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Abstract

Persistent or recurrent renal hyperparathyroidism may occur after total parathyroidectomy
and transcervical thymectomy with forearm autograft under continuous stimulation due to
uremia. Parathyroid hormone (PTH) levels may reflect persistent or recurrent renal hyper-
parathyroidism because of the enlarged autografted parathyroid glands in the forearm or
remnant parathyroid glands in the neck or mediastinum. Detailed imaging requires predic-
tive localization of causative parathyroid glands. Casanova and simplified Casanova tests
may be convenient. However, these methods require avascularization of the autografted
forearm for >10 min with a tourniquet or Esmarch. The heavy pressure during avasculariza-
tion can be incredibly painful and result in nerve damage. An easier method that minimizes
the burden on patients in addition to predicting the localization of causative parathyroid
glands was developed in this study. Ninety patients who underwent successful re-parathy-
roidectomy for persistent or recurrent renal hyperparathyroidism after parathyroidectomy
between January 2000 and July 2019 were classified according to the localization of causa-
tive parathyroid glands (63 and 27 patients in the autografted forearm and the neck or medi-
astinum groups, respectively). Preoperatively, intact PTH levels were measured from
bilateral forearm blood samples following a 5-min avascularization of the autografted fore-
arm. Cutoff values of the intact PTH ratio (intact PTH level obtained from the non-auto-
grafted forearm before re-parathyroidectomy/intact PTH level obtained from the autografted
forearm before re-parathyroidectomy) were investigated with receiver operating characteris-
tic curves to localize the causative parathyroid glands. Intact PTH ratios of <0.310 with an
area under the curve (AUC) of 0.913 (95% confidence interval [CI]: 0.856-0.970; P < 0.001)
and >0.859 with an AUC 0.744 (95% CI: 0.587-0.901; P = 0.013) could predict causative
parathyroid glands in the autografted forearm and the neck or mediastinum with diagnostic
accuracies of 81.1% and 83.3%, respectively. Therefore, we propose that the intact PTH
ratio is useful for predicting the localization of causative parathyroid glands for re-
parathyroidectomy.
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Introduction

Recurrent or persistent renal hyperparathyroidism (rHPT) may develop in patients with end-
stage renal disease (ESRD) after total parathyroidectomy (PTx) and transcervical thymectomy
with forearm autograft under continuous stimulation due to uremia [1]. Decreased renal
excretion of phosphorus and activated vitamin D deficiency cause hyperphosphatemia and
hypocalcemia, respectively, and stimulate the remnant or autografted parathyroid glands
(PTGs). For the localization of causative PTGs, the efficacies of various imaging studies have
been reported [2-8]. Intact parathyroid hormone (PTH) levels are routinely assessed to evalu-
ate recurrent or persistent rHPT after PTx in patients with ESRD undergoing hemodialysis
and peritoneal dialysis [9, 10]. Patients who are indicated for re-PTx, according to the guide-
lines, require a detailed investigation to localize the causative PTGs [9, 10]. Investigating these
causative PTGs without prediction is inefficient because evaluating the neck, mediastinum,
and autografted forearm using various imaging studies can be expensive. Before detailed evalu-
ation using expensive imaging studies, predicting the localization of causative PTGs with sim-
ple and cost-efficient methods, such as the Casanova and simplified Casanova tests, may be
convenient. However, these methods require avascularization of the autografted forearm for
>10 min to compare the intact PTH levels before and after avascularization with a tourniquet
or Esmarch [11, 12]. This may cause a great burden to the patients because avascularization
with a tourniquet or Esmarch is incredibly painful and can cause nerve damage due to heavy
pressure [13]. In this study, we developed and investigated a new, simple, and inexpensive
method to predict the localization of causative PTGs in recurrent or persistent rHPT.

