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Introduction

Primary hyperparathyroidism (PHPT) is the third most 
common endocrine disorder and represents the most 
common cause of hypercalcemia. This disorder largely 

afflicts individuals in their 50s and 60s and later. In the 

recent era, PHPT is more frequently asymptomatic (>75%) 

being discovered in the work up of incidental findings on 

routine laboratory work (1). The previous defining adage 
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of “stones, bones, moans and groans”, appeared as the 
constellation of symptoms seen in PHPT patients prior to 
the advent of routine serum chemistry testing. The foremost 
etiology of this process is a single parathyroid adenoma 
~80% of the time, four gland hyperplasia ~15%, double 
adenomas 2–4% and parathyroid carcinoma <1% (2,3).

Surgical excision is the definitive therapy, particularly in 
symptomatic patients or those meeting criteria by the 2014 
PHPT guidelines (4). From the 1990s to currently, the tide 
of treatment has evolved from the routine bilateral four-
gland exploration (FGE) to directed exploration (DE) (5). 
Pre-operative studies such as Sestamibi (SES), radiology 
performed ultrasound (R-US), and surgeon performed 
ultrasound (S-US) as well as intraoperative studies like 
PTH and ultrasound have been integral in this transition (6).  
DE is a viable option only if there is an equivalent rate 
of surgical cure with FGE and if there are accurate pre-
operative localization studies and surgical adjuncts.

Multiple studies have shown a comparable curative rate 
~95–98% with both techniques (4,7,8). However, in terms 
of localization studies, radiology performed ultrasound was 
accurate 70–90% of the time (9,10). As a further subset of 
ultrasound, surgeon performed studies fared better at about 
90% (11,12). Sestamibi scans showed varying sensitivity 
reported from 54–89%, with the largest study showing 68% 
sensitivity (7). There is clearly a wide array in the literature 
in terms of accuracies of these diagnostic studies, but 
presuppositions of their validity is one of the most important 
components of allowing the surgeon to perform a minimally 
invasive procedure with confidence regarding surgical cure.

However, no standard method of work up and localization 
studies exists currently. There are technical differences 
based on experience and skill of the operator, particularly 
for ultrasound, but also on community referral patterns to 
tertiary centers with potentially limited access to imaging 
modalities. There is no recommended algorithm, which 
results in non-standardized, provider- and institution-
dependent decision-making. 

The purpose of this study was to discover preoperative 
diagnostic studies, intraoperative techniques, and patient 
factors most predictive of cure within a single hospital 
system. The secondary aim was to establish practice 
guidelines for surgical treatment of PHPT to maximize 
outcomes based on this hospital system’s performance.

Methods

A retrospective chart review was completed of all surgical 

parathyroid-related procedures from January 1, 2002 to July 
31, 2015 undertaken at a single tertiary referral Veterans 
Affairs (VA) Hospital. Data was gathered from retrospective 
chart review after obtaining appropriate IRB approval.

Preoperative lab work including parathyroid hormone 
(PTH), ionized calcium (iCal), serum calcium and vitamin 
D levels was gathered, along with localization status of pre-
operative imaging techniques of SES, R-US, and S-US. 

The majority of patients presented with Sestamibi scan 
already completed, as this was a tertiary referral center. There 
was variability in the presence of R-US, and S-US. For 
R-US, it was performed by high-resolution ultrasonography 
in the radiology department with instructions to localize 
abnormal parathyroid glands. The S-US was performed 
at otolaryngology clinic visit prior to surgery with patient 
lying supine and neck in extension. Presence or absence of 
hypoechoic lesion and sidedness was recorded. The senior 
investigator reviewed all imaging studies. 

Intra-operative usage of specific adjunct modalities 
such as intraoperative PTH (IOPTH), frozen section 
(FS), and intraoperative ultrasound were recorded as well 
as associated overall operative time of the procedures and 
surgical localization determined by operative reports.

Post-operative lab work of PTH, iCal, serum calcium 
and vitamin D were documented to identify evidence of 
surgical cure, which is determined as a normal calcium level 
6 months after surgery (13). 

All statistical analysis was completed in Microsoft Excel 
(Redmond, WA). ANOVA and Tukey range testing was 
completed for comparing imaging modality data sets, 
along with calculation of accuracy, sensitivity and positive 
predictive value. As this was a tertiary referral center, no 
true negative values were obtained, limiting the ability to 
calculate specificity and negative predictive values and, 
therefore, are not reported herein. Otherwise, mean of data 
was compared and statistical significance was determined by 
P value <0.05. 

