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Introduction

Secondary hyperparathyroidism
(SHPT) is an adaptive response to
chronic renal failure and the asso-
ciated disruptions of calcium,
phosphate, and vitamin D home-
ostasis. Due to chronic overstimu-
lation, excessive parathormone
(PTH) secretion and hyperplasia
of the parathyroid glands occurs.
Initially, this hypersecretion com-
pensates for the ongoing elec-
trolyte disorders, but it causes
bone destruction and variable
organ dysfunction in long-term
hyperparathyroidism. To avoid
severe skeletal and non-skeletal

complications, adequate treatment
is necessary.1

Medical options include the
restriction or chelation of phos-
phate; supplementation of calci-
um, vitamin D, or its derivates;
and calcimimetics. Despite recent
therapeutic advances, severe
secondary  hyperparathyroidism is
often refractory to medical treat-
ment and necessitates parathy-
roidectomy. The surgery is prima-
rily performed in symptomatic
patients with markedly elevated
and insuppressible serum PTH
values.2-5 Parathyroidectomy has
positive effects on the bio -
chemistry and symptoms, and it

has been proven to be the most
successful treatment for advanced
SHPT.6-8

Subtotal parathyroidectomy,
the complete removal of three
parathyroid glands and subtotal
removal of the fourth, and total
parathyroidectomy with auto-
transplantation, the re-implanta-
tion of a piece of parathyroid tis-
sue in the sternocleidomastoid
muscle or forearm, are considered
equivalent procedures with low
morbidity and low recurrence/per-
sistence rate.9-11 The purpose of the
surgery is to leave only a small
portion of parathyroid tissue and
obtain a normal or low serum PTH
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level. Subtotal resection probably
ensures better viability of the rem-
nant, but it makes re-intervention
more difficult. 

The aim of this study was to
summarize the data from 100 con-
secutive patients treated with sub -
total parathyroidectomy and whose
serum PTH was followed in the
early post-operative period. We
report on 1) the surgical finding s,
specifically the number and loca-
tion of the parathyroid glands,
2) the immediate post-operative
PTH level, and 3) the correlation
between both these findings. 

Patients and methods

In a retrospective study, we
reviewed the files of 100 consecu-
tive patients with hyperparathy-
roidism due to chronic renal
failure  who underwent parathyroi -
dectomy in our department between
2000 and 2007, and for whom
post-operative PTH levels were
available. We studied only patients
who had undergone their primary
surgical treatment; re-interven-
tions were not included. The
mean and median age was 55 and
54 years, respectively (range 29-
85 years). The sex distribution was
approximately even (48 females
vs. 52 males) (Figure 1). Eligi -
bility for surgery was based on the
stage of hyperparathyroidism as
defined by symptoms of osteodys-
trophy and/or the presence of
hypercalcemia and hyperphos-
phatemia refractory to medical
treatment.

Subtotal parathyroidectomy
was chosen as the operative tech-
nique. The right and left parathy-
roid regions were explored. All
identifiable parathyroid tissue was
resected with the exception of a
volume of the least hyperplastic
gland approximating the size of a

normal gland. When less than four
glands were identified, the thyroid
lobe and thymic tissue on the side
of the missing gland were resected
and sent for pathological examina-
tion. The location of all identified
glands was recorded: right or left
side of the neck, superior or infe-
rior. The glands were labelled as
hyperplastic (HY) when they were
enlarged or normal (NL) when
their size and colour were equal to
a normal parathyroid gland. The
peri-operative clinical appearance
of the removed glands was always
affirmed by pathological examina-
tion. 

Post-operatively, the patients
were transferred to the department
of Nephrology. 

Parathormone values were
determined by a ‘bio-intact” PTH
assay (whole-length PTH assay).
This assay only measures 1-
84PTH, in contrast to the National
Kidney Foundation’s more com-
monly used intact Nichols assay
that also measures the 7-84PTH
fragment. This discrepancy ex -
plains the intact/bio-intact PTH
ratio of 2.12 The normal values of
PTH determined by the bio-intact

assay are 3-40 pg/ml. The PTH
values were measured during the
first five post-operative days. Due
to practical problems, daily meas-
urements were not available for
each patient. Therefore, the lowest
value during the first five post-
operative days was used for fur-
ther analysis.

Results

Peri-operative findings

Table 1 and Figure 2 show the
number and characteristics of
the parathyroid glands identified
during surgery. In 87% of the
patients, four or more glands were
identified and removed. In most of
these patients, all four glands
exhibited hyperplasia; the combi-
nation of three hyperplastic glands
with one normal gland was quite
frequent. In 13 patients, fewer
than four glands were found dur-
ing surgery. In seven of these
patients, three hyperplastic glands
were resected; in one patient,
fewer than three glands were
found. In two of these patients,
parathyroid tissue was found upon

Figure 1
Age (years) and sex distribution of 100 patients who underwent subtotal parathyroi -
dectomy.
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the post-operative histopathologi-
cal examination of the resected
thyroid lobe. Of all identified and
removed parathyroid glands, 93%
were hyperplastic, whereas 7%
were labelled as normal
(Figure 3).

