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Objective: To provide a rigorous and critical review of studies in
which formal neuropsychological (NP) testing and measurement of
health-related quality of life (HRQL) were conducted pre- and
post-parathyroidectomy for primary hyperparathyroidism (PHPT).
These data contribute to the discussion on the utility of surgical
intervention for nonclassic PHPT.
Summary Background Data: PHPT is a complex endocrinopathy
involving calcium metabolism and a potent hormone made by the
parathyroid glands. Approximately 1.5% of Americans age 65 years
and older, representing more than 3.9 million people, have PHPT,
and the prevalence in postmenopausal women is estimated at 3.4%.
Current National Institutes of Health guidelines for curative, surgical
intervention of PHPT exclude 80% of patients with hyperparathy-
roid disease who have subjective neurobehavioral and physical
symptoms that affect the quality of their lives.
Methods: An electronic search was conducted of prospective stud-
ies in which cognitive functioning was measured with formal NP
tests and HRQL was measured with valid and reliable instruments
before and following parathyroidectomy for PHPT.
Results: In studies conducted pre- and post-parathyroidectomy for
PHPT, 6 small studies of cognitive functioning report inconsistent
findings; however, 7 well-designed studies of HRQL report im-
provement across multiple domains following surgery.
Conclusions: Surgical treatment of PHPT is a viable option for
patients with laboratory diagnosed, “nonclassic” PHPT. Formal NP
testing and evaluation of HRQL are useful tools that may assist
physicians in choosing whom to refer for parathyroidectomy. Fur-
ther longitudinal study of NP functioning and HRQL in patients with
laboratory diagnosed PHPT is warranted.

(Ann Surg 2005;242: 642–650)

Primary hyperparathyroidism (PHPT) is a complex endo-
crinopathy involving calcium metabolism and a potent

hormone made by the parathyroid glands. The diagnosis is
confirmed by inappropriately elevated parathyroid hormone
levels accompanied by a high normal or elevated serum
calcium. Although the classic presentation of PHPT involves
presence of renal stones, bone loss, and gastrointestinal com-
plaints, screening of serum calcium during routine medical
examinations has changed the clinical spectrum to include
patients with minimal objective symptoms who are referred
to as “asymptomatic.”

Current National Institutes of Health (NIH) guidelines1

for curative, surgical intervention are defined by easily mea-
sured objective criteria: age younger than 50 years; serum
calcium concentration of 1 mg/dL above normal; 24-hour
urinary calcium excretion of more than 400 mg; creatinine
clearance reduced by more than 30% compared with controls;
bone mineral density reduced by more than 2.5 standard
deviations below the bone density of age, gender, and race-
matched norms; and patients for whom medical surveillance
is either not desirable or possible. Only about 20% of patients
with hyperparathyroid disease meet these objective indica-
tions for surgical intervention.2 Meanwhile, most patients
have subjective neurobehavioral symptoms ranging from sub-
tle to severe, but these symptoms and their effects on quality
of life have not been used by all as clear criteria for parathy-
roidectomy.

Subjective neurobehavioral symptoms have been de-
scribed with PHPT since the 1940s.3,4 Lethargy, drowsiness,
depressed mood, neurasthenia, paranoia, hallucinations, dis-
orientation, confusion, and cognitive (mostly memory) com-
plaints have been documented in a number of early case
reports.5–10 More recent studies have described biochemi-
cally confirmed PHPT to be characterized by a number of
symptoms previously thought to be atypical of the condition.
These include low energy and/or fatigue,11–13 weakness,11

bone and joint pain,11,12,14 cognitive dysfunction,11,15,16 sleep
disorders,13 psychologic and psychiatric symptoms that
range from depression and anxiety to psychosis and
coma,11,13,14,17–19 decreased ability to complete daily tasks at
home12 or work,20 and decreased social interaction.12,14

Some patients with mild hypercalcemia report either no
symptoms or only neurobehavioral complaints.21 Presum-
ably, these signs and symptoms of “nonclassic” PHPT have a
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negative impact on health-related quality of life (HRQL).
Despite the number and frequency of these findings, recom-
mendations for their management are not addressed in current
NIH guidelines for surgical intervention.

