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parathyroid hormone monitoring in patients with primary
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Background: Minimally invasive parathyroidectomy (MIP) is the preferred operation for patients with
primary hyperparathyroidism (HPT) and positive preoperative imaging. This non-randomized case
series assessed the long-term results of MIP performed without the use of intraoperative parathyroid
hormone (ioPTH) monitoring.
Methods: The study involved prospective collection of demographic, biochemical and operative details
on a consecutive, unselected cohort of 298 patients who underwent surgery for non-familial primary
HPT during a 5-year interval. The mean preoperative serum calcium level was 3·00 mmol/l with a
mean parathyroid hormone concentration of 25·8 pmol/l. 99mTc-labelled sestamibi scanning and neck
ultrasonography were performed in 262 patients.
Results: Sestamibi scan showed unilateral uptake in 182 patients and a single parathyroid adenoma
was confirmed on ultrasonography in 161 patients. MIP was performed in 150 patients. The mean
duration of operation was 25 (range 8–65) min. Four patients needed conversion to conventional neck
exploration. There was one postoperative haematoma and three cases of temporary recurrent laryngeal
nerve neuropraxia. All but four patients were normocalcaemic after MIP. All the parathyroid tumours
removed were adenomas, with a mean weight of 1·3 (range 0·1–17·4) g. No patient developed recurrent
HPT after a median follow-up of 16 (range 3–48) months.
Conclusion: The outcome of MIP without ioPTH monitoring was comparable to that reported in series
that used ioPTH monitoring.
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Introduction

Bilateral neck exploration was the standard operation for
primary hyperparathyroidism (HPT). The goal of the
procedure was to identify all four parathyroid glands
and to remove all abnormal parathyroid tissue. In expert
hands up to 99 per cent of patients were cured with
minimal morbidity1. Such results have, however, been
reported mainly from centres with very high volume
practice. A 70 per cent cure rate may possibly reflect
general surgical practice more faithfully2. The British
Association of Endocrine Surgeons’ guidelines recommend
that 95 per cent of patients should be normocalcaemic after
first neck exploration for HPT3.

Over 85 per cent of patients with primary HPT
have single-gland disease. In these, unilateral cervical

exploration would therefore appear to be better than four-
gland exploration. This was first proposed in the 1980s4,5,
but the unreliability of thallium–technetium subtraction
scintigraphy at that time meant that few surgeons had the
confidence to perform single-gland resections. Computed
tomography and magnetic resonance imaging were too
insensitive to allow unilateral surgery. The introduction
of 99mTc-labelled sestamibi scanning has revolutionized
parathyroid imaging. Multiple authors have reported that
over 70 per cent of parathyroid adenomas can be localized6.
When ultrasonography of the neck concordantly local-
izes a diseased parathyroid gland, the combination of the
two imaging techniques offers 95–98 per cent accuracy7.
This improvement in imaging has made the application of
minimal-access approaches to primary parathyroid disease
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a reality. Although videoscopically assisted parathyroidec-
tomy and endoscopic parathyroidectomy are technically
feasible8,9, the technique favoured by most endocrine
surgeons is minimally invasive parathyroidectomy (MIP),
based on a focused lateral approach10. Surgeons who first
embraced this new technique have used it in conjunc-
tion with intraoperative parathyroid hormone (ioPTH)
monitoring to confirm excision of the overactive parathy-
roid gland. Results of several retrospective series have
been published11–13 and confirmed in a recent randomized
trial14. As a consequence, the availability of MIP has low-
ered the referral threshold for HPT and more patients are
having surgery than previously15.

The aim of this study was to determine whether omitting
ioPTH measurement in patients with two concordant
preoperative localization studies affected the cure rate of
HPT after MIP.

