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Abstract

Background: Tertiary hyperparathyroidism (THPT) is characterized by hypercalcemia and
hyperparathyroidism after renal allograft. Limited data exist regarding the use of intraoperative
parathyroid hormone (IOPTH) for THPT. We examined our series of parathyroidectomies
performed for THPT to determine clinical outcomes with respect to IOPTH.

Materials and methods: Patients who underwent parathyroidectomy for THPT (1999-2017)
were identified for inclusion. Retrospective chart review was performed. Cure was defined as
eucalcemia =6 mo after surgery. Statistical analysis was performed.

Results: Of 41 patients included in the study, 41% (7= 17) were female. The median duration of
dialysis before renal allograft was 34 mo (interquartile interval [IQI]:6-60). Preoperatively, the
median calcium level was 10.4 mg/dL (1QI:10.0-11.2), median parathyroid hormone was 172
pg/mL (1Q1:104-293), and renal function was minimally abnormal with median glomerular
filtration rate 58 mL/min/1.73 m2 (1QI1:49-71). At surgery, the median final IOPTH was 40 pg/mL
(1Q1:29-73), and median decrease in IOPTH was 78% (1QI:72-87), with 88% (7= 36) of patients
demonstrating >50% decrease. Median calcium level =6 mo after surgery was 9.4 mg/dL
(IQI:8.8-9.7), and only one patient had recurrent hypercalcemia. Failure to achieve >50% decrease
in IOPTH was not significantly associated with recurrent hypercalcemia (£ = 1.000). With a
median follow-up time of 41 mo (1Q1:25-70), only three patients had graft failure. The positive
predictive value of IOPTH for cure was 89% (95% confidence interval: 0.752-0.971), with 0%
negative predictive value and 87% accuracy (95% confidence interval: 0.726-0.957).

Conclusions: Subtotal parathyroidectomy is a successful operation with durable cure of THPT.
IOPTH fails to predict long-term cure in THPT despite minimally abnormal renal function.
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Introduction

Tertiary hyperparathyroidism (THPT) is a rare disorder characterized by the autonomous
hypersecretion of parathyroid hormone (PTH).1 Unlike primary hyperparathyroidism
(PHPT), in which PTH secretion is driven by intrinsic dysfunction of the parathyroid gland,
THPT typically occurs in the context of other physiologic derangements, such as secondary
hyperparathyroidism.

Secondary hyperparathyroidism in the surgical population is virtually always a result of
chronic renal insufficiency. Elevated serum phosphate levels stimulate PTH secretion, which
combined with impaired calcitriol synthesis leads to hypocalcemia.?3 Persistent
hypocalcemia induces hyperparathyroidism by multiple mechanisms: desensitization of the
calcium-sensing receptor; development of multigland nodular hypertrophy; and mutations in
the proliferating parathyroid cells leading to adenomatous transformation.*-6

In patients with secondary hyperparathyroidism, restoration of normal kidney function by
renal allograft can lead to development of THPT in approximately 20%.’-% While both
secondary and THPT are characterized by markedly increased PTH levels, secondary
hyperparathyroidism is associated with eucalcemia or hypocalcemia, while THPT patients
are hypercalcemic.! Uncontrolled THPT is associated with increased mortality and impaired
renal graft survival.1% Similar to PHPT, parathyroidectomy is the only curative therapy for
THPT. Operative treatment options include total parathyroidectomy with autotransplantation
or subtotal parathyroidectomy with or without routine thymectomy. At our institution, we
routinely perform subtotal parathyroidectomy without thymectomy for THPT.

