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Cut-off points of parathyroid hormone and serum calcium for

post-thyroidectomy hypocalcemia prediction and early management

Kunkanya Chansomboon
Department of Otorhinolaryngology, Chumphon Khet Udomsak Hospital

Abstract

Postoperative parathyroid hormone (PTH) cut-off points with high sensitivity and specificity
can predict post-thyroidectomy hypocalcemia (PTHC) early and accurately, leading to timely
decisions regarding calcium supplementation. This retrospective chart review primarily aimed
to determine the optimal cut-off point of PTH levels within the first 24 hours after total or
completion thyroidectomy (PTH-24) for predicting PTHC, categorizing patients into low,
intermediate, and high-risk groups. The secondary objective was to find the optimal cut-off point for
calcium levels on postoperative day 1 (CCL-POD1) to predict PTHC in the intermediate-risk
group. This study included inpatients at Chumphon Khet Udomsak Hospital from May 1, 2023,
to April 30, 2025. The study included 86 eligible patients, with 43 (50.0%) developing PTHC. ROC
analysis of PTH-24 levels to predict PTHC yielded an AUC of 0.943 (p<0.001). The optimal cut-off
point is 9.04 pg/ml (with 93.02% sensitivity and 86.05% specificity). However, a cut-off value of
7.83 pg/ml yields a higher specificity of 95.35% and a positive predictive value of 94.70%.
Meanwhile, a cut-off point of 19.35 pg/ml provides a higher sensitivity of 97.67% and a negative
predictive value of 95.45%. In the intermediate-risk group PTH-24 between 7.84-19.35 pg/ml,
ROC analysis of CCL-POD1 to predict PTHC resulted in an AUC of 1 (p<0.001). The optimal
cut-off point was 8.18 meg/dL. In conclusion, patients with PTH-24 219.36 pg/ml combined with
CCL-POD1 28.0 mg/dl, and those with PTH-24 between 7.84 - 19.35 pg/ml combined with
CCL-POD1 =8.18 mg/dl, can safely be ruled out for postoperative hypocalcemia and discharged.
Conversely, for PTH-24 <7.83 pg/ml, immediate initiation of calcium and calcitriol supplementation

is recommended.
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Patients underwent total thyroidectomy/completion thyroidectomy with PHT

level assessed within 24 hr postoperatively

n =103
Patients on preoperative calcium
and/or vitamin D supplement Patients received calcium and/or vitamin D
n=2 supplement postoperatively to prevent
hypocalcemia and did not develop hypocaicemia
Patients with simultaneous during hospital stay
parathyroidectomy intentionally n=14
n=1
Included for analysis
n =86
Hypocalcemic group Normocalcemic group
n=43 n=43

Figure 1 Presents the participant selection

Table 1 Shows a comparison of the epidemiological data between the hypocalcemic and

normocalcemic groups

Hypocalcemic Normocalcemic Total p-value
group group
Total patients (n) (%) 43 (50.0) 43 (50.0) 86 (100)
Age (years)
Mean + SD 46.72 + 154 52.58 + 9.65 49.65 + 13.11 0.038°
Range 15-76 27 -71 15-76
Sex (Female/Male) (n) (%/%) 41/2 (95.35/4.65) 38/5(88.37/11.63)  79/7 (91.86/8.14) 0.433°
Pre operative e-GFR’
(mY/min/1.73 m?)
Mean + SD 103.52 + 19.07 96.9 + 17.2 100.25 + 18.37 0.096°
Range 53.1 -142.02 53.6 - 126.64 53.1 - 142.02
Pre operative CCL" (mg/dl) n (%) = 24 (52.17)  n (%) = 22 (47.83)

(Missing: 19, 44.19%) (Missing: 21, 48.84%)
Mean + SD 9.07 + 0.47 9.2 +0.28 9.13 + 0.39 0.195°
Range 8.38-9.8 8.6-99 8.38-9.9
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Table 1 Continued

