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Abstract 

Introduction After total thyroidectomy (TT), postoperative hypoparathyroidism (PH) is the most frequent complica-
tion. Yet, management strategies for PH remain disputed. The aim of this study was to evaluate outcomes of a reactive 
supplementation in case of symptomatic PH. Additionally, risk factors for symptomatic PH and readmission due to PH 
were analyzed.

Materials and Methods All consecutive patients who underwent TT or completion from 2017 to 2022 were consid-
ered for inclusion. During this period, a reactive to symptom vitamin-calcium supplementation was used. The primary 
outcome was the occurrence of severe PH after discharge resulting in readmission.

Results Overall, 307 patients were included, of which 98 patients (31.9%) developed symptomatic PH including 43 
patients before discharge. Independent risk factors for developing symptomatic PH were age (p = 0.010) and postop-
erative day 1 (POD1) PTH level (p < 0.001). Overall, 264 patients (86%) did not present PH before discharge and were 
discharged home. Among them, 55 patients (20.8%) experienced symptomatic PH, requiring readmission in 18 
patients. The overall readmission rate owing to symptomatic PH requiring intravenous supplementation despite oral 
vitamin-calcium supplementation was 6.8% (n = 18). Independent risk factors for symptomatic PH-related readmission 
were age (p = 0.007) and POD1 PTH level (p < 0.001). Adequate cut-off values for predicting readmission were POD1 
albumin-adjusted calcium = 2.1 mmol/l (Sensibility = 0.95, Specificity = 0.30) and POD1 PTH = 11.5 pg/ml (Sensibil-
ity = 0.90, Specificity = 0.71).

Conclusion Supplementing only symptomatic patients was safe and efficient. This attitude does not alter on mor-
bidity, mortality or readmission rate which is in line with current literature.

Keywords Endocrine, Thyroidectomy, Postoperative hypoparathyroidism, Severe hypocalcaemia

Introduction
After total thyroidectomy (TT), postoperative hypopar-
athyroidism (PH) is the most frequent complication 
occurring from 18 to 38% in case of temporary PH and 
from 0 to 3% for permanent PH [1–3]. Ischemia, trauma 
or inadvertent excision of parathyroid glands are usu-
ally hypothesized as the main causes of PH [2–4]. Yet, 
there is no consensus definition of PH in the literature. 
Some authors have a biological definition irrespective of 
clinical symptomatology whereas others rely mostly on 
the presence of symptoms [2–12]. Furthermore, there is 
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still no consensus regarding management [12, 22]. Con-
sequently, management strategies largely vary between 
the three following approaches: routine systematic sup-
plementation of every patients; selective supplementa-
tion based on postoperative calcium and PTH levels; and 
reactive supplementation based on the occurrence of PH 
symptoms [10, 11].

Albeit being the most used, the first two strategies 
remain disputed as leading to unnecessary biological 
monitoring and potential overtreatment [12, 13]. Instead, 
a more selective strategy based on symptoms has been 
advocated for several reasons. First, some authors have 
suggested that a systematic supplementation might ham-
per the normal recovery of parathyroid function [4, 7, 
8]. Second, systematic biologic monitoring might result 
in prolonged hospital stay. Third, although some studies 
showed interesting results, early discharge based on post-
operative PTH levels might be inaccurate and misleading 
as delayed symptomatic PH can occur despite normal 
postoperative PTH levels [14, 15].

Recently, Järhult et al. have reported their experience in 
640 patients who were submitted to a reactive supplemen-
tation strategy based only on PH symptoms, irrespective 
of postoperative serum calcium concentration [16].

Based on this background, a reactive to PH symp-
toms supplementation strategy has been applied at our 
center since 2017, without biological monitoring or oral 
supplementation in the absence of symptoms (Billet 
S: Hypoparathyroidie post-thyroidectomie: évaluation 
d’une prise en charge clinique, unpublished).

