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Background: Timely diagnosis and treatment of primary hyperparathyroidism requires a high index of
suspicion and collaboration across specialties. The diagnosis often is overlooked. This study aimed to
determine whether the introduction of a screening algorithm for primary hyperparathyroidism would
increase diagnosis and treatment rates.
Methods: An electronic health record Best Practice Advisory was launched in 2022, encouraging para-
thyroid hormone testing for patients with hypercalcemia (calcium >11 mg/dL). Parathyroid hormone
testing, specialist referrals, and parathyroidectomy were examined pre- and postintervention.
Results: There were 902 and 893 patients with hypercalcemia in the pre- and postintervention groups,
respectively. Parathyroid hormone testing increased from 24.61% to 38.75% after the Best Practice
Advisory was implemented (P < .01). Specialist referrals and rates of parathyroidectomy were un-
changed between the pre- and postintervention groups (referrals in 41.44% vs 41.04% of those with
parathyroid hormone testing, P =.93; parathyroidectomy in 27.17% vs 26.76% of those referred, P = 1.00).
Parathyroid hormone testing was performed more commonly in older patients (69.63 vs 59.01 years,
P < .01). Patients referred to a specialist were younger (67.59 vs 71.05 years, P = .04). Patients with
primary hyperparathyroidism—associated comorbidities were more likely to undergo parathyroid hor-
mone testing, with no differences in rates of specialist referrals (P =.11) or parathyroidectomy (P =.60).
Conclusion: An electronic health record Best Practice Advisory was effective in increasing primary hy-
perparathyroidism screening, but did not result in a higher rate of specialist referrals or para-
thyroidectomies. Reflex parathyroid hormone testing as well as increased education about primary
hyperparathyroidism may further improve screening, referrals, and treatment.

© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and

similar technologies.

Introduction 100,000 women and men, respectively, although this number is

influenced by screening algorithms.” Untreated PHPT may

Primary hyperparathyroidism (PHPT) is the third most-
common endocrine disorder after diabetes and thyroid disease.!
Its prevalence in the United States is estimated at 233 and 85 per
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contribute to renal disease (usually in the form of kidney stones),
osteopenia/osteoporosis and pathologic fractures, decreased
quality of life, and potentially even metabolic syndrome (insulin
resistance, cardiovascular disease, obesity).>©

Once diagnosed, PHPT can be biochemically cured in 95—99% of
cases by parathyroidectomy.” After parathyroidectomy, renal
stones and bone mineral density usually improve, and many pa-
tients endorse an improvement in quality of life.>>%~1% Although
timely diagnosis and treatment may yield significant health ben-
efits for affected patients, the symptoms of PHPT are commonly
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vague and nonspecific, and this often leads to a delayed or missed
diagnosis. Previous studies have demonstrated that only approxi-
mately one third of patients with hypercalcemia receive further
investigation with parathyroid hormone (PTH) levels,"" and of
these, less than one quarter are referred to surgeons for consid-
eration of parathyroidectomy.'” These trends are mirrored in our
hospital system, with only 24% of patients with hypercalcemia
receiving further workup.

Improvement in PHPT detection may lead to increased cute rate
and fewer patients facing negative manifestations of the disease.
Best Practice Advisory (BPA) alerts within the electronic health
record (EHR) have shown promise in systems-based efforts to
guide clinician decision-making and improve detection rates for
various conditions.">'* As such, we implemented a BPA in our
health system, prompting clinicians to order a PTH level when
hypercalcemia (a single level of hypercalcemia >11 mg/dL) was
detected on routine laboratory studies. In this study, we aimed to
investigate the impact of that BPA on PHPT screening, detection,
and treatment.

