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High parathyroid hormone levels after parathyroidectomy
for parathyroid adenoma are not related to the cellularity
of the remaining glands
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Abstract

Background: Patients with primary hyperparathyroidism (PHPT) treated surgically

occasionally have normalized calcium, but persistently high parathyroid hormone

(PTH). We hypothesized that a possible explanation for this phenomenon is an

underlying hyperplasia rather than adenoma.

Methods: Retrospective cohort of patients who underwent parathyroidectomy for

PHPT with biopsy of a normal-appearing parathyroid gland were included. Cellularity

level of each biopsy and of the adenoma's rim was determined.

Results: Forty-seven patients were included. Of them, 19 (40%) had postoperative

normocalcemia but elevated PTH. There was no correlation between cellularity either

in the rim or of the normal-appearing parathyroid gland and postoperative PTH. The

postoperative high PTH group had higher preoperative PTH (P = 0.001) and larger

adenomas (P = 0.025).

Conclusions: High PTH levels after successful parathyroidectomy in patients with pri-

mary hyperparathyroidism do not appear to result from underlying hyperplasia. A

possible alternative explanation is that these patients have a higher preoperative bur-

den of disease.
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1 | INTRODUCTION

Primary hyperparathyroidism (PHPT) is diagnosed by an elevated

parathyroid hormone (PTH) concentration in patients with hypercalce-

mia and hypercalciuria. Its most common clinical presentation is

asymptomatic hypercalcemia.1 It is recommended that patients with

symptomatic PHPT (nephrolithiasis, symptomatic hypercalcemia) have

parathyroid surgery, which is the only definitive therapy.2,3 In some

patients with asymptomatic disease, surgery is not mandatory. How-

ever, this is disputed as some claim that a truly asymptomatic PHPT

patient is quite rare.4 Whereas most asymptomatic patients do not

exhibit disease progression, as defined by worsening hypercalcemia,
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hypercalciuria, bone disease, and/or nephrolithiasis,5 some individuals

do progress and would benefit from surgery.6,7

Single adenomas account for up to 80 to 85% of cases of primary

hyperparathyroidism.8,9 They are usually encapsulated, and 50% are

surrounded by normal parathyroid tissue.10 The resultant hyperpara-

thyroidism is characterized by abnormal regulation of PTH secretion

by calcium. However, the secretion in this condition is not completely

autonomous and can usually be partially inhibited by a further rise in

serum calcium.11

Parathyroid hormone may remain elevated in patients who are

cured, achieving eucalcemia after parathyroidectomy of the enlarged

gland. This phenomenon occurs in 8 to 40% of patients after curative

parathyroidectomy12 and may not indicate operative failure.13

The significance of elevated PTH postoperatively is not yet fully

understood. It can be due to a vitamin D deficiency, hungry bone syn-

drome, inadequate calcium intake, vitamin D end-organ resistance,

renal insufficiency with impaired vitamin D activation, primary hyper-

calciuria, or hypercalciuria due to the use of loop diuretics such as

furosemide.14

We observed that in some patients who underwent successful

parathyroidectomy (=postoperative eucalcemia) and a biopsy from a

normal-appearing parathyroid gland during surgery, the final pathol-

ogy was that this healthy-appearing parathyroid sample was hyper-

cellular. Thus, we hypothesized that inadequate reduction of PTH

levels after a successful parathyroidectomy of adenoma may be due

to hypercellularity (=hyperplasia) of the remaining healthy parathyroid

glands. Parathyroid hyperplasia is defined microscopically as a hyper-

cellular lesion, with a heterogeneous population of proliferating cells

and a reduction of stromal adipocytes. As opposed to parathyroid

adenoma, which is characterized by a lesion confined to a single gland,

hyperplasia usually involves more than one gland.15 In this study, our

aim was to investigate the association of elevated PTH after a suc-

cessful excision of parathyroid adenoma and hypercellularity of the

remaining glands.

2 | MATERIALS AND METHODS

2.1 | Study design

Our study conforms to recognized standards according to the Decla-

ration of Helsinki, was approved by the Soroka University Medical

Center Biomedical Ethics Committee (Study number 0016-18-SOR),

and was a single-center investigator-initiated retrospective cohort

study. We were exempted from informed consent according to the

protocol because the study was retrospective.