This study aimed first to evaluate outcomes of such a 
reactive supplementation strategy in terms of morbimor-
tality and readmission. Second, risk factors for sympto-
matic PH and readmission were scrutinized.

Materials and methods
Study population
All patients over 18  years who underwent TT or com-
pletion thyroidectomy, with or without neck dissection 
in the same surgery, between January 2017 and January 
2022 were included in this retrospective single center 
study. Patients with associated primary hyperparathy-
roidism, severe chronic renal failure defined by CKD-
EPI < 30  mL/min/1,73m2, patients unable to complete 
questionnaires, patients with cognitive impairment or 
psychiatric illness that could compromise compliance 
with the supplementation protocol were not included.

Perioperative management
Preoperatively, patients received therapeutic education 
to recognize symptomatic PH that may occur postop-
eratively. PH symptoms and reactive supplementation 

management were described through oral and written 
information given to the patient.

Primary hyperparathyroidism was routinely searched 
in all patients with preoperative blood test including 
albumin adjusted calcemia, PTH and Vitamin D levels. 
Vitamin D deficiency were treated before surgery. Vita-
min D levels are graded by our institutional laboratory 
in three grades: Normal is a vitamin D level superior to 
30  ng/mL; Insufficient is a Vitamin D level between 10 
and 30 ng/mL; and Deficient is a level inferior to 10 ng/
mL.

All procedures were performed under general anesthe-
sia, without additional cervical block or local anesthesia. 
The intervention consisted of either a total thyroidectomy 
or a completion thyroidectomy through a conventional 
cervicotomy. Routine intraoperative nerve monitoring 
was performed. No exploratory dissection was conducted 
to identify parathyroid glands that were not identi-
fied in an orthotopic location. The number of parathy-
roid glands visualized during surgery was systematically 
assessed and noted on the operative report. Thyroidec-
tomy was performed with careful subcapsular dissection, 
to preserve the parathyroid vascularization, using bipolar 
forceps and vessel sealing device. Reimplantation of the 
parathyroid glands in the sterno-cleido-mastoid muscle 
was performed in the event of inadvertent excision dur-
ing dissection. Preserving at least superior parathyroid 
glands was performed in case of central neck dissection. 
Drainage was not routinely left in place. All interventions 
were performed by a single experienced endocrine sur-
geon, already performing more than 50 thyroidectomies 
per year at the beginning of the study period.

Postoperatively, blood pressure management with an 
objective of systolic blood pressure under 150 mmHg was 
prescribed. No venous thromboembolism prophylactic 
anticoagulation was administered. On POD1, blood was 
systematically sampled for analyzing albumin-adjusted 
calcium (institutional normal range 2.15 – 2.57 mmol/L) 
and PTH serum levels (institutional normal range 
15—68  pg/mL). However, decision for patient oral sup-
plementation and discharge was based only on clinical 
evaluation searching symptomatic PH. These blood tests 
were used as baseline in follow up of evolution in patient 
with PH.

In the absence of any symptoms, the patient was dis-
charged home without oral supplementation.

In case of symptomatic PH before discharge, oral vita-
min calcium supplementation was started. Those patients 
were then discharged only after resumption of PH 
symptoms.

In case of symptomatic PH after discharge, oral vitamin 
calcium supplementation was started on an outpatient 
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basis after a medical teleconsultation available on call 
24/7.

All details regarding PH symptoms and oral sup-
plementation prescription were, before discharged, 
explained and given to the patient on a standardized 
written document.

Balanced oral vitamin calcium supplementation was 
continued at least until postoperative visit four to six 
weeks after surgery, with weekly monitoring adjusted 
albumin calcium.

Finally, in patients who remained symptomatic under 
oral supplementation, intravenous calcium gluconate 
supplementation was initiated. This management is 
shown in diagram form in Fig. 1.

