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Background: In children and adolescents, primary hyperparathyroidism (pHPT) is rare, associated with severe
morbidity, and has different clinical characteristics than in adults. The aimof this studywas to analyze differences
in clinical and laboratory characteristics between children and adolescents with pHPT.
Methods: A retrospective cohort study was conducted to analyze pHPT characteristics in young patients, who
have been operated at our institution. All patients were divided into two groups: group of patients ≤15 years
(children) and group of patients N15 and ≤20 years (adolescents).
Results:Out of 1363 pHPT patients surgically treated during the study period, 14 patients (1%)were younger than
20 years: 6 children and 8 adolescents.Male-to-female ratio in childrenwas 2:1, and in adolescents 1:1.7. Kidney
stones were found in 62.5% of the adolescents and in none of the children patients. Bone form of the disease was

the most frequent in children (in 83.1%), while in adolescents the kidney form was the most frequent (in 50%).
Only 16.7% of children and 25% of adolescents did not have classical symptoms. All adolescent patients had single
parathyroid adenoma, while 4 children patients had single parathyroid adenoma, one patient had hyperplasia,
and one had parathyroid carcinoma. Both preoperative serum calcium and PTH levels were higher in children
than in adolescents (3.87mmol/L vs. 3.17mmol/L; 812 ng/mL vs. 392 ng/mL, respectively). In all patients vitamin
D level was low. All patients had normal postoperative values of serum calcium and PTH.
Conclusion: There is a significant difference in clinical and biochemical characteristics between children and ad-
olescent pHPT patients. Therefore, these two groups should be analyzed and treated separately.
Type of Study: Retrospective comparative study.
Level of Evidence: Level III.

© 2019 Elsevier Inc. All rights reserved.
Primary hyperparathyroidism (pHPT) is rare and associatedwith se-
vere morbidity in children and adolescents. Current knowledge about
this topic is insufficient, since modern literature mostly offers case
reports or case series of patients with pHPT in youths and only one
meta-analysis dealing with comparison of biochemistry of pHPT
between youths and the adults exists [1,2].

Still, it is clear that pHPT in younger age group has different clinical
characteristics than in adults. In younger age group, almost all patients
have severe symptoms (kidney stones, skeletal abnormalities, acute
pancreatitis), as well as unspecific symptoms (nausea, fatigue,
abdominal pain) [3]. Due to the small number of cases of pHPT in pa-
tients of this age, children and adolescents have been observed together
[4–7]. Nevertheless, can we say that children and adolescents are the
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same regarding pHPT? Since the literature offers limited high quality
data regarding this issue, the aim of our studywas to analyze differences
of clinical and laboratory characteristics between children and adoles-
cents with pHPT.

1. Material and methods

Retrospective cohort study was conducted to analyze children and
adolescent pHPT patients younger than 20. All patients have been oper-
ated due to pHPT from January 1st, 2004 to December 31st, 2017 at the
Center for Endocrine Surgery, Clinical Center of Serbia, Belgrade. Data of
interest were extracted from patients' charts and data base imple-
mented in everyday work, and obtained by personal contact, as well.

All patients were divided into two groups: group of patients
≤15 years (children) and group of patients N15 and ≤20 years (adoles-
cents). In our country, children are considered as not older than
15 years, and they are treated in children hospital.
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Table 1
Demographic and clinical characteristics of children and adolescent pHPT patients.

