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BSTRACT

Background. Hyperparathyroidism is both underdiagnosed
and undertreated, but the reasons for these deficiencies have
not been described. The purpose of this study was to identify
reasons for underdiagnosis and undertreatment of hyperpara-
thyroidism that could be addressed by targeted interventions.
Materials and Methods. We identified 3,200 patients with
hypercalcemia (serum calcium >10.5 mg/dL) who had parathy-
roid hormone (PTH) levels evaluated at our institution from
2011 to 2016. We randomly sampled 60 patients and divided
them into three groups based on their PTH levels. Two indepen-
dent reviewers examined clinical notes and diagnostic data to
identify reasons for delayed diagnosis or referral for treatment.
Results. The mean age of the patients was 61 4 16.5 years, 68%
were women, and 55% were white. Fifty percent of patients had
>1 elevated calcium that was missed by their primary care

provider. Hypercalcemia was frequently attributed to causes
other than hyperparathyroidism, including diuretics (12%), cal-
cium supplements (12%), dehydration (5%), and renal dysfunc-
tion (3%). Even when calcium and PTH were both elevated, the
diagnosis was missed or delayed in 40% of patients. For 7% of
patients, a nonsurgeon stated that surgery offered no benefit;
22% of patients were offered medical treatment or observation,
and 8% opted not to see a surgeon. Only 20% of patients were
referred for surgical evaluation, and they waited a median of
16 months before seeing a surgeon.

Conclusion. To address common causes for delayed diagno-
sis and treatment of hyperparathyroidism, we must improve
systems for recognizing hypercalcemia and better educate
patients and providers about the consequences of untreated
disease. The Oncologist 2019;24:828—834

Implications for Practice: This study identified reasons why patients experience delays in workup, diagnosis, and treatment
of primary hyperparathyroidism. These data provide valuable information for developing interventions that increase rates

of diagnosis and referral.

INTRODUCTION

There is significant room for improvement in the diagnosis
and treatment of hyperparathyroidism, but limited informa-
tion exists on how to improve care for these patients. Hyper-
parathyroidism is the most common cause of hypercalcemia
and affects nearly 2 million Americans [1]. The disease should
be suspected when patients present with an elevated serum
calcium, and the diagnosis should be confirmed by measuring

serum parathyroid hormone (PTH) levels. Hyperparathyroid-
ism is then diagnosed in patients with high (or inadequately
suppressed) PTH in the setting of hypercalcemia.

Multiple studies have shown that only about one third
of patients with the disease get the appropriate diagnostic
workup, and only 20%-30% who are candidates for para-
thyroidectomy actually get referred to a surgeon to discuss
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treatment [2, 3]. Untreated hyperparathyroidism increases
the risk of adverse events, including nephrolithiasis, osteopo-
rosis or fractures, renal osteodystrophy, cognitive deficits, and
cardiovascular disease [4-6]. Surgical treatment of hyperpara-
thyroidism is more cost-effective than medical management
or observation, even for disease without complications [7].

Although hyperparathyroidism is clearly underdiagnosed
and undertreated, the reasons for these gaps in care have not
been adequately examined. The purpose of this study was to
elucidate why patients with hyperparathyroidism experience
delays in diagnosis and have low rates of surgical referrals for
treatment. We hypothesized that hypercalcemia might fre-
quently be missed by busy primary care providers and that the
diagnosis could be hampered by a low index of suspicion for
hyperparathyroidism. We also hypothesized that parathyroid-
ectomy might be underutilized because nonsurgeons over-
estimated both the risks of surgery and the benefits of medical
management for hyperparathyroidism.

