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Abstract

Introduction: Hypoparathyroidism represents a common complication following total thyroidectomy. To date, there is still no reliable
and immediate postoperative parameter to establish which patients with postsurgical hypoparathyroidism will develop permanent
hypoparathyroidism.

The main purpose of the present study was to assess whether the intact parathyroid hormone (iPTH) value on the first postoperative day
is a good predictor of permanent hypoparathyroidism.

Material and methods: Patients undergoing thyroidectomy in our unit between March 2018 and January 2020 were analysed. According
to the iPTH value on the first postoperative day and on the basis of the detection threshold of the iPTH test used, patients were divided
into two groups: Group A (iPTH > 4.6 pg/mL) and Group B (iPTH < 4.6 pg/mL, undetectable).

Results: In total 426 patients were included: 364 in Group A and 62 in Group B. Permanent hypoparathyroidism occurred in 3 (0.82%)
patients from Group A and in 26 (41.94%) from Group B (p < 0.001). When iPTH levels were < 4.6 pg/mL on the first postoperative day
the sensitivity for the prediction of permanent hypoparathyroidism was 89.66%, the specificity was 90.93%, the positive predictive value
(PPV) was 41.94%, the negative predictive value (NPV) was 99.18% and the accuracy was 90.85%.

Conclusions: An iPTH value < 4.6 pg/mL on the first postoperative day following total thyroidectomy has proven to be a good parameter
for early identification of patients at high risk for permanent hypoparathyroidism. Moreover, we want to underline that in our experience

no patient with an iPTH level > 6.5 pg/mL developed this complication. (Endokrynol Pol 2022; 73 (1): 49-55)
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Introduction

Thyroidectomy represents the most performed opera-
tion in endocrine surgery.

Hypoparathyroidism (HypoPT) represents a quite
common complication following total thyroidectomy
(TT) [1-10].

In most cases HypoPT reverses spontaneously
within a few months; however, in some patients, it can
persist. To date, there is a lack of international consensus
concerning the time after thyroidectomy necessary to
diagnose permanent hypoparathyroidism; for some
authors 6 months are enough, while others extend this
time period to 1 year [11-13].

The incidence of transient and permanent HypoPT
is 6.9-46% and up to 14.5%, respectively [2, 4, 9, 10].

Consequences of permanent HypoPT are repre-
sented by some severe conditions, such as kidney

stones, nephrocalcinosis, chronic kidney disease, basal
ganglia calcifications, myocardial dysfunction, dental
abnormalities, and cataracts [9, 14-18].

In the case of permanent HypoPT, to avoid subtle
but potentially lethal complications, long-term treat-
ment, which consists of administration of calcium
and vitamin D, and careful follow-up are mandatory.
However, it is important to underline that long-term
calcium supplementation may cause side effects, such
as myocardial infarction, gastrointestinal reactions, and
urinary calculi [9, 19, 20].

Costs to society due to this complication, in terms of
medical treatments and surveillance, are considerable
[1-10]. Moreover, permanent HypoPT is an important
cause of medical litigation [21].

To date, there is still no reliable and immediate post-
operative parameter to establish which patients with
postsurgical HypoPT will develop permanent HypoPT [1,
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2,5-13]. Early identification of patients at high risk for the
development of this condition would allow clinicians to
provide patients with tailored information regarding the
future and to plan an adequate follow-up after surgery.

The main purpose of the present study was to assess
whether the intact parathyroid hormone (iPTH) value
on the first postoperative day is a good predictor of
permanent HypoPT.

Material and methods

Study design

This is a retrospective cohort study on patients who underwent
thyroidectomy in our Unit of General and Endocrine Surgery
(University of Cagliari) between March 2018 and January 2020.
Patients were identified from a prospectively maintained institu-
tional database.

