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	 Background:	 Parathyroid reoperations are challenging and achieving a cure requires multidisciplinary treatment team 
cooperation.

		  The aims of this study were to summarize our experience in revision surgery for persistent (pHPT) or recurrent 
primary hyperparathyroidism (rHPT) and to explore factors underlying failure to cure at initial surgery.

	 Material/Methods:	 This was a retrospective cohort study of patients who underwent reoperations for pHPT or rHPT at a tertia-
ry referral center. The database of parathyroid surgery was searched for eligible patients (treated in the years 
2000–2012). The primary outcome was the cure rate. All the patients were followed-up for at least 12 months 
postoperatively. Factors underlying failure to cure at initial surgery were reviewed based on hospital records.

	 Results:	 The study group comprised 88 patients (69 women, 19 men) operated on for persistent (n=57) or recurrent 
disease (n=31), who underwent 98 reoperations, including 26 (2.4%) patients first operated on at our institu-
tion, and 72 (81.8%) patients operated on elsewhere, but referred for revision surgery. A long-term cure was 
achieved in 83/88 patients (94.3%). The mean post-reoperation follow-up was 91.7 (12–176) months. Missed 
hyperfunctioning parathyroid gland was found on reoperation in eutopic position in 49 (55.5%) patients, and 
in ectopic position in 39 (44.3%) patients, including 20 (22.7%) cases of cervical ectopy and 19 (21.6%) cases 
of mediastinal ectopy.

	 Conclusions:	 Multidisciplinary treatment team cooperation at a tertiary referral center, consisting of an accurate preopera-
tive localization, expertise in parathyroid re-explorations, and correct use of intraoperative adjuncts, contrib-
ute to the high success rate of parathyroid reoperations.
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Background

Despite remarkable progress in parathyroid imaging and im-
provements of surgical technique, persistent primary hyperpara-
thyroidism (pHPT) and recurrent primary hyperparathyroidism 
(rHPT) are therapeutically challenging. The most common rea-
sons for failed parathyroid surgery are: low-volume surgeons 
lacking in experience in parathyroid surgery, unrecognized mul-
tiglandular disease, ectopic localization of parathyroid adeno-
ma, inadequate extent of parathyroid tissue resection, para-
thyroid capsule rupture causing parathyromatosis, or (rarely) 
parathyroid cancer [1–5]. Inaccurate preoperative imaging may 
result in failure of unilateral neck exploration (UNE) or mini-
mally invasive parathyroidectomy (MIP) [6]. A thorough knowl-
edge of parathyroid pathology and understanding of embryo-
logical glands migration, as well as proficiency in conventional 
parathyroid exploration supported by a sound clinical use of 
modern technical adjuncts during parathyroidectomy, are cru-
cial in intraoperative surgical decision-making and minimizing 
the risk of a failed primary operation [2,3,7,8].

Having reached the decision about reoperation in pHPT or rHPT, 
a detailed analysis of possible causes of the failed initial oper-
ation and positive and accurate hyperfunctioning parathyroid 
tissue imaging should be determined preoperatively. The sur-
gical re-exploration aims at removing the diseased parathyroid 
tissue by means of limited surgical dissection in order not to 
increase the risk of hypoparathyroidism or recurrent laryngeal 
nerve (RLN) injury. In recent years, the improved outcomes of 
parathyroid reoperations were reported in a few retrospective 
cohort studies from academic centers, with success and com-
plication rates approaching those achieved in the unexplored 
patient [8–10]. However, to date a systematic review and meta-
analysis of hitherto published data in the field has not been un-
dertaken and published. To make such an analysis possible we 
still need more published data from varying healthcare systems.

The objectives of this study were to summarize our experi-
ence in revision parathyroid surgery for pHPT and rHPT and 
to explore factors underlying failure to cure at initial surgery. 
The reported series of patients represents the largest cohort 
of parathyroid reoperations in Poland.

Material and Methods

Study design

This was a retrospective cohort study of consecutive pa-
tients who underwent reoperations for pHPT or rHPT at the 
Department of General, Vascular, and Transplantation Surgery, 
Medical University of Warsaw, Poland. The prospectively collect-
ed database of parathyroid surgery was searched for eligible 

patients (treated 2000–2012). All patients provided written in-
formed consent for the storage and use of their data.

