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Abstract

Background—The purpose of this study was to determine if radioguided parathyroidectomy 

(RGP) is effective for hyperparathyroidism (HPT) in the reoperative neck.

Methods—We retrospectively reviewed all patients with HPT and a history of neck surgery who 

underwent RGP over a 7-year period. Data are reported as mean ± SEM.

Results—We identified 110 patients with primary (n=94), secondary (n=7), or tertiary (n=9) 

HPT who underwent 138 previous neck operations. The average hospital stay was 0.6 ± 0.1 days. 

The in and ex vivo counts obtained with the gamma probe were 310 ± 26 and 130 ± 13, 

respectively. The ex vivo percentage of background was 69 ± 9%, and virtually all resected 

parathyroids had ex vivo counts ≥ 20%. Following RGP, 96% of patients were cured, and 4.5% 

experienced complications (all transient). Cure rates after RGP significantly decreased as the 

number of previous neck surgeries increased (P=0.002). Additionally, reoperative neck patients 

with single adenomas were more likely to experience cure than patients with hyperplasia (P=0.02).

Conclusions—These results illustrate that RGP is valuable adjunct in the reoperative neck. In 

addition, RGP allows similar lengths of stay, efficacy, and complication rates as those reported for 

patients undergoing initial parathyroidectomy.

Hyperparathyroidism (HPT) results from the excess secretion of parathyroid hormone (PTH) 

by at least one hyperfunctioning parathyroid gland usually leading to hypercalcemia. In 

patients with HPT who meet the indications for parathyroidectomy, initial surgery is 

associated with high cure rates and minimal morbidity for primary, secondary, and tertiary 

HPT (1–3). Nonetheless, persistent or recurrent disease develops in a subset of these patients 

and requires re-exploration. Failure of initial surgery is frequently due to an incomplete or 

inadequate resection because the diseased parathyroid gland(s) was not identified or a 

supernumerary gland was present (4, 5). These missed glands are often in an ectopic 

location or in the normal anatomic position. Failure to identify multiple abnormal glands in 

patients with a presumed adenoma also occurs and leads to persistent HPT. In addition, 

patients may present for an initial parathyroidectomy with a history of prior neck surgery 

related to thyroid, carotid, spine, malignant, or tracheal disease.
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In these patients who have undergone previous parathyroidectomy or other neck operations, 

resection of diseased parathyroids can be difficult due to dense scar tissue as well as 

anatomic distortion and loss of tissue planes. Such challenges have led to higher rates of 

failure and morbidity in this setting, especially recurrent laryngeal nerve injury and 

permanent hypoparathyroidism (5, 6). Redo cases also have been associated with an 

increased length of stay and total hospital costs (3). The use of a radioguided probe 

and 99mTc-sestamibi injection in initial minimally invasive parathyroidectomies has been 

associated with decreased operative times, length of stay, hospital costs, and complications, 

but the role of radioguided surgery in the reoperative setting is less clear (7–9).

The literature definitively supports the use of preoperative localization with 99mTc-sestamibi 

scanning, ultrasound, computed tomography (CT), magnetic resonance imaging (MRI), or 

selective venous sampling (SVS) in patients with persistent or recurrent HPT (2, 10–13). In 

these reoperative cases, however, multiple imaging studies are often necessary and may be 

difficult to interpret or even misleading (14). Intraoperative localization with radioguided 

surgery has been shown to facilitate initial parathyroidectomy in patients with HPT, though 

few studies have examined this adjunct in patients who have undergone prior neck surgery 

(15–18). Despite the advances in parathyroid surgery, room for progress exists in the setting 

of the reoperative neck. The purpose of this study was to determine if the radioguided 

technique is an effective adjunct during parathyroidectomy for HPT in the reoperative neck.

