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Abstract

Tertiary hyperparathyroidism is hypercalcemia after kidney transplantation. A
near-total parathyroidectomy is curative for tertiary hyperparathyroidism and
should be considered within the first year of kidney transplantation if hypercal-
cemia does not resolve. Cure rates of hypercalcemia after a parathyroidectomy
for tertiary hyperparathyroidism are >95%.
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Introduction

Tertiary hyperparathyroidism (3HPT) is described as persistent hyperparathyroidism
with hypercalcemia despite correction of secondary hyperparathyroidism (from
chronic renal failure) with renal transplantation. The reported incidence of post renal
transplant hyperparathyroidism ranges from 25-50% at 1 year after transplant and
about 17% at 4 years after transplant [1, 2]. The average time for parathyroid levels to
return to normal post transplant varies between three to 6 months [3]. Calcium levels
post renal transplant are also highly variable. The natural history of post transplant
calcium levels can be categorized into three distinct groups: eucalcemia, hypercalce-
mia, and fluctuating calcium levels. These varying calcium levels present an obstacle
to identifying patients with true tertiary hyperparathyroidism as opposed to patients
who are still undergoing gland involution. Resolution of hypercalcemia >1 year
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post-transplant is highly unlikely. The incidence of “true” 3HPT with hypercalcemia
post renal transplant ranges from 0.5% to 5.6% [4-9] (Table 18.1).

Indications for Parathyroidectomy in Tertiary
Hyperparathyroidism

Tertiary hyperparathyroidism leads to decreased bone mineral density, changes in
mental status, myopathies, and; importantly, volume depletion and calcification of the
renal allograft, which may affect allograft function [10-12]. Parathyroidectomy
(PTX) is the only definitive treatment option for 3HPT. Current indications for PTX
include highly increased and persistent hypercalcemia, symptomatic hypercalcemia,
increased parathyroid hormone levels, hypophosphatemia, decreased bone mineral
density, or kidney function decline associated with hyperparathyroidism; however, it
is unclear as to what calcium or parathyroid hormone level and at what time point
after renal transplantation one should refer a patient for PTX [5]. At our institution and
many others, patients are referred for PTX by the transplant nephrology department,
and their criteria for referral are based on the level and persistence (greater than
6 months) of serum calcium and increases in PTH. Pharmaceutical therapy for hyper-
calcemia management is often initiated in these patients with a varied response. The
role and timing of implementation of calcimimetics is controversial and it can be
associated with worsening allograft function with a paucity of long term outcomes
data. The decision to initiate calcimimetic therapy or to proceed with parathyroidec-
tomy is often individual and institution dependent with a paucity of consensus derived
guidelines. Studies have shown similar renal graft survival between patients who
undergo PTX and control groups even though some studies report a decrease in GFR
in patients who have undergone PTX. Benefits of PTX may include improved patient
survival, improved bone mineral density, and alleviation of symptoms [13-17].

The optimal timing of PTX post-kidney transplant in patients with 3HPT is also dif-
ficult and the decision to proceed with PTX is based upon expectation of resolution of
hypercalcemia, risks of surgery, cure rates and improvement in symptomology. Near-
total or total PTX with autograft are both effective in curing 3HPT with numerous series
documenting a cure rate >95% when resolution of hypercalcemia is used as a marker for
cure [18]. However, up to 20% of patients will have elevated PTH levels and this is
likely due to vitamin D deficiency, fluctuations in GFR and remaining hyperplastic tis-
sue [19, 20]. Although, the rate of reoperations is low; patients with persistent marked
elevations in PTH should be followed closely for hypercalcemia and some require a
reoperation. The risks of parathyroidectomy are related to anesthesia and neck surgery.
Permanent voice alteration from recurrent laryngeal nerve injury rates vary between
0-8% and are relatively uncommon in the hands of experienced endocrine surgeons
[16]. Transient and permanent hypoparathyroidism is a known complication of any
parathyroidectomy and the rates are low after PTX for 3HPT. Bone hunger and vitamin
D deficiency should be assessed during the postoperative course and invariably patients
will require calcium supplementation and vitamin D repletion. Permanent hypoparathy-
roidism is an extremely rare and avoidable complication. Careful assessment of the rem-
nant parathyroid and its vascular viability should be routine in the operation and an
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immediate autograft of parathyroid fragments should be performed if the remnant is
ischemic. Cryopreservation of parathyroid fragments should be performed in all patients
with storage of fragments for at least 3—6 months. Intraoperative parathyroid hormone
(IOPTH) monitoring can not only help assess the adequacy and completeness of a PTX,
and IOPTH also helps assess parathyroid remnant function.

Effect on allograft function from 3HPT and PTX is an area of controversy with
conflicting data on outcomes [6, 12]. Hypercalcemia and hyperparathyroidism can
cause vasoconstriction, renal arterial calcification and tubulointerstitial calcification
which can lead to decrease allograft function and lead to graft failure [20]. There are
direct effects of PTH on vascular contractility and vascular calcifications which can
lead to decrease allograft blood flow [21, 22]. Increasing GFR without evidence of
rejection can serve as a marker for consideration of PTX. There are conflicting
reports on improvement in GFR and a decrease in rejection episodes after PTX in
3HPT. In case-controlled series an increase in GFR was noted in patients undergo-
ing PTX when compared to patients with medical management, however, this group
also had a higher rate of eventual graft failure.

