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Secondary hyperparathyroidism (SHPT) affects a majority of patients with chronic kidney disease (CKD) of

stage 3 or worse. Despite the development of calcimimetics and their effectiveness in treating SHPT, many

patients continue to fail medical management and should be referred to a parathyroid surgeon. In this

narrative review, we summarize the indications for surgical referral, preoperative planning, intraoperative

strategies to guide resection, and postoperative management. In the absence of universal guidelines, it

can be difficult to determine when it is appropriate to make this referral. The majority of studies evaluating

parathyroidectomy (PTX) for SHPT use the criteria of parathyroid hormone level (PTH) >800 pg/ml with

hypercalcemia and/or hyperphosphatemia, which may be accompanied by symptoms such as bone pain

and pruritis that can improve after surgery. Although the reported utility of the various imaging modalities

(i.e., 99m-technetium-sestamibi scintigraphy with computed tomography [SPECT/CT], CT, or ultrasound) is

highly variable in SHPT, SPECT/CT appears to be the most sensitive. Intraoperatively, PTH monitoring is

effective in predicting long-term cure of SHPT but not in predicting hypoparathyroidism. Ectopic and

supernumerary parathyroid glands are common in these patients and are often implicated in persistent or

recurrent disease. Postoperatively, patients are at risk of severe hypocalcemia and hungry bone syndrome

requiring close monitoring and replenishment.
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S
econdary hyperparathyroidism (SHPT) is a com-
mon complication of chronic kidney disease (CKD),

affecting over half of the patients with stage 3 or 4
CKD1–3 and 90% of those with end-stage renal disease
(ESRD), based on the latest available data from 2019.4

Impaired phosphate excretion and decreased synthesis
of active 1,25-dihydroxyvitamin D cause an elevated
serum phosphate and decreased serum calcium, respec-
tively, both of which directly stimulate parathyroid
hormone (PTH) secretion.5 Ultimately, these patients
develop persistently elevated PTH, calcium, and phos-
phate, with clinical manifestations ranging from
asymptomatic to debilitated by fractures as a result of
decreased bone density.6 Symptoms such as severe pru-
ritis, concentration difficulties, and calciphylaxis are
also commonly reported, although it remains unclear
whether these are a direct consequence of SHPT.

Management of SHPT can be extremely challenging.
Short of undergoing renal transplant, treatment options
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do not address the underlying cause. Even after a
successful transplant, there is always the possibility of
tertiary hyperparathyroidism. The calcimimetics cina-
calcet (oral) and etelcalcetide (i.v.), approved in 2004
and 2017, have been shown to have significant effects
on PTH, calcium, and phosphate and are commonly
used in patients receiving dialysis.7,8 In the Evaluation
of Cinacalcet Hydrochloride Therapy to Lower Car-
diovascular Events trial, cinacalcet significantly
reduced the likelihood of requiring parathyroidectomy
(PTX).6 However, these novel agents come with the risk
of potentially life-threatening hypocalcemia, are
commonly associated with vomiting and diarrhea, and
are not widely accessible in many countries.6 Likely
due to these side effects in combination with socio-
economic factors, very high rates of noncompliance
have been reported with cinacalcet.9,10 Furthermore,
many patients simply do not respond adequately and
are ultimately referred to a parathyroid surgeon to
discuss PTX.

In this review we discuss the surgical management
of SHPT, summarizing the latest available evidence and
expert recommendations for pre-, intra-, and post-
operative care, as well as the outstanding questions
regarding the care of these patients.
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Figure 1. Clinical algorithm for managing secondary hyperparathyroidism in renal disease. Sources: Kidney Disease Outcomes Quality Initiative
Clinical Practice Guidelines for Bone Metabolism and Disease in Chronic Kidney Disease16 and Kidney Disease: Improving Global Outcomes
2017 Clinical Practice Update.12 CT, computed tomography; ESRD, end-stage renal disease; PTH, parathyroid hormone; SHPT, secondary
hyperparathyroidism.
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Indications for Referral to Surgical Management

The majority of patients undergoing PTX for SHPT are
on dialysis (76% in the United States between 2002 and
2011).11 This likely reflects the increased severity of
SHPT in later-stage CKD, however, and dialysis is not a
requirement to be considered for PTX. Referral to a
surgeon is considered when patients have failed medical
management with cinacalcet, and modifiable factors,
such as hypocalcemia, vitamin D deficiency, and
hyperphosphatemia, have been addressed to the greatest
extent possible.12 At this point, these patients are
considered to have refractory hyperparathyroidism.12