The prevalence of PHPT varies by age and gender,
affecting 1 in 500 females and 1 in 2000 males over the age
of 40 years,22 or approximately 1% of the adult population.23

The prevalence of PHPT increases with age in both males and
females, but older women have more severe PHPT.24,25 More
than 1.5% of Americans age 65 years and older, representing
more than 3.9 million people, have PHPT,23 while the prev-
alence in postmenopausal women is estimated at 3.4%.26

Surgical cure of PHPT has been shown to improve gen-
eral health,11,12,27 increase bone density,28 and improve psychi-
atric13,18 and cognitive functioning,15,16 and HRQL.11,12,27,29–31

Nonetheless, the decision to surgically treat PHPT patients who
present with mild and vague symptoms is not consistently
made because of inadequate data and controversy as to the
extent of benefits experienced.2,21,32,33 Consequently, many
patients are not referred for surgical evaluation despite the
fact that parathyroidectomy is a safe and effective procedure
for elderly patients.17,24,34,35

The existing literature in hyperparathyroidism (HPT) is
marked by case studies, clinical reports, symptom checklists,
small samples, nonrigorous reporting of cognitive dysfunc-
tion, and quality of life measured by global reports rather than
by standardized measures. Few studies have addressed cog-
nitive functioning with formal neuropsychological (NP) tests,
and the literature on HRQL has not benefited from critical
discussion. It appears the debate regarding early surgical
treatment of PHPT remains unresolved1,21,36 and would be
strengthened by rigorous scientific inquiry. This paper will
provide a review of studies in which cognitive functioning
was measured with formal NP tests, and HRQL was studied
with valid and reliable instruments before and following
parathyroidectomy. The findings will be summarized and
discussed in light of the larger literature on PHPT, including
implications for surgical treatment of nonclassic PHPT.

Neuropsychologic Functioning in Patients
With Surgically Treated PHPT

A wide variety of psychiatric symptoms ranging from
mild personality changes to severe depression and psychosis
have been described in patients with PHPT.37–41 However,
the NP manifestations of PHPT are incompletely character-

ized, with some studies showing postsurgical improvement in
cognition, while others show no therapeutic effect.

Studies that used NP test batteries pre- and post-surgery
to assess multiple cognitive domains include Numann et al15

who compared 10 patients with PHPT who were scheduled
for parathyroidectomy to 10 normocalcemic orthopedic pa-
tients using 7 cognitive tests: the Wechsler Memory Scale,
Form I (WMS)42 the Information, Vocabulary, Similarities,
and Block Design subtests of the Wechsler Adult Intelli-
gence Scale (WAIS);43 the Facial Recognition Test;44 the
Benton Revised Visual Retention Test;45 Forms A and B of
the Trail Making Test;46 and the Finger Tapping Test47

(Table 1). Several tests were clustered to measure specific
cognitive domains: the Information and Orientation subtests
of the WMS were combined to measure orientation; the
Logical Memory and Associate Learning subtests of the
WMS were grouped to measure short-term verbal memory;
both forms of the Trail Making Test were scored together as
measures of visuomotor tracking and planning. Analyses of
the data indicated improvement across trials for the hyper-
parathyroid group on the combined scores of the Logical
Memory and Associate Learning subtests of the WMS (mea-
sures of short-term verbal memory); improvement in scores
of the Digit Span subtest of the WMS (a measure of verbal
attention); and improvement on the Similarities subtests of
the WAIS (a measure of logical, categorical reasoning).
Significant improvements by both groups on the Block De-
sign subtest of the WAIS and the Facial Recognition subtest
of the WMS were attributed to practice effects. The results of
the Trail Making Test indicated that the hyperparathyroid
group had faster times than the orthopedic group both pre-
and post-surgery. There were no significant differences be-
tween conditions or across trials for the remaining measures.
Collectively, these results indicated that PHPT patients dem-
onstrated improved NP functioning across several cognitive
skills, including attention, memory, and reasoning following
parathyroidectomy.