The extent of parathyroid resection is determined by the operating surgeon. Experienced
surgical judgment is required to strike the balance between over-resection—-inducing
iatrogenic hypoparathyroidism and under-resection leading to recurrence. Visual estimates
of the parathyroid remnant lack standardization. Assessment of functional status via
intraoperative parathyroid hormone (IOPTH) monitoring is intuitively appealing. The value
of IOPTH monitoring is well-established in patients with PHPT.11:12 However, in THPT, the
literature is conflicting regarding the utility of IOPTH monitoring.1:13 Several IOPTH
thresholds have been proposed to predict curative resection, but no consensus exists.14:15
Therefore, the goal of this study was to examine our institutional experience with
parathyroidectomy performed for THPT to determine clinical outcomes with respect to
IOPTH monitoring.
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Materials and methods

Study population

This study was approved by the Institutional Review Board of the University of
Pennsylvania. We identified all patients (7= 43) with THPT who underwent
parathyroidectomy at our institution between 1999 and 2017. A diagnosis of THPT was
made clinically based on hyperparathyroidism with hypercalcemia or signs of end-organ
dysfunction. Two patients were excluded because of incomplete IOPTH data; the final study
population consisted of 41 subjects. A retrospective cohort study was performed. Patient
data were collected prospectively from the electronic medical record and stored in quality
assurance databases. Demographic and clinical variables included age, gender, self-reported
race, cause of renal failure, biochemical and imaging data, and surgical pathology.
Preoperative serum PTH and calcium levels were reported as the levels obtained at the time
of surgical evaluation, regardless of cinacalcet status. Glomerular filtration rate was
calculated using the Modification of Diet in Renal Disease Study equation.

Definitions and outcomes

Duration of dialysis was defined as the cumulative time undergoing dialysis prior to renal
transplant. Renal graft failure was defined as resumption of dialysis. A decrease of >50% in
final IOPTH was defined as operative success. The primary outcome was cure, defined as
eucalcemia =6 mo after parathyroidectomy. Calcium levels <6 mo after surgery and =6 mo
after parathyroidectomy were included for analysis. Secondary outcome measures included
renal graft failure.

Operative technique

Bilateral exploration and subtotal parathyroidectomy was performed for all patients. A
subtotal parathyroidectomy was defined as resection of all parathyroid tissue with
preservation of a vascularized remnant of the smallest parathyroid gland. The remnant size
was visually estimated to approximate the volume of 2-3 normal parathyroid glands. A
portion of excised parathyroid tissue was immediately cryopreserved in the Pathology
Department of the Hospital of the University of Pennsylvania, for potential future
autotransplant. If IOPTH levels failed to decrease by >50% with subtotal parathyroidectomy,
further exploration for ectopic and supernumerary glands was performed, including
transcervical thymectomy.

Intraoperative parathyroid hormone monitoring

Intraoperative PTH levels were assessed in serum. Samples were obtained by venipuncture
prior to incision and 15 min after subtotal parathyroidectomy. Testing was performed in the
clinical laboratories of the Hospital of the University of Pennsylvania on an Immulite 2000
Immunoassay System (Siemens Healthcare, Erlangen, Germany) with chemiluminescent
immunoassay detection of intact PTH.
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Descriptive statistics were performed; group comparisons were performed using the Fisher’s
exact test. Continuous variables were reported as mean with standard deviation or median
with interquartile interval (IQ1; 25™ percentile-75™ percentile) for normally distributed and
nonnormally distributed variables, as appropriate. Statistical analysis was performed using
STATA 15.1 (Stata Corporation, College Station, TX). Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and accuracy were calculated to
assess the relationship between IOPTH and cure.

Clinical characteristics

Of 41 patients in the final study population (Table 1), the median age was 55 y old
(1Q1:49-66); 41% of patients were female (7= 17). The majority of patients were white
(66%, n=27) by self-reported race. Before renal allograft, the median duration of dialysis
was 34 mo (1QI:6-60). Four patients had prior renal grafts and underwent a subsequent
second transplant. One patient had undergone prior subtotal parathyroidectomy for
secondary hyperparathyroidism, with a recurrence in an intrathoracic thymic gland treated
with transcervical thymectomy and forearm autograft. He subsequently underwent renal
transplant and developed THPT localizing to a cervical gland.