Hypocalcemic Normocalcemic Total p-value
group group
Pre operative PTH level' n (%) =9 (37.5%) n (%)= 15(62.5%)
(pg/ml) (Missing: 34, 79.07%) (Missing: 28, 65.12%)

Mean + SD 31.33 + 12.03 26.52 + 10.08 28.33 + 10.86

Range 19.5-56.4 15.6 - 54.3 15.6 - 56.4

Median (IQR) 27.1(22.3, 37.9) 22.5(19.8,31.05)  26.3(20.35, 31.88) 0.238°
Type of surgery (n) (%) 1.00°

Total thyroidectomy 37 (86.05) 37 (86.05) 74 (86.05)

Completion thyroidectomy 6 (13.95) 6(13.95) 12 (13.95)

Additional procedure (n) (%) 0.501°

Parathyroid reimplantation 7(16.28) 6 (13.95) 13 (15.12)

CND, pre/paratracheal 6 (13.95) 4 (9.30) 10 (11.63)

excision +- PLND

PLND only 2 (4.65) 0 2(2.33)

Post operative LOS (days) <0.001°

Mean + SD 235+ 1.15 1.67 £ 1.17 201 +1.2

Range 1-6 1-8 1-8

Median (IQR) 2(2,3) 1(1,2) 2(1,2)

Pre-op diagnosis (n) 0.306°

Hyperthyroidism 4(9.3) 1(2.33) 5 (5.81%)

Bethesda Categories I-IV 22 (51.16) 28 (65.12) 50 (58.14%)

and Hashimoto’s thyroiditis

Bethesda Categories V-V 8(18.6) 4(9.3) 12 (13.95%)

Mass/Nodule without FNA 9 (20.93) 10 (23.26) 19 (22.090%)

result or specific diagnosis
Final diagnosis (n) 0.645°

Benign 28 (65.12) 30 (69.77) 58 (67.44)

Malignant 15 (34.88) 13 (30.23) 28 (32.56)
Unintentionally removed 12 (27.91) 6 (13.95) 18 (20.93) 0.112°
parathyroid glands in
pathology report (n) (%)

Duration of surgery (minutes) 0.602°

Mean + SD
Range

Median (IQR)

187.88 + 129.72
60 - 665
160 (120, 205)

158.95 + 54.37
80 - 315
150 (125, 185)

173.42 + 99.94
60 - 665
(125, 193.75)
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Table 1 Continued

Hypocalcemic Normocalcemic Total p-value
group group

Time from surgery end to PTH 0.507°
test (minutes)

Mean + SD 136.51 + 190.04 139.37 + 196.01 137.94 + 191.92

Range 18 - 1,053 19 - 1,005 18 - 1,053

Median (IQR) 86 (75, 99) 95 (72, 111) 90 (75, 109.75)
CCL-POD1 (mg/dl) N = 35 N =43 <0.001°
(No medication started on POD 0)

Mean + SD 7.89 + 0.38 8.7 £ 0.33 8.34 + 0.54

Range 6.96 - 8.64 8.22-9.8 6.96 - 9.8

*t-test, "Mann-Whitney U test, ‘Chi-square test, “Fisher’s exact test
CCL = corrected calcium level; CCL-POD1 = corrected calcium level on postoperative day 1; CND = central neck

dissection; PLND = posterolateral neck dissection; FNA = fine needle aspiration; LOS = length of stay

Test was performed within 3 months prior to the surgery
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11 specificity ﬁq&%uﬁmﬂu 95.35% Wag positive
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9nilld cut-off point vee PTH-24 Lite
wUssERuAMILABaINISiAin PTHC léun

1. High risk fie szduauAsaiiesesy
PTH-24 <7.83 pg/ml

2. Low risk Ao sefupnudeaiioseiu
PTH-24 >19.36 pg/ml

3. Intermediate risk #i8 seAUAILAY
dlosesu PTH-24 = 7.84 - 19.35 pg/ml

dloth cut-off point 783 PTH-24 nduly
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Figure 2 Shows the receiver-operating characteristic (ROC) curve for parathyroid hormone (PTH)

levels within 24 hours postoperatively for predicting hypocalcemia. The Area Under the Curve

(AUC) was 0.941 (p<0.001).