We included only patients submitted to total thyroidectomy with
or without lateral and/or central neck dissection, while those who
underwent lobohystmectomy, completion thyroidectomy (follow-
ing diagnosis of high-risk thyroid cancer after lobohystmectomy
or for recurrent thyroid disease), simultaneous parathyroidectomy,
and those with incomplete data were excluded from this study.
According to the iPTH value on the first postoperative day and
based on the detection threshold of the iPTH test used, patients
were divided into two groups: those with iPTH > 4.6 pg/mL were
included in Group A, while those with iPTH < 4.6 pg/mL (unde-
tectable) were included in Group B.

Demographic data (sex, age), BMI value, information on the surgical
procedure (extent of surgery, execution of parathyroid autotrans-
plantation, volume of surgeons, rate of retrosternal goitre, and
operative time), histological findings (thyroid weight, histopatho-
logical diagnosis), postoperative stay, and complications (recurrent
laryngeal nerve injury, hypoparathyroidism, cervical haematoma,
wound infection) were reported.

Endpoints

The primary endpoint was to evaluate the correlation between
iPTH < 4.6 pg/mL on the first postoperative day and the develop-
ment of permanent hypoparathyroidism.

The secondary endpoints were to assess the risk factors for a drop
in the iPTH value on the first postoperative day below 4.6 pg/mL
and to compare the postoperative stay between the two groups.

Information on the surgical procedure

All operations were performed under general anaesthesia. Lat-
eral and/or central neck dissection was performed in patients with
preoperative diagnosis or intraoperative suspicion of lymph node
metastases. Parathyroid glands and recurrent laryngeal nerves
were systematically searched and identified. Devascularized or ac-
cidentally removed parathyroid glands were cut into small pieces
approximately 1 mm? in volume and autotransplanted into the
sternocleidomastoid muscle. In order to facilitate recurrent laryngeal
nerve identification and to confirm its functional integrity, intraop-
erative nerve monitoring (IONM) was almost always used. Haemo-
stasis was mainly achieved by means of energy-based devices. One
or two closed suction drains were systematically placed below the
strap muscles. The duration of the surgical procedure was estimated
in minutes from skin incision to skin closure. Retrosternal goitre was
defined as a thyroid in which any part of the gland extended below
the thoracic inlet with the patient in the surgical position.

Postoperative management
Serum calcium and iPTH values were assayed pre- and postopera-
tively. Intact parathyroid hormone was measured with ADVIA Cen-
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taur® XPT Immunoassay Systems (Siemens Healthcare Diagnostics,
Inc.). The detection threshold of the iPTH test used is equal to 4.6
pg/mL (iPTH levels < 4.6 pg/mL are undetectable). Postsurgical
hypoparathyroidism was defined as iPTH < 10 pg/mL following
the operation (normal range = 10-65 pg/mL).

All patients with postsurgical hypoparathyroidism, even if asymp-
tomatic, received treatment with calcium carbonate (1-3 g/day)
and calcitriol (0.5-1.5 ug/day). In cases of severe hypocalcaemia,
intravenous calcium gluconate was used.

Permanent hypoparathyroidism was defined as iPTH levels below
the normal range for more than 12 months.

A fibrolaryngoscopy was performed to assess vocal cord mobility
in the case of suspected recurrent laryngeal nerve injury.

Statistical analysis

Statistical analyses were performed with MedCalc® 19.1.3. Chi-
squared test or Fisher exact test were used for categorical variables,
which were described as counts and percentages, and t-test for
continuous variables, which were expressed as means and standard
deviations. Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy were calculated. p
values < 0.05 were considered statistically significant.

Results

A total of 426 patients were included in this study: 364
in Group A and 62 in Group B.

Results regarding the entire sample are reported in
Tables 1 and 2, while findings and a comparison relating
to the two groups are shown in Tables 3 and 4.

No statistically significant difference was found
between the two groups in terms of demographic data,
BMI value, extent of surgery, execution of parathyroid
autotransplantation, volume of surgeons, and histologi-
cal findings.

