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T hyroid operations are among the more common vis-
ceral surgical procedures in Germany: in 2017, for 
example, approximately 70 000 thyroid operations 

were documented (1). More than half of all thyroid 
 operations involve the total removal of the gland (1). The 
current S2 guideline of the German Association of 
 Endocrine Surgeons (CAEK) recommends for total 
 thyroidectomy, in particular, for multinodular goiter and 
for autoimmune thyropathy of Graves type (2).

Hypocalcemia arises after approximately one in three 
total thyroidectomies and is thus by far the most com-
mon complication of thyroid surgery. This is due to the 
anatomical proximity of the parathyroid glands to the 
thyroid gland, which renders them vulnerable to 
 accidental removal or to impairment of their blood 
supply. There is no uniform definition of postoperative 
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a low vitamin D level is a recognized risk factor, the utility of preoperative vitamin D administration to prevent postoperative 
 hypocalcemia is unclear. In this trial, therefore, we studied the effect of giving vitamin D before total thyroidectomy.

Methods: In a multicenter, randomized, minimally interventional trial (registration number: DRKS 00005615), patients about to 
undergo total thyroidectomy were randomized either to an intervention group that received 0.5 μg of calcitriol per os twice daily 
for three days up to the day immediately before surgery, or to a control group that did not (no placebo was given). The primary 
endpoint was the absence of hypocalcemia (serum calcium <2.1 mmol/L) in the postoperative course.

Results: Of the 287 patients recruited in six hospitals over the period 23 July 2014 to 20 March 2017, 246 were included in the 
final analysis. The intervention and control groups did not differ significantly with respect to the rate of postoperative hypocalce-
mia (29.2% and 33.6%, respectively; p = 0.546, power 8.8%). The duration of postoperative hypocalcemia was, however, short-
er in the intervention group (3.5 vs. 7 days; p = 0.016, power 68%). The rates of hypocalcemia in the individual trial locations 
varied widely, ranging from 13.9% to 71.4%.

Conclusion: Short-term administration of calcitriol did not affect the rate of occurrence of hypocalcemia after thyroidectomy, but 
did shorten its duration. The rate of postoperative hypocalcemia varied widely across hospitals, probably because of differences 
in surgical technique.
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hypoparathyroidism; depending on the criteria that are 
applied, rates of hypocalcemia from 0% to 46% have 
been reported (3). Hypocalcemia manifests itself clini-
cally with symptoms ranging from hand and acral pares-
thesia to carpopedal spasm. Severe hypocalcemia 
causes cardiac arrhythmia, tetany, laryngospasm, and 
bronchospasm (4). The manifestations of hypocalcemia 
are usually transient, with recovery in a few weeks to 
months, but 0.8%–4.4% of the affected patients suffer 
from permanent effects of postoperative hypopara -
thyroidism, of varying severity (3). In severe cases, 
basal ganglionic calcification, nephrocalcinosis, cata-
racts, and mental changes can arise that impair the 
quality of life and shorten the life span (5).

Postoperative hypoparathyroidism requires 
 evaluation with additional tests and treatment with 

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2021; 118: 799–805 799



M E D I C I N E

additional medication; thus, aside from its harmful 
physical effects, it also places a burden on the 
 resources of the health care system (6). Clearly, it is 
important to identify ways to prevent this common 
complication. 

The administration of activated vitamin D in the 
form of calcitriol is now well established as an acute 
treatment of postoperative hypocalcemia (2, 7). Post-
operative hypocalcemia is more likely in the presence 
of vitamin D deficiency, and the preoperative prophy-
lactic administration of vitamin D was already recom-
mended in the past (8, 9). We present the findings of a 
multicenter, prospective, randomized, minimally in-
terventional trial that was carried out to determine 
whether the short-term preoperative administration of 
activated vitamin D can influence the rate and 
 duration of hypocalcemia after total thyroidectomy. 