Methods
Design and implementation

In 2022, rates of PTH testing after demonstration of hypercal-
cemia were evaluated internally at our institution. Similar to na-
tional trends,'! these testing rates were noted to be very low
(<25%), and, as such, a BPA was created to remind clinicians to
order PTH testing for patients with hypercalcemia and 1 serum
calcium measurement greater than or equal to 11 mg/dL. This
number was chosen by consensus because it was greater than 3
standard deviations outside of the population mean of serum
calcium, was an easy number for clinicians to recognize, and
reduced the rates of false-positive hypercalcemia from a single
laboratory test draw.!® The upper limit of normal serum calcium at
our institution is 10.7 mg/dL. After creation and review by a team
of experts at our institution, the BPA went live in November 2022.
Whenever a clinician in an ambulatory setting entered the chart of
a patient with a recent outpatient laboratory study showing a
calcium greater than or equal to 11 mg/dL, the BPA flagged and
prompted them to consider ordering a test for PTH level (Figure 1).
Subsequent PTH testing, endocrinology or surgery referrals, and
parathyroidectomy were evaluated pre- and post-BPA to gauge its
efficacy.

Data collection and statistical analysis

Data were gathered for a 6-month period preintervention and a
6-month period postintervention, with a washout period in be-
tween. The preintervention group was made up of patients who
had new hypercalcemia (serum calcium >11 mg/dL) noted on
laboratory studies between 1 January 2021 and 1 July 2021. The
postintervention group was made up of similar patients between 1
January 2023 and 1 July 2023. Demographic variables including
age, sex, race, and comorbidities were collected for each patient.
Comorbidities included nephrolithiasis, chronic kidney disease,
osteopenia or osteoporosis, diabetes or prediabetes, hypertension,
hyperlipidemia, obesity, anxiety or depression, and vitamin D
deficiency. These were identified by International Classification of
Diseases, Tenth Revision, codes (Supplementary Table S1). Included
patients were retrospectively examined for PTH testing, referral to
endocrinology or a surgical specialist, and completion of para-
thyroidectomy at our institution over the 365 days after their first
elevated calcium test. The window of 365 days was chosen by
author consensus because it was thought to represent a reasonable
amount of time for progression through the algorithm of HPT
diagnosis and potential treatment. Due to chart review and pre-
charting practices at our institution, the PTH testing outcome
was defined as any PTH test that occurred within 365 days and was
not confined to testing that was ordered directly though the BPA.
For the purposes of data stratification, PTH results were separated
into 3 groups: PTH <40 pg/mL, PTH 41—65 pg/mL, and PTH >65 pg/
mL. Referrals to general surgery, surgical oncology, endocrine
surgery, vascular surgery, or head and neck surgery were all
included in the “referral to surgical specialist” group, because
these surgeons all routinely perform parathyroidectomies at our
institution. Parathyroidectomy was defined as Current Procedural
Terminology codes 60500, 60502, or 60505. Data were collected
retrospectively through TriNetX and Epic.

Demographic variables were compared between the pre- and
postintervention groups. The proportion of patients receiving PTH
testing, referrals to endocrinology or a surgical specialist, and
surgical intervention (parathyroidectomy) also were compared.
Lastly, the postintervention group was examined for differences in
rates of PTH testing, referrals, and parathyroid operations on the
basis of calcium levels and demographic variables. T-tests (age) as
well as Fisher exact tests were used for all analyses, which were
performed in SAS Studio (SAS Studio 5.2; SAS Institute Inc, Cary,
NC).

High Priority (1)

Parathyroid gland

Last CA, Collected: 9/26/2022 10:09 AM = 12.6 mg/dL

Do Not Order

+ Accept (1)

Q

" Accept (1)

12y PARATHYROID HORMONE INTACT(IPTH)

Figure 1. BPA banner. BPA, Best Practice Advisory.
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Figure 2. Hypercalcemia and PTH testing by month, demonstrating the greatest PTH testing frequency in the months of the study period that hypercalcemia initially was noted.
PTH testing decreases as expected in July, because this is a month or more after hypercalcemia was noted in the pre-BPA and post-BPA groups. BPA, Best Practice Advisory; PTH,

parathyroid hormone.

Results
State of hyperparathyroidism screening before BPA rollout

Within a 6-month period before the initiation of the BPA, 902
patients were identified with a serum calcium level greater than
11 mg/dL (Figure 2). Of these, 222 (24.61%) underwent PTH testing
and almost 50% had a PTH level greater than 65 pg/mL (Figure 3).
The majority of PTH testing occurred within close proximity to
when the hypercalcemia was noted, with a median delay of
15 days (interquartile range, 1.25, 121.75). There were 131 patients
with PTH testing ordered but not performed (14.52%). Of the pa-
tients who underwent PTH testing, 92 (41.44%) were referred to

endocrinology or surgery for further evaluation, and 25 (27.17%) of
those referred underwent parathyroidectomy (Table I, Figure 3).