Definitions
In the absence of consensus definition, PH was herein 
defined as an inappropriate postoperative pairing of 
albumin adjusted calcium and PTH levels at POD1, 
and/or the postoperative presence of symptoms of 
hypocalcaemia.

PH severity was graded in four grades. Mild PH was 
defined as biological PH without symptoms of hypoc-
alcaemia. Moderate PH was defined as symptomatic 
hypocalcaemia resolving with oral vitamin-calcium sup-
plementation. Severe PH was defined as persisting symp-
tomatic hypocalcaemia despite oral supplementation 
requiring intravenous management. Threatening PH was 
defined as symptomatic hypocalcemia with cardiac, neu-
rological or respiratory manifestations.

Similarly, PH evolution was defined according to the 
duration of oral vitamin-calcium supplementation. Tran-
sient PH was defined as lasting less than 6  weeks after 
surgery, protracted PH as lasting between 6  weeks and 
6  months after surgery and permanent PH as lasting 
longer than 6 months after surgery.

Regarding postoperative outcomes, recurrent laryn-
geal nerve (RLN) injury was defined as an intraopera-
tive nerve monitoring signal lost, with confirmation of 

vocal cord palsy by laryngoscopy. Surgical site infection 
included superficial incisional infection, deep incisional 
infection, and thyroid bed infection. Compressive cervi-
cal hematoma was defined as bleeding requiring surgical 
exploration to evacuate hematoma responsible for acute 
respiratory distress. Mortality was defined as death from 
any cause within 90 days of surgery.

Outcomes
The primary outcome was the occurrence of severe PH 
after hospital discharge resulting in readmission. Any 
readmission for severe PH was considered as a proto-
col failure. The protocol failure rate corresponded to 
the number of readmissions over the overall number of 
patients discharged home without symptomatic PH. Sec-
ondary outcomes included identification of risk factors 
for symptomatic PH and for protocol failure, e.g. read-
mission due to severe PH.

Statistical analysis
The χ2 test was used for analysis of categorical variables. 
Continuous variables with a normal distribution are pre-
sented as mean (standard deviation) and non-normally 
distributed variables as median (IQR); t test and Mann–
Whitney U test respectively were used for statistical 
analysis. All preoperative and intraoperative variables 
associated with the occurrence of PH in univariable anal-
ysis (p < 0.100) were included in a multiple logistic regres-
sion model to identify independent predictors. Backward 
selection was used, with a 0.1 cut-off for entry into the 
model. A subset analysis was conducted in patients who 
developed PH after discharge to identify risk factors for 
protocol failure.

All P values were based on two-tailed statistical analy-
sis and p < 0.050 was considered to indicate statistical sig-
nificance. Analyses were performed with SPSS® software, 
version 27.0 for Windows® (IBM, Armonk, New York, 
USA).

Fig. 1 Reactive supplementation management
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Results
Population study
Over the study period, 314 patients underwent TT or 
completion thyroidectomies. Of them, 7 patients were 
excluded: 5 patients had parathyroidectomy in the same 
operation motivated by concomitant primary hyperpar-
athyroidism; one patient was not managed using reactive 
supplementation protocol due to chronic renal failure 
(CKD-EPI < 30  mL/min/1,73m2) and one patient who 
received vitamin-calcium supplementation while not 
presenting symptomatic PH, due to a misunderstand-
ing of the protocol (Fig.  2). Overall, 307 patients were 
included in the reactive management protocol. Patients’ 
characteristics are detailed in Table 1.

Intraoperative data
Most patients (n = 281, 91.5%) underwent TT and 36 
patients (11.8%) had concomitant cervical lymphad-
enectomy. All four parathyroid glands were identified in 
193 patients (62.9%) and 40 patients (13.0%) had one or 
more inadvertent parathyroidectomies. Among them, 
inadvertent mono-parathyroidectomy was diagnosed 

intraoperatively in 7 patients. In these cases, the gland 
was systematically reimplanted in a sterno-cleido-mastoid 
muscle. In contrast, 22 patients had inadvertent mono-
parathyroidectomy revealed upon final pathology. Finally, 
11 patients had inadvertent double-parathyroidecto-
mies revealed upon final pathology, with 5 of them who 
had bilateral central neck dissection removing inferior 
parathyroids.