Figure 1 proposes a decision-making algorithm for
managing SHPT patients. At the time of publication,
there is no universally accepted serum PTH level used
to define “refractory” hyperparathyroidism. The
Kidney International Reports (2021) 6, 254–264
Kidney Disease: Improving Global Outcomes guidelines
suggest a target range for PTH of 2- to 9-fold the upper
limit of normal (130–585 pg/ml if the upper limit of
normal is 65 pg/ml).12 As a threshold for PTX, some
physicians use PTH >800 pg/ml (indicating “severe”
hyperparathyroidism according to the Kidney Disease
Outcomes Quality Initiative guidelines) associated with
hypercalcemia and/or hyperphosphatemia.13–16

Overtreating hyperparathyroidism carries its own
risks. In particular, lower PTH levels (usually <200 pg/
ml) are associated with adynamic bone disease, accel-
erated vascular calcification, and increased fracture
risk.17–20 Complicating matters, SHPT with PTH levels
greater than around 800 pg/ml carries these same risks,
and vascular calcification and fracture risk have been
shown to decrease in some patients after PTX.21‒24
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Beyond PTH level, symptoms and complications
attributable to SHPT must also be considered for each
patient. Symptoms such as bone pain, pruritis, and
generalized weakness are nonspecific and may or may
not be caused by hypercalcemia in SHPT. Therefore,
these symptoms alone in the absence of significantly
elevated PTH are generally not considered an indica-
tion for PTX. Symptoms including bone pain and se-
vere pruritis have been shown to improve significantly
after PTX in patients with PTH >800 pg/ml.14 In a
cohort of SHPT patients with PTH >649 pg/ml, a sig-
nificant increase in bone mineral density was seen as
early as 6 months after PTX.25 Furthermore, in a large
case‒control study of patients receiving dialysis with
no prior fragility fracture, PTX was associated with a
significantly lower risk of hip fracture (5.3% vs. 8.5%
over a 10-year period).24

Calcemic uremic arteriolopathy, or calciphylaxis, is a
rare, debilitating condition mostly seen in patients
receiving dialysis, who present with painful and
necrotic skin ulcers, and carries a very poor prog-
nosis.26 Development of this condition has traditionally
been attributed to longstanding hyperphosphatemia
and hyperparathyroidism; however, the largest study
of calciphylaxis patients to date (n ¼ 207) showed
unexpectedly low PTH levels, suggesting that factors
such as warfarin use, as opposed to severe SHPT, are
greater culprits in disease development.27 Few studies
have evaluated the role of PTX for treating calciphy-
laxis specifically; one recent meta-analysis showed no
mortality benefit in patients with calciphylaxis un-
dergoing PTX, but a borderline reduced risk of wound
deterioration was observed (P ¼ 0.05).26

Anemia has also been correlated with SHPT.28 As
many as 10% of ESRD patients are extremely resistant
to erythropoietin therapy, which may be in part due to
the fibrous replacement of bone marrow tissue that
occurs with osteitis fibrosis cystica.28 In a small case
series of patients with severe SHPT who underwent
PTX, hemoglobin improved from a mean level of 8.6 g/
dl to 9.4 g/dl, which was statistically significant but
unlikely to change overall management.29 Overall,
there is insufficient evidence to recommend PTX spe-
cifically to alleviate severe calciphylaxis or anemia.

Preoperative Planning
Imaging

As with primary hyperparathyroidism, the diagnosis of
SHPT is a biochemical one and does not require im-
aging confirmation. Theoretically, preoperative imag-
ing could be helpful for operative planning by
localizing the parathyroid glands, particularly in cases
of ectopic glands. Commonly used imaging modalities
in hyperparathyroidism include 99m-technetium-
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sestamibi scintigraphy, often combined with computed
tomography (i.e., SPECT/CT), and ultrasound. Figure 2
demonstrates the use of these modalities in a single
patient.