Patients and methods

From April 2001 all patients with a biochemical diagnosis
of primary HPT have been considered for MIP. Patients
with familial disease, a history of persistent or recurrent
HPT or with a large goitre were excluded and underwent
conventional neck exploration. Previous neck surgery
was mistakenly not considered a contraindication in two
patients at the beginning of this series; subsequently
this was changed. The remaining patients underwent
preoperative localization with 99mTc-labelled sestamibi
imaging and ultrasonography of the neck. Patients
underwent MIP when the two localization studies were
concordant.

Sestamibi scans were performed using the single-agent
washout technique. Patients were given 600 MBq 99mTc-
labelled sestamibi. Single frontal planar images were
obtained at 10 min and 2 h after isotope administration.
Single-photon emission tomography images were obtained
at 2 h. Patients were imaged using a Sopha DST-XL
γ camera (General Electric; Paris, France) with a low-
energy, high-resolution parallel collimator and pictures
were obtained with a 256 × 256 matrix. Ultrasonography
was performed by a single experienced operator using a
small-footprint high-resolution 15-MHz linear array probe
(Sequoia; Accuson, Mountain View, California, USA).

Laryngeal mask general anaesthesia with propofol and
a superficial cervical block on the side of the localized
adenoma were employed. Frail patients considered at risk
for general anaesthesia had surgery under local anaesthesia.

An intravenous infusion of 5 mg/kg methylene blue in
500 ml normal saline was started 1 h before surgery to aid

intraoperative localization of the parathyroid glands. A 20-
mm transverse incision was made in a skin crease directly
over the localized parathyroid gland, along the medial
border of the sternomastoid muscle16. The sternomastoid
muscle was mobilized laterally and the strap muscles
medially to reveal the lateral margin of the thyroid gland.
The parathyroid adenoma was then identified and dissected
out; ioPTH measurements or frozen-section analysis were
not performed.

All patients were considered for discharge on the day of
surgery, or the following morning if surgery was performed
in the afternoon. Calcium tablets were provided to be taken
when needed and patients were given instructions on how
to identify the symptoms of hypocalcaemia.

The duration of operation (skin-to-skin time) was
recorded prospectively along with the length of hospital
stay, complications and conversion rates. All patients were
seen in the outpatient clinic 4–6 weeks after surgery,
and assessed for symptoms and complications along with
a review of the histological findings. A further follow-
up appointment was organized at 6–12 months. Patients
treated earlier in this series were contacted once more and
had a repeat calcium and PTH measurement.

Statistical comparison of biochemical variables between
subgroups of patients was done using an unpaired Student’s
t test. Proportions were compared using the χ2 test. For
all tests P < 0·050 was considered significant.

Results

Between June 2001 and January 2006, 298 patients
underwent surgical treatment for non-familial primary
HPT. The mean(s.d.) preoperative serum calcium level
was 3·00 (0·36) mmol/l with a parathyroid hormone
concentration of 25·8 (22·2) pmol/l. Thirty-six patients
had no imaging studies, either because they had surgery as
an emergency or for administrative reasons. Localization
investigations were performed in 262 patients. There
were 72 negative imaging studies. Eight patients had
bilateral sestamibi uptake and ultrasonography suggesting
the possibility of bilateral adenomas. The sestamibi scan
indicated unilateral uptake in 182 patients and a single
parathyroid adenoma was seen on ultrasonography in
161 of these (Fig. 1). MIP was not performed if patients
had additional procedures during the same anaesthetic
(three patients), very large tumours (over 5 cm in diameter
as suggested by ultrasonography; three) or adenomas
localized behind the clavicle or in the thymus (five).