Postoperative outcomes
There was no 90-day mortality. There was no intensive 
care unit readmission. Three patients (0.9%) developed 
compressive cervical hematoma requiring surgical rein-
tervention. Eleven patients had intraoperative nerve 
monitoring signal lost during surgery, of which 8 (2.6%) 
developed recurrent laryngeal nerve (RLN) palsy con-
firmed by laryngoscopy. Median hospital stay was 1 day 
(range, 1–14). Seven patients were discharged after more 
than 3  days: one for difficult management of severe PH 
and 6 for awaiting transfer to a follow-up care and reha-
bilitation unit.

Fig. 2 Study Flow Chart
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Table 1 Baseline, surgical and postoperative characteristics. Univariate analysis of symptomatic PH

Overall Symptomatic PH P value

n = 307 No, n = 209 Yes, n = 98

Preoperative

 Age in years, median (IQR) 55 (42—68) 59 (44—69) 49 (36—63) 0.001

 Gender: n (%) 0.068

  Female 230 (74.9) 150 (71.8) 80 (81,6)

  Male 77 (25.1) 59 (28.2) 18 (18,4)

 BMI in kg/m2, median (IQR) 26.8(23.4 – 30.5) 27.3(24.3 – 30.8) 25.4(22.6 – 29.5) 0.084

 Indication: n (%) 0.181

  Toxic goiter 85 (27.7) 66 (31.6) 19 (19.4)

  Grave’s disease 67 (21.8) 45 (21.5) 21 (23.5)

  Suspicious nodule 72 (23.5) 47 (22.5) 25 (25.5)

  Benign goiter 66 (21.5) 42 (20.1) 24 (24.5)

  Cancer 17 (5.5) 9 (4.3) 8 (8.2)

 Preoperative albumin adjusted 
calcium in mmol/L, median (IQR)

2.3 (2.3 -2.4) 2.3 (2.2 – 2.4) 2.3 (2.3 – 2.4) 0.703

 Preoperative vitamin D level: n (%) 0.934

  Normal 69 (35.6) 46 (34.8) 23 (37.1)

  Insufficient 107 (55.2) 74 (56.1) 33 (53.2)

  Deficient 18 (9.3) 12 (9.1) 6 (9.7)

  Missing data n = 113

Intraoperative

 Procedure: n (%) 0.999

  Total thyroidectomy 281 (91.5) 191 (91.4) 90 (91.8)

  Completion 26 (8.5) 18 (8.6) 8 (8.2)

 Neck dissection: n (%) 0.01

  Lateral 6 (2) 4 (1.9) 2 (2.0)

  Central unilateral 18 (5.9) 14 (6.7) 4 (4.1)

  Central bilateral 12 (3.9) 2 (1) 10 (10.2)

 Duration of surgery in minutes, 
median (IQR)

134(114—158) 133(114—158) 134(113—158) 0.928

 Identified parathyroid: n (%) 0.705

  3 114 (37.1) 76 (36.4) 38 (38.8)

  4 193 (62.9) 133 (63.6) 60 (61.2)

 Inadvertent parathyroidectomy: 
n (%)

0.001

  0 267 (87.0) 192 (91.9) 75 (76.5)

  1 29 (9.4) 11 (5.3) 18 (18.4)

  2 11 (3.6) 6 (2.9) 5 (5.1)

Postoperative

 POD1 albumin adjusted calcium 
in mmol/L, median (IQR)