Preoperative median serum calcium levels were elevated at 10.4 mg/dL (1QI:10-11.2).
Sequelae of hypercalcemia included nephrolithiasis in 5% (7= 2), bone mineral density loss
in 44% (n = 18), and systemic and neurocognitive symptoms in 56% (7= 23). Preoperative
median PTH was elevated at 172 pg/mL (1Q1:104-293.3). Renal function was minimally
impaired with a median glomerular filtration rate of 58 mL/min/173 m? (1Q1:49-71) and
median serum creatinine level of 1.2 mg/dL (1QI:0.9-1.5). The median time from transplant
to parathyroidectomy was 45 mo (1Q1:23-92). The indication for surgery in each of the 41
patients is listed in Table 2.

Operative findings

Subtotal parathyroidectomy was performed for all patients. At the time of surgery, 12% of
patients (n7 = 5) were found to have ectopic glands (Table 3). Thymectomy was performed
for two patients. The median percent decrease in IOPTH was 78% (1Q1:72-87). Eighty-eight
percent (= 36) of patients demonstrated a >50% drop in PTH after subtotal
parathyroidectomy. Median final IOPTH was 40 pg/mL (1QI1:29-73), within normal range.
On final surgical pathology, the median size of the dominant gland was enlarged at 18 mm
(1Q1:12-24) with a median mass of 496 mg (1QI:148-970).

Clinical outcomes

On short-term postoperative follow-up, median serum calcium levels were normal at 9.5
mg/dL (1Q1:8.7-9.8), with PTH minimally elevated at 70.5 pg/mL (1Q1:47-98.7) (Table 4).
At =6 mo after parathyroidectomy, the median serum calcium level remained normal at 9.4
mg/dL (1Q1:8.8-9.7), while PTH levels slightly increased to 78.3 pg/mL (1Q1:50-118),
respectively. Preoperative and postoperative calcium levels are shown in Figure. The median
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duration of follow-up was 40.5 mo (1QI:25-70). At the time of last follow-up, the median
renal graft survival was 104 mo (1QI1:73-182). Graft failure was observed in three patients;
these patients did not have recurrence of hyperparathyroidism. One patient was
hypercalcemic at last follow-up, consistent with recurrence. Ninety-eight percent of patients
remained eucalcemic at last follow-up. Failure to achieve >50% decrease in IOPTH was not
significantly associated with recurrent hypercalcemia (P = 1.000).

Six subjects did not have all four parathyroid glands identified at the time of surgery. In five
subjects, the IOPTH decreased more than 50% after resection of fewer than 3.5 glands. All
of these subjects were eucalcemic more than 6 mo after surgery. In one subject, the fourth
gland was never found despite extensive exploration, jugular venous sampling, and
intraoperative ultrasound. Although IOPTH decreased by 56% after resection of three glands
and postoperatively she was eucalcemic (latest calcium 10.0 mg/dL), PTH remained
consistently elevated.

To evaluate the relationship between operative success and cure, we assessed the
performance characteristics of four published IOPTH criterion for secondary and THPT
(Table 5). The standard Miami criteria of a >50% decrease in IOPTH demonstrated an 89%
sensitivity for predicting eucalcemia long-term, with 0% specificity, 97% PPV, 0% NPV, and
87% accuracy. To determine whether other criterion performed differently, we compared
three other IOPTH thresholds. A >50% decrease in IOPTH and into the normal range was
66% sensitive and 0% specific, with 96% PPV, 0% NPV, and 64% accuracy. A final IOPTH
of <200 pg/mL was the most sensitive, with 92% sensitivity, 0% specificity, 97% PPV, 0%
NPV, and 90% accuracy. The more stringent criteria of a final IOPTH <60 pg/mL was 68%
sensitive and 0% specific, with 96% PPV, 0% NPV and 67% accuracy. All four criteria were
nonspecific and failed to accurately predict cure after parathyroidectomy for THPT.