Conversely, the rate of retrosternal goitre, mean
operative time, and postoperative stay were signifi-
cantly greater in Group B than in Group A (p = 0.014,
p = 0.001, and p < 0.001, respectively).

Transient hypoparathyroidism occurred in 36
(9.89%) patients in Group A and in 36 (58.06%) in
Group B (p < 0.001), while there were 3 (0.82%) cases
of permanent hypoparathyroidism in Group A and
26 (41.94%) in Group B (p < 0.001). Patients in Group
Awho developed permanent hypoparathyroidism had
an iPTH value on the first postoperative day equal to
4.7,5.0, and 6.5 pg/mL, respectively.

Asreported in Table 5, when iPTH levels were < 4.6
pg/mL on the first postoperative day the sensitivity for
the prediction of permanent hypoparathyroidism was
89.66%, the specificity was 90.93%, the PPV was 41.94%,
the NPV was 99.18%, and the accuracy was 90.85%.

Discussion

Even in the most experienced hands and despite prog-
ress in surgical technique, postsurgical HypoPT after
total thyroidectomy remains a challenging problem,
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Table 1. Demographic data, body mass index (BMI) value,
information on the surgical procedure, postoperative stay,
and histological findings

Total (n = 426)
Sex
Male 117 (27.46%)
Female 309 (72.54%)
:\Ai;[]yiarssé 54.29 + 14.60
BMI [kg/m?]

26.10 = 5.09
Mean = SD
Extent of surgery
T 384 (90.13%)
TT + ICND 14 (3.29%)
TT 4+ CND 16 (3.76%)
TT 4+ CND + LND 12 (2.82%)
Parathyroid autotransplantation 7 (1.64%)
Volume of surgeons*
<15 40 (9.39%)
15-29 39(9.15%)
30-60 63 (14.79%)
> 60 284 (66.67%)
Retrosternal goitre 99 (23.24%)
Operative time [min]

98.48 + 30.95
Mean + SD
Postoperative stay [days] 306 = 182
Mean = SD
Thyroid weight [g] 52.30 = 52.50
Mean = SD
Histological diagnosis
Graves' disease 66 (15.49%)

127 (29.81%)
190 (44.60%)

Autoimmune thyroiditis

Malignancy

SD — standard deviation; TT — total thyroidectomy; ICND — ipsilateral central
neck dissection; CND — central neck dissection; LND — lateral neck dissection;
*Thyroidectomies per year

and permanent HypoPT represents the most common
long-term complication following this procedure [1-10].

During this operation parathyroid glands may be
damaged due to various mechanisms: vascular injury
(interrupted blood flow or impaired venous efflux),
mechanical or thermal stress, and involuntary removal
[5,9, 22-26].

Most authors, including us, claim that systematic
research and identification of the parathyroid glands
during thyroidectomy help to reduce the occurrence
of parathyroid injury. The number of glands identified
during surgery and left in situ is considered para-

Table 2. Complications

Total (n = 426)
Unilateral recurrent nerve injury 17 (3.99%)
Bilateral recurrent nerve injury 4 (0.94%)
Cervical haematoma 9(2.11%)
Transient hypoparathyroidism 72 (16.90%)
Permanent hypoparathyroidism 29 (6.81%)
Wound infection 4 (0.94%)

mount to prevent postsurgical hypoparathyroidism
[9, 22, 24, 27].

Many authors advise carefully inspection of the
surgical specimen surface for inadvertently removed
parathyroid glands, and if present, they recommend
autotransplantation into the sternocleidomastoid
muscle. Autotransplantation can also be performed
in the case of detection of accidentally devascularised
parathyroid glands [9, 28].

