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Background: Temporary hypocalcemia is the most common complication in patients after

total thyroidectomy. To date, according to the literature, various predictors of the above

complication have been proposed, but none of them seems to be effective enough.

Objectives: The aim of this study was to develop a reliable predictive tool for biochemical

hypocalcemia in the first 48 hrs after total thyroidectomy without central dissection by

analyzing several parameters relevant to this operation and to suggest a new score.

Methods: A retrospective study was performed on patients who had undergone total

thyroidectomy without central neck dissection from October 2017 until January 2018. Data

were collected from 36 patients and studied if there was a statistically significant relationship

between the risk of hypocalcemia and 10 preselected prognostic factors.

Results: The prognostic score was formed, which included the 6 factors that showed

a statistically significant relationship. Moreover, an extensive check of the predictive value

of the above score was performed. It was found, therefore, that at a value of 3 and above the

sensitivity was 100%, the specificity 79.16%, the positive prognostic value (PPV) 70.58%

and the negative predictive value (NPV) 100%.

Conclusions: High sensitivity of CaReBe’S TiP score makes it feasible to predict patients with

postoperative hypocalcemia. High NPVwould allow surgeons to exclude patients with a score less

than 3 from supplementary calcium medication and achieve a shorter hospitalization for them.
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Introduction
In Europe, thyroid surgery, regardless of the cause, is ranked third among opera-

tions in general surgery.1 Total thyroidectomy is recommended according to the

guidelines not only for malignant diseases2 but for toxic and non-toxic benign

multinodular goiter.3 Temporary hypoparathyroidism (19–38%) is by far the most

common postoperative complication of total thyroidectomy.4,5 Biochemical hypo-

parathyroidism is the state when the concentration of parathormone (PTH) is under

the lower limit according to the microbiological laboratory, accompanied by hypo-

calcemia. Typically, this limit is 12 pg/mL.6 It is worth noting that hypoparathyr-

oidism, if not treated, always leads to hypocalcemia.

Therefore, it is important to develop a methodology that will be able to identify,

in the best and fastest way, an imminent postoperative hypocalcemia. To date, many

factors have been associated with the above complication in several studies, with

the aim of predicting postoperative hypocalcemia before it even occurs. However,
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none of them is quite effective by itself.5 The present study

aimed to examine several preoperative and immediate

postoperative factors, regarding their possible correlation

with developing postoperative biochemical hypocalcemia

in the first 48 hrs after total thyroidectomy. Consequently,

a prognostic score could be created and the prophylactic

medication for hypocalcemia would be prescribed only

when it is necessary. The patients, whose calcium concen-

tration would be maintained within normal range accord-

ing to the predictive score, would be excluded from this

treatment.

Patients and methods
This is a retrospective study and was conducted at the 3rd

Surgical Clinic of the University General Hospital of

Thessaloniki, “AHEPA”, and the study was approved by the

investigational review board of the Aristotle University of

Thessaloniki. The records of adult patients who had undergone

total thyroidectomy from October 2017 until January 2018

were examined after permission by the hospital’s ethical com-

mittee. Patient written informed consent was acquired for all

files-data of this study. All operations were performed by

highly experienced surgeons. Inclusion and exclusion criteria

were set to define accurately the target population.

Inclusion criteria:

● Patients who undergone total thyroidectomy without

central neck dissection regardless of the thyroid disorder.

Exclusion criteria:

● Patients with re-implantation of at least one parathyr-

oid gland (PGRIS score<4).7

● Patients with accidental removal of at least one para-

thyroid gland found in the histopathologic report

(PGRIS score<4).7

● Patients with enlarged central lymph node or papil-

lary thyroid carcinoma >1 cm (central neck dissec-

tion is performed in such cases).
● Patients with lateral neck dissection.
● Patients with previous thyroid, parathyroid, or other