Children
[6]

Adolescents
[8]

p
Value

Sex, male, n (%) 4 (66.7%) 3 (37.5%) 0.287
Form of the disease

Familiar, n (%) 1 (16.7%) 0
0.238

Sporadic, n (%) 5 (83.3%) 8 (100%)
Type of the disease

Kidney, n (%) 0 4 (50%)

0.048
Bone, n (%) 5 (83.3%) 1 (12.5%)
Mixed, n (%) 0 1 (12.5%)
Asymptomatic, n (%) 1 (16.7%) 2 (25%)

Kidney stones, n (%) 0 5 (62.5%) 0.015
Fractures, n (%) 3 (50%) 2 (25%) 0.334
Surgery

Parathyroidectomy No 1, n (%) 4 (66.6%) 8
0.211Subtotal parathyroidectomy, n (%) 1 (16.7%) 0

En bloc resection, n (%) 1 (16.7%) 0
Histology findings

Adenoma, n (%) 4 (66.7%) 8 (100%)
0.211Hyperplasia, n (%) 1 (16.7%) 0

Carcinoma, n (%) 1 (16.7%) 0
Weight of parathyroid tissue, mg ± SD
(min-max)

3520 ± 1776.8
(2000–6000)

2375 ± 3326.8
(200–10,000)

0.497

Concomitant thyroid pathology
Yes, n (%) 0 1 (12.5%)

0.369
No, n (%) 6 (100%) 7 (88.5%)

Serum calcium level, mmol/L ± SD
(min-max)

3.87 ± 0.96
(2.52–5.28)

3.17 ± 0.36
(2.80–3.80)

0.079

Serum phosphate level, mmol/L ± SD
(min-max)

0.95 ± 0.08
(0.88–1.04)

0.73 ± 0.18
(0.38–0.99)

0.090

PTH level, ng/L ± SD (min-max) 812.6 ± 689.6
(130–2000)

392.5 ± 319.6
(150–1000)

0.151

Vitamin D ng/mL ± SD (min-max) 39.5 ± 30.8 23.0 ± 14.9 0.334
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All patients were operated by experienced endocrine surgeons, with
more than 10 years of practice. Open focused approach was used for all
the patients, except for patients with possible multiglandular disease,
when bilateral open exploration was performed. Open focused
approach implies that if parathyroid adenoma is well located, direct
preparation and extirpation will be performed, without additional dis-
section; bilateral open exploration implies exploration of both glands
on each side. Standard practice at our institution is that every pHPT
patient must have preoperative MIBI scan and neck ultrasound. If
there is an undoubted single adenoma, open focused parathyroidec-
tomy will be performed. If there is a suspicious multiglandular disease,
both glands at the same side will at least be explored, and if the other
parathyroid glands aren't enlarged, extirpation of single parathyroid
adenoma will be performed.

There were no additional exclusion criteria. Study was approved by
the Ethical Committee of School of Medicine, University of Belgrade.

The following data were collected: sex, age, preoperative PTH, cal-
cium, phosphate and vitamin D serum level, concomitant thyroid disease,
type of pHPT (bone form, kidney form,mixed form, asymptomatic), pres-
ence of familiar pHPT, concomitant thyroid pathology, number and
weight of extirpated parathyroid glands, histopathology findings, postop-
erative PTH, calcium and phosphate serum level, surgical complications,
postoperative follow up.

For statistical analysis software SPSS, version 20.0 (SPSS, Chicago, IL,
USA) was used. Descriptive statistic methodswere used for all variables
in the study. Continuous variables are presented as means with
standard deviation or medians with ranges, analyzed by Student t-test
or the Wilcoxon sum rank test. Categorical variables are presented as
numbers (n) with percentages (%) and were compared using the
Pearson's chi-square test and Fisher exact test.
(14.3–73.8) (4.01–40.5)
Serum calcium 1st POD, mmol/L ± SD,
(min-max)

2.54 ± 0.55
(1.94–3.14)

2.35 ± 0.13
(2.25–2.60)

0.554

Serum phosphate 1st POD,
mmol/L ± SD, (min-max)

0.86 ± 0.29
(0.58–1.04)

0.95 ± 0.33
(0.47–1.56)

0.679

PTH level 1st POD, ng/L ± SD
(min-max)

11.4 ± 11.1
(4.85–28)

29.3 ± 39.8
(4–117)

0.411

POD, postoperative day.
2. Results

Within study period, a total of 1363 patients have been operated due
to pHPT, out of which 14 patents (1%) were younger than 20: 6 patients
were children and 8 were adolescents. Average age at the time of
surgery was 16.3 ± 2.8. The youngest patient was 10 years old.

