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Abstract. Background/Aim: Postsurgical hypoparathy-
roidism (PostHypo) is a common complication after total
thyroidectomy. We studied the risk factors associated with
PostHypo. Patients and Methods: The study included 109
women, (mean age: 50.7+10.75 years), who underwent total
thyroidectomy for thyroid diseases. Results: Based on the
development of biochemical hypocalcemia on the first
postoperative day following total thyroidectomy, (cCa<8.4
mg/dl), 37 women developed PostHypo and 72 did not.
Younger age, a lower preoperative corrected calcium and
the presence of parathyroid glands in the specimens were
related to the development of PostHypo. Of all patients,
51.4% had a vitamin D deficiency. A parathyroid hormone
(PTH) value <9.4 pg/ml was 84.9% sensitive and 71.4%
specific to predict PostHypo on the 15 postoperative day. A
50% reduction of the PTH value on the 15! postoperative day
from the preoperative level could identify patients who
develop PostHypo with 76% sensitivity and 75% specificity.
Conclusion: PTH postoperative measurement and its
alteration from the preoperative level can be used to identify
patients who are at increased risk to develop PostHypo.
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Total thyroidectomy is generally a safe procedure when
performed by experienced surgeons. Potential major
complications of thyroid surgery include injury to the
recurrent laryngeal nerve, postsurgical hypoparathyroidism
(PostHypo) resulting in hypocalcemia, thyrotoxic storm and
surgical site infection (1). Among these conditions, PostHypo
is the most common one and often the most troubling
consequence of thyroid surgery (2). PostHypo is a disorder
characterized by hypocalcemia, low or inappropriately normal
intact parathyroid hormone (PTH) levels, and often
hyperphosphatemia (3). It results from an accidental gland
injury, removal of the parathyroid glands, or their
devascularization (4). PostHypo may be transient when it
recovers within a few weeks or one month after thyroid
surgery (5), or chronic when hypoparathyroidism persists for
at least six months postoperatively (6, 7). The incidence of
temporary and permanent post-surgical hypoparathyroidism
is estimated between 19-38% and 0-3%, respectively (8, 9).

The aims of this present study were to correlate all the
epidemiological and laboratory parameters with PostHypo,
and to investigate the potential prognostic factors that are
related to the development of PostHypo.

Patients and Methods

The study was conducted in compliance with the principles of the
Declaration of Helsinki and was also approved by the National and
Kapodistrian University of Athens Medical School (protocol number
1387/8-12-2015; NCT04146259). Detailed informed consent was
signed by all patients enrolled in the study before their involvement.

Patients. A prospective cohort study was performed in 109
consecutive patients who underwent total thyroidectomy, between
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December 2015 and December 2016, at the Head and Neck Surgery
Department, at Metaxa Anti-Cancer Hospital of Piraeus, Greece.

All patients were female with a mean age+standard deviation
(SD) of 50.7+10.75 years, they were euthyroid at the time of the
thyroid operation and were operated by three different experienced
surgeons in our department.

Based on the development of biochemical hypocalcemia on the
first postoperative day following total thyroidectomy, (cCa<8.4
mg/dl), subjects were classified into 2 different Groups: i) Group A
included 72 patients without PostHypo and ii) Group B included 37
patients who developed PostHypo. Replacement with oral calcium
and Vitamin D (VitD) analogues was initiated when the cCa was
<8.4 mg/dl. Patients were subsequently discharged from hospital
once clinical manifestations were subsided and normal serum
corrected calcium levels were attained.

Inclusion criteria. In general, a total thyroidectomy is performed
when there is a suspicion for papillary or medullary thyroid
carcinoma (10). Indications for surgery were: i) multinodular goiter
with cold nodules (n=48), ii) nodular goiter (n=28), iii) substernal
goiter producing pressing symptoms in adjacent tissues (n=8), iv)
Graves’ disease resistant to therapy (n=3), and v) a Bethesda result
(B) higher or equal to IIT (B=III) in the pathology report of the fine
needle aspiration cytology (FNAC) (n=22). The FNAC results for
B in all patients were: i) BI in 20 patients (18.35%), ii) BII in 67
(61.47%), iii) BIIl in 7 (6.42%), iv) BIV in 1 (0.92%), v) BV in 10
(9.17%), and vi) BVl in 4 (3.67%).