The reported sensitivity and specificity of sestamibi
scanning in SHPT varies greatly. A 2012 meta-analysis
reported a pooled sensitivity of 58% and specificity of
93%30; more recent studies have reported 43% to 88%
sensitivity31–33 and 60% to 75% specificity,31,33

respectively. Despite this variability, studies do seem
to agree that there is minimal benefit in surgical out-
comes with preoperative sestamibi alone, even for cases
involving ectopic glands.31,34,35 For example, at one
high-volume endocrine surgery center, all ectopic
glands (in 20 of 72 patients) were found by the surgeon
during the operation, regardless of preoperative
sestamibi.31

Combined SPECT/CT has greater sensitivity (66%‒
88%)32,33,36,37 than sestamibi alone in SHPT but still
performs poorly in identifying the ectopic glands, with
the potential to prolong surgery.33 Many surgeons
perform a focused neck ultrasound as this can be done
easily and quickly in the office. However, the reported
ability of ultrasound to identify parathyroid glands in
SHPT is extremely variable and likely very user-
dependent; thus, it does not appear to influence sur-
gical outcomes and is again particularly poor for
localizing ectopic glands.32,34,38

It is important to note that these imaging studies are
largely restricted to tertiary care centers with dedicated
endocrine surgeons. In many cases, the experience of
the surgeon likely plays a far greater role in the success
of surgery than the preoperative imaging.

Surgical Planning

Given that all 4 glands are typically enlarged in SHPT,
the surgeon should plan for a bilateral neck dissection.
Although a total 4-gland PTX was once frequently
performed in an attempt to avoid recurrence, this
operation has fallen out of favor at many centers due to
the risk of permanent hypocalcemia and hungry bone
syndrome (HBS).6 Most patients undergo a subtotal
PTX (sPTX) or total PTX (tPTX) with parathyroid tissue
autotransplantation (tPTXþAT).6 The tPTXþAT
carries the advantage of an easy reoperation in case of
persistent disease. The parathyroid tissue is typically
fragmented, then autotransplanted by injection into
the arm, where in can be easily accessed under local
anesthesia at a later time. In contrast, with sPTX,
approximately half of the most normal-appearing gland
is left behind in its anatomic position. However,
because autotransplanted parathyroid tissue will not be
functional until it has undergone neovascularization,
some surgeons opt to mobilize a portion of 1
Kidney International Reports (2021) 6, 254–264



Figure 2. (a) Sestamibi scan of a secondary hyperparathyroidism (SHPT) patient before PTX showing early (A‒C) and delayed (D‒F) images in
the axial (A,D), coronal (B,E), and sagittal (C,F) planes. Intense radiotracer accumulation is seen in the area of the right thyroid lobe, and more
low-level uptake is seen on the left. (b) In the same patient, computed tomography (CT) without i.v. contrast (A,B) was performed at the same
time as sestamibi and combined to yield 99m-technetium-sestamibi scintigraphy/CT (SPECT/CT) images (C,D). Axial (A,C) and coronal (B,D)
images are shown. SPECT/CT suggested a roughly 11 � 10 � 24-mm parathyroid adenoma dorsal to the middle and lower pole of the right
thyroid along the right lateral border of the esophagus and an additional potential adenoma (roughly 9 � 6 � 6 mm) dorsal to the upper pole of
the left thyroid gland, along the left lateral border of the esophagus. (c) Ultrasound of the neck showing a parathyroid adenoma posterior to the
right thyroid lobe in the same patient. (Continued)
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parathyroid gland on its vascular pedicle and auto-
transplant the tissue anteriorly, superficial to the strap
muscles.39 The blood supply to the parathyroid
remnant is maintained, the gland is easily accessed in
case of reoperation, and placement of a surgical clip
allows for easy identification on X-ray.39

The relative complications of the 2 approaches are
summarized in Table 1. A 2019 meta-analysis of >3600
patients found no statistically significant difference
between tPTXþAT and sPTX in terms of rates of hy-
pocalcemia, radiologic improvement of bone disease,
improvement of symptoms attributable to hyperpara-
thyroidism, rate of persistent disease, or time to
recurrence.40 Significant differences favoring sPTX
included shorter operative time (120 vs. 150 minutes)
and shorter hospital stay (4.1 vs. 5.0 days).40 In addi-
tion, the tPTXþAT group tended to have a greater
need for long-term calcium and vitamin D supple-
mentation, although the difference did not reach sig-
nificance.40 A more recent study of 46 patients
receiving dialysis did show a significantly higher risk
Kidney International Reports (2021) 6, 254–264
of long-term calcium requirement in the tPTXþAT
group (71%) compared with the sPTX group (37%).41