Using some of the same NP tests, Brown et al21

performed NP evaluations prior to treatment in 34 patients
with PHPT. Nineteen of these patients, 10 of whom had
undergone parathyroidectomy, were retested at 6 months.
Measures included the Similarities, Block Design, and Sym-
bol Digit subtests of the WAIS,48 the Trail Making Test, the
Short-Term Memory Distractor Test,49 and the Finger Tap-

TABLE 1. Studies of Neuropsychologic (NP) Functioning Pre- and Post-Parathyroidectomy for PHPT

Reference Year n
%

Female
Mean Age

(yr)

Preoperative Calcium
(mg/dL)

(mean � SD)
No. of NP

Tests

Follow-up NP
Evaluation

(N)
Follow-up
Interval

Brown21 1987 34 68 52.5 11.5 � 1.0 7 19 6 mo to 1 yr

Chiang54 2005 40 70 51.7 11.4 � 1.2 4 40 30–380 days

Cogan51 1978 12 0 54 12 8 12 3.6 mo

Goyal38 2001 39 80 18–60 (range) NR 2 39 6 wk, 3 and 6 mo

Numann15 1984 20 NR 63.2 11.6 7 20 4.38 mo

Prager16 2002 20 70 60.9 10.9 2 20 6 and 12 wk

NR indicates not reported.
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ping Test.50 The means of the 3 WAIS measures were com-
bined in the data analysis to form a measure of fluid intelligence,
ie, the ability to solve novel problems. At the initial evaluation,
a significant positive correlation was found between serum
calcium levels and cognitive dysfunction, specifically for
measures of motor speed, fluid intelligence, and short-term
memory. Interestingly, these deficits remained at the 6-month
postoperative evaluation, even though serum calcium levels
were within normal limits. Collectively, these results suggest
that cognitive dysfunction is present in PHPT patients; how-
ever, improvement in cognition was not observed within 6
months of surgical intervention.

Likewise, Cogan et al51 used a battery of 8 NP tests to
compare 4 subjects with a diagnosis of PHPT, 4 subjects with
secondary HPT, and 4 control subjects undergoing similar
surgical procedures. All hyperparathyroid subjects underwent
parathyroidectomies. Cognitive testing was performed preop-
eratively and at a mean of 3.6 months postoperatively. The
measures included were: the Ravens Progressive Matrices,52

the WMS,42 the Neurologic Index of Mental Impairment,53

Visual Motor Items (VMI),53 the Digit Symbol,48 the Finger
Tapping47 and Trail Making Tests,46 and Memory for De-
signs Test.53 Similar to the findings of Brown et al,21 this
study found no significant difference between preoperative
and postoperative measures of NP functioning for subjects
with PHPT. However, this study did find significant improve-
ments in postoperative performance on measures of general
cognitive functioning, nonverbal problem solving, and visual-
motor skills for subjects with secondary HPT.

Chiang et al54 administered 4 NP tests, including the
Stroop Color Word Test55 (executive functioning); the Digit
Symbol Subtest of the WAIS-R48 (attention, perceptuo-motor
coordination); the Royal Melbourne Memory for Prose Test56

(verbal memory); and the Unusual Shapes Test57 (visual
recognition) to 20 patients with PHPT and 20 patients sched-
uled for orthopedic surgery as control subjects matched for
age, gender, and intellectual function based on the National
Adult Reading Test. A battery of tests was also administered
to assess symptoms of anxiety and depression. All tests were
administered preoperatively and at a single follow-up interval
that varied widely from 30 to 380 days (mean, 125 days) for
PHPT patients and 14 to 162 days (mean, 82 days) for the
orthopedic patients. No significant changes were found be-
tween groups on the NP tests or measures of mood from
preoperative to postoperative follow-up periods.

In addition, 2 studies used only 2 NP tests each and
reported disparate findings. Goyal et al38 examined the NP
manifestations of PHPT and correlations with serum calcium
levels in a population of Indian patients. Measures included
the Comprehensive Psychopathological Rating Scale, vali-
dated in Hindi,58 and the scale for Memory and Intelligence
for Hindi-speaking populations.59 Thirty-nine patients were
subjects, 14 of whom had PHPT. Thirteen patients with
gallbladder disease and 12 patients with thyromegaly, who
were scheduled for surgery, comprised the control groups.
Patients were assessed at 1 and 6 weeks, 3 months, and 6
months postoperatively. Preoperatively, the PHPT patients
revealed pronounced psychiatric symptoms, relative to their

companion cohorts, with statistically significant improvement
following parathyroidectomy. However, there were no differ-
ences from the preoperative to postoperative period on mea-
sures of memory or intelligence in the PHPT patients or the
control group.

Prager et al16 also conducted formal NP testing using 2
measures of attention and memory in 20 PHPT patients
preoperatively and at more than one postoperative interval.
The measures used were standard European NP tests, includ-
ing the d2-Test60 (a measure of attention) and the Numbers-
Memorizing subtest of the Wilde Intelligence test61 (a mea-
sure of memory). Postoperatively, subjects demonstrated
significant improvements at 6 weeks on the d2-Test. Perfor-
mance on the Numbers-Memorizing subtest also improved;
however, this improvement did not reach significance until 12
weeks postoperatively.

