Endocrine (2018) 61:224-231
https://doi.org/10.1007/s12020-018-1601-9

ENDOCRINE SURGERY

® CrossMark

The timing of parathyroid hormone measurement defines the cut-
off values to accurately predict postoperative hypocalcemia: a
prospective study

Eduardo Bardou Yunes Filho' - Rafael Vaz Machry' - Rodrigo Mesquita' - Rafael Selbach Scheffel’ - Ana Luiza Maia’

Received: 2 December 2017 / Accepted: 12 April 2018 / Published online: 2 May 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Purpose Serum intact parathyroid hormone (iPTH) level is an early marker of post-thyroidectomy hypocalcemia. However,
lack of methodological standardization to define timing and cut-off points of iPTH measurement limit its clinical applic-
ability. Here, we evaluated the relationship between two distinct postoperative time sampling and iPTH accuracy on
predicting hypocalcemia.

Methods iPTH was measured within 4 h after surgery (iPTH 4 h) and on the morning of the first postoperative day (iPTH 1st
PO). Hypocalcemia was defined by levels of total calcium corrected by serum albumin < 8.0 mg/dL and/or by the presence of
symptoms. The most accurate iPTH cut-off point for hypocalcemia prediction was established from a ROC curve comparing
both time-points.

Results The study included 101 patients. The mean age was 52.4 + 12.9 years, 93 were women (92.1%) and 69 patients
underwent total thyroidectomy (68.3%). Hypocalcemia occurred in 25 patients (24.8%), of whom 12 were symptomatic.
Total thyroidectomy, longer duration of surgery, surgical complications related to parathyroid glands and lower levels of
iPTH 4 h and iPTH 1st PO were associated with postoperative hypocalcaemia (all P <0.05). Using the ROC curve, the
optimal cut-off points were 19.55 pg/mL and 14.35 pg/mL for iPTH 4 h and iPTH 1st PO, respectively. The comparison of
the AUC showed no significant difference between these two points of evaluation (0.935 vs. 0.940; P = 0.415).
Conclusions Serum iPTH levels measured within 4 h or on the first morning after surgery are predictors of postoperative
hypocalcemia. Notably, both time-points have the same accuracy to predict postoperative hypocalcemia (with different
cutoff points).
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Introduction

Thyroidectomy is one of the most common head and neck
surgeries currently performed and although considered a
safe procedure with low morbidity, it may present some
complications [1, 2]. Postoperative hypocalcemia is the
most common complication (particularly following total
thyroidectomy) and may increase the length of hospital stay
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[3-5]. The incidence of this event varies widely (1.6-68%),
reflecting the considerable heterogeneity among the studies
[6-14].

The occurrence of postoperative hypocalcemia may be
influenced by various factors including surgeon/surgery
features (surgeon’s experience, technical difficulties, surgi-
cal extent and duration, surgical complications related to
parathyroid glands), patients’ characteristics (age, gender),
underlying diseases/surgery indications (thyroid auto-
immunity, large goiters, thyroid carcinoma, thyrotoxicosis)
and biochemical factors (metabolism of calcium, vitamin D,
phosphorus, magnesium) [8-20]. Regardless, the main
reason for this complication is acute parathyroid dysfunc-
tion after surgery, which may be due to mechanical or
thermal trauma, as well as devascularization or accidental
removal of the parathyroid glands [9, 10].
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Postoperative hypocalcemia may be an isolated labora-
tory finding or present with symptoms, usually about
24-48 h after the surgery although, less frequently, they
may occur in up to 4 days [21-23]. In most cases the
hypocalcemia is mild and presents with spontaneous reso-
lution, however it may present in a severe form in some
cases, leading to concerns in the clinical practice due to the
difficulty to recognize it rapidly in those patients and to the
possible delay until its manifestation [10, 24]. Serum cal-
cium levels are controlled by the parathyroid hormone
(PTH), which has a half-life of approximately 2—5 min [25,
26]. Because of this feature, the levels of intact PTH (iPTH)
and/or the percent decline of its serum concentrations dur-
ing the first hours or days after surgery has been studied and
correlated with the occurrence of postoperative hypocalce-
mia [4-9, 20-24, 27-31]. However, the clinical application
of postoperative iPTH is currently hindered by the absence
of a methodological standardization to define cut-off points.
The studies differ regarding hypocalcemia definition cri-
teria, selection of patients, protocols for management and
follow-up, as well as methodological flaws such as retro-
spective design in many of them.