Bilateral neck exploration is typically performed un-
der general anesthesia, a potential barrier for CKD pa-
tients who are at high risk of perioperative
complications.42,43 In addition to impaired renal func-
tion, patients frequently have interrelated comorbidities
and risk factors, such as coagulopathies, diabetes, car-
diovascular disease, and smoking histories.42,43 This in-
creases their risk of bleeding, infections, hyperkalemia,
arrhythmias, and other life-threatening complica-
tions.42,43 Although many have demonstrated the feasi-
bility of a local anesthesia approach (cervical block with
light sedation) for primary hyperparathyroidism (PHPT)
patients undergoing a focused PTX, there is a paucity of
literature on the feasibility of this approach in bilateral
neck explorations and/or SHPT patients specifically.43,44

In SHPT patients who are not surgical candidates,
thermal and chemical ablation can be considered.45

Thermal ablation uses microwave, radiofrequency, or
laser ablation to induce thermal necrosis in the
257



Figure 2. (Continued)
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parathyroid gland.45 A recent meta-analysis showed no
difference in the risk of postprocedure hypocalcemia or
hoarseness between thermal ablation (n ¼ 157) and PTX
(n ¼ 169).45 However, the thermal ablation group had a
significantly higher risk of persistent or recurrent hy-
perparathyroidism (10.5% vs. 3.3%).45 Chemical abla-
tion of parathyroid glands with percutaneous ethanol
injection has also been used successfully in SHPT pa-
tients, both as an initial procedure and in patients with
recurrent or persistent SHPT after PTX.46,47 Complica-
tions from these procedures are similar to those of PTX,
namely hypocalcemia and transient or permanent voice
changes.45‒47 Both procedures are minimally invasive
and repeatable and may be viable options for poor
surgical candidates.
258
Intraoperative Strategies Used to Guide

Resection

The role of intraoperative parathyroid hormone
(ioPTH) monitoring in SHPT is less clear than in PHPT.
Nonetheless, measuring ioPTH is useful for predicting
cure of hyperparathyroidism.48–51 A drop in ioPTH of
at least 60% to 70% from pre-excision to 10 to 30
minutes post-excision has been strongly correlated
with resolution of hyperparathyroidism, whereas the
Miami criterion (decrease in PTH by 50% from highest
value pre-excision at 10 minutes post-excision)52 does
not appear to be a useful metric.48–51 The timing of
ioPTH measurement has been debated. One randomized
trial showed no benefit in outcomes and increased cost
when measuring ioPTH beyond 10 minutes, using a
Kidney International Reports (2021) 6, 254–264



Table 1. Relative complications of the 2 operations for secondary
hyperparathyroidism

Subtotal parathyroidectomy
Total parathyroidectomy with

autotransplantation

� Among patients with recurrent dis-
ease, potentially increased risk of
additional neck dissection (vs.
removal of grafted tissue)

� Potentially greater risk of
hypocalcemia

� Longer operating time
� Longer hospital stay

Outcomes not significantly different

� Radiologic improvement in bone disease
� Improvement in symptoms attributable to SHPT
� Rate of persistent disease
� Time to recurrence

SHPT, secondary hyperparathyroidism.
Sources: Yuan et al.40 and Zmijewski et al.41

GK Steinl and JH Kuo: Surgical Management of SHPT REVIEW
criterion of >60% fall in PTH from preoperative to 10
minutes post-excision to conclude the operation.53 This
conclusion was supported by another study that
showed no significant difference between 10- and 20-
minute post-excision values.48 One study in which
the majority of patients underwent total PTX did show
a significant drop in ioPTH from 10 to 20 minutes post-
excision, but this result may not be generalizable to
patients undergoing sPTX or tPTXþAT.51

There is no universal definition of “cure” in SHPT
patients; many have PTH levels that fall by 70% or
much more, but not into a normal range.48‒51 In a
study of 57 patients receiving dialysis and undergo-
ing PTX, the average PTH level at last follow-up was
66 pg/ml (range 15‒201 pg/ml, mean follow-up time
2.3 years).48 The study also showed no significant
difference between sPTX and tPTXþAT in terms of
PTH levels before intubation, 10 minutes post-
excision, 20 minutes post-excision, or at post-
operative follow-up.48 Notably, ioPTH does not reli-
ably predict hypoparathyroidism postoperatively,
and even patients with PTH levels >2-fold the upper
limit of normal at 15 to 20 minutes post-excision can
go on to develop undetectable PTH and severe
hypocalcemia.49,50,54

