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Objective: Minimal invasive parathyroidectomy (MIP) is a common surgical technique for the treatment of primary
hyperparathyroidism (PHPT) and is usually done in conjunction with positive imaging techniques. We aimed to as-
sess the results of this technique, performed without the use of intraoperative tests, in cases with PHPT caused by
a single parathyroid adenoma.

Material and Methods: The data for patients who were diagnosed with PHPT were assessed retrospectively. Only
those who had undergone a parathyroid adenoma localization study with ultrasonography (US) and parathyroid
scintigraphy (PS) before the surgery, along with those patients for whom the MIP technique was routinely performed
with frozen pathology, were included.

Results: The study group was made up of 65 patients who had undergone the MIP technique. The mean age of the
patients was 5614 (20-81), with most being females [M/F: 19 (29.2%)/46 (70.8%)]. The mean calcium values before the
operation were 11.24+1.26 mg/dL (8-15.5) (normal range: 8.4-10.2), and the parathyroid hormone (PTH) values were
388 pg/mL (249-707.75). These same values, measured 24 hours after the operation, were determined as 9.04+1.04
mg/dL (6.8-13.9) and 27 pg/mL (6-86), respectively. The follow-up period for the patients was an average of 26.6+9.4
(3-76) months, and only 3 (4.6%) cases of persistent hyperparathyroidism were detected within this period.

Conclusion: Our success rate with MIP in PHPT cases was determined to be 95.4%; therefore, this technique may be
applied with a high success rate without any assistance from intraoperative tests, such as rapid serum PTH (rPTH)
assays or gamma probes, in the presence of localization results of PS and US.
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INTRODUCTION

Primary hyperparathyroidism (PHPT) is a disease that develops as a result of excessive autonomous
parathyroid hormone (PTH) secretion originating in the endocrine system and is a common cause of
hypercalcemia. Approximately 1 out of every 500 women and 1 out of every 2000 men are affected by
this disease annually (1). Since the start of serum calcium measurement in the 1970s, PHPT has become
one of the most prevalent endocrine diseases (2). It occurs in 3 out of every 2000 people in Europe,
and this ratio increases to 21 out of 1000 in the female population between the ages of 55-75 years (3).
A single parathyroid adenoma is detected in 80%-85% of PHPT cases, parathyroid hyperplasia is de-
tected in 15%-20%, multiple parathyroid adenomas are detected in 3%, and carcinomas are detected in
approximately 1% (4-6).

Medical centers with experience in parathyroid operations have recently begun to choose the surgi-
cal option rather than opt for long-term follow-up (7). In the past, the general surgical approach for pa-
tients with adenomas was to view all parathyroid glands by bilateral neck exploration and then remove the
pathologic gland. However, the availability of *™Tc sestamibi for parathyroid scintigraphy (PS) after 1992
has made unilateral exploration or selective parathyroidectomy applications more popular (8, 9). Selective
parathyroidectomy may be open, minimally invasive, video-assisted, endoscopic, or radio-guided. As a
result of these medical advances, the cause was identified as a single parathyroid gland in 85% of patients
diagnosed with PHPT, and preoperative detection of the pathologic parathyroid gland can be performed
with an accuracy rate of 95%-98% (10-12).

Patients and surgeons prefer the minimal invasive parathyroidectomy (MIP) technique over traditional
exploration of the four parathyroid glands, owing to similar success rates, lower morbidity and recur-
rence ratios, and visible cost benefits. The measurement of rapid serum PTH (rPTH), performed just after
the excision of the adenoma or radio-guided adenoma excision using a gamma probe during surgery,
has increased the success rate of the MIP technique, for which this measurement is needed. When other
studies compared the levels of PTH using the MIP techniques with the PTH levels before the excision, it
was found that a decrease of more than 50% in the PTH level is an indicator of an operation’s success.
Once this is achieved, the surgery may be terminated. Different clinics have tried to attain the same
achievement ratios with lower cost by using various combinations of these methods.
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In this study, we aimed to assess the results of the MIP technique,
performed without using a gamma probe and with no rPTH mea-
surement, in patients diagnosed with PHPT in our clinic.