An increased risk of developing permanent Hy-
poPT has been associated with several factors: female
sex, long duration of thyroid disease before surgery,
autoimmune thyroiditis, Graves’ disease, thyroid can-
cer, high thyroid weight, low postoperative PTH and
calcium values, long duration of surgery, retrosternal
goitre, lack of surgeon experience, and central neck
dissection [1, 9, 23-42]. Another important risk factor
for this complication is represented by reoperations
for recurrent thyroid disease. These operations are
complex due to the presence of scar tissue that causes
a distortion of the surgical field, making accurate
identification of the anatomical structures quite dif-
ficult [27, 43, 44].

The main aim of our study was to assess whether
the iPTH value on the first postoperative day is a good
predictor of permanent HypoPT. In particular, we
evaluated the correlation between iPTH < 4.6 pg/mL
and the development of this complication. Moreover,
as secondary endpoints, we assessed the risk factors
for a drop in the iPTH value below 4.6 pg/mL and
compared the postoperative stay between patients with
iPTH >4.6 pg/mL (Group A) and those with iPTH < 4.6
pg/mL (Group B).

When iPTH concentrations were < 4.6 pg/mL the
sensitivity, the specificity, the negative predictive value,
and the accuracy for the prediction of permanent hypo-
parathyroidism were high (89.66%, 90.93%, 99.18%, and
90.85%, respectively), but also the positive predictive
value was quite good (41.94%).

The occurrence of permanent hypoparathyroidism
was statistically significantly greater in Group B. In
Group A, among patients who developed permanent

51



Hypoparathyroidism after thyroidectomy Gian Luigi Canu et al.

Table 3. Comparison between Group A (with iPTH level > 4.6 pg/mL on the first postoperative day) and Group B (with iPTH
level < 4.6 pg/mL on the first postoperative day)

Group A Group B value
(n = 364) (n = 62) P
Sex
Male 99 (27.20%) 18 (29.03%) 0.765
Female 265 (72.80%) 44 (70.97%) '
Age [years]
54.23 + 14.75 54.65 + 13.80 0.837
Mean = SD
BMI [kg/m?]
25.96 + 4.98 26.92 + 5.67 0.171
Mean = SD
Extent of surgery
T 332(91.21%) 52 (83.87%)
TT + ICND 10 (2.75%) 4 (6.45%) 0283
TT + CND 13 (3.57%) 3 (4.84%) '
TT + CND + LND 9(2.47%) 3(4.84%)
Parathyroid autotransplantation 5(1.37%) 2 (3.23%) 0.271
Volume of surgeons*
<15 32 (8.79%) 8 (12.90%)
15-29 34 (9.34%) 5 (8.06%)
0.777
30-60 54 (14.84%) 9(14.52%)
> 60 244 (67.03%) 40 (64.52%)
Retrosternal goitre 77 (21.15%) 22 (35.48%) 0.014
Operative time [min]
96.47 + 30.23 110.32 + 32.74 0.001
Mean + SD
Postoperative stay [days]
2.93 + 1.60 3.85 + 2.63 < 0.001
Mean + SD
Thyroid weight [g]
50.32 + 46.85 63.97 + 77.35 0.058
Mean = SD
Histological diagnosis
Graves' disease 55 (15.11%) 11 (17.74%) 0.596
Autoimmune thyroiditis 111 (30.49%) 16 (25.81%) 0.456
Malignancy 158 (43.41%) 32(51.61%) 0.230

SD — standard deviation; BMI — body mass index; TT — total thyroidectomy; ICND — ipsilateral central neck dissection; CND — central neck dissection; LND —

lateral neck dissection; *Thyroidectomies per year

Table 4. Occurrence of hypoparathyroidism in Group A (with iPTH level > 4.6 pg/mL on the first postoperative day) and Group B
(with iPTH level < 4.6 pg/mL on the first postoperative day)

Group A

Group B

(n = 364) (n = 62) p value
Transient hypoparathyroidism 36 (9.89%) 36 (58.06%) < 0.001
Permanent hypoparathyroidism 3(0.82%) 26 (41.94%) < 0.001

hypoparathyroidism, the highest iPTH value on the

first postoperative day was 6.5 pg/mL.