Figure 4 shows the location of
the parathyroid glands during sur-
gery. The hyperplastic, normal,
and unidentified glands were
equally distributed over the right
and left side of the neck and over
the superior and inferior parathy-
roid regions. 

Post-operative PTH values

The pre-operative mean and medi-
an serum PTH values were 280.5
and 234.5 pg/ml, respectively, and
they were 13.8 and 0.1 pg/ml
post-operatively. A distinction was
made between the patients with
four or more glands removed and
those found to have fewer than
four parathyroid glands. The mean
PTH values in both groups are
shown in Figure 5. In the
87 patients with four or more
parathyroid glands, the PTH value

decreased from a pre-operative
mean of 275 pg/dl to a post-
operative mean of 5 pg/dl on
day 1. During the following days,
a slight fluctuation was noticed,
but the mean PTH value never
exceeded 15 pg/dl. The mean pre-
operative PTH value for the
13 patients with fewer than four
glands was 254 pg/dl. A decrease
to a mean of 51 pg/dl on day 1 was
measured. The following days,
this value varied between 20 and
50 pg/dl.

Individual PTH values, together
with the pre-operative findings,
are presented in Figure 6. In 70%
of the patients, the lowest post-
operative value was less than
1 pg/ml, and in 89% it was less
than 10 pg/ml. On the other hand,
in 7% of the patients, the lowest
PTH value remained higher than
30 pg/ml during this initial post-
operative period. Some character-
istics of these seven patients are
summarised in Table 2. 

Table 3 summarises the data
from Figure 6 in a different way.
In 83% of patients, four or more
glands were removed and post-
operative PTH fell to normal, in
most cases very low, values. In 3%

Table 1

Peri-operative appearance of the parathyroid glands among 100 patients. HY = hyper-
plastic gland, NL = normal gland

Figure 2
Distribution of parathyroid glands according to peri-operative appearance

Parathyroid
appearance

N patients % patients

�4 parathyroids found:
87 patients

5HY
4HY

3HY + 1NL
2HY + 2NL
1HY + 3NL

1
73
7
3
3

1
73
7
3
3

< 4 parathyroids found:
13 patients

3HY
2HY + 1NL
1HY + 2NL

2HY

7
4
1
1

7
4
1
1

Figure 3
Percentage of parathyroid glands labelled
as hyperplastic or normal.
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of the patients, fewer than four
glands were identified and post-
operative PTH remained high,
indicating that surgery had failed.
These combinations of surgical
findings and post-operative PTH
could be expected. However, in the

remaining 14 patients, the rela-
tionship between the extent of
resection and the post-operative
course of PTH was less straight-
forward. In four patients, four
glands were removed; neverthe-
less, PTH did not adequately

decrease. On the other hand, in
10 cases, PTH became low, some-
times less than 0.1 pg/ml, although
less than four glands had been
identified. Several explanations
can be given for these findings. 

Discussion

To avoid persistent or recurrent
disease, all parathyroid glands,
including supernumerary glands,
should be removed, and only a
small portion of parathyroid tissue
should be left in situ or reimplanted.
Because of the very short half life
of serum PTH, the decrease in
serum PTH levels is seen during
the first hour after the resection.13

The decrease continues during the
following hours, meaning that, in
the case of successful surgery, low
PTH values are expected during
the first post-operative days and
that there is a serious risk of insuf-
ficient resection when the PTH
remains high during that period.  

In our patient group, four or
more parathyroid glands were
removed in 87% of the cases, and
serum PTH became normal or
very low in 93%. When relating
both parameters (as in Table 3),
four combinations are possible. 

Figure 4
Location of the parathyroid glands during surgery. HY =
hyperplastic gland, NL = normal gland, NF = gland not found.

Figure 5
Mean pre-operative and post-operative serum PTH during the
first five post-operative days (normal 3-40 pg/ml).

4 (or 5) glands identified
< 4 glands identified.

Figure 6
Lowest post-operative PTH value from day 1 to day 5. Ordinate is the number of
patients.
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Four or more glands identified
during surgery and low post-
operative PTH (83% of the
patients). Both findings indicate
that surgery was successful. 

Less than four glands identified
and high post-operative PTH
(3%). Surgery was incomplete
in these cases. Persistent disease
or recurrence after an initial
moderate  decrease of PTH is
to be expected. The location
where no gland was found is, of
course, most suspicious for hiding
unidentified parathyroid hyperpla-
sia, despite meticulous dissection
and mostly including resection of
the homolateral thyroid lobe and
thymic tongue. 