The study population comprised patients who had undergone

parathyroidectomy D/T PHPT at the Department of Otolaryngology –

Head and Neck Surgery at Soroka Medical Center between the years

2008 and 2018. We included men and women >18 years old who had

undergone successful parathyroidectomy of their adenoma and had,

in addition, a histologic biopsy evaluation taken from a healthy-

appearing gland during the surgery. For the surgery to be considered

successful, their calcium level had to be below the upper level of

normal laboratory levels (lower than 10.5 mg/dL) from 1 week after

surgery (occasionally it takes a few days for the calcium to drop) and

for at least 2 years postsurgery. An immediate postoperative drop in

PTH and a histopathological confirmation of a hypercellularity of the

suspected gland are also necessary. Patients were categorized

according to postsurgical PTH levels: those with lower PTH levels

postsurgery than before surgery, but still above the upper level of nor-

mal (>72 pg/mL) were compared with patients with normalized PTH

levels (<72 pg/mL) after surgery.

Prior to surgery, patients with PHPT underwent adenoma locali-

zation using both ultrasound and Technetium (99mTc) sestamibi. If in

both modalities, results were concordant, then surgery was directed

only to that side; otherwise, four gland exploration was performed.

Our routine was that during surgery the enlarged parathyroid was

identified, and a search was performed to assess another parathyroid

gland on the same side to confirm an adenoma as opposed to hyper-

plasia. The enlarged parathyroid was sent for frozen sectioning for

confirmation. If the second parathyroid was also enlarged, then a for-

mal four gland exploration was performed to assess hyperplasia rather

than a single adenoma. However, if the second parathyroid appeared

normal, then an incisional biopsy from the normal-appearing parathy-

roid was obtained. In most cases, an intraoperative PTH (IoPTH) assay

was performed.

2.2 | Data collected

Using a computerized database network from Soroka Medical Center,

we collected patients' data. Demographic data included age at the

time of surgery, gender, and ethnicity. Clinical data included chronic

diagnoses and medications, all available results of PTH, calcium, phos-

phorus, albumin, vitamin D, creatinine, and alkaline phosphatase levels

taken both before after surgery. When more than one test was avail-

able, we used the mean value of all tests of the specific period. IoPTH

measurements are lacking in the data collected for most of the

patients, thus are not included in the analysis. Medical imaging data

included the size of the enlarged gland via ultrasound, as measured by

the radiologist performing the scan and the Tc (99mTc) sestamibi

result (positive or negative) were collected when available. Hospitali-

zation data included date of admission, date of surgery, details about

the procedure, and outcomes. Finally, histological findings of the para-

thyroid adenoma and of the normal-appearing parathyroid gland, size

and weight of the parathyroid adenoma, and pathological reports with

diagnosis.

A senior pathologist (BD) examined each biopsy slide of healthy

parathyroid glands. Then she ranked each biopsy according to its level

of cellularity (%), assessed from hematoxylin and eosin-stained tissue

sections as the ratio of parathyroid cells compared to the whole tis-

sue, including fat cells and stroma, a standard practice in pathol-

ogy.16,17 We also examined the parathyroid tissue surrounding the

adenoma and ranked its cellularity similarly. The level of cellularity

relates to the relative percentage of parathyroid cells in the sample,
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such that the more parathyroid cells there are in the biopsy, the more

cellular the biopsy is defined. The cut-off for hyper cellularity was

defined as >50%. Hypercellular normal-appearing glands did not

change the intraoperative decision making or the further manage-

ment, as this is not an accepted approach and there is no supporting

evidence for it in the literature.

2.3 | Statistical analysis

Due to the change in PTH levels with the progression of time

postsurgery, we examined the population during four time

periods: 1 week to 2 months, 2 months to 6 months, 6 months to

2 years, and over 2 years after surgery. Mean PTH levels were cal-

culated at all times when available beginning 1 week postsurgery.