The inclusion criterion was a biochemically confirmed pHPT 
or rHPT in a clinically symptomatic patient meeting 1 of 3 in-
dications for surgery: hypercalcemia exceeding 0.25 mmol/l 
above the upper limit of the reference range (2.2–2.6 mmol/l), 
recurrent renal stones, progressing osteopenia or osteoporo-
sis, and impaired renal function. Asymptomatic patients with 
persistent or recurrent mildly elevated serum calcium levels 
underwent surveillance, but were not qualified for reopera-
tion. The exclusion criteria were incomplete clinical data or 
follow-up information.

The primary outcome was the cure rate from hyperparathyroid 
state. All the patients were followed for at least 12 months 
postoperatively to define a cure. The secondary outcomes 
were: prevalence of missed multiglandular disease at initial 
surgery, localization of the missed hyperfunctioning parathy-
roid tissue (eutopic vs. ectopic), diagnostic pre-re-exploration 
imaging accuracy, surgical approach at re-exploration, num-
ber of surgical re-explorations needed to achieve a cure, util-
ity of intraoperative adjuncts during redo-parathyroidectomy 
and morbidity. Additionally, factors underlying failure to cure 
at initial surgery were reviewed based on hospital records and 
compared between patients initially operated on at our insti-
tution versus elsewhere. The protocol of this study was ap-
proved by the Institutional Review Board.

Preoperative work-up

All the patients had biochemically confirmed primary hyper-
parathyroidism, either persistent or recurrent. Table 1 presents 
baseline characteristics of the study patients. The current ap-
proach to re-exploration for pHPT and rHPT was introduced 
at our institution in 2000 and gradually modified in the fol-
lowing years based on the growing experience in parathyroid 
imaging and application of intraoperative adjuncts allowing 
for intraoperative prognostication of parathyroidectomy out-
comes: intraoperative iPTH assay (IOPTH) or gamma-probe 
(Figure 1). This algorithm is similar to concepts published by 
other investigators [9–11]. All patients qualified for re-explora-
tion had parathyroid imaging with at least 2 modalities: neck 
ultrasound and subtraction/dual-phase parathyroid scintigra-
phy, or SPECT-CT with 99mTc-MIBI. In doubtful cases, CT scans 
of the neck and chest were done. Neck ultrasonography was 
performed using a 7.5–15 MHz linear-array transducer by a ra-
diologist experienced in parathyroid imaging. In patients with 
negative non-invasive parathyroid imaging, the method of se-
lective venous sampling (SVS) with iPTH assay was used for re-
gionalization. Ultrasound-guided fine-needle aspiration (FNA) 
of suspected lesions with iPTH assay in the aspirate was used 
in carefully selected cases.

1605
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Nawrot I. et al.: 
Reoperative parathyroid surgery
© Med Sci Monit, 2014; 20: 1604-1612

CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License



Factor N=88 patients and 98 reoperations

Disease, No. (%)
	 pHPT
	 rHPT 

	 57	 (64.8)
	 31	 (35.2)

Initial parathyroid surgery, No. (%)
	 At our institution, total
	 pHPT
	 rHPT
	 Outside our institution, total
	 pHPT
	 rHPT

	 16	 (18.2)
	 6	 (6.8)*
	 10	 (11.4)*
	 72	 (81.8)
	 51	 (60.0)*
	 21	 (23.8)*

Sex (F / M); No. (%) 69 (78.4)/19 (21.6)

Age, mean (range); years
	 Female
	 Male

	 50.3	 (24–78)
	 40.4	 (17–81)

Calcium, mean (range); mmol/l 	 2.71	 (2.30–4.24)

Phosphate, mean (range); mmol/l 	 0.77	 (0.40–1.38)

Kreatinine, mean (range); µmol/l 	 95.26	 (35.36–268.74)

Alkaline phosphatase, mean (range); IU/l 	 120.38	 (50.0–167.0)