central neck operation.
● No previous medication affecting the calcium serum

concentration (calcium supplementation, vitamin D,

bisphosphonates, thiazides, denosumamb, bicarbonate,

lithium, vitamin A, calcitonin, furosemide, glucocorti-

coids, estrogens, cinacalcet).8

Direct preventive medication is often recommended in

these cases because are associated with high prevalence

of temporary postoperative hypocalcemia.9

A total of 39 total thyroidectomies were performed

during the study. However, a total of 36 adult patients

were included in the study, since 3 of them met the exclu-

sion criteria. Specifically, two had papillary thyroid carci-

noma >1 cm and one was treated for osteoporosis that

affected calcium concentration. The results of Orloff’s

et al statement on postoperative hypoparathyroidism and

Edafe’s et al systematic review and meta-analysis of pre-

dictors of post-thyroidectomy hypocalcemia were used

after literature review. Ten factors were selected and stu-

died for correlation with temporary hypocalcemia in the

first 48 hrs, based on our clinical experience and the

inclusion/exclusion criteria that were set.5,10 These factors

are all preoperative, except the PTH which was controlled

postoperatively (6 hrs after surgery). The factors studied

were age, sex, thyroid gland size, multinodular goiter,

retrosternal goiter, ultrasound image of calcifications,

malignancy (<1 cm), thyroid function at initial diagnosis,

preoperative total serum calcium concentration, and PTH’s

concentration after surgery. (Table 1)

Biochemical hypocalcemia was defined as a total

serum calcium level <8.0 mg/dL corrected for albumin

concentration, Ca [corrected] = [0.8× {normal albumin –

patient albumin} + serum Calcium]) or ionized serum

calcium <1.1 mmol/L, based on the physiological limits

of the hospital’s microbiological laboratory. All patients’

calcium levels were corrected for albumin concentration.

The under study complication was checked for all patients

from the day of surgery until the second postoperative day

(6, 24 and 48 hrs after surgery).

The patients were classified into those over and under

50 years old. For the size of the thyroid gland, the most

recent ultrasound was taken into account in each patient,

indicating whether the size of the gland was normal or not

(normal dimensions: height 4 cm, width 15–20 mm, thick-

ness 20–39 mm),11 although the real thyroid volume is

usually highly underestimated by this way.12 In the same

way, the data about the presence or not of multinodular and

retrosternal goiter, as well as calcifications were collected.

As retrosternal was defined a thyroid goiter in which any

part of the gland extends below the thoracic inlet with the

patient in the surgical position.13 Fine needle aspiration

(FNA) was performed on patients with a suspicious nodule

for malignancy. Based on the result of this test, which is

imprinted with the Bethesda scale (1–6), patients were
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ranked to those who had the lowest chance of suffering

from thyroid malignancy (Bethesda 2–3) and those who

were most likely or proven that have malignancy

(Bethesda 4–6). It should be noted that patients who did

not have an FNA test because there was no relevant clinical

or imaging evidence were classified with those in the first

category. Furthermore, thyroid function in the initial diag-

nosis was tested with thyroid stimulating hormone (TSH),

classifying patients into euthyroid, hypothyroid and

hyperthyroid. The preoperative serum calcium concentra-

tion was controlled during the patient’s hospital admission

the day before surgery. With a limit of 9 mg/dL preopera-

tive calcium, patients were classified into two

subcategories.14 Finally, information on whether or not the

patients had normal serum levels of PTH was collected 6

hrs after surgery, according to the hospital’s microbiology

laboratory (1.58–6.03 pmol/L).

Statistical analysis
The SPSS 25 software was used. The sample was initially

divided into two groups, depending on whether they had

biochemical hypocalcemia in the first 48 hrs after the opera-

tion. Subsequently, statistical analysis was performed for

each individual independent variable to ascertain if there

was a statistically significant correlation between them and

the under study complication. The above comparisons were

performed with the odds ratio (OR) test (p<0.05).

Independent variables that displayed a statistically signifi-

cant relationship to the risk of developing hypocalcemia

were then included in the prognostic score. Finally, all

patients were ranked according to the score and the sensi-

tivity, the specificity, the PPV and the NPV for each possi-

ble value of the score were calculated.