Results

The study includes 71 patients, 61 males and 10 females, 
whose charts were available and eligible for analysis from the 
Memphis VA hospital who underwent surgical management 
of parathyroid disease (Table 1). The mean preoperative 
PTH was 177±116 pg/mL (range of 56–794 pg/mL,  
reference range 10–70 pg/mL). Average iCal level was 
1.45±0.10 mmol/mL (range, 1.26–1.80 mmol/mL). Mean 
pre-operative vitamin D levels were 23±12 ng/mL (range, 
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7.2–50 ng/mL). Post-operative mean levels of iCal fell to 
1.2±0.10 mmol/mL, while postoperative mean PTH was 
59±44 pg/mL. Mean vitamin D levels postoperatively were 
35±16 ng/mL. 

Patients underwent a series of pre-surgical localization 
studies of SES, S-US, R-US. As there was no agreed upon 
algorithm, different patients got a different variety of 
diagnostic studies. As Table 2 shows, the large majority of 
patients had SES (n=66), followed by R-US (n=37) and S-US 
(n=29). S-US showed the best accuracy (93%), sensitivity 
(96%), and positive predictive value (96%). The R-US was 
found to be least helpful in accurately localizing lesions 
(57%). The S-US was found to be better than the R-US and 

SES (ANOVA P<0.0001, Table 3). Additionally, some cases 
showed discordance between the SES and S-US. In 7/8 
cases the S-US was found to be correct in comparison to 
the operative localization site. In 7/7 cases where there was 
difference between S-US and R-US, surgeon performed 
ultrasound was found to be correct. 

Mean operative time increased while sending off and 
waiting for IOPTH results versus not waiting, 118±18 vs. 
85±10 min, respectively (P<0.0006, Table 4). There was 
on average a 33-minute increase in operative times with 
IOPTH. In contrast, cases utilizing FS or intraoperative, 
pre-incision S-US, did not show an increase in surgical 
times as compared to those that did not. FS had comparison 
times 103±12 vs. 86±15 min (P=0.09), while cases involving 
intraoperative, pre-incision S-US took 98±12 vs. 94±15 min 
(P=0.65).

Post operatively, surgical success was measured as 
normocalcemia 6 months after surgery (13). There was 
a success rate of 95.8%. Persistent hyperparathyroidism 
despite a normalized calcium level was seen in 22.5% of our 
population. In further stratification of this group (Table 5),  
there was no significant relationship between these 
persistent hyperparathyroidism patients and either their 
vitamin D status (P<0.74) or whether or IOPTH (P<0.86, 
Table 5) was used.

Discussion

Parathyroid surgery has changed over the decades to a 
more localization based, minimally invasive surgery with an 
increasing number of surgical adjuncts. This is evident in 
our single institution study over the last 15 years at the VA 
hospital in Memphis, Tennessee.

As this is an analysis of data over an extended period of 
time, there was an evolution in the diagnostic capabilities 
of the surgical team as well as the data that was utilized in 
the pre-surgical work up. S-US became available in 2008. 
It also, only later, post 2010, was used as an intraoperative, 
pre-incision adjunct. Additionally, as this is a tertiary care 
facility, the majority of patients presented with SES already 
completed. Similarly, IOPTH became available for regular 
use in 2008 and later. 

The majority of our procedures were directed exploration 
with pre-operative and intraoperative localization leading 
to equivalent rates of surgical success as compared to FGE 
in the literature, at greater than 95% biochemical cure. 
Directed exploration has shown to have equal efficacy, 
particularly in the setting of adequate adjunctive studies and 

Table 1 Patient data

Variable Value

Total patients 71

Gender (male/female) 61/10

Mean preoperative ionized calcium 1.45 mmol/mL (SD ±0.10)

Mean preoperative PTH 177 pg/mL (SD ±116)

Mean preoperative vitamin D 23 ng/mL (SD ±12)

Mean postoperative ionized calcium 1.2 mmol/mL (SD ±0.10)

Mean postoperative PTH 59 pg/mL (SD ±44)

Mean postoperative vitamin D 35 ng/mL (SD ±16)

PTH, parathyroid hormone.

Table 2 Imaging modality performed

Imaging modality Number
Accuracy 

(%)
Sensitivity 

(%)
PPV 
(%)

Ultrasound (surgeon) 29 93 96 96

Ultrasound (radiology) 37 57 95 58

Sestamibi 66 74 83 91

Table 3 Imaging modality

Imaging modality P value or Tukey HSD test

Sestamibi vs. R-US vs. S-US ANOVA <0.0001

Sestamibi vs. R-US NS

Sestamibi vs. S-US <0.01

R-US vs. S-US <0.01

R-US, radiology performed ultrasound; S-US, surgeon 
performed ultrasound; NS, not significant.
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diagnostic tools (6-8,10). 
In examining our population, looking at preoperative 

and postoperative groups, there was a decline in PTH, iCal 
and an improvement in vitamin D. 95.8% of population 
had normalized iCal levels. There were 16/71 or 22.5% 
of patients that had persistently elevated PTH despite a 
normal calcium, which was a level that was consistent with 
the literature, at about ~20% (14). This persistent level was 
not dependent on whether IOPTH was used or a patient’s 
associated vitamin D level.