Regarding the comparison between the two groups,
no statistically significant difference was found in terms
of demographic data, BMI value, extent of surgery,
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execution of parathyroid autotransplantation, volume
of surgeons, and histological findings. However, the
rate of retrosternal goitre, mean operative time, and
postoperative stay were significantly greater in Group

B than in Group A.
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Table 5. Correlation between intact parathyroid hormone (iPTH)
< 4.6 pg/mL on the first postoperative day and the development
of permanent hypoparathyroidism

Sensitivity 89.66%
Specificity 90.93%
PPV 41.94%
NPV 99.18%
Accuracy 90.85%

PPV — positive predictive value; NPV — negative predictive value

We performed a similar analysis about the same topic
a few years ago [34]. In this previous study the iPTH
value on the first postoperative day, according to which
patients were divided into two groups, was 6.3 pg/mL.
This value was determined on the basis of the detec-
tion threshold of the iPTH test used during that period.
The different detection threshold, compared with that
of the present study, is due to the use of another type
of reagent. In the previous experience, when the iPTH
concentration was < 6.3 pg/mL, the sensitivity and the
negative predictive value for permanent HypoPT were
high (both 100%), but the specificity and the positive
predictive value were poor (18.03% and 21.88%, respec-
tively). In this case no patient with iPTH values > 6.3
pg/mL developed permanent hypoparathyroidism.

Carefully reviewing the data of the previous study,
we found that among patients with PTH > 6.3 pg/mL
the lowest PTH value was 6.6 pg/mL. For this reason,
we can affirm that, in our experience, no patient with
an iPTH level > 6.5 pg/mL on the first postoperative
day developed permanent hypoparathyroidism.

In the literature, there are some other similar stud-
ies that evaluated the correlation between the iPTH
concentration on the first postoperative day and the
development of permanent hypoparathyroidism [23,
28, 35-40].

In the experience of Julidn et al. [38],iPTH levels <5.8
pg/mL on the first postoperative day had 100% sensitiv-
ity, 81.5% specificity, and 30% positive predictive value
for the prediction of permanent HypoPT In this study,
all patients with iPTH concentrations > 5.8 pg/mL had
a normal parathyroid function in the long term.

Almquist et al. [28] affirmed that iPTH concentra-
tions measured on the first postoperative day are as-
sociated with the risk of permanent HypoPT. In their
experience, of 10 patients with permanent HypoPT,
8 had iPTH < 6.6 pg/mL and 2 had iPTH between 6.6
and 15 pg/mL. However, among patients with iPTH
values < 6.6 pg/mL the rate of this complication was
only 19.2%.

In the study of Wang et al. [23], iPTH values < 7
pg/mL on the first postoperative day had sensitivity

and negative predictive value of 100% for the prediction
of permanent HypoPT, while specificity and positive
predictive value were, respectively, 70.19% and 8.63%.

Kim et al. [37] stated that the safest cut-off value of
iPTH on the first postoperative day for the prediction of
permanent HypoPTis 9.65 pg/mL (70.9% sensitivity and
100% specificity). None of the patients with iPTH > 9.65
pg/mL developed this complication.

In the study of Wang et al. [35], iPTH concentra-
tions < 3.14 pg/mL on the first postoperative day had
100% sensitivity for the prediction of permanent Hy-
poPT, 95% specificity, 66.67 % positive predictive value,
and 100% negative predictive value. Thus, these authors
affirmed that iPTH levels > 3.14 pg/mL are great in as-
sessing the absence of this complication.