MIP was performed in 150 patients. Their demographic
and biochemical data were similar to those in patients
undergoing formal neck exploration (Table 1). Surgery
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298 patients

Preop. imaging (n = 262)
No preop. imaging

(n = 36)

Positive
concordant

scans
(n = 161)

Minimally invasive
parathyroidectomy (n = 150)

Bilateral cervical exploration
(n = 148)

 Disease cured (n = 146)
 Persistent HPT (n = 4)

First operation

   Disease cured (n = 149)
   Persistent HPT (n = 1)

Final outcome

   Disease cured (n = 142)
   Persistent HPT (n = 6)

First operation

   Disease cured (n = 145)
   Persistent HPT (n = 3)

Final outcome

Negative
scans

(n = 72)

Positive
bilateral
uptake
(n = 8)

Positive
non-concordant

scans
(n = 21)

Fig. 1 Flow chart describing the selection of patients undergoing minimally invasive parathyroidectomy in a cohort of 298 consecutive
patients with primary hyperparathyroidism (HPT)

Table 1 Preoperative demographic and biochemical data for 298
patients with primary hyperparathyroidism who underwent
minimally invasive parathyroidectomy or formal bilateral or
unilateral neck exploration

MIP (n = 150) Non-MIP (n = 148)

Sex ratio (M : F) 46 : 104 40 : 108
Age (years)* 60(16) (17–89) 63(14) (18–90)
Preoperative calcium

(mmol/l)*
2·95(0·33) (2·67–3·86) 2·97(0·26) (2·71–3·97)

PTH (pmol/l)* 25·3(25·0) (4·5–137·0) 18·8(17·6) (3·9–117·0)

*Values are mean(s.d.) (range). Normal ranges for calcium and
parathyroid hormone (PTH) are 2·12–2·65 mmol/l and 0·8–8·5 pmol/l
respectively. MIP, minimally invasive parathyroidectomy.

was performed under general anaesthesia in 146 patients
and under local anaesthetic in four. The mean(s.d.)
duration of operation was 25(12) (median 20, range
8–65) min. Conversion to a conventional neck exploration
was required in four patients. One frail elderly patient
unsuitable for a general anaesthetic had MIP under local
anaesthesia, but the procedure was abandoned because of
discomfort.

A parathyroid adenoma was identified and excised in 146
patients. All parathyroid tumours removed by MIP were
histologically adenomas with a mean(s.d.) weight of 1·3(0·9)
(median 1·0, range 0·1–17·4) g. There was no significant

difference in the weight of adenomas removed by MIP
or conventional dissection. All but four patients became
normocalcaemic after surgery. In two, thyroid nodules were
excised instead, in one no adenoma was found, and in the
fourth an adenoma was too close to the recurrent laryngeal
nerve. Three patients underwent subsequent bilateral neck
exploration and were cured, and the fourth died 3 months
later with persistent hypercalcaemia.

Seventy-four patients were discharged home the same
day and 70 patients the following day (within 23 h).
Six patients were admitted for 2–4 days owing to
social circumstances. There was one postoperative local
haematoma that was treated conservatively. Three patients
had recurrent laryngeal nerve neuropraxia with voice
changes that lasted 2 months. Subsequent voice recovery
was complete.

All patients who underwent successful MIP were
normocalcaemic (mean(s.d.) calcium level 2·34(0·11)
mmol/l) when first reviewed in outpatients 4–6 weeks
following surgery. Most patients reported an improvement
in symptoms, in particular tiredness and lethargy.

Follow-up for more than 3 months was possible in
139 patients who underwent MIP. Four patients died
during follow-up (at 18, 26, 26 and 3 months). Five
patients were lost to follow-up because they lived outside
the region and two patients failed to attend their
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appointments. Mean(s.d.) follow-up was 15(10) (median
16, range 3–48) months and 103 patients had follow-
up for longer than 1 year. All but one had normal
serum calcium levels and no patient developed recurrent
HPT.

Discussion

Minimal-access parathyroidectomy using a focused lateral
approach is the current method of choice for 92 per cent of
members of the International Association of Endocrine
Surgeons and several large series have already been
published11–14.