MATERIAL AND METHODS

We retrospectively assessed the information for 98 patients
who were diagnosed with PHPT owing to hypercalcemia and
high PTH levels in our endocrinology clinic between Janu-
ary 2003 and December 2011. Only those patients who had
met the criteria, determined by the NIH consensus panel
between 2002 and 2008, who had undergone a parathyroid-
ectomy, along with those who were symptomatic, were in-
cluded in the study. Localization of the pathological gland(s)
and thyroid tissue were evaluated in all patients preopera-
tively by both US and PS imaging of the neck. Double-phase
images (early phase performed 15 minutes and late phase
performed 2 hours after intravenous injection of 25 mCi *™Tc
MIBI) were obtained and assessed. Focal activity retention
continuing in the early and late images were accepted as be-
ing positive for parathyroid pathology scintigraphically. Nor-
mal serum calcium (mg/dL), PTH (pg/mL), postoperative (at
24 hours) calcium and PTH values, the weight of the removed
parathyroid adenoma (g), and follow-up periods (months) of
the cases were recorded. The histopathological diagnosis of
patients who had a parathyroidectomy, the presence of the
accompanying thyroid gland pathology, and the surgical
procedure that was used and its complications were evalu-
ated. The surgical procedure for patients diagnosed with
PHPT was determined as either neck exploration or MIP ac-
cording to the localization of the parathyroid adenomas and
the presence of additional thyroid pathology. Surgery that
was begun using the MIP technique was changed to classic
neck exploration in cases in which it was difficult to locate
the adenoma and in those patients with parathyroid hyper-
plasia. In the MIP technique, a cutaneous incision of 2.0-2.5
cm was performed at a predetermined localization accord-
ing to the results of imaging methods in patients who were
prepared under general anesthesia. The thyroid compart-
ment was accessed by pulling the strap muscles apart after
performing a minimal dissection in the subplatysmal zone.
The pathological parathyroid gland was found and excised,
and the tissue was removed and sent for frozen pathological
examination (Figure 1, 2). The surgery was terminated after
the tissue was identified as parathyroid tissue. Patients were
discharged after the blood calcium and PTH measurements
were collected at the postoperative 24™ hour. Tests for blood
calcium and PTH were repeated on the third month after
the operation. Persistent hyperparathyroidism was defined
as hypercalcemia encountered within 6 months of the first
operation. Recurrent hyperparathyroidism was defined as a
return of elevated calcium and PTH levels after a 6-month
period of eucalcemia. In our clinic, DEXA (dual-energy X-ray
absorptiometry) is the preferred technique for measuring
bone mineral density if patients’ calcium and PTH levels are
normal at 6 months postoperatively; and calcium, PTH, cre-
atinine clearance, and serum albumin levels were measured
annually. This study was approved by the appropriate ethics
committee of Adnan Menderes University Faculty of Medi-
cine (B.30.2.ADU.0.20.05.00/050.04-120) and has therefore

Figure 1. Image of right lower parathyroid adenoma after
removal of sternocleidomastoid muscle to lateral and strap
muscle to medial

Figure 2. Parathyroid adenoma excised

been performed in accordance with the ethical standards in
the 1964 Declaration of Helsinki.

Statistical Analysis

The Statistical Package for the Social Sciences, version 17.0
software program (SPSS Inc., Chicago, IL, USA) was used for the
statistical analysis. Conformity of quantitative data to normal
distribution was analyzed with the Kolmogorov-Smirnov test.
Age, pre- and postoperative serum calcium levels, PTH levels,
the weight of the parathyroid adenoma tissue, and follow-up
periods were recorded as mean+SD (minimum-maximum val-
ues) and median (25"-75%" percentile), and gender distribution
was given as a percentage. Correlation assessment between
postoperative serum calcium and PTH values and the weight
of the adenoma tissue was analyzed using Spearman’s corre-
lation test. The Mann-Whitney U-test was used in the evalua-
tion of the weight of the adenoma tissue according to US and
parathyroid gland scintigraphy. The Wilcoxon test was used to
analyze the pre- and postoperative results of serum calcium
and PTH. A value of p<0.05 was accepted as being statistically
significant.

RESULTS

In our clinic, parathyroidectomy was performed in 98 pa-
tients diagnosed with PHPT. Neck exploration was done in 33
(33.6%) patients, owing to parathyroid hyperplasia in 7 (7.1%),
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Figure 3. Calcium levels of patients measured before the
surgery and at 24 hours
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Figure 4. Parathormone levels of patients measured before
the surgery and at 24 hours

suspicion of malignancy in 1 (1%), and accompanying thyroid
pathology presence in 25 (25.5%) of the 98 patients. The MIP
technique was completed successfully in the study group (n: 65).
Complications were detected in 4 patients, including persis-
tent hyperparathyroidism in 3 (4.6%) cases in the study group
and wound infection in 1 (1%) case in the group that under-
went neck exploration.