Materials and methods
Study design

This retrospective cohort study was approved by Nagoya Daini Red Cross Hospital’s Institu-
tional Review Board (Aichi, Japan) (approval number: 1268) and was conducted according to
the Declaration of Helsinki. The need for informed consent was waived by Nagoya Daini Red
Cross Hospital’s Institutional Review Board because of the retrospective nature of the study.
The intact PTH levels obtained before re-PTx, according to the blood sampling method
and the localization diagnosed in the re-PTx, were used for the cutoff levels of the intact PTH
ratio (the intact PTH level obtained from the non-autografted forearm before re-PTx/intact
PTH level obtained from the autografted forearm before re-PTX). The cutoff levels of the
intact PTH ratio were investigated with receiver operating characteristic (ROC) curves to
detect the localization of causative PTGs. This study is reported in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology guidelines.

Participants

In total, 210 patients underwent re-PTx for persistent or recurrent rHPT after total PTx and
forearm autograft between January 2000 and July 2019 at our center. Data were collected retro-
spectively from the patients’ charts in March 2020 and analyzed anonymously.

Indications for re-PTx for recurrent or persistent rHPT

According to the clinical practice guidelines for the management of chronic kidney disease-
mineral and bone disorder, re-PTx for recurrent or persistent rHPT was indicated for patients
with intact PTH levels higher than 500 pg/mL, in whom calcimimetics could not be adminis-
tered due to its adverse effects, and whose swollen autografted PTGs were identified with ultra-
sonography and magnetic resonance imaging [9].
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Diagnosis of localization of PTGs in PTx and re-PTx. Localization of PTGs was diag-
nosed with ultrasonography, computed tomography, and technetium-99m methoxyisobutyli-
sonitrile (**™Tc-MIBI) scintigraphy for PTx and re-PTx in the neck or mediastinum [14]. The
localization of PTGs in the autografted forearm was diagnosed with ultrasonography and mag-
netic resonance imaging.

PTx and re-PTx procedures in the autografted forearm and neck or mediastinum. For
all patients enrolled in this study, total PTx and transcervical thymectomy with forearm auto-
graft were performed during PTx. For the re-PTx in the autografted forearm, en bloc resection
of autografted PTGs with surrounding muscle was performed. For re-PTx in the neck, removal
of PTGs from the neck incision was performed. For re-PTx in the mediastinum, an open or
thoracoscopic approach was used.

Definition of successful re-PTx. Successful re-PTx in the neck or mediastinum is defined
based on whether the intact PTH level on POD 1 is <180 pg/mL. Accordingly, successful re-
PTx in the autografted forearm is defined based on whether the intact PTH level on POD 1 is
<60 pg/mL.

Maintaining intact PTH levels of <180 pg/mL in patients undergoing dialysis is recom-
mended in clinical practice for the management of rHPT in patients requiring chronic dialysis
because the 1-year survival of such patients with intact PTH levels of <180 pg/mL has been
demonstrated to be significantly better than that in patients with intact PTH levels ranging
from 180-360 pg/mL [15, 16]. Intact PTH levels of <180 pg/mL on POD 1 after re-PTx could
indicate successful re-PTx in the neck or mediastinum because patients whose remnant PTGs
in the neck and mediastinum had been removed still have autografted PTGs producing intact
PTH in the forearm.

The validity of an intact PTH level of <60 pg/mL on POD 1 for successful total PTx and
transcervical thymectomy with forearm autograft was demonstrated in our previous study
[17]. After removing the autografted PTGs, PTGs should not remain in the forearm and neck
or mediastinum. Because this condition is the same as that on POD 1 in total PTx and trans-
cervical thymectomy with forearm autograft, an intact PTH level of <60 pg/mL on POD 1
after re-PTx in the autografted forearm was defined.

Blood sampling method

The intact PTH levels were measured from blood samples obtained from the bilateral forearm
5 min after the avascularization in the upper arm of autografted PTGs with the usual rubber
band (thickness, 0.6 mm; width, 25 mm; and length, 45 cm) rather than a tourniquet or
Esmarch.