2.3 (2.2 – 2.4) 2.3 (2.2 – 2.4) 2.2 (2.1 – 2.3)  < .001

 POD1 PTH in pg/mL, median (IQR) 36 (15 – 63) 48 (29—68) 9 (1—31)  < .001

 Hospital stays in days, mean (SD) 1.5 (±1.1) 1.5 (±1.1) 1.5 (±1.1) 0.587

Complications

 RLN palsy: n (%) 0.623

  No 299 (97.4) 203 (97.1) 96 (98.0)

  One sided 6 (2.0) 4 (1.9) 2 (2.0)

  Two sided 2 (0.7) 2 (1.0) 0 (0)

 Cervical hematoma: n (%) 3 (0.9) 2 (0.9) 1 (1.0) 0.272

 Surgical site infection: n (%) 6 (2.0) 2 (1.0) 4 (4.1) 0.085

Data are expressed as mean (SD), or frequencies (%) or median (IQR)

POD1 postoperative day 1, RLN recurrent laryngeal nerve
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Postoperative hypoparathyroidism
Overall, 125 (40.7%) patients developed PH, mostly 
symptomatic (n = 98, 78.4%). Among patients who devel-
oped symptomatic PH, 43 occurred before discharge 
(43.9%) and 55 after discharge (56.1%). Mostly reported 
symptoms were distal paresthesia (96.9%), peri-oral 
numbness (62.2%) and muscle spasms (15.3%) respec-
tively. Frequency, severity and evolution of PH are 
detailed Table 2. Of note, among those 43 patients who 
experienced symptomatic PH before discharged; none 
of them was readmitted and 9 required intravenous sup-
plementation, prolonging hospitalization to improve 
symptoms and allow discharge on balanced oral supple-
mentation. Blood test results according to symptoma-
tology are displayed on Fig. 3. Among the whole cohort, 
56 patients (18.2%) had serum PTH level lower than or 
equal to the institutional standard of 15 pg/mL on POD1. 
Among them, 46 (82.1%) became symptomatic after 
discharge;

18 (32.1%) had symptom despite oral supplementation 
after discharged; 28 (50.0%) had symptomatic PH which 
stop under oral supplementation; 10 (17.9%) never had 
symptom and all were transient PH.

Risk factors of symptomatic PH
Upon univariable analysis, age, neck dissection, inad-
vertent parathyroidectomy, POD1 PTH levels and POD1 
albumin adjusted calcium levels were associated with 
symptomatic PH after total thyroidectomy (Table  1). 
Multivariable analysis revealed age and POD1 PTH level 
as independent risk factors of symptomatic PH (Table 3).

Readmission
Over the whole cohort, 264 patients were discharged on 
POD1 asymptomatic, 246 without readmission (93.1%). 
Two hundred and nine patients (79.2%) did not take 
any supplementation. Among 264 patients who were 
discharged without symptomatic PH, 55 developed 
symptomatic PH (20.8%), of which 37 were moderate, 
resolved using ambulatory per os reactive supplementa-
tion, and 18 were readmitted due to severe PH. Among 
18 who were readmitted, 12 (66.6%) had a PTH less 
than or equal to 15 pg/mL, and 6 (33.3%) had a normal 
PTH. Variables associated with readmission for severe 
PH in univariable analysis are shown in Table 4. Predic-
tive accuracy for predicting readmission using POD1 
PTH and albumin-adjusted calcium levels by cal-
culating the AUC were 0.75 (95% CI 0.61–0.88) and 
0.85 (0.74–0.96), respectively (Fig.  4). Adequate cut-
off values for predicting readmission among patients 
discharged asymptomatic were respectively POD1 albu-
min-adjusted calcium = 2.1  mmol/l (Sensibility = 0.95, 
Specificity = 0.30) and POD1 PTH = 11.5 pg/ml (Sensibil-
ity = 0.90, Specificity = 0.71). Upon multivariable analysis, 
age and POD1 PTH level were identified as independent 
risk factors of readmission for severe PH (Table 5).

