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Abstract

Objective: Thyroid surgery is a common surgical proce-
dure. Hypocalcemia after thyroid surgery continues to be a
significant medical complication. The present study evalua-
tes the rate of transient hypocalcemia (TH) and permanent
hypocalcemia (PH) post thyroid surgery and investigates the
predictive factors behind its development. Material and
Methods: In this study, we retrospectively evaluated 2,381
cases who underwent thyroidectomy between the years
2009 and 2019. TH and PH were assessed based on clinico-
pathological features. Results: The mean age of patients
included in this study was 45 (14-87) years; 35.8% were
under the age of 40 83.6% were females. The rate of inci-
dental parathyroidectomy (confirmed by pathology reports)
was 9.7% (n=199). TH and PH developed in 16.1%
(n=316) and 5.1% (n=105) of the cases, respectively. In-
cidental parathyroidectomy and total thyroidectomy [odds
ratio (OR) 95% confidence interval (CI); 1.767, 3.017] can
be considered independent risk factors for the development
of TH. Age, gender, absence of preoperative hyperthyroi-
dism, total thyroidectomy, Hashimoto thyroiditis, thyroid
gland volume, and incidental parathyroidectomy are the risk
factors for the development of PH [OR (95% CI); 0.981,
3.695, 2.65, 4.270, 1.741 1.002, 2.235]. Conclusion: The
incidence of permanent hypocalcemia development in pati-
ents with preoperative hyperthyroidism is low.

Keywords: Hypocalcemia; thyroidectomy;
parathyroid gland; hyperthyroidism

Ozet

Amag: Tiroid cerrahisi yaygin bir cerrahi girisimdir. Tiroid
cerrahisi sonrasi hipokalsemi 6nemli bir tibbi komplikasyon
olmaya devam etmektedir. Bu galisma, tiroid cerrahisi son-
rasi gegici ve kalici hipokalsemi oranlarini dederlendirmekte
ve gelisiminin arkasindaki 6ngoéricu faktorleri arastirmak-
tadir. Gereg ve Yontemler: Bu galismada, 2009-2019 yil-
lari arasinda tiroidektomi yapilan 2.381 olgu retrospektif
olarak dederlendirildi. Gegici ve kalici hipokalsemi, klinik ve
patolojik 6zelliklere gore dederlendirildi. Bulgular: Bu ga-
lismaya dahil edilen hastalarin ortalama yasi 45 (14-87),
%35,8'i 40 yasin altinda ve %83,6's| kadind. Iinsidental pa-
ratiroidektomi orani (patoloji raporlari ile dogrulanan) %9,7
(n=199) idi. Olgularin sirasiyla %16,1'inde (n=316) ve
%?5,1'inde (n=105) gegici ve kalici hipokalsemi gelisti. Insi-
dental paratiroidektomi ve total tiroidektomi [goreceli olasi-
liklar orani [odds ratio (OR)] %95 gliven araligi (GA); 1,767,
3,017] gegici hipokalsemi gelisimi igin bagimsiz risk faktor-
leri olarak saptandi. Yas, cinsiyet, preoperatif hipertiroidi ol-
mamasi, total tiroidektomi, Hashimoto tiroiditi, tiroid bezi
hacmi ve insidental paratiroidektomi kalici hipokalsemi ge-
lisimi igin risk faktorleri olarak saptandi [OR (%95 GA);
0,981, 3,695, 2,65, 4,270, 1,741 1,002, 2,235]. Sonug:
Preoperatif hipertiroidili hastalarda kalici hipokalsemi ge-
lisme insidansi duguktar.

Anahtar kelimeler: Hipokalsemi; tiroidektomi;
paratiroid bezi; hipertiroidizm
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Thyroid surgery is among the most common
surgical procedures (1). Post-surgical com-
plications are seen in more than half the
cases, including postoperative bleeding,
hoarseness, and hypocalcemia [transient
hypocalcemia (TH) or permanent hypocal-
cemia (PH)], among which hypocalcemia is
the most common (2). Although some ex-
isting underlying conditions and preopera-
tive risk factors have been addressed,
hypocalcemia prevention and treatment re-
mains a challenge (3). The present study
evaluated the rates of TH and PH developed
post-surgery and investigated the predictive
factors behind its occurrence. The informa-
tion provided in this study will assist clini-
cians in predicting the risk of hypocalcemia
post-surgery and plan treatment strategies
accordingly.

