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Background: Intraoperative intact parathyroid hormone (I0-iPTH) monitoring has not reached a consensus in predicting sur-

gical outcomes of secondary hyperparathyroidism. Here, we explore the predictive effect of 0-iPTH monitor-
ing on surgical outcomes of secondary hyperparathyroidism as a potentially effective standard.

Material/Methods: We enrolled 119 patients who underwent total parathyroidectomy with autotransplantation from January 2016
to August 2019. Intact parathyroid hormone (iPTH) levels were tested 1 day before surgery (iPTH_ ), 10 min af-
ter glands resection (iPTH,, ), and 1 and 7 days after the operation (iPTH, , iPTH, ). According to iPTH, levels,
patients were divided into a <2000 pg/ml group and a 22000 pg/ml group, and the cutoff values were com-
pared. In patients with successful parathyroidectomy, the value of iPTH__ minus iPTH,, (iPTH,,) and relative-
iPTH, .., were compared between groups.

Results: Using cutoff values, the predictive criterion was defined as iPTH
Inthe iPTH_  >2000 pg/ml group, iPTH, . had a higher predictive value (318 pg/mlvs 218 pg/ml) whereas rel-
ative-iPTH, . had a lower predictive value (12.1% vs 20.3%). In patients with successful PTX, the iPTH,_ val-
ue of the iPTH_ 22000 pg/ml group was significantly higher than that of the <2000 pg/ml group. Additionally,
the relative-iPTH, . was significantly lower in the 22000 pg/ml group than in the <2000 pg/ml group.

Conclusions: An intraoperative predictive criterion of iPTH, . <314.5 pg/ml or relative-iPTH . <12.4% is associated with
effectively predicting surgical success of secondary hyperparathyroidism. The predictive value is affected by

Lomin <314.5 pg/ml or relative-iPTH . <12.4%.

10min

iPTHpre level; therefore, a variable prediction standard based on iPTHpre levels shall be established.
Keywords: Hyperparathyroidism 1 ¢ Parathyroid Hormone (1-28) ¢ Parathyroidectomy ¢ Predictive Value of Tests

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/932556

%3163 %4 MEI4 %20

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e932556-1 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




CLINICAL RESEARCH

Background

Secondary hyperparathyroidism (SHPT) is a common conse-
quence of chronic kidney disease that requires surgical in-
tervention in patients who do not respond to medical thera-
py [1]. Surgery in SHPT patients requires parathyroidectomy
(PTX), which can be classified into subtotal parathyroidectomy
(sPTX) and total parathyroidectomy (tPTX) with or without au-
totransplantation (AT) [2]. Successful total parathyroidectomy
depends on the complete removal of all parathyroid glands;
however, complications can occur from uncertainty regarding
the number of glands, the existence of ectopic glands, and lim-
itations in preoperative positioning methods. Therefore, an ef-
fective intraoperative prediction index is needed to determine
when exploratory surgery should be terminated. For the sur-
gical treatment of primary hyperparathyroidism, intraopera-
tive intact parathyroid hormone (10-iPTH) monitoring has been
successfully used to predict surgical efficacy, with several pre-
diction criteria having been established [3-5]. The most com-
monly used index for the prediction of primary hyperparathy-
roidism operative success is the Miami criterion [6], a protocol
that uses a >50% drop in intact parathyroid hormone (iPTH)
level from either the highest pre-incision or pre-excision mea-
surement at 10 min after gland excision. However, prediction
criteria for SHPT have not yet reached a consensus. The pur-
pose of this retrospective study was to explore the predictive
effect of 10-iPTH monitoring on surgical outcomes of SHPT as
a potentially effective standard. This study was based on the
Standard Reporting for Diagnostic (STARD) studies.

Material and Methods

Patients

A total of 119 patients (56 males and 63 females) with uremic
SHPT who underwent tPTX+AT in our hospital from January 2016
to August 2019 were enrolled in this study. All patients were
treated by surgery for the first time. All data were collected ret-
rospectively. This study was approved by the Ethics Committee
of the People’s Hospital of Guangxi Zhuang Autonomous Region
(ethics approval no. KY-LW-2019-3).