MIP has been restricted to patients with concordant
positive sestamibi and ultrasonographic scans, and as
a consequence MIP was offered to just over half of
the patients who had localization studies (150 of 262
patients, 57·3 per cent). This figure compares favourably
with published data. When similar criteria were applied
to a group of 149 consecutive patients, unilateral cervical
exploration was considered feasible in only 30 per cent17.
In contrast, clinicians who use sestamibi imaging as their
only selection criteria offer MIP to over 80 per cent of
patients. Applying the criteria of concordant imaging
studies leads to fewer patients being selected for MIP.
This was compensated by a lower rate of conversion to
bilateral cervical exploration in the present series (four
of 150 procedures, 2·7 per cent) compared with reported
conversion rates of 7 per cent11 and 8·8 per cent18.

MIP was performed in a mean of 25 min, while respect-
ing established principles of conventional parathyroid
surgery: avoiding parathyroid capsular breach and iden-
tification of the recurrent laryngeal nerve (although the
position of some glands has sometimes made this unneces-
sary).

Four patients remained hypercalcaemic after MIP. In
two a thyroid nodule was removed instead and arguably
these would have been identified if ioPTH monitoring had
been used. Three of the four patients with persistent HPT
underwent a total of four bilateral cervical explorations
to identify their single parathyroid adenomas and were
subsequently cured. The rates of persistent HPT were
similar after MIP (four of 150 patients) and bilateral cervical
exploration (six of 148 patients) (Fig. 1).

No patient developed recurrent HPT after a median
follow-up of 16 months. These findings counteract pre-
viously expressed concerns that MIP could underestimate
multigland disease and might increase the risk of per-
sistent or recurrent hypercalcaemia19. These reassuring
findings are possibly a result of the strict selection of
patients offered MIP. A major contribution to the ongoing

debate was a randomized trial demonstrating that scan-
directed unilateral cervical exploration for primary HPT
did not significantly increase the incidence of persistent
hypercalcaemia20.

In previous studies, the use of ioPTH measurement has
been encouraged to confirm the success of parathyroidec-
tomy at the time of minimal-access surgery given that
not all four parathyroid glands are visualized. A decrease
of greater than 50 per cent in PTH concentration within
10–15 min of removal of the hyperfunctioning parathy-
roid is believed to correspond to cure. The argument in
favour of ioPTH monitoring is that multigland disease is
present in up to 10 per cent of patients with HPT and such
patients can be identified and cured only if all four parathy-
roid glands are visualized during the operation21–23. This
view was reinforced by the findings of a recent prospective
study of 350 patients from the Cleveland Clinic; unilateral
exploration based on concordant preoperative sestamibi
and ultrasonographic localization identified single-gland
disease in 79 per cent of patients but additional abnormal
parathyroid glands were found on complete exploration
in 15 per cent, even in patients with concordant imag-
ing studies and an appropriate fall in PTH23. Similar
findings were reported in a large cohort of 345 patients;
when ioPTH measurement was used all 188 patients were
cured of disease at first operation, whereas in the group
of 157 patients who did not have ioPTH monitoring
there was a 10 per cent incidence of persistent disease
owing to additional unidentified overactive parathyroid
glands24.

However, ioPTH measurement may also fail to identify
multigland disease25. In a study of 69 patients who
underwent conventional bilateral cervical exploration with
ioPTH monitoring, multiple-gland disease was missed in
75 per cent of patients26. In addition, ioPTH results did
not identify multiglandular disease in 11 of 423 patients
undergoing focused parathyroidectomy27.

Another recent analysis of MIP with ioPTH measure-
ment failed to support its use28. Several studies have
reported that MIP without ioPTH monitoring achieved
normocalcaemia in 44 of 47 patients29, in 41 of 45
patients30 and in 44 of 49 patients31. The Mayo Clinic
reported that patients with primary HPT and an unequiv-
ocally positive preoperative sestamibi scan can successfully
be managed by focused unilateral cervical exploration with-
out ioPTH monitoring32.

Omitting ioPTH monitoring in a selected group of
patients offers financial advantages related to the cost of the
equipment and PTH assays. Furthermore, the operation is
finished as soon as the adenoma is excised without having to
wait for the blood samples to be drawn 10 and 30 min after
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excision of the parathyroid adenoma. This can increase the
throughput of patients during one operating session.

