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Abstract

Key words

Background and Aims: Secondary hyperparathyroidism (SHPT) is a common and difficult-to-treat
complication of chronic kidney disease (CKD), significantly impairing patients' quality of life and
prognosis. For patients who respond poorly to medical therapy, surgical intervention remains an effective
treatment option. This study aimed to evaluate the clinical efficacy and safety of total parathyroidectomy
with forearm autotransplantation (tPTX+AT) in the treatment of CKD-related SHPT.

Methods: A retrospective analysis was conducted on 40 patients with CKD complicated by SHPT who
underwent tPTX+AT in Gaozhou People's Hospital between January 2020 and June 2023. Changes in
intact parathyroid hormone (iPTH), serum phosphorus, calcium, alkaline phosphatase (ALP), and bone
mineral density (BMD) were recorded preoperatively and at multiple postoperative time points.
Postoperative symptom relief, complications, and follow-up outcomes were also analyzed.

Results: A total of 158 parathyroid glands were removed during surgery. Among the patients, 38 had
four glands successfully excised, while two had only three glands removed. After operation, levels of
iPTH, phosphorus, calcium, and ALP decreased significantly compared to preoperative values (all P<
0.05), and BMD increased significantly at 3 months (P<0.05). Symptoms such as bone pain, pruritus,
and restless leg syndrome improved markedly by 3 months postoperatively (all P<0.05). Hypocalcemia
occurred in 34 cases (85.0%); one patient experienced transient recurrent laryngeal nerve injury and one
had superior laryngeal nerve injury, both of which resolved after treatment. The two patients who had
only three glands removed exhibited persistent SHPT postoperatively, with iPTH levels of 457 pg/mL
and 609 pg/mL, respectively. Although their symptoms improved partially, the condition was medically
controlled without the need for reoperation.

Conclusion: tPTX+AT can effectively correct mineral metabolism disorders and improve BMD and
clinical symptoms in SHPT patients. The procedure achieves a high rate of complete gland resection and
stable autograft function. Although postoperative hypocalcemia is common, overall complications are
manageable. This surgical approach is safe and effective for the treatment of refractory SHPT.
Parathyroidectomy; Transplantation, Autologous; Hyperparathyroidism, Secondary
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gk & PE R 2% R Y) 68 JT #F (secondary
hyperparathyroidism , SHPT) &y # UL 18 P B WE
(chronic kidney disease, CKD) fJf & iE, H I EF

DIBR . HUIR S IR IR . HUIR 5% I 2 U BR IR 5 Al
TR 5% B H AR B L AR (total parathyroidectomy with

forearm autotransplantation, tPTX+AT) BT H Rl

Sitk e i . A ERES ML , W5 5l RALIAZ &
e, " E R S A0 AR TR AR A A
Bl & 27 2% 15 I G5 A B R R 4 i, CKD f&
G AR ] R AR, SHPT 1Y & i R B A TH e,
HAeFEMEWH R W X T ARHA T HOR A HE R
HMEJGTE SHPT (B4, T ARG 7 )& HoA A min iy 7
Be, {HF AT B B M AR T AR A4 I 15 2% SHPT
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R P BE W36 19 CKD I & SHPT (& M F 9 XF 4. 90
A bR (1) 06 K2 W ifi i2 h CKD Jf & SHPT';
(2) 17 NRHRSFIR YT oW WAL, R L & 45 1l A 5%
B LE ; ) fF A& F ARSI, HEHREFFARE
Jr s @) FretE 2 B PR R K (intact
parathyroid hormone , iPTH) {H >800 ng/L. (%%l
15~65 ng/L) ; (5) 7 7% ™ 5 It PR 95 Sk, 40 i Jo
BN . WL . BT . BRI FESE 5 (6) B
B B RAEAE LA DL E RS IR R H B> em .
HeBRAm e . (1) Rk AR S5 IR Thse T i 5 (2) 77 4E
INHID)RE A . VAR AT . RS PR A s (3) A AE ™
BRAR . RIEEWBSOEG; @) fFEL . . il
JUTE D RERE AT . BE LY RE SR . A O i
g B P AN TS 52 4 B BRI 5 (5) i iR R R A 5T
S R BT R AN e 8% . IR HE AN HEPR L 48 A ik it
FEHY 40 4] CKD Jf: & SHPT (3, o B dE s 184
ot E 22 6 R 2571 &, T AR R
(4536 +3.12) %5 Horp stk PR S A BEL P ' O
45 MR NERE A 25 )L el AR A 8 A
WEPRG B 210 . 245 1. AP & m M A
FOBEBEfe 22 5t b, #R e i F & .