Table 2 Shows the sensitivity, specificity, and positive predictive value of the cut-off point for

PTH-24 levels in predicting hypocalcemia

PTH-24 (pg/ml) Sensitivity (95% ClI) (%) Specificity (95% CI) (%) PPV (%) NPV (%)
>7.83 83.72 (69.30 - 93.19) 95.35 (84.19 - 99.43) 94.70 85.42
>9.04 86.05 (72.07 - 94.70) 93.02 (80.94 - 98.54) 92.50 86.96
>19.35 97.67 (87.71 - 99.94) 48.84 (33.31 - 64.54) 65.62 95.45

PTH-24 = PTH level within 24 h post-operatively; Cl = confidence interval; PPV = positive predictive value; NPV =

negative predictive value

Table 3 Shows in-hospital outcomes stratified by the risk levels of developing hypocalcemia

Low risk Intermediate risk  High risk Total

Number (n) (%) 22 (25.58) 26 (30.23) 38 (44.19) 86 (100)
CCL-POD1 test (No medication 22 (100) 25 (96.15) 30 (81.08) 77 (90.59)
started on POD 0) (n) (%)
CCL-POD1 (No medication p<0.001°
started on POD 0) (mg/dl)

Mean + SD 8.68 + 0.33 8.55 + 0.48 7.93 +0.44 Low-interm: p=0.92"

Range 7.74-9.2 76-98 6.96-876  Low-high: p<0.001°

Interm-high: p<0.001"

J Med Health Sci Vol.32 No.3 December 2025
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Table 3 Continued

Low risk Intermediate risk  High risk Total
PTHC (n) (%) 1 (4.55) 6 (23.08) 36 (94.74) 43 (50.0)
Symptomatic from PTHC (n) 1 (100) 1(16.67) 19 (52.78) 21 (48.84)
(% of those with PTHC)
PTHC with supplementation (n) (%) 1 (100) 4 (66.67) 35(97.22) 40 (93.02)
No supplementation (n) (%) 21 (95.45) 22 (84.62) 3 (7.89)
PTHC, no supplementation (n) (%) 0 2 (33.33) 1(2.38)
PTHC, no supplementation, and 0 0 0

hypocalcemia at follow-up (n)

*ANOVA, "Bonferroni Post Hoc tests

CCL-POD1 = corrected calcium level on postoperative day 1; Interm = Intermediate; PTHC = post-thyroidectomy

hypocalcemia; PODO = postoperative day 0
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Intermediate risk
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(p<0.001), optimal cut-off point‘ﬁ 8.18 mg/dl
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specificity Ay 100% (83.16% - 100.00%)
ﬁ&‘gﬂﬁl 3 (Figure 3) AWM positive predictive
value Anidu 100.009% (47.82% - 100.00%) Uaz
negative predictive value Aatdu 100.00%
(83.16% - 100.00%)
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Figure 3 Shows the receiver-operating characteristic (ROC) curve for CCL-POD1 levels in predicting

hypocalcemia. The Area Under the Curve (AUC) was 1 (p<0.001).