BPA patient population and outcomes

Within a 6-month period after initiation of the BPA, 893 pa-
tients were identified with a serum calcium level >11 mg/dL
(Table I). Of all patients with hypercalcemia, 346 (38.75%) under-
went PTH testing and 176 (50.87%) of these had a PTH greater than
65 pg/mL (Figure 3). Again, the majority of PTH testing occurred
within close proximity to when the hypercalcemia was noted, with
a median delay of 27.5 days (interquartile range, 2, 139.75). There
were 77 patients (8.62%) who had PTH testing ordered but not

PTH Values and Outcomes

1000
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500

PTH Value

250 . .. o .

Outcome

No referral, no parathyroidectomy
* Referral, no parathyroidectomy
* Referral, parathyroidectomy

Pre-BPA
Group

Post-BPA

Figure 3. PTH values and outcomes in pre- and post-BPA groups. Horizontal lines correspond with PTH values of 40 and 65. BPA, Best Practice Advisory; PTH, parathyroid

hormone.
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Table I
Demographics, clinical characteristics, and outcomes of study population
Pre-BPA Post-BPA P value
group (n = 902) group (n = 893)

Serum calcium, n (%) .54
11-11.9 mg/dL 787 (87.25%) 776 (86.90%)
12—12.9 mg/dL 68 (7.54%) 61 (6.83%)
>13 mg/dL 47 (5.21%) 56 (6.27%)

Age, yr, mean (SD) 66.24 (21.95) 63.13 (22.99) <.01"

Sex, n (%) .56
Female 582 (64.52%) 564 (63.16%)
Male 320 (35.48%) 329 (36.84%)

Race, n (%) .05
Black or African American 107 (11.86%) 99 (11.09%)
Other/unknown 27 (2.99%) 47 (5.26%)
White or Caucasian 768 (85.14%) 747 (83.65%)

Comorbidities, n (%)
Nephrolithiasis 43 (4.77%) 56 (6.27%) 18
CKD 190 (21.06%) 165 (18.48%) 17
Osteopenia/osteoporosis 119 (13.19%) 112 (12.54%) 72
Diabetes or prediabetes 284 (31.49%) 271 (30.35%) .61
HTN 455 (50.44%) 444 (49.72%) .78
HLD 400 (44.35%) 405 (45.35%) .67
Obesity (BMI >30) 160 (17.74%) 135 (15.12%) .14
Anxiety or depression 270 (29.93%) 258 (28.89%) .64
Vitamin D deficiency 108 (11.97%) 121 (13.55%) 32
0 comorbidities 195 (21.62%) 211 (23.63%) 44
1 comorbidity 148 (16.41%) 125 (14.00%)
2 comorbidities 159 (17.63%) 165 (18.48%)
>3 comorbidities 400 (44.35%) 392 (43.90%)

PTH ordered and performed (n, % of all) 222 (24.61%) 346 (38.75%) <.01"

PTH results (n, % of tested) 04"
Normal (<40 pg/mL) 91 (40.99%) 108 (31.21%)
40—65 pg/mL 28 (12.61%) 62 (17.92%)
>65 pg/mL 103 (46.40%) 176 (50.87%)

Referred to endocrinology or surgical 92 (41.44%) 142 (41.04%) .93
subspecialist (n, % of all patients with PTH
performed)

Referral based on PTH level (n, % of specified 47
PTH result group)
PTH <40 pg/mL 23 (25.27%) 27 (25.00%)
PTH 40—65 pg/mL 9 (32.14%) 12 (19.35%)
PTH >65 pg/mL 60 (58.25%) 103 (58.52%)

Underwent parathyroidectomy (n, % of all 25 (27.17%) 38 (26.76%) 1.00

referred)

Percentages for “PTH results” are calculated on the basis of the total number of patients with a PTH ordered and performed. Percentages for “Referred to endocrinology or
surgical subspecialist” are calculated on the basis of their respective groups. For example, 23 of 91 patients in the preintervention group with a PTH <40 were referred

(25.27%).