Discussion
The current study showed that a reactive to symptomatic 
PH supplementation after thyroidectomy is feasible and 
safe, even in an outpatient setting. No postoperative 
mortality or threatening PH due to this attitude were 
observed. These results are consistent with the study 
of Järhult et  al. who reported such a strategy in a large 
cohort with a very low rate of readmission [16]. Based 
on these data, aside routine oral supplementation, or 
biological monitoring, supplementing only symptomatic 
patients stands as a safe and efficient alternative option. 
Even further, such a strategy may avoid unnecessary 
medication (68% did not receive any supplementation) 
or prolonged hospital stay (85.9% were discharged at 

Table 2 Frequency, severity and evolution of PH

Data are expressed as frequencies (%) based on patients with postoperative 
hypoparathyroidism

PH Postoperative hypoparathyroidism, POD postoperative day

PH occurrence (n = 125)

Asymptomatic patients: n (%) 27 (21.6%)

Symptomatic patients: n (%) 98 (78.4%)

Onset: n

 POD0-1 45

 POD2 35

 POD3 9

 POD4 6

 > POD4 3

Severity of PH: n (%)

 Low 27 (21.6%)

 Moderate 68 (54.4%)

 Severe 30 (24.0%)

 Threatening 0

PH evolution

 Transient PH: n (%) 99 (79.2%)

 From low PH: n 27/27

 From moderate PH: n 55/68

 From severe PH: n 17/30

 Protracted PH: n (%) 15 (12.0%)

 From low PH: n 0/27

 From moderate PH: n 6/68

 From severe PH: n 9/30

 Permanent PH: n (%) 11 (8.8%)

 From low PH: n 0/27

 From moderate PH: n 7/68

 From severe PH: n 4/30
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POD1). First, no patient developed alfacalcidol-induced 
hypercalcemia in the present series [17]. Second, regard-
ing hospital stay duration, the present study among oth-
ers confirmed that PH classically arises within four days 
after surgery, and more specifically within the first two 
days [18]. In this regard, this study shows herein that a 
dedicated perioperative protocol including patient edu-
cation with both oral and written informations, and a 
decision-making algorithm based on PH symptoms, 
allowed to safely discharge patients on POD1. Neverthe-
less, such a protocol requires a 24/7 medical hotline for 
remote clinical evaluation and decision for an eventual 
readmission. On an organizational standpoint, this draw-
back might constitute a potential hurdle for applying this 
protocol. Finally, regarding long-term outcomes, perma-
nent PH as defined by the European Society of Endo-
crinology and American Thyroid Association was rarely 
observed [2, 3]. This finding concurred with data from a 
recent randomized controlled trial showing no difference 
between reactive and systematic supplementation proto-
cols on protracted and permanent PH rates [19].

Readmission for severe PH requiring intravenous sup-
plementation was considered as a protocol failure. In the 
current study, the protocol failure rate was 6.8%. This 
finding was in line with a rate of 5.8% in a recent study 
from the ACS-NSQIP thyroidectomy-targeted database 
including patients managed following heterogeneous 
supplementation management strategies [20]. Consider-
ing this, one can hypothesize that readmission for severe 
PH does not rely on the management protocol. As pre-
viously reported, low POD1 PTH level was identified as 
an independent risk factor for readmission upon multi-
variable analysis [21]. This is consistent with this work 
which in subgroup analysis, based on a small number of 
patients, showed a weak trend (OR: 0.957 [0.941–0.974] 
p < 0.001) that merits analysis in a larger population. 
Nevertheless, six readmitted patients for severe PH had 
normal PTH levels on POD1. Thus, one can suggest that 
relying on POD1 PTH levels might be inaccurate. First, a 
recent meta-analysis suggested a threshold level of 10 pg/
mL to predict symptomatic PH risk with accuracy [22]. 
Second, normal POD1 PTH levels does not accurately 
predict the risk of delayed symptomatic PH, neither 
severe PH, requiring intravenous supplementation. In the 
current study, among patients who developed sympto-
matic PH, four out of ten had normal POD1 calcemia and 
serum PTH levels. This observation correlates with previ-
ously reported series introducing the concept of relative 
parathyroid insufficiency [15, 23]. This might correspond 
to a reduced secretory parathyroid response due to gland 
ischemia or edema consecutive to surgery. This point has 
been illustrated in a prospective study demonstrating a 
reduced parathyroid secretion response to acute hypoc-
alcemia during from postoperative to 3 months after TT 