J Med Health Sci Vol.32 No.3 December 2025




ATILN sensitivity analysis NIz
intermediate risk TngaaaUdeu outcome
anruaaeuludendiniufenunisdad
Wity (CCL <8.0 me/dl Tnglaiileiisennns)
WU AUC, optimal cut-off point, sensitivity,
specificity, positive predictive value, negative
predictive value lanavinAuNanIsAILILYES
N TIdadenan

NadWSvBILiaznguAUIEsAslaRamuMsNKN
nasImng

1. g low risk wuanEaesimun
22 578 ifies 1 1e7An PTHC Tnefthesesena
$i5¢6u CCL-POD1 wirfiu 7.74 mg/dl aghalshnny
fuaeia 22 8 liwuns re-admission 91
azuaa@ouludendlurieszninediguae
sefnnueINIMdsT e Takszesnaiana
eMsvasmnedaisegm (Wdeserinnielng)
winfu 19 3 (16, 26.75) a5 iesitanziflae

AdwielaglalléFuenaiy nauildsunisnam
syiuuaaBeumdssiving wuilifigieseled
seAULAALTYNTBENIT 8.5 mg/dl VuuLAEIY
nauitliildmmamseiunaadounuinlufifuae
nelpifomsanamzunaideludossh fgui 4
(Figure 4)
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Low risk
n=22

-1: received supplement

L

n=21(

95.45%)

F/U and follow up CCL

F/U without follow up CCL

n = 18 (85.71%)

CCL >= 8.5 me/dl
n = 18 (100%)

Figure 4 Shows the outcomes of the low-risk gr

n =3 (14.29%)

No symptoms of hypocalcemia
n =3 (100%)

oup, specifically for patients who did not receive

calcium and/or vitamin D supplements prior to discharge, upon follow-up post-discharge

(CCL = corrected calcium level; D/C = discharge; F/U = follow up)
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Intermediate risk
n=26

-1: started supplement since
PODO

n = 25 (96.15%)

CCL-POD1 < 8.18 mg/dl

CCL-POD1 » 8.18 mg/dl

n =5 (20%)

l

Hypocalcemia
n =5 (100%)

Supplementation
n = 3 (60%)

No Supplementation
n = 2 (40%)

n = 20 (80%)

l

Normocalcemia without
supplement
n = 20 (100%)

F/U

Hypocalcemia or
hypercalcemia
n=0

Hypocalcemia or
hypercalcemia
n=0

No symptoms of hypocalcemia
without follow up CCL
n = 4 (20%)

Followed CCL > 8.5 mg/dl
n = 16 (80%)

Figure 5 Shows the outcomes of the intermediate-risk group

(CCL-POD1 = corrected calcium level on postoperative day 1; CCL = corrected calcium level;

D/C = discharge from hospital; F/U = follow-up; PODO = postoperative day 0)

3. ngu high risk Failruidesgsiioziin
PTHC wugthedinaminmzunadesludon
36 970 38 519 Anulu 94.74% iflefnnumdd
Swnheamznauitlisuenaiy Jaivimun 35
(97.22%) WuindwIugUE 5 518 (14.28%)
fauthinasinzueaidesludend I 4 90 5 5%
i cCL laitforndn 7.6 m/dl finileneiisinguuss
nunmzuaagesludensgd 3 918 (8.57%) lae CCL

fiAnsening 10.6 - 11.8 me/dl Fsdnoglungy
ANUTULSItD FUengu high risk ynseliny
n15 re-admission AN zLAAdEluEDRG
uazge WeTeuiisunadwsszninenguilisy
BASUGUANEIEFATuR 0 uazndeTudl 0
NAUNUIT UL TUUOU (length of stay; LOS)
Lﬁaﬁfumﬂi’uméfmaaﬂduﬁL‘%'mmﬁy’mwma"qmﬁm
Fufil 0 (PODO) wunIUszaNm 1 Fu
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Table 4 Compares the outcomes of the high-risk group between patients who started supplement

on postoperative day 0 and those who started after postoperative day 0

Medication Medication started All p-value
started on PODO after PODO
Number (n) (%) 7 (20.0) 28 (80.0) 35 (100)
Length of stay from surgery (days) 0.008°
Mean + SD 3.86 + 1.57 2.14 + 0.85 249 + 1.22
Range 2-6 1-4 1-6
Median (IQR) 3(3,5) 2(1.75, 3) 2(2,3)
CCL before D/C (mg/dl) 0.019°
Mean + SD 8.31 + 0.19 791 041 7.99 + 0.41
Range 7.9-85 7-8.88 7-8.88
Hypocalcemia at F/U (n) (%) 2 (28.57) 3(10.71) 5(14.29) 0.256¢
Hypercalcemia at F/U (n) (%) 0 3(10.71) 3(8.57) 1.000°
Re-admission due to Hypocalcemia (n) 0 0 0
CCL at F/U (mg/dL) 0.31°
Mean + SD 8.74 + 1.27 9.17 £ 0.92 9.08 + 0.99
Range 6.5-10.18 7.6-118 6.5-11.8