1.2 FHik

1.2.10 Rara4 () & I 085 Wk B . I B ik
JE . iPTH., 5% JE (BMD) %5l . (2) RAiH M
FTHUIR SR . HR AR AR 2 . SRR CT P 1
S 51 B ARG A A, CT 3 5 J5 24 K B AT Il 425 A s
WA ) AR FE 25 P Te-MIBL W AH - T 5 4% %o
AR 55 B9 A8 B2 W B S 0 H AR 55 R %) & B 4
AR, (R — a2 1 BB S A e, R B ok
BC & iz ML e ARATIZ R A, A (E1A) &
CT (E1B) ¥R E A | BUH R 55 IR 1 K H H A%
>1 em B KAKRFS500 mm? ;& I HOWR AR 45 15 & T4
BF AR % A A DA R, RT 4 2 A
W 200 2 G A B B FROIR AR & M, a0 A R R
J 95 A5 T AN BHIA YT M, R W R AT TR R
I7 o (3) ILH KL . R I H FLVE AN R AT . i Th
REMEOL, W ALUEAT B O WEAR S L R R B

BE . O LB ITAS O ThRETE B0, MR . Bl T AE A A
S HE I Il Ek g, UM R R I T B R AS L (4) B
fe LR, AR I 4% 1 7E 180/90 mmHg (1 mmHg=
0.133 kPa) AR (5) RFIHMAT4 h &N, K
HI 1 d 45 7 IE &R & NTIR T -

E1 CKD3% SHPT &E S GSE41T

A E PR A B R HOR R A R AR OIS O AT BE HUIR S5 IR (/24 20.0 mmx

9.5mm); B: CTA s HUARIRA M A MG I il BEHVRFE IR (/N2 emx1 em)

Figure 1 Imaging characteristics of a patient with CKD and SHPT

A: Ultrasound showing a suspicious parathyroid gland

located posterior to the lower pole of the right thyroid lobe (approximately 20.0 mm x 9.5 mm); B: CT scan revealing a

suspicious parathyroid gland in the same location (approximately 2 cm x 1 cm)
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Figure 2 Intraoperative photographs
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F, s FCRpAE T A LA TB), A Al e i 2k 4%
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A RPREEA EHURSSIRAA T ARG B: VIBRAAL HURSE IR AR bR AR

A: Intraoperative exposure of the right superior and right inferior parathyroid glands; B:

Gross specimen of the resected pathological parathyroid glands

1.2.3 Reaz RGEHYIWEEBF EmRIE, &
BAATOTE L M . PRI R . TR T R OR
B S5 0 . RS 24~36 h N BIVAT I W5 A, 4 ]
5 e i oM 1.50~1.75 mmol/L i & B, AR5 48 h N
Z /0 BB 12 h WU, AR I A R R K
IV A R S o R A A B RS, TR ) AR R S
3~9 g/d, 42 IR, TIRE AL =B 0.5~2 pg/d.
R IS5 2E>1.8 mmol/L, 1] 12 47 /0 # ik 4D 45
L SR A IR
1.3 iFMfristR

FARAESARE 1A, 1A, 1A 3408, K&
AR AR AR K, IFEXT LB, BARSE bR
FL4GiPTH . LW . M5 . BPE@ERREE (ALP); R
A5 AR 3 A 2R FOBURE X 2 W ks 75 (dual
energy X-ray absorptiometry, DXA ) i & % 1F {7 &
HE L1~L4 BMD il &2 {E I 450%F Lt 5387 o

ARG R EBEVI 3 A, 0 R AR RIS
HARBI GG 3 H & BIREIR L BN, WA
B RIREE . A TRRZAME . S ML
TIPS 40 FORRE R o B9 A O DAL SR A AL
BEALIE 40 5 DR T3 AE B TR P 19 2 L K 2 K S
Narita 257 05 35 o 4 B8 2014 4E [# PR A 77 il 25 A fiF
WESE /N 2 AR o RS T BB 25 5 AIE ™ T R B TR A
BRI T RREEAAE S EAR S 545 1k 8
W BB L O MR A A, KA. A
Jo o Rt WERE R . KA, PRANHOR A 5w A
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(EHA ) [n (%) 13, HEBRH K56 E 5
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21 fREKE