Methods
A multicenter, minimally interventional randomized 
controlled trial (RCT) was conducted. The patients in 
the intervention group received calcitriol 0.5 µg p.o. 
b.i.d. for three days before surgery, while the patients in 
the control group were not given vitamin D (nor were 
they given a placebo). In all other respects, the patients 
received sandard treatment, including treatment of 
postoperative hypocalcemia. The trial was registered 
prospectively (DRKS 00005615), and the trial protocol 
has been published (10). Patients undergoing elective 
total thyroidectomy for what was preoperatively judged 
to be benign thyroid disease were eligible for inclusion. 
The primary endpoint of the trial was the rate of post-
operative hypocalcemia, defined as a serum calcium 
concentration below 2.1 mmol/L. The secondary end-
points were: hypocalcemia as defined in the individual 

FIGURE 1 

CONSORT diagram for the HypoCalVID trial 
pHPT, primary hyperparathyroidism; TT, total thyroidectomy
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excluded (n = 15)

– inclusion criteria not met (n = 12)
– declined to participate (n = 3)

assessment of suitability (n = 287)

randomized (n = 272)

follow-ups carried out (n = 96)

– postoperative observation incomplete (reasons: not 
reachable by telephone or did not come to follow-up)  
 (n = 34)

–intervention stopped (n = 0)

follow-ups carried out (n = 78)

– postoperative observation incomplete (reasons: not 
reachable by telephone or did not come to follow-up) 
(n = 38)

– intervention stopped (n = 0)

allotted to intervention group (n = 143)

– intervention received as allotted (n = 142)
– intervention not received as allotted (reason: oper-
ation postponed, vitamin D not given (n = 1)

excluded (n = 12)

– operation was not a TT (n = 2)
– operation canceled (n = 4)
– pHPT discovered intraoperatively (n = 3)
– tumor-related reoperation or extensive 

 primary operation needed (n = 3)

allotted to control group (n = 129)

excluded (n = 13)

– operation was not a TT (n = 7)
– did not show up for operation (n = 2)
– pHPT discovered intraoperatively (n = 1)
– tumor-related reoperation or widening of op-

eration needed (n = 3)
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trial centers; the duration to recovery of biochemical 
 normocalcemia; the length of hospital stay; and the post-
operative quality of life. An intention-to-treat analysis 
was performed. The hypocalcemia rates of the interven-
tion and control groups were compared with a χ2 test. 
Logistic regression models were calculated as well. 
Further information can be found in the eMethods 
 section.

Results
From July 23, 2014, to March 20, 2014, 287 patients 
were screened in six different hospitals, and 272 who 
fulfilled the inclusion criteria were recruited for partici-
pation in the trial. 143 patients were randomized to the 
intervention group and 129 to the control group. 13 
subjects in each of the two groups were excluded from 
the final analysis, for reasons listed in the CONSORT 
diagram (Figure 1). Randomization, stratified by center, 
was found to be evenly distributed (p = 0.887 by the 
Mantel-Haenszel test). The data sets of the 246 patients 
were complete up to hospital discharge and were suit-
able for inclusion in the modified intention-to-treat 
analysis (130 patients in the intervention group, 116 in 
the control group). The data sets from follow-up at 30 
days were complete for 96 patients (64.6%) in the inter-
vention group and 78 (51.3%) in the control group.

All patients underwent conventional thyroidec-
tomy as their first-ever thyroid operation. The indi-
cations for surgery were nodular goiter in 210 patients 
(85%) and Graves disease in 36 (15%). In 17 patients, 
the histopathological examination of the surgical 
specimen yielded a diagnosis of thyroid carcinoma, 
without any need for further surgery. In six patients, 
three each from the intervention and control groups, a 
thyroid carcinoma was found that was in a stage 
requiring more extensive surgery; these patients had 
to be excluded from the data analysis for the purposes 
of this trial. The global incidence of thyroid carcino-
ma in the entire patient cohort was 10.9%. 

The mean age of the patients was 48.7 years (95% 
confidence interval: [50.2; 47.3]). 61 men (24.8%) 
and 185 women (75.2%) were operated upon. The 
 patients’ demographic and clinical characteristics, 
 including (but not limited to) their age, sex, and 
 indication for surgery, were evenly distributed in the 
intervention and control groups (eTable 1).

