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a b s t r a c t

Background: Changes of calcification scores of the abdominal aorta (CSAA) after total parathyroidectomy
plus autotransplantation (TPX þ AT) for symptomatic secondary hyperparathyroidism (SSHP) have never
been reported.
Methods: Forty-nine patients who successfully underwent TPX þ AT for SSHP were enrolled; 13 patients
who had regular hemodialysis were enrolled as controls.
Preoperatively, patients' age, gender, and duration of dialysis were recorded. Serum Ca, P, alkaline
phosphatase (Alk-ptase), intact parathyroid hormone (iPTH), vitamin D, FGF23, and Klotho levels, and
CSAA were measured. One year postoperatively, these data were measured again. In the control group,
these data were recorded and measured before and one year later.
Results: Serum iPTH, Alk-ptase and FGF23 levels and CSAA of the study group were significantly higher
than those of the control group.
One year postoperatively, serum Ca, P, Alk-ptase, iPTH, and FGF23 levels and CSAA were significantly
lower than those before surgery. Except for FGF23 levels, other items of the control group did not change
significantly one year later, whereas the study group decreased CSAA more than the control group.
Conclusion: One year postoperatively, CSAA decreased.

© 2018 Elsevier Inc. All rights reserved.
Introduction

Fibroblast growth factor-23 (FGF23) and the Klotho endocrine
axis have an important role in mineral metabolism.1 FGF23 in-
creases in the blood of chronic kidney disease patients, and
elevation of FGF23 levels is associated with higher vascular and
aortic calcification in hemodialysis patients.2,3 Klotho deficiency
and high circulating FGF23 levels precede symptomatic secondary
hyperparathyroidism (SSHPT) in chronic kidney disease patients.1

Among patients with preserved left ventricular ejection fraction,
serum Klotho levels are negatively associated with diastolic
dysfunction.4 Renal insufficiency leads to decreased Klotho levels
and impaired phosphate excretion.5 The presence of aortic calcifi-
cation assessed by radiography of the lateral abdomen is also
associated with increased cardio-vascular mortality.6

In this study, we measured serum FGF23 and Klotho levels and
calcification scores of the abdominal aorta (CSAA) before and 1 year
after total parathyroidectomy plus autotransplantation (TPX þ AT)
for SSHPT to evaluate the changes.
Materials and methods

From August 2015 to July 2016, among 55 patients with SSHPT,
49 patients who were successfully underwent TPX þ AT for SSHPT,
were enrolled in this prospective cohort study. We excluded pa-
tients of surgical failure and patients on peritoneal dialysis.
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Thirteen patients who had had regular hemodialysis for more than
8 years at our dialysis center were enrolled as the control group. In
the study group, the patients had to discontinue all calcitriol, sev-
elamer and cinacalcet one month before surgery; in the control
group, 9 patients took calcitriol, 5 took sevelamer and 2 took
cinacalcet regularly.

Preoperatively, patients' age, gender, duration of dialysis, and
symptoms such as skin itching, bone pain, general weakness, and
insomnia were recorded, and serum Ca, P, alkaline phosphatase
(Alk-ptase), intact parathyroid hormone (iPTH), vitamin D, FGF23,
and Klotho levels were checked; lateral view radiography of the
abdominal aorta at levels of the first through fourth lumbar
vertebrae (L1eL4) was conducted to calculate calcification
scores.6e8 These data were checked one year after a successful
operation in the study group or 1 year later in the control group.
The indications for surgery with SSHPT were iPTH levels over
800 pg/mL, Ca levels over 10.1mg/dL, and P levels over 4.7mg/dL.
During surgery, total parathyroidectomy and bilateral thymectomy
were performed plus autotransplantation of 120mg of diffuse hy-
perplastic parathyroid tissue to the subcutaneous tissue of the
forearm, without formation of an arteriovenous fistula. A successful
operationwas defined as iPTH levels less than 72 pg/mL within one
week after surgery.9 After successful surgery, intravenous calcium
gluconate (2e8 g/day), oral calcium carbonate (2e8 g/day), and
calcitriol (0.5e4 mg/day) were provided if patients' serum calcium
levels were below 7.6mg/dL. Calcitriol was not regularly given
three months after surgery if patients' serum Ca levels were above
7.6mg/dL. A radiographic examination of the lateral abdomen was
obtained for each patient in a standing position at 70 kV, and the
abdominal 24-point scoring system was applied.6 Abdominal
calcification at levels of L1eL4 vertebrae was evaluated by one of
the authors (W-T Chen), who was a senior radiologist and was
completely blind to patients' data. Scores were assigned from 0 to 3
(0, none; 1, small; 2, moderate; 3, large) according to the size of
each abdominal aortic calcified plaque identified before surgery
and one year postoperatively (Fig. 1.).

