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Introduction

Total thyroidectomy (TT) is a surgical procedure that repre-
sents one of the safest procedures in modern surgery, with a
short recovery period and low postoperative complication

rates. Being the primary surgical treatment option in thyroid
malignancy andmost benign conditions, increased incidence
of newly discovered disease leads to an increase in proce-
dures and several adverse events. The most common post-
operative complications are hypocalcemia and recurrent
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Abstract Introduction The most common postoperative complication of total thyroidectomy
is hypocalcemia, usually monitored using serum parathyroid hormone and calcium
values.
Objective To identify the most accurate predictors of hypocalcemia, construct a risk
assesment algorithm and analyze the impact of using several calcium correction
formulas in practice.
Methods A prospective, single-center, non-randomized longitudinal cohort study on
205 patients undergoing total thyroidectomy. Parathyroid hormone, serum, and
ionized calcium were sampled post-surgery, with the presence of symptomatic or
laboratory-verified asymptomatic hypocalcemia designated as primary outcome
measures.
Results Parathyroid hormone sampled on the first postoperative day was the most
sensitive predictor of symptomatic hypocalcemia development (sensitivity 80.22%,
cut-off value �2.03 pmol/L). A combination of serum calcium and parathyroid
concentration sampled on the first postoperative day predicted the development of
hypocalcemia during recovery with the highest sensitivity and specificity (94%
sensitivity, cut-off �2.1mmol/L, and 89% specificity, cut-off �1.55 pmol/L, respective-
ly). The use of algorithms and correction formulas did not improve the accuracy of
predicting symptomatic or asymptomatic hypocalcemia.
Conclusions The most sensitive predictor of symptomatic hypocalcemia present on
the fifth postoperative day was PTH sampled on the first postoperative day. The need
for algorithms and correction formulas is limited.
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laryngeal nerve injury, transient in most cases.1 Reports of
postoperative hypocalcemia vary significantly due to the
heterogeneity of observational studies and the various def-
initions of hypocalcemia by different authors, with data
listing values from 2% to 83%.2 Total thyroidectomy is always
accompanied by short-term dysfunction of the parathyroid
glands, which does not necessarily result in postoperative
hypocalcemia.3 Hypocalcemia is most commonly registered
when parathyroid hormone (PTH) levels decline >80% con-
cerning preoperative values.4 The reason for rapid-onset
postoperative hypoparathyroidism is the short lifespan
(t1/2) of parathyroid hormone and the sensitivity of the
parathyroid glands to manipulation. Clinical hypoparathy-
roidism is defined as biochemical hypoparathyroidism with
symptoms and/or signs of hypocalcemia present.5 Although
most hypocalcemia is transient, its occurrence is significant
because it leads to prolonged hospitalization, can cause
uncomfortable symptoms in patients, reducing their quality
of life, and may lead to life-threatening conditions in rare
instances.6 Serum and ionized calcium concentrations, and
more recently PTH concentrations, are standardly used to
monitor postoperative hypocalcemia. Several studies indi-
cate that early postoperative PTH is the most accurate
predictor of the development of symptomatic hypocalcemia
after total thyroidectomy, but differing cut-off values and
hypocalcemia criteria complicate the direct comparison of
data. In addition, some studies recommend using correction
formulas such as the Payne correction formula for accurate
serum calcium concentration.6–11

This prospective, observational, non-randomized longi-
tudinal cohort study focused on three fundamental prob-
lems faced when dealing with assessing post-
thyroidectomy hypocalcemia risk. First, identifying the
most reliable parameter for assessing both symptomatic
and asymptomatic postoperative hypocalcemia and their
respective predictive value. Second, developing a simple
and practical algorithm for identifying high-risk patients
susceptible to postoperative hypocalcemia, requiring daily
calcium monitoring and prolonged calcium supplement
treatment. Finally, it will analyze the reliability and practi-
cality of using various calcium correction formulas in
routine practice.