This study lists 2,381 cases of thyroidec-
tomy performed in our center between 2009
and 2019. Weretrospectively evaluated the
data with the information availed from the
hospital records. We excluded 327 cases be-
cause of missing data; history of anterior
neck surgery; preoperative abnormal levels
of calcium, parathyroid hormone, albumin,
and alkaline phosphatase (n=304); parathy-
roid autotransplantation (n=23).

The permission to conduct this study was
obtained from the Clinical Research Ethics
Committee of Inéni University (Date:
08.01.2020, Approval No: 2019/215) and
have followed the Principles of the Declara-
tion of Helsinki (World Medical Association
Declaration of Helsinki “Ethical Principles for
Medical Research Involving Human Sub-
jects” amended in October 2013,
www.wma.net). Informed consent was ob-
tained from the patients included in the
study.

Calcium levels were measured before and
after surgery (within 24-48 h, the following
month, and then 6™ months later). Post-
surgery, 8.5-10.5 mg/dL calcium were con-

sidered acceptable values. Calcium levels
below 8.5 mg/dL along with clinical symp-
toms including postoperative numbness in
the perioral area or hands, Chvostek sign,
Trousseau sign, or the presence of tetany
were defined as TH. Patients without clinical
signs but with calcium levels below 8.0
mg/dL were also included in the TH group.
PH was considered if calcium level was less
than 8.0 mg/dL, or parathormone level was
below 13 pg/mL, or clinical symptoms per-
sisted even with prescribed calcium supple-
ment 6 months post-operation. Incidental
parathyroidectomy is the presence of
parathyroid tissue in a thyroidectomy spec-
imen.

TH and PH were evaluated based on certain
factors, such as age and gender of the pa-
tient, the experience of the surgeon, Amer-
ican Society of Anesthesiologists (ASA)
score, the surgical procedure involved, ex-
isting hyperthyroidism or Hashimoto thy-
roiditis, presence of malignancy, tumor
dimensions (mm), presence of multifocal tu-
mors, thyroid volume (cm3), and the num-
ber of incidental parathyroidectomies.
Hyperthyroidism was diagnosed as per the
result of thyroid function tests (T3, T4, and
thyroid-stimulating hormone) conducted be-
fore surgery, and Hashimoto thyroiditis di-
agnosis was based on postoperative
histopathological evaluation. Thyroid gland
volume was measured macroscopically by
pathologists after thyroidectomy. The expe-
rience of the physician was based on the
mean number of thyroid surgeries per-
formed annually by 26 general surgeons and
surgical oncologists who worked at our cen-
ter during the stated period (less experi-
enced: 1-10 operations/year; medium
experienced: 11-24 operations/year; highly
experienced: =25 operations/year).

The Number Cruncher Statistical System
2007 program (Kaysville, Utah, USA) was
used for the statistical analysis. Descriptive
statistical values (mean, median, fre-
quency, percentage, standard deviation,
minimum, and maximum values) were
used for the estimation of the data. The
normality of the distribution of the numer-
ical values was tested with the Shapiro-Wilk
test and graphs. The student’s t-test and
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Mann-Whitney U test were used for the
comparison of quantitative variables be-
tween the 2 groups with and without nor-
mal distribution, respectively. Pearson’s
chi-square test, Fisher-Freeman-Halton
test, and Fisher’s exact test were used for
comparing qualitative variables. The level
of statistical significance was accepted as
p<0.05. An receiver operating characteris-
tics (ROC) curve analysis was used to as-
sess the sensitivity, specificity, and cut-off
values of the parametric data with statisti-
cal significance. The differentiation rate of
the cut-off value was considered high when
the area under the curve (AUC) was above
0.5 and close to 1.

All variables with a p value <0.10 in the uni-
variate analyses were considered eligible for
inclusion in the multivariate analysis and
were tested for collinearity. A stepwise uni-
variate and multivariate logistic regression
analysis was performed. Variables that re-
mained significant (p<0.05) in the multivari-
ate model were considered independent
predictors of TH and PH. Hosmer-Lemeshow
goodness of fit statistics was used to assess
the model fit. Odds ratio and 95% confidence
intervals were calculated for each predictor.