Measurement of intact PTH levels

The intact PTH levels were measured using ST AIA-PACK Intact PTH (Tosoh Corporation,
Tokyo, Japan).

Statistical analyses

Statistical analyses were performed using the t-test or Mann-Whitney U test for continuous
variables and Fisher’s exact test for categorical variables. The results are presented as mean
(standard deviation) or median (interquartile range). Patients were classified into true positive,
true negative, false positive, and false negative. Sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy were calculated using the following formulas:

Sensitivity = [True positive / (True positive + False negative)] x 100
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Specificity = [True negative / (False positive + True negative)] x 100
Positive predictive value = [True positive / (True positive + False positive)] x 100
Negative predictive value = [True negative / (False negative + True negative)] x 100

Accuracy = (True positive + True negative) / (True positive + False positive + False negative
+ True negative) x 100.

ROC curve analysis was used for the cutoff value of the intact PTH ratio. All statistical anal-
yses were performed using the Statistical Package for the Social Sciences software, version 23.0
for Windows (IBM Corporation, Armonk, NY, USA). For all analyses, a P-value <0.05 was
considered statistically significant.

Results
Participants

In total, 210 patients underwent re-PTx for persistent or recurrent rHPT after total PTx and
transcervical thymectomy with forearm autograft between January 2000 and July 2019 at our
center.

Twenty-one patients were excluded because of insufficient data (Fig 1). In nine of the 21
patients, re-PTx for recurrent or persistent rHPT was performed in the autografted forearm;
in 11 of the 21 patients, re-PTx was performed in the neck or mediastinum; and in one of the
21 patients, re-PTx was performed in the autografted forearm and the neck or mediastinum.
Twenty-one patients were excluded because of lack of data on preoperative intact PTH levels

[ Initial re-PTx for recurrent or persistent rHPT

210 patients ]

In total, 21 patients were excluded
due to insufficient data (re-PTx in the autografted forearm in 9 patients,
in the neck or mediastinum in 11 patients, in the autografted forearm
and in the neck or mediastinum in 1 patient)

Patients requiring two or more re-PTx h (Patients requiring only one re-PTx]
34 patients 155 patients
(re-PTx in the autografted forearm
and in the neck or mediastinum,
10 patients; re-PTx in the autografted forearm, I I
Spaten) Y, Re-PTx Re-PTx
in the neck or mediastinum in the autografted forearm
35 patients 120 patients
Intact PTH on POD 1 Intact PTH on POD 1 Intact PTH on POD 1 Intact PTH on POD 1
<180 pg/mL >180 pg/mL <60 pg/mL >60 pg/mL
27 patients 8 patients 63 patients 57 patients

Neck or mediastinum group

Autografted forearm group

Fig 1. Patient flow chart. PTx, parathyroidectomy; POD 1, postoperative day 1; PTH, parathyroid hormone; rHPT, renal hyperparathyroidism.

https://doi.org/10.1371/journal.pone.0248366.9001
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Table 1. Patient characteristics.

obtained from the forearm in 18 patients and on intact PTH levels on admission or POD 1 in
three patients.

In total, 189 patients were included in this study. One hundred and fifty-five of the 189
patients required only one re-PTx. Of those, 35 patients underwent re-PTx in the neck or
mediastinum. Of the 35 patients, re-PTx was successful in 27 patients (intact PTH level <180
pg/mL on POD 1, neck or mediastinum group). In total, 120 of 155 patients underwent re-
PTx in the autografted forearm. Of those, re-PTx was successful in 63 patients (intact PTH
level <60 pg/mL on POD 1, autografted forearm group).

Of the 189 patients, 34 required two or more re-PTx, 10 of the 34 patients required re-PTx
in the autografted forearm and the neck or mediastinum, and 24 of the 34 patients required re-
PTx in the autografted forearm.

