraoperative PTH testing. And that
is because we have just begun using that technique at our institution this
year. We found that assay to be useful in two specific instances.

In one patient which I explored and thought there were double adenomas
present, I took out the two enlarged glands and checked the intraoperative
PTH level. Indeed, it did fall below 50%, the criterion set with primary
hyperparathyroidism. But I caution that we need to do more work with the
assay before we can define what the criteria should be for intraoperative
parathyroid hormone testing for patients with tertiary hyperparathyroidism.

The second incident in which intraoperative PTH testings is helpful is
after a 3.5-gland or subtotal resection. I think that protects you if you have
a fifth enlarged gland someplace else that is still hyperfunctioning and you
think you are done but you are really not. Fortunately, we haven’ t had that
situation happen recently since we started using the assay.

Dr. Weber mentioned the terminology difference between adenoma and
hyperplasia. And perhaps it was our mistake to call them adenomas in one
group and hyperplasia in the other group. You really don’ t know until you
do the genetic or pathologic studies, and perhaps we should refer to them
as the number of diseased glands, one or two diseased glands or three or
four diseased glands. We did note that there was no difference in the
dialysis time between those with single- or double-gland enlargement
versus with multiple-gland enlargement.

Both Dr. Weber and Dr. Udelsman commented on the postoperative
PTH levels, which I think are important. Unfortunately, we don’ t have
long-term follow-up on a lot of the patients with regards to PTH levels. I
can tell you in the short term that PTH levels fall. And what our trans-
plantation people do is, once we see normalization of the PTH and calcium
levels, they follow calcium. Because even if you had an elevated PTH level
with normal calcium long term, would you explore the patient? Probably
not. So I submit that although the PTH level is important, the calcium is the
important number.

Dr. Udelsman is correct in saying when you do a total parathyroidec-
tomy with an implant, those patients by definition will have transient
hypercalcemia. And in fact 2 of the 14 patients developed hypercalcemia
for that reason. But that still leaves 12 patients who developed it who did
not have that procedure.
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Both Drs. Udelsman and Goldstein alluded to the hungry bones being a
possibility. And yes, the hypocalcemia may be due to hungry bones. But I
submit to you that the alkaline phosphatase levels both preop and postop in
these patient groups were exactly the same.

Dr. Goldstein asked why we do subtotal parathyroidectomies in the
patients with multigland disease. And I think that is based on our experi-
ence that once you have done a kidney transplantation, the stimulus for
parathyroid growth is gone. So as long as the kidney works—and Dr.
Udelsman taught me this when I was training—a 3.5-gland resection will
be fine, because that remnant will not hypertrophy so long as the kidney is
working.

We do not routinely perform a cervical thymectomy. However, if we are
missing one of the glands, especially the lower ones, we will go ahead and
perform one.

With regard to helpful comments, when you go back for a second
operation, Dr. Goldstein, when we have had to, the recurrence has been the
remnants, or in the thyroid in one case. We would pursue imaging tech-
niques to localize an abnormal gland before we go in.

Dr. Goldman asked why we wait 4.3 years to operate on these patients.
And I think that is more of a historical thing. Initially, when Dr. Starling
looked at these patients, he found that a significant number resolve their
hyperparathyroidism without surgery within a year, and some patients even
did it in 3 or 4 years. When our nephrologists read that paper, they thought
that most patients could probably wait and some would get better. But
recently we have developed a more aggressive approach, especially know-
ing that some of these patients will develop decreased bone density because
of immunosuppressives. So that is why our current criterion for parathyroid
surgery in tertiary hyperparathyroidism is symptoms at any time or asymp-
tomatic disease greater than 1 year after transplantation.

And lastly, Dr. Goldman asked about how many patients have gone back
to dialysis; that is, how many of these patients have failed transplantation?
Three patients out of 71 are on renal dialysis right now for a failed kidney
transplant. None of these patients had recurrent hyperparathyroidism after
3.5-gland resection.

I would like to thank the Association for the honor of discussing this
paper.
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