G140 B, AR I BR 4 KR 55 i AR
H 38 (95.0%); HiAax 26 (5%) H#FHARHPALY)
Bk FHODR 55 B 3 M0/, TG vk 36 31 5 407 19 IR 55 iR
A5 RO 35035 Xk L 25 E AR, R R ARSI
KA HR 55 i ) 8 e R R [ RS O RE , 4
TR E AT HR S R AR AT B R e AR
H LB (2.5%), [RIAT B0 R R A8 AR VA AR TR T -
40 191 F8 5 JL DI BR FOIR 55 BR 158 M, o BRAR 45 IR 5%
PRIE A 149 A5, FRAR 55 R AR R 9 A%
22 REHERE

L (2.5%) B3 ARG H B — i 1 i R 28 45
i, RBAFFHWNE; 16 (2.5%) BEHEARE LB
— 3 EME B, RN K I R K
B I 2 34491 (85.0% ), F TR Ay DU A K fiG v #50 RR AR
AR T A, A5 N 1.61~2.04 mmol/L,
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FRAR N5 Bz 3% 1k 4k A R D %5 4 i Ab PR 5E IR 34 4
e, BEWARMBARGE MM, Wi, T, 7
W PRI X 45 0 &0, 6 AT B il N JEAE T .
2.3 ARETI.ARE SHPT &2 & 1 I 4 1L 5 = . BMD
IKF
AR, SHPTEEARGF 14, 1E . 1104,
3AAMWAPTH ., IBE . MESIEARES TR, 254

Giit#E X ($ P<0.05); #EH ARG 1 ALP 545
HA TR, BERITHEIF¥E X (P>0.05), H
RIF1. 3 ABEALPIRREBI TR, 25464
TheE X (35 P<0.05) 5 A ARG 34 H BMD
HEEUWRE A, Z5 A% %E X (K
0.05) (£1).

®1 BEAWMABFEMELIEIRKERBDMEEEWL (n=40, x =)

Table 1 Changes in biochemical indexes and BMD of patients before and after operation (n=40, x + s)

Fisf ] iPTH (pg/mL) I (mmol/L) 145 (mmol/L) ALP(U/L) BMD(g/cm?)
AR 1 354.58+54.28 2.35+0.56 2.57+0.23 559.00+46.43 0.582+0.795
ARIF1d 76.32+31.94" 1.67+0.62" 1.97+0.19" — —

L NERL] 35.13+9.35" 1.39+0.35" 2.11+0.13" 476.00+27.59 —
ARE1MH 30.86x8.71" 1.25+0.47" 2.16+0.15" 249.00+12.84" —

Y NEREN 26.646.39" 1.17£0.32" 2.23£0.17" 128.00+8.84" 0.764+0.516"

1) 5 FH AR L, P<0.05

Note: 1) P<0.05 vs. preoperative value

24 ARE.ARE3ITBASHPTEEREREKLE
=
HARW A, RJF34H SHPT B E 5 . K
JRBEIE . R 7 R 25 A5 AF S e AR R A R TR

ERHGHEE L (P<0.05) . FAi4546 LT S
fEEm LR, BHERLGEIT2E XL (P
0.05) (#£2),

®2 BERNABEBRERZEBRREN =40, n (%) |

Table 2 Changes in disease symptoms before and after operation [n=40, n (%)]

i Ji] B B kg e AN TRRERGAE S WUTE T3 124
EN;] 32(80.00) 12(30.00) 8(20.00) 18(45.00) 2(5.00)
ARJg 34 H 2(5.00) 0(0.00) 0(0.00) 16(40.00) 0(0.00)
X 46.036 14.118 7.715 0.205 0.513
P <0.001 <0.001 0.005 0.651 0.474

2.5 ARIGHE

BE U5 B 40 ) B L 2 B (5%) R HRSE T
SHPT, ¥R AL VIBR 3 #CHUR 55 ARG 2 ) 8 3, 5 18
FETE LB HARZE I, (ARG SRR A R IR S8 7
P IRAEAE, A REER SR, RF31MH
5878 iPTH A 43 91}y 457 pe/mL . 609 pg/mL, {H &
FEARAS A B W iR, 4 T AIWIRYY, iPTH K
- RE R = A FRAE KO . LB E ARG 3 AR
FRELPE R 57 IR T RE R (fIKF 15 pg/ml) , % &
5 A R A 1 55 I 202U /0 558 AR S A0 R BT A
UE S S B RS (3[R AN 1 1 B Nk 2.
RIG 34 H & A&k R S iPTH 5 g T, &%
Wigbrfa s BERMMNERE. KKEE. A7
R 25 G AR IR W e 2 R, SO Ak . WLTE D PSR