Methods

This study included patients who underwent total thyroid-
ectomy in a tertiary referral center from June 2020 to
March 2021. A total of 205 patients were included. The
study was approved by the Hospital Ethics Committee (EP-
12939 / 18–17), following the International Conference on
Harmonization principles and the Declaration of Helsinki.
The study was pre-registered in the ClinicalTrials.gov online
database.

Inclusion criteria were total thyroidectomy regardless of
the surgical indication, availability of data on serum albumin,
serum calcium, ionized calcium, and PTH, and the presence
of hypocalcemia symptoms, as well as signed informed
consent forms. Patients with incomplete data, preoperative

pathological calcium or PTH levels, and pathological con-
ditions affecting calcium metabolism and parathyroid func-
tion were excluded from the study. Data collected included
age and sex, diagnosis leading to surgical treatment, whether
neck dissection was performed alongside total thyroidecto-
my, preoperative and postoperative laboratory values (se-
rum calcium, ionized calcium, albumin-corrected calcium,
and PTH) during the first five postoperative days, postoper-
ative presence of hypocalcemia symptoms, and need for
postoperative calcium replacement therapy.

The primary outcome measures were the presence of
hypocalcemia symptoms during the first five postoperative
days and the presence of laboratory-verified asymptomatic
hypocalcemia on the fifth postoperative day. A secondary
outcome measure was the association between the con-
structed algorithm for assessing hypocalcemia risk on the
first postoperative day and hypocalcemia on the fifth post-
operative day. Preoperative blood samples for measuring
calcium, PTH, and albumin were taken after hospital admis-
sion. Postoperative serum PTH, total serum calcium, and
ionized calciumweremeasured onehour after surgery and at
7 AM on thefirst and fifth postoperative days. If hypocalcemia
was observed in the patient on the first postoperative day,
serum calcium measurements were performed daily. PTH
was measured by electrochemiluminescence immunoassay,
and serum calcium by the o-cresophthalein complex meth-
od, with reference values for PTH ranging from 1.6 to 6.9
pmol/L (15.09- 65.07 pg/mL) and for serum calcium 2.14–
2.42mmol/L (8.0–12.0mg/dL), respectively. The reference
values for ionized calcium were 1.05–1.3mmol/L (4,2–5,2
mg/dL) and for albumin 34–54 g/L (3.5–5.0 g/dL). Hypocalce-
mia was defined as a serum calcium level <2.14mmol/L
regardless of the appearance or absence of symptoms of
hypocalcemia. In addition to laboratory-verified hypocalce-
mia, symptoms and signs of hypocalcemia in patients were
recorded daily. Recovery of parathyroid functionwas defined
as the return of PTH and serum calcium levels within the
reference range without additional calcium or vitamin D
replacement. Therapeutic calcium replacement was not
prescribed if the patient had no laboratory or clinical signs
of hypocalcemia. It was administered to patients with labo-
ratory-confirmed hypocalcemia (serum calcium values
<2.00mmol/L) and patientswith symptoms of hypocalcemia
regardless of serum calcium laboratory values. Supplemen-
tation therapy consisted of orally administered elemental
calcium (calcium carbonate, 1-g unit) and/or calcitriol (0.5
microgram unit), with dose adjustment depending on serum
calcium values. Calcium gluconate was administered intra-
venously only if severe symptoms of hypocalcemia were
present.

Corrected serum calcium was calculated using Payne’s for-
mula [“correctedCa” (mmol/L)¼measuredCa (mmol/L)þ0.020
or 0.025 (40-albumin (g/L))], Clase’s formula [“corrected Ca”
(mmol/L)¼measured Ca (mmol/L)þ0.018� (35-albumin
(g/L))], Jain’s formula [“corrected Ca” (mmol/L)¼measured Ca
(mmol/L)þ0.01� (30-albumin (g/L))] and Ridefelte’s formula
[“corrected Ca” (mmol/L)¼measured Ca (mmol/L) - 0.0135�
albumin (g/L)þ0.4525]. Patients were discharged on the first
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or second postoperative day if postoperative calcium and PTH
were within the reference range and if the patient’s condition
wasstable and furthermonitoringofPTHandcalciumtookplace
onanoutpatient basis. If thepatientdidnot receive replacement
therapyduringhospitalization, noprophylactic calciumreplace-
ment was prescribed after discharge from the hospital.