To assess the relationship between final intraoperative PTH level and PTH levels after
surgery, we evaluated the performance of PTH guidelines for PHPT (PTH greater than the
normal range) and secondary hyperparathyroidism (PTH <300 pg/mL). In our cohort, 21
subjects had PTH above the normal range at long-term follow-up. Of these, only one subject
was hypercalcemic (calcium 10.3 mg/dL). Two of the 21 subjects failed to achieve 50% or
greater drop in PTH; both of these were normocalcemic. When testing the predictive value
of an IOPTH decrease of less than 50% for persistently elevated PTH level at long-term
follow-up, the sensitivity was 9.5% (95% confidence interval [C1]:1.2%-30.4%) with
specificity 92.3% (95% Cl:64.0%-99.8%), PPV 66.7% (95% CI:16.7%-95.2%), and NPV
41.2% (95% C1:24.7%-59.3%).

In our cohort, two subjects had PTH greater than 300 pg/mL; both of these were
normocalcemic. One of these subjects failed to achieve a 50% or greater drop in PTH. When
testing the predictive value of an IOPTH decrease of less than 50% for PTH level greater
than 300 pg/mL at long-term follow-up, the sensitivity was 50.0% (95% CI:1.3%-98.7%)
with specificity 93.6% (95% Cl: 78.6%-99.2%), PPV 33.3% (95% CI:6.8%-77.5%), and
NPV 96.7% (95% CI1:87.9%-99.2%).
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Elevated final IOPTH was not an accurate predictor of PTH above the normal range at
follow-up; however, it was a reasonable predictor of PTH greater than 300 pg/mL. None of
the subjects who had IOPTH decreases of less than 50% were both hyperparathyroid (either
above the normal range or above 300 pg/mL) and hypercalcemic, and therefore none would
have clear indications for additional surgery.

Discussion

In this study, we examined our institutional experience with parathyroidectomy for THPT.
We found that parathyroidectomy achieved durable eucalcemia in 98% of patients. This high
success rate is similar to other published surgical series of THPT, in which rates of
normocalcemia range from 94% to 100% after parathyroidectomy.1® Although published
techniques of parathyroidectomy vary, results appear to be independent of operative strategy.
Our institutional practice is to perform subtotal parathyroidectomy; cryopreservation at the
time of surgery allows us to perform maximal tissue resection without concern for inducing
permanent hypoparathyroidism. As incomplete parathyroidectomy is associated with
recurrence of THPT,17 our practice has been to leave a minimal remnant, as well as having a
high index of suspicion for ectopic and supernumerary glands.

In our analysis, an IOPTH decrease of 50% failed to accurately predict cure despite
minimally abnormal renal function. Although final IOPTH levels did not meet our criteria in
12% of patients, hypercalcemia was effectively treated by parathyroidectomy, suggesting
that hormonal kinetics may differ from those in PHPT. Several other studies have similarly
noted delayed PTH clearance in the THPT population.18 The etiology of this is unclear but
may be a result of higher initial PTH levels or delayed renal clearance of PTH despite a
functioning renal allograft. Given the high incidence of supernumerary glands in the
secondary and presumably tertiary hyperparathyroid population, persistently elevated
IOPTH may also indicate the presence of additional abnormal parathyroid tissue.19.20
However, all four published IOPTH criteria for secondary and THPT evaluated in this study
performed similarly, with very low specificity for recurrent hypercalcemia. Interpretation of
IOPTH levels in THPT therefore must be incorporated with surgical judgment given the low
accuracy for eucalcemia.