Our study group was composed of the 65 patients who un-
derwent MIP. The mean age of these patients was 56+14
(20-81), and the majority was female [M/F: 19 (29.2%)/46
(70.8%)]. The mean calcium values before the operation
were 11.24+1.26 mg/dL (8-15.5), and the median PTH values
were 388 pg/mL (249-707.75). All specimens were reported
as parathyroid adenoma as a result of a definitive pathol-
ogy report. The mean calcium values and median PTH values
measured at the 24™ postoperative hour were determined
as 9.04+1.04 mg/dL (6.8-13.9) and 27 pg/mL (6-86), respec-
tively. The mean weight of the removed parathyroid glands
was 1.15 g (0.7-1.8) (Table 1). When the mean calcium and
PTH values of the patients both before and after the opera-
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Table 1. Clinical characteristics and laboratory values of

patients

Patient Information n: %

Total number 65

Age 56+14
Gender (M/F) 19 (29.2%)/46 (70.8%)

Preoperative calcium values (mg/dL)*

Preoperative PTH (pg/mL)*

11.24+1.26

388 (249-707.75)

Postoperative calcium values (mg/dL) 9.04+1.04
Postoperative PTH (pg/mL) 27 (6-86)
Adenoma weight (g) 1.15(0.7-1.8)
Average follow-up period (month) 26.6+9.4
Surgical procedure applied

MIP 65
Surgical complication

Persistent hyperparathyroidism 3 (4.6%)

*Normal range: Calcium 8.4-10.2 mg/dL, PTH 16-88.3 pg/mL
MIP: minimally invasive parathyroidectomy; PTH: parathormone

tion were compared, a statistically significant decrease was
observed (p<0.05) (Figures 3, 4).

When the results of the imaging methods performed before
the surgery were evaluated, the positive predictive values of
US and PS, individually and in combination, were 80.6%, 91.8%,
and 98.9%, respectively. No statistically significant relationship
was detected between the weight of the adenoma removed
and serum calcium and PTH values of the patients (Table 2),
whereas a statistically significant relationship was found be-
tween the weight of the adenoma and the ratios for the abil-
ity to locate the adenoma by US and PS (p<0.05) (Table 3). The
average follow-up period for the patients was 26.6+9.4 (3-76)
months, and persistent hyperparathyroidism was detected in
3 (4.6%) cases within this period. In the follow-up process of
62 patients, calcium and PTH levels were found to be within
normal limits.

DISCUSSION

The use of less invasive procedures has become prominent with
the presence of better localization techniques in the surgical
treatment of PHPT. The MIP technique performed for PHPT has
been accepted by experienced medical centers as a safe and low-
cost technique with the same success rates (>95%) as bilateral
neck exploration. When we reviewed the studies performed in
our country, it was discovered that there have been only 5 stud-
ies reporting more than 100 cases, and the number of cases for
patients between 2.5 and 15 years old varies between 4 and 36
(13). Reaching a case count of 100 within 8 years at our clinic, with
50% of these cases occurring in the last 3 to 4 years, is an impor-
tant accomplishment. Furthermore, it has been noted that MIP
was not prominent in any of the previous studies (14-16). Appli-
cation ratios of 66.3% for PHPT treatment in our clinic have been
observed, and this ratio has increased to 78.5% within the last
5 years. The goal in the surgical treatment of PHPT is to remove
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Table 2. Results of correlation between adenoma weight
and calcium and PTH

Adenoma weight

Parameters r p
Serum calcium -0.114 0.283
Serum PTH -0.091 0.396

PTH: parathormone

Table 3. Statistically significant results between parameters

Adenoma weight

Parameters Median (25-75 percentile) p
USG
Present (n=6) 0.30 (0.28-0.45) <0.001
Absent (n=84) 1.30 (0.80-1.95)
Scintigraphy
Present (n=16) 0.65 (0.53-0.88) <0.001
Absent (n=74) 1.40 (0.80-2.00)

USG: ultrasonography

the pathological parathyroid gland and to provide a normo-
calcemic level after the surgery by leaving normal parathyroid
glands intact (17). Bilateral neck operations, first performed
in 1925, have become a standard treatment for PHPT with a
successful parathyroidectomy. The MIP technique, which is
devoted to searching for the parathyroid adenoma in a narrow
zone and removing the adenoma, done in conjunction with
recent preoperative imaging techniques, combines a high suc-
cess rate with low cost, along with similar success rates, less
postoperative pain, better patient compliance, and fewer hy-
pocalcemic complications (18, 19).