Statistical data processing uses standard descriptors
(arithmetic mean and standard deviations or median). The
relationships between the variables were tested using a
binary logistic regression model to demonstrate a statisti-
cally significant correlation between symptom onset and

postoperative hypocalcemia on the fifth day. All tests were
performedusing a 5% two-way type I error. Eachvariable that
was statistically significantly related to the primary outcome
was further analyzed using the ROC (Receiver Operating
Characteristic) curve. A cut-off value was determined using
the Youden J index (a measure of the sensitivity and speci-
ficity of the dichotomous test variable). AreaUnder the Curve
(AUC) >0.6 was considered statistically significant. An addi-
tive risk algorithm was then constructed that included
variables identified as risk factors for hypocalcemia present
on the fifth postoperative day. After calculating the result for
all patients, ROC analysis determined its limit value, sensi-
tivity, and specificity. P values �0.05 were considered sta-
tistically significant. Statistical analysis was performed using
MedCalc (Version 11.2.1 © 1993–2010. MedCalc Software
bvba Software, Broekstraat 52, 9030 Mariakerke, Belgium)
and SPSS (Version 22.0., 2013. IBM SPSS Statistics for Win-
dows, Armonk, NY: IBMCorp.) aswell as standard descriptive
statistics and frequency tables.

Results

A total of 205 subjects were included in the study, of which
182 were women (88.78%). The mean age was 47.98 years
with a standard deviation of�15.29 years. The proportion of
patients requiring calcium supplementation was 46.34%
(n¼95). (►Fig. 1 and ►Table 1)

The binary logistic regression model showed that per-
forming total thyroidectomy and neck dissection did not
impact the occurrence of symptomatic hypocalcemia on the
fifth postoperative day concerning patients who did not
undergo neck dissection (p¼0.137 and p¼0.614). In con-
trast, the patient’s age was strongly associated with the
occurrence of symptomatic hypocalcemia, with an odds ratio
(OR) of 11.030 (p¼0.001). ROC analysis confirmed that
younger age, at a cut-off value of �50 years, was associated
with a more frequent occurrence of symptomatic

Fig. 1 CONSORT flow diagram.

Table 1 Clinical and surgical characteristics of 205 patients who underwent total thyroidectomy (Data are expressed as N
(number), mean� SD, or frequency (%))

Patient age (years) 47.98� 15.29

Women (N) 182 (88.78%)

Neck dissection (N) 27 (13.17%)

Number of patients needing calcium replacement therapy (N) 95 (46.34%)

PTH on the day of surgery (pmol / L) 3.07� 3.03

PTH first postoperative day (pmol / L) 2.65� 1.84

Serum calcium on the day of surgery (mmol / L) 2.07� 0.28

Serum calcium first postoperative day (mmol / L) 2.00� 0.20

Serum calcium on the fifth postoperative day (mmol / L) 2.10� 0.10

Albumin (g / L) 45.87� 2.57

Ionized calcium on the day of surgery (mmol / L) 1.15� 0.10

Ionized calcium on the first postoperative day (mmol / L) 1.2�0.20

Ionized calcium on the fifth postoperative day (mmol / L) 1.2�0.10
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hypocalcemiawith a sensitivity of 64.21% and a specificity of
51.82%. The majority of patients underwent TT because of
confirmed thyroid malignancies or thyroid goiter. In our
study, a statistically significant association between hyper-
thyroidism and the occurrence of symptomatic hypocalce-
mia on the fifth day after surgery was confirmed by binary
logistic regression (p¼0.041), while other thyroid disorders
did not affect its occurrence.