The median age of patients included in the
study was 45 (14-87) years, 736 (35.8%)
were under the age of 40, and 83.6% were
females. Hyperthyroidism and Hashimoto
thyroiditis was diagnosed in 281 (13.7%)
and 507 (24.7%) patients, respectively. The
median thyroid volume, measured postop-
eratively, was found to be 145 cm3 (4.5-
1,700).

Malignancy was detected in 15.8% (n=325)
of the patients. The median tumor dimen-
sion was 7 mm (range: 1-75 mm), and mul-
tifocal tumors were present in 23.1%
(n=75) cases. The number of operations
performed annually by the surgeons was be-
tween 2 and 68 (average=26). Out of total
thyroidectomy cases of 87.4% (n=1,795),
71.3% (n=1,454) were performed by expe-
rienced surgeons. The incidental parathy-
roidectomy was reported in 9.7% (n=199);
at least one parathyroid gland was detected
in 86.4% of cases. TH and PH were found in
16.1% (n=316) and 5.1% (n=105) of the
cases, respectively.

No statistically significant association was
found between age, gender, ASA score, pres-
ence of hyperthyroidism, presence of
Hashimoto thyroiditis, malignancy, tumor di-
mension or the presence of multifocal tu-
mors, the experience of the surgeons, the
number of incidental parathyroidectomies,
and the development of TH (p>0.05) (Table
1).

A statistically significant association was
found between thyroid volume and the de-
velopment of TH (p=0.025); the thyroid vol-
ume, removed from patients that developed
TH, was found to be higher than in those
without hypocalcemia. Thyroid volume (post
thyroidectomy) of 185 cm3 was regarded as
the cut-off level for the development of TH
in @ ROC analysis (AUC: 0.540; p=0.024).
The incidence of TH inpatients who under-
went a bilateral total thyroidectomy (total
thyroidectomy and completion total thy-
roidectomy for cancer) was found to be
higher than in those with subtotal thy-
roidectomy (unilateral total, one side
total/other subtotals, and bilateral subtotal
thyroidectomies, p<0.01). The rate of TH
was higher in the group with incidental
parathyroidectomy (p=0.001). The Enter
method used for logistic regression analysis
identified the presence of incidental parathy-
roidectomy and total thyroidectomy as inde-
pendent risk factors for the development of
TH (Table 1, Table 2).

The median age of patients that developed
PH was found to be lower than those without
hypocalcemia, that is, the rate of develop-
ment of PH decreased with increased age
(p=0.014). Thus, young age was an inde-
pendent risk factor for the development of
PH according to logistic regression analysis.
An ROC analysis revealed that the risk of de-
velopment of PH was significantly higher in
patients aged 46 years and younger
(p=0.008, AUC: 0.571) (Table 1, Table 2,
Figure 1).

PH prevalence was higher in women than in
men (p<0.01), and the logistic regression
analysis revealed gender to be an inde-
pendent risk factor for the development of
PH (p=0.038).
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-Independent predictors of transient hypocalcemia

Risk factors OR (95% CI) p value
Incidental parathyroidectomy 1.767 (1.230-2.538) 0.002
Total thyroidectomy 3.017 (1.761-5.169) <0.001

The p value of the Hosmer-Lemeshow test was 0.845; the following factors were entered into the multivariate logistic
regression analysis: The presence of incidental parathyroidectomy, thyroid volume, and total thyroidectomy.

-Independent predictors of permanent hypocalcemia

Risk factors OR (95% CI) p value
Age 0.981 (0.965-0.996) 0.017
Gender, female 3.695 (1.472-9.271) 0.005
Hyperthyroidism

Presence 0.377 (0.163-0.874) 0.023
Absence 2.65 (1.14-6.13)

Total thyroidectomy 4.270 (1.334-13.672) 0.014
Hashimoto thyroiditis 1.741 (1.146-2.643) 0.009
Thyroid volume 1.002 (1.001-1.003) 0.003
Incidental parathyroidectomy 2.235(1.311-3.808) 0.003

tomy, thyroid volume; OR: Odds ratio; CI: Confidence interval.

The p value of the Hosmer-Lemeshow test was 0.957; the following factors were entered into the multivariate logistic regres-
sion analysis: Age, gender, hyperthyroidism, total thyroidectomy, Hashimoto thyroiditis, presence of incidental parathyroidec-
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Figure 1. Graphics and results of receiver operating characteristics analyzes.

