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Abstract

Neck exploration for primary HPT is the standard operation in which 4 parathyroid glands are
identified and one abnormal parathyroid gland is removed. This is recommended for all patients
with primary HPT. We hypothesized that most patients with primary HPT have a single abnormal
parathyroid gland (adenoma) and parathyroid imaging studies will identify it and support a focused
minimally invasive parathyroidectomy (MIP). This can be combined with ioPTH monitoring making
bilateral exploration unnecessary. This paper reports a 93.4% success rate in 249 consecutive
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prospective patients with primary HPT over a 15-year period with a short operating time and

few complications. The findings suggest that this alternate surgical MIP approach should be the

procedure of choice for HPT patients.

Introduction

The standard surgical strategy for primary
hyperparathyroidism (HPT) is bilateral cervical exploration,
abnormal gland excision, and normal gland biopsy.
Currently, surgical intervention is indicated for patients
with symptomatic HPT or in asymptomatic patients meeting
the 2002 and 2009 NIH consensus panel guidelines [1].
Reoperative parathyroid surgery in patients who develop
recurrent HPT after prior neck exploration has demonstrated
that radiologic imaging studies can correctly localize most
parathyroid adenomas [2]. Further, the development of
intraoperative PTH (ioPTH) determinations can document
whether or not a successful outcome has occurred during
surgery [2]. In 2005, we hypothesized that intraoperative
radioimmunoassays for parathyroid hormone (ioPTH) and
localizingimaging studies (ultrasound, 99 mTc sestamibi scan,
and 4D /computed tomography) allow successful employment
of a focused unilateral minimally invasive parathyroidectomy
(MIP) that would cause minimal complications and less pain
with similar success. Thus, potential benefits of MIP are
smaller incisions, shorter operating time, and similar success
rates. In this study, we report the results of MIP in a large
prospective cohort of consecutive patients with primary HPT.

Methods

Between 2005-2020, 393 consecutive HPT patients
underwent diagnostic confirmation (concomitant elevated
serum calcium and PTH levels) and localizing studies (99 mTc
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sestamibi, ultrasound, and 4-D CT when available) prior to
neck surgery. 249 (63%) patients had positive localization
studies and underwent a focused, unilateral, minimally
invasive parathyroidectomy (MIP) on the side of the neck
defined by the preoperative localization results. A 3 cm
transverse incision was focused on the medial border of the
sternocleidomastoid muscle (SCM). The incision was made
through the skin and platysma muscle. Subplatysmal flaps
were raised both superiorly and inferiorly. The neck was
explored by opening along the medial border of the SCM
muscle. The thyroid lobe was elevated with a Babcock clamp
and dissection was done posterior to the thyroid. Care was
taken to identify and preserve the recurrent laryngeal nerve.
Occasionally the inferior strap muscles were divided to
facilitate the elevation of the thyroid lobe. ioPTH blood levels
were measured at the beginning of the case, immediately
following the removal of an abnormal parathyroid gland, and
10 minutes later. An ioPTH decrease of at least 50% from the
baseline value and/or into the normal range after 10 minutes
from parathyroid gland excision defined a successful outcome.
Any abnormal parathyroid gland excised was confirmed
by frozen pathological assessment. Abnormal parathyroid
tissue on the frozen section and a 50% drop in serum PTH
level after the removal of an abnormal parathyroid gland was
used to define a successful result. Proportions are compared
by Fisher’s exact test.

Results

249, consecutive primary HPT patients had accurate
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preoperative parathyroid imaging and underwent a focused
MIP (Table 1). The average cohort age was 59 + 12 years, and
76% were female (Table 1). The mean preoperative serum
calcium level was 10.9 * 0.8 mg/dl and the median PTH was
114 pg/ml (normal < 86 pg/ml). Preoperative imaging tests
were as follows: ultrasound alone 6 patients 2.4%, sestamibi
scan alone 99 patients 39.8%, 4D-CT 4 patients 1.6%, and
various other combinations listed in Table 1. Sestamibi scan
had the highest proportion of positive imaging results when
utilized alone (90%) or in combination with a 4-D CT scan
(93%), significantly better than all other studies (p < 0.05).
The median incision size was 3.0 cm and the mean surgery
time was 90.8 minutes (range 32-253). The mean drop in
ioPTH was from 250 pg/ml baseline to 58 pg/ml ten minutes
after adenoma excision. MIP using ioPTH success rate was
93.4% (Table 2 and Figure 1); in 6.6% of cases ioPTH levels