Studies of HRQL
HRQL is widely recognized as a multidimensional

concept that encompasses physical, psychologic, social, and
other domains of functioning specific to a given health
condition and the developmental stage of the patient.62 Until
recently, the effect of hyperparathyroid disease on quality
of life has been infrequently studied, providing scant data for
the discussion on when to provide definitive surgical treat-
ment of HPT.

In 1995, Pasieka and Parsons63 provided the initial
report of a surgical outcome tool that uses a visual analog
scale (VAS) of 0 to 100 (0 � no symptoms; 100 � extreme
symptoms) to measure 13 disease-specific items in patients
with HPT (examples: weakness, bone pain, forgetfulness),
and in 1998 reported further validation of that form.11 (Table
2). The questionnaire was administered preoperatively to 63
patients referred for surgical treatment of PHPT and a com-
parison group of 54 patients scheduled for surgical treatment
of nontoxic thyroid disease. The questionnaire was repeated
on postoperative day 7, at 3 months, and 1 year. At 1 year, the
patients were also asked to complete global ratings of quality
of life and wellness and were queried about general health
and satisfaction with surgery. At baseline, the PHPT group
was significantly older than the thyroid disease group and
reported significantly more symptoms, of which tiring easily
and weakness were most common. Other common com-
plaints among PHPT subjects included bone and joint pain,
irritability, mood swings, and forgetfulness. The median
symptom index score (sum of the median scores of the 13
items on the VAS) was significantly higher in the PHPT
group compared with patients with thyroid disease. Follow-
ing parathyroidectomy, the PHPT patients demonstrated a
significant decrease in the median symptom index score at 7
days. Although symptoms continued to decline, there were no
further statistically significant declines at 3 and 12 months.
The comparison group did not demonstrate a decline in the
median symptom index score following thyroidectomy.

In 2000, Pasieka and Parsons64 further validated the
outcome tool in a study of the effects of parathyroidectomy
on 32 patients with PHPT, 22 with secondary HPT, 10 with
tertiary HPT, and 32 with thyroid disease. Preoperatively,
subjects with secondary HPT experienced fatigue, joint and

Coker et al Annals of Surgery • Volume 242, Number 5, November 2005

© 2005 Lippincott Williams & Wilkins644



bone pain, weakness, pruritus, and irritability and had the
highest median index score based on the VAS among the 4
groups. Subjects with PHPT had slightly lower VAS scores
and reported increased fatigue, forgetfulness, mood swings,
and irritability. Subjects with tertiary HPT had a preoperative
profile similar to those with PHPT with lower VAS scores,
and subjects with thyroid disease had fewest symptoms on the
scale designed to measure symptoms of HPT. One week
postoperatively, subjects with PHPT demonstrated a signifi-
cant (P � 0.05) decline in the median VAS score and
significant declines in fatigue, emotional symptoms including
mood swings, irritability, and depression, bone and joint pain,
and forgetfulness. Subjects with secondary HPT had signifi-
cant (P � 0.05) declines in bone pain, irritability, and itching.

The recent work of Pasieka et al65 reports the impact of
parathyroidectomy on 203 PHPT patients in a multicenter
study. Three centers participated in this study: University of
Adelaide, Adelaide, Australia with 27 participants; Medical
College of Wisconsin with 54 participants; and University of
Calgary with 122 participants with PHPT and 58 comparison
participants with nontoxic thyroid disease. Again, the surgical
outcome tool developed by Pasieka and colleagues11,63,64 was
used resulting in a Parathyroid Assessment of Symptoms
(PAS) score based on the median VAS score. There were
significant differences between the preoperative PAS scores
across the 3 centers; therefore, the data were analyzed sepa-
rately rather than being pooled. Despite the difference in PAS
scores across centers, each center reported “tiring easily” as
the most common symptom. There was agreement in rank of
other commonly reported symptoms (weakness, depression,
mood swings, joint pain, and forgetfulness) across centers
despite the difference in total preoperative scores. Also, each
center demonstrated a significant decline in the total PAS
score from preoperative to the 7-day and/or 3-month postop-
erative interval in patients with PHPT. Parathyroidectomy
significantly reduced the symptoms of PHPT postoperatively
and was associated with improved global HRQL. Patients
with nontoxic thyroid disease did not demonstrate declines in
PAS scores postoperatively.