METHODS

We performed a retrospective review of a prospectively collected database that included all 

patients who underwent parathyroid surgery at the University of Wisconsin from March 

2001 to September 2008 by 2 endocrine surgeons. Inclusion criteria for this study were: (1) 

a confirmed diagnosis of primary, secondary, or tertiary HPT, (2) a radioguided 

parathyroidectomy (RGP) was performed, and (3) a history of prior neck surgery. Patients 

with mediastinal parathyroids requiring any form of thoracotomy were excluded. Of the 

1021 consecutive parathyroid surgeries performed, 110 (11%) patients met these criteria and 

were included in this study. We evaluated patient demographics, imaging, anesthetic 

method, gland weight, lengths of stay, radioguided probe use, and outcomes. The duration of 

surgery was collected retrospectively from anesthetic records and encompasses the entire 

time period where the patient was in the OR.

Preoperatively, all patients underwent localization with imaging of their neck unless one of 

2 situations occurred: (1) a concomitant thyroid procedure was planned and the patient did 

not have a history of parathyroid surgery (n=2), or (2) the patient had secondary (n=2) or 

tertiary (n=2) HPT and had not been previously operated on for parathyroid disease. For 

patients who had no history of parathyroidectomy, 99mTc-sestamibi single photon emission 

computed tomography (SPECT) was routinely performed in all cases. If this study was 

positive, no further imaging was obtained; however, when negative, a cervical ultrasound 

also was performed. For these non-parathyroid reoperative neck patients, parathyroidectomy 

was performed even when both imaging studies were negative. Conversely, in patients with 

a history of parathyroidectomy, at least one positive localization study was required prior to 

reoperation. If 99mTc-sestimibi and ultrasound were both negative in these patients, 
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magnetic resonance imaging (MRI) was performed. Early in our experience, thallium-

technetium subtraction scintigraphy was performed prior to MRI.

The radioguided procedures were performed as previously described (16, 18). Briefly, 

patients were injected with 10mCi 99mTc-sestamibi 1 to 2 hours before surgery, and an 11-

mm collimated gamma probe (Neoprobe 2000, Ethicon Endo-Surgery Breast-Care, 

Cincinnati, OH) was used to localize hyperfunctioning parathyroid tissue. Background 

counts were defined as the gamma readings measured prior to skin incision when the probe 

was placed perpendicular to the thyroid isthmus. In vivo counts were then obtained prior to 

gland excision when the gamma probe was directly over the enlarged parathyroid in situ 

and, typically, were about 150% of the background counts. Lastly, once the 

hyperfunctioning parathyroid was removed, the gland was positioned on the end of the 

gamma probe (directed away from the patient) to obtain the ex vivo counts. The “20% rule” 

described by Norman was used to confirm parathyroid identity (19).

The operative approaches depended upon the underlying etiology and number of diseased 

glands remaining in the neck. For patients with primary HPT and a single remaining gland, a 

focused, minimally invasive dissection was carried out. Patients with secondary or tertiary 

HPT and those with primary HPT suspected to have missed multiple gland disease 

underwent a radio-assisted open, bilateral neck exploration. Subsequent forearm 

autotransplantation was performed in patients who underwent previous subtotal 

parathyroidectomy for primary, secondary, or tertiary HPT. Surgical success was defined as 

a normocalcemia (serum calcium less than or equal to 10.2 mg/dl) at 6 months or greater 

follow-up. Recurrence was considered to be a confirmed serum calcium level greater than 

10.2 mg/dl at any time after 6 months.

Statistical analysis was performed with SPSS software (version 10.0, SPSS Inc, Chicago, 

IL). Data are reported as mean ± standard error of the mean (SEM). The positive predictive 

value (PPV) of these studies was calculated as the number of patients with correct 

localization (corresponding to surgical specimen/true positives) divided by the number of 

patients with localizing studies (true positives + false positives. One-way analysis of 

variance (ANOVA) was used for comparisons among groups with Bonferroni post-hoc 

correction. A P value of less than 0.5 was considered statistically significant. This study was 

approved by the University of Wisconsin Institutional Review Board.