As patients over the course of the study had different 
degrees of preoperative workup we were able to compare 
various aspects in terms of their benefit in the overall 
management of the disease. The pre-operative imaging 
modality of S-US was more consistently accurate and better 
at localizing an adenoma than either SES or R-US with 
significantly better accuracy and positive predictive value. 
However, SES and R-US were not statistically significant 
from each other.

Surgeon performed ultrasound, though a more recent 
endeavor by our group, had a more accurate profile 
compared to the other two modalities in determining the 
surgical location of the lesion, particularly in settings where 
there was discordance between studies. Seven out of eight 

cases where there was difference between S-US and SES, 
surgeon ultrasound was correct and similarly it was correct 
in 7/7 cases where there was disagreement with R-US. 
There is some consistency to this fact in the literature 
particularly in reference to R-US, as ultrasound is known to 
be technician dependent (3,11). When performed directly 
by the endocrine surgeon with the surgeon’s specialized 
knowledge of anatomy and operative experience it can 
be seen how results can be better than a radiologist or 
technician who may have more expertise in other regions. 
The question then arises as to the utility of the SES if the 
S-US is consistently better in identifying operative location. 
It ends up coming down to its role for lesion verification 
and assistance with localization of more ectopic lesions. 
Additionally, as a tertiary referral center, patients frequently 
presented with this study completed, as it was an available 
diagnostic study from an outside provider, as opposed to the 
S-US. 

For further evaluation of diagnostic data, the benefit of 
intraoperative PTH (IOPTH) served as validating evidence 
coupled with surgical findings and preoperative localization, 
but at our institution there was a disadvantage in terms of 
an average increased operative time of 33 minutes that was 
not present with FS or intraoperative US. There is a noted 
drawback in operative time with the use of IOPTH, but it 
clearly has a well-established role in providing supportive 
evidence (15).

On review of our cases, there was a trend towards 
having at least two pieces of corroborating data, be it a 
SES agreeing with a FGE with a dominant nodule or S-US 
with a directed exploration and IOPTH. In determining an 
appropriate working algorithm with this idea in mind, the 
two best pre-operative studies S-US and SES can be used to 
stratify options, which is displayed in Figure 1. The one arm 
to focus on is in those situations when there is a concordant 
S-US and SES scan. Directed exploration can be completed, 
and the adenoma can be removed with confidence without 
time spent in the OR waiting for the return of IOPTH. 
There should very much still be a role for IOPTH where 
there is disagreement between pre-operative localization 
studies, but in a system where there is an effective S-US and 
a congruent SES there is opportunity to forego the study.

In discussion of the limitations of the project, it is a 
retrospective study with an assortment of practice patterns 
that developed over the long time course that were not 
standardized. As a tertiary referral center, we were unable 
to determine specificity or negative predictive value of 
localization studies as there were no true negatives, since 

Table 4 Intraoperative adjuncts utilized

Intraoperative adjunct Time (min) Number P value

Waited for IOPTH 118±18 23 <0.0006

Did not wait 85±10 42 –

Used frozen section 103±12 42 0.09

Did not use frozen section 86±15 24 –

Surgeon US performed 98±12 20 0.65

No surgeon US 94±15 46 –

IOPTH, intraoperative parathyroid hormone; US, ultrasound.

Table 5 Patients with elevated postoperative PTH

Laboratory value Number [%] P value

IOPTH 6/28 [21] <0.86

No IOPTH 10/43 [23] –

Normal Vit D 9/32 [28] <0.74

Low Vit D 7/30 [23] –

PTH, parathyroid hormone; IOPTH, intraoperative parathyroid 
hormone.
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referred patients were known positives. Any dialogue about 
surgeon performed ultrasound needs to take into account 
operator dependence and that without adequate experience 
there may be difficulty in replicating accuracy. 

Conclusions

As the overall goal of the study was to review pre-operative 
localization tests and to determine their efficacy, it was 
shown that surgeon-performed ultrasound was overall 
more accurate and had better positive predictive value 
than the sestamibi or radiology performed ultrasound. 
For a management protocol to be developed, we propose 
an option to forego intraoperative PTH in the setting in 
which SES and S-US are concordant with one another 
and correctly agree with operative findings (Figure 1), as 
there is a temporal cost to the study as it adds an average of  
33 minutes to operating time at our institution. 
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