Owing to previous work by Pasieka and Parsons11,63,64

and Pasieka et al,65 PAS scores are reliable and valid, dis-
ease-specific measures of symptoms of HPT. Although the
PAS scale was not designed as a quality of life instrument per
se, it records a number of HRQL domains specific to HPT.
Four items relate to physical symptoms/function (itchy skin,
thirst, weakness, difficulty getting out of a chair or car); 3
relate to emotional symptoms (mood swings, depression, and
irritability); 4 for pain (bone, joint, abdominal pain and
headache); one item relates to fatigue; and one to cognitive
functioning (forgetfulness).

Burney et al29 studied 155 men and women referred for
parathyroidectomy for PHPT to determine whether patients
differed preoperatively and postoperatively on the Medical
Outcomes Short Form 36 (MOS SF-36) health survey and on
condition-specific indicators by serum calcium levels (�10.9
mg/dL versus �10.9 mg/dL). The SF-36 was developed by
the Rand Corporation as part of the Medical Outcomes
Study.66 It measures 8 domains of health status and functionTA
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(general health, physical function, physical role limitation,
mental health, emotional role limitation, social function,
bodily pain, and energy/fatigue). The SF-36 goes beyond
reports of symptoms and feelings to measure function. Also,
in addition to identifying status by domain, the SF-36 pro-
duces a global score and has been widely used in studies of
HRQL. At baseline, participants reported lower than expected
functioning in all domains compared with a normal reference
population. PHPT patients rated themselves particularly less
well in domains representing vitality/fatigue, physical and
emotional role function, and bodily pain. Six months post-
operatively, the patients had improved in all 8 domains
and were significantly improved with respect to physical and
emotional role functioning, bodily pain, vitality/fatigue, and
social functioning. Improvement in health and functional
status was independent of serum calcium level.

In 2000, Talpos et al67 conducted a randomized con-
trolled clinical trial on 53 men and women with laboratory
confirmed PHPT (serum calcium level of 10.1–11.5 mg/dL)
who were otherwise “asymptomatic” of classic disease. Strict
eligibility criteria were used to select a group of patients with
a similar disease profile, and the “asymptomatic” status was
based on history, physical examination, and biochemical
parameters. Twenty-five patients were randomized to para-
thyroidectomy and 28 to observation only; both groups were
followed for 2 years. At baseline and 6 months, the treatment
and observation groups completed the SF-36 to provide
self-reported wellness. A ninth domain (health change) was
added because of the prospective design of this study. The
SF-36 data showed significant improvement at 6 months that
favored the surgical group in 2 domains: emotional role
functioning (P � 0.012) and social functioning (P � 0.007),
supporting surgical management of mild PHPT.

Sheldon et al12 also used the SF-36 to measure func-
tional status and HRQL in 72 PHPT patients prior to and
following parathyroidectomy. Of these, 43 were classified as
“asymptomatic” and 29 had classic symptoms of PHPT. The
asymptomatic group scored significantly lower preopera-
tively on 3 of 8 domains (physical functioning, physical role
function, and energy/fatigue), and the symptomatic group
scored significantly lower on all domains except general
health perception, compared with aged-matched national
norms. One year following parathyroidectomy, there was
overall improvement in 7 of 8 domains in the 72 participants.
The asymptomatic group improved significantly in emotional
health and energy/fatigue, whereas the group with history of
classic symptoms improved in all domains except general
health perception.

In 2003, Quiros et al31 reported longitudinal HRQL
data on 60 patients with HPT (56 had PHPT) using the Health
Outcomes Institute Health Status Questionnaire (HSQ).68 The
HSQ is based on the SF-36 and provides additional informa-
tion on emotional health. One month following parathyroid-
ectomy, patients reported significant improvement in percep-
tion of health status, muscle strength, energy level, and mood.
A smaller subset reported persistent improvement at a longer-
term follow-up at 3 to 24 months. The improvements in
symptoms were positively and significantly correlated with

declines in serum calcium and declines in parathyroid hor-
mone levels. The authors concluded that subjective improve-
ment in symptoms represented a valid indication for parathy-
roidectomy.