RESULTS

We identified 110 patients with primary (n=94), secondary (n=7), or tertiary (n=9) HPT who 

underwent a total of 138 previous neck operations. Sixteen patients (15%) had a history of 

two prior neck surgeries, and 6 patients (6%) underwent 3 past neck procedures. The mean 

age of the patients was 59 ± 1 years, and 83 (77%) were female (Table 1). The types of 

previous neck operations included 73 (53%) open or minimally invasive 

parathyroidectomies (5 with thymectomy), 34 (25%) partial, completion, or total 

thyroidectomies, 10 (7%) carotid endarterectomies, 6 (4%) cervical spine surgeries with an 

anterior approach, 5 (4%) modified radical neck dissections, 4 (3%) tracheostomies, and 6 

(4%) other procedures. These other procedures were a branchial cleft cyst excision, a 
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tracheal web resection, a skin graft to the neck in a patient with 2 previous tracheostomies, 

multiple excisions of cervical skin cancer in a patient with a history of platysmaplasty, and 

an evacuation of a neck hematoma. Fifty-nine percent of the patients (65 of 110) were 

operated on for persistent or recurrent HPT. The reasons for reoperative parathyroidectomy 

in these 65 patients included missed adenoma (n=26), recurrent HPT (n=28), remnant 

hyperplasia (n=6), and a missed supernumerary gland (n=5). Eight of these 65 redo 

parathyroid patients had 2 prior parathyroid surgeries.

Preoperative data

The pre-operative laboratory data are illustrated in Table 1. Prior to surgery, seventy-seven 

percent of all patients were symptomatic including musculoskeletal complaints (n=44), 

fatigue (n=24), nephrolithiasis (n=12), mental status changes (n=2), and hypercalcemic 

crisis (n=3).

A total of 147 pre-operative localization studies were performed in the 110 patients. Thirty-

seven percent of all patients (41 of 110) and 40% of redo parathyroid patients (26 of 65) had 

2 imaging studies, and an additional 3 patients (3%; 2 for redo parathyroidectomy) had 3 

studies. 99mTc-sestamibi and cervical ultrasonography were the primary pre-operative 

imaging modalities utilized. In patients with primary HPT, the respective sensitivities 

of 99mTc-sestamibi and cervical ultrasound were 85% (77 of 91) and 52% (16 of 31). The 

PPV of these pre-operative localization studies in the reoperative neck are summarized in 

Table 2. When these imaging modalities were combined in patients with primary HPT, 6 

patients failed to localize and 16 were incorrectly localized. RGP was particularly useful in 

these cases (23%) where localization was not successful or was wrong. Six additional 

patients did not have any pre-operative localization performed. Four of these 6 patients had 

either secondary or tertiary HPT and were not reoperative parathyroid cases. The other 2 

patients had primary HPT and underwent simultaneous total thyroidectomies for papillary 

thyroid cancer. Thus, 12 patients in this series had no localization studies that were positive. 

One patient each had an MRI and a CT scan after sestimibi and ultrasound were negative.

Operative data

The radioguided probe was used in all cases, and a unilateral exploration was performed in 

70% of the reoperative neck surgeries. In addition, 9% of the RGPs were performed under 

local anesthesia. A single adenoma was the cause of HPT in 55 patients (60%) with primary 

HPT and 1 (11%) patient with tertiary HPT. Double adenomas were found in 14 patients 

(15%) with primary HPT. The underlying etiology of HPT was hyperplasia in all 7 patients 

(100%) with secondary HPT, 8 (89%) patients with tertiary HPT, and 25 (27%) patients 

with primary HPT. Thirty-nine percent of all patients had ectopic parathyroids. A 

thymectomy was performed during these reoperative neck cases in 17%, 14%, and 33% of 

patients with primary, secondary, and tertiary HPT, respectively. The other 86% of patients 

with secondary HPT had thymectomies performed during previous operations. The average 

total length of time spent in the operating room (including anesthesia) was 121 ± 4 minutes 

for all patients. We did not detect any differences in the length of time spent in the operating 

room among patients based on the etiology of their HPT (Table 3). In addition, the mean 

gland weight for the entire cohort was 676 ± 57 mg. Those patients with secondary and 
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tertiary HPT did have significantly heavier gland weights when compared to patients with 

primary HPT (P < 0.03).