While 142 patients (69.3%) were hypocalcemic one hour
after surgery with an average serum calcium value of
2.07�0.28mmol/L, 114 patients (36.4%) were hypocalcae-
mic with a mean serum calcium level of 2.10�0.10mmol/L
on the fifth postoperative day (►Table 1). Only 11 patients
had lowered ionized calcium values on the fifth postopera-
tive day with an average value of 1.2�0.10mmol/L. Mean
serum PTH values on the day of surgery were 3.07�3.03
pmol/L, with 49 patients (23.9%) having hypoparathyroid-
ism. Laboratory hypoparathyroidism and hypocalcemia on
the day of surgery were recorded in 41 patients, whereas on
the first postoperative day, it was present in 38 patients.
Clinical hypoparathyroidism, a combination of lower PTH
values and symptoms and/or signs of hypocalcemia, was
recorded in 31 patients, both on the day of the surgery and
the first postoperative day, respectively.

The binary logistic regression model identified age, PTH,
calcium, and ionized calcium on the day of surgery, and on
the first postoperative day showing statistical significance in
predicting symptomatic hypocalcemia on the fifth postoper-
ative day (►Table 2).

When analyzing the presence of laboratory-verified hy-
pocalcemia on the fifth postoperative day, hyperthyroidism,
PTH, serum calcium one hour after surgery, and PTH along-
side serum calcium on the first postoperative day showed
statistical significance in predicting biochemically identified
hypocalcemia on the fifth postoperative day (►Table 3).

Statistically significant findings were further evaluated
using ROC curve analysis. PTH measured on the first
postoperative day had the highest sensitivity (80.2%),
whereas calcium sampled one hour after surgery had
the highest specificity (88.1%) in predicting symptomatic
hypocalcemia (►Fig. 2). Clase, Jain, Payne, and Ridefelt’s
correction formulas were calculated using preoperative
albumin and serum calcium values sampled one hour after
surgery. When analyzing serum calcium as a predictor of
symptomatic hypocalcemia, Ridefelt’s correction formula
had the highest sensitivity (66%), and the Clase and Jain
correction formulas showed the highest specificity (90%)
(►Fig. 3).

ROC curve analysis also showed statistically significant
associations between the occurrence of laboratory-veri-
fied hypocalcemia on the fifth postoperative day and the
values of PTH and serum calcium sampled one hour after
surgery and on the first postoperative day (►Fig. 4). Serum
calcium measured on the first postoperative day had the
highest sensitivity (94%) in predicting the occurrence of
hypocalcemia on the fifth postoperative day, while PTH
measured one hour after surgery had the highest specific-
ity (89%). Serum calcium corrected with the Clase formula
had the highest sensitivity (71%) in the prediction of
hypocalcemia on the fifth day after surgery, and the Jain
correction Eq. (91%) showed the highest specificity
(►Fig. 5).

An algorithm for assessing the risk of hypocalcemia on
the fifth postoperative day was constructed by assigning 0
to each variable if its value was under the cut-off value and
1 if its value was over the cut-off value. By summing up the
values, a score from 0 to 6 was constructed (►Fig. 6). The
predictive value of the score was then analyzed about the
occurrence of hypocalcemia on the fifth postoperative day.
The ROC curve of this derived risk assessment result
showed that a value of �2 on the first day has a sensitivity
of 70% and 83% specificity in identifying patients develop-
ing laboratory-verified hypocalcemia on the fifth day
(►Fig. 7).

Table 2 Risk analysis of symptomatic hypocalcemia by binary
logistic regression

BINARY LOGISTIC
REGRESSION

ODDS RATIO (OR) P VALUE

Age 11,030 0,001

PTH� 11,035 0,001

Serum Ca � 11,609 0,001

Ionised Ca � 5,257 0,022

PTH �� 15,058 0,000

Serum Ca �� 20,000 0,000

Ionized Ca �� 6,147 0,013

Serum Ca ��� 17,585 0,000

Payne 11,571 0,001

Clase 11,905 0,001

Jain 11,995 0,001

Ridefelt 12,007 0,001

� concentrations one hour after surgery; �� concentrations on the 1st
postoperative day; ��� concentrations on the 5th postoperative day.