Table 1: Cohort Demographics, localization and surgical results.
Mean Age + SD 60 + 12
Sex
Male (%) 62 (25)
Female (%) 187 (75)
Median BMI (IQR) 27.2(23-32)
Median (IQR) Pre-Operative PTH (pg/ml) 114 (86-169)
Mean Per-operative Serum Ca?*+ SD (mg/dL) 10.9+0.8
Mean Pre-operative lonized Ca?+ SD (mmol/L) 14+01
Pre-operative Imaging
U/S alone (%) 6(2.4)
Nuclear Med alone (%) 99 (39.8)
4-D CT Scan (%) 4(1.6)
U/S + Sestamibi Scan (%) 101 (40.6)
U/S + 4D-CT (%) 5(2)
Sestamibi + 4D-CT (%) 14 (5.6)
U/S + Nuclear Medicine + 4D-CT (%) 20 (8)
Resection Location n
Right Upper 78
Right Lower 59
Left Upper 74
Left Lower 66
Right Sided Adenoma 137
Left-sided Adenoma 140
Localization Success Rate by Imaging Modality % (Corrected p - value) *
U/S Alone 67%
Nuc Med Alone 90%
CT Scan Alone 75%
Nuc Med + U/S 93%
CT+Nuc Med 93%
CT+US 100%
All 3 tests 85%
Conversion from MIP to Open (%) 8(3.2)
Pre-operative Complications (%) 1(0.4)
-Difficult intubation requiring multiple attempts
Intraoperative Complications (%) 2(0.8)
-Anterior Juglar Vein Hemorrhage (resolved)
-Hematoma formation after ETT tube pulled
Post-Operative Complications (%) 9(4.7)
Hoarseness/Dysphagia requiring ENT laryngoscopy 8(3.3)
Hematoma 1(0.4%)
Median Length of Hospital Stay (days) 1
*Fisher Exact Test for Imaging combinations with Bonferroni Correction.
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Table 2: Intraoperative Parathyroid Hormone (IloPTH) Monitoring results.

10PTH Monitoring (%) n (%)
Ves 244 (98)
No 5(2)
Intraoperative PTH (pg/ml) M(I\e/ldel(:\: ((I"j))R)
(]

Median baseline PTH

Median immediately following excision
Median PTH 10 mins post-excision

Median PTH 20 mins post-excision (n = 9)

193.55 (133-312)

77.1 (46-128)
26.7 (17-47)

48.4 (31-57)
87% (79- 92%)

Median IoPTH Decrease from Baseline at 20 Mins

> 50% Drop IoPTH and within the normal range at

0,
20 mins (%) “success” 220 (90.6%)

> 50% Drop loPTH and elevated loPTH at 20 mins (%) 7 (2.9 %)
< 50% decrease in loPTH at 20 mins “failures” 16 (6.6 %)
Failure Re-Operations (%) N = 16 3(18.8 %)

loPTH Monitoring

2500

PTH (pa/mi)

1000

1] 5 10 15 20

Time (mins)

Figure 1: Drop in ioPTH level in nearly all patients following removal of a single

abnormal parathyroid gland.

did not drop and procedures were converted to standard
neck explorations, which were successful in all but two
patients. All study participants had abnormal parathyroid
glands excised. In terms of complications, 3.0% of patients
had mild voice changes that recovered at a 3-month follow-
up, while two patients (0.08%) had postoperative bleeding
requiring reoperation.

Discussion

The Sestamibi scan was the single best preoperative
localization study to identify a solitary abnormal parathyroid
gland. If the sestamibi scan is positive, no other localization
study is necessary. Focused MIP provided a cosmetically
pleasing small incision, with a high success rate of identifying
and removing anabnormal gland in arelatively shortoperative
time, and a very low complication rate. The lateral approach
to the parathyroid glands that are almost always located
posterior to the thyroid facilitates parathyroid identification
and excision and is easier to use than the more conventional
midline approach. The midline approach does facilitate
bilateral neck exploration, but this is not necessary in most
patients as 93% had a successful outcome with a focused
unilateral approach. Fahey, et al. [2] have demonstrated
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previously that limited parathyroid operations, utilizing any
localizing strategy, were more cost-effective than nondirected
bilateral neck explorations. Additionally, Doherty, et al.
[3] estimated that total costs of re-operative parathyroid
surgery were more than twice the cost of an initial operation
suggesting that successful surgery provides a very important
monetary result. Furthermore, two recent analyses [4-6]
demonstrate higher cure rates, very low recurrence rates,
and lower rates of bilateral conversion for primary HPT
patients undergoing MIP with ioPTH. These results were
identical to the results reported here. In summary, MIP with
ioPTH provides excellent results for patients with primary
hyperparathyroidism and the identification of a single
abnormal gland on imaging. This will cure the disease 93% of
the time. If the ioPTH levels do not drop as described above,
bilateral neck exploration is indicated as a small proportion
of patients will have a multi-gland disease not identified on
pre-operative imaging. This is most common in the family
setting of MEN-1 as those patients always have multiple
abnormal parathyroid glands.
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