Radioguided probe data

The average time elapsed from injection of the 99mTc-sestamibi to the start of surgery was 

110 ± 15 minutes and was similar among the 3 groups of patients (Table 3). The mean 

background, in vivo, and ex vivo gamma counts obtained with the radioguided probe in all 

patients were 216 ± 20, 310 ± 26 and 130 ± 13, respectively. We analyzed the ratio of ex 

vivo counts to the background counts (commonly expressed as a percentage) because a 

measurement of 20% or higher has previously been shown to confirm parathyroid pathology 

(19). The average ex vivo percentage of background for all patients was 69 ± 6%. Table 3 

demonstrates that the mean background, in vivo, ex vivo, and ex vivo percentage of 

background gamma counts were similar among patients with primary, secondary, and 

tertiary HPT. Ninety-six percent of the resected parathyroids had ex vivo counts greater than 

or equal to 20%. Frozen section was not used in any of these reoperative neck cases.

Outcome data

The average duration of follow-up in this study was 17 ± 2 months. The mean post-operative 

serum calcium level for the entire cohort measured at 6 months was 9.4 ± 0.1 mg/dl. In 

addition, Table 4 demonstrates that the mean creatinine levels measured at 6 months were 

significantly different among all 3 groups (P ≤ 0.03 for all comparisons).

Following RGP, 96% of all patients were eucalcemic at 6 months. There were no significant 

differences among patients with regard to the rate of eucalcemia in terms of their HPT type 

(Table 4). Four patients with primary HPT experienced a recurrence at 25 ± 12 months after 

their initial resection. Three of these patients had hyperplasia of their remnant following 

subtotal parathyroidectomy, and one developed a second adenoma. The average length of 

hospital stay for all patients was 0.6 ± 0.1 days. Patients with primary HPT had a 

significantly shorter mean length of stay compared to patients with secondary or tertiary 

HPT (P<0.02; Table 4). Five of these reoperative patients (4.5%) experienced complications 

which are outlined in Table 4. Both patients with transient recurrent laryngeal nerve injuries 

previously underwent at least one bilateral neck exploration with either a single or subtotal 

parathyroidectomy.

Additional analyses were performed to examine any potential risk factors for failure at 

reoperation. An analysis of the underlying pathology, showed that patients with single 

adenomas were significantly more likely to experience a cure at reoperation than patients 

with 4 gland hyperplasia (P=0.02). Patients with single adenomas, double adenomas, and 

hyperplasia had respective eucalcemia rates at 6 months after RGP reoperation of 100%, 

93%, and 86% (P=0.03 by ANOVA). For this analysis, patients were considered to have a 

double adenoma if 2 glands were resected during an initial parathyroid operation in an 

otherwise reoperative neck or if the patient had a history of a parathyroidectomy for a single 

parathyroid adenoma and presented with persistent or recurrent HPT due to one 

hyperfunctioning gland. In addition, patients with 3 previous neck operations were 

significantly less likely to achieve a cure compared to patients with just 1 prior neck surgery. 
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The rates of euclacemia at 6 months for patients with 1, 2, or 3 previous neck surgeries were 

98%, 87%, and 67%, respectively (P=0.002 by ANOVA). We also compared patients who 

had prior parathyroid operations to those who underwent a prior non-parathyroid neck 

surgery. Similar proportions of cure were observed among those patients who underwent 

previous parathyroidectomies when measured against those who underwent other past neck 

operations (90% vs. 98%, respectively, P=0.24).