Table 3 Risk analysis of hypocalcemia on the fifth
postoperative day by binary logistic regression

BINARY LOGISTICAL
REGRESSION

ODDS RATIO (OR) P VALUE

Hyperthyroidism 4,162 0,041

PTH � 12,115 0,001

Serum Ca � 6,396 0,011

PTH �� 13,717 0,000

Serum Ca �� 19,185 0,000

Clase 4,304 0,038

Jain 5,331 0,021

Ridefelt 4,916 0,027

� concentrations one hour after surgery; �� concentrations on the 1st
postoperative day.

International Archives of Otorhinolaryngology Vol. 28 No. 1/2024 © 2024. The Author(s).

Is There Benefit from Using an Algorithm? Košec et al. 15



Discussion

The main goal of this study was to determine whether,
through the analysis of reproducible, operator-independent
data, an accurate assessment of post-thyroidectomy hypo-
calcemia risk can be made. The secondary goal was to
construct and test an algorithm used in predicting postoper-
ative hypocalcemia and compare its accuracywith individual
laboratory variables in symptomatic hypocalcemia assess-
ment, thus reducing the likelihood of developing uncomfort-
able and potentially life-threatening symptoms. Although
most cases of hypocalcemia are transient, adequate early risk
assessment would have a positive impact on timely treat-
ment with the shortening of hospital stays and cost
optimization.6 The incidence of transient and persistent
hypocalcemia is difficult to determine due to the heteroge-
neity of data in different studies (age, sex, primary diagnosis,
location of parathyroid glands).2 Although some medical
institutions tackle postoperative hypocalcemia by adminis-
tering prophylactic calcium supplements, this practice is still
controversial as it can lead to unnecessary over-medication
and possible masking of potential complications prior to
hospital discharge.7,12,13

Traditional methods of detecting hypocalcemia include
sampling serum and ionized calcium and monitoring for
symptoms. A systematic review and meta-analysis study
concluded that serum calcium <2.10mmol/L, sampled
24hours after surgery, predicted persistent hypocalcemia
with a sensitivity of 99%.9 In addition, one study observed a
correlation between predicting future hypocalcemia and the
relative serum calcium drop rate postoperatively.14 Postop-
erative ionized calcium values of 0.95mmol/L or lower have
also been associated with the occurrence of symptomatic
hypocalcemia.9,15Although it may seem contradictory to use
calcium in determining the prediction of hypocalcemia, its
most significant advantage is the ability to predict persistent
hypocalcemia, but with low specificity.9 Despite a positive
correlation with symptomatic hypocalcemia, daily sampling
of serum calcium values requires prolonged hospitalization.
An alternativemarker is PTHdue to its short half-life (t1/2) of
only 3minutes and significant correlation with the function
of the parathyroid glands.11 One study showed that a drop in
PTH >30% 10minutes after the surgery was linked with an
increased risk of postoperative hypocalcemia with sensitivi-
ty and specificityover 90%. In the same study,with thehelp of
total serum calcium values with equally high sensitivity and