Exclusion criteria. Chronic kidney disease, parathyroid disorders
and patients on anti-osteoporosis therapy were excluded from the
study, as well as patients with a history of long-term (more than
one-month administration) or current corticosteroid use.

Sample testing. Blood collections were performed in the morning
following overnight fasting, at 3 different time-points: i) one day
before thyroid surgery, ii) on the 15t postoperative day and iii) on
the 7th postoperative day. Factors determined were: i) 25(OH)VitD,
ii) PTH, iii) corrected calcium (cCa), iv) calcium (Ca), v)
phosphorus (P), vi) creatinine, vii) alkaline phosphatase, and viii)
albumin. Calcium levels were reported as cCa for albumin levels,
using the equation:

[cCa]=[Ca]+(4-[albumin]*0.8) (1)

Additional blood samples were taken from the patients in case of
symptoms suggestive of hypocalcemia.

All blood collections were centrifuged and serum aliquots were
stored at -70°C until tested, except from Ca, P, creatinine, alkaline
phosphatase and albumin measurements, which were directly
analyzed on the same day in the laboratory. Total 25(OH)VitD was
measured with an Electrochemiluminescence immunoassay on
cobas E411 (Roche Diagnostics, Mannheim, Germany). The assay
has a sensitivity of 5 ng/ml. The total analytical imprecision of this
assay in our laboratory is less than 10%. The bias of the assay was
monitored by the participation of our laboratory in the Vitamin D
external quality assessment scheme (DEQAS) program. Intact PTH
was measured by a second - generation Electrochemiluminescence
immunoassay on cobas E411. The assay has a sensitivity of 1.2
pg/ml. The total analytical imprecision of this assay in our
laboratory is less than 3.5%. Serum levels of Ca, P, albumin,
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Table 1. Baseline characteristics of the study groups. Group A represents
patients without PostHypo and Group B patients with PostHypo.

Parameter Group A (n=72) Group B (n=37) p-Value
Age (years) 52.33+10.82 47.51+£10.00 0.03
Weight (kg) 74.68+16.28 73.78+14.20 0.77
Height (cm) 162.71+£6.05 163.03+4.69 0.24
Body mass index (kg/m?)  28.22+5.93 27.42+5.15 0.49
Menopause (n, %) 35 (48.61) 12 (32.43) 0.15
Creatinine (mg/dl) 0.70+0.10 0.67+0.9 0.11
Ca (mg/dl) 9.53+0.37 9.44+0.42 0.24
Corrected calcium (mg/dl)  9.17+0.31 8.99+0,39 0.01
Albumin (gr/dl) 4.45+0.30 4.55+0.29 0.07
Phosphate (mg/dl) 3.48+0.48 3.54+0.59 0.58
Alkaline phosphatase 68.27+18.17 65.95+21.22 0.55
auny

PTH (pg/ml) 28.48+13.54 29.13+14 .87 0.82
25(OH)VitD (ng/ml) 21.29+10.32 19.56+9.03 0.39

PTH: Parathyroid hormone; VitD: vitamin D.

alkaline phosphatase and creatinine were measured using a
photometric method on Architect c16000 Clinical Chemistry
Analyzer, (Abbott Diagnostics, North Chicago, IL, USA).

Data from the patients’ groups, including baseline levels of PTH,
cCa, 25(OH)D, the first postoperative day absolute values of P and
PTH and % changes of circulating PTH, cCa, Ca and P were
estimated as follows:

APTH=[(PTH,-PTH,))/PTH]*100
AcCa=[(cCa;-cCay)/cCa]*100
ACa=[(Ca;-Cag)/Cay]*100
AP=[(P-P()/Py]*100,

All values were plotted as ROC curves.

Statistical analysis. Data are presented as mean+SD for continuous
variables and as frequencies (%) for categorical variables. Changes
of the variables during the observation period were analyzed using
one-way analysis of variance (ANOVA) for repeated measurements,
while pairwise differences were analyzed using the Bonferroni test.
Groups’ differences were analyzed with the Analysis of covariance
model (ANCOVA) using the group as a factor and the age as a
covariate. Bivariate correlations were estimated using the
Spearman’s rank correlation test. All tests were two-sided and the
statistical significance was set at p<0.05.

All analyses were carried out using the statistical package SPSS,
version 21.00 (IBM Corporation, Somers, NY, USA).