SuBJECTS, MATERIALS, AND METHODS

Data Source and Patient Selection

This retrospective study was approved by the University of
Alabama at Birmingham (UAB) Institutional Review Board for
Human Use. We used administrative data to identify 3,200
patients at our institution with hypercalcemia from January
2011 to December 2015 who underwent at least one assess-
ment of PTH level at some point following the index calcium.
To examine the possibility that the threshold for referral might
be related to PTH levels, we divided the cohort into three
groups based on the index PTH levels: group 1, >85 pg/mL
(elevated); group 2, 66-85 pg/mL (upper limits of normal);
and group 3, 21-65 pg/mL (lower limits of normal). We then
randomly sampled 20 patients from each group for analysis
and verified that they had primary hyperparathyroidism.
Hyperparathyroidism was verified by expert review of charts
to confirm that each patient had elevated parathyroid hor-
mone in the setting of elevated serum calcium. Additionally, if
a patient was found to have secondary hyperparathyroidism,
that patient was excluded, and a new patient was randomly
selected from the total cohort. The index PTH was defined as
the first PTH obtained after the patient’s initial elevated cal-
cium level recorded in our system. At UAB, PTH is measured
using the ADVIA Centaur Intact PTH assay (Siemens,
Tarrytown, NY). The reference range was established on the
Automated chemiluminescence immunoassay systems:180
system. Ethylenediaminetetraacetic acid plasma samples were
obtained from 142 apparently healthy individuals whose cal-
cium levels ranged from 8.0 to 10.3 mg/dL. Ninety-five per-
cent of the intact PTH values for these individuals fell in the
range of 14-72 pg/mL (1.48-7.63 pmol/L) with an overall
range of 11.1-79.5 pg/mL (1.18-8.43 pmol/L).

Patient Demographics and Characteristics

We obtained patient demographic information such as age,
sex, race, body mass index (BMI), and insurance type from
the electronic medical records. Complications of hyperpara-
thyroidism (kidney stones, osteoporosis, or bone fractures)
were recorded based on International Classification of
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Disease (ICD) revision 9 or 10 codes. The setting (inpa-
tient, outpatient, or emergency room) for the index high
calcium was also recorded. We identified the presence of
comorbidities using the methods of Elixhauser [8].

Assessing Reasons for Delay in Diagnosis or
Treatment of Hyperparathyroidism
Using a preestablished coding guide, two independent re-
viewers scrutinized clinical documentation and diagnostic data
to identify reasons for missed or delayed diagnosis of hypercal-
cemia and hyperparathyroidism. Reasons given in the chart for
not checking a PTH (i.e., attributing hypercalcemia to another
cause) were also recorded. A delay in diagnosis was defined as
not acknowledging hypercalcemia at the first index high cal-
cium or not checking a PTH after noting hypercalcemia, and
not making a diagnosis of hyperparathyroidism when the
patient had both elevated calcium and PTH. To increase
accuracy and reproducibility of the findings, a consensus
was required between the two reviewers for every patient.
Study endpoints were defined as follows:

a. Elevated calcium not acknowledged: Clinical notes and
provider communications were reviewed to determine if
the index elevated calcium was acknowledged by health
care providers by commenting on the result, discussing
plans for further evaluation, discussing the differential,
or documenting communication with other providers or
the patient.

b. Appropriate workup of index hypercalcemia (PTH evalu-
ated): If the index episode of hypercalcemia was acknowl-
edged, we documented whether patients subsequently
underwent the appropriate workup with evaluation of
serum PTH. If no PTH was ordered for the index high cal-
cium, possible reasons for this were gleaned from the
chart.

c. Elevated calcium or PTH attributed to other causes: If PTH
was obtained as a part of the hypercalcemia workup, we
investigated whether an elevated result was addressed by
the health care provider. Furthermore, we recorded whether
alternate diagnoses other than hyperparathyroidism were
entertained.

d. Discussion of treatment options and referral for parathy-
roidectomy: When the diagnosis of hyperparathyroidism
was established, we examined the clinical notes to deter-
mine which treatment options were documented as dis-
cussed with the patient. We then documented the reasons
for referral (or nonreferral) for surgical evaluation. Among
patients who were referred to a surgeon, we evaluated
indications for and rates of parathyroidectomy.