Supernumerary (5 or more) and ectopic parathyroid
glands are common in SHPT. Supernumerary glands
are found in 5% to 30%33,55–60 of patients and ectop-
ically located glands in 28% to 46% of pa-
tients,31,33,57,60 posing an additional challenge to
surgical exploration. Failure of ioPTH to fall by $70%
after seemingly appropriate resection should prompt a
search for additional glands, which account for a sig-
nificant proportion of persistent or recurrent hyper-
parathyroidism cases requiring reoperation.38,57‒59 As
with PHPT, hyperfunctioning parathyroid glands may
be found in the thymus, thyroid parenchyma, retro-
esophageal space, carotid sheath, and medias-
tinum.31,33,38,57‒60
Kidney International Reports (2021) 6, 254–264
Given the high prevalence of ectopic glands, which
often blend in with surrounding tissues and can be
difficult to isolate, many endocrine surgeons consider a
bilateral cervical thymectomy necessary in all SHPT
patients undergoing PTX.61 In one study, thymic para-
thyroid glands were found to be the culprit in 28% of
reoperative PTXs for persistent or recurrent SHPT.62 A
2015 consensus report from the European Society of
Endocrine Surgeons recommended universal BCT at the
time of sPTX or tPTXþAT given the evidence that
bilateral cervical thymectomy may spare a significant
number of patients a second operation.61 Many centers
do perform bilateral cervical thymectomy routinely on
all SHPT patients,31,33,56,60 or selectively on patients in
whom 4 glands were not identified.63

To aid in localization of the parathyroid glands, some
providers have begun to use intraoperative near-
infrared fluorescence imaging.64 This technique in-
volves i.v. injection of indocyanine green, a relatively
safe water-soluble organic dye that binds to lipoproteins
in the vasculature and can help identify pathologic
parathyroid glands.64 It may be useful for identifying a
gland remnant with good vascular supply in sPTX65 and
for identifying ectopic glands in some patients.66 In a
study of 29 patients with SHPT undergoing total PTX
(without AT), operative time was significantly reduced
(130 vs. 156 minutes) in those receiving indocyanine
green fluorescence imaging.66 Still, further studies are
needed to establish whether near-infrared fluorescence
imaging leads to improved surgical outcomes.

Intraoperative nerve monitoring is frequently used
in various neck procedures to help identify and pre-
serve the recurrent laryngeal nerves.67 Studies on PTX
patients specifically have been conflicted on whether
intraoperative nerve monitoring actually prevents
recurrent laryngeal nerve injury, which can cause
permanent voice changes and airway complications.67

Although its results may not be generalizable, a
recent large meta-analysis of bilateral thyroidectomy
patients showed a significantly decreased risk of both
transient (risk ratio ¼ 0.71) and permanent (risk
difference ¼ �0.0026) recurrent laryngeal nerve injury
with intraoperative nerve monitoring.68 Use of this
technology varies by institution and, to our knowl-
edge, has not been studied in SHPT patients
specifically.

Postoperative Management
Monitoring for Hypocalcemia

Postoperatively, it is critical to monitor patients for HBS,
defined as a drop in serum calcium to <2.1 mmol/L
(8.4 mg/dl), usually with a nadir on postoperative days
2 to 4, and/or prolonged hypocalcemia beyond post-
operative day 4.69 Patients may also develop
259
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hypomagnesemia and hypophosphatemia and/or
hyperkalemia.69 The reported prevalence of HBS after
PTX in SHPT varies, but it is generally accepted to be a
very common complication.69 Risk factors include
radiologic evidence of osteitis fibrosa cystica, higher
bone-specific alkaline phosphatase, greater weight of
resected parathyroid glands, and lower preoperative
corrected serum calcium.13,69‒73 Studies are conflicted
on whether higher preoperative PTH is an independent
predictor of HBS.73‒75 Symptoms of severe hypocalce-
mia include perioral paresthesias, tingling in the ex-
tremities, carpopedal spasm, severe muscle cramps, and/
or positive Chvostek or Trousseau sign.69 All patients
should be educated on these symptoms as they can
develop after discharge if home calcium supplementa-
tion is insufficient. Treatment involves aggressive
repletion with i.v. calcium, along with magnesium and
phosphorus as needed.69 Hypocalcemia may persist for
several days to several months, and very rarely for 1
year or more.69