DISCUSSION
The NIH has established objective criteria for surgical

intervention of PHPT,1,69 that excludes approximately 80%
of patients with the disorder.2 Among the excluded are
patients with laboratory-documented disease who report
vague, subjective symptoms such as fatigue,11–13 weakness,11

bone and joint pain,11,12,14 depressed mood, irritability, anx-
iety, psychosis,11,13,14,17,18 and forgetfulness as well as other
signs of cognitive dysfunction.11,15,16 Although these symp-
toms may be difficult to interpret, there is increasing longi-
tudinal evidence that patients with these subtle “nonclassic”
symptoms of PHPT demonstrate measurable improvement
following parathyroidectomy.12,27,29,31,64,65,67 A study by
Sywak et al30 found that PHPT patients with only subtle,
vague symptoms experienced statistically significant im-
provement following parathyroidectomy, which was similar
to the improvement experienced by surgically treated PHPT
patients with classic symptoms. These findings provide sup-
port for definitive surgical treatment of patients with mild,
otherwise asymptomatic disease, in the absence of classic
signs of PHPT. Also, Harrison and Wheeler70 studied 111
patients with laboratory-diagnosed PHPT confirmed by sur-
gery, of whom 83 were “symptomatic” and 28 were “asymp-
tomatic.” There were no differences between the 2 groups
with respect to age, parathyroid hormone level (intact, 1–84
PTH), serum calcium level, and excised weight of adenoma-
tous parathyroid tissue. Symptoms of PHPT did not correlate
with the degree of biochemical derangement, on which cur-
rent guidelines for surgery are based. Further, pathologic
derangement and clinical assessment alone did not predict
severity of disease. Based on the surgical outcomes of these
111 patients, the authors advocated a liberal approach to the
selection of asymptomatic patients for operation. It may well
be that formal measurement of NP functioning and HRQL
associated with mild or “asymptomatic” PHPT could serve as
important tools in the decision-making process to select
patients who are best served by surgery, much as the current
guidelines recommend the use of measurements of age, bone
density, and other parameters already used.

Neuropsychologic Findings in Surgically
Treated PHPT

Although neurobehavioral symptoms have been de-
scribed in patients with PHPT for more than 60 years,3 formal
NP testing was not applied to the evaluation of these patients
until recently. Just as advances in laboratory technology
make early identification of PHPT possible,71 advances in the
field of neuropsychology provide a means to objectively
document the subtle but troublesome manifestations of hy-
perparathyroidism on thinking, memory, and other cognitive
functioning.53 Despite the prominence of neurobehavioral
complaints in HPT, formal NP testing has been underused in
documenting the effect of PHPT on cognitive functioning.
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Of note, the NIH Consensus Panel, which convened to
produce the current recommendations for surgical interven-
tion in PHPT, chose not to include “neuropsychological
abnormalities” as an indication for parathyroidectomy be-
cause “it is not possible at this time to predict which patients
will benefit.”1 However, available data suggest that it is
possible to identify PHPT patients who exhibit preoperative
cognitive decline with formal neurocognitive testing.16,21

Thus, formal NP testing could be used, on a case-by-case
basis, as an additional clinical tool to assist the physician in
choosing whom to refer for parathyroidectomy. At the same
time, current data on cognitive functioning by formal assess-
ment are not adequate to inform general guidelines for sur-
gical treatment of PHPT. Indeed, the lack of such data is
striking and suggests that further study is sorely needed.
Between 1978 and 2005, only 6 studies15,16,21,38,51,54 reported
formal examination of the NP manifestations of PHPT
before and following parathyroidectomy (Table 1); and of
those studies, only 415,21,51,54 used a battery of NP tests.
These studies focused on the cognitive domains of fluid
intelligence, attention and concentration, visual and verbal
memory, fine motor coordination, and psychomotor speed.
The other 2 studies16,38 measured only attention and concen-
tration, and retention. Of these 6 studies, 2 studies15,16

showed improvement in cognition following parathyroidec-
tomy, particularly in verbally coded information, reasoning,
and conceptual skills. Another21 documented cognitive defi-
cits associated with elevated calcium levels prior to surgery
but showed no improvement in cognition on 6-month fol-
low-up despite normalization of serum calcium. Still another
study38 documented psychiatric symptoms preoperatively,
which improved following surgery but did not find improve-
ment in the single indicator of cognitive functioning (mem-
ory). The remaining 2 studies51,54 showed no difference
from the preoperative to postoperative period on cognitive
measures.