Additionally, we created a flowchart that demonstrates
the sequence of events and key decision elements in a chro-
nological order from the index calcium to surgical referral
and parathyroidectomy (Fig. 1).

Statistical Analysis

We used the likelihood ratio chi-square test to compare
proportions across groups based on the index PTH and the
Kruskal-Wallis test for continuous variables. Differences
were considered significant at «<.05, and all analysis was
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Figure 1. Flowchart that demonstrates the sequence of events and key decision elements from the index calcium to surgical referral

and parathyroidectomy.

Abbreviations: Ca, calcium; HPT, hyperparathyroidism; PTH, parathyroid hormone.

performed using Stata software (version 14.0, 2015; StataCorp,
College Station, TX).

RESULTS

Patient Demographics and Clinical Characteristics
The mean age of our cohort was 61 + 16.5 years. Forty-one
patients (68%) were women, and 33 (55%) were white. The
mean BMI of the cohort was 27 + 6.4 kg/m?. The majority of
patients (73.3%) had their index high calcium evaluated in an
outpatient setting, and 20% were seen as inpatients. Most
patients had commercial insurance (50%), followed by Medi-
care (41%) and Medicaid (7%). Fifty patients (83%) had at
least one comorbidity (Table 1). Complications of hyperpara-
thyroidism included osteoporosis in five patients (8%), frac-
tures in five patients (8%), and nephrolithiasis in two patients
(3%). There was no difference in the mean index serum cal-
cium between the three PTH groups (p = .5; Table 1).

Reasons for Delayed Diagnosis of
Hyperparathyroidism

Fifty percent of patients had at least one high calcium that was
not acknowledged by their provider (either in clinic notes or pro-
vider communications or by ordering additional evaluation), and
12% (7 of 60) of patients did not have PTH checked as part of
the initial hypercalcemia workup for their index high calcium
(Fig. 2). The remaining patients had PTH levels evaluated follow-
ing another high calcium after the index lab value. The rates of
missed hypercalcemia were similar across the three PTH groups
(Fig. 2). Additionally, when patients were divided into
two groups based on calcium levels (10.6-11 mg/dL and
>11 mg/dL), hypercalcemia was missed in 53% of patients in
the former and 38% of the latter group. The most common
reasons for failure to work up a high calcium included a pro-
posed plan to recheck calcium that was never completed (two
patients), attributing hypercalcemia to laboratory error
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(two patients), and no clear reason that we could identify (three
patients; Table 1). Hypercalcemia was attributed to causes
other than hyperparathyroidism in 19 (32%) patients. Common
alternate explanations for hypercalcemia included calcium sup-
plementation (12%), thiazide diuretics (25%), dehydration (5%),
cancer (3%), impaired renal function (3%), and vitamin D defi-
ciency (2%) (Fig. 3). In patients with lower PTH levels (group 1),
clinicians were significantly more likely to attribute hypercal-
cemia to either calcium supplements or thiazide use than in
patients with higher PTH levels (groups 2 and 3; Fig. 3).

Even when there was at least one clearly elevated PTH in
the setting of hypercalcemia, hyperparathyroidism was not con-
sidered as the likely cause in 40% of patients (4 of 20), including
in ~50% of patients in the two highest PTH groups (Fig. 3).