In all SHPT patients undergoing PTX, the KDOQI
Clinical Practice Guidelines for Bone Metabolism and
Disease in CKD recommend that the blood level of
ionized calcium be measured every 4 to 6 hours for the
first 48 to 72 hours after surgery, and then twice daily
until stable.16 Immediately postoperatively, i.v. calcium
supplementation should be started to maintain normal
levels. When able to take medications orally, KDOQI
recommends 1 or 2 g of calcium carbonate 3 times per
day (for a total of 1.2‒2.4 g/day of elemental calcium) to
be adjusted to maintain normal ionized calcium.16

However, higher supplementation requirements may
occur in clinical practice.75 One study reported an
average daily elemental calcium requirement of 3.2 g
during week 1 that downtrended to 2.4 g by week 6,
with 0.5 to 1.0 mg/day of calcitriol supplementation.75

Another study reported a total calcium requirement of
11 g over an average hospital stay of 8 days (1.4 g/day),
consistent with the KDOQI recommendation.16,70

Adequate levels of activated vitamin D are essential
to maintaining calcium. KDOQI recommends up to 2
mg/day of calcitriol postoperatively, but preoperative
loading may also help maintain postoperative calcium
levels.16 In one retrospective study, taking 0.5 mg of
calcitriol twice daily for 5 days was associated with a
significantly reduced risk of requiring i.v. calcium
(given for symptoms, calcium <7.0 mg/dl, or according
to surgeon preference).76 Calcitriol-loaded patients also
had a significantly shorter hospital stay, by 2.0 days.76

Postoperatively, calcitriol administration of up to 4 mg/
day significantly mitigated the decline in calcium levels
in a small, placebo-controlled trial.77 It is unknown
whether i.v. and oral calcitriol differed in their effec-
tiveness. Finally, high-calcium dialysate can also be
260
considered in patients receiving dialysis to help
manage postoperative hypocalcemia.70

Although KDOQI guidelines note that patients on
phosphate binders preoperatively may need to have their
dose reduced or discontinued, the decrease in serum
phosphate levels appears to be minimal after PTX.16,70

Persistent or Recurrent Hyperparathyroidism

The actual rates of persistent (often defined as within 6
months of surgery) and recurrent (>6 months post-
surgery) SHPT are very difficult to estimate as studies
used variable cutoffs in defining these conditions.78‒80

Some studies used cutoffs of 200 to 235 pg/ml and re-
ported failure rates of 21% to 28%,79,80 whereas others
simply used the PTH assay upper limit of normal (65
pg/ml), which may not be realistic.78 These cutoffs are
significantly more conservative than the aforemen-
tioned KDIGO guideline that PTH be maintained under
9-fold the upper limit of normal (<585 pg/ml if the
upper limit of normal is 65 pg/ml).12

Guidelines on the management of persistent or
recurrent SHPT are lacking. Some surgeons defer to the
same indications used for the original procedure and
will consider re-exploration of patients with PTH >800
pg/ml and hypercalcemia and/or hyperphosphatemia
unresponsive to drug therapy.81 KDOQI guidelines
recommend imaging with ultrasound, sestamibi, and
CT or magnetic resonance imaging to aid in localization
of lingering parathyroid tissue before re-exploration.16

Preoperative localization, if possible, is particularly
important in this scenario as the search can be
complicated by significant adhesions and scar tissue
from the previous operation.

If the only remaining parathyroid tissue is located
subcutaneously in the forearm or the neck after
tPTXþAT, a simple procedure under local anesthesia
may suffice and a second neck exploration may be
avoided.82 The Casanova test is one technique for
diagnosing the site of recurrence if tissue was auto-
transplanted into the forearm.83 In essence, the grafted
arm is briefly occluded and an ensuing significant
reduction in PTH suggests hyperfunctioning of the
graft.83 Similarly, comparing PTH levels in the bilateral
arm veins was shown to be useful in predicting
whether the recurrence was coming from the grafted
arm as opposed to tissues in the neck.84 As one would
expect, patients with hyperfunctioning grafted tissue
had a significant PTH gradient between the 2 arms,
whereas those with persistent or recurrent disease in
the neck did not have a significant PTH gradient.84 In
addition, several cases have been published describing
successful use of sestamibi to identify hyperfunction-
ing autotransplanted parathyroid grafts in patients
with recurrent SHPT.85‒88
Kidney International Reports (2021) 6, 254–264



Table 2. Parathyroidectomy for secondary hyperparathyroidism:
outstanding questions

� What are the thresholds for serum PTH, calcium, and/or phosphate levels where the
benefits outweigh the risks of PTX and the patient should be referred to a surgeon?