Urea, mean (range); mmol/l 	 5.93	 (2.99–20.92)

iPTH, mean (range); ng/l 	 322.75	 (70.34–1137.0)

Symptomatic disease, No (%)
Renal stones
Osteoporosis
Arterial hypertension
Risk of hyperkalcemic crisis
GI symptoms
Impaired renal function

	 66	 (75.0)
	 39	 (44.3)
	 31	 (35.2)
	 17	 (19.3)
	 15	 (17.0)
	 14	 (15.9)
	 14	 (15.9)

Asymptomatic disease, No. (%)
Calcium, mean (range); mmol/l
iPTH, mean (range); ng/l

	 22	 (25.0)
	 3.04	 (2.62–4.24)
	 285.06	 (87.64–509.0)

Previous surgery before referral, No. (%)
1
2

	 80	 (90.9)
	 8	 (9.1)

Time from initial surgery to reoperation, months (range)
pHPT
rHPT
Solitary disease
MEN 1
MEN 2A

	 35.2	 (0.13–192.0)
	 17.5	 (0.13–84.0)
	 77.3	 (15.0–192.0)
	 31.0	 (0.13–156.0)
	 55.0	 (12.0–132.0)
	 0.13	 (0.13–0.13)

Preoperative unilateral RLN injury, No. (%) 	 4	 (4.5)

Table 1. Preoperative demographic, clinical and biochemical characteristics of patients in the study.

* p=0.011 (c2-test); pHPT – persistent primary hyperparathyroidism; rHPT – recurrent primary hyperparathyroidism; iPTH – intact 
parathormone; MEN – multiple endocrine neoplasia; RLN – recurrent laryngeal nerve; reference ranges: total serum calcium 
(2.15–2.60 mmol/l); total serum phosphate (0.81–1.45 mmol/l); serum creatinine (60.0–130.0 µmol/l); serum alkaline phosphatase 
(38.0–126.0 IU/l); urea (2.5–6.7 mmol/l); iPTH (15.0–65.0 ng/ml).
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Surgical technique

For cervical re-exploration, either unilateral or bilateral, the 
lateral approach between the sternohyoid and sternothyroid 
muscles, and medial to the sternocleidomastoid muscle and 
carotid sheath was used. This approach allows for good expo-
sure of the superior posterior mediastinal/tracheoesophageal 
groove and avoids the scarred midline field encountered with 
the standard midline approach [12]. Revision surgery was ini-
tially focused on the preoperative image-indexed side of the 
neck. With negative re-exploration in that area, the dissection 
was oriented towards the most common parathyroid eutopic 
locations and on the tract of the embryological parathyroid mi-
gration. Should uncertainty arise regarding the number of para-
thyroid glands left in situ following the initial parathyroid opera-
tion, cryopreservation of parathyroid tissue stored in the tissue 
bank was routinely used with intent of delayed parathyroid au-
totransplantation, if necessary. Depending on circumstances, the 
following adjuncts were used intraoperatively to assure a cure: 

IOPTH, gamma probe, or a frozen section of the removed sur-
gical specimen. STAT-IntraOperative-Intact-PTH Immunoassay 
(Future Diagnostics, Wijchen, the Netherlands) was used for in-
traoperative iPTH measurement, with a total turnaround time 
from blood sample collection to result in 8 min. The Miami cri-
terion was used for cure prognostication [13–15]. A gamma 
probe was used intraoperatively in cases of discordant results 
of preoperative imaging following an I.V. injection of 100 MBq 
of 99mTc-MIBI administered 20 min before surgery. Radioactivity 
count 20% higher than background was used to identify hy-
perfunctioning parathyroid tissue. Intraoperative frozen section 
was used in cases of uncertain preoperative imaging/regional-
izing studies and/or an inadequate iPTH level decrease follow-
ing the removal of the suspected parathyroid lesion.