Fig. 3 Distribution of biological results. POD, postoperative day 

Table 3 Multivariate analysis of factors associated with post-
thyroidectomy symptomatic PH

Data are expressed as OR with IC 95%

POD postoperative day

Variable OR IC 95% P value

Age 0.971 0.949–0.993 0.010

Neck dissection 0.860 0.570–1.297 0.471

Inadvertent parathyroidectomy 1.704 0.857–3.386 0.128

POD1 albumin adjusted calcium 0.084 0.005–1.447 0.088

POD1 PTH 0.957 0.941–0.974  < 0.001
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[24]. Rarely, patients with primary or secondary hyper-
parathyroidism (renal insufficiency, vitamin D deficiency, 
history of bariatric surgery) or prolonged thyrotoxicosis 
may present with postoperative hungry bone syndrome 
(HBS), most commonly presenting as prolonged hypoc-
alcemia with normal PTH [25]. In this study, we excluded 
patients with renal insufficiency, primary hyperpar-
athyroidism and corrected vitamin D deficiency preop-
eratively; and patients operated on for hyperthyroidism 

(49.5%) did not meet the commonly accepted diagnostic 
criteria for HBS and were not identified as risk factors for 
symptomatic PH or readmission. Based on the current 
results, normal POD1 PTH levels do not prevent from 
the occurrence of symptomatic PH and may be inaccu-
rate to guide patient discharge. Also based on study find-
ings, selective supplementation could be appropriate in 
patients identified as at risk of readmission using POD1 
PTH cut off value of 11.5 pg/ml. Finally, readmission is a 

Table 4 Univariate analysis of readmissions

Data are expressed as mean (SD), or frequencies (%) or median (IQR)

POD1 postoperative day 1

Asymptomatic discharge Readmission P value

n = 264 No, n = 246 Yes, n = 18

Age in years, median (IQR) 56 (42—68) 57 (43—69) 40 (31—60) 0.005

Gender: n (%) 0.004

 Female 192 (72.7) 174 (70.7) 18 (100)

 Male 72 (27.3) 72 (29.3) -

BMI in kg/m2, median (IQR) 27.0 (23.8 – 30.8) 27.1 (23.8 – 30.8) 27.7 (24 – 32.2) 0.637

Indication: n (%) 0.216

 Toxic goiter 79 (29 .9) 77 (31 .3) 2 (11.1)

 Grave’s disease 62 (23.5) 58 (23.6) 4 (22 .2)

 Suspicious nodule 56 (21.2) 50 (20.3) 6 (33.3)

 Benign goiter 56 (21.2) 50 (20.3) 6 (33.3)

 Cancer 11 (4.2) 11 (4.5) -

Preoperative albumin adjusted calcium in mmol/L, median (IQR) 2.3 (2.3 – 2.4) 2.3 (2.3 – 2.4) 2.3 (2.2 – 2.4) 0.518

Preoperative vitamin D: n(%) 0.101

 Normal 59 (34.5) 55 (35.5) 4 (25)

 Insufficient 95 (55.6) 87 (56.1) 8 (50)

 Deficient 17 (9.9) 13 (8.4) 4 (25)

 Missing data n = 113

Procedure: n (%) 0.378

 Total thyroidectomy 242 (91.7) 224 (91.1) 18 (100)