Results
Out of 36 patients, 12 (33.3%) developed biochemical

hypocalcemia in the first 48 hrs after total thyroidectomy.

There was no statistically significant correlation between

the dependent variable and age (p=0.777), sex (p=0.184),

multinodular goiter (p=0.806) and calcifications (p=0.348).

On the contrary, all the remaining factors significantly

affect the risk of postoperative biochemical hypocalcemia.

These factors are the large thyroid gland’s size (p=0.032),

the ultrasound image of retrosternal goiter (p=0.021), the

hypothyroid or hyperthyroid patient’s status (p=0.016), the

risk of malignancy based on a previous FNA test

(Bethesda≥4) (p=0.02), the preoperative calcium concen-

tration <9 mg/dL (p=0.007) and the concentration of post-

operative PTH <1.58 pmol/L (p<0.001). (Table 2)

According to the above data, a prognostic score was

developed, which would allow the early detection of tempor-

ary biochemical hypocalcemia after total thyroidectomy

without central neck dissection. This included all the inde-

pendent variables that displayed a statistically significant

relationship with biochemical hypocalcemia. Overall, this

consists of 6 prognostic factors. Each of them gives 1 point

to the score (0–6 points). To achieve an easier memorization

of the score, the name CaReBe’S TiP was given, which is an

acronym from the initials of the included factors. (Table 3)

Moreover, diagnostic tests were performed for the

CaReBe’S TiP score to determine whether this is reliable

and useful. Sensitivity, specificity, PPV and NPV were

calculated for each possible value of the score. It is

worth noting, that for a score value ≥3 the sensitivity is

Table 1 Demographic data per factor

Variables With post-
operative
hypocalcemia
(n=12)

Without post-
operative
hypocalcemia
(n=24)

Age >50: 9

≤50: 3

>50: 19

≤50: 5

Sex Male: 1

Female: 11

Male: 7

Female: 17

Thyroid gland size Large: 11

Normal: 1

Large: 12

Normal: 12

Multinodular goiter Yes: 8

No: 4

Yes: 15

No: 9

Retrosternal goiter Yes: 6

No: 6

Yes: 3

No: 21

Calcifications Yes: 7

No: 5

Yes: 10

No: 14

Malignancy Bethesda ≥4: 8

Bethesda <4: 3

and no FNA: 1

Bethesda ≥4: 6

Bethesda <4: 12 and

no FNA: 6

Thyroid function at

initial diagnosis

Pathologic: 10

Normal: 2

Pathologic: 9

Normal: 15

Preoperative calcium <9: 7

≥9: 5

<9: 3

≥9: 21

PTH 6 hrs after

surgery

<1.58: 10

≥1.58: 2

<1.58: 9

≥1.58: 15
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100% and the specificity is 79.16%. Respectively, when

the score has a value ≥4, the sensitivity is 83.3% and the

specificity is 100%. (Table 4)

PTH is considered to be the best predictor for the under

study complication by many.15 For this reason, the predictive

indicators of CaReBe’S TiP score were compared with those

of PTH alone. CaReBe’S Tip score appears to be a better

predictive test. This is also illustrated in the figure below

where the respective ROC curves are compared (Figure 1).

Discussion
It is estimated that the predictive score developed may

have a significant prognostic value regarding the risk of

postoperative biochemical hypocalcemia following total

thyroidectomy without central neck dissection. Αt

a scoring value ≥3, the sensitivity is 100%, so it has

detected all the patients, who had the complication. At

the same time, the NPV is 100% and the PPV of 70.58%,

which means that patients with scoring values ranging

from 0 to 2 did not suffer from biochemical hypocalcemia,

which was 70.58% likely to occur in patients with

a scoring value from 3 to 6. However, the specificity in

the above scoring value is 79.16%, so there were also

detected 20.84% patients without hypocalcemia, who

essentially had a false-positive result. Respectively, at

a value ≥4, the sensitivity is 83.3% and the specificity

100%. The high specificity means that a positive result in

the score will only identify patients who postoperatively

have biochemical hypocalcemia. However, some of them

will not be detected because of the lower sensitivity.