Follow-up

All data on diagnosis, preoperative imaging, and outcomes 
were collected on a Microsoft Excel spreadsheet. Successful 

Figure 1. �Our institutional algorithm of 
preoperative work-up before 
parathyroid reexploration. HPT – 
primary hyperparathyroidism; US – 
ultrasound; 99mTc-MIBI – parathyroid 
scintigraphy; CT – computed 
tomography; SVS – selective venous 
sampling with iPTH determination; 
IOPTH – intraoperative iPTH assay.
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surgery was defined as normalization of the adjusted serum 
calcium following revision parathyroidectomy. Patients with 
elevated adjusted serum calcium within 6 months of sur-
gery were defined as having pHPT, whereas rHPT was de-
fined as the onset of hypercalcemia more than 6 months af-
ter parathyroidectomy.

Hypocalcaemia was defined as total serum calcium level be-
low 2.0 mmol/l, irrespective of iPTH level. A serum calcium 
level below 2.0 mmol/l with a subnormal serum iPTH lev-
el (<10 ng/l) was defined as transient hypoparathyroidism 
if restored to normal within 12 months following withdraw-
al of oral calcium or calcium plus calcitriol therapy. Persistent 
hypocalcemia with serum iPTH level below 10 ng/l for more 
than 12 months postoperatively, requiring substitution with 
calcium with or without calcitriol, was considered permanent 
hypoparathyroidism.

Laryngoscopy was mandatory before revision surgery and 
used to evaluate and follow RLN injury. Vocal cord paresis for 
more than 12 months postoperatively was considered per-
manent palsy.

Statistical analysis

Data are presented as mean (standard deviation) or mean 
(range), unless stated otherwise. The statistical significance of 
categorical variables was evaluated using the c2 test, whereas 
the t-test or Fischer’s exact test was used for the analysis of 
continuous variables. Receiver operating characteristics (ROC) 
curve analysis was performed to assess the diagnostic accu-
racy of preoperative imaging and intraoperative adjuncts. The 
nerve events incidence was calculated based on the number 
of nerves at risk. All data were collected prospectively, stored 
in a computer-based institutional register of parathyroid sur-
gery, and analyzed retrospectively by a statistician, assum-
ing that p<0.05 indicated significance. Statistical analyses 
were performed with Statistica® 10 for Windows® (StatSoft, 
Cracow, Poland).

Results

Of 657 patients referred for parathyroid surgery during the 
study interval, 92 had pHPT or rHPT, and thus were potential 
candidates for the study. Four patients had incomplete histo-
pathology or follow-up data, leaving 88 patients (69 women, 
19 men) who were finally enrolled. The study group comprised 
57 (64.8%) patients operated on for pHPT and 31 (35.2%) pa-
tients operated on for rHPT, who underwent 98 re-explorations. 
Of this group, 16 (18.2%) patients were initially operated on 
at our institution, whereas 72 (81.8%) patients were operat-
ed on elsewhere and referred for revision parathyroid surgery 
to our tertiary referral center. Comparing indications for revi-
sion parathyroid surgery between patients initially operated 
on at our institution vs. explored initially elsewhere, the lat-
ter group was found to more frequently have pHPT than rHPT 
(70.8% vs. 37.5%, respectively; p=0.011). Initial parathyroid-
ectomy was undertaken in 56 (77.8%) of 72 patients operated 
outside our institution by a low-volume parathyroid surgeon 
(<10 cases per year), whereas the remaining 16 (22.2%) oper-
ations were performed by experienced parathyroid surgeons 
(>30 cases per year). Baseline demographic, clinical, and bio-
chemical characteristics of the studied patients are present-
ed in Table 1. Table 2 shows characteristics of preoperative 
imaging and diagnostic accuracy of the localization studies.

A cure from hyperparathyroid state was achieved in 83/88 
patients (94.3%) (Table 3). Sixty-four (66.3%) patients under-
went unilateral neck exploration (UNE), whereas 34 (34.7%) 
patients underwent bilateral neck exploration (BNE), includ-
ing 19 (21.6%) mediastinal explorations (16 transcervical ap-
proaches and 3 by sternotomy). Ten (11.4%) patients needed 
more than 1 re-exploration to achieve a cure (3 patients were 
re-operated on 2 times, 6 patients were re-operated on 3 times, 
and 1 patient was re-operated 4 times), whereas 5 patients re-
mained hypercalcemic after reoperation/s (characteristics are 
shown in Table 4). The following intraoperative adjuncts were 
successfully used: IOPTH in 50/52 patients (96.2%), gamma 
probe in 25/27 patients (92.6%), and frozen section in 10/11 