2 it 15 39 18] JC 2B AT PRI EE

3 3t i

SHPT 4 CKD & % Wit RiEZ —, TERHU
NEHEERAR . YT . i 1
%, gl k2 RGeS0 IR ™ R R B Y A
FEA I R, I R ROA B 45T R 08 T A
WA, BEBIRITE . GIKIGIT SHPT B F ARl
A HORFZ BRI VIBRA . HOR 55 IR 4 1Bk R £
BHE . tPTX+AT R, DL AR AERL, Hf oPTX+
AT A Y I R 36 AR ), FLkE e T /R 3 B &2
VA ISR T 5 2 B AN, R 55 AR B R A
AN 8 A 5% 137 29 30~60 mg, B UIAL 1 mm x 1 mm x
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1 mm JUKL, 3450 Bl TR & B A AR LN .
B PR T 51 R R 55 R ) Be T HE 4 AR G A Y
FANAEAE, A AR & 0 B A A 0 g 0, [
B 2 & R, ARJFHBBAERL . HIm s .
I @ LA K iPTH 2l 35 B 157 48 mg 8 i AT (PTX+
AT AR, 5 W18 5 RS AR ) 8 A 5 35 IR 55 R Ty
REJCHE & R B, WIAE R R T A7 10 RS A W VB
TR A T R RR i 5 T R B9 R G KU K B 5 i
A R HUAR 55 B U 4 U B AR sl HHOIR B AR 8 A T i
BEFLIENUN B KR, TR e B AR
BE KB — RO E, RBEAR LR, F
AR RCB &, N R AT AR > R F R Y & R
RIS A W A O T LS AR IS, T
ML B05 B & FEMEIG P SHPT J %, T ARIGITF T B8
PUES R PR R 29 WiR 7 E A e, HAUR R
FE o BB R AR ST o, IR AT A Ak M
U3 R T 4K & M SHPT 3 10 % 45 4 T2 0 ik o
AE, [ A PEAG HB E B SR TR . &5 B AR5
BE, JFJR(PTX+AT A, CKD Jf %k SHPT ¥ K5
LdiPTHRIA IR R, RE1d. 1A 1457,
3AHAPTH . I #1045 55 58 An B 3R 1T 3 B 8 R
R, BMD I & 00 B W T, B O A DR
ARWFFEAJE ZAb R AL ST T BMD & {f, KAl H
WHO 45 1) B [0 4 12 W o o 27 460 A ) e o (1
ZAEPVHEAT X BREARIE A . EEE . AT
JBR 25 5 A A B AR R AR R BRI, ZRAS
T2 0 (P<0.05) 5 SO 854k . ILTE ) 1 25 4 1)
WA >, ZRLEGEITHE L (P0.05). —3
B OF 3 AT RR 0 B R M R L iPTH KR
5 SHPT (B # B 140 it 0 3 IE AR G T5 b
f6 i, PTH A8 1 5 5 0 B 35 SHPT 3 1Y 1l 57 &
B R, HE AR 55 R U0 B R S B I PTH AT A 3% 2
e RO R R R E IR o AR I B D S AR 1 I
AL TR 5B IG AR M S e A S, B E
1 98 /0 5 o 3 1 FE IR 55 T M BT Sl A A R OGP
3BT (PTXHAT F AR 75 A RS nT i, i 2 AR kg i
SEANL, AU HEN BRI, T R TR A
A RE AR 2R EAR R SR, R
I R AT P Te-MIBI XU AH S 1] A5 4G A, (H 45
HORHTEE R B CT R, R 2 fr 40 R4, 1)
F 38 (95%) WHRAT 3| 4 MCHE A= G H R 55 i
JETUIBR, 7R &6 43 Fk 2 B= B B fiff i /D> " Te-MIBI
XUES AH S T S ARk A AF AR, A T E AR
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T 38 3k 5 Bl 177 I TR R 255 PF A iR A 97 R4
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