The aim of this study was to evaluate the role of iPTH as
an early marker of postoperative hypocalcemia. Using a
prospective design, we were able to compare and determine
the most accurate cut-off point of iPTH, as well the best
time-point after surgery to measure it.

Materials and methods
Patients and study design

We prospectively evaluated a cohort of patients who
underwent thyroidectomy (total or partial) between the
months of January and November of 2015 at Hospital de
Clinicas de Porto Alegre (HCPA), a tertiary care university
teaching hospital in southern Brazil. Patients who had
previous diagnosis of hypoparathyroidism, renal insuffi-
ciency with estimated glomerular filtration (eGFR) rate <
30 mL/min/1.73 m? (according to chronic kidney disease
epidemiology collaboration calculator, CKD-EPI) and/or
who underwent parathyroid surgery for treatment of para-
thyroid diseases were excluded from the study. The study
protocol was approved by the Institution Ethics Committee
of the HCPA and all patients provided written informed
consent.

Thyroidectomy
A surgical team composed of general surgeons dedicated to

endocrine-related surgery (including thyroidectomies) and
training residents, performed all the surgeries. Decisions

regarding cervical lymph-node dissection were made at the
surgeons’ discretion and based on the current guidelines
[32]. During the surgery was not used any form or nerve
monitoring neither advance hemostasis system. The indi-
cations for thyroidectomy were suspicion of thyroid cancer
(current surgery for complementation due to diagnosis of
carcinoma in a previous procedure, fine needle aspiration of
thyroid nodule with cytological analysis suspect for carci-
noma—DBethesda V or VI—as well as for follicular neo-
plasia—Bethesda IV—if the cell block analysis increased
the suspicion of cancer in this last group), hyperthyroidism
(Graves’ or Plummer’s disease), and/or nodular goiter
(uninodular or multinodular and surgery indicated due to
compressive symptoms or toxic goiter).

Surgical complications related to parathyroid glands
were defined as accidentally surgical removals of these
glands and/or alterations of glandular blood supply (evi-
denced as alterations in the color of parathyroid glands
during the procedure).

Follow-up and treatment

Within the first 4h after the end of surgery, peripheral
venous blood sample was collected and levels of intact
parathyroid hormone determined (iPTH 4 h). The majority
of the patients (n = 62, 61.4%) collected samples for mea-
surement of iPTH 4 h in the fourth hour after surgery, 12
patients (11.8%) collected the samples between 2 and 3 h
after the surgery and the remaining patients collected in the
first 2 h after surgery (median 4 h, range 1-4h). A second
laboratory analysis was performed on the first morning
following the surgical procedure and iPTH levels deter-
mined again (iPTH Ist PO), together with serum phos-
phorus, albumin, total calcium and magnesium. The gap
until this second blood sample collection varied according
to the time of the end of surgery, being performed in general
about 16-22h after that. During hospitalization, physical
examination was carried out daily focusing on hypocalce-
mia compatible signs and/or symptoms (paresthesia,
Trousseau/Chvostek signs).

Patients with postoperative hypocalcemia during hospi-
talization (the criteria used for defining outcomes are
described below) received the oral administration of cal-
cium carbonate 1 g three times a day and calcitriol 0.5 mcg
once daily with dose adjustments according to the periodic
medical reassessments. Intravenous calcium gluconate was
used in cases of severe hypocalcemia at the attending
physician’s discretion. The clinicians were not blinded for
the results of PTH measurements.

The time of hospital discharge was defined by the
medical team based on postoperative course and laboratory
results. The following data were recorded at this time:
patient demographics, medical history and complications
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associated with surgery. All patients were educated on signs
and symptoms of hypocalcemia and instructed about calling
the research group and/or emergency department in such
cases.

The follow-up protocol called for an initial outpatient
assessment (4—-6 weeks after hospital discharge) including
anamnesis, physical examination and laboratory tests col-
lected 2 weeks after surgery (phosphorus, albumin, total
calcium, magnesium and iPTH). In a subsequent evaluation
6 months after surgery, those defined as having protracted
hypoparathyroidism after the first post-discharge evaluation
were reassessed clinically and with laboratory tests. At that
time, it was defined whether there was recovery of the
parathyroid function or the condition persisted.