Diagnostic study No. (%) PPV Sensitivity

Ultrasound 	 88	 (100.0) 72.4 60.5

99mTc-MIBI scintigraphy 	 88	 (100.0) 88.2 85.1

CT 	 27	 (30.7) 53.1 49.4

SVS 	 3	 (3.4) 100.0 NC

US-guided FNA + iPTH assay in the aspirate 	 4	 (4.5) 100.0 NC

Table 2. Diagnostic accuracy of preoperative localization studies in 88 patients in the study.

PPV – positive predictive value; SVS – selective venous sampling with iPTH measurements; CT – computed tomography; 
US – ultrasound; FNA – fine-needle aspiration; iPTH – intact parathoromone; NC – not calculated.
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Parameter N = 88 patients and 98 reoperations
Reeplorations, mean ±SD (range) 1.18±0.58 (1–4)

Surgical approach, No. (%)
	 Unilateral
	 Bilateral

	 64	 (66.3)
	 34	 (34.7)

Medistinal exploration, No. (%)
	 Transcervical
	 Sternotomy

	 16	 (18.2)
	 3	 (3.4)

Localization of diseased parathyroid tissue missed at initial exploration, No. (%)
	 Eutopic
	 Ectopic
		  In the neck
		  Mediastinal

	
	 49	 (55.7)
	
	 20	 (22.7)
	 19	 (21.6)

Diseased parathyroid glands removed, No. (%)
	 1
	 2
	 2 and a half
	 3

	 77	 (87.5)
	 6	 (6.8)
	 4	 (4.5)
	 1	 (1.1)

Use of intraoperative adjuncts, No. (%)
	 IOPTH
	 Gamma-probe
	 Frozen-section

	 52	 (53.1)
	 27	 (27.6)
	 11	 (12.5)

Operative time, mean (range) 	 93.6	 (35.0–180.0)

Pathological report, No. (%)
Solitary parathyroid adenoma
Multiple parathyroid disease
	 Double adenoma
	 Non-MEN associated parathyroid hyperplasia
	 MEN 1
		  pHPT
		  rHPT
	 MEN 2A
		  pHPT
		  rHPT
Parathyroid cancer

	 60	 (68.2)
	 25	 (28.4)
	 6	 (6.8)
	 9	 (10.2)
	
	 4	 (44.4)
	 5	 (55.6)
	
	 1	 (1.1)
	 0	 (0)
	 3	 (3.4)

Weight of diseased parathyroid/s, g (range) 	 1.37	 (0.36–30.2)

Cure rate, No. (%)
Total
pHPT
rHPT

	 83	 (94.3)
	 53	 (93.0)
	 30	 (96.8)

Serum calcium on postoperative day 2, mean (range); mmol/l 	 2.18	 (1.61–3.1)*

Short-term morbidity, No. (%)
Transient unilateral RLN injury
Postoperative hypocalcemia
Bleeding
Wound infection
Others

	 10	 (11.4)
	 72	 (81.8)
	 0	 (0.0)
	 0	 (0.0)
	 0	 (0.0)

Long-term morbidity, No. (%)
Permanent unilateral RLN injury
Permanent bilateral RLN injury
Permanent hypoparathyroidism

	 6	 (6.8)
	 1	 (1.1)**
	 12	 (13.6)

Need for delayed parathyroid tissue autotransplantation, No. (%) 	 0	 (0.0)

Table 3. Primary and secondary outcomes of the study.

SD – standard deviation; IOPTH – intraoperative iPTH assay; MEN – multiple endocrine neoplasia; pHPT – persistent primary 
hyperparathyroidism; rHPT – recurrent primary hyperparathyroidism; RLN – recurrent laryngeal nerve; (*) increased serum calcium was 
found in 5 patients with persistent disease following reexplorations; (**) bilateral RLN injury occurred in 1 patient with pre-reoperative 
unilateral RLN palsy.
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patients (90.9%). The mean post-reoperation follow-up was 
91.7 (12–176) months.