Surgical Indications

The surgical indications include: (1) serum iPTH >800 pg/ml;
(2) with hypercalcemia and/or hyperphosphatemia, medical
treatment was tolerated or ineffective; (3) with obvious clini-
cal symptoms such as severe bone pain, itchy skin, or restless
legs syndrome; (4) imaging examination revealed at least 1
significantly enlarged parathyroid gland; and (5) had no seri-
ous diseases of other important organs.
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Operative procedure

Ultrasound and parathyroid scintigraphy (99mTc-MIBI) were
used to locate parathyroid glands before the operation. All pa-
tients underwent tPTX+AT by open surgery under general an-
esthesia. All the parathyroid glands explored were completely
removed during the operation. The thymus was not removed
based on the following considerations: 1) For most patients,
removal of the thymus may prolong operative duration and ex-
pand the area of surgical resection, which can greatly increase
the risk of surgery. Previous reports show that the incidence of
ectopic parathyroid glands in the thymus is 10.0~33.0% [7,8],
which is relatively low; 2) Each patient was screened with
B-ultrasound and parathyroid ECT before surgery, and ectopic
parathyroid hyperplasia was not found in the thymus of the
patients enrolled in this study; therefore, the thymus is not
considered as a routine resection site; 3) For patients whose
PTH did not decrease to an ideal level during surgery, an ob-
servation time window would be given instead of removing
the thymus directly. When the residual or ectopic parathyroid
hyperplasia became obvious after surgery, imaging examina-
tion was used to position the hyperplasia and then the treat-
ment was performed as needed. According to the intraoper-
ative frozen section results, the parathyroid gland tissue that
was closest to normal and pathologically confirmed as diffuse
hyperplasia was cut into pieces with a size of IxIxl mm, and
5-20 pieces were transplanted into the forearm between the
muscles and sarcolemma. The number of parathyroid glands
removed during the operation was confirmed by the postop-
erative pathological results. All operations were performed by
4 experienced surgeons.

iPTH Monitor

As a baseline value, iPTH level was measured in patients 1 day
prior to surgery (iPTH_ ). The 10-iPTH level was tested at 10
min after the last explored parathyroid gland was removed (iP-
TH,,...)- The value of iPTmein/iPTHpre (relative-iPTH, ) was
then calculated and recorded. Postoperative iPTH level was fi-
nally determined on the 1* and 7' day after surgery (iPTH,, iP-
TH,,). Blood samples were drawn from the peripheral vein, and
testing of serum iPTH levels was performed using a Beckman-
Coulter UniCel DxI 800 system with a normal range of 12-88
pg/ml. Generally, quality control in the laboratory was daily
performed by using the control sample, and the patient sam-
ples were tested only when indoor quality control was com-
pleted. In addition, inter-room quality assessments and qual-
ity control comparisons between laboratories were conducted
annually 2 to 3 times to ensure the accuracy and comparabil-
ity of the test results.
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Table 1. Laboratory data before and after the operation.

iPTH (pg/ml)

Time point

CLINICAL RESEARCH

Calcium (mmol/L) Phosphate (mmol/L)

Preoperation 2155.2+733.6

7 days after operation 10.4 (3.9-56.6)

Definition of Successful PTX

Previous studies have shown that an iPTH level <60 pg/ml (as
a normal upper value) on the first postoperative day is a good
predictor of surgical success [9,10]. We extended the observa-
tion period to 1 week after the operation, and we then used
iPTH,, and iPTH_, levels as predictors associated with success-
ful PTX. After considering the normal value range of our iPTH
detection method, we adopted the following criterion for pre-
diction of successful PTX: if both iPTH,, and iPTH , levels were
<88 pg/ml, the operation was considered successful; patients
whose iPTH,, or iPTH_, levels were 88 pg/ml were followed up
for half a year. Persistent SHPT was then determined if iPTH was
300 pg/ml, otherwise, the operation was deemed successful.

Hierarchical Analysis

All patients were divided into 3 groups based on the number of
parathyroid glands removed during the operation: those with
<4 glands, 4 glands, and >4 glands. The successful PTX rate
was recorded and compared. For analysis, patients were split
into 2 groups based on iPTH__ level: <2000 pg/ml and >2000
pg/ml. iPTH . and relative-iPTH, . levels in the 2 groups
were then measured and compared for their association with
successful PTX. In patients with successful PTX, relative-iPTH-
1omin aNd the decrease in iPTH level from iPTH _ to iPTH,; .
(iPTH,.) were also compared between groups.