 Completion 22 (8.3) 22 (8.9) -

Neck dissection: n (%) 0.426

 Lateral 4 (1.5) 4 (1.6) 0

 Central unilateral 15 (5.7) 15 (6.1) 0

 Central bilateral 5 (1.9) 4 (1.6) 1 (5.6)

Duration of surgery in minutes, median (IQR) 133 (114—158) 133 (114—158) 128 (108 – 166) 0.760

Identified parathyroid: n (%) 0.210

 ≤3 100 (37.9) 96 (39) 4 (22.2)

 4 164 (62.1) 150 (61) 14 (77.8)

Inadvertent parathyroidectomy: n (%) 0.034

 0 237 (89.8) 224 (91.1) 13 (72.2)

 1 20 (7.6) 16 (6.5) 4 (22.2)

 2 7 (2.7) 6 (2.4) 1 (5.6)

POD1 albumin adjusted calcium in mmol/L, median (IQR) 2.3 (2.2 – 2.4) 2.3 (2.2 – 2.4) 2.2 (2.1 – 2.3)  < 0.001

POD1 PTH in pg/mL, median (IQR) 42 (22—65) 45 (25—67) 6 (1—23)  < 0.001

Hospital stays in days, mean (SD) 1.5 (±1.1) 1.5 (±1.1) 1.2 (±0.4) 0.256
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subjective outcome that does not necessarily involve the 
safety of care. In our opinion, it is important to remind 
that no death and no intensive care unit readmission was 
observed.

Surgical techniques, especially parathyroid preserva-
tion has already been related to the occurrence of PH 
[26]. In the current study, inadvertent parathyroidectomy 
with symptomatic PH was associated to the develop-
ment of PH upon univariable analysis only probably due 
to underpowering. As aforementioned, decision was to 
avoid systematic parathyroid glands recognition in case 
of heterotopic position to preserve their vasculariza-
tion. While a recent literature review could not conclude 
towards the best approach regarding parathyroid glands 
recognition, the routine use of intraoperative auto fluo-
rescent imaging might stand as an interesting alternative 
option for avoiding extensive neck dissection [27–29]. 
In the literature, inconsistent results have been reported 
concerning age as a risk factor for symptomatic PH and 

hypocalcemia. Some studies found younger age as risk 
factor, when others identified older age, while some other 
studies did not find any association between age and 
symptomatic PH [30–34].

While promoting both feasibility and safety of a 
reactive supplementation management, the current 
study has several limitations that deserves discussion. 
First, the study is retrospective in nature, and thus 
associations are correlative rather than conclusive. 
Notably, outcomes from one supplementation strat-
egy are reported. This study is indeed descriptive and 
comparison with other strategies is not available. Sec-
ond, clinical assessment regarding symptomatic PH 
was left to patients discharged at home. This induced 
patient subjectivity regarding symptoms as a poten-
tial confounding factor resulting in the risk of bias in 
subgroup analysis. Nevertheless, such patient-reported 
outcomes-based study bring data from a real-life set-
ting. Finally, multivariable analysis for identifying inde-
pendent risk factors of readmission was conducted. 
However, given the limited number of events, drawing 
conclusions from such an analysis might be inadequate.

Overall, applying a reactive supplementation protocol 
after total thyroidectomy was safe and effective, allow-
ing outpatient monitoring. Readmission rate for severe 
PH was low. Further prospective studies are warranted to 
compare routine, selective and reactive supplementation 
strategies and to define the most appropriate strategy in 
terms of patient outcomes, readmission rate and quality 
of life.

Fig. 4 ROC curves for predicting readmission among asymptomatic patients discharged home (n = 264)

Table 5 Multivariate analysis of factors associated with 
readmission for severe PH

Variable OR IC 95% P value

Age 0.952 0.918–0.987 0.007

Gender 0.001 0.997

Inadvertent parathyroidectomy 1.838 0.641–5.269 0.257

POD1 albumin adjusted calcium 0.347 0.003–45.956 0.671

POD1 PTH 0.934 0.902–0.967  < 0.001
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