Regarding the immediate complications of surgery, 
2.4% of patients overall (with rates in each hospital 
varying from 0 to 4.8%) underwent reoperation for a 
suspected postoperative hemorrhage, while 4.5% 
(range across hospitals, 0 to 10%) had unilateral vocal 
cord dysfunction (paresis or paralysis) at the time of 
discharge. Postoperative hypocalcemia, as defined for 
the purposes of this trial, was registered in 31.3% of 
all patients and was more commonly seen in women 
than in men (women, 37.8%; men, 11.5%; χ2 test, 
p <0.001). The median fall in serum calcium concen-
tration was 0.290 mmol/L in women (95% confidence 
interval: [0.311; 0.269]) and 0.135 mmol/L in men 
(95% confidence interval: [0.153; 0.116], Wilcoxon-
Mann-Whitney[WMW] U test; p <0.001). The mean 
age of patients with hypocalcemia was 44.7 years 
(46.0; 43.4); they were significantly younger than pa-
tients with normocalcemia (50.5 years [51.9; 49.0], t 
test for two sample, p <0.001). The patients with and 
without postoperative hypocalcemia did not differ in 
any other parameter, such as diagnosis, indication for 
surgery, duration of procedure, the presence or 
 absence of preoperative hyperthyroidism, or the pre-
operative vitamin D level (in 95 patients) (Table 1).

The rates of postoperative hypocalcemia in the in-
dividual hospitals ranged from 13.9% to 71.4% 
(p <0.001; Mantel-Haenszel-Zimmermann test). 
These differences remained when hypocalcemia was 
defined on the basis of other serum calcium levels 
(e.g., <2.0 mmol/L: mean hypocalcemia rate 19.5%, 
range 5.6–71.4%) or other discriminatory variables, 
such as the need for calcium supplementation in 

TABLE 1

Group characteristics of patients with postoperative hypocalcemia and those without a postoperative disturbance of 
 calcium metabolism 

*Mean and 95% confidence interval. 
WMW, Wilcoxon-Mann-Whitney

Criterion (n = 95)

Age (years)

Sex

Indication for surgery

Hyperthyroidism

Skin-to-skin time

Vitamin D preoperatively
96.3 [105;81.7] nmol/L*

Patients with hypocalcemia 
(n = 16)

44.7 [48.1; 41.3]*

37.8% of women
11.5% of men

81.8% goiter
18.2% Graves disease

3.9%

112 [126; 94] min*

90.2 [117; 63.1] nmol/L*

Patients with normocalcemia 
(n = 79)

50.5 [54.3; 46.7]*

62.2% of women
88.5% of men

87% goiter
13% Graves disease

3.0%

112 [12 ; 97] min*

98.5 [105; 87.7] nmol/L*

p value and test procedure 

p <0.001; two-tailed t test

p <0.001; χ² test

p = 0.385; χ² test

p = 0.391; two-tailed t test

p = 0.306; WMW-U test

p = 0.518; two-tailed t test 
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symptomatic patients (mean 25.2%, range 

17.6–57.1%) or a low parathormone level the day 

after surgery (mean 16.7%, range 11.9–56%) (Figure 
2).

The primary endpoint “postoperative hypocalce-

mia” was defined as a decline in the serum calcium 

concentration to less than 2.1 mmol/L. According to 

this definition, the overall frequency of postoperative 

hypocalcemia in the intervention group was 29.2% 

(38 of 130 patients), and in the control group 33.6% 

(39 of 116 patients). Using a serum calcium concen-

tration of less than 2.0 mmol/L as the criterion would 

have lowered these figures to 16.9% and 22.4%, 

 respectively. The difference between the two groups 

was not significant for either criterion (χ2 test; 

p = 0.546 for calcium concentration <2.1 mmol/L; 

p = 0.356 for calcium concentration <2.0 mmol/L). 

When the analysis was stratified by the participating 

hospitals, a trend emerged, but the effect of the pre -

operative brief intervention with vitamin D on the rate 

of postoperative hypocalcemia was still not statisti-

cally significant (eFigure). The heterogeneous 

 distribution of the primary endpoint was unexpected. 