BMI, body mass index; BPA, Best Practice Advisory; CKD, chronic kidney disease; HLD, hyperlipidemia; HTN, hypertension; PTH, parathyroid hormone; SD, standard deviation.

" Statistically significant.

performed. Of all patients who underwent PTH testing, 142
(41.04%) were referred to endocrinology or surgical specialists, and
38 (26.76% of those referred) underwent parathyroidectomy
(Table I, Figure 3).

Overall, compared with the preintervention group, patients in
the postintervention group were more likely to have PTH levels
ordered by their health care provider and completed within the
local health care system within 1 year of their first elevated serum
calcium level (24.61% in the preintervention group vs 38.75% in the
postintervention group, P < .01). There were no differences in rates
of endocrinology or surgery referrals on the basis of group (41.44%
in the preintervention group vs 41.04% in the postintervention
group, P = .93). Furthermore, there was no difference in para-
thyroidectomy rates between groups (2717% in the pre-
intervention group vs 26.76% in the postintervention group,
P = 1.00) (Table I).

In the postintervention group, patients with a serum calcium
>12 mg/dL were no more likely to receive PTH testing compared
with those with serum calcium of 11—-11.9 mg/dL (47.01% vs 37.50%,

P = .05; Table II). Patients who had PTH testing performed were
more likely to be older in age (69.63 vs 59.01 years, P < .01)
compared with the group of patients with hypercalcemia who did
not undergo PTH testing (Figure 4, Supplementary Table S2).
However, patients who were referred to endocrine or surgical
specialists after PTH testing were younger on average than those
who were not referred (67.59 vs 71.05 years, P = .04; Figure 4,
Supplementary Table S3). There were no differences in rates of
parathyroidectomy on the basis of demographic group
(Supplementary Table S4).

Notably, 76.38% of patients in the postintervention group with
elevated serum calcium had at least 1 comorbidity associated with
PHPT (Table I). Compared with individuals with hypercalcemia
with no comorbidities, PTH was less likely to be tested in those
with 1 comorbidity (P =.03) and more likely to be tested in those
with 2 (P < .01) or 3 or more (P < .01) comorbidities
(Supplementary Table S2). However, those with comorbidities
were no more likely to be referred for specialist consultation or
undergo parathyroidectomy (Supplementary Tables S3 and S4).
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Table II

Factors associated with PTH testing, referrals, and parathyroidectomy in post-BPA group

PTH performed
(n = 346)

Referral placed Underwent
(n=142) parathyroidectomy
(n=238)

Serum calcium

11-11.9 mg/dL 291 (37.50%)

>12 mg/dL 55 (47.01%)
Age, yr, mean (SD) 69.63 (15.13)
Sex

Male 116 (35.26%)

Female 230 (40.78%)
Race

Black or African American 40 (40.40%)

White or Caucasian 294 (39.36%)

Other/unknown
Comorbidities
Nephrolithiasis 24 (42.86%)
CKD 72 (43.64%)
Osteopenia or osteoporosis 62 (55.36%)

12 (25.53%)

Diabetes or prediabetes 119 (43.91%)
HTN 198 (44.59%)
HLD 181 (44.69%)

Obesity (BMI >30)
Anxiety or depression
Vitamin D deficiency

63 (46.67%)
111 (43.02%)
75 (61.98%)

0 comorbidities 49 (23.22%)
1 comorbidity 46 (36.80%)
2 comorbidities 70 (42.42%)

>3 comorbidities 181 (46.17%)

125 (42.96%)
17 (30.91%)
67.59 (13.22)

35 (28.00%)
3 (17.65%)
64.97 (13.24)

43 (37.07%)
99 (43.04%)

10 (23.26%)
28 (28.28%)

18 (45.00%)
119 (40.48%)
5 (41.67%)

8 (44.44%)
29 (24.37%)
1 (20.00%)

12 (50.00%) 3 (25.00%)
30 (41.67%) 7 (23.33%)
24 (38.71%) 9 (37.50%)
55 (46.22%) 12 (21.82%)
83 (41.92%) 25 (30.12%)
70 (38.67%) 15 (21.43%)
5 (39.68%) 9 (36.00%)
51 (45.95%) 13 (25.49%)
35 (46.67%) 10 (28.57%)
15 (30.61%) 3 (20.00%)
25 (54.35%) 8 (32.00%)
26 (37.14%) 9 (34.62%)
76 (41.99%) 18 (23.68%)

