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Ultrasound-guided percutaneous thermal ablation for benign parathyroid nodules
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[Abstract] Objective To establish treatment strategies using percutaneous radiofrequency ablation (RFA) and microwave
ablation ( MWA ) for benign parathyroid nodules and to investigate the related techniques, procedures, safety and efficacy.
Methods Percutaneous RFA and MWA were conducted on 317 benign parathyroid nodules in 96 patients using an auto-controlled bi-
polar electrode system (Celon ProBreath, Germany) and thyroid-specified microwave antenna ( Thy-ablation™, China). The ablation
strategy, optimal puncture route, protection of vital neck vessels and recurrent laryngeal nerve, reduction of bleeding from core-needle
biopsy. indicator for complete therapy, ablation time (AT ) for single nodule, and total operation time (TOT) for each case were
investigated and analyzed. The focal changes of ablated region on multimode ultrasound, serum parathyroid hormone (PTH) level,
serum calcium values, clinical manifestations and pathological alterations were assessed during follow-up. Results Cross section
simultaneously demonstrating the ablation target, ablation needles and vital anatomic structures was essential for a safe ablation
procedure of parathyroid lesions. Liquid isolating zone maneuver was beneficial for creating safe puncture route and for protecting

laryngeal nerves, esophagus and trachea from heat damage. “Thermal blocking of blood flow” prior to core-needle biopsy effectively
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reduced bleeding and successfully treated one patient with intensive subcutaneous hemorrhage. Contrast-enhanced ultrasound was an
important and essential indicator for a complete therapy. In primary hyperparathyroidism (PHPT) group the TOT for each case was
about (572,47475.79) s and AT for single nodule was about (194. 82446. 39) s, and the numbers in secondary hyperparathyroidism
(SHPT) group were (1 548. 47+ 323.83) s and (217. 55452. 42) s, respectively. Two months after ablation, the ablated region
began to shrink, and RFA was superior to MWA regarding the speed and extent of shrinkage. At the end of twelfth month, ultrasound
scanning revealed that the ablated region was completely dissolved in 73. 1% (19/26) of nodules in PHPT group and 53. 6% (156/291)
of nodules in SHPT. Pre-ablative **™ Tc-MIBI disclosed 93. 1% (295/317) of the parathyroid lesions and none of them were visible after
ablation. Ultrasound elastography disclosed hardening of the ablated region, and it gradually became soft, paralleling with shrinkage of
the ablated region. Serum PTH level decreased rapidly after ablation, particularly in PHPT patients. In the later course PTH levels had
relapse in some patients, but the relapses were quite different in timing and extent between PHPT and SHPT groups. Two cases with
hyperparathyroidism crisis regained consciousness two hours after ablation therapy. Conclusion  Ultrasound-guided percutaneous
thermal therapy of parathyroid benign nodules is a new modality of surgical intervention for hyperparathyroidism. The ablative procedure
is precise, accurate, safe, and time-saving. The lesion can be completely inactivated and the absorbed. Rapid dropping of PTH level
makes it valuable for emergency treatment of crisis. The relapse of PTH may indicate new parathyroid lesion.
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Fig 1 Different puncture routes and introduction of needles

A': A medial to lateral introduction of needle without passing
through sternocleidomastoid; B: A lateral to medial introduc-

tion of needle passing through sternocleidomastoid
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Fig 2 Protection measures during ablation
A: A liquid isolating maneuver for protecting the recurrent
laryngeal nerve. Open arrow indicating the liquid isolating
zone and closed arrow indicating right superior parathyroid
adenoma; B: A blood vessel-blocking maneuver for reducing

bleeding from core-needle biopsy
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Fig 3 A non-functioning parathyroid adenoma misdiagnosed as thyroid adenoma was verified

by immunohistochemical (IHC) staining for PTH

PTH. Parathyroid hormone. A: Misinterpretation as thyroid adenoma on grey-scale sonogram. Closed arrow indicating thyroid

adenoma and open arrow indicating normal inferior parathyroid; B: H-E staining disclosed chief cell adenoma of parathyroid; C.

PTH-IHC histology verified the diagnosis of parathyroid adenoma upon the presence of dark brown component
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Fig 4 A thyroid adenoma misdiagnosed as
parathyroid adenoma was verified by
immunohistochemical (IHC) staining for PTH
PTH. Parathyroid hormone. A: Misinterpretation as para-
thyroid adenoma on grey-scale sonogram. Closed arrow indi-
cating parathyroid adenoma; B: PTH-IHC histology denied
the diagnosis of parathyroid adenoma upon the absence of

dark brown component
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Fig 5 Microscopic presentations of ablated parathyroid

nodules of different areas 1 month after microwave ablation
A Samples from the peripheral zone of ablated area showed
definite tissue degeneration and necrosis; B: Samples from
the central zone of ablated area showed only moderate tissue