Serum iPTH levels were measured with chemiluminometric
technology using the Centaur intact PTH kit (Tarrytown, NY
10591e5097, USA). Serumvitamin D levels weremeasuredwith the
Advia Centaur Vitamin D Total kit (Siemens Healthcare Diagnostics,
Fig. 1. Lateral lumbar spine X-ray with images of calcification in the abdominal aorta of
one patient in the study. The calcification scores of the abdominal aorta were 11/24 (A)
before surgery and 9/24 (B) one year after parathyroidectomy.
Inc., East Walpole, MA, USA). Serum FGF23 levels were measured
with the enzyme-linked immunosorbent assay (ELISA) using the
RayBio® Human FGF23 ELISA Kit (RayBiotech, Inc. Norcross, GA
30092, USA). Serum Klotho levels were measured with the ELISA
using the Human Soluble-a-Klotho Assay Kit-IBL (Gunma
375e0005, Japan). Serum Ca, P, and Alk-ptase levels weremeasured
with the colometric method as our routine examinations. Symp-
toms of the control group were recorded, and serum Ca, P, Alk-
ptase, iPTH, vitamin D, FGF23, Klotho levels and CSAA were
checked at baseline and 1 year later. The study was approved by the
institutional review board (103e7444A3) of the Chang Gung Me-
morial Hospital, and informed consent was obtained from patients
who served as subjects of the investigation.

Statistical analysis

Data were expressed as median with range (interquartile range
[IQR]). Nonparametric analysis with X2 test, Wilcoxon signed-rank
test, and Mann-Whitney U test were performed, if necessary. All
analyses were performed with the SPSS version 22 (IBM Corp.,
Armonk, NY, USA). A p-value of less than 0.05 was considered
significant.

Results

The patients of the study group had more symptoms than the
patients of the control group (all p< 0.001e0.0013) (Table 1), and
patients' age, gender, duration of dialysis, serum Ca, P, and Klotho
levels, and CSAA were not significantly different between the two
groups. Serum iPTH, Alk-ptase and FGF23 levels, of the study group
were significantly higher than those of the control group (Table 1).

One year after surgery, in the study group, serum Ca, P, Alk-
ptase, iPTH, and FGF23 levels, and CSAA were significantly lower,
but serum vitamin D and Klotho levels were significantly higher
than those before surgery (Tables 2 and 3).

Except for FGF23 levels, which were significantly decreased,
serum Ca, P, Alk-ptase, iPTH, vitamin D, and Klotho levels, and CSAA
in the control group did not change significantly after one year
(Tables 2 and 3). Decreases in serum Ca, P, Alk-ptase, iPTH, vitamin
D, and FGF23 levels, and CSAA, but increases in Klotho levels of the
study groupwere significantlymore than those of the control group
after one year (Tables 2 and 3).