Statistical Analysis

All statistical analyses were performed with SPSS software
version 26.0 (SPSS, Inc., Chicago, IL). Continuous variables are
expressed as mean+SD or median (interquartile range), and
were analyzed with an independent samples t test or Mann-
Whitney U test. Categorical variables are expressed as a num-
ber and proportion, and were analyzed by a chi-squared or
Fisher’s exact test. P<0.05 was considered statistically sig-
nificant. Receiver operating characteristic (ROC) curves were
used to identify the cutoff values. Patients were categorized
as true positive (TP), true negative (TN), false positive (FP),
and false negative (FN). Sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and ac-
curacy were calculated.

2.42+0.27 2.33+0.61
2.04+0.31 1.24+048
119 patients
BothiPTH_ and iPTH iPTH, oriPTH
<88dbg/ml v >4 pg/ml v
n=97 n=22
<—| Follow-up for halfa year
iPTH maintained iPTH maintained
<300 pg/ml =300 pg/ml
n=2 n=20
Succesful PTX Persistent SHPT
n=99 n=20

Figure 1. Flow chart for confirming successful parathyroidectomy
and persistent secondary hyperparathyroidism.

Results

Participant Characteristics

We included 119 patients (56 males and 63 females) in this
retrospective study. The average age was 46.1+10.5 years, and
the average time from the first hemodialysis to surgery was 6.0
(4.0 t0 9.0) years. The laboratory data before and after the op-
eration are shown in Table 1. The number of patients for whom
2,3, 4,5, and 6 parathyroid glands were removed during the
operation was 5, 21, 81, 10 and 2, respectively. According to
the definition of successful PTX, 97 patients with iPTH_, and
iPTH,, levels <88 pg/ml were judged to have had a success-
ful operation. Twenty-two patients with iPTH, or iPTH,, lev-
els >88 pg/ml were followed up for half a year; 20 of them ul-
timately exceeded 300 pg/ml during the follow-up period and
were judged to have persistent SHPT. The other 2 patients were
maintained below 300 pg/ml, and the operation was judged
to be successful (Figure 1).

Definition of 10-iPTH Predictive Criterion

By ROC analysis, the best predictive value of iPTH, for de-
termining persistent SHPT was 314.5 pg/ml (sensitivity 93.9%,
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Figure 2. The ROC curves for persistent secondary
hyperparathyroidism. The AUC for iPTH, . and
relative-iPTH, . was 0.880 and 0.933, respectively.
Cutoff values of iPTH and relative-iPTH were

10min 10min
314.5 pg/ml (sensitivity 75.0%, specificity 93.9%) and
12.4% (sensitivity 90.0%, specificity 90.9%).

specificity 75.0%) with an area under the curve (AUC) of 0.880.
Similarly, using a relative-iPTH, . of 12.4% (sensitivity 90.0%,
specificity 90.9%) gave an AUC of 0.993 (Figure 2). Taken to-
gether, these results suggest that both iPTH . <314.5 pg/ml
and relative-iPTH . <12.4% can effectively predict successful
PTX. To improve the detection rate of successful PTX and avoid
unnecessary surgical exploration, we paralleled the 2 indica-
tors and used a predictive criterion of iPTH _ <314.5 pg/ml
or relative iPTH, . <12.4%. With this paralleled criterion, 99
of the 119 patients met iPTH, . <314.5 pg/ml, an additional
3 of the remaining 20 patients met relative-iPTH, . <12.4%,
and 17 patients did not meet either criterion (Figure 3).