Hyperfunctioning parathyroid gland missed at initial surgery 
was found on reoperation in eutopic position in 49 (55.7%) 
patients, and in ectopic position in 39 (44.3%) patients, in-
cluding 20 (22.7%) cases of cervical ectopy (within the carot-
id sheath in 9 cases, within the tracheal-esophageal groove in 
9 cases, and subcapsular within the thyroid in 2 cases), and 
19 (21.6%) cases of mediastinal ectopy (within the thymus in 
10 cases, and in the posterior mediastinum in 9 cases). Table 
3 shows morbidity following re-explorations.

Discussion

Operations for both pHPT and rHPT are challenging due to 
the need for dissection of scarified tissues in search of dis-
eased parathyroid gland/s, and common localization of para-
thyroids in the ectopic sites. Previously, the outcomes of cervi-
cal re-explorations in search for hyperfunctioning parathyroid 
gland/s missed at initial surgery were successful in less than 
65–75% of patients [12]. However, in expert hands, the out-
comes of revision parathyroid surgery are nowadays compa-
rable to outcomes of initial parathyroidectomy (success rate 
exceeding 95%), which has been recently reported by others 
and confirmed in this study [9,15,16]. This remarkable shift 
was possible due to improved preoperative localization of dis-
eased parathyroid tissue (99mTc-MIBI scintigraphy, high-reso-
lution ultrasound, CT scan of the neck and mediastinum, SVS 

or US-guided FNA-aspiration of suspected parathyroid lesions 
with iPTH determination in the aspirate) and development of 
intraoperative adjuncts allowing for intraoperative quality con-
trol (IOPTH, gamma probe) [9,15–22]. In consequence, most 
parathyroid reoperations can be now performed by unilateral 
or focused approach (66.3% in this study), leading to a mini-
mized risk of bilateral RLN palsy and decreased prevalence of 
permanent hypoparathyroidism [9,15,16,23–25].

Importantly, only 16 (2.4%) of 657 patients operated on dur-
ing the study period underwent initial surgery at our institu-
tion. All the remaining 72 (11.0%) patients were operated else-
where and referred for parathyroid re-exploration. Considering 
that 56 (77.8%) of 72 patients with pHPT or rHPT were operat-
ed on elsewhere by a low-volume parathyroid surgeon (<10 cas-
es per year), and missed parathyroid gland was a solitary para-
thyroid adenoma in eutopic position (n=39), followed by ectopic 
location of the diseased gland (n=25), or rarely unrecognized 
(n=4), or inadequately resected multiglandular disease (n=4), 
clearly most of those re-explorations could have been avoided 
if initial surgery was undertaken by an experienced parathyroid 
surgeon. This observation is also supported by other reports 
showing prevalence of pHPT or rHPT in as many as 30% of pa-
tients operated on by a casual parathyroid surgeon [2,3,9,15]. 
Chen et al. analyzed 159 patients with persistent/recurrent hy-
perparathyroidism subsequently cured with additional surgery. 
Despite a higher incidence of multiglandular disease (which in-
creased the likelihood of operative failure) in patients initial-
ly operated on in a high-volume hospital, patients who under-
went surgery in a low-volume hospital were more likely to have 

Case No.
Age at reoperation/

gender
Surgical 
approach

IOPTH Miami 
criterion met

Comments

9 49/F BNE No

Pathological report: 1 normal parathyroid gland was 
identified in the surgical specimen, whereas the remaining 
tissues were lymph nodes. Unknown localization of the 
diseased parathyroid gland

15 40/M BNE  Yes
Pathological report: 6 parathyroid glands with nodular 
hyperplasia were found in the surgical specimen

22 39/F BNE + sternotomy No
Pathological report: parathyroid cancer with positive lymph 
nodes was found in the surgical specimen; persistent 
hypercalcemia as a result of dissemination

55 59/M BNE No

Underwent reoperation outside our institution and right-
sided parathyroid adenoma was removed from the anterior 
superior mediastinum (just above the aortic arch) via 
transcervical approach

75 45/F UNE Yes

The right inferior parathyroid adenoma was initially 
removed. Parathyromathosis found on reexploration. En-
block excision with the inferior portion of the right thyroid 
lobe

Table 4. Characteristics of the 5 failed reexplorations.