Uncontrolled 3HPT is associated with increased mortality, myocardial disease,
vascular calcification, worsening bone disease, calciphylaxis, neuropsychiatric
symptoms, generalized malaise and fatigue [4-9]. Improvements in all of these are
well documented in literature from PTX and calcimimetic therapy. In the past few
years calcimimetic therapy is more readily available and therefore more likely to be
utilized. However, PTX results in immediate and the most profound control of
hypercalcemia and symptoms and it is also cost-effective.

Early intervention may improve outcomes in patients with 3HPT. Kidney trans-
plantation results in normal urinary excretion of phosphorus and restores calcium
and vitamin D homeostasis, which in >95% patients is curative for hyperparathy-
roidism. However up to 5% of patients will develop 3HPT. In patients undergoing
PTX for 3HPT there are pre-transplant and post-transplant factors associated with
an increased risk for 3HPT [23]. Pre-transplant factors with increased risk of the
development of 3HPT were elevated serum calcium, very high PTH levels
(>1000 pg/mL), longer vintage of dialysis, failed parathyroidectomy and use of
calcimimetics (Table 18.2). Hypercalcemia immediately after kidney transplanta-
tion is observed in many patients with resolution seen in the majority of patients.

Table 18.2 Patient factors associated with increased risk of 3HPT and PTX

PTX Control
Age, years* 41.8«11.5 46.5+11.5
Gender (M:F ratio) 1.1:1 1.46:1
Race (%AA) 58.1% 48.3%
Dialysis duration, years™* 6+49 28+28
Cause of renal failure (%HTN)* 43.3% 22.8%
Cinacalcet use* 24.7% 8.3%
Pre-transplant PTH at 1 year prior to transplant* 745 + 84 pg/dL 245 + 92 pg/dL
Pre-transplant calcium at 6 months prior to 9.9 +0.9 mg/d 9.1 £0.9 mg/d
transplant™®
Post-transplant calcium at 1 month* 10.4 =1.0 mg/dL | 9.4 = 1.0 mg/dL
Post-transplant PTH at 1 month* 351 + 187 pg/dL 112 + 73 pg/dL

#p < 0.05
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However, when patients are hypercalcemic at 1 or 3 months they are 11 and 15
times more likely to require PTX, respectively. When PTH and serum calcium are
used concurrently at 1 month post-kidney transplant they are strong predictors of
the development of 3HPT. We believe that an early PTX (within the first year of
transplant) is cost-effective and likely to offer a greater benefit to the patient and
further waiting is unlikely to be curative for 3HPT.

Techniques of Parathyroidectomy in Tertiary
Hyperparathyroidism

The technique described here is as a near-total parathyroidectomy is a more precise
variant of subtotal parathyroidectomy. In 3HPT parathyroid glands are hyperplastic,
three and three fourths are removed, leaving a vascularized remnant of one gland
which approximates the size of 2 normal parathyroids; and the fragment which are
equivalent of 8—10 normal glands are cryopreserved. The in-situ gland remnant may
be marked with a permanent suture for future identification (Fig. 18.1). Alternately,

Time I0PTH* Procedure
08:20 915

08:40 LL - NTPTX
08:53 LU - Rx
09:03 435
09:08 RU - Rx
09:13 RU - Rx
09:18 82
09:24 68
Cryopreservation

RU - OUT Lu-out
15x 10 x 8 mm 23x12x8 mm
LL — near total
16 x 10 x 4 mm
RU-OUT L Remnant
12x10x9 mm 5x5x2mm

Preoperative Data

(42yo; dialysis vintage: 4 year; kidney

transplant 1 year ago)

PTH = 1074, Serum Ca = 10.7 mg/dL, GFR = 53

Follow-up @ 5 years
PTH = 89, Serum Ca = 8.2 mg/dL
GFR =49

Fig. 18.1 Schema of patient undergoing parathyroidectomy for tertiary hyperparathyroidism
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all parathyroids may be removed from the neck, and the equivalent of 1-2 normal
parathyroids may be minced into 1-2 mm fragments and autografted into either the
sterno-cleidomastoid or nondominant forearm muscle. Autografted fragments
should not be prepared from nodular parathyroids but from the more uniform para-
thyroids. In this instance, additional fragments should be cryopreserved as a safe-
guard in case the autografted tissue is insufficient. Total parathyroidectomy and
autotransplantation has the advantage that recurrent parathyroid hyperfunction may
be treated by partial autograft excision under local anesthesia. However, some auto-
grafts fail to function. In these patients a vascularized parathyroid remnant often
functions better, and patients may be discharged sooner. Furthermore, in our experi-
ence, vascularized remnant regrowth is distinctly uncommon if the size of the rem-
nant is small (the equivalent of 2 normal parathyroids in mass, approximately
80 mg). In some institutions, a small group of patients undergo a less than subtotal
or near-total parathyroidectomy due to variation in appearance, size and vascularity
of the observed parathyroid glands. Outcomes of this type of “limited” parathyroid-
ectomy in 3HPT have been good in some series by experienced surgeons. Although
this practice may be efficacious for some patients, we believe there are pitfalls in
such an approach and this has led to referrals to many endocrine surgeons for reop-
erations in patients for persistent 3HPT. Also the pathophysiology of 3HPT is of
renal insufficiency triggered hyperplasia leading to abnormality in all glands. This
may play role in recurrence of hyperparathyroidism for patients after a kidney trans-
plant since a significant number of patients develop chronic renal insufficiency with
decrease graft function and up to 20% of patients also progress to failure of the
transplanted kidney and resumption of dialysis. Leaving as small an amount of
parathyroid tissue as possible without leading to hypoparathyroidism with cryo-
preservation of parathyroid fragments is the ideal approach.
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