What is known about cognitive functioning in PHPT
prior to and following parathyroidectomy is severely limited
due to the small number and size and disparate designs of
these studies. Although some batteries used the same NP
tests, findings of improvement in cognitive dysfunction fol-
lowing PHPT remained inconsistent. Also, there were no
consistent patterns of improvement by specific cognitive
domains following parathyroidectomy. These inconsistencies
may also be related to the potential effect of time of testing.
Few studies examined the effect of parathyroidectomy on NP
functioning beyond the immediate postoperative interval and
little data are available up to 6 months postoperatively.
Examining patients at multiple postoperative periods enables
the potential observation of improvement in NP functioning
over time. For example, Prager et al16 reported performance
on the number-memorizing subtest improved postoperatively
but did not reach significance until 12 weeks postoperatively.

Another potential confounding factor in the results
observed may be the presence of depression. HPT has long
been associated with subjective neuropsychiatric symptoms
such as depression,72 which has been reported to be highly
related to cognitive dysfunction.73–77 While studies exploring

the organic determinants of depression are ambiguous, cog-
nitive impairment in depressed individuals has been well
documented. The nature of the observed deficits has been
variable, ranging from impairment of memory77–79 atten-
tion,80,81 verbal fluency,76,82 and abstraction83 to deficits in
visuomotor and visuospatial abilities.84 These deficits are
most frequent and pronounced in the elderly. Unfortunately,
only one study of formal NP testing in patients with surgi-
cally treated PHPT included standardized measures of de-
pression.54 Collectively, these results suggest that the neu-
robehavioral syndrome associated with PHPT is ambiguous,
and the impact of parathyroidectomy on differential improve-
ment in cognitive functioning has been inadequately exam-
ined and may be confounded by the presence of depression.
A comprehensive battery of NP tests, in conjunction with
effective measures of depression, and long-term follow-up,
should provide a more adequate characterization of PHPT
and the role parathyroidectomy may play in reversing do-
main-specific cognitive dysfunction.

HRQL in Surgically Treated PHPT
The findings on HRQL in patients with “asymptomatic”

PHPT treated with parathyroidectomy provide a more cohe-
sive picture in support of surgical treatment. Justification of
HRQL studies in PHPT is based on the presumption that the
vague symptoms, such as fatigue, mood swings, irritability,
and physical pain, commonly reported in patients with “non-
classic” PHPT, would affect quality of life and could be
self-reported. Seven well-designed studies of HRQL mea-
sured with valid and reliable outcome scales have been
conducted in patients with PHPT since 1998.11,12,29,31,64,65,67

Three of these12,19,67 used the SF-36, a widely accepted
generic instrument originally developed for the Medical Out-
come Study.66 Another study31 used the HSQ,68 which is
based on the SF-36. These tools function as generic instru-
ments and provide data across several domains of quality of
life. Three other studies were based on the work of Pasieka
et al11,64,65 as they built a database of patients with PHPT
while validating a disease-specific surgical outcome instru-
ment that provides a PAS score.65 These scales differ in
scope, in that the SF-36 provides a broad range of items
divided into domains with several items for each domain. The
SF-36 also allows the patient to report changes in physical
and emotional functioning. Meanwhile, the PAS scale fo-
cuses on patient-rated symptoms related directly to PHPT,
although the scale does contain one item that addresses
function (ability to get out of a car or chair). The PAS also
includes an item to allow the patient to self-report “forget-
fulness,” commonly reported in PHPT, whereas the SF-36
does not measure self-reported changes in cognition.

All 7 studies of HRQL in PHPT reported significant
improvement across a number of domains following parathy-
roidectomy. Improvements in energy level and both physical
and emotional well-being were the most commonly reported
postoperative findings. There were also significant declines in
bodily pain and significant improvements in emotional role
functioning and social functioning. These relatively recent
HRQL data, which document the salutatory effects of surgi-
cal intervention, are especially important when considered
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against a backdrop of other data that promote surgery as a
reasonable treatment of “nonclassic” PHPT.

Progress in Surgical Technique and Operative
Management

PHPT is caused by solitary parathyroid adenomas in
approximately 80% of patients, and the adenomas are typi-
cally located near the thyroid gland (80%–90%).85 Since
parathyroid adenomas are typically benign and well encap-
sulated, the majority of patients with PHPT can be cured
with surgery.