Lab results were calculated as the mean level of all available

results in the specified time period. Continuous variables were

presented as the median [interquartile range (IQR)], and categori-

cal variables were presented as the frequency and percentages. In

a univariate analysis, we compared demographic and clinical char-

acteristics between the two groups of the study for normal and

high PTH postsurgery. For our primary outcome (cellularity of the

adenoma and around the adenoma) and for other continuous vari-

ables, we used a Mann-Whitney test. Categorical variables were

compared with a chi-square or Fisher's exact test.

To illustrate the association between weight and size of the para-

thyroid gland and PTH levels, a graph stratified by time periods is

presented. Furthermore, to illustrate the association between mean

PTH levels and high\low cellularity (cut-off defined as 50%), we pre-

sent a box plot.

All P-values are based on a 2-tailed test of significance, with a P-

value < 0.05 considered as significant. All statistical analyses were

conducted using SPSS version 2.5 (SPSS Inc., Chicago, IL).

3 | RESULTS

Between 2008 and 2018, 289 patients underwent parathyroidec-

tomy. Of them, 77 had more than one parathyroid excised or

biopsied. Nineteen were excluded from the study because of multi-

glandular disease, as observed either before or during surgery; six

were excluded because of secondary hyperparathyroidism; and

three were excluded because the samples were not taken from the

same surgery, but from different surgeries. Moreover, one patient

was excluded because the adenoma or hypercellular gland was not

found in the histological evaluation and another because of surgical

failure (persistent hypercalcemia postsurgery). Hence, the study

included 47 patients (demographics and lab results are shown in

Table 1) who underwent parathyroidectomy due to parathyroid

adenoma, confirmed by pathological diagnosis, and who had had a

biopsy of at least one additional parathyroid gland. Of them,

for 28 patients a nonadenomatous rim of parathyroid tissue was

identified. As seen in Table 1, the median cellularity of both the

normal-appearing parathyroid gland and of the normal parathyroid

rim surrounding the adenoma was 60% (IQR 50, 70). However,

interestingly there was no correlation between the cellularity of the

parathyroid rim and of the normal-appearing gland (Spearman cor-

relation Rs = 0.13, P = 0.49).

Tables 2 and 3 and S1-S4, Supporting Information show compari-

sons of the different parameters between high and low PTH, as mea-

sured during the specified time frame after surgery.

Tables 2 and 3 show a division of all 47 patients according to their

average PTH level in the period beginning 1 week after surgery, with

19 patients having high mean PTH. When comparing high to low PTH

at different time frames after surgery, the only consistent significant

association found was that patients with high postoperative PTH, had

larger adenomas (measured by the pathologist) and a higher preopera-

tive PTH. Similarly, there was no correlation between the cellularity

level of the nonadenomatous rim of the parathyroid adenoma and the

postoperative PTH levels (Table S5). Figure 1 shows no difference of

mean PTH levels after surgery in low vs high cellularity levels of the

biopsied gland. A difference in the size of parathyroid adenoma by

TABLE 1 Characteristics of the study population

Demographic characteristics

Age, median (IQR), years 55 (45, 61)

Gender, N male % 12 (25.5%)

Ethnicity, N Jewish % 38 (80.9%)

Clinical characteristics

PTH before surgery, median (IQR), pg/mL 231 (115, 257)

Ca before surgery, median (IQR), mg/dL 11.21 (10.7, 11.7)

P before surgery, median (IQR), mg/dL 2.78 (2.47, 3.1)

Vitamin D before surgery, median

(IQR), nmol/L

54.5 (41.2, 70)

PTH mean after surgery, median

(IQR), pg/mL

59.47 (42.6, 81.5)

Ca mean after surgery, median

(IQR), mg/dL

9.45 (9.24, 9.62)

P mean after surgery, median

(IQR), mg/dL

3.65 (3.25, 3.92)

Vitamin D mean after surgery, median

(IQR), nmol/L

60 (48.13, 72.8)

Size of enlarged parathyroid by US,

median (IQR), mm

12 (9, 17)

Tc sestamibi, N positive, % 33 (70.2%)

Cellularity of normal-appearing

parathyroid, median (IQR), %

60 (50, 70)

Cellularity around adenoma, median

(IQR), %

60 (50, 70)

Size of enlarged parathyroid sample on

pathology, median (IQR), cm

1.5 (1, 2)

Weight of enlarged parathyroid sample

on pathology, median (IQR), g

0.6 (0.4, 1.33)

Albumin, median (IQR), g/dL 3.9 (3.6, 4.3)

Abbreviation: IQR, interquartile range.
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ultrasound; Tc sestamibi result; or mean vitamin D, calcium, and

phosphorus levels was not found between the postoperative high

and normal PTH levels. In addition, a difference in demographic charac-

teristics (age, gender, ethnicity) between the high and normal postopera-

tive PTH was also disproven (Tables 2 and S1-S4 and Figures S1 and S2).