Percentages for “PTH performed” use the total number of patients with hypercalcemia in the respective postintervention groups as the denominator (“Post-BPA Group” from
Table I). For instance, 42.86% of patients with hypercalcemia in the post-BPA group who had PTH testing were noted to have a history of nephrolithiasis. Likewise, per-
centages for “referral placed” utilize total number of patients with PTH performed as the denominator, and percentages for “underwent parathyroidectomy” use total

number of patients with referral placed as the denominator.

BMI, body mass index; BPA, Best Practice Advisory; CKD, chronic kidney disease; HLD, hyperlipidemia; HTN, hypertension; PTH, parathyroid hormone; SD, standard deviation.

Discussion

In this study, we found an increase in PHPT testing and diag-
nosis after the initiation of an EHR BPA but no increase in rates of
referrals or parathyroidectomy. There were age-based patterns in
PTH testing and referrals, with older individuals more likely to
have PTH testing and younger individuals more likely to receive
referrals to endocrinology or surgical subspecialists after a diag-
nosis of hyperparathyroidism. Patients with comorbidities related
to PHPT were more likely to receive PTH testing but no more likely
to be referred to a specialist or undergo parathyroidectomy.

After the BPA, the rate of PTH testing for patients at our insti-
tution with hypercalcemia only increased to approximately 40%.
This leaves significant room for improvement. One option to
further improve PTH testing may be to create reflex PTH testing for
any hypercalcemia noted on outpatient laboratory tests. This was
not an option at our health care system at the time of the study but
may be an option at other institutions. Reflex testing minimally
increases health care costs, but early diagnosis and surgical
treatment of PHPT improves patient health and reduces lifetime
health care costs.'®!” Artificial intelligence algorithms may be
useful in identifying patients with hypercalcemia and ordering
additional testing. With use of reflex testing or artificial intelli-
gence algorithms, it is critical that the clinicians within the system
agree upon whose responsibility it is to follow-up on these added
tests. Likely, this would fall to the ordering clinician, but this may
contribute to additional clinical burden or have deleterious im-
pacts on diagnosis and follow-up (if, for instance, the ordering
clinician was unsure what to do with the result). Furthermore, the
health system must ensure that insurance companies agree to
cover PTH testing for any patient with hypercalcemia, lest the
patient receive an unexpected bill for a test for which they did not
consent. Additional improvement in PTH testing also may be

gained by investing in clinician education via the use of medical
lectures, CME, or e-mails. Specifically, clinicians should be
educated that even asymptomatic patients with hyperparathy-
roidism often report improvement in quality of life after treatment
of their hyperparathyroidism with parathyroidectomy.” There
should be no hesitation to refer these patients to an endocrinol-
ogist or surgical subspecialist.

The rate of PTH testing after implementation of the BPA in this
study is slightly lower than the rate of PTH testing (45—54%) after
implementation of a similar BPA in a study by Dawood et al.'® In
that study, patients with secondary or tertiary hyperparathyroid-
ism were excluded and patients had “chronic hypercalcemia” (ie
more than 1 instance of hypercalcemia in a 6-month interval).
Clinicians may be less likely to order PTH testing in patients with a
single episode of hypercalcemia, and certainly if the etiology of
hypercalcemia is already known. These factors may explain why
our testing rates are lower. In contrast to the study by Dawood
et al, we found an increased frequency of PTH testing when pa-
tients had comorbidities such as osteopenia/osteoporosis or
metabolic syndrome. The relationship between PTH testing and
osteopenia/osteoporosis may be partially explained by a well-
developed fracture liaison service at our institution that aggres-
sively evaluates etiologies of pathologic fractures. The relationship
of increased PTH testing in patients with metabolic syndrome may
be related to more frequent laboratory test monitoring and clini-
cian visits in these patients.