Results

Baseline demographic characteristics and preoperative
biochemical parameters are shown in Tables I and II. The
two groups were comparable according to i) weight, ii)
height, iii) body mass index and iv) menopausal status.
Patients that developed hypocalcemia (Group B) were
younger (Group A: 52.3+10.82 vs. Group B: 47.51+10.00
years old, p=0.03), and had lower baseline cCa levels as
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Table II. Clinical characteristics of the study groups. Group A refers to
patients without PostHypo and Group B to patients with PostHypo.

Parameter Group A Group B p-Value
N=72 66% N=37 34%
Sonographic
characteristics
preoperative
Nodular 16 22.2% 14 378% 0.115
Multinodular 56 77.8% 23 62.2%
FNA results
I 13 18.05% 7 18.92% 1.00
11 49 68.07% 18 48.67%
111 4 5.55% 3 8.1%
v 0 0% 1 2.7%
v 5 6.94% 5 13.51%
VI 1 1.39% 3 8.1%
Histopathology
result
Benign 42 58.3% 17 459% 0310
Malignant 30 41.7% 20 54.1%
Hashimoto
thyreoiditis
Absent 52 72.2% 21 56.8% 0.178
Present 20 27.8% 16 43.2%
Number of
parathyroid
gland resected in
pathology report
0 57 79.2% 20 54% 0.017
1 13 18% 14 37.8%
2 2 2.8% 1 2.7%
3 0 0% 2 5.5%
L-thyroxin
therapy
preoperatively
No 26 36.1% 17 459% >0.05
Yes 46 63.9% 20 54.1%
Weight of 23.08 gr 24.08 gr 0.258
specimen
VitD Deficiency 37 51.39% 19 51.35% >0.05

FNA: Fine needle aspiration; VitD: vitamin D.

compared with controls (Group A: 9.17+0.31 mg/dl vs.
Group B: 8.99+0.39 mg/dl, p=0.01).

All other variables were comparable between the two
groups. More than half of all patients (51.4%) had a
25(0OH)VitD deficiency (<20 ng/ml) (Table I).

Concerning the pathology results, the number of
parathyroid glands present in the specimens was the only
clinical characteristic that showed a statistically significant
difference between the two Groups (p=0.017). Specifically,
in Group A the number of parathyroid glands found in the
specimens was: i) 0 glands in 57 patients (79.2%), ii) 1 gland
in 13 (18%), iii) 2 glands in 2 (2.8%), iv) 3 glands in no
patients (0%) while in group B the corresponding numbers
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Figure 1. Changes of cCalcium in postoperative period (Group A:
Patients without PostHypo, Group B: Patients with PostHypo).

were: i) 0 gland in 20 patients (54%), ii) 1 gland in 14
(37.8%), iii) 2 glands in 1 (2.7%) and iv) 3 glands in 2
(5.5%). None other feature, including preoperative
sonographic characteristics, Hashimoto’s thyroiditis, FNAC,
pathology report and weight of specimen was different
between the two Groups, (p>0.05) (Table II).

Changes in serum cCa, P, PTH levels during the observation
period. On the 1% postoperative day, the mean cCa dropped
to 8.86+0.32 mg/dl in Group A and to 7.898+0.31 mg/dl in
Group B. Patients in Group B had a significantly lower cCa
value on the 1% postoperative day compared to group A
(»p<0.001). Calcium supplements and VitD analogues were
given to patients with PostHypo in Group B in individualized
doses, whereas Group A managed to increase their Ca levels
after 7 days without the need for oral supplementation. All
the patients had higher cCa levels on the 7™ postoperative
day, 9.352+0.55 mg/dl in Group A and 9.593+0.87 mg/dl in
Group B, (p<0.05) (Figure 1).

Concerning P levels, there was no significant difference
in the preoperative values between the two groups (Group A:
3.48+0.48 mg/dl vs Group B: 3.54+0.60 mg/dl, p=0.58),
however, on the 1% postoperative day, P levels increased to
3.7940.72 mg/dl in Group A and 4.192+0.62 mg/dl in Group
B (p<0.01). On the 7™ postoperative day P levels tended to
normalize in Group A in contrast with Group B, where a
further increase was observed (Group A: 3.7+0.62 mg/dl vs
Group B: 4.44+0.73 mg/dl) (p<0.001). Patients in Group B
had significantly higher P levels in both days (Figure 2).