Case numbers were recalculated as part of the 

planned interim analysis, and it was determined that, 

because of this heterogeneity, a clinically relevant sig-

nificance level would not be reached even with the in-

clusion of more patients in the trial. This analysis was 

therefore the final evaluation, and the trial was ended.

Logistical regression analysis revealed that the two 

predictors “treatment” and “center” were not collinear 

and did not interact. The single influential factor that 

emerged in the univariate model was the center. 

 Patients in centers 1–5 were 4.7 times more likely to 

develop postoperative hypocalcemia within 48 hours 

than patients in center 6 (Table 2).
The occurrence of postoperative hypocalcemia had no 

effect on either the results of the postoperative 36-Item 

Short Form Survey (SF-36) summary scores (WMW-U 

test, mental health summary score): p = 0.479; physical 

health summary score: p = 0.813) or the disease-specific 

stress scores (p = 0.599; WMW-U test). These data are 

presented more extensively in the eResults section and in 

eTable 2.
The biochemical signs of postoperative hypocalce-

mia regressed more rapidly in patients who had re-

ceived activated vitamin D in the intervention group. 

The patients in the intervention group had a low 

serum calcium concentration for a median of 3.5 days 

(95% confidence interval [3.7; 3.26], range: 1–21 

days). Biochemical hypocalcemia persisted twice as 

long in control group patients, with a median duration 

of 7 days (95% CI: [7.18; 6.77], range: 1–35 days; 

WMW-U test; p = 0.016). The mean length of hospi-

tal stay among all patients who underwent surgery 

was 2.52 days (95% CI: [2.65; 2.4]). Patients with 

postoperative hypocalcemia stayed in the hospital for 

a mean duration of 2.84 days (95% CI: [3.07; 2.61]); 

nearly one in two patients with hypocalcemia stayed a 

day longer in the hospital than patients without hypo-

calcemia did. The duration of inability to work was 

not affected: patients in both groups went back to 

work after a mean of 19.8 days (95% CI: [21.7; 

17.9]).

Stable normocalcemia is a prerequisite for safe dis-

charge from the hospital. Therefore, the rates of 

FIGURE 2

Differences in the rates of postoperative hypocalcemia across centers: these differences remained even when analyzed according to alter-
native definitions, e.g., according to center-specific definitions of hypocalcemia, or the percentage of patients who had symptoms or required 
treatment. PTH, parathormone. 
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serum calcium concentrations ≥ 2.1 mmol/L on each 
postoperative day were studied, and the correspond-
ing numbers needed to treat were calculated. For 
example, on postoperative day 3, the normocalcemia 
rate was 89% in the entire intervention group and 
81% in the entire control group (global NNT: 12.5). 
Calculations of this type for each of the participating 
hospitals yielded NNTs ranging from 3 to 16. Centers 
with a higher rate of hypocalcemia can lower it by 
briefly administering vitamin D preoperatively even 
to a small number of patients (Table 3).

Discussion
Despite the steady decline in the number of thyroid op-
erations performed each year, total thyroidectomy is 
still a common procedure. Specialization and technical 
progress have led to shorter skin incisions, a lower risk 
of postoperative bleeding, and, above all, a lower fre-
quency of permanent vocal cord motility disturbances. 
This was also demonstrated by the prospectively ac-
quired data for patients who underwent thyroidectomy 
in the present trial. The rates of vocal cord dysfunction 
and postoperative bleeding that were found in this trial 
are representative of the typical clinical outcomes in 
thyroid surgery centers certified by the endocrine sur-
gery working group of the German Society for General 
and Visceral Surgery (Deutsche Gesellschaft für Allge-
mein- und Viszeralchirurgie [DGAVC], Chirurgische 

Arbeitsgruppe Endokrinologie [CAEK]), and they ac-
cord with the findings of comparable studies from other 
experienced centers (15, 16).