Diagnostic Accuracy of 10-iPTH Predictive Criterion

Ninety-seven (TP) of the 102 patients (TP+FP) who were pre-
dicted to have had successful PTX by our paralleled 10-iPTH
criterion were confirmed to have had a successful surgery.
Furthermore, persistent SHPT was confirmed in 15 (TN) of the
17 patients (TN+FN) who were predicted to not benefit from
excessive exploratory surgery. Sensitivity, specificity, PPV, NPV,
and accuracy were 97.8%, 75%, 95.1%, 88.2%, and 94.1%, re-
spectively, using our paralleled criterion (Table 2). In contrast,
using a relative-iPTH, . <30% as the standard to evaluate the
data in our study, the sensitivity, specificity, PPV, NPV, and ac-
curacy were 100%, 30%, 87.6%, 100%, and 88.2%, respectively

119 patients

iPTHWOmin iPTHWﬂmin
<314.5 pg/ml >314.5 pg/ml
n=99 n=20

Relative iPTH Relative iPTH

<12.4% >12.4%
n=3 n=17
Predicted succesful PTX Predicted persistent SHPT
n=102 n=17

Figure 3. Flow chart using the paralleled criterion to predict
surgical outcomes.

(Table 2). These results demonstrate that our paralleled pre-
dictive criterion has higher accuracy and specificity in predict-
ing successful PTX.

According to the number of parathyroid glands removed during
the operation, patients were divided into a <4-glands group,
a 4-glands group, and a >4-glands group. The rate of success-
ful PTX in each group was 57.7% (15/26), 90.1% (73/81), and
75% (9/12), respectively. By chi-squared analysis, the success
rate in the <4-glands group was significantly lower than the
4-glands group (x?=14.175, P<0.001). The success rate in the
>4-glands group was also lower than in the 4-glands group, but
the difference was not statistically significant (x?=1.071, P>0.05)
(Table 3). Using our predictive criterion to evaluate the non-
4-glands group data, 23 of 26 patients who met the criterion
were confirmed to have had successful surgery. Moreover, 11
of 12 patients who did not meet the criterion were confirmed
to have persistent SHPT after surgery. Sensitivity, specificity,
PPV, NPV, and accuracy using our predictive criterion on the
non-4-glands group data were 95.8%, 78.6%, 88.5%, 91.7%,
89.5%, respectively (Table 2).

Effect of iPTH _ on the Best Predictive Value

Patients were divided into a 22000 pg/ml group (67 patients)
and a <2000 pg/ml group (52 patients) based on their iPTH__
levels. By ROC analysis, iPTH,, . and relative-iPTH,  effec-
tively predicted surgical outcomes in both the >2000 pg/ml
group (AUC 0.869 and 0.923) and <2000 pg/ml group (AUC
0.910 and 0.932). However, we observed a higher predictive
value of iPTH, . and a lower predictive value of relative-
iPTH .. in the 2000 pg/ml group. Specifically, in the 22000
pg/ml group, the best predictive values of iPTH . and rel-
ative-iPTH were 318 pg/ml (sensitivity 83.3%, specificity

10min
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Table 2. Accuracy of different 10-iPTH prediction criteria.

CLINICAL RESEARCH

Criteria Successful PTX Persistent SHPT Total

iPTH, ., <314.5 pg/ml TP93 FP5 98
CPTH,,, >3145pgml mNe ™ws o a
CTotal % 0 119
Relative-PTH,, <124% OO 2 2
Relative-PTH,, >124% Mo ™ 7
CTotal % 0 119
Relative-iPTH,, <124% or iPTH,  <3145pg/ml 7 S 102
Relative-iPTH,, >12.4% and iPTH,, 53145 pg/ml N2 ™ws o 17
CTotal % 0 119
Relative-PTH, <300% PO f14 13
Relative-PTH,, >300% mo we 6

10min

Criteria

Sensitivity (%)

iPTH 93.9 (95% ClI 75.0 (95% Cl

Specificity (%)

PPV (%) NPV (%) Accuracy (%)

94.9 (95% ClI 71.4 (95% Cl 90.8 (95% ClI

10min

<314.5 pg/ml 0.750-0.892) 0.506-0.904) 0.879-0.981) 0.477-0.878) 0.841-0.949)
Relative-iPTH, 90.9 (95% Cl 90.0 (95% Cl 97.8 (95% Cl 66.7 (95% Cl 90.8 (95% Cl
<12.4% 0.830-0.955) 0.668-0.982) 0.916-0.996) 0.460-0.827) 0.841-0.949)
paralleled standard 97.8 (95% CI 75.0 (95% Cl 95.1 (95% CI 88.2 (95% Cl 94.1 (95% Cl