DISCUSSION

Reoperation for persistent or recurrent HPT is often demanding because of scarring and 

distorted anatomy. Use of a radioguided probe in these situations has been proposed to 

facilitate dissection and localization of parathyroid tissue (16, 17). Studies that have 

examined reoperative parathyroid surgery have focused mainly on persistent or recurrent 

cases of HPT in patients with primary HPT. However, several additional neck surgeries 

result in similar fibrotic changes and alteration of tissue planes. Therefore, we report the 

utilization of a radioguided gamma probe in the reoperative neck in 110 patients with 

primary, secondary, or tertiary HPT.

In patients without a history of neck surgery who are undergoing initial parathyroidectomy, 

radioguided probe use has been shown to have multiple advantages over traditional 

approaches (20). One of these advantages is the omission of frozen section in patients who 

have ex vivo to background count ratios greater than 20%—the so-called “20% rule” for 

RGP described by Norman (19). This rule has been effectively utilized in patients 

undergoing initial parathyroidectomy for primary, secondary, and tertiary HPT (18, 20, 21). 

Our findings confirm the efficacy of the “20% rule” in reoperative neck patients. Frozen 

sections were not performed in any cases in this study. In addition, the counts obtained from 

the radioguided probe in these reoperative patients are similar to those previous published in 

patients with “virgin” necks (7, 18, 22). Therefore, the technical aspects of RGP appear to be 

the same for all patients regardless of previous neck surgery or HPT etiology. Furthermore, 

because limited dissection is possible, radioguided unilateral exploration can be undertaken 

in the majority of reoperative neck surgeries with select cases still performed under local 

anesthesia.

RGP in the reoperative setting also can be thought of as an additional localization procedure 

performed intraoperatively to facilitate parathyroidectomy. Preoperative localization with a 

combination of imaging modalities is recommended in patients with persistent or recurrent 

HPT (2, 10–13). In the current investigation, approximately 40% of patients had 2 or more 

preoperative imaging studies. However, 97% (63 of 65) of the reoperative parathyroid cases 

had at least one positive preoperative localization study. In the 2 patients who were not well-

localized, intraoperative bilateral selective venous sampling for PTH was used to lateralize 

(one side PTH > 5% the opposite side) the exploration and the radioguided probe assisted in 

parathyroid localization. When pre-operative localization with imaging is not possible, we 

support the use of internal jugular localization to isolate the side of the neck that harbors the 

hyperfunctioning parathyroid, and typically perform this procedure intraoperatively by 

obtaining venous blood samples from both internal jugular veins and sending them for rapid 

PTH assay. Twenty-six patients in this study had this procedure performed intraoperatively, 
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but we do not collect data on whether these samples were lateralizing in our prospectively 

collected database.

Additional previously reported benefits of RGP in patients without prior neck surgery are 

decreased operative times and lengths of stay (18, 20). In this study, the total time spent in 

the operating room as charted by anesthesia was approximately 2 hours, and 50% of patients 

were able to be operated on as an outpatient. While the total operating room time was 

similar among all patients, those with secondary and tertiary HPT stayed overnight. Our 

findings are consistent with a previous study that indicated short re-operative times with 

RGP in patients with primary HPT (16). Furthermore, these data indicate the total operating 

room time and length of stay may be decreased in the reoperative neck with RGP.

Previous analyses of patients undergoing repeat parathyroid surgery for persistent or 

recurrent HPT also have suggested that the rate of cure may be as low as 80% (4, 6, 16, 23–

25). On the other hand, patients undergoing initial surgery for HPT have expected success 

rates of 95% or greater (1–3, 20). In our study, eucalcemia was achieved in 96% of all 

reoperative neck patients, a percentage similar to those reported in initial 

parathyroidectomies. However, success rates decreased as the number of previous neck 

operations increased. The proportion of patients achieving eucalcemia also decreased with 

increasing numbers of remaining diseased parathyroid glands. These observations confirm 

the findings of Richards and colleagues who showed that a single previous operation and 

solitary gland disease are associated with a higher likelihood of cure in reoperative 

parathyroidectomy (25). Our results expand these risk factors to patients with a history of 

any type of prior neck surgery, not just parathyroidectomy.