Reasons for Delayed Surgical Referral

The diagnosis of hyperparathyroidism was missed in 10% of
patients with clear complications of hyperparathyroidism (kidney
stones, osteoporosis, or fractures) with elevated calcium and/or
PTH who met the NIH consensus criteria for treatment [9].
Of the 60 patients with hyperparathyroidism in our cohort,
22 patients were diagnosed by their primary care providers with
hyperparathyroidism (either by ICD codes or in their clinic notes),
and only 20% (12 of 60) were referred for surgery. Interestingly,
there were no differences in the rates of surgical referral based
on the index PTH levels. Surgery was not even mentioned as a
treatment option for 17% of the total cohort, including one third
of patients in the highest PTH group (Table 1). Additionally, the
likelihood that a patient’s primary care physician discussed surgi-
cal management did not differ across the three PTH groups.
Among patients who were not offered surgical referral, 7%
were counseled by a nonsurgeon that surgery offered no benefit,
and 22% were offered medical treatment (calcimimetics,
bisphosphonates, vitamin D supplementation, and calcium) or
observation as an alternative to parathyroidectomy (Fig. 4). The
likelihood of patients being offered medical management for

O?lhéologist@



Asban, Dombrowsky, Mallick et al. e831

Table 1. Comparison of demographics and reasons for delayed diagnosis or treatment across groups based on PTH levels

Group 1 Group 2 Group 3
Overall (PTH 21-65) (PTH 66-85) (PTH >85)
Group (n = 60) (n =20) (n =20) (n=20) p value®
Age in years, mean £ SD 61 (16.5) 65 (13) 58 (15) 60 (21) A4
Sex, n (%)
Female 41 (68) 15 (75) 13 (65) 13 (65) .5
Male 19 (32) 5(25) 7 (35) 7 (35)
Race/ethnicity, n (%)
White 33 (55) 10 (50) 11 (55) 12 (60) 6
Black 26 (43) 10 (50) 8 (40) 8 (40)
Other 1(2) 0 1(5) 0
Any comorbidities, n (%) 50 (83) 19 (95) 14 (70) 17 (85) 1
Insurance, n (%)
Commercial 30 (50) 10 9 11 .8
Medicare 25 (42) 9 9 7
Medicaid 4 (6) 1 1 2
Other/uninsured/unknown 1(2) 0 1 0
Index high calcium, mean + SD 10.94 10.94 10.89 .5
PTH, mean + SD 38 74 219 <.001
Setting for index high calcium, n (%)
Outpatient 44 (73) 18 (90) 15 (75) 11 (55) .06
Inpatient 12 (20) 0 5 (25) 7 (35)
Emergency room 3(5) 2 (10) 0 1(5)
Other 1(2) 0 0 1(5)
Complications of hypercalcemia, n (%)
Fracture 5(8) 3 (15) 0 2 (10)
Osteoporosis 5(8) 3 (15) 1(5) 1(5) ’
Kidney stones 2 (3) 1(5) 1(5) 0 .6
Surgery was not mentioned as a treatment option, n (%) 10 (17) 2 (10) 2 (10) 6 (30) .14
Patient chooses not to have surgery, n (%) 5(8) 2 (10) 2 (10) 1(5)
Referred for surgery, n (%) 12 (20) 3 (15) 4 (20) 5 (25) 7
*The p value is for comparison across the three PTH groups.
Abbreviation: PTH, parathyroid hormone.
60.00%
50.00% -
40.00% - ———— m Elevated calcium not acknowledged

30.00% m Elevated calcium noted but not

evaluated

20.00%
i PTH elevated but hyperparathyroidism

not diagnosed

Percentage of Patients

10.00%
m Patient expriences complications of

hyperparathyroidism but diagnosis is
missed

0.00%

PTH 21-65 PTH 66-85 PTH >85

PTH Group

Figure 2. The reasons for delayed diagnosis of hyperparathyroidism are similar regardless of index parathyroid hormone level.
Abbreviation: PTH, parathyroid hormone.
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Figure 3. Hypercalcemia is frequently misattributed to causes
other than hyperparathyroidism.

hyperparathyroidism was highest in the group with the highest
index PTH levels. When the diagnosis of hyperparathyroidism
was established and surgery was offered as a treatment option,
only 8% (5 of 60) chose not to have an operation. Among the
12 patients (20%) who saw a surgeon, 100% were deemed eligi-
ble for parathyroidectomy. The median wait time from the
index high calcium until surgery was 16 months.