AUC: Area under the curve.

A statistically significant inverse association
was found between hyperthyroidism and the
development of PH; the rate of development
of PH in patients with hyperthyroidism was
low (p=0.015). A logistic regression analysis

revealed that the presence of hyperthy-
roidism decreased the risk of PH develop-
ment to 0.377. A statistically significant
association was found between the presence
of Hashimoto thyroiditis and PH (p=0.002);
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the risk of development of PH was high in
patients with

Hashimoto thyroiditis. Furthermore, logistic
regression analysis found the rate of devel-
opment of PH to be statistically higher in pa-
tients with Hashimoto thyroiditis (p=0.030).
The thyroid volume (post thyroidectomy)
was higher in patients who developed PH
than in those who did not (p=0.010;
p<0.05) -indicating thyroid volume to be an
independent risk factor for the development
of PH according to logistic regression analy-
sis (a higher risk by 1,002-fold). A ROC
analysis revealed that a thyroid volume of
121 cm? was a risk factor for the develop-
ment of PH (p=0.009, AUC: 0.575). The rate
of PH in the group detected with incidental
parathyroidectomy was higher than in the
group with no detection of incidental
parathyroidectomy (p=0.003); the cases of
incidental parathyroidectomy, as per logistic
regression analysis, was an independent risk
factor for the development of PH, increasing
the risk by 2,235-fold. Serum calcium levels
at pre and postoperative stages in patients
that developed PH, was found to be signifi-
cantly higher (p=0.041). An ROC analysis
revealed a 28% or greater decrease in the
serum calcium value estimated before and
after (24-48 h) surgery could be considered
a risk factor for the development of PH
(p=0.027, AUC: 0.616) (Table 1, Table 2,
Figure 1).

No significant statistical association was
found between the ASA score, the presence
of malignancy, tumor dimension, the status
of multifocal tumors, experience of the sur-
geon, surgical method, the number of inci-
dental parathyroidectomies, and the
development of PH (p>0.05) (Table 1).

Surgical hypoparathyroidism (with a re-
ported incidence varying between 0.33%
and 68%) is the most common complication
in thyroid surgery. TH and PH occur in up to
two-thirds and one-tenth (=210%) of thy-
roidectomy cases, respectively (4). Exten-
sive surgery, bilateral thyroid surgery,
reoperation, Graves’ and Hashimoto dis-
eases are the risk factors involved (2,5). The
in situ preservation of the parathyroid
glands and their blood supply plays a key
role in the prevention of surgical hy-

poparathyroidism. Operations performed by
highly experienced surgeons, preoperative
localization of aberrant parathyroid glands,
preoperative replacement treatment in high-
risk patients, immediate implantation of
parathyroid glands or delayed implantation
of frozen parathyroid glands that are inad-
vertently excised or have impaired blood
supply, and postoperative vitamin D and cal-
cium supplements are recommended to re-
duce the risk of surgical hypoparathyroidism
(5-7). Although the definition of surgical hy-
poparathyroidism is debatable, TH is defined
as low levels of blood calcium post thyroid
surgery. PH is characterized by parathyroid
function abnormality, even after 6 months of
thyroidectomy (5,6).

Hypocalcemia is generally seen in young pa-
tients after thyroidectomy (8,9), although it
is also reported in aged patients (10,11). In-
terestingly, meta-analyses have revealed no
association between hypocalcemia and age
(12). In our study, we found PH developing
in many young patients (aged 46 years or
younger). Sands et al. reported that com-
pared to men, females showed a 2-fold
higher probability of developing TH (13).
This result corroborates with other reports
(12,14) and also with our findings, where
we show a 2.7-fold greater risk of hypocal-
cemia in females.