Four glands removed and high
post-operative PTH (4%). The
most probable explanation is a
supernumerary gland. It is known
that supernumerary glands are
not uncommon.14 In a study with
570 patients,15 the frequency of
supernumerary glands was as high

as 16.5%. The thymic tongue was
the most frequent location for
these glands (51%); in 1.1% of the
patients supernumerary glands
were located in the mediastinum.
Others have reported percentages
of up to 20%.10,11 Pattou et al.16

even reported that supernumerary
glands were found in 30% of the
290 patients they examined, and
that they accounted for 32% of
persistent or recurrent disease.
The majority of these glands
are located in the thymus, and a
lower percentage is found in the
 mediastinum. Therefore, careful
exami nation, or even resection, of
the thymic tongue and regions
 surrounding the lower poles of the
thyroid are proven to be important
steps in the surgical procedure,
even when four glands are already
identified. Thus, it is possible that,
in this situation, a hyperplastic
ectopic gland within the medi-
astinum or thyroid gland has been
overlooked. Follow-up will show
if a relapse will occur in these

patients and in what anatomic
location hyperplasia will be found
in the future.

Less than four glands identified
during surgery and low post-
operative PTH (10%). 

In two patients, this situation is
explained by finding parathyroid
tissue in the thyroidectomy speci-
men. In five patients, however, the
lowest PTH measured was less
than 0.1 pg/dl although less than
four glands had been removed. It
has been reported that the removal
of only three or fewer glands leads
to a persistence/recurrence rate of
34.7-73%.17 In one study18 fewer
than four glands were removed in
16 patients. In 15 of these cases,
three glands were extirpated; in
one case, only two glands were
detected. Remarkably, 12 of
these 16 patients did not develop
persistent or recurrent disease.
Therefore, it was concluded that
subtotal removal or auto-trans-
plantation should be performed,
even if fewer than four parathy-
roid glands are found.

Various hypotheses can be pro-
posed to explain this finding.
Although it has been suggested
that some individuals may have
fewer than four glands, according
to autopsy studies this is rather
rare.18 Not finding a fourth gland is
by no means proof that the patient
has only three glands. One of our
patients had a thyroidectomy in
the past and a parathyroid gland
may have been removed during
that intervention. Another possi-
bility is that the missed gland was
small or normally sized, making
identification more difficult.
Renal failure is the stimulus for
hyperplasia and there appears
to be no reason why this should
not affect all parathyroid tissue.
However, it is known that, in the

Table 2

Data from the seven patients for whom the lowest post-operative PTH-value was
more than 30 pg/dl. HY = hyperplastic gland, NL = normal gland

Table 3

Correlation between the number of identified glands and post-operative serum PTH

Patient Pre-operative
PTH-value

Lowest post-
operative PTH-value

Number and type of
parathyroid glands

1 245 159 4HY

2 ? 166 4HY

3 102 55 4HY

4 601 43 1HY + 3NL

5 565 333 3HY

6 282 57 3HY

7 407 49 2HY + 1NL

> 4 glands identified and post-operative PTH low 83%

< 4 glands identified and post-operative PTH high 3%

< 4 glands identified and post-operative PTH low 10%

4 glands identified and post-operative PTH high 4%
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case of SHPT, the size and weight
of the parathyroid glands can vary
considerably within one patient.19

Also, in this study, we found that
7% of the identified glands were
normally sized. Leaving a small
gland in situ may have a minor
impact on the decrease in PTH
after the removal of all other,
enlarged glands. Long-term fol-
low-up will show if these over-
looked glands exhibit hyperplasia
in the future. 

In this study, no correlation was
found between the anatomical
location (superior or inferior posi-
tion) of the parathyroid glands and
the presence of hyperplasia. There
was also no difference between
the left and right parathyroid
region. These findings mean that
all regions must be explored with
the same care during surgery. 

Conclusions

Parathyroidectomy for secondary
hyperparathyroidism took place at
a mean age of 55 years and was
as frequent in men as women. In
the vast majority of patients, four
hyperplastic parathyroid glands
were identified and removed.
The percentage of normal glands
was low but not negligible. No
correlation was found between the
anatomic location of the parathy-
roid glands and the presence of
hyperplasia.

In 95% of the patients for whom
four or more glands were identi-
fied, the post-operative serum PTH
levels dropped to normal values. In
23% of the patients for whom
fewer than four glands were iden-
tified, PTH levels remained too
high. It seemed that, in a subset of

patients, no perfect correlation
between the number of identified
glands and the post-operative PTH
level could be found.
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