0.922-0.996) 0.506-0.904) 0.884-0.982) 0.623-0.979) 0.882-0.973)
Relative iPTH, 100 (95% Cl 30 (95% Cl 87.6 (95% Cl 100 (95% ClI 88.2 (95% Cl
<30.0% 0.953-1.000) 0.128-0.543) 0.798-0.928) 0.517-1) 0.811-0.930)
Paralleled standard in 95.8 (95% CI 78.6 (95% Cl 88.5 (95% CI 91.7 (95% CI 89.5 (95% Cl
non-4-glands group 0.769-0.998) 0.488-0.943) 0.687-0.970) 0.598-0.996) 0.753-0.964)

TP — true positive; TN — true negative; FP — false positive; FN — false negative; PPV — positive predictive value; NPV — negative

predictive value; paralleled standard — relative-iPTH

10min

<12.4% or iPTH

<314.5 pg/ml.

10min

Table 3. Influence of the number of parathyroid glands removed during operation on the successful PTX rate.

Groups n Successful PTX, n (%) Persistent SHPT, n (%)
<4-glands group 26 15 (57.7)* 11 (42.3)
"""""" 4-glandsgowp s 73001 8 (@9
~ 4gandsgowp I o @y~ 3@y

PTX — parathyroidectomy; SHPT — secondary hyperparathyroidism; * compared with 4-glands group, x*=14.175, P<0.01; ** compared

with 4-glands group, x?=1.071, P=0.301 >0.05.

91.8%) and 12.1% (sensitivity 83.3%, specificity 96.7%), re-
spectively. In contrast, the best predictive values in the <2000
pg/ml group were 218 pg/ml using iPTH, . (sensitivity 85.7%,
specificity 92.1%) and 20.3% using relative-iPTH, . (sensi-
tivity 78.6%, specificity 97.4%) (Figure 4). Finally, we found
that for patients with successful PTX, the iPTH___value in the

>2000 pg/ml group was significantly higher than that of the
<2000 pg/ml group (2515.6+461.9 pg/mlvs 1346.9+319.5 pg/
ml, P<0.001). The relative-iPTH . was also significantly low-
er in the 22000 pg/ml group than in the <2000 pg/ml group
(6.8% vs 8.0%, P=0.007) (Table 4).
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ROC curve

1.0

03 ;_._Jf

A

0.4

Source of the curve
~ iPTHsomin (group 1)
— iPTH1omn (group 2)
— Relative-iPTH1gnin (group 1)
Relative-iPTH:omin (group 2)
—— Reference line

Group 1: the iPTHpre <2000 pg/ml
Group 2: the iPTHpre >2000 pg/ml

Sensitivity

0.2

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 4. The ROC curves for persistent secondary
hyperparathyroidism in the iPTH_ <2000 pg/ml
group and the iPTH_ _>2000 pg/ml group. In the
iPTH . <2000 pg/ml group, the AUC of iPTH, . and
relative-iPTH, . were 0.910 and 0.932, respectively;
cutoff values of iPTH, ;. and relative-iPTH, . were
218 pg/ml (sensitivity 85.7%, specificity 92.1%) and
20.3% (sensitivity 78.6%, specificity 97.4%). In the
iPTH, . >2000 pg/ml group, the AUC of iPTH, . and
relative-iPTH, . were 0.869 and 0.923, respectively;
cutoff values of iPTH, . and relative-iPTH . were

318 pg/ml (sensitivity 83.3%, specificity 91.8%) and

12.1% (sensitivity 83.3%, specificity 96.7%).

Discussion

The success of PTX for the treatment of SHPT depends on ac-
curately locating and completely removing all parathyroid tis-
sue, but there is often uncertainty in the number and loca-
tion of the parathyroid glands. The results of 503 autopsies
by Akerstrom et al [11] showed that while 84% of people had