Mean preoperative PTH levels were comparable between
the two Groups, (Group A: 28.49+13.54 pg/dl vs Group B:
29.13+14.88 pg/dl, p=0.82). On the first postoperative day,
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Figure 2. Changes in phosphorus during the postoperative period (Group
A: Patients without PostHypo, Group B: Patients with PostHypo).

PTH was reduced to 18.85+10.83 pg/dl in Group A, and to
9.94+11.92 pg/dl in Group B (p<0.001). On the 7%
postoperative day PTH levels increased in Group A in contrast
with Group B where a further reduction was noted: Group A:
20.04+12.87 pg/ml vs. Group B: 8.91+£9.35 pg/ml (Figure 3).

In an attempt to determine the optimal values with the best
combination of specificity and sensitivity, receiver operating
characteristic (ROC) curves were performed. Preoperative
values of cCa, Phosphorus, PTH, 25(OH)VitD as well P and
AP from first day post operation were poor predictors of
differentiation between the two Groups, as shown by the
Area Under the Curve (AUC) at <0.7 for all. On the other
hand, on thel postoperative day PTH, APTH, AcCa and
ACa were acceptable as AUC was >0.8 for all of them. The
best cut-off for PTH was found to be 9.4 pg/ml with a
sensitivity of 84.9% and a specificity of 71.4%,
(AUC=0.806, 95%CI1=0.706-0.906, p=0.05). Furthermore,
for APTH, the ROC curve indicated that a 50% reduction on
18t postoperative day PTH from the preoperative level as the
best cut-off, with a sensitivity of 76% and a specificity of
75% (AUC=0.825, 95%CI=0.733-0.917, p=0.047). In
addition, for the AcCa levels, the ROC curve indicated a 7%
decrease in cCa one day post operation as the best cut - off,
with a sensitivity of 87% and a specificity of 83%
(AUC=0.922, 95%CI1=0.863-0.982, p=0.030). Lastly, the best
cut-off for ACa concentration was found to be a reduction
of 11.35% in Ca 1% day post operation from preoperatively,
with a sensitivity of 90% and a specificity of 83%
(AUC=0.90, 95%CI=0.835-0.966, p=0.033). The clinical
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Figure 3. Changes in PTH during the postoperative period (Group A:
Patients without PostHypo, Group B: Patients with PostHypo).

implementation of all these values is that the attending
physician can observe them closely and, accordingly, can
predict if a patient is a candidate for the development of
symptoms related to PostHypo.

Discussion

During the past few decades there has been considerable
controversy concerning the type and time of measurements
performed to predict transient or permanent post-operative
hypoparathyroidism. Different researchers have tried to
identify a useful method to predict which patients should be
administered supplemented calcium before safe hospital
discharge.

Potential advantages associated with an earlier discharge
are i) cost savings, ii) improved patient convenience, and iii)
lower exposure to nosocomial pathogens. Hypocalcemia
usually becomes noticeable between 24 and 48 h after
thyroidectomy and calcium is generally measured at 6 to 12
h intervals (11). The patient can be discharged when normal
corrected calcium level is achieved and an upward trend of
corrected calcium is observed.

According to these issues, our study mainly focuses on the
correlation of all the biochemical and demographical risk
factors with the development of PostHypo and the
comparison of our results with the latest data from the
literature. Moreover, we suggested the optimal PTH, APTH,
AcCa and ACa values, according to ROC curves that can
differentiate the two groups of patients.

Our study confirmed that a lower preoperative calcium
level was a risk factor for PostHypo, as patients in Group B
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had significantly lower cCa levels before the thyroid
operation. The same finding has been confirmed by other
studies in the literature (12-18). Similarly, a low
postoperative Ca has been related to PostHypo, (14, 15, 19-
28) as observed also in our study. Additionally, a larger
decline in postoperative Calcium is also related to PostHypo
(15,20, 21, 25, 29).