The primary field of discussion for parathyroid surgery is
adenomas, the source of more than 80% of PHPTs. How-
ever, discussions have also continued to center around
factors, such as the effective localization of adenomas,
imaging methods, selection of the correct anesthesia for
surgery, surgical approaches, indications for surgery in
asymptomatic PHPT, use of the rPTH test during surgery,
and use of the gamma probe. Studies have found that
for 85%-90% of cases diagnosed with PHPT with a single
adenoma, surgery has been successful with single gland
resection (20). The success of the MIP technique depends
on the ability to locate the parathyroid adenoma before
the surgery. Both US and PS have been found to be effec-
tive imaging methods for the localization of the adenoma
and have been recommended as the primary methods to
be used (21). The sensitivity for detection of a parathyroid
adenoma with US is 70%-80%. However, with regard to the
success of US for the detection of parathyroid glands that
are slightly larger than normal, there is a large difference
in published studies regarding its efficacy (11). It has been
reported that adenomas detected in our country have a
larger size; therefore, this feature increases the success of
US (22-25).

Another reason for using US is that thyroid disease occurs
in 20%-75% of patients with PHPT, particularly in endemic
regions. This type of imaging allows for the detection of ac-
companying thyroid diseases and for the evaluation of pres-
ent thyroid nodules for malignancy. The positive predictive
value of US alone in the localization of single adenomas was
80.6% in our study, and thyroidectomy was added to para-
thyroidectomy at our clinic because of the accompanying
thyroid pathology detected in 25 patients. Furthermore, ac-
cording to the results of our study, the relationship between
the localization success of US and the weight of the adenoma
was statistically significant (p<0.001). PS has been used as a
key component in locating the adenoma in many studies,
and it has been reported to be more successful than US. The
sensitivity and specificity of PS regarding the detection of
adenomas were 91% and 98.8%, respectively. The sensitivity
for the detection of parathyroid adenomas using a combina-
tion of US and PS increased to 95% or more (26). In our study,
the positive predictive value of PS alone to detect parathy-
roid adenomas was 91.8%, and the ratio increased to 98.9%
when it was combined with US.

However, some medical centers use the gamma probe and
rPTH measurement methods individually or in combination to
increase the achievement ratios of the MIP technique. Surgery
is accepted as being successful if there is more than a 50% de-
crease in PTH level when an rPTH measurement is performed
just before the surgery and again 15 minutes after the removal
of the adenoma. Achievement rates of 95%-100% have been
reported with the use of rPTH and the MIP technique (27-31).
However, some studies have indicated that using the rPTH
measurement is not necessary due to the high cost, difficulty
in the standardization of the sampling time, prolonged opera-
tion period, and false negative and positive ratios (32-34). In
other studies, high achievement rates of 95%-98% in the MIP
technique have been reported without using rPTH (35, 36). It
has also been shown in 2 studies that failure in MIP surgery
with the use of rPTH could not be prevented (37, 38).

Measurements of rPTH and the use of the gamma probe may
be useful in persistent cases, in situations in which there is
nonconformity of PS and US in localization studies, and in
cases with a second adenoma (37).

Three (4.6%) patients, determined to have persistent hyper-
parathyroidism, did not accept a re-operation because of
comorbid conditions (advanced age, diabetes, and hyperten-
sion), resulting in a lack of data in the presence of a secondary
adenoma.

CONCLUSION

The MIP technique, performed in patients with PHPT, is an
effective treatment option with low morbidity. The success
rate that we obtained without using additional methods
during surgery performed after localization studies using
US and PS imaging, such as the gamma probe and rPTH,
was 95.4%. We believe that the most important reason for
the high success rate in parathyroid surgery is the require-
ment of multidisciplinary studies in the diagnosis phase,



along with the localization studies performed before the
surgery.
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