Outcomes

Hypocalcemia was defined as total calcium values corrected for
albumin < 8.0 mg/dL and/or by presence of characteristic clin-
ical signs in the postoperative period during hospitalization.

Protracted hypoparathyroidism was defined as hypo-
calcemia in patients with iPTH levels <15 pg/mL at the first
ambulatory evaluation and/or who continued to need treat-
ment for the condition after that. Permanent hypoparathyr-
oidism was defined if the same situation persisted 6 months
after the surgical procedure at the last visit included in the
study protocol.

Transient hypoparathyroidism was defined if there was a
recovery of parathyroid function at any time in the study
follow-up, based on the same criteria described above.

Laboratory analysis

Samples were collected and immediately sent to the Central
Laboratory of our Institution to be processed and analyzed,
following the standard operating procedures. Serum iPTH and
25-OH-vitamin D (25-OH-D) were evaluated by chemilumi-
nescent microparticle immunoassay method through the
ARCHITECT c¢i 4100 equipment (Abbott Diagnostics,
Abbott Park, IL, USA). For serum iPTH reference values
were (RV), 15.0-68.3 pg/mL; intra-assay and inter-assay
coefficients of variation were 6.1 and 6.4%, respectively.
Total serum calcium was evaluated by the NM-BAPTA
method and corrected by albumin levels (corrected calcium =
0.8 x [4.0—serum albumin] + serum calcium) (30, 31) with
RV 8.6 to 10.0 mg/dL (8.8 to 10.2 mg/dL when aged over 60
years). Serum phosphorus and magnesium were evaluated by
the Molybdate UV and colorimetric (xilidil blue) methods,
with RV 2.5-4.5mg/dL and 1.6 to 2.6 mg/dL, respectively.
The electrolyte tests were made using Cobas 8000 c702
equipment (Roche Diagnostics, Indianapolis, IN, USA).
Serum 25-OH-vitamin D was evaluated by all these tests were
conducted at the central laboratory of our Institution.
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Statistical analysis

Clinical and laboratory data are reported as the mean =+ stan-
dard deviation or median and percentiles 25 and 75 (P25-75)
for continuous variables and absolute numbers and percen-
tages for categorical variables. Comparative analyses were
performed using an unpaired Student’s ¢, Mann—Whitney U,
Fisher test or chi-square test as appropriate.

Postoperative iPTH was evaluated using the area under
the Receiver Operating Characteristic (ROC) curve with
iPTH (both iPTH 4h and iPTH 1st PO) as a continuous
variable and hypocalcemia as the outcome variable. The
two AUC were compared using the DeLong’s test with the
R program (R Foundation for Statistical Computing), ver-
sion 3.1.2.

All tests were two-tailed, and every other analysis was
performed using the Statistical Package for Social Science
Professional software version 20.0 (SPSS, Chicago, IL,
USA). A two-tailed P<0.05 was considered statistically
significant.

Results
Clinical and surgical characteristics

Based on the inclusion and exclusion criteria, 101 patients
were included in the study (Fig. 1). The mean age was 52.4
+ 12.9 years, and 93 were women (92.1%). The serum levels
of calcium, phosphorus and magnesium on the first post-
operative day were 8.42 + 0.5 mg/dL, 3.76 + 0.78 mg/dL and
1.8 (1.7-2.0) mg/dL, respectively. The clinical and surgical
characteristics of the patients are described in Table 1.
Regarding the surgical approach, 69 (68.3%) underwent
total thyroidectomy and 32 (31.7%) partial thyroidectomy.
Eleven patients underwent reoperations due to recurrence of
goiter or for completion of gland excision following a prior
partial procedure. The reasons for thyroidectomy were

107 thyroidectomies performed between January and November of 2015

o | exclusion due to previous hypoparathyroidism
e ¢ 2 exclusion due to renal failure

o 3 exclusion due to logistic issucs

Included in the study Follow-up for
n=101 6 months

Fig. 1 Study flow chart
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Table 1 Demographics, clinical and surgical characteristics of 101
patients who underwent thyroidectomy

Age (years) 524 +12.9
Women 93 (92.1%)
Use of interfering medications 7 (6.9%)
Type of surgery