The BPA introduced in this study did not improve rates of
referral for endocrinology/surgical subspecialty evaluation or
parathyroidectomy, even for patients with hypercalcemia, a PTH
greater than 65 pg/mL, and PHPT-associated comorbidities. In both
groups, just more than one half of the patients with documented
hyperparathyroidism were referred for specialist evaluation. These
results are not unexpected, because the average time from
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PTH Testing, Specialist Referrals, and Parathyroidectomy by Age
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Figure 4. PTH testing, specialist referrals, and parathyroidectomy by age, where color represents outcome (PTH, specialist referral, parathyroidectomy). PTH, parathyroid

hormone.

documentation of hypercalcemia to operation is 3.9 years.'? Other
reasons for the delay in referral and treatment for PHPT patients in
this study may include clinicians overlooking the PTH results
within the EHR or knowledge gaps about the treatment of HPT.
This could be addressed with inclusion of “next steps” or links to
educational materials within the BPA. Alternatively, it may be that
clinicians discussed the new diagnosis of hyperparathyroidism
with their patients, and the patients declined further evaluation or
intervention (in our collective clinical experience, many of patients
in our region delay medical or surgical evaluation for health
problems until they become lifestyle-limiting or life-
threatening).?®?!

The age-related findings in PTH testing and referral patterns
may be explained by population demographics and comorbidities.
For example, older patients are more likely to have comorbidities
such as renal disease, osteoporosis, or hypertension, which may
have prompted more clinicians to order PTH testing. After an
elevated PTH result, clinicians may have been more likely to “brush
off” a slightly elevated result in older patients, or these patients
may have been more likely to decline a referral or surgical inter-
vention. These factors should be further investigated, and if pre-
sent, may be addressed with patient and clinician education.
Patient letters have been demonstrated to be effective in
improving PTH testing, referrals, and treatment.’’ As such,
something as simple as a patient pamphlet explaining hypercal-
cemia and PHPT may be a useful adjunct in improving diagnosis
and treatment of PHPT.

One important implication of any BPA is the degree of clinician
fatigue associated with frequent EHR reminders and additional
EHR “clicks.” Our BPA fired only in the ambulatory setting (on the
basis of outpatient laboratory tests), which limited the overall

burden of the BPA on clinicians. However, it did fire for any
ambulatory clinician regardless of specialty. There was not a sig-
nificant research and development period for our BPA, and there
was limited technical support, both of which could have been
leveraged to make the BPA more streamlined and targeted to a
more tailored audience. The intended audience for a BPA as well as
its associated administrative burden should be considered by any
health system considering the implementation of similar EHR
interventions.

This study has several limitations. Clinical care is a dynamic
process, and changes in PTH testing and referrals in our study may
be related to factors distinct from the BPA such as clinician turn-
over, cultural shifts in PTH testing, or changes in clinician educa-
tion or individual practices. Also, our study is a single-site study
from one institution in Appalachia, which may not generalize well
to other institutions or patient populations. Furthermore, our
study did not isolate patients with PHPT and a number of patients
with secondary or tertiary hyperparathyroidism were likely
included. This may have influenced referral patterns and recom-
mendations for parathyroidectomy. Lastly, our BPA did not require
that an updated calcium level was drawn at the time of the PTH
testing, even when the initial abnormal calcium was collected
months before the PTH. Clinically, this may have affected the
interpretation of the laboratory studies and likely led to repeat
laboratory draws and increased costs to the patients. In the future
we will consider amending the BPA to promote the order of a PTH
panel with updated calcium in addition to creatinine, phosphorus,
and intact PTH.

In conclusion, a BPA aimed at improving diagnosis of PHPT was
moderately effective at improving PTH testing but did not improve
rates of referrals for surgical or nonsurgical management of the
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condition. Reflex testing and improved patient and clinician edu-
cation may further improve diagnosis and treatment of HPT.
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Discussion

Dr Sally Carty (Pittsburgh, PA): This is an interesting study,
very well presented. Two questions. One, as you and your group
know, the hallmark of diagnosis of primary hyperparathyroidism
is not a single elevated calcium, it is multiple elevations. Did you
look at whether subsequent calcium levels were elevated in your
data set?

Dr Rebecca Gates (Carilion Clinic - Virginia Tech Carilion Clinic
School of Medicine): In this study, we did not look at additional
levels. We purposely chose a level that was a little bit higher. The
cut-off at our institution is 10.4 for normal calcium. And because
we were trying to see how this worked with a single calcium level,
we chose a number that was a bit higher. But I do imagine that the
majority of these patients had repeat laboratory tests at some
point.