In our patient population, recurrent hyperparathyroidism was not associated with graft
failure. However, owing to the small size of this study, we were substantially underpowered
to detect a difference in graft survival, and therefore this observation is difficult to interpret.
The relationship between renal allograft failure and PTH is incompletely delineated. In
secondary hyperparathyroidism, it is well-established that elevated pretransplant PTH levels
increase the risk of graft loss in subsequent transplant.2! Therefore maintenance of PTH
<300 pg/mL is recommended by the National Kidney Disease Outcomes Quality Initiative
guidelines for patients with chronic renal disease.?? In THPT, however, published literature
is conflicting. Some studies suggest that posttransplant hypercalcemia may be associated
with impaired graft survival and all-cause mortality.1923 However, no mechanism mediating
either allograft loss or mortality has been demonstrated, and these studies were associative
rather than causal. Other studies have shown no correlation between either
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parathyroidectomy and graft survival?*25 or hyperparathyroidism and graft survival?8 in the
posttransplant population, suggesting that this relationship is still incompletely understood.

Given the dearth of data in this area, many opportunities for future research exist.
Establishment of the operative benefits of parathyroidectomy in the tertiary hyperparathyroid
population would be of immediate clinical utility to patients and clinicians struggling with
decision-making in medically complex settings. Such data would inform indications for
parathyroidectomy and could be used as a foundation for management guidelines in THPT.
Study of PTH kinetics in this patient population could contribute to the development of
IOPTH criterion which better predict clinical outcomes; in this small study, we were unable
to identify IOPTH criteria which performed well. Additional research in these promising
areas is needed.

Conclusion

Subtotal parathyroidectomy is a successful operation with durable cure of THPT. In our
tertiary hyperparathyroid population, IOPTH failed to predict long-term eucalcemia despite
minimally abnormal renal function. Although IOPTH is a useful tool to guide the extent of
resection in parathyroidectomy, expert surgical judgment is required for optimal operative
outcomes.
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Characteristics of 41 patients with tertiary hyperparathyroidism.

Table 1 —

Characteristic n, median
Median age, y (1QI) 55 (49, 66)
Female gender (%) 17 (41)
Race

White 27 (66%)

Black 13 (32%)

Asian 1 (2%)
Median duration of dialysis, mo (1QI) 34 (6, 60)
Multiple renal grafts 5 (12%)
Prior parathyroidectomy 1 (2%)
Sequelae of hypercalcemia

Nephrolithiasis 2 (5%)

Bone density loss 18 (44%)

Systemic symptoms 23 (56%)

Median preoperative calcium, mg/dL (IQI)
Median preoperative PTH, pg/mL (1Ql)

Median preoperative creatinine, mg/dL (IQI)

Median GFR ™, mL/min/1.73 m2 (1QI)

10.4 (10, 11.2)
172 (104, 293.3)
1.2 (0.9, 1.5)

58 (49, 71)

GFR = glomerular filtration rate; MDRD = Modification of Diet in Renal Disease.

*
Calculated by MDRD.
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Table 3 -

Operative findings in patients undergoing parathyroidectomy for tertiary hyperparathyroidism.

Characteristic n, median

Dominant gland

Median size, mm (1QI) 18 (12,24)

Median mass, mg (IQI) 496 (148, 970)
Ectopic gland 5 (12%)
IOPTH

Median final IOPTH, pg/mL (1Ql) 40 (29, 73)

Median percent decrease in IOPTH (IQI) 78 (72, 87)

IOPTH decrease >50% 36 (88%)

J Surg Res. Author manuscript; available in PMC 2020 December 01.
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Clinical outcomes after parathyroidectomy for tertiary hyperparathyroidism.

Table 4 —

Characteristic

n, median

Median calcium levels, mg/dL

<6 mo postoperatively (IQI)

26 mo postoperatively (IQI)
Median PTH levels, pg/mL

<6 mo postoperatively (IQI)

26 mo postoperatively (IQI)
Median duration of follow-up, mo (IQI)
Hypercalcemia at last follow-up
Median graft survival, mo (1QI)

Graft failure

9.5(8.7,9.8)
9.4(8.8,9.7)

70.5 (47, 98.7)
78.3 (50, 118)
40,5 (25, 70)
1(2%)
104 (73, 182)
3(7.3%)
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