Discussion

SSHPT is a common complication of patients with end-stage
renal failure who are undergoing maintenance dialysis. Secondary
hyperparathyroidism may be associated with a number of unfa-
vorable outcomes, such as uremic bone disease, vascular calcifica-
tion, and death.10e12 Despite the supplements of an active form of
vitamin D, phosphate binders, and calcimimetics in the medical
management of SSHPT, about 8.0e14.2 cases per 1000 patient-
years need parathyroidectomy.13e16 FGF23 is a phosphaturic hor-
mone, synthesized and secreted by osteoblasts, whereas Klotho,
which is a coreceptor for FGF23, was identified in a mouse model
showing hyperphosphatemia and multiple aging-like traits.17,18

A paradigm of FGF23 excess and Klotho deficiency was proposed
in patients with chronic renal failure undergoing regular dialysis.
FGF23 stimulated left ventricular hypertrophy, and loss of Klotho
augmented fibrosis, endothelial dysfunction, and vascular calcifi-
cation.17 Vascular calcification including aortic calcification was
highly prevalent in dialysis patients and disorders of mineral
metabolism were reported as risk factors for vascular
calcification.19e21 Abdominal aortic calcific deposits were an
important predictor of vascular morbidity and mortality22 and also



Table 1
Age, gender, duration of dialysis, and symptoms, and preoperative serum Ca, P, alkaline phosphatase (Alk-ptase), intact parathyroid hormone (iPTH), vitamin D, FGF23, and
Klothos levels, and calcification scores of the abdominal aorta. Comparison between study and control groups.

[normal range] Study Group N¼ 49 Control Group N¼ 13 p

Age (years) 59 (52e65) 61 (52e69) 0.527
Gender (M; F) 17:32 5:8 1.0a

Bone pain 38 3 <0.001a

Skin itching 34 2 0.001a

Insomnia 27 2 0.004a

General weakness 26 1 0.013a

Ca [7.9e9.9mg/dL] 10.3 (9.7e10.9) 10.1 (9e10.2) 0.163
P [2.4e4.7mg/dL] 5.9 (4.6e6.8) 5.8 (4.1e6.2) 0.243
Alk-ptase [28e94 U/L] 140 (108e206) 100 (66e133) 0.009
iPTH [14e72 pg/mL] 1188 (917e1712) 649 (245e958) <0.001
Vitamin D [S30 ng/mL] 24.8 (18.7e33.5) 33 (27.4e40.6) 0.019
FGF23 [ng/mL] 54.5 (44.9e78.4) 35 (31.6e50.3) 0.002
Klotho [pg/mL] 703 (632e779) 642 (545e761) 0.118
Duration of dialysis (years) 8 (5e12) 10 (9.7e10.9) 0.165
Abdominal aorta 24-Score System 4.0 (1e11) (N¼ 39) 3.5 (0e15.5) (N¼ 12) 0.696

All data¼median (interquartile range).
Mann-Whitney U test.

a X2-test.

Table 2
Changes of serum Ca, P, alkaline phosphatase (Alk-ptase), intact parathyroid hormone (iPTH)), vitamin D, FGF 23 and Klotho levels before (Pre OP) and 1Y after surgery (Post
OP). Comparison between study and control groups.

[normal range] Study Group N¼ 49 Control Group N¼ 13 pb between differences

Pre OP Post OP 1Y pa Difference Baseline At 1Y pa Difference

Ca. [7.9e9.9mg/dL] 10.3 (9.6e10.9)
9.2 (6.2e9.8)

<0.001 1.0 (0.3e2.3) 10.1 (9.0e10.2)
10.1 (8.2e10.4)

0.098 0.2 (�0.2e0.6) 0.027

P [2.4e4.7mg/dL] 5.9 (4.6e6.8)
4.7 (3.7e5.6)

<0.001 1.1 (0.2e2.0) 5.8 (4.1e6.2)
5.1 (4.2e6.2)

0.695 0.2 (�1.1e0.7) 0.036

Alk-p tase [28e93 U/L] 140 (108e206)
75 (51e112)

<0.001 59 (23e136) 100 (66e133)
106 (73e149)

0.463 �7 (-25e13.5) 0.001

iPTH [14e72 pg/mL] 1188 (917e1712)
48.1 (10.9e118)