Table 4. The iPTH,,_value and relative-iPTH

10min

iPTH__ (pg/ml)

pre
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4 parathyroid glands, 3% had only 3 parathyroid glands and
13% had 5 parathyroid glands. Moreover, ectopic parathyroid
was reported to be found in 13.6% to 43.0% of PTX patients
with locations in the thymus, tracheoesophageal groove, me-
diastinum, thyroid parenchyma, retroesophageal, carotid
sheath, prevertebral, thyrothymic ligament, and submandib-
ular [7,12,13]. At present, the main methods of parathyroid
gland localization before surgery include ultrasound, 99mTc-
MIBI, and CT examination, with detection sensitivities of 91.5%,
56.1%, and 84.8%, respectively [14]. While advantages and dis-
advantages exist for each examination method, no procedure
is able to locate all the parathyroid glands very accurately. A
prior study found that among 134 patients with PTX, the co-
incidence rate between the number of parathyroid glands con-
firmed by preoperative ultrasound and 99mTc-MIBI examina-
tion, and postoperative pathology was only 78.9% and 89.3%,
respectively [15]. The true coincidence rate is likely lower giv-
en situations of intraoperative omission. In our study, 4 para-
thyroid glands were found during the operation in 68.1% of
patients (81), but 21.8% of patients (26) had less and 10.1%
of patients (12) had more than 4 parathyroid glands. The PTX
success rate for the patients with fewer than 4 glands was
57.7%, significantly lower than the 90.1% success rate of pa-
tients with 4 glands. Therefore, there was likely residual para-
thyroid tissue in the <4-glands group. Interestingly, however,
the PTX success rate of the >4-glands group (75%) was also
lower than that of 4-glands group (90.1%). We speculate that
the reason for this discrepancy is that finding more than 4
parathyroid glands during an operation increases the likelihood
of a patient having even more undetected parathyroid tissue.
Thus, to shorten operation time and reduce surgical compli-
cations for patients with PTX, it is necessary to find an intra-
operative predictive index to guide the termination of surgi-
cal exploration, particularly for those patients in which fewer
than or more than 4 parathyroid glands are found.

Our study showed that the success of PTX is associated with
all 3 of our prediction criteria: an iPTH, . level <314.5 pg/ml
(sensitivity 93.9%, specificity 75.0%, and accuracy 90.8%), a
relative-iPTH level <12.4% (sensitivity 90.9%, specificity

10min

in patients with successful PTX.

iPTH,,_ value (pg/ml)

Relative-iPTH,, . (%)

>2000 pg/ml group (n=61) 2700.7+482.6

2515.6+461.9 6.8 (4.3-9.0)
"""""""" 1346943195 80 (65118
"""""""""" 3679 181
"""""""""" 001 o007

iPTH — intact parathyroid hormone; iPTH

dec

— the decreased value of iPTH from baseline to 10 minutes after gland excision; relative-

iPTH — ratio of the iPTH value at 10 minutes after the last explored parathyroid gland was removed to iPTH_; iPTH _—iPTH 1 day

10min

before surgery.

pre’
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90.0%, and accuracy 90.8%), and the paralleled standard (sen-
sitivity 97.8%, specificity 75%, and accuracy 94.1%). Using a
standard relative-iPTH, . <12.4% criterion resulted in the
highest specificity, while the paralleled standard resulted in
the highest sensitivity. By using a standard relative-iPTH
<12.4% criterion, 9 successful PTX patients were predicted to
have persistent SHPT and would therefore undergo excessive
surgical exploration. However, by using the paralleled standard
that combines the 2 indicators, an additional 7 PTX patients
were predicted to have persistent PTH and therefore would not
benefit from additional exploration. While persistent SHPT still
went undetected in 3 additional patients, the paralleled stan-
dard would benefit the most patients; therefore, we defined
the predictive criterion as iPTH, . <314.5 pg/ml or relative-
iPTH .. £12.4%. In the subgroup analysis, this predictive cri-
terion also showed high prediction accuracy among PTX pa-
tients with more or fewer than 4 glands, who were considered
to have a higher risk of residual parathyroid glands (sensitivi-
ty 95.8%, specificity 78.6%, and accuracy 89.5%).