DiscussioN

In this study, we identified common reasons for delays in
diagnosis and treatment of hyperparathyroidism. Our results
showed that the most common reasons for delayed diagno-
sis include failure to note hypercalcemia, inadequate workup
for hypercalcemia, or not considering a diagnosis of hyper-
parathyroidism. We also found that health care providers
appear to overestimate the benefits of medical therapy
and/or observation and underestimate the potential benefits
of parathyroidectomy, as indicated by low rates of surgical
referral relative to medical management.

There are several potential explanations for why providers
may miss an elevated calcium on laboratory testing or attri-
bute hypercalcemia to other causes. First, busy primary care
physicians process hundreds of laboratory values in any given
week, making it relatively easy to miss any single abnormality
in the flood of clinical information. Because high calcium may
be considered of lesser importance than laboratory values
related to diabetes or to kidney or liver dysfunction, providers
may not experience a sense of urgency related to diagnosis
or further workup. Furthermore, we noticed a tendency to
evaluate hypercalcemia by repeating the calcium measure-
ment without checking a PTH level. Continuing to repeat cal-
cium levels without checking PTH does not provide enough
information to diagnose the cause of hypercalcemia because
a seemingly normal calcium is indicative of hyperparathyroid-
ism if the PTH is inadequately suppressed (normo-calcemic
hyperparathyroidism). Second, a significant proportion of
patients had their index hypercalcemia occur in the inpa-
tient or emergency room settings. When patients are
admitted for other medical problems, it is relatively easy
to miss an additional laboratory abnormality, and the
hypercalcemia may never be referred to the patient’s pri-
mary care provider for further evaluation. Of note, 73% of
our cohort were seen in an outpatient setting; therefore,
the percentage of each reason that hypercalcemia was
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attributed to causes other than hyperparathyroidism might
have been different if there had been an equal representa-
tion of outpatient and inpatient settings. However, this dif-
ference likely reflects what is seen in clinical practice, as
outpatient visits with primary care physicians are more com-
mon than inpatient visits.

When it comes to referring patients for surgery, the
majority of patients (61%) who did not see a surgeon were
either told that they would not benefit from an operation
or never had surgery discussed as a treatment option
(Fig. 4). This can be explained with several reasons. First,
providers may be confused by the various guidelines
related to treatment recommendations for “asymptom-
atic” hyperparathyroidism. There may also be a mistaken
sense that hyperparathyroidism does not have a substantial
impact on health in the absence of significant bone disease or
development of kidney stones. There also appears to be a
belief among primary care physicians that either medical man-
agement or just observing patients with hyperparathyroidism
is preferable to surgery. However, in their recently published
cost-effectiveness study that compared parathyroidectomy
with observation for patients with asymptomatic hyperpara-
thyroidism, Zanocco et al. found that parathyroidectomy is a
less costly and more effective treatment strategy that leads
to a significantly greater quality-adjusted life expectancy [7].
There is currently no medical management that actually
treats the underlying parathyroid dysfunction that causes
hyperparathyroidism, and it is entirely unclear whether
“medical management” does more than expose patients to
the side effects and costs of medication. Second, physicians
who do not perform parathyroidectomy likely have little
sense of what the operation entails or the ratio of risks and
benefits. This may lead them to overestimate the potential
risks of surgery and to underappreciate the benefits for
patients with hyperparathyroidism. Minimally invasive para-
thyroidectomy has been shown to reduce operative time,
decrease morbidity, and have a higher cure rate [10, 11]. Third,
patients may not have been informed about the extreme low
risk of minimally invasive parathyroidectomy, even among those
with significant comorbidities (5% of our cohort), in order to
consider seeing a surgeon [12]. Although not all patients with
hyperparathyroidism will be candidates for surgery, the optimal
person to have a conversation about the risks and benefits of
parathyroidectomy is a surgeon who frequently performs the
operation. Recognition of this fact has prompted the American
Association of Endocrine Surgeons to recommend that patients
with hyperparathyroidism at least have the opportunity to dis-
cuss treatment options with a surgeon, regardless of whether
they ultimately undergo surgery [5]. This would enable all
patients with hyperparathyroidism to make informed deci-
sions about their care.