A correlation between age and cellularity of the biopsied glands was also

ruled out (Rs = �0.159, P-value = 0.28).

This study included 12 men and 35 women. When comparing

gender, there was no difference in any clinical characteristic

except for higher weight of adenomas in the male population

TABLE 2 Comparison of
demographic characteristics of patients
with normal mean PTH versus high mean
PTH 1 week and further on from surgery

Normal PTH N = 28 High PTH N = 19 P-value

Age, median (IQR), years 55.5 (45.7, 65.5) 54 (42, 61) 0.37

Gender, N male (%) 8 (28.6%) 4 (21.1%) 0.73

Ethnicity, N Jewish (%) 24 (85.7%) 14 (73.7%) 0.45

Abbreviation: IQR, interquartile range.

TABLE 3 Comparison of clinical characteristics of patients with normal mean PTH versus high mean PTH 1 week and further on from surgery

Normal PTH N = 28 High PTH N = 19 P-value

Cellularity of normal-appearing parathyroid,

median (IQR), %

60 (50, 70) 60 (50, 75) 0.45

Cellularity around adenoma, median (IQR), % 60 (50, 70) 65 (60, 70) 0.25

Size of parathyroid by US, median (IQR), mm 12 (7.6, 15.7) 12 (10, 23) 0.4

Size of parathyroid in pathology, median (IQR), cm 1.4 (1, 1.6) 1.9 (1.4, 3) 0.025

Tc sestamibi, N positive (%) 17 (60.7%) 16 (84.2%) 0.11

Weight of parathyroid, median (IQR), g 0.5 (0.3, 1.1) 0.8 (0.6, 2.3) 0.065

Albumin at surgery, median (IQR), gr/dL 3.9 (3.6, 4.3) 3.9 (3.6, 4.2) 0.72

PTH before surgery, median (IQR), pg/mL 133 (90, 210) 223 (189, 336) 0.001

Mean vitamin D level one week and onward from

surgery, N low (<50 nmol/L, %)

9 (37.5%) 4 (23.5%) 0.49

Mean Ca level 1 week and onward from surgery, N

low\normal (%)

28 (100%) 19 (100%)

Mean P level 1 week and onward from surgery,

N-Normal (%)

27 (100%) 18 (94.7%) 0.41

Abbreviation: IQR, interquartile range.

F IGURE 1 Mean PTH (pg/mL)
postsurgery in low (<50%) versus high
(>50%) cellularity level of apparently
normal parathyroid biopsies
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(1.7 [IQR 0.65, 2.1] vs 0.6 [IQR 0.3, 1.05] g, respectively,

P-value = 0.014; Table S6).

Following are examples of three patients, including brief demo-

graphic and clinical information. Each of them had a different cellular-

ity level of the apparently normal parathyroid gland as demonstrated

in the histologic slides below.

Patient A, a 56-year-old female of Jewish origin, had a para-

thyroidectomy in 2015 due to osteoporosis and symptoms of leg

pain, polyuria, and polydipsia. Before surgery, the size of the

enlarged parathyroid was evaluated by ultrasound to be 9 mm,

and the Tc sestamibi result was negative. During surgery, a

10-mm, 0.2 g parathyroid gland was excised. The patient's calcium

level decreased from 11.7 mg/dL before surgery to 10 mg/dL a

month postsurgery and remained in the normal range (defined as

8.5-10.5 mg/dL) during 2 years of follow-up. Her phosphorus level

increased from 2.9 mg/dL before surgery to 4.1 mg/dL in the

following month and continued to be normal thereafter. Vitamin D

level (normal range defined as 50-100 nmol/L) was 79 nmol/L

3 months before surgery and 101 nmol/L a year-and-a-half post-

surgery. PTH level (normal range defined as 14-72 pg/mL) normal-

ized from 172.2 pg/mL 3 months before surgery to 45.3 pg/mL a

month later and remained in the normal range during 2 years of

follow-up. In a biopsy of other apparently normal glands, we esti-

mated the cellularity level as 70%, meaning it was hypercellular

(see Figure 2). The cellularity level of the parathyroid tissue sur-

rounding the adenoma was also estimated as 70%.