IOPTH – intraoperative iPTH assay; BNE – bilateral neck exploration; UNE – unilateral neck exploration; F – female; M – male.
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a missed parathyroid gland in a normal anatomic location (89% 
vs. 13%, p<0.001), hence a higher proportion of preventable op-
erative failures [2]. Similar data were reported by Mitchell et al., 
who analyzed parathyroid reoperations at a tertiary-care hos-
pital, noting that 77% of failures occurring in low-volume cen-
ters were avoidable compared to 22% from high-volume centers 
(p<0.001) [3]. Bagul et al. analyzed outcomes of 541 patients 
who underwent first-time surgery for primary hyperparathyroid-
ism in 1 of the 2 surgical units with a high volume of parathy-
roid operations to determine factors underlying failure to cure 
[26]. Persistent disease in the entire cohort was diagnosed in 
25 (5%) patients. In patients who had undergone dual imaging 
with an ultrasound scan and 99mTc-sestamibi scintigraphy, fail-
ure rates with “lateralized and concordant” imaging, “non-con-
cordant” imaging, and “dual-negative” imaging were 2%, 9%, 
and 11%, respectively (p=0.01). Of 25 patients with persistent 
disease, multiglandular disease was present in 13/25 patients 
(52%) and ectopic adenoma in 6/25 patients (24%) [26]. Thus, 
a significant proportion of failures were due to the inability to 
recognize the presence and/or extent of multiglandular disease 
in patients with negative or discordant dual imaging.

Recently, IOPTH was recognized as the most reliable adjunct 
during parathyroid reoperations [27]. On the one hand, it al-
lows for limiting neck exploration in case of an adequate de-
crease of iPTH levels after resection of a culprit parathyroid 
gland. On the other hand, it is helpful in recognition of per-
sistent hyperfunctioning parathyroid tissue in case of an in-
adequate decrease of serum iPTH values. In the current study, 
IOPTH directly influenced the surgery course in 23 (92.0%) 
of 25 patients with multiglandular disease, since the lack of 
PTH decrease after excision of 1 or 2 unilateral pathological 
parathyroid glands indicated the need to explore the contra-
lateral neck side, which turned out to be harboring addition-
al diseased parathyroid tissue. Irvin et al. reported that with 
IOPTH used to facilitate localization and confirm excision of all 

hyperfunctioning tissue, the success rate of reoperative para-
thyroidectomy improved from 76% to 94% [28]. Many other 
surgeons reported similar results [9,10,15,16,29].

Despite progress in the operative management of pHPT and 
rHPT, morbidity following cervical re-explorations is still high. 
Karakas et al. reported permanent RLN palsy in 9% and per-
manent hypoparathyroidism in 6% of patients undergoing 
parathyroid reoperations, with a success rate of 95.2% [9]. 
Intraoperative neural monitoring was not used in this study, 
but this technique was reported to decrease the prevalence 
of RLN injury in thyroid reoperations, which could also be ex-
pected after revision parathyroidectomy monitored in this way 
[30]. Moreover, in patients with uncertain status of remaining 
normal parathyroid tissue, cryopreservation with autotrans-
plantation was recommended to correct permanent hypopara-
thyroidism [1,11,12,31]. Indications for cryopreservation in our 
practice were found in only 8/88 patients (9.1%). None of the 
stored tissue was used for autotransplantation, because con-
servative treatment with calcium and vitamin D analogues was 
sufficient to maintain asymptomaticity in all mildly hypocalce-
mic patients, consistent with other reports [12,31].

Conclusions

Multidisciplinary treatment team cooperation at a tertiary re-
ferral center consisting of accurate preoperative localization, 
expertise in parathyroid re-explorations, and correct use of in-
traoperative adjuncts contribute to a high success rate of para-
thyroid reoperations, which is comparable to outcomes of pri-
mary neck exploration for hyperparathyroidism.
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