Total thyroidectomy 69 (68.3%)
Partial thyroidectomy

Hemithyroidectomy 21 (20.8%)
Completion thyroidectomy 11 (10.9%)
Indications for thyroidectomy

Thyroid cancer 20 (19.8%)
Hyperthyroidism 3 (3.0%)
Nodular goiter 78 (77.2%)
Duration of surgery (minutes) 133.5+42.6
Cervical lymph-node dissection 18 (17.8%)
Malignancy (final histology) 25 (24.8%)
Parathyroid intercurrence 18 (17.8%)

iPTH 4 h* (pg/mL)
iPTH 1st PO (pg/mL)

46.7 [19.1-69.9]
39.9 [18.5-63.2]

Calcium 1st PO (mg/dL) 8.42+0.5
Magnesium* 1st PO (mg/dL) 1.8 (1.7-2.0)
25-OH-vitamin D levels (ng/mL) 22.5+8.60
Phosphorus 1st PO (mg/dL) 3.76+0.78
Hypocalcemia 25 (24.8%)

Data are expressed as mean+ SD, median (percentiles 25-75) or
frequencies (%)

*n=93 (iPTH 4 h), n =100 (Magnesium 1st PO)

iPTH 4 h, intact parathyroid hormone levels measured within the first
4 h after the end of surgery

iPTH st PO, intact parathyroid hormone levels measured on the first
morning following the surgical procedure

nodular goiter in 78 (77.2%), suspected thyroid cancer in 20
(19.8%) and hyperthyroidism in 3 patients (3%—2 with
Graves’ and 1 with Plummer’s disease). Eighteen (17.8%)
patients underwent cervical lymph-node dissection at the
discretion of the surgical team. The mean duration of sur-
gery was 133.5 +42.6 min.

The postoperative histopathologic analysis results
showed benign disease in 76 patients (75.2%) and malig-
nancy in 25 (24.8%). Of the 20 patients who underwent
thyroidectomy for suspected thyroid cancer, 16 have the
final diagnosis of thyroid cancer and for the remaining 4
patients the malignancy was not confirmed. The nine
additional cases were incidental thyroid cancer (primary
indication of surgery was nodular or multinodular goiter).

Surgical complications related to parathyroid glands
occurred in 18 (17.8%) patients. Other surgical complica-
tions included recurrent laryngeal nerve injury and transient
vocal cord paresis in two individuals, vascular damage in

two patients and postoperative cervical haematoma in one
patient. None of these patients needed to re do surgery for
hemostasis. There were no deaths related to the surgical
procedure or later during the follow-up period.

The length of stay in hospital after surgery was up to 24 h
for 8 patients (7.9%), from 24 to 48 h for 37 (36.6%), from
48 to 72h for 25 (24.8%), and greater than 72h for 31
patients (30.7%).

Postoperative hypocalcemia

Of the 101 patients, 25 (24.8%) developed postoperative
hypocalcemia, 12 of them with signs and/or symptoms of
the condition. The time between the end of surgery and
onset of hypocalcemia was less than 24h in 19 (76%)
patients, between 24-48h in 4 (16%) and 248 h in 2 (8%).

To investigate the factors associated with hypocalcemia,
the patients were grouped according to its presence or
absence during the postoperative period (Table 2). Uni-
variate analysis indicated that the group with hypocalcemia
had more patients who underwent total thyroidectomy (96
vs. 59.2%, P =0.001), longer duration of surgery (160.6 +
41.5 vs. 124.7 +£39.3 min, P <0.001) and higher proportion
of surgical complications related to parathyroid glands (40
vs. 10.5%, P =0.002). As expected, this group showed a
greater proportion of patients requiring hospitalization time
over to 48 h (100 vs. 40.8%, P <0.001). Regarding lymph
node dissection, those patients who underwent lymph node
dissection had longer duration of surgery (190.8 +38.1 vs.
121.1 £32.2 min, P <0.001), but the proportion of lymph
node dissection was not higher in the group of patients with
hypocalcemia (28 vs. 14.5%, P =0.14). There was no
significant difference between the groups in age, sex, pre-
vious use of possibly interfering medications, indication for
surgery or final diagnostic of malignancy.