Patient B, a 49-year-old female of Bedouin origin, had a parathy-

roidectomy in 2015 due to osteoporosis and symptoms of tiredness,

bone pain, and polyuria. Before surgery, the size of the enlarged para-

thyroid was evaluated by ultrasound to be 25 mm, and the Tc

sestamibi result was negative. During surgery, a 30-mm, 1.8 g para-

thyroid gland was excised. The patient's calcium level decreased from

11.1 mg/dL before surgery to 8.2 mg/dL a month later and remained

in the normal range for a year-and-a-half of follow-up. Her phospho-

rus level was 2.6 mg/dL before surgery, increasing to 3.3 mg/dL in

the next month and remaining elevated for a year-and-a-half of

follow-up. Her vitamin D level was 44 nmol/L, a month before sur-

gery, 63 nmol/L 4 months after surgery, and decreased after 3 years

of follow-up. PTH level decreased from 257.8 pg/mL a month before

surgery to 78.2 pg/mL a month later, and returned to a normal range

after 3 years of follow-up. In a biopsy of other apparently normal

glands, we estimated the cellularity level as 40%, meaning hypo-

cellularity (see Figure 3). The cellularity level of the parathyroid tissue

surrounding the adenoma was estimated as 30%.

Patient C, a 49-year-old male of Bedouin origin, had a parathy-

roidectomy in 2016. He was asymptomatic, and the indication for

surgery was his age (<50 years). Before surgery, the size of his

enlarged parathyroid was evaluated by ultrasound to be 10 mm, and

the Tc sestamibi result was positive. During surgery, a 15 mm, 0.8 g

parathyroid gland was excised. The patient's calcium level decreased

from 11.9 mg/dL a month before surgery to 9.6 mg/dL 2 weeks

afterward, and remained normal in more than 2 years of follow-up.

His phosphorus level increased from 3.5 mg/dL a month prior to

F IGURE 2 Patient A (see text): Parathyroid tissue from an
incisional biopsy of a normal-appearing parathyroid showing
parathyroid tissue with mild hyper cellularity of ~70%. Hematoxylin-
eosin stain, original magnification �20

F IGURE 3 Patient B (see text): Parathyroid tissue from an
incisional biopsy of a normal-appearing parathyroid showing
parathyroid tissue with mild hypocellularity of ~40%. Hematoxylin-
eosin stain, original magnification �20
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surgery to 4.1 mg/dL 2 weeks later, and remained elevated for more

than 2 years of follow-up. Vitamin D was 60 nmol/L a month before

surgery, remained similar in the following 2 weeks afterward, and

was in the normal range for more than 2 years of follow-up. PTH

level reduced from 213.8 pg/mL 3 months before surgery to

90.6 pg/mL 2 weeks later, and decreased to normal during a follow-

up of more than 2 years. In a biopsy of other apparently normal

glands, we estimated the cellularity level as 50% (see Figure 4). How-

ever, the cellularity level of the parathyroid tissue surrounding the

adenoma was estimated as 80%, meaning it was hypercellular (see

Figure 5).

There was no recurrence of PHPT for patients included in

this study.

4 | DISCUSSION

This study assessed the correlation between high PTH after successful

parathyroidectomy (long-term normal postsurgical calcium levels) and

different demographic and clinical characteristics, especially cellularity

level of the remaining parathyroid glands.

Contrary to our hypothesis, there was no correlation between the

cellularity of the normal-appearing parathyroid glands and the para-

thyroid tissue surrounding the adenoma with PTH levels after surgery.