Male-to-female ratio in the children group was 2:1. On the other
hand, the adolescent group had more girls, with male-to-female ratio
1:1.7 (Table 1). This difference was not statistically significant. There
was only one 10-year-old boy with familiar pHPT (MEN 1 syndrome).

These two groups were significantly different according to the type
of the disease. The most common type of pHPT in children was bone
form (in 83.1%) and kidney form in adolescents (in 50%), (p = 0.048).
Kidney stones were found in 62.5% of adolescents, and none of them
were found in the children's group (p = 0.015). On the other hand,
half of the patients in the children's group had bone fractures, while
those were present in only 25% of adolescents (p= 0.334). Asymptom-
atic form of pHPT was noted in only one child (16.7%) and in two
adolescents (25%) (p = 0.048).

Extirpation of a single parathyroid adenoma was performed in all
adolescent patients and in 66% of children. A subtotal parathyroidec-
tomy has been made in a child with parathyroid hyperplasia (MEN I
syndrome), and en-bloc resection in one case of parathyroid carcinoma.
Mean total weight of extirpated parathyroid tissue was 3520 ±
1776.8 mg in children's group and 2375 ± 3326.8 mg in adolescents'
group (p = 0.497).

Mean preoperative serum calcium level in children and adolescents'
groups were 3.87± 0.96mmol/L and 3.17± 0.36mmol/L, respectively,
but this difference was not statistically significant. The highest value of
preoperative serum calcium was 5.28 mmol/L in children's group.
Also, there was no statistically significant difference in preoperative
phosphate level (Table 1). Although mean preoperative value of PTH
was more than twofold higher in children's group than in adolescents
(812.6 ± 689.6 ng/L and 392.5 ± 319.6 ng/L, respectively), this
difference was not statistically significant due to the small number of
patients. In all patients vitamin D level was low.

All patients had PTH and serum calcium levels within the referent
range on thefirst postoperative day,with nodifference between groups.
There were no surgical complications.

Only one patient from the adolescents' group had thyroid pathology
that required surgery (benign colloid adenoma). Also, one patient from
children's group with parathyroid carcinoma had ipsilateral thyroid
lobectomy, but without thyroid pathology.

3. Discussion

Nowadays, parathyroid pathology is more common and more often
diagnosed in adults. Although it is still rare in children and adolescents
(2–5 cases in 100,000), there is an increasing trend of diagnosed and
treated patients in these age groups [1]. The chances are that due to
the unspecific symptomatology children and adolescent pHPT patients
are being misdiagnosed, so the symptoms are revealed and treated
later in life, when children become adults.

We have explored differences between children and adolescent
pHPT patients who have undergone parathyroidectomy.

As well as with other endocrine diseases, pHPT in adults is far more
often in females than in males, with female-to-male ratio 3–4:1 [8].
However, results of studies which have dealt with pHPT in youths are
not consistent regarding sex predominance. Some of the studies found
that pHPT in this age group is more common in females [3,9,10], while
other authors stated the opposite [11,12]. Still, the results of meta-
analysis conducted by Roizen et al. found no significant difference
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regarding gender in youth pHPT patients [1,13]. Therefore, it seems that
there is a changing trend of female-to-male ratio in pHPT patients with
younger age, so that females are less affected. This trend is proven by
our study: female-to-male ratio in adolescents was 1.7:1, and in
children was 1:2.