Fig. 2 ROC curves of correlations between laboratory parameters and occurrence of symptomatic hypocalcemia. (A) PTH concentration
determined one hour after surgery predicts the onset of hypocalcemia symptoms with a sensitivity of 69.89% and a specificity of 84.91% at a cut-
off value of �1.51 pmol/L (ROC analysis; AUC 0.832; 95% CI 0.773–0.881; P value <0.0001). (B) Serum calcium concentration determined
one hour after surgery predicts the occurrence of symptomatic hypocalcemia with a sensitivity of 72.63% and a specificity of 88.07% at a cut-off
value of �2.01mmol/L (ROC analysis; AUC 0.807; 95% CI 0.746- 0.859; P value <0.0001). (C) PTH concentration determined on the first
postoperative day predicts the occurrence of symptomatic hypocalcemia with a sensitivity of 80.22% and a specificity of 78.22% at a cut-off value
of �2.03 pmol/L (ROC analysis; AUC 0.835; 95% CI 0.775- 0.884; P value <0.0001). (D) Serum calcium concentration determined on the first
postoperative day predicts the occurrence of symptomatic hypocalcemia with a sensitivity of 79.07% and a specificity of 85.88% at a cut-off value
of �2.02mmol/L (ROC analysis; AUC 0.891; 95% CI 0.835–0.934; P value <0.0001).
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specificity, the development of symptomatic hypocalcemia
could be predicted only 12 hours after surgery.8 Another
study found that PTH measured four hours postoperatively
was as effective in assessing postoperative hypocalcemia as
PTH measured on the first postoperative day in the morning
if different laboratory cut-off values for hypoparathyroidism
were applied.16A systematic reviewandmeta-analysis study
found that low PTH concentrations (lower than 6–35 pg /
mL), measured one hour to one day after surgery, predicted
transient hypocalcemiawith a sensitivity ranging from 69 to
100%.9 A previous study shows that PTH levels <2.9 pmol/L
postoperatively were associated with a high risk of hypocal-
cemia.17 The heterogeneity of previously listed results is the
product of intricate calcium homeostasis with multiple
dependent and independent variables affecting postopera-
tive hypocalcemia.18 In the current study, PTH, serum, and
ionized calcium measured one hour after surgery, and PTH
and serum calcium measured on the first postoperative day
proved to be themost accurate parameters for predicting the
development of hypocalcemia on the fifth day after surgery.
It is important to apply different cut-off values for the same
variables depending on the day to increase the sensitivity

and specificity of the test. Lower PTH concentrations suc-
cessfully identify patients at risk of developing transient
hypocalcemia, whereas normal PTH finding excludes the
possibility of developing persistent hypoparathyroidism.19

Due to hypocalcemia being a multifactorial phenomenon,
different combinations of variables were used, with the
common goal of finding an algorithm that can predict the
occurrence of hypocalcemia as early as possiblewith asmuch
sensitivity and specificity as possible. One study developed
an algorithm consisting of preoperative and intraoperative
variables (age, sex, thyroid pathology, serum calcium, albu-
min, alkaline phosphatase blood levels, medications used,
the presence of comorbidities, duration of surgery and
anesthesia, the volume of intravascularly replenished fluid,
the number of parathyroid glands removed, and the type of
neck dissection) to determine the length of hospitalization
within 24hours after surgery.20 Other authors used preop-
erative calcium concentration <9mg / dL, ultrasound of
retrosternal goiter or enlarged thyroid, proven hyper-/hypo-
thyroidism, PTH six hours after surgery <1.58 pmol / L, and
Bethesda score �4 for the development of the algorithm
which can predict the occurrence of hypocalcemiawith 100%