Traditionally, another downside to reoperative surgery has been a higher rate of 

complications. Permanent hypocalcemia and recurrent laryngeal nerve injury rates have 

been as high as 13% and 6.6%, respectively, in previously published series (6, 23). Though 

more recently, these rates have been reported to be as low as 3% and <1%, respectively, for 

reoperative cases and <1% for both complications in initial parathyroidectomies (3, 25). In 

the current study, no patients experienced permanent hypocalcemia or recurrent laryngeal 

nerve damage. These data suggest that reoperative neck surgery with a radioguided probe is 

as safe as initial minimally invasive parathyroidectomy.

In reoperative parathyroidectomies, preoperative localization with a combination of imaging 

modalities is clearly advantageous because the results can be used to guide dissection (2, 

10–13). Even in patients who are undergoing reoperation in the neck, but an initial 

parathyroid surgery, this concept remains true. In these reoperative neck cases, radioguided 

probe use allows for additional intraoperative localization to facilitate minimal dissection in 

a field that may have dense scarring, fibrotic changes, and often friable tissue. Taken 

together, our results suggest that RGP is a safe and effective adjunct in the reoperative neck 

with cure rates that approach those seen in initial parathyroidectomies. Operative times, 

lengths of stay, and complication rates also are similar to the data reported for patients 

undergoing initial parathyroid surgery.

Pitt et al. Page 7

Surgery. Author manuscript; available in PMC 2014 December 04.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Acknowledgments

This study was funded in part by the American College of Surgeons Resident Research Scholarship and the 
National Institutes of Health grant T32 CA009614-19 Physician Scientist Training in Cancer Medicine.

References

1. Rothmund M, Wagner P, Schark C. Subtotal parathyroidectomy versus total parathyroidectomy and 
autotransplantation in secondary hyperparathyroidism: a randomized trial. World J Surg. 2001; 
15(6):745–50. [PubMed: 1767541] 

2. Kebebew E, Duh Q, Clark O. Tertiary hyperparathyroidism: histologic patterns of disease and 
results of parathyroidectomy. Arch Surg. 2004 Sep; 139(9):974–7. [PubMed: 15381615] 

3. Udelsman R. Six hundred fifty-six consecutive explorations for primary hyperparathyroidism. Ann 
Surg. 2002 May; 235(5):665–70. discussion 70–2. [PubMed: 11981212] 

4. Shen W, Düren M, Morita E, Higgins C, Duh Q, Siperstein A, et al. Reoperation for persistent or 
recurrent primary hyperparathyroidism. Arch Surg. 1996 Aug; 131(8):861–7. discussion 7–9. 
[PubMed: 8712911] 

5. Levin K, Clark O. The reasons for failure in parathyroid operations. Arch Surg. 1989 Aug; 124(8):
911–4. discussion 4–5. [PubMed: 2757503] 

6. Thompson G, Grant C, Perrier N, Harman R, Hodgson S, Ilstrup D, et al. Reoperative parathyroid 
surgery in the era of sestamibi scanning and intraoperative parathyroid hormone monitoring. Arch 
Surg. 1999 Jul; 134(7):699–704. discussion -5. [PubMed: 10401818] 

7. Norman J, Chheda H, Farrell C. Minimally invasive parathyroidectomy for primary 
hyperparathyroidism: decreasing operative time and potential complications while improving 
cosmetic results. Am Surg. 1998 May; 64(5):391–5. discussion 5–6. [PubMed: 9585770] 

8. Chen H. Surgery for primary hyperparathyroidism: what is the best approach? Ann Surg. 2002 Nov; 
236(5):552–3. [PubMed: 12409658] 