As is known from the literature, postoperative hy-
pocalcemia was the most common side effect of total 
thyroidectomy. While the 31.3% overall hypo -
calcemia rate that we found seems to be in the same 
range as previously reported, we also found a marked 
divergence of hypocalcemia rates across established 
thyroid surgery centers, which had not previously 
 reported elsewhere to any comparable extent. Publi-
cations to date, however, have been limited to single-
center interventional trials or pooled data (3–11, 
16–23). This prospective trial is thus the first that en-
ables a direct comparison with respect to this particu-
lar endpoint across certified institutions for endocrine 
surgery. One may plausibly assume that it is mainly 
the details of operative technique used to protect the 
parathyroid glands that affect the rate of hypocalce-
mia in each center. This assumption is supported by 
the finding that “center” is a predictor for the outcome 
of thyroid surgery, even independently of the defini-
tion of hypocalcemia that is used. 

This trial did not detect a protective effect of the 
preoperative prophylactic administration of activated 
vitamin D on the rate of postoperative hypocalcemia. 
The numerical differences between the intervention 
and control groups did not reach statistical 

TABLE 2

Logistic regression analysis for predictors of postoperative hypocalcemia within 48 hours (n = 246)

CI, confidence interval 

Parameter 
(the risk group is indicated)

No intervention

Hospitals 1 - 5 

Univariate analysis

Odds ratio

1.128

4.725

95% CI

[0.650; 1.960]

[2.452; 9.103]

p value

0.668

<0.001

Multivariate analysis (n = 246) 

Odds ratio

1.117

4.721

95% CI

[0.625; 1.996]

[2.450; 9.097]

p value

0.709

<0.001

TABLE 3

Number needed to treat (NNT) among patients with postoperative hypocalcemia 
to achieve a normal serum calcium concentration on the day of hospital discharge*

*Depending on the rates of postoperative hypocalcemia in the individual centers, the NNT was between 3 and 16. 

Center 1

Center 2

Center 3

Center 4 

Center 6

All centers

Rate of 
hypocalcemia

41.5%

20%

62.5%

71.4%

16%

33.6%

Normocalcemic patients
in the control group
on postoperative day 3 

90%

84%

60%

40%

91%

81%

Normocalcemic patients
in the vitamin D group
on postoperative day 3

70.6%

90%

93.3%

66.7%

98.1%

89%

Absolute 
risk reduction

−19.4%

6.3%

33.3%

26.7%

6.7%

8%

NNT

−5.2

16

3

3.8

15

12.5
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 significance. Because calcitriol exerts its effects with-
in 1–2 days of its administration, any real effect on 
postoperative hypocalcemia, ought to be detectable 
after the administration of vitamin D during a brief 
preoperative interval, as in this trial (4).

There have been only a few comparable studies of 
the utility of preoperative calcitriol administration. In 
studies in which calcitriol was given preoperatively to 
patients in an intervention group, but postoperatively 
to all patients as part of standard postoperative care, 
the event rates in both groups were low and no relevant 
difference was found between groups with respect to the 
course of the postoperative calcium concentration or the 
rate of symptomatic hypocalcemia (19, 20). Two 
further single-center studies are comparable with the 
present trial, in that the patients in the control groups 
were only given calcitriol in response to biochemical 
or clinical evidence of hypocalcemia, while the 
 patients in the intervention groups continued to take 
calcitriol postoperatively. In these two RCTs, the pa-
tients who had been treated with calcitriol preoper-
atively for 5 or 7 days had lower rates of symptomatic 
hypocalcemia. The absolute risk reduction in these 
two studies was 0.3 and 0.4 (21, 22).

This effect was not achieved in the present multi-
center trial, but preoperative calcitriol was indeed 
found to shorten the duration of postoperative hypo-
calcemia. The duration till the calcium concentration 
rises back to normal, in relation to the administration 
or non-administration of calcitriol preoperatively, was 
not investigated in any of the studies mentioned 
above. The present trial shows that, on the third day 
after surgery, a significantly higher number of 
 patients who had undergone the intervention before 
surgery already had normal calcium levels again. The 
higher the rate of postoperative hypocalcemia in each 
center, the more marked the clinical effect of calci-
triol. The number of patients who need to be treated 
preoperatively in this way so that one patient will 
have a clinically relevant benefit (NNT) ranged from 
3 to 16 across the hospitals participating in this trial. 