Fig. 3 ROC curves of correlations between calcium correction formulas and symptomatic hypocalcemia. (A) The Clase correction formula
predicts the development of symptomatic hypocalcemia with a sensitivity of 65.26% and specificity of 89.91% at the cut-off value of
�1,801mmol/L (ROC analysis; AUC 0.751; 95% CI 0.686–0.809; P value <0.0001). (B) The Jain correction formula predicts the development of
symptomatic hypocalcemia with a sensitivity of 65.26% and a specificity of 89.91% at a cut-off value of�1.847mmol/L (ROC analysis; AUC 0.756;
95% CI 0.691–0.814; P value <0.0001). (C) The Payne correction formula predicts the development of symptomatic hypocalcemia with a
sensitivity of 63.16% and specificity of 88.99% at a cut-off value of �1.8525mmol/L (ROC analysis; AUC 0.746; 95% CI 0.680–0.804; P value
<0.0001). (D) The Ridefelt correction formula predicts the development of symptomatic hypocalcemia with a sensitivity of 66.32% and a
specificity of 88.99% at a cut-off value of �1.8426mmol/L (ROC analysis; AUC 0.753; 95% CI 0.688–0.811; P value <0.0001).
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sensitivity at the expense of lower specificity. (79%) The
same study emphasized the need for further evaluation in a
more significant number of patients.21 The third study
highlighted preoperative and postoperative serum calcium
levels 12hours after surgery, the number of preserved
parathyroid glands, blood vitamin D levels, and nodule size
measured during surgery as the most significant variables in
predicting postoperative symptomatic hypocalcemia. This
algorithmhad a sensitivity of 91% and a specificity of 84% but
required several tests not routinely performed in patients
undergoing total thyroidectomy with the consequent in-
crease in treatment costs and time.22 The three previous
examples show that an algorithm can be constructed using
different variables, but the main problem of such algorithms
is their complexity and need for additional diagnostic/
laboratory tests, which in turn prolong hospitalization stay
or increase postoperative cost. In addition, some of the
variables used were operator-dependent and represented a
significant bias. As seen in ►Fig. 6, our algorithm uses
objective, user-independent data, which are cost-effective

and simple to measure during postoperative care. However,
as shown by our data, even though a usable algorithm for
predicting hypocalcemia on the fifth postoperative day can
be constructed, such a tool is at a disadvantage compared
with the combination of PTH and serum calcium values on
the first postoperative day considering their specificity and
sensitivity. Furthermore, measuring two values instead of
five is a simpler andmore cost-effectivemethodwith a lower
possibility of bias. Therefore, using complex algorithms
seems impractical in a daily clinical setting.

An additional question concerns using correction formu-
las in patients with normal serum albumin values. Approxi-
mately 50% of calcium is ionized (in its biologically active
form), whereas�40% is bound to plasma proteins (predomi-
nantly albumin), and only �10% is in conjunction with
anions. The problem with determining the actual calcium
concentration occurs in cases of hypo- or hyperalbuminemia.
A significant increase or decrease in total serum calcium
concentration may occur, while the concentration of ionized
calcium remains the same. On the other hand, if the pH of the

Fig. 4 ROC curves of the correlation of laboratory parameters and the occurrence of laboratory verified hypocalcemia on the fifth postoperative
day. (A) PTH concentration determined one hour after surgery predicts the occurrence of hypocalcemia on the fifth postoperative day with a
sensitivity of 55.86% and a specificity of 88.64% at a cut-off value of � 1.27 pmol/L (ROC analysis; AUC 0.760; 95% CI 0.695–0.818; p< 0.0001).
(B) Serum calcium concentration determined one hour after surgery predicts the occurrence of hypocalcemia on the fifth postoperative day with
a sensitivity of 58.41% and a specificity of 87.91% at the cut-off value of � 1.99mmol/L (ROC analysis; AUC 0.757; 95% CI 0.692- 0.814;
p< 0.0001). (C) PTH concentration determined on the first postoperative day predicts the occurrence of hypocalcemia on the fifth postoperative
day with a sensitivity of 57.94% and a specificity of 82.56% at a cut-off value of � 1.55 pmol/L (ROC analysis; AUC 0.747; 95% CI 0.679–0.806;
p< 0.0001). (D) Serum calcium concentration determined on the first postoperative day predicts the occurrence of hypocalcemia on the fifth
postoperative day with a sensitivity of 94% and a specificity of 66.67% at a cut-off value of� 2.1mmol / L (ROC analysis; AUC 0.860; 95% CI 0.799–
0.908; P-value <0.0001).
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Fig. 5 ROC curves of calcium correction formulas predicting the occurrence of laboratory verified hypocalcemia on the fifth postoperative day.
(A) The Clase correction formula predicts the development of hypocalcemia on the fifth postoperative day with a sensitivity of 70.80% and a
specificity of 69.23% at the cut-off value of �1.8791mmol/L (ROC analysis; AUC 0.707; 95% CI 0.639–0.768; P value <0.0001). (B) The Ridefelt
correction formula predicts the development of hypocalcemia on the fifth postoperative day with a sensitivity of 64.60% and a specificity of
76.92% at the cut-off value of �1.8867mmol/L (ROC analysis; AUC 0.715; 95% CI 0.647–0.776; p< 0.0001). (C) The Jain correction formula
predicts the development of hypocalcemia on the fifth postoperative day with a sensitivity of 51.33% and a specificity of 91.21% at the cut-off
value of �1,803mmol/L (ROC analysis; AUC 0.719; 95% CI 0.652–0.780; P value <0.0001).