This indicates that cellularity cannot be relied upon as a marker for

elevated postoperative PTH levels in the presence of normal serum

calcium and that an alternative explanation should be sought for this

phenomenon. Some surgeons believe that if during surgery a parathy-

roid is observed and it is difficult to decide whether to resect it, it may

be possible to send a biopsy for frozen sectioning, and if it is hyper-

cellular, then they believe that a resection is appropriate. In the litera-

ture, we could find no support for this conduct, and we believe that

our findings are discordant with it since, as was shown, many patients

with a normal-sized parathyroid, but with hypercellular tissue left in

situ did not have any medical consequences, as evidenced by normal

PTH and calcium levels.

Also, the fact that we did not find a correlation between the cellu-

larity level of the parathyroid tissue surrounding the adenoma and

that of a normal-appearing parathyroid gland indicates that we cannot

conclude the cellularity level in other parathyroid glands based on the

pathological analysis of only the resected adenoma. We thought that

possibly the difference in cellularity of the normal parathyroid can be

explained by age however we did not find such a correlation

(Rs = �0.159, P-value = 0.28), similar to previous studies.17

Similar to previous studies, we found a correlation of pre-

operative PTH levels with tumor dimensions18 and postoperative PTH

levels were also correlated with tumor dimensions, as shown previ-

ously.19 In addition, we found a gender correlation with the weight of

the adenoma, as men had heavier adenomas compared to women, as

mentioned in other studies.20

Schneider et al. suggested that a higher postoperative PTH was

significantly associated with disease recurrence.21 This analysis com-

prised 1386 cases. Perhaps a comparatively small sample size in the

present study explains the different findings.

Among the etiologies proposed for the phenomenon of

normocalcemic-elevated hyperparathyroidism in the literature are

physiological variation in the PTH due to relative postoperative hypo-

calcemia, vitamin D deficiency, a drop in the glomerular filtration rate

(GFR), altered calcium-sensing receptors in the remaining glands lead-

ing to a higher set point for PTH secretion, reduced peripheral sensi-

tivity to PTH, and renal calcium leakage.19 A statistically significant

correlation between PTH postsurgery and other demographic or clini-

cal characteristics, including vitamin D, calcium, and phosphorus

levels, was not found in our study.

We believe that our findings are best explained by the hypothesis

of the creation of resistance or decreased sensitivity to PTH due to

the prolonged period of hyperparathyroidism, which results in

changes at the PTH receptor or postreceptor level. As a result, after

F IGURE 4 Patient C (see text): A hypercellular (80%) rim of
parathyroid at the top of the image, surrounding a parathyroid
adenoma. Hematoxylin-eosin stain, original magnification �20

F IGURE 5 Patient C (see text): Parathyroid tissue from an
incisional biopsy of a normal-appearing parathyroid showing
parathyroid tissue with cellularity of ~50%. Hematoxylin-eosin stain,
original magnification �20
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parathyroidectomy, the patient maintains a higher PTH level than nor-

mal to maintain a normal calcium level. This explains the fact that the

patients with larger tumors and a higher PTH tended to be those with

a high PTH after surgery.

This study has several limitations. First, there is no prior research

on the relationship between PTH levels postsurgery and the cellular-

ity level of biopsies from healthy glands. Also, unfortunately, only

one additional gland was biopsied in many of the cases, leaving the

cellularity of the remaining glands that were not biopsied unknown.

This limits interpretation of the results. In addition, some blood

test results of the patients included in this study are lacking due to

partial adherence to follow-up. IoPTH values are also unavailable,

preventing an interesting comparison of %IoPTH drop between the

groups. Additionally, a 24-hour urine test after surgery was not per-

formed, may shed additional light on the high PTH phenomena, and

should be addressed in future studies. Furthermore, due to the lim-

ited number of biopsies taken from healthy glands during parathy-

roidectomy in recent years, we were able to gather a sample size of

only 47 patients, which is relatively small. Thus, future study of more

patients is necessary.

5 | CONCLUSIONS

It appears that high PTH levels after successful parathyroidectomy in

patients with primary hyperparathyroidism are not the result of hyper-

cellular parathyroid glands that were not resected. Other factors

should be further investigated.
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