One limitation of this trial is its multicentric, mi-
nimally interventional design, which did not enable 
the use of blinding, a placebo control, or strict stan-
dardization with respect to potential cofactors pro-
moting hypocalcemia or with respect to the details of 
surgical technique. At the same time, however, it was 
only the use of real-world data that enabled us to 
 demonstrate the major disparities in event rates across 
centers. A systematic assessment of preoperative 
 vitamin D levels might have been useful as well, as 
one may surmise from the subgroup analysis of pa-
tients whose preoperative vitamin D values were 
available: of the 27 patients with very low values (i. e. 
≤ 25 nmol/L), 11 were in the control group and 6 of 
these patients had hypocalcemia postoperatively, 
compared to only one of the 16 patients in the control 
group. As has already been suggested elsewhere, peri-
operative interventions in patients with a documented 
vitamin D deficit can be investigated in future studies 

(8, 23). Furthermore, the findings of the present RCT 
support the speculative hypothesis that the best way 
to lower the rate of symptomatic postoperative hypo-
calcemia is to start the patient on calcitriol before sur-
gery and to continue doing so afterward (23).

Overview
Independently of the vitamin D level, short-term pro-
phylaxis with the administration of activated vitamin D 
for three days does not lower the rate of postoperative 
hypocalcemia, but it does significantly shorten the time 
until the renormalization of the serum calcium level. In 
hospitals were postoperative hypocalcemia is common, 
this can be a simple and rapid way to improve the 
 standard of treatment, by enabling patients to leave the 
hospital earlier, on average, than they would have done 
without such treatment. 
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Trial design and patients
The trial was planned as a multicenter, prospective, randomized, minimally 
interventional trial with an intervention group and an active control group. 
The patients in the intervention group were given 0.5 µg of calcitriol twice 
a day for three days before surgery; the patients in the control group were 
not given vitamin D, nor were they given a placebo. All other aspects of 
treatment, including the treatment of postoperative hypocalcemia, 
 accorded with the standards of the participating hospitals and thus varied 
across study centers but were identical for the two patient groups within 
each study center. The trial was approved by the Ethics Committee of the 
Hesse State Medical Association (Landesärztekammer Hessen), and par-
ticipating clinics were enrolled in the trial after local attestation by the 
criteria of good clinical practice (GCP). All patients gave written informed 
consent to their participation. The trial was entered into the German Clini-
cal Trial Registry (DRKS 00005615), and its protocol was published (10).

Patients undergoing elective total thyroidectomy for what was pre -
operatively judged to be benign thyroid disease were eligible for inclu-
sion. Patients were recruited at six hospitals with specialized experience 
in endocrine surgery. All of the participating surgeons were members of a 
competence or reference center of the endocrine surgery working group 
(CAEK) of the German Society for General and Visceral Surgery 
(DGAVC) and thus had special expertise in thyroid surgery. All of the op-
erations were conventional thyroid resections. 

The exclusion criteria included any diseases or drugs that alter cal-
cium metabolism (e.g., musculoskeletal disease, hyperparathyroidism, 
and drugs containing vitamin D or hydrochlorothiazide). Patients who 
had undergone thyroid or parathyroid surgery were likewise excluded, as 
were those who required further surgery beyond total thyroidectomy 
 because of an intra- or postoperatively established diagnosis of thyroid 
carcinoma. 

The primary endpoint of the trial was the rate of postoperative hypo-
calcemia, defined as the number of patients on any particular day of 
treatment up to discharge whose serum calcium concentration was below 
2.1 mmol/L (10, 11). The secondary endpoints included, among others: 
hypocalcemia as defined in the individual trial centers; the duration to re-
covery of biochemical normocalcemia; the length of hospital stay; and 
the postoperative quality of life. 

The quality of life was assessed by the Short Form (SF-36) question-
naire, as per Bullinger et al. (12), according to the guidelines of the Inter-
national Quality of Life Assessment Association (IQOLA). The normal 
values used for comparison were those reported by Ellert and Mellbach 
(13). The HypoPara questionnaire, which was used in this trial as well, 

eMETHODS 
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was developed for chronic hypoparathyroidism and has been validated as 
a disease-specific instrument of assessment (14). Through the subjects’ 
responses, the symptoms and sequelae of hypoparathyroidism are rated 
on a scale and then represented as a summary score and a stress score that 
reflects the intensity of symptom-related stress, on a scale from 0 to 160. 