*t-test, "Mann-Whitney U test, “Fisher’s exact test
PODO = postoperative day 0; CCL = corrected calcium level; D/C = discharge; F/U = follow up; PTH-24 = PTH level
within the first 24 hours after thyroidectomy

Busvsernmfouinsnaiuvesngy  ludeaduuinaanteurhmsdmiing uaaadins
high risk fAumannvans fthevsnedeldu  lemAnnumdsdiming anasawuIngUae
gmaneAsaIunIyle CCL ivwele finsaii s i 65% ey CaCo, TaitAn 9,000 mg sy
(Table 5) azuansnIsdnnguuaseiaduia CaCO,  calcitriol laitfiu 0.5 pig Tagvnaeiilsmenuiald
waz calcitriol Ml¥¥nwdUisnnzuaadon  fo CaC0, 1,500 mg/iln uae Calcitriol 0.25 ig/kln
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Table 5 Shows the frequency and outcomes of the various supplement dosages last administered

to high-risk patients prior to discharge

Group  CaCO, Calcitriol N (%) Follow up
cElly el Hypocalcemia CCL<8 mg/dl CCL (mg/dl) Hypercalcemia
dosage  dosage N (%) N(%)  Mean # Std N (%)
(Range)
1 <9,000 mg <0.5ug 23 (65.71) 3 (13.64) 2 (8.70) 9.05 + 0.87 2(8.7)
(7.6-10.6)
2 >9,000 mg  <0.5 pg 3 (8.57) 0 0 9.02 + 0.32 0
(8.78-9.38)
3 <9,000 mg  >0.5 pg 7 (20.0) 1(14.29) 0 9.59 + 1.14 1(14.29)
(8.3-11.8)
4 >9,000mg  >0.5 ug 2 (5.71) 1 (50.0) 1 (50.0) 773 £ 1.74 0
(6.5-8.96)
Total 35 (100) 5(14.29) 3(8.57) 9.08 + 0.99 3(8.82)
(6.5-11.8)
0=0.394" 0=0.343" 0=0.126° p=1.000"

*ANOVA, °Fisher’s exact test
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| Post operative TTD or CTD |

!

I PTH-24, Calcium, albumin DO ]

|

, l

PTH < 7.83 pg/ml | |

PTH 7.84-19.35 pg/ml

l I PTH > 19.36 pg/ml

l

Start supplement CaCO3
(1500) 2x3-4 po pc + Calcitriol
(0.25) 1-2x2 po pc

v

I No supplement DO

No supplement DO

ccL-POD1 )
(Morning) I < 8.18 mg/dl | |8.1878.49 mg/dll > 8.5 me/dl ‘

< 8 mg/dl Ii > 8 mg/dlL

L |

1

—| fons l laifianns | fianns | | luidianns luigionns
Start supplement CaCO3
(1500) 1-2x2 po pc + Calcitriol No No Anmu calcium No
(0.25) 1x1-2 po pc supplement | | supplement albumin D2 supplement

Figure 6 Proposed algorithm for initial post-total and completion thyroidectomy calcium

management guided by 1% 24 hours PTH level and postoperative day 1 calcium level

(TTD = total thyroidectomy; CTD = completion thyroidectomy; DO = on surgery date (post

operation); CCL-POD1 = corrected calcium level on postoperative day 1; D2 = on postoperative

day 2)
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