References

1 van Heerden JA, Grant CS. Surgical treatment of primary
hyperparathyroidism: an institutional perspective. World J
Surg 1991; 15: 688–692.

2 Clark OH. What’s new in endocrine surgery. J Am Coll Surg
1997; 184: 126–136.

3 British Association of Thyroid and Endocrine Surgeons.
Surgical treatment of the parathyroid glands.
http://baes.info/Parathyroid.htm [accessed 5 September
2006].

4 Tibblin S, Bondeson A-G, Ljungberg O. Unilateral
parathyroidectomy in hyperparathyroidism due to single
adenoma. Ann Surg 1982; 195: 245–252.

5 Russell CF, Laird JD, Ferguson WR. Scan-directed
unilateral cervical exploration for parathyroid adenoma: a
legitimate approach? World J Surg 1990; 14: 406–409.

6 Borley NR, Collins REC, O’Doherty M, Coakley A.
Technetium-99m sestamibi parathyroid localization is
accurate enough for scan-directed unilateral neck
exploration. Br J Surg 1996; 83: 989–991.

7 Haber RS, Kim CK, Inabnet WB. Ultrasonography for
preoperative localization of enlarged parathyroid glands in
primary hyperparathyroidism: comparison with
99mtechnetium sestamibi scintigraphy. Clin Endocrinol 2002;
57: 241–249.

8 Miccoli P, Bendinelli C, Berti P, Vignali E, Pinchera A,
Marcocci C. Video-assisted versus conventional
parathyroidectomy in primary hyperparathyroidism: a
prospective randomized study. Surgery 1999; 126:
1117–1122.

9 Henry J-F, Iacobone M, Mirallie F, Deveze A, Pili S.
Indications and results of video-assisted parathyroidectomy
by a lateral approach in patients with primary
hyperparathyroidism. Surgery 2001; 130: 999–1004.

10 Sackett WR, Barraclough B, Reeve TS, Delbridge LW.
Worldwide trends in the surgical treatment of primary
hyperparathyroidism in the era of minimally invasive
parathyroidectomy. Arch Surg 2002; 137: 1055–1059.

11 Agarwal G, Barraclough BH, Robinson BG, Reeve TS,
Delbridge LW. Minimally invasive parathyroidectomy using
the ‘focused’ lateral approach. Results of the first 100
consecutive cases. ANZ J Surg 2002; 72: 100–104.

12 Udelsman R, Donovan PI, Sokoll LJ. One hundred
consecutive minimally invasive parathyroid explorations. Ann
Surg 2000; 232: 331–339.

13 Gurnell EM, Thomas SK, McFarlane I, Munday I,
Balan KK, Berman L et al. Focused parathyroid surgery with
intraoperative parathyroid hormone measurement as a
day-case procedure. Br J Surg 2004; 91: 78–82.

14 Bergenfelz A, Lindblom P, Tibblin S, Westerdahl J.
Unilateral versus bilateral neck exploration for primary

hyperparathyroidism: a prospective randomized controlled
trial. Ann Surg 2002; 236: 543–551.

15 Gallagher SF, Denham DW, Murr MM, Norman JG. The
impact of minimally invasive parathyroidectomy on the way
endocrinologists treat primary hyperparathyroidism. Surgery
2003; 134: 910–917.

16 Carneiro DM, Irvin GL III, Inabnet WB. Limited versus
radical parathyroidectomy in familial isolated primary
hyperparathyroidism. Surgery 2002; 132:
1050–1054.

17 Saint Marc O, Cogliandolo A, Pidoto RR, Pozzo A.
Prospective evaluation of ultrasonography plus MIBI
scintigraphy in selecting patients with primary
hyperparathyroidism for unilateral neck exploration
under local anaesthesia. Am J Surg 2004; 187:
388–393.