Randomization and blinding
The included patients were randomly allotted to the intervention and con-
trol groups, in a ratio of 1:1, as soon as the date of the upcoming operation 
was determined. Randomization was performed centrally and was stratified 
by center with Random Allocation Software V 1.1.0. There was no intent to 
blind either the patients or the treating personnel to the intervention, or to 
use a placebo control. 

The course of the trial
The trial procedure is described in detail in the published protocol (10). The 
patients in the intervention group were given six tablets containing 0.5 µg 
of calcitriol and were instructed to take two tablets per day up to and in-
cluding the day before surgery. The details of surgery and individual 
 operative technique were not influenced by participation in the trial or by 
allotment to the intervention or control group. The perioperative checks 
and treatment routines were identical for the two groups and were in ac-
cordance with the local standards of the participating centers, as well as 
with the recommendations of the endocrine surgery working group of the 
German Society for General and Visceral Surgery in its guidelines. The 
 relevant parameters for the trial were assessed preoperatively, on postoper-
ative days 1 and 2, on the day of discharge, and at 30 ± 3 days (Figure 1).

Statistical evaluation
The case-number calculation was based on a retrospective evaluation of 
published data (10). There is no uniform definition of postoperative hypo-
calcemia, and the published rates range from 0 to 46% (6). For the purposes 
of this investigation, it was assumed that patients in the participating 
specialized clinics would have a 25% rate of hypocalcemia in the control 
group and a rate that was 10% lower in the intervention group. 500 patients 
per group would give the trial 80% power with a χ2 test and a two-tailed 
significance level of 0.05. Assuming that 10% of the enrolled patients 
would be lost to analysis, it was concluded that 540 patients should be ran-
domized. Because of marked variation in the existing data on the rate of 
postoperative hypocalcemia that could be expected, the adaptive trial 
protocol included an interim analysis after the recruitment of 270 patients 
(half of the originally intended total). The results of the planned interim 
analysis are presented here. Because of these results, recruitment was ter-
minated earlier than originally planned.

The primary analysis was carried out in an intention-to-treat popu-
lation. Individual missing values of variables were replaced with the last 
observation carried on forward (LOCF). The primary endpoint – the rates 
of hypocalcemia in the two groups – was subjected to a a χ2 test, as were 
all nominal values. Tests for associations among multiple groups were 
performed with the Mantel-Haenszel test (MHT). Comparisons of two 
independent samples were performed with the two-sample t test. The 
Wilcoxon-Mann-Whitney U test was used for variables that were not 
normally distributed. These analyses were carried out by the Institute of 
Biostatistics and Mathematical Modeling of the Universitätsklinik 
Frankfurt am Main.

Uni- and multivariate logistical regression models were also created, 
with the intervention and center as predictors, and with postoperative hy-
pocalcemia within 48 hours as the outcome to be explained. A prelimi-
nary check was performed for the possible collinearity or interaction of 
the two predictive factors.
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Assessment of the quality of life with the SF-36 and HypoPara 
 questionnaires
191 patients (77.6% of all patients included in the trial) received quality-of-
lfe questionnaires preoperatively, and 154 (62.6%) postoperatively. 145 
 patients (58.9%, of whom 78 were in the intervention group and 67 in the 
control group) completed the questionnaires both pre- and postoperatively. 

In the overall patient group, changes were seen after surgery in the 
SF-36 summary scores for both physical and mental health. Relevant dif-
ferences between the intervention and control groups were found among 
women, who experienced a more marked improvement on the physical 
health summary scale than men did, as well as a more marked worsening 
on the mental health summary scale. The occurrence of postoperative hy-
pocalcemia did not affect the postoperative SF-36 summary scores 
(WMW-U test for mental health: p = 0.479; for physical health: 
p = 0.813). These data are summarized in eTable 2.