Dr Carty: The other question is just an idea—what about
sending a letter to the patient? Is it legal in Alabama?

Dr Gates: It is legal. Our institution had previously tried
something similar to this but did not have great success. It did
increase screening to some extent, but less than the jump that we
noticed with the Best Practice Advisory (BPA), but certainly would
be something you could use in conjunction. I think that would help
educate patients about their disease as well and allow them to
come into any referral appointments or into their primary care
physicians (PCP) office with additional questions.

Dr Carolyn Seib (Stanford University, Palo Alto): Great pre-
sentation. You really touched on a lot of the key points. Were you
able to look into any of the notes to see whether the diagnosis was
recognized for those patients who had it, and whether anyone

Downloaded for Anonymous User (n/a) at Carilion Clinic from ClinicalKey.com by Elsevier on October 16, 2025.
For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.surg.2025.109706
https://doi.org/10.1016/j.surg.2025.109706
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref1
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref1
Delta:7_Please&#x0020;supply&#x0020;the&#x0020;name&#x0020;of&#x0020;the&#x0020;city&#x0020;of&#x0020;publication&#x0020;and&#x0020;page&#x0020;range&#x0020;for&#x0020;reference&#x0020;&#x0201C;1&#x0201D;.
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref2
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref2
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref2
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref3
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref3
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref3
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref4
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref4
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref4
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref5
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref5
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref5
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref6
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref6
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref7
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref7
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref7
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref8
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref8
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref9
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref9
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref9
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref9
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref10
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref10
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref10
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref11
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref11
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref11
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref12
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref12
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref12
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref13
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref13
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref13
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref14
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref14
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref14
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref14
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref15
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref15
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref16
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref16
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref16
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref17
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref17
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref18
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref18
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref18
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref19
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref19
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref19
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref20
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref20
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref20
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref20
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref21
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref21
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref21
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref22
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref22
http://refhub.elsevier.com/S0039-6060(25)00558-6/sref22

8 R.S. Gates et al. / Surgery xxx (2025) 109754

documented a discussion about the risks and benefits of treat-
ment? [ think it's kind of unique in your study that, as you said,
people had relatively severe biochemical profiles at least at one
time point. So one would think that these would be patients who
may be more likely to be referred (for surgery). I'm just curious
whether you think (primary hyperparathyroidism) was recog-
nized, and whether PCPs or whoever else would be having a dis-
cussion about the options (recognized it) or if it's maybe being
ignored and patients don't know that there's a treatment option,
such as parathyroidectomy.

Dr Gates: Sure. I think that's a good next step. We did not look
into whether the PCP or whoever ordered the laboratory tests
actually recognized the diagnosis or documented it in the chart. I
think at least some of the ordering clinicians were recognizing the
diagnosis. In regards to the PCP question, it is not uncommon that
as surgeons, we present our patients with options for surgery, and
they say, “No, I don't want a surgery.” So, I wonder if for some
patients, the PCP talked to them about referral, and they said, “No,
I'm not interested in surgery/treatment,” and so they were never

referred. That's certainly something that we can look at in the
future, perhaps through qualitative means and conversations with
the PCPs in our area.

Dr Dave Schneider (University of Wisconsin, Madison): Nice
study, very nicely presented. Since you are using the term BPA, I
assume that you are working in Epic. I'm curious a little bit about
the intervention itself. Do you have any data on how many people
interacted with the BPA and what the choices they selected?

Dr Gates: We didn't collect that data, and I think that's a limi-
tation of our study. However, after talking with some of our co-
authors who interacted with the BPA, we included patients who
had these laboratory studies ordered through other means (not
necessarily just by clicking on the BPA). Our co-authors told us that
they would be prompted with the BPA, say, in the office, but then
not order the studies at that time, and go back later, at the end of
the day or the next day to order them. We changed the inclusion
criteria to make sure we captured those patients (even if the BPA
was blown off initially). But certainly, that is a metric that would
be useful to look into.
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