Moreover, there is no consensus in the literature regarding
the best time-point to test the PTH levels. The intraoperative
PTH assay is widely used during parathyroid surgery (29).
Intraoperative is defined as starting at time zero, which is the
moment of gland excision, to skin closure at the end of the
thyroid operation. The half-life of PTH is 3 minutes and its
measurement is a very accurate predictor of subsequent
hypocalcemia (30). It appears to be no disadvantage using
intraoperative  PTH measurement versus that obtained
postoperatively to guide initial clinical management of serum
calcium (31). In our study, PTH following surgery differed
significantly between the two groups of patients. A low PTH
after surgery has been related to PostHypo in many similar
studies in the literature (14, 19, 20-24, 31-39) as well as a
large decline of postoperative PTH (19, 32-35, 40, 41).
Additionally, a great percentage (51.4%) of patients from
both groups in our study had a Vitamin D deficiency with
values lower than 20 ng/ml. Many other studies have
confirmed the important role of Vitamin D sufficiency before
thyroid surgery for the avoidance of PostHypo (37, 42, 43).
A high phosphorus level following thyroidectomy is also
related to the development of PostHypo in the present study,
as found previously (19, 38).

In our study, hypocalcemia was significantly more
common in younger patients. Previous studies have
published conflicting results with respect to age as a risk
factor for the development of PostHypo (6, 14, 42, 44-46).
Malignant pathology was not related to PostHypo in our
study, although other studies have confirmed this correlation
(15, 47, 48). Also, in our study the enlarged thyroid
specimen was not related significantly with the risk of
PostHypo, whereas positive correlation between
thyroidectomy specimens and the risk of PostHypo has been
previously concluded (46). Finally, the number of identified
resected parathyroid glands from the pathology analysis was
related to PostHypo, in agreement with other studies in the
literature (49).

Our study confirmed that PTH, APTH, AcCa and ACa are
parameters that best characterize patients who have a high
risk for developing PostHypo. The preoperative as well as
the postoperative values can be used in the clinical practice
to predict which patients can be discharged from the hospital
sooner and which ones should be more closely monitored for
symptoms related to postsurgical hypocalcemia. We tried to
predict more accurately using the ROC curves the value of
PTH, APTH, AcCa and ACa levels that could safely

differentiate between symptomatic and asymptomatic
patients. Consequently, although there are not absolute cut-
off values to differentiate between the two groups, an
important finding of our study was that a PTH level less than
9.4 pg/ml was 84.9% sensitive and 71.4% specific for
predicting PostHypo. A drop in the parathormone value by
more than 50% of the preoperative level on the 1%
postoperative day had a 76% sensitivity and a 75%
specificity predicting PostHypo. Accordingly, when
examining Ca reduction without the correction of albumin,
an 11.35% decrease of Ca between the 1% postoperative day
and the preoperative value had the best combination of
sensitivity (90%) and specificity (83%). Finally, a reduction
of 7% in the corrected Calcium on the 1% postoperative day
compared to the pre-operation value could identify patients
who develop PostHypo with 87% sensitivity and 83%
specificity.

Furthermore, according to our study the lower
preoperative values of cCa were positively related to
PostHypo, while a great percentage of patients had a VitD
deficiency, which is common in Greece throughout the year
(50). Therefore, we suggest a routine control of Ca
metabolism for all patients who are candidates for
thyroidectomy. A possible supplementation of calcium per os
preoperatively could also play a protective role, while
25(0OH)VitD should also be tested in patients preoperatively.
In case the patient is 25(OH)VitD deficient (<20 ng/ml), a
high dose of VitD could be considered. Until today, there are
no consistent data concerning the preoperative VitD therapy
on postoperative calcium (51, 52) and further studies are
required.

Our study presents some limitations concerning the
number of patients and the fact that there were recruited
mostly from a single center. Also, only female patients were
included so as to correlate the PostHypo to the calcium
metabolism. Women are more often affected from diseases
that are related to calcium metabolism, such as hyper- and
hypoparathyroidism as well as osteoporosis (53, 54).

In conclusion, no absolute values of PTH or Ca were
identified in our patients that could differentiate them
according to their risk of developing hypocalcemia. Moreover,
there is no indication about the optimal time point to control
PTH and Ca and the two time points of 24 hours and 7 days
are used in more often in clinical practice (3). Our study
focuses in all the parameters that are related to PostHypo,
including clinical characteristics as well as biochemical and
hormonal results. These findings can have a clinical
implementation in the everyday practice for patients
undergoing total thyroidectomy, despite the fact that there is
not a clear cut-off to differentiate between the two groups of
patients. Importantly, the clinical decisions should be
personalized for each patient separately, and all the clinical
and laboratory parameters should be assessed on their own
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and in combination in order to find the patients who are at a
greater risk for postsurgical hypocalcemia. Finally, further
studies including more patients of both sexes are required to
identify patients at a high risk of PostHypo at an early stage.
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