Regarding comparison of the electrolyte test results on
the first postoperative day, the group of patients with
hypocalcemia showed lower levels of calcium (7.82 +0.42
vs. 8.62+0.35mg/dL, P<0.001) and magnesium (1.8
[1.7-1.8] vs. 1.9 [1.7-2.0] mg/dL, P <0.001). There was no
significant difference between the groups in serum levels of
phosphorus (4.08 +0.89 vs. 3.66 +0.71 mg/dl, P =0.19).

In an additional analysis, the hypocalcemic patients were
grouped according to presence or absence of signs and/or
symptoms. Symptomatic patients were younger (46.6 + 12.3
vs. 58.4+11.0 years, P=0.02) and interestingly, there
were no significant differences in the levels of iPTH
between symptomatic or asymptomatic patients (6.0 vs. 5.5
and 4.4 vs. 4.4 for iPTH 4 h and iPTH 1st PO, respectively).
There was also no significant difference between the groups
in other variables (sex, indication, extension and duration of
the surgery, biochemical electrolyte test results, lymph-node
dissection or final diagnostic of malignancy).
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Table 2 Univariate analysis of predictors for postoperative hypocalcemia

Hypocalcemia (n = 25) No Hypocalcemia (n = 76) p*
Women 22 (88) 71 (93.4) NS
Age 52.8+12.9 52.3+12.9 NS
Interfering medications 3 (12) 4 (5.3) NS
Total thyroidectomy 24 (96) 45 (59.2) <0.001
Lymph node dissection 7 (28) 11 (14.5) NS
Indication for surgery NS
Thyroid cancer 6 (24) 14 (18.4)
Hyperthyroidism 14 2.7
Goiter 18 (72) 60 (78.9)
Surgery duration (minutes) 160.6 £41.5 124.7+39.3 <0.001
Surgical complications related to 10 (40) 8 (10.5) 0.002
parathyroid glands
Malignancy (final histology) 8 (32) 17 (22.4) NS
iPTH 4 h** (pg/mL) 5.5 [3.6-17.5] 58.0 [34.9-81.6] <0.001
iPTH 1st PO (pg/mL) 4.4 [3.2-11.8] 48.0 [33.8-68.3] <0.001
Calcium 1st PO (mg/dL) 7.82+0.42 8.62+0.35 <0.001
Magnesium** 1st PO (mg/dL) 1.8 [1.7-1.8] 1.9 [1.7-2.0] <0.001
Phosphorus 1st PO (mg/dL) 4.08 £0.89 3.66 £0.71 NS
25-OH-vitamin D (ng/mL) 23.7+7.72 22.1+£8.88 NS

Data are expressed as mean = SD, median (percentiles 25-75) or frequencies (%)

*P values < .05 were considered significant (NS = non-significant)
**n =93 (iPTH 4 h), n =100 (Magnesium 1st PO)

iPTH 4 h, intact parathyroid hormone levels measured within the first 4 h after the end of surgery

iPTH Ist PO, intact parathyroid hormone levels measured on the first morning following the surgical procedure

Postoperative parathyroid hormone levels

The mean levels of iPTH within the first 4 h after surgery
(iPTH 4 h) and on the first morning following the surgical
procedure (iPTH 1st PO) were 46.7 [19.1-69.9] and 39.9
[18.5-63.2] pg/mL, respectively. There was no correlation
between the eGFR rate and PTH values (P = 0.45).

Lower levels of both iPTH 4h (5.5 [3.6—-17.5] vs. 58.0
[34.9-81.6], P <0.001) and iPTH 1st PO (4.4 [3.2-11.8] vs.
48.0 [33.8-68.3], P<0.001) were observed in the group of
patients with postoperative hypocalcemia as compared with
the normocalcemic ones. Moreover, the proportion of
patients with PTH < 15 pg/mL. was higher in those with
hypocalcemia at both time-points (73.9 vs. 4.3% and 88 vs.
1.3%, respectively, both P <0.001). Interestingly, there was
no significant difference in serum levels of 25-OH-D
between the groups with or without hypocalcemia (Table 2).