9. Chen H, Mack E, Starling J. A comprehensive evaluation of perioperative adjuncts during 
minimally invasive parathyroidectomy: which is most reliable? Ann Surg. 2005 Sep; 242(3):375–
80. discussion 80–3. [PubMed: 16135923] 

10. Rotstein L, Irish J, Gullane P, Keller M, Sniderman K. Reoperative parathyroidectomy in the era of 
localization technology. Head Neck. 1998 Sep; 20(6):535–9. [PubMed: 9702541] 

11. Brennan M, Norton J. Reoperation for persistent and recurrent hyperparathyroidism. Ann Surg. 
1985 Jan; 201(1):40–4. [PubMed: 2981520] 

12. Yen TW, Wang TS, Doffek KM, Krzywda EA, Wilson SD. Reoperative parathyroidectomy: an 
algorithm for imaging and monitoring of intraoperative parathyroid hormone levels that results in 
a successful focused approach. Surgery. 2008 Oct; 144(4):611–9. discussion 9–21. [PubMed: 
18847646] 

13. Chou F, Lee C, Chen H, Chen J, Hsu K, Sheen-Chen S. Persistent and recurrent 
hyperparathyroidism after total parathyroidectomy with autotransplantation. Ann Surg. 2002 Jan; 
235(1):99–104. [PubMed: 11753048] 

14. Irvin, Gr; Molinari, A.; Figueroa, C.; Carneiro, D. Improved success rate in reoperative 
parathyroidectomy with intraoperative PTH assay. Ann Surg. 1999 Jun; 229(6):874–8. discussion 
8–9. [PubMed: 10363902] 

15. Norman J, Chheda H. Minimally invasive parathyroidectomy facilitated by intraoperative nuclear 
mapping. Surgery. 1997 Dec; 122(6):998–1003. discussion-4. [PubMed: 9426412] 

16. Norman J, Denham D. Minimally invasive radioguided parathyroidectomy in the reoperative neck. 
Surgery. 1998 Dec; 124(6):1088–92. discussion 92–3. [PubMed: 9854588] 

17. Rossi HL, Ali A, Prinz RA. Intraoperative sestamibi scanning in reoperative parathyroidectomy. 
Surgery. 2000 Oct; 128(4):744–50. [PubMed: 11015110] 

18. Nichol P, Mack E, Bianco J, Hayman A, Starling J, Chen H. Radioguided parathyroidectomy in 
patients with secondary and tertiary hyperparathyroidism. Surgery. 2003 Oct; 134(4):713–7. 
discussion 7–9. [PubMed: 14605634] 

Pitt et al. Page 8

Surgery. Author manuscript; available in PMC 2014 December 04.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



19. Murphy C, Norman J. The 20% rule: a simple, instantaneous radioactivity measurement defines 
cure and allows elimination of frozen sections and hormone assays during parathyroidectomy. 
Surgery. 1999 Dec; 126(6):1023–8. discussion 8–9. [PubMed: 10598183] 

20. Goldstein R, Blevins L, Delbeke D, Martin W. Effect of minimally invasive radioguided 
parathyroidectomy on efficacy, length of stay, and costs in the management of primary 
hyperparathyroidism. Ann Surg. 2000 May; 231(5):732–42. [PubMed: 10767795] 

21. Jorna F, Jager P, Lemstra C, Wiggers T, Stegeman C, Plukker J. Utility of an intraoperative gamma 
probe in the surgical management of secondary or tertiary hyperparathyroidism. Am J Surg. 2008 
Jul; 196(1):13–8. [PubMed: 18436177] 

22. Bieglmayer C, Kaczirek K, Prager G, Niederle B. Parathyroid hormone monitoring during total 
parathyroidectomy for renal hyperparathyroidism: pilot study of the impact of renal function and 
assay specificity. Clin Chem. 2006 Jun; 52(6):1112–9. [PubMed: 16614003] 

23. Carty S, Norton J. Management of patients with persistent or recurrent primary 
hyperparathyroidism. World J Surg. 1991; 15(6):716–23. [PubMed: 1767537] 