18 Clark PB, Case D, Watson NE, Morton KA, Perrier ND.
Experienced scintigraphers contribute to success of
minimally invasive parathyroidectomy by skilled endocrine
surgeons. Am Surg 2003; 69: 478–483.

19 Lee NC, Norton JA. Multiple-gland disease in primary
hyperparathyroidism: a function of operative approach? Arch
Surg 2002; 137: 896–899.

20 Russell CF, Dolan SJ, Laird JD. Randomized clinical trial
comparing scan-directed unilateral versus bilateral cervical
exploration for primary hyperparathyroidism due to solitary
adenoma. Br J Surg 2006; 93: 418–421.

21 Genc H, Morita E, Perrier ND, Miura D, Ituarte P, Duh
QY et al. Different histologic findings after bilateral and
focused parathyroidectomy. J Am Coll Surg 2003; 196:
535–540.

22 Westerdahl J, Bergenfelz A. Sestamibi scan-directed
parathyroid surgery: potentially high failure rate without
measurement of intraoperative parathyroid hormone. World
J Surg 2004; 28: 1132–1138.

23 Siperstein A, Berber E, Mackey R, Alghoul M, Wagner K,
Milas M. Prospective evaluation of sestamibi scan,
ultrasonography, and rapid PTH to predict the success of
limited exploration for sporadic primary
hyperparathyroidism. Surgery 2004; 136: 872–880.

24 Chen H, Pruhs Z, Starling JR, Mack E. Intraoperative
parathyroid hormone testing improves cure rates in patients
undergoing minimally invasive parathyroidectomy. Surgery
2005; 138: 583–587.

25 Gauger PG, Agarwal G, England BG, Delbridge LW,
Matz KA, Wilkinson M et al. Intraoperative parathyroid
hormone monitoring fails to detect double parathyroid
adenomas: a 2-institution experience. Surgery 2001; 130:
1005–1010.

26 Clerici T, Brandle M, Lange J, Doherty GM, Gauger PG.
Impact of intraoperative parathyroid hormone monitoring on
the prediction of multiglandular parathyroid disease. World J
Surg 2004; 28: 187–192.

27 Carneiro DM, Solorzano CC, Irvin GL III. Recurrent
disease after limited parathyroidectomy for sporadic primary

Copyright  2006 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2007; 94: 42–47
Published by John Wiley & Sons Ltd



Minimally invasive parathyroidectomy 47

hyperparathyroidism. J Am Coll Surg 2004; 199:
849–853.

28 Palazzo FF, Delbridge LW. Minimal-access/minimally
invasive parathyroidectomy for primary hyperparathyroidism.
Surg Clin North Am 2004; 84: 717–734.

29 Sprouse LR II, Roe SM, Kaufman HJ, Williams N.
Minimally invasive parathyroidectomy without intraoperative
localization. Am Surg 2001; 67: 1022–1029.

30 Saint Marc O, Cogliandolo A, Pidoto RR, Pozzo A.
Prospective evaluation of ultrasonography plus MIBI
scintigraphy in selecting patients with primary
hyperparathyroidism for unilateral neck exploration

under local anaesthesia. Am J Surg 2004; 187:
388–393.

31 Fuchs SP, Smits AB, de Hooge P, Muller AF, Gelissen JP,
van Dalen T. Minimally-invasive parathyroidectomy: a good
operative procedure for primary hyperparathyroidism even
without the use of intraoperative parathyroid-hormone
assessment or a gamma probe. Ned Tijdschr Geneeskd 2005;
149: 1463–1467.

32 Jacobson SR, van Heerden JA, Farley DR, Grant CS,
Thompson GB, Mullan BP et al. Focused cervical
exploration for primary hyperparathyroidism without
intraoperative parathyroid hormone monitoring or use of the
gamma probe. World J Surg 2004; 28: 1127–1131.

Copyright  2006 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2007; 94: 42–47
Published by John Wiley & Sons Ltd