Calvo Espino et al. [36] found that a cut-off value
of iPTH on the first postoperative day of 5 pg/mL has
95% sensitivity, 77% specificity, 21.6% positive predic-
tive value, and 99.6% negative predictive value for the
prediction of permanent HypoPT. Thus, they stated that
this iPTH level, because of its high negative predictive
value, is a useful predictor of permanent HypoPT

Godlewska et al. [39] affirmed that an iPTH con-
centration < 6 pg/mL on the first postoperative day
represents an important risk factor for the development
of permanent HypoPT, while an iPTH level > 6 pg/mL
is always associated with full recovery of parathyroid
glands function.

Zheng et al. [40] stated that the iPTH concentration
measured on the first postoperative day following total
thyroidectomy is closely related to the occurrence of
permanent HypoPT and is an independent predic-
tive risk factor. In particular, in patients with an iPTH
value < 5.51 the sensitivity was 100%, the specificity
85.1%, the PPV 22%, and the NPV 100%.

Based on our results and those of other authors,
a univocal iPTH value on the first postoperative day
for the prediction of permanent HypoPT has not yet
been identified.

Regarding the comparison between the two groups,
in particular as regards the risk factors for a drop in
the iPTH value on the first postoperative day below
4.6 pg/mL, our findings in terms of rate of retrosternal
goitre and operative times are in agreement with those
reported in the literature [1, 9, 24-27, 29-33].

In contrast to what is described in the literature [1,
9,24-27,29-33, 42], no statistically significant difference
was found in terms of sex, extent of surgery (execution
of central neck dissection), volume of surgeons, thyroid
weight, and histopathological diagnosis. This result
may be due to the limited sample size, with particular
reference to Group B, but also to the fact that ours is
a high-volume centre for thyroid surgery. Regard-
ing sample size, for example, the p value regarding
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thyroid weight was only slightly above the threshold
for the declaration of statistical significance; probably
with a greater sample the difference would have been
statistically significant. As regards the second reason,
it is widely demonstrated that high-volume centres
have lower complication rates, in this case injury of
parathyroid glands, even in the most challenging cases
[45, 46]. Moreover, regarding the volume of surgeons,
itis important to underline that all the surgeons in our
unit have broad experience, even if not as first operator,
in the field of thyroid surgery.

With regard to parathyroid autotransplantation, we
performed this procedure in too few cases to be able to
evaluate with adequate statistical power its usefulness
in avoiding the development of permanent hypopara-
thyroidism, as suggested by many authors [9, 28].

Regarding postoperative stay, as widely described
in the literature [1-13, 41], patients with lower postop-
erative PTH values and therefore lower postoperative
serum calcium levels cannot, for safety reasons, be dis-
charged early and therefore have a longer hospital stay.

Our present study has two main limitations.

First of all, it is a retrospective study based on a pro-
spectively maintained institutional database. For this
reason, it is lacking in some information, such as the
number of parathyroid glands identified during surgery
and left in situ or found at histopathological examination.

The second limitation is the limited sample size,
with particular reference to Group B. This condition
hinders the achievement of statistical power suitable for
an accurate comparison of all the variables considered
through univariate analysis. Moreover, for the same rea-
son, adequate statistical power was not reached for the
evaluation of risk factors for a drop in the iPTH value
on the first postoperative day below 4.6 pg/mL through
multivariate analysis (overall model fit: p = 0.056). The
results of this analysis were therefore not reported in
the paper. However, we want to underline that this
evaluation represented only a secondary endpoint.

Conclusions

An iPTH value < 4.6 pg/mL on the first postoperative
day following total thyroidectomy has proven to be
a good parameter for early identification of patients at
high risk for the development of permanent hypopara-
thyroidism. Moreover, we want to underline that in our
experience, also considering the results of our previous
study on this topic, no patient with an iPTH level > 6.5
pg/mL on the first postoperative day developed this
complication.

Our findings are important to provide patients with
tailored information regarding the future and to plan
an adequate follow-up after surgery.
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However, on the basis of our results and those of
the other authors, a univocal iPTH value on the first
postoperative day for the prediction of permanent Hy-
poPT has not yet been identified. Thus, further studies
are needed to better investigate this topic.
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