24. Jaskowiak N, Norton J, Alexander H, Doppman J, Shawker T, Skarulis M, et al. A prospective trial 
evaluating a standard approach to reoperation for missed parathyroid adenoma. Ann Surg. 1996 
Sep; 224(3):308–20. discussion 20–1. [PubMed: 8813259] 

25. Richards ML, Thompson GB, Farley DR, Grant CS. Reoperative parathyroidectomy in 228 
patients during the era of minimal-access surgery and intraoperative parathyroid hormone 
monitoring. Am J Surg. 2008 Dec; 196(6):937–42. discussion 42–3. [PubMed: 19095113] 

Pitt et al. Page 9

Surgery. Author manuscript; available in PMC 2014 December 04.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Pitt et al. Page 10

T
ab

le
 1

Pr
e-

op
er

at
iv

e 
C

ha
ra

ct
er

is
tic

s

T
ot

al
P

ri
m

ar
y 

H
P

T
Se

co
nd

ar
y 

H
P

T
T

er
ti

ar
y 

H
P

T
P

 v
al

ue

N
11

0
94

7
9

A
ge

 (
ye

ar
s)

58
 ±

 1
60

 ±
 1

55
 ±

 6
55

 ±
 5

0.
53

Se
ru

m
 c

al
ci

um
 (

m
g/

dL
)

11
.1

 ±
 0

.1
11

.1
 ±

 0
.1

10
.5

 ±
 1

.0
11

.0
 ±

 0
.3

0.
27

Se
ru

m
 P

T
H

 (
pg

/m
L

) 
*

23
4 

±
 4

6
13

3 
±

 1
3

13
23

 ±
 5

35
44

0 
±

 1
67

<
 0

.0
01

Se
ru

m
 c

re
at

in
in

e 
(m

g/
dL

)†
1.

5 
±

 0
.2

1.
0 

±
 0

.0
3

5.
6 

±
 1

.3
2.

1 
±

 0
.8

<
 0

.0
01

D
at

a 
ar

e 
gi

ve
n 

as
 m

ea
n 

±
 s

ta
nd

ar
d 

er
ro

r 
of

 th
e 

m
ea

n.
 P

 v
al

ue
s 

de
te

rm
in

ed
 b

y 
on

e-
w

ay
 A

N
O

V
A

.

* P
 ≤

 0
.0

3 
fo

r 
pa

ir
w

is
e 

co
m

pa
ri

so
ns

 b
et

w
ee

n 
al

l 3
 g

ro
up

s 
w

ith
 B

on
fe

rr
on

i p
os

t h
oc

 c
or

re
ct

io
n.

† P
 <

 0
.0

01
 f

or
 P

ri
m

ar
y 

H
PT

 v
s 

Se
co

nd
ar

y 
H

PT
 a

nd
 S

ec
on

da
ry

 H
PT

 v
s 

T
er

tia
ry

 H
PT

; P
 =

 0
.0

7 
fo

r 
Pr

im
ar

y 
H

PT
 v

s.
 S

ec
on

da
ry

 H
PT

.

H
P

T
, H

yp
er

pa
ra

th
yr

oi
di

sm
. P

T
H

, P
ar

at
hy

ro
id

 h
or

m
on

e.

Surgery. Author manuscript; available in PMC 2014 December 04.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Pitt et al. Page 11

Table 2

PPV of preoperative localization studies

HPT Type PPV (TP/TP+FP)

 Localization Study

Primary HPT

 99mTc-sestamibi 77% (58/75)

 Ultrasound 60% (9/15)

Secondary HPT

 99mTc-sestamibi 67% (2/3)

 Ultrasound 100% (3/3)

Tertiary HPT

 99mTc-sestamibi 100% (7/7)

 Ultrasound 100% (1/1)

HPT, Hyperparathyroidism; PPV, Positive predictive value; TP, True positive; FP, False positive.
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