This study examined the data of the patients who were classified into the neck or mediasti-
num and autografted forearm groups (Fig 1). Patients were followed up every 3-12 months
after PTx and re-PTx. The average follow-up period of the patients was 182.0 (interquartile
range: 145.0-208.0) months.

Descriptive data

Table 1 presents the patients’ characteristics classified into the autografted forearm group and
the neck or mediastinum group. No significant differences were observed in sex, age at PTx,
and hemodialysis vintage before PTx. Table 2 presents the details of the PTx and re-PTx. In
the PTx, the number of removed PTGs was significantly higher in the autografted forearm
group (P <0.001). In contrast, the intact PTH levels on POD 1 in PTx were significantly higher
in the neck or mediastinum group (P <0.001). Regarding re-PTx, the intact PTH level
obtained from the autografted forearm was significantly higher in the autografted forearm
group (P <0.001), although the intact PTH levels obtained from the non-autografted forearm
were similar between the two groups (P = 0.236). The intact PTH level obtained from the non-
autografted forearm after re-PTx was significantly higher in the neck or mediastinum group
(P =0.030), although their intact PTH levels were within the normal range (9-80 pg/mL).

Intact PTH level changes before and after re-PTx

In the autografted forearm and neck or mediastinum groups, the intact PTH levels obtained
from the non-autografted forearm decreased after re-PTx (Fig 2A and 2B).

Autografted forearm group | Neck or mediastinum group t-test, Mann-Whitney U test, or Fisher’s exact test
N=63 N=27 P-value | Mean difference | Odds ratio 95% CI

Sex (male, %) 32 (50.8%) 13 (48.1%) > 0.999 0.900 0.365-2.217
Age at PTx (years, SD) 56.3 (7.8) 53.6 (8.2) 0.142 1.820 -0.923-6.309
Age at re-PTx (years, SD) 62.1(7.8) 57.1(8.1) 0.006 1.811 1.453-8.653
HD vintage before PTx 119.0 (87.5-142.0) 132.0 (92.5-164.5) 0.265 13.0 -12.0-42.0
(months, interquartile)
The period between PTx and re-PTx 62.0 (43.0-88.5) 35.0 (18.5-60.0) < 0.001 -27.0 -41.0 --12.0
(months, interquartile)
Follow-up period (months, interquartile) 195.0 (160.5-212.5) 155.0 (100.0-186.5) 0.007 -40.0 -58.0 --10.0

CI, confidence interval; HD, hemodialysis; SD, standard deviation; PTx, parathyroidectomy.

Results are presented as mean (standard deviation) or median (interquartile range).

https://doi.org/10.1371/journal.pone.0248366.t001
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Table 2. The details of parathyroidectomy and re-parathyroidectomy.