<0.001 1079 (816e1621) 649 (245e958)
384 (154e782)

0.311 47 (-120-428) <0.001

Vitamin D [S30 ng/mL] 24.8 (18.7e33.5)
33.7 (24.5e43.5)

<0.001 �7.9 (�16.4 to �1.6) 33 (27.4e40.6)
31.5 (26e42)

0.552 �7 (�5.6e1.4) 0.015

FGF23 [ng/mL] 54 (44.9e74.8)
42 (32.3e45)

<0.001 11.9 (5.8e33) 35 (31.6e50.3)
31.9 (30e43)

0.023 2.3 (0.4e7.0) 0.014

Klotho [ pg/mL] 703 (632e779)
820 (639.5e1016.8)

<0.001 �124 (-238e1.7) 642 (545e761)
600 (551e662)

0.249 38 (-46-99) 0.001

All data¼median (interquartile range).
a Wilcoxon Signed-Ranks test within group.
b Mann-Whitney U test between groups.
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associated with increased risk of congested heart failure.23 At
baseline, serum iPTH, Alk-ptase and FGF23 levels were higher in the
study group than those in the control group; serum Ca, P, and
Klotho levels and patients' age, gender, duration of dialysis and
CSAAwere not significantly different between the two groups. One
year after surgery, in the study group, serum Ca, P, Alk-ptase, and
FGF23 levels and CSAA were significantly lower than those before
surgery, while serumvitamin D and Klotho levels were significantly
higher than those before surgery. The higher vitamin D levelsmight
be due to regular treatment of hypocalcemia with calcitriol after
TPTX þ AT. In the control group, only serum FGF23 levels were
Table 3
Changes of calcification scores of the abdominal aorta before surgery (pre OP) and 1Y af

Study Group N¼ 39

Pre OP Post OP 1Y pa Differen

Abdominal aorta 24-Score System 4 (1e11)
3 (1e11)

0.003 0 (0e1)

All data¼median (interquartile range).
a Wilcoxon Signed-Ranks test within group.
b Mann-Whitney U test between differences.
significantly lower after 1 year, and other items were not signifi-
cantly changed. We speculated that the changes in FGF23 levels of
the control group might due to cinacalcet or sevelamer,24,25 regu-
larly prescribed in 7 patients in the control group.

In a previous study of ours, due to a small number of patients
(No ¼ 46), we found there was no change in FGF23 and Klotho
levels 3 months after TPX þ A in hemodialysis patients given cal-
cium supplements and vitamin D analogue. However, serum FGF23
levels negatively correlated with serum calcium levels at pre-
operation, day 5 and day 90 after parathyroidectomy.26 In
another previous report, before surgery of SSHPT, serum FGF23
ter surgery (Post OP). Comparison between study and control groups.

Control Group N¼ 12 pb

between differences
ce Baseline At 1Y pa Difference

3.5 (0e15.5)
4.0 (0e14.8)

0.317 0 (�0.75-0) 0.019
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levels were markedly elevated, whereas serum Klotho levels were
moderately decreased.27 Parathyroidectomy resulted in signifi-
cantly reductions of serum Ca, P, Alk-ptase, FGF23, and iPTH levels.
The serum Klotho levels were reduced from baseline immediately
after parathyroidectomy; however, the levels increased progres-
sively, reaching 34% above the postoperative levels at 3 months
after surgery.27 Our recent results that serum FGF23 levels
decreased, but serum Klotho levels increased, one year after para-
thyroidectomy were compatible with this report. Changes of CSAA
after parathyroidectomy have never been reported before. De-
creases of CSAA in this study group were significantly more than
the control group.

Limitation

The limitation of this study is a small number of patients
especially in the control group. We have found that it is quite
difficult for us to recruit patients for the control study. Further
studies to enroll more patients in either study or control groups are
suggested.

Conclusion

TPX þ AT for SSHPT can decrease serum FGF23 levels and CSAA,
but increase serum Klotho levels one year postoperatively.
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