Although a few studies had previously reported several pre-
diction criteria, there was no consensus on the significance
and standard of 10-iPTH monitoring in predicting SHPT surgical
outcomes. The study by Ohe et al showed that an 10-iPTH,
decrease of 280% compared to iPTH _ predicts 100% of cure
in all renal SHPT patients, while a decrease of <70% indicates
a missed or hyperfunctioning supernumerary gland and is
predictive of surgical failure in 66.6% [16]. In a cohort study,
Seehofer et al proposed to use iPTH, . <150 pg/ml or iPTH-
1smin/IPTH,,. £30% as the intraoperative predictive index [17].
Silveira et al reported an iPTH, . . decay >80% of the high-
est iPTH__ as a predictor of surgical success, showing an ac-
curacy of 86%, a sensitivity of 88%, and specificity of 67%
[18]. In a study by Hiramtsu et al [9] a 570% iPTH drop from
the baseline to 10 min after PTX could effectively predict the
surgical outcomes (sensitivity 97.5%, specificity 52.2%, accu-
racy 92.9%). However, when we used Hiramatsu’s criterion to
evaluate the data in our study, it had low specificity of detec-
tion, and successfully detected only 6 of 20 patients who were
confirmed to have persistent SHPT after surgery. The sensitiv-
ity, specificity, PPV, NPV, and accuracy of Hiramatsu’s criterion
with our data were 100%, 30%, 87.6%, 100%, and 88.2%, re-
spectively. Compared to Hiramtsu’s results, our criterion great-
ly improved the specificity of detection.

Importantly, the above studies reported a significant differ-
ence in iPTH levels before surgery. The mean iPTH__ level in
our study was 2155.2+733.6 pg/ml, which was much higher
than the levels reported in the Seehofer’s and Hiramtsu'’s stud-
ies (862+46 pg/ml and 451 pg/ml, respectively). The reason
for this discrepancy was that our patients usually seek sur-
gical treatment only after unbearable clinical symptoms, and
as a result, our patients’ stages were relatively advanced. In a
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study with a similar baseline iPTH level as ours, a closed pre-
dicted value of relative-iPTH, . was reported [19]. Stratified
analysis showed that in the group of patients with iPTH__ lev-
els >2000 pg/ml, we achieved a higher predictive value for iP-
TH,, ... (318 pg/mlvs 218pg/ml) and a lower predictive value
for relative-iPTH, . (12.1% vs 20.3%). Taken together with
Hiramtsu’s results, this suggests that higher iPTH__ levels are
associated with lower predictive values of relative-iPTH .
Additionally, it had been previously reported that the rate
of 10-iPTH decline was associated with higher baseline iPTH
values: shorter half-lives were associated with high baseline
iPTH and longer half-lives were associated with low baseline
iPTH [20]. For patients with successful PTX in our study, both
the absolute value of the decline and the percentage of de-
cline in the iPTH _>2000 pg/ml group were significantly high-
er than <2000 pg/ml group at 10 min after gland resection.
Consequently, preoperative iPTH levels may affect the predic-
tive value of 10-iPTH. We therefore believe that a modified cri-
terion based on preoperative iPTH level should be established.
The establishment of this criterion requires the support of a
multi-center study and the collection of large amounts of data,
particularly that of PTX patients with preoperative iPTH levels
less than 1000 pg/ml.

There are some limitations in this study. Firstly, this was a sin-
gle-center study, and the preoperative average PTH of the SHPT
patients enrolled is as high as 2155.2+733.6 pg/ml. The accura-
cy of our predictive criteria still needs to be further confirmed
by multi-center studies. Secondly, for patients with an intraop-
erative PTH that did not fall to an ideal level, especially when
the residual glands were still not removed after re-examina-
tion, no further solutions have been proposed. Thymectomy is
likely an option that can be used in this situation. Lastly, the
accuracy of the predictive value of intraoperative PTH greatly
depends on how surgical success is defined. In published re-
ports, the criteria for successful PTX surgery are inconsistent,
which may largely compromise the comparability and appli-
cation scope of the predictive criteria we used in this study.
Therefore, it is important to develop a unified criterion of sur-
gical success before setting predictive criteria for intraopera-
tive PTH. This also needs to be further studied and discussed.

Conclusions

I0-iPTH monitoring effectively predicted SHPT surgical out-
comes. Using iPTH . <314.5 pg/ml or relative-iPTH . <12.4%
was an effective prediction criterion, especially in patients with
high baseline iPTH levels. Given that preoperative iPTH levels
have an impact on 10-iPTH prediction value, a variable intra-
operative prediction standard based on preoperative iPTH lev-
els should be established.
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