Adam et al. reported that patients operated
by surgeons performing >25 thyroid surger-
ies per year had a low risk of morbidity (15).
The development of hypocalcemia after thy-
roidectomy is associated with surgical tech-
niques, surgeon’s experience (16-18), and
postoperative management (18). However,
we did not find any statistical correlation be-
tween the surgeon’s experience and the oc-
currence of either TH or PH. Our center
employs a few inexperienced surgeons, but
intraoperative consultations and close coop-
eration between them explain our result.
The effect of hyperthyroidism and Graves’
disease on hypocalcemia is controversial.
Even with opposing views (12), many stud-
ies and meta-analyses published to date
have found Graves’ disease to be a risk fac-
tor for the occurrence of hypocalcemia post
total thyroidectomy (1,19,20). Rios Zambu-
dio et al. found that patients were at a
higher risk of developing PH post multin-
odular goiter surgeries (21). Conversely,
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hypocalcemia as unrelated conditions (20).
In contrast, we found hyperthyroidism de-
creased the risk of PH occurrence. In other
words, the absence of preoperative hyper-
thyroidism increases the risk (2.65 times) of
PH, a finding not reported earlier. Hypocal-
cemia seems to be less common in patients
suspected to have cancer, as surgeons are
meticulous in such cases (22), and the same
may be true for hyperthyroidism cases,
where the risk of post-surgery bleeding is
high (12). The increase in parathormone
after hyperthyroidism treatment results in a
significant decrease in serum sclerostin and
bone marker concentrations (23). Surgical
procedures for thyroid cancer and multin-
odular goiter may contribute more to the
development of hypocalcemia than the
treatment of hyperthyroidism.

As emphasized frequently in the literature, a
higher rate of hypocalcemia (in the case of
total thyroidectomy) was also seen in our
study. The risk of TH and PH development
post total thyroidectomy was increased by
3-and 4.2-fold, respectively.

Ebrahimi et al. reported that the risk of TH
and PH was increased in patients with
Hashimoto’s disease undergoing total thy-
roidectomy (24). As per the American Asso-
ciation of Clinical Endocrinologists and the
American College of Endocrinology, autoim-
mune thyroid diseases (including Hashimoto
disease) can lead to hypocalcemia (6), a re-
port in conflict with other studies (3,13,25).
Based on our data, Hashimoto’s thyroiditis
(which is an independent risk factor for PH)
increases the risk of hypocalcemia by 1.7-
fold.

In a study by Zheng et al. malignancy was
shown to be associated with PH, while tumor
localization and its multifocality were unre-
lated (26). Some studies, however, claimed
that malignancy does not facilitate the de-
velopment of hypocalcemia (13,22,25). In
the present study, the presence of malig-
nancy, tumor diameter, and multifocality
were unassociated factors for TH and PH de-
velopment.

The weight of the thyroid (post thyroidec-
tomy) material is associated with PH- the
more the weight, the more are the chances of
post-surgical complications (1,26). In this
study, we preferred to estimate the thyroid

cmand 121 cm3were found to be risk factors
for the development of TH and PH, respec-
tively. We found thyroid volume as an inde-
pendent risk factor for the development of PH.
A sharp fall in calcium levels following total
thyroidectomy is associated with TH and PH
(27,28). Our result showed that a decrease
in preoperative serum calcium levels in the
first 24 h was associated with PH in univari-
ate analysis; however, no statistical associ-
ation was found in a multivariate analysis.

The rate of incidental parathyroidectomy is
around 2.3-21.6% and is directly associated
with the experience of the surgeon
(22,26,29). Ozogul et al. reported that
hypocalcemia development was common
after incidental parathyroidectomy (29).
Baloch et al. stated that hypocalcemia could
be prevented with meticulous surgical tech-
niques and the proper preservation of
parathyroid glands (27). Some studies have
reported that the identification of a small
number of parathyroid glands during sur-
gery increases the risk of TH (30). Most re-
searchers suggest that a single intact
parathyroid gland is sufficient for its normal
function (31), even though some studies do
not link incidental parathyroidectomy with
hypocalcemia (22). Incidental parathy-
roidectomy was found to be an independent
risk factor for both TH and PH in our study.
That said, no difference was found between
one or more incidental parathyroidectomy.

Retrospective analysis and a few missing
data are the limitations of this study. Also,
we were unable to diagnose hungry bone
syndrome or analyze vitamin D levels in pa-
tients with TH.

Based on our data, incidental parathy-
roidectomy and total thyroidectomy should
be considered independent risk factors for
the development of TH. Age, gender, ab-
sence of preoperative hyperthyroidism, total
thyroidectomy, presence of Hashimoto thy-
roiditis, high volume of the thyroid gland,
and the presence of incidental parathy-
roidectomy are independent risk factors for
the development of PH. The low incidence of
PH in patients with existing hyperthyroidism
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is the significant finding of this study.
Whether hyperthyroidism reduces PH re-
mains to be seen in future studies.
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