Results of our study reveal that children had higher levels of PTH
and serum calcium preoperatively. Levels of serum calcium and
phosphorus are higher in healthy children than in healthy adults,
therefore different referent ranges should be established [14]. Addi-
tionally, the level of 24-h urinary calcium is higher in healthy
children. The most probable explanation for this might be increased
bone development and calcium turnover in this age. Meta-analysis of
Roizen et al. found higher values of serum and urinary calcium in
children and adolescents compared to adults with similar PTH
level. Also, similar to our study, in this meta-analysis there was no
significant difference in parathyroid adenoma weight. Possible
reason for this might be that target organs (kidney, bones and intes-
tines) are more sensitive to PTH action in younger age, with less
efficient negative feedback of calcium to parathyroid adenoma in
pHPT [1,3,15].

The presence of symptoms in our study is significantly different
between the groups: the most predominant type of the disease in chil-
dren was bone and in adolescents’ kidney type. Furthermore, only one
patient from children's group and two patients from adolescents'
group were asymptomatic. Literature findings are in concordance with
our study: most of the children and adolescents with pHPT are symp-
tomatic at the time of the diagnosis contrary to adults, who are mostly
asymptomatic, according to nowadays cohorts [9,14]. Greatermorbidity
and end-organ damage are present in children and adolescents than in
adults with pHPT. This might be due to the lack of routine biochemical
analyses in juvenile age. Therefore, the diagnosis of pHPT in children
and adolescents is usually made during examination of symptoms or
end-organ damage. Prior to 1970s, when routine calcium screening
was introduced, almost all adult pHPT patients were also symptomatic.
On the other hand, the decrease in percentage of symptomatic pHPT in
adults is not just due to the earlier diagnosis, but because there is also an
increasing number of diagnosed pHPT patients discovered in asymp-
tomatic phase, by routine calcium screening [16]. Symptoms of pHPT
(bone pain, polydipsia, polyuria, fatigue, nausea, weight loss, etc.) are
very unspecific, especially in children, and can be the onlymanifestation
of pHPT. This delay of diagnosis leads to organ damage and juvenile
pHPT patients are usually seriously ill. According to our previous
study, kidney stones are present in 45.1% of adult pHPT patients, similar
to 62.5% of adolescent patients from this paper [17]. Also, PTH and
calcium levels of adolescent pHPT patients are closer to adults than to
children.

Thyroid pathology that requires surgery is uncommon in youth and
becomes more frequent with age. Only one adolescent pHPT patient
(12.5%) had concomitant thyroid pathology, while none was found in
children. As we reported in our previous paper regarding concomitant
thyroid and parathyroid diseases, pHPT patients had concomitant
thyroid disorders that required surgery in 26.4%. Therefore, when it
comes to thyroid pathology, adolescent pHPT patients are more like
adults than children [17].

The biggest single center study which analyzed pHPT in youths was
fromMayo Clinic in Rochester, USA [9]. In this study, Kollars et al. found
52 patients younger than 19, during a 30 years period (1970–2000),
who have undergone parathyroid resection for pHPT. Female-to-male
ratio was 3:2, 79% of patients were symptomatic and 44% had end-
organ damage. As well as in our study, very high percentage of symp-
tomatic pHPT patients was reported. Solving of hypercalcemia was
accomplished in 94% of cases. They have concluded that diagnosis of
pediatric pHPT is usually delayed, with severe morbidity. Therefore,
parathyroid surgery is effective and represents a treatment of choice
for pHPT in young patients.

The main limitation of our study is a relatively small sample size, so
many differences between children and adolescents could not be statis-
tically proven. Still, since pHPT in youths is very rare and there is no sin-
gle center with great experience, only a larger multicentric study can
provide more information.

4. Conclusions

There is a significant difference in clinical and biochemical char-
acteristics between children pHPT patients (≤15 years of age) and
adolescent pHPT patients (between 16 and 20 years of age), and
hence they should be analyzed and treated separately. Clinical char-
acteristics of adolescent pHPT patients are more likely than in adults,
and children pHPT is a distinct clinical entity. Almost all pHPT pa-
tients at this age are seriously ill and this should be kept in mind,
even in patients with unspecific symptoms. Parathyroid surgery is
effective, with few complications, if it is performed by the experi-
enced endocrine surgeon.
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