Fig. 6 Algorithm for assessing the risk of hypocalcemia on the fifth
postoperative day using variables identified in the logistic regression
model (age in years, PTH in pmol/L, Ca in mmol/L, iCa in mmol/L).

Fig. 7 ROC curve of the algorithm assessment of hypocalcemia risk
on the fifth postoperative day (ROC analysis; AUC 0.820; cut-off value
�2; sensitivity 69.91%; specificity 83.52%; 95% CI 0.760–0.870; P-
value <.0001).
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medium changes, the concentration of ionized calcium
changes accordingly.23 One study found that changing
one pH unit changes ionized calcium concentration by as
much as 0.36mmol/L.24 Since calcium concentrations are
subject to significant change, the use of correction formulas
may be necessary.25 Payne’s recommendation is to use the
formula in case of coexistence of hypocalcemia and hypo-
albuminemia, tested by a study in which the use of Payne’s
formula at albumin values higher than 40 g/L resulted in false
low calcium results, i.e., the use of this formula at albumin
values higher than 44 g/L decreased the actual calcium value
by 0.2mmol/L.26 Despite Payne’s formula being used the
longest, several other correction formulas have been devel-
oped more recently: Clase, Jain, and Ridefelt.27–29 All correc-
tion formulas were adversely affected by abnormal albumin
values, changing pH, and impaired glomerular filtration. In
addition, a lower correlation between total serum and cor-
rected calcium was observed. Several studies conclude that
the predictive value of ionized rather than albumin-
corrected calcium is better in the assessment of patient
outcomes.30–32 Another study also confirmed the ineffec-
tiveness of the widespread use of correction formulas by
observing a negligible correlation between corrected calci-
um calculated using the Payne formula and ionized calcium
compared with total serum and ionized calcium.27,30 Our
study also showed a better correlation between ionized and
serum calcium rather than between corrected calcium and
ionized calcium. The explanation for such a phenomenon lies
in the complexity of the dynamic equilibrium of ionized
calcium, which cannot be correctly predicted using
present correction formulas in patientswith normal albumin
levels.

One of the main limitations of this study is that sampling
was done once a day, but more frequent sampling would be
uncomfortable for patients. Although our sample size was
relatively large, our follow-upwas short, impacting the long-
term implications of our results. The advantage of this study
is the comprehensiveness of the factors predicting the oc-
currence of symptomatic hypocalcemiawhile accounting for
results analyzed with regard to both symptomatic and
laboratory-verified hypocalcemia, alongside verifying the
need for calcium correction formulas and reliability of
derived risk scoring on a single cohort of patients.

Conclusions

This prospective study confirmed the possibility of early
prediction of symptomatic and laboratory-verified hypocal-
cemia occurrence after total thyroidectomy and the identifi-
cation of low-risk patients who are candidates for safe
hospital discharge. The most sensitive predictor of symp-
tomatic hypocalcemia present on the fifth postoperative day
was PTH sampled on the first postoperative day. The combi-
nation of PTH and total serum calcium sampled on the first
postoperative day had the highest sensitivity and specificity,
with cut-off values of �1.55 pmol/L and �2.1mmol/L, re-
spectively. The need for algorithms and correction formulas
is limited.
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