Table 2 Results with the use of odds ratio test

Independent variables OR P-value Statistically significant
relationship

1. Age >50 1.267 0.777 No

2. Sex 0.221 0.184 No

3. Multinodular goiter 1.2 0.806 No

4. Ultrasound image of calcifications 1.96 0.348 No

5. Large thyroid gland’s size 11 0.032 Yes

6. Retrosternal goiter 7 0.021 Yes

7. Thyroid function in the initial diagnosis 8.33 0.016 Yes

8. Suspected or proven malignancy based on FNA test 6 0.02 Yes

9. Preoperative Calcium <9.00 mg/dL 9.8 0.007 Yes

10. PTH <1.58 pmol/L 6 hrs postoperatively 55 <0.001 Yes

Table 3 Predictive score to assess the risk of postoperative hypocalcemia after total thyroidectomy (CaReBe’S TiP)

Variables Yes No

Total serum calcium <9 mg/dL preoperatively (Calcium) Ca 1 0

Ultrasound image of retrosternal goiter (Retrosternal goiter) Re 1 0

Bethesda ≥4 based on FNA Be 1 0

Large thyroid gland according to ultrasound (Size) ‘S 1 0

Hyperthyroid/Hypothyroid patient in the initial

diagnosis (TSH)

Ti 1 0

PTH <1.58 pmolLl 6 hrs after the operation (PTH) P 1 0

Overall CaReBe’S TiP 7 0

Table 4 Evaluation of predictive power of CaReBe’S TiP score

Score Group Α, n=24 (Patients without
hypocalcemia)

Group Β, n=12
(Patients with
hypocalcemia)

Sens. Spec. PPV NPV

≥3 5 12 100% 79.16% 70.58% 100%

≥4 0 10 83.3% 95.83% 90.9% 92%
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Therefore, it is considered that the more acceptable

scoring value is ≥3 as a screening test. In this way, the

two main objectives are achieved. First, all patients who

would experience postoperative hypocalcemia could be

identified. A prophylactic treatment, including oral cal-

cium supplementation with or without calcitriol, should

be administered to them as soon as possible. A few false-

positive results are inevitable. The prophylactic medica-

tion would also be received from these patients. Ιt should
be noted that this treatment has few potential side effects,

which are reversed quickly after termination of the

medication.16 Second, patients with a scoring value <3

would not have biochemical hypocalcemia. Therefore,

they should be excluded from prophylactic treatment.

Consequently, a more targeted therapeutic approach

could be achieved.

A further predictive score with 8 prognostic factors for

the same purpose in the international bibliography has

been published by Ashim Sarkar et al.17 The sample of

patients is approximately the same, and similar statistical

methods are used. One fundamental difference of the

above study is that this was prospective that adds more

credibility to the data collected. On the other hand, the

scoring value with the highest sensitivity is combined with

much lower specificity than those demonstrated in the

current study. Also, the postoperative calcium 12 hrs

after surgery has been chosen as a predictive factor by

Sarkar et al, making the prognostic test less timely. Finally,

another limitation of the above research is the predictive

factor concerning the excised parathyroid glands, since it

is indicative of prophylactic treatment for hypocalcemia.9

In conclusion, CaReBe’S TiP predictive score could

be applied to the clinical practice to check its reliability

and validity, given that it is not detrimental to any patient.

However, it would be preferable to initiate a new pro-

spective research by studying the same risk factors. In

addition, the risk factor surgeon should be always taken

seriously into account, which could not be included in the

current study.18 Also, it is necessary for a larger sample

of patients in order to be more representative of the
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Figure 1 Comparison between the ROC curves of CaReBe’S Tip score and PTH.
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population and to develop a multivariable logarithmic

regression model. In this way, it is likely to create

a much more reliable predictive score that could be

used effectively as a screening test. It is therefore essen-

tial to carry out further research to obtain more accurate

and valid results.
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