Autografted forearm

Neck or mediastinum

Mann-Whitney U test

group group
N=63 N=27 P- Mean 95% CI
value difference
PTx | Number of removed parathyroid glands (interquartile) 4.0 (4.0-4.0) 4.0 (3.0-4.0) < 0 -1.0-0
0.001
Intact PTH levels on admission (pg/mL, interquartile) 780.0 (580.0-1,100.0) | 840.0 (647.0-1,100.0) | 0.660 40.0 -160.0-230.0
Intact PTH levels on POD 1 (pg/mL, interquartile) 14.0 (9.0-24.0) 92.0 (53.0-260.0) < 74.0 53.0-147.0
0.001
Serum calcium levels on admission (mg/dL, interquartile) 10.80 (10.30-11.20) 10.80 (10.30-11.40) 0.944 0.01 -0.40-0.37
Serum calcium levels on POD 1 (mg/dL, interquartile) 8.90 (8.40-9.70) 9.10 (8.60-9.40) 0.465 0.14 -0.30-0.48
Serum phosphorus levels on admission (mg/dL, interquartile) 5.40 (5.00-6.40) 5.70 (4.70-6.20) 0.839 -0.10 -0.60-0.50
Serum phosphorus levels on POD 1 (mg/dL, interquartile) 5.40 (4.80-6.30) 5.80 (4.90-6.20) 0.465 0.20 -0.30-0.80
Re- | Preoperative intact PTH levels obtained from the autografted 3,850.0 (1,220.0- 463.0 (321.5-1,331.5) < -2,870.0 -4621.0
PTx | forearm (pg/mL, interquartile) 7,864.0) 0.001 --1330.0
Preoperative intact PTH level obtained from the non- 341.0 (238.5-484.5) 354.0 (199.0-780.5) 0.236 76.0 -49.0-240.0
autografted forearm (pg/mL, interquartile)
Intact PTH levels obtained from the non-autografted forearm on | 408.0 (295.5-587.5) 616.0 (399.5-883.0) 0.004 200.0 61.0-341.0
admission (pg/mL, interquartile)
Intact PTH levels obtained from the non-autografted forearm on 24.0 (12.00-39.50) 42.0 (12.00-79.50) 0.030 16.0 1.0-35.3
POD 1 (pg/mL, interquartile)
Serum calcium levels on admission (mg/dL, interquartile) 10.20 (9.70-10.70) 10.20 (9.70-11.30) 0.745 0.07 -0.30-0.51
Serum calcium levels on POD 1 (mg/dL, interquartile) 8.90 (8.40-9.70) 8.90 (8.40-9.20) 0.951 0 -0.45-0.34
Serum phosphorus levels on admission (mg/dL, interquartile) 5.60 (4.70-6.00) 5.00 (4.50-6.00) 0.189 -0.40 -0.90-0.20
Serum phosphorus levels on POD 1 (mg/dL, interquartile) 5.40 (4.60-6.30) 5.10 (4.90-5.90) 0.874 0 -0.60-0.50

PTx, parathyroidectomy; POD 1, post-operative day 1; PTH, parathyroid hormone.

Results are presented as median (interquartile range).

https://doi.org/10.1371/journal.pone.0248366.t002

Intact PTH ratios of the autografted forearm and neck or mediastinum

groups

The intact PTH ratios of the autografted forearm and neck or mediastinum groups are plotted
in Fig 3. The intact PTH ratios of the autografted forearm group concentrated in the lower
ratio, whereas those of the neck or mediastinum group concentrated in the higher ratio. The
intact PTH ratios were significantly lower in the autografted forearm group than in the neck
or mediastinum group (median 0.0897 vs. 0.8777; P <0.001) (Fig 4).

ROC analysis for the cutoff value to identify recurrence or persistence in
the autografted forearm

ROC curve analysis showed the best sensitivity and specificity at 0.310 for an intact PTH ratio of
0.913 (95% confidence interval [CI]: 0.856-0.970; P <0.001) in the area under the curve (AUC)

(Fig 5). The sensitivity, specificity, positive predictive value, negative predictive value, and accu-
racy calculated from S1 Table were 77.7%, 88.9%, 94.2%, 63.2%, and 81.1%, respectively.

ROC analysis for the cutoff value to identify recurrence or persistence in
the neck or mediastinum

ROC curve analysis was performed for an intact PTH ratio of >0.310 to identify recurrence or
persistence in the neck or mediastinum. It showed the best sensitivity and specificity at 0.859
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Fig 2. Intact PTH levels on admission and POD 1 in re-parathyroidectomy for the recurrent or persistent renal hyperparathyroidism in the autografted forearm
group (a) and the neck or mediastinum group (b). PTH, parathyroid hormone; POD 1, postoperative day 1.

https://doi.org/10.1371/journal.pone.0248366.9002

Autografted forearm group

for an intact PTH ratio of 0.744 (95% CI 0.587-0.901; P = 0.013) in the AUC (Fig 6). The sensi-
tivity, specificity, positive predictive value, negative predictive value, and accuracy evaluated
for all intact PTH ratios in S2 Table were 83.3%, 83.3%, 55.6%, 95.2%, and 83.3%, respectively.