Progress in the preoperative radiographic localization
of parathyroid adenomas and in operative management pro-
vides surgeons treatment options in addition to conventional
neck exploration. Preoperative localization of parathyroid
adenomas by scintigraphy, with sensitivity ranging from 73%
to 89%86 provides the surgeon the option of planning a
minimally invasive parathyroidectomy. The many benefits of
minimally invasive directed parathyroidectomy include less
dissection of the cervical region, possible elimination of
general anesthesia and fewer subsequent respiratory compli-
cations, decreased hospital stay, and improved cosmetic re-
sult. When necessary, single photon emission computed to-
mography (SPECT) imaging may be used to provide
definitive localization of the lesion.87 Specifically, SPECT
imaging can help differentiate superior from inferior parathy-
roid adenomas, which alters the site of incision in an effort to
minimize dissection and maximize efficiency of dissection. In
addition to better imaging, progress in operative guidance has
been seen with the use of a rapid intraoperative parathyroid
hormone assay, which facilitates complete excision of all
hyperfunctioning parathyroid tissue or alerts the surgeon to
further explore to achieve a successful parathyroidectomy.88

With this technology and skilled endocrine surgeons, mini-
mally invasive parathyroidectomy can be performed under
attended local anesthesia with same-day discharge, even in
elderly patients.89

Gains Afforded by Parathyroidectomy
The gains afforded by parathyroidectomy described in

the recent HRQL data focus attention on data that suggest that
PHPT increases risk for premature death, mainly from car-
diovascular disease and malignancy, and this increased risk
can be reversed by parathyroidectomy.22,90–92 Stefenelli et
al93 reported reversible left ventricular hypertrophy and de-
creased progression of calcification after successful parathy-
roidectomy. Palmer et al94 found increased mortality in pa-
tients with untreated hypercalcemia, probably of PHPT
origin. Increased survival following parathyroidectomy has
been reported in all age groups, including patients 75 years of
age and older.91

Further Study Is Needed, Particularly Among
the Elderly

The prevalence of PHPT increases with age; and while
the benefits of parathyroidectomy for PHPT with advanced
symptomatology are widely known, less is known about the
degree to which older adults with nonclassic symptoms ben-
efit from parathyroidectomy. Chigot et al95 conducted a

retrospective study of 78 patients over age 75 years (mean,
79.1 years) who had undergone neck exploration for PHPT
over a 15-year period and reported overall postoperative
mortality of 3.8%. Significant complications occurred in
3.8%, and the average length of postoperative stay was 4
days. Of 65 cases with follow-up data (mean, 3 years), 94%
reported an improvement in symptoms. The HRQL studies
discussed above were conducted in women and men in their
middle 50s to early 60s. Only Talpos et al67 reported HRQL
data on participants with mean age over 65 years. What is
known is that the older population is not readily referred for
surgical evaluation,24,96 even though “subclinical” or unrec-
ognized symptoms may be major contributors to disability
and functional decline in older adults with this disease. A
New Zealand study found that the delay between diagnosis
and referral for surgery for PHPT ranged from 8 days to 10
years, exceeding 2 years in 24% of patients.96 This study also
showed that those referred for surgical intervention tended to
have more severe disease. In a study conducted at Johns
Hopkins hospital, Chen et al24 found that PHPT patients older
than 70 years present with the most advanced disease, support-
ing the notion that elderly adults are referred for surgery later in
the disease process. The elderly also have a higher prevalence of
hypercalcemic crisis as a presenting diagnosis.24 Delay in re-
ferral for PHPT in the elderly means more severe parathyroid
disease and higher risk of functional impairments. Bony
fracture risks in patients with PHPT are significantly associ-
ated with increasing age and female gender and are threats to
functional status and HRQL. Bone density tends to improve
during the 1 to 2 years after successful parathyroidectomy,28

and it is logical to propose that functional risk would also be
reduced, especially if muscle strength and balance improve.97

Functional consequences of disease are one of the most
important issues faced by older people, researchers in aging,
and our society in general.98,99 Recent evidence has shown
that progression of functional impairment, particularly in
lower extremity function beyond certain threshold limits
indicates high risk for future loss of ability to live indepen-
dently in the community.100 New and more rigorous studies
must be developed to determine whether early treatment of
PHPT, including adults in their 60s and 70s, will reduce the
progression of disability in this growing population.
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