� What is the optimal imaging for localizing ectopic and/or supernumerary glands?

� Is there an optimal percent decrease in ioPTH level that is predictive of cure and allows
the surgeon to avoid further exploration?

� Does the use of NIRF imaging decrease rates of persistent or recurrent disease by
aiding in gland localization?

� Over long-term follow-up, how do outcomes after thermal and chemical ablation
procedures compare to those with parathyroidectomy?

ioPTH, intraoperative parathyroid hormone; NIRF, near-infrared immunofluorescence;
PTH, parathyroid hormone; PTX, parathyroidectomy.
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Regardless of the initial operation performed, patients
may have remnants of previously excised parathyroid
glands or previously undiscovered ectopic glands that
result in persistent hyperparathyroidism. The second
operation may necessitate exploration of the thymus (if
still present), thyroid parenchyma, retroesophageal
space, carotid sheath, and/or mediastinum. Some centers
have reported significantly greater drops in ioPTH
during successful reoperations comparedwith the initial
operation, which may help guide re-exploration.81,82

Short- and Long-term Survival

The reported 30-day mortality after PTX in SHPT pa-
tients, who have an elevated risk of multiple perioper-
ative complications (as previously discussed), ranges
from 0.8% to 3.1%, based on observational and US
database studies.89–91 Respiratory complications, car-
diac complications, and infection are some of the most
common issues in the early postoperative period.92 In
the longer term, however, PTX seems to have a favorable
effect on survival. A systematic review of 13 observa-
tional studies showed a 28% decrease in all-cause mor-
tality and a 37% decrease in cardiovascular mortality,
with mean follow-up ranging from 1 to 8 years.89–91,93–95

Open Questions That Exist in the Field

Open questions on this topic are summarized in
Table 2. At this time, there are no universal, evidence-
based guidelines on the indications for PTX in SHPT.
Randomized, controlled trials in SHPT populations are
lacking but will be necessary to establish appropriate
biochemical and clinical parameters for surgical referral
and to define clinically significant persistence and
recurrence of SHPT. Development of universal guide-
lines would likely need to involve a multidisciplinary
effort across all specialities involved in the care of this
patient cohort.

Localizing the ectopic and supernumerary glands
commonly found in this population on preoperative
imaging remains challenging. Although combined
SPECT/CT has been and appears to be more sensitive
Kidney International Reports (2021) 6, 254–264
than sestamibi alone or ultrasound in this population,
no studies to date have evaluated the newer 4-
dimensional CT (4D-CT).32,33,36,37 In PHPT patients,
4D-CT alone had greater sensitivity than when com-
bined with sestamibi (SPECT/CT) in a subgroup
analysis of multigland patients specifically.96 How-
ever, given the fundamental difference in patho-
physiology of PHPT versus SHPT, studies in SHPT
patients specifically are needed to determine whether
preoperative 4D-CT is beneficial in operative
planning.

Intraoperatively, there is the outstanding question
of whether near-infrared fluorescence imaging imaging
can decrease operating times and rates of persistent
disease by aiding in the localization of glands that are
grossly difficult to appreciate.64 Finally, further studies
are needed to evaluate the long-term safety and efficacy
of thermal ablation given its potential to alleviate SHPT
in the many patients who are poor surgical
candidates.45
CONCLUSION

Herein we have summarized the current evidence to
guide the surgical management of SHPT. Despite
advances in medical management, a significant num-
ber of patients have refractory disease and may
benefit from surgical resection, particularly if there is
a low likelihood of transplant. Both sPTX and
tPTXþAT are effective in treating SHPT, although
the surgeon should be aware of the high prevalence of
ectopic and supernumerary glands and should
perform a thorough neck exploration. Intraoperative
PTH monitoring can help guide resection and avoid
persistent hyperparathyroidism. In the immediate
postoperative period, hypocalcemia is common and
close monitoring is critical. There are a number of
outstanding questions on this topic, and we have
highlighted areas where evidence is lacking and
further research is needed.
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