Recommended algorithm for the diagnostic localization of causative PTGs
for recurrent or persistent rHPT

Intact PTH ratios of <0.310 and >0.859 imply that the autografted forearm and the neck or
mediastinum should be evaluated, respectively. An intact PTH ratio between 0.310 and 0.859
implies that both the autografted forearm and the neck or mediastinum should be evaluated
(Table 3).

Discussion

In this study, intact PTH ratios of <0.310 and >0.859 were found to be useful for predicting
the localization of causative PTGs for recurrent or persistent rHPT before detailed imaging
studies. Recurrent or persistent rHPT may occur because of insufficient PTx or continuous
stimulation under a chronic kidney disease condition [1, 18, 19]. Hypocalcemia due to vitamin
D deficiency and hyperphosphatemia due to decreased phosphorus excretion in the urine
stimulate the remnant PTGs and cause enlargement. To prevent recurrent or persistent rHPT,
total PTx and transcervical thymectomy are recommended [20, 21]. The need for an autograft

Neck or mediastinum group

0.8

0.6

0.4

Intact PTH ratio (intact PTH level obtained from the non-
autografted forearm/intact PTH level obtained from the

autografted forearm)
o

0
0

10

20 30 40 50 60 70 80 90
Patient number

Fig 3. Intact PTH ratios in the autografted forearm group and the neck or mediastinum group. PTH, parathyroid hormone.

https://doi.org/10.1371/journal.pone.0248366.9003
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Fig 4. Comparison of intact PTH ratios in the autografted forearm group and the neck or mediastinum group. PTH, parathyroid hormone.

https://doi.org/10.1371/journal.pone.0248366.9004

remains controversial [22-25]. In this study, total PTx and transcervical thymectomy with
forearm autograft were performed for PTx. For recurrent or persistent rHPT, re-PTx is neces-
sary if rHPT is refractory to medications [9]. Calcimimetics, activated vitamin D, and calcium
tablets are often administered to treat rHPT [26, 27]. Calcimimetics have become the mainstay
of treatment for rHPT over the last decade [28]. However, these treatments are not effective in
advanced rHPT [29]. Adverse effects due to calcimimetics, such as nausea, may cause with-
drawal [9, 30]. While patients were followed up at our hospital, intact PTH levels were mea-
sured to exclude recurrent or persistent rHPT [9, 10]. Moreover, performing various imaging
studies for the localization of causative PTGs without predicting when intact PTH levels would
increase can be costly for patients; thus, a simple method to predict the localization before the
imaging studies is necessary. Recurrent or persistent rHPT may occur in the autografted fore-
arm or the neck or mediastinum. Evaluating both areas simultaneously is difficult because
appropriate modalities for the localization differ according to the location. For the localization
of recurrent or persistent rHPT in the forearm, magnetic resonance imaging, **™Tc -MIBI
scintigraphy, and ultrasonography are appropriate [5-8], whereas in the neck or mediastinum,
computed tomography, **™Tc-MIBI scintigraphy, and single-photon emission computed
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tomography are suitable [2-5]. The Casanova or simplified Casanova test was developed to
make informed decisions on the areas for evaluation. However, the number of enrolled
patients in the previous studies was limited, and the duration of avascularization in the tests
was >10 min [11, 12]. Avascularization with a tourniquet or the use of Esmarch for the Casa-
nova or simplified Casanova test is a heavy burden on the patients. Therefore, we developed a
simple method to predict the localization of causative PTGs for rHPT before detailed imaging
studies [11, 12]. In our method, the duration of avascularization is only 5 min, and a normal
rubber band used for blood sampling is used for avascularization. These simple techniques in
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Table 3. Algorithm for the localization of causative parathyroid glands for recurrent or persistent renal hyper-
parathyroidism after total parathyroidectomy with forearm autograft.