The ROC curves for iPTH 4h and iPTH 1st PO are
represented in Fig. 2. The AUC for iPTH 4 h was 0.93 and
an iPTH level of 19.55 pg/mL was the optimal cut-off point
to predict postoperative hypocalcemia with a sensibility of
86.9%, specificity of 94.2%, positive predictive value
(PPV) of 83.3% and negative predictive value (NPV) of
95.6%. We found similar results for iPTH 1st PO: AUC was
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Fig. 2 Receiver Operating Characteristic (ROC) curve of both time-
points of iPTH measurement and post-operative hypocalcemia. iPTH
4 h: intact parathyroid hormone levels measured within the first 4 h
after the end of surgery. iPTH Ist PO: intact parathyroid hormone
levels measured on the first morning following the surgical procedure

0.94, sensitivity 88%, specificity of 98.6%, PPV of 95.6%
and NPV of 96.1% to a cut-off point of 14.35pg/ml.
Indeed, the comparison of the two curves showed no sig-
nificant difference (Z —0.81, P =0.41). We also analyzed
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the presence of post-thyroidectomy hypocalcemia according
to the cut-off value found as most accurate for each time-
point (Table 3). Hypocalcemia still occurred in 3 patients
with iPTH levels higher than these points at both time-
points (the same patients, representing 13 and 12% of
hypocalcemic ones for iPTH 4 h and 1Ist PO, respectively).
Noteworthy, all these individuals presented hypocalcemia
in a mildly and asymptomatic way and showed evolution
resembling transient hypoparathyroidism, having treatment
withdrawal within the first month after surgery.

Of the 25 patients with postoperative hypocalcemia, 10
needed to maintain the use of calcium supplements and/or
calcitriol until the revaluation of the sixth month (protracted
hypoparathyroidism). At the last visit, four of these had a
definition of permanent hypoparathyroidism (3.9% of all
samples and 16% of patients with hypocalcemia). Their
characteristics are shown in Table 4. Of note, the proportion
of patients who underwent lymph node dissection was
similar between patients with transient/permanent hypo-
parathyroidism and those who not presented these compli-
cations (28 vs. 14.5%; P = 0.14). Similarly, the lymph node

Table 3 Cut-off values with greater accuracy for occurrence of post-
thyroidectomy hypocalcemia

iPTH 4 h Hypocalcemia No hypocalcemia P
>19.5 pg/mL 3/23 (13.0%)* 66/70 (94.2%) <0.001
<19.5 pg/mL 20/23 (87.0%)** 4/70 (5.8%)

iPTH 1sPO

>14.35 pg/mL 3725 (12.0%)* 75176 (98.6%) <0.001
<14.35 pg/mL 22/25 (88.0%)** 1/76 (1.4%)

*Clinical presentation: 1 symptomatic and 2 asymptomatic
**Clinical presentation: 11 symptomatic and 11 asymptomatic
Data are expressed as frequencies (%)

iPTH 4 h, intact parathyroid hormone levels measured within the first
4 h after the end of surgery

iPTH Ist PO, intact parathyroid hormone levels measured on the first
morning following the surgical procedure

dissection was not associated with permanent hypopar-
athyroidism occurrence (25 vs. 17.5%, P =0.55).

Discussion

Postoperative hypocalcemia is a common and important
complication of thyroid surgery. The identification of those
patients at higher risk for this event could optimize their
clinical management reducing expenses, hospital length of
stay and unnecessary exams, as well as avoiding discomfort
to the patient due to overtreatment [9, 30]. Our study
indicates that postoperative iPTH measurements, either
within 4h after surgery or on the morning of the first
postoperative day, are strong predictors of postoperative
hypocalcemia. Interestingly, the performance of the two
time-points was comparable, but the best cut-off points
were different (19.55 and 14.35, respectively), an aspect
that is critical in the clinical application of these data. Our
data could have important clinical implications. First, our
results indicate that measuring iPTH 4h or on the first
morning after the surgery has the same accuracy to predict
postoperative hypocalcemia. Therefore, in the postoperative
follow-up, one of these time-points can be chosen to eval-
uate parathyroid function taking into account the logistics of
the hospital and the patient himself. Second, besides the
prospective design, we also did not use the iPTH level as an
indication for treatment and, and therefore we were able to
determine the best cut-off point and its real value as a
predictor of postoperative hypocalcemia without the inter-
ference of treatment. Serum PTH level is regarded as one of
the most sensitive in vivo biomarkers of vitamin D activity
[33]. However, of interest, we found no significant differ-
ences in serum levels of 25-OH-D between the groups with
or without hypocalcemia. The role of iPTH as a predictor
for postoperative hypocalcemia has been addressed by
several studies [6, 30, 31, 34]. The studies differ regarding
selection of patients, duration of follow-up, definitions of