The mean stress score derived from the HypoPara questionnaire rose 
in the overall patient group from 10.8 (95% confidence interval: [13.3; 
8.4]) before surgery to 12.9 ([15.1; 10.8]) afterward (p = 0.0002, WMP 
test). The postoperative stress score was lower in the intervention group 
of patients who had received vitamin D preoperatively than in the control 
group (11.3; [14.2; 8.3] vs. 14.75; [19.5; 9.9], Wilcoxon matched pairs 
test; p <0.001). Postoperative hypocalcemia was not in itself associated 
with any difference in stress scores (p = 0.599; WMW-U test).

eRESULTS  
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eTABLE 1

There were no significant differences between the intervention and control groups
 in the following demographic and clinical parameters, or in any others:

* Mean and 95% confidence interval. WMW, Wilcoxon-Mann-Whitney

Parameter

Age (years)*

Sex

Indication for surgery

Skin-to-skin time*

Intervention group

48.5 [50.45; 46.5]

73.1% women
26.9% men

86.9% goiter
13.1% Graves disease

120 [128; 111] min

Control group

48.9 [51.2; 46.6]

77.6% women
22.4% men

83.6% goiter
16.4% Graves disease

111 [119; 102] min

p value and test procedure

p = 0.834; WMW-U test

p = 0.503; χ² test

p = 0.582; χ² test

p = 0.247; WMW-U test

eTABLE 2

Data from the SF-36 questionnaire on the patients’ preoperative quality of life 

Comparisons between the pre- and postoperative summary scales within each group were performed with the Wilcoxon matched pairs test (WMP); comparisons of summary scales across 
groups (e.g., the overall patient group compared to patients with hypocalcemia) were performed with the Wilcoxon-Mann-Whitney U test (WMW). Means and 95% confidence intervals are given. 
SF, short form.

All patients

All patients with hypocalcemia

All patients without vitamin D

All patients with vitamin D

Women without vitamin D

Women with vitamin D

Men without vitamin D

Men with vitamin D

Mental heath summary scale 

preoperative 

47.1 [48.7; 45.44]

46.1 [49.4; 42.8]

47.9 [50.2; 45;7]

46.3 [48.7; 44.0]

47;6 [44.9; 50.2]

45.5 [48.2; 42.7]

49;1 [53.7; 44.6]

48.3 [52.9; 43.8]

postoperative

52.6 [54.3; 50.9]

51.2 [53.6; 46.8]

51.8 [54.4; 49.3]

53.3 [55.3; 51.2]

52.6 [55.3; 49.9]

52.2 [54.9; 49.6]

49.6 [56.4; 42.7]

56.4 [58.3; 54.4]

p value and 
test procedure

0.02 (MWP)

0.479 (WMW)

0.002 (MWP)

0.001 (MWP)

0.001 (MWP)

0.001 (WMW)

0.458 (MWP)

0.058 (WMW)

Physical health summary scale

preoperative

52.9 [54.3; 51.5]

53.9 [56.75; 51.2]

52.3 [54.5; 50.2]

53.4 [55.1; 46.9]

52.2 [54.8; 49.5]

53.0 [55.2; 50.9]

52.9 [56.9; 48.8]

54.3 [57.0; 51.6]

postoperative

50.1 [51.5; 48.5]

51.9 [54.3; 49.6]

49.2 [51.6; 46.9]

50.7 [52.8; 48.6]

48.7 [45.9; 51.4]

49.6 [52.1; 47.1]

50.9 [55.4; 46.3]

54.2 [57.1; 51.3]

p value and 
test procedure

0.05 (MWP)

0.813 (WMW)

0.001 (MWP)

0.02 (MWP)

0.001 (MWP)

0.001 (WMW)

0.585 (MWP)

0.572 (WMW)

eFIGURE Percentage distribution of hypocalcemia rates in the individual 
centers and overall (intervention group = with preoperative short-term 
calcitriol administraiton, control group = without any intervention). χ² 
test for serum calcium < 2.1 mmol/L, p = 0.546; for serum calcium 
<2.0 mmol/L, p = 0.35.
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