Intact PTH ratio (intact PTH level obtained from the non-
autografted forearm before re-parathyroidectomy/intact PTH
level obtained from the autografted forearm before re-
parathyroidectomy)

https://doi.org/10.1371/journal.pone.0248366.t1003

<0.310

0.310-
0.859

>0.859

Examined in the autografted forearm

Examined both in the autografted
forearm and the neck or mediastinum

Examined in the neck or mediastinum
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this newly developed method can reduce patient burden and lower the laboratory technician’s
time and efforts.

In this study, it was important to localize recurrent or persistent PTGs. Patients who did
not require additional re-PTx were involved in the evaluation for the appropriate intact PTH
ratio. Patients were classified into the autografted forearm group and the neck or mediastinum
group according to the location of the recurrent or persistent PTGs. Between these two groups,
no significant differences were observed in sex, age at PTx, and hemodialysis vintage before
PTx (Table 1). In the PTx, the number of removed PTGs was significantly higher in the auto-
grafted forearm group. In contrast, the intact PTH levels on POD 1 in PTx were significantly
lower in the autografted forearm group (Table 2). These results demonstrate that in the auto-
grafted forearm group, the PTGs had been successfully removed at PTx, and recurrent rHPT
occurred only in the autografted forearm. The significantly shorter periods between PTx and
re-PTx and the significantly higher intact PTH level on POD 1 after PTx in the neck or medi-
astinum group imply that remnant PTGs might cause persistent rHPT and lead to earlier re-
PTx (Tables 1 and 2) [20, 31]. Regarding re-PTx, the intact PTH level obtained from the non-
autografted forearm after re-PTx was significantly higher in the neck or mediastinum group
than in the autografted forearm group (Table 2). This implies that in the neck or mediastinum
group, the PTGs in the autografted forearm remained and still produced intact PTH after
removing PTGs in the neck or mediastinum at re-PTx. On the contrary, in the autografted
forearm group, the PTGs did not remain in the forearm and neck or mediastinum after re-
PTx and presented significantly lower intact PTH levels. In the patients who underwent suc-
cessful re-PTx in the autografted forearm and neck or mediastinum groups, intact PTH levels
on POD 1 decreased adequately compared to the levels on admission (Fig 2A and 2B). The
appropriate cutoff level of intact PTH ratio for the localization of causative PTGs in recurrent
or persistent rHPT was investigated in the autografted forearm group and neck or mediasti-
num group (Fig 3). In re-PTX, the preoperative intact PTH level obtained from the autografted
forearm was significantly higher in the autografted forearm group, although preoperative
intact PTH levels obtained from the non-autografted forearm were similar in both groups
(Table 2). The results led to a significant difference in the intact PTH ratio (Fig 4). The cutoff
values of the intact PTH ratio of <0.310 for the causative PTGs in the autografted forearm and
>0.859 for the causative PTGs in the neck or mediastinum by the ROC curve analysis demon-
strated good accuracies of 81.1% and 83.3%, respectively, in the 90 patients who underwent
successful re-PTx. (Figs 5 and 6, S1 and S2 Tables). This result implies that the autografted
forearm should be evaluated when the intact PTH ratio is <0.310, and the neck or mediasti-
num should be evaluated when the intact PTH ratio is >0.859. However, an intact PTH ratio
between 0.321 and 0.849 cannot predict the location of the causative PTGs. Both the auto-
grafted forearm and neck or mediastinum should be evaluated in such cases. These results led
to the recommended algorithm (Table 3).

The limitation of this study was its retrospective nature. Therefore, future prospective ran-
domized control studies on the intact PTH ratio to predict causative PTGs should be
conducted.

In conclusion, an intact PTH ratio is useful for predicting the localization of causative
PTGs for recurrent or persistent rHPT without detailed imaging studies. The recommended
algorithm will be helpful for the management of rHPT in clinical practice.
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