Our study adds to the existing literature by exploring
the mechanisms behind the significant underdiagnosis and
undertreatment of hyperparathyroidism. Prior work demon-
strated the extent of the problem but did not explore why
the disease is underdiagnosed or undertreated. Our group
evaluated 10,432 patients with hypercalcemia (>10.5 mg/d)
over a 5-year period and found that only 28% had a docu-
mented diagnosis of hypercalcemia and 31% had PTH levels
measured. In this study, only 22% of eligible patients were
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Figure 4. Common reasons why patients with hyperparathyroidism are not referred for curative parathyroidectomy.

referred for surgical evaluation [2]. Similarly, Yeh et al. found
that 39%—-51% of eligible patients underwent parathyroidec-
tomy in the Kaiser Permanente health system, and Kuo et al.
showed that only 30% of eligible patients in California
underwent treatment [13, 14].

Several limitations of this study should be acknowledged.
First, the sample size is relatively small and may not be broadly
representative of outcomes at other institutions. However, our
findings have considerable face validity and appear to explain
the consistently low rates of diagnosis and treatment for
hyperparathyroidism observed at our institution and others.
Our findings also reflect the consensus of our team and con-
versations with several experienced endocrine surgeons on
factors likely related to diagnosis and treatment. Addition-
ally, rather than providing a definitive explanation for delays
in the diagnosis and treatment of hyperparathyroidism, this
study was meant to be exploratory and to establish a frame-
work for future qualitative evaluation of this complex prob-
lem. Our preliminary list of barriers to diagnosis and treatment
can be further explored through semistructured interviews or
focus groups with primary care providers and patients to more
fully understand patient, provider, and system factors that
should be targeted for intervention. Second, our analysis is lim-
ited to what is documented in patients’ charts, and it is possi-
ble that clinicians made decisions or plans that were not
documented. We were careful, however, to search for evi-
dence of treatment plans in notes, provider-patient communi-
cations, and laboratory orders to minimize the risk of missing
action plans. Additionally, we plan to conduct future qualita-
tive work to explore how primary care providers approach
the diagnosis and treatment of hyperparathyroidism. Our
current work is useful to help design an appropriate inter-
view guide and coding scheme for that analysis. Regarding the
decision to refer patients for surgery, we know that untreated
hyperparathyroidism increases the risk of fractures by 75%,
cardiovascular disease by 250%, kidney stones by 500%, and
dementia by 41%. Hyperparathyroidism also leads to a 14-fold
increase in renal failure and a 40% increase in mortality [15, 16].
Advancements in surgical techniques have also made the
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operation safer and well tolerated by patients, so that the
majority of parathyroidectomies can be done on an outpa-
tient basis. Consequently, professional society guidelines
have begun to reflect a growing consensus that any patient
who is a reasonable candidate for surgery should at least
be offered the opportunity to decide whether they want to
have a parathyroidectomy [5, 17].

CoNCLUSION

Our study provides insight into why hyperparathyroidism is
underdiagnosed and undertreated. We identified common prob-
lems that could delay diagnosis and treatment of hyperparathy-
roidism. Importantly, many of these factors can be addressed by
a clinical intervention. The number of patients with missed
hypercalcemia could be reduced by machine learning algorithms
that scour the medical record and prompt providers to further
evaluate high calcium [18]. We could also educate providers and
patients about the importance of early diagnosis and about the
more subtle complications of hyperparathyroidism to create a
sense of urgency for treatment. Regardless of the intervention
components that are selected, our study provides a useful
starting point for anyone interested in improving rates of
diagnosis and treatment of hyperparathyroidism.
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