Table 4 Characteristics of the four patients with permanent hypoparathyroidism

Case Age/gender Indication for iPTH iPTH 1° Ca* iPTH Ca/P iPTH Ca/P
surgery 4h PO 2wk 2wkE 6 m*** 6 m***
1 5179 Nodular goiter 39 1.9 74 2.7 9.0/52 8.5 89/42
2 30/9 Carcinoma 2.0 0.4 7.8 0.3 10.7/ 6.1 0.3 92/5.0
3 5179 Nodular goiter 11.6 5.0 7.4 6.0 9.1/4.17 25.1 937217
4 5579 Nodular goiter 4.0 44 8.0 9.3 9.1/41 12.8 9.0/41

*Serum calcium (mg/dL) on the moment of hypocalcemia outcome definition during hospitalization (before treatment)

**iPTH (pg/mL), serum calcium and phosphorus (mg/dL) on the first evaluation 2 weeks after the surgery

**% {PTH (pg/mL), serum calcium and phosphorus (mg/dL) on the final evaluation 6 months after the surgery

iPTH 4 h, intact parathyroid hormone levels measured within the first 4 h after the end of surgery

iPTH Ist PO, intact parathyroid hormone levels measured on the first morning following the surgical procedure
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outcomes as well as methodological flaws like retrospective
design, use of surrogate endpoints and lack of standardized
criteria to interpret the iPTH (not all the studies used a
receiver operator characteristics to define the cut-off of
iPTH). Another important limitation of these studies is that
most of them use the iPTH levels as a determinant criterion
for treatment and, doing that, the natural course of the
disease is not observed. All these aspects preclude the
widespread applicability of the postoperative iPTH in
clinical practice.

In a prospective study, including 200 patients, Barc-
zyniski et al. showed that a cutoff of 10 pg/mL for iPTH 4 h
after surgery is most accurate to predict calcium levels
under 8.0 mg/dL [24]. On the other hand, in another pro-
spective study that included 1504 patients, Raffaelli et al.
observed that even patients with iPTH above 10 pg/mL 4 h
after surgery could present postoperative hypocalcemia
(18% of this group of patients) [9]. In our study, we showed
that the measurements of iPTH at two different time-points
(4h and on the first morning following the surgery) are
excellent predictors for postoperative hypocalcemia (ROC
curves with AUC of 0.93 and 0.94, respectively). Yet,
similarly to the results shown in the studies cited above,
12-13% of the patients in our study presented hypocalcemia
with iPTH levels higher than the cut-off found at both
measurement times, two of them being asymptomatic and
the other mildly symptomatic. It is, however, of interest that
all of them recovered the parathyroid function in the first
weeks after surgery.

Our study has some limitations and strengths that must
be noted. Some concern can arise because we measured
iPTH and electrolytes at few time-points and our follow-up
time may be short for evaluation of permanent hypopar-
athyroidism. However, as demonstrated by Ritter et al. in a
retrospective analysis of 1054 consecutive thyroidectomies,
the majority of 189 patients with low postoperative iPTH
(<10 pg/ml) recovered the parathyroid function within the
initial months after surgery [35]. Other potential limitations
are the relatively small sample size and the fact that the
clinicians were not blinded for the results of PTH mea-
surements. However, we believe that the prospective study
design and a protocol that did not include the iPTH levels as
a criterion for treatment constitute methodological strengths
that could overcome these two aspects. The fact that all
patients included in the present study were followed at a
single institution ensures a similar therapeutic approach and
follow-up strategy, thereby enhancing the validity of our
data. The prospective design and the protocol that did not
include the iPTH levels as a criterion for treatment are also
strengths that must be acknowledged.

In conclusion, this prospective cohort study demonstrates
that iPTH 4 h or on the first morning after surgery are good
predictors of postoperative hypocalcemia. Notably, both

@ Springer

time-points have the same accuracy to predict postoperative
hypocalcemia (with different cut-off points). These findings
might have important implications in the follow-up of those
who underwent thyroidectomy enabling earlier and safer
discharge for patients. Hence, patients with iPTH above
19.55 pg/ml 4h after surgery or 14.35 pg/ml on the first
morning after surgery can be safely discharged from hos-
pital without supplemental calcium and/or vitamin D.
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