degeneration and necrosis

B 6 HEAEEERHEENL

Appearance of heating procedure during ablation

Fig 6

Hyper-echoes was generated and expanded (arrow)
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Fig 7 Color Doppler flow imaging of blood flow before and after ablation
A: A well-marked blood signal entering the parathyroid nodule pre-ablation; B: The blood signal vanished 2 weeks post-abla-

tion; C: The ablated area shrank significantly but without internal blood signals 24 weeks post-ablation
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Fig 8 Contrast enhanced ultrasonography assessment of
3 Sk B2 = SloEh T = 4 0 5 2 A 35
microcirculations within the ablation region 9 HEMEHRK=SHERERNDEE
A A right inferior parathyroid nodule underwent microwave Fig9  Volume changes (3D reconstruction) of the
ablation by using part-by-part ablative maneuver. Open ar- ablated region before and after ablation
row indicating the ablated part consistent with un-enhance- T, : Pre-ablation (n=155); T,: l-week post-ablation (n =
ment and closed arrow indicating the untreated part consist- 55); T:: 2-week post-ablation (n=52); T,: l1-month post-
ent with enhancement; B: A relatively large un-enhancement ablation (n=47); T,: 3-month post-ablation (n=41); T;:
area (arrows) indicated a thorough ablation of the previous 6-month post-ablation (#=235); Ts: 12-month post-ablation

parathyroid nodule (n=9); T;:. 18-month post-ablation (n=5)
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Fig 10 Elastographic presentations of the ablated area
SR Strain ratio; P: Region of interest in parathyroid; T: Region of interest in thyroid. A: Post-ablative SR value increased
significantly but declined gradually over time. T,: Pre-ablation (n=35); T, : Intra-ablation (n=35); T,: 1-week post-ablation
(n=35); T;: 2-week post-ablation (n=32); T,: 3-week post-ablation (n=30); Ts: 1-month post-ablation (n=26); T;: 2-
month post-ablation (n=20); T;: 3-month post-ablation (n=20); Ts: 6-month post-ablation (n=17); T,: 12-month post-ab-
lation (n=12). B: 1-week post-ablative elastography showed a dark blue area with SR=6.69; C: 1-month post-ablative elas-
tography still showed a dark blue area, but with SR=4, 92
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Fig 11 Comparison of dual-phase **"Tc-MIBI findings before and after ablation

A: Pre-ablation; B: Post-ablation. Arrows indicate parathyroid nodules
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Fig 12 Comparison of serum PTH decreases before and after ablation between two groups

PTH: Parathyroid hormone; SHPT: Secondary hyperparathyroidism; PHPT: Primary hyperparathyroidism. A: Serum PTH

level before ablation and at the end of follow-up in SHPT and PHPT groups; B: The absolute decrease of PTH level was signif-

icantly greater in SHPT group than in PHPT group; C: The percentage of decrease of PTH level was significantly greater in

PHPT group than in SHPT group. n=75 for SHPT group pre-ablation; n=62 for SHPT group at the end of follow-up; n=21
for PHPT group pre-ablation; n=19 for PHPT group at the end of follow-up

3 4 it

“ONGR L R S R R 55 R B — A
FE L AMBHYE T TIE A AT 2 I PRI T B B A D 0
M PHPT LG () FF VDI bR T Rt ok B/ SR
AL R TR T T A SRt R R
B OPTH W DA K AR i del MIBI 8 51 (%58 F R
) S HE B R T B R E LA S5 bR ) S R R e v
8 5 A7 F5e A R0 DD I 6 728 AR 55 i AHZ A AR =2 R
R B kR R S HR 55 IR T BEAR TH T i TS 7%
BLER F AR, Wirowski 2509 %t Fe 40 #r
T 1986 & 2001 4F M 2001 & 2011 4E WA B[] BE Y
FHCAR 55 B A RE T R 2 T A i 1AL 48 1B R T R K 1

22953 78 IR T LA R AR v 58 A AN 30 28 i R AT
e FRE , HURSE IR A UIBRIK 5 H B A R RS H 2
SMEHAST SHPT 1 28 i 5w, {FUE B2 A0 49 115399 2 |
PTH P T A7 2 8K 1 AR 5 TR) A i L R 25 4
SHPT & 2 A 4 5 B HmA L | S0 A 4 . 4 356
B0 G T A A TR B A0 R RR e A B A X L
R FE UL S RE T T JE AR A 36 T A T 2R
(9 T BERDT i AR 58

o AL XE PR 55 M B B S RE g, X IR
55 R A IR TR IR 55 L TR IR 25 L SRR
RS RS RE ) LB A 51 T R 40 MER
4 2 R BOR BE 3 45, D JT i 75 5| 5 22 B o i
AR5 o AL SR G R T AR A T AT RE . A2 B 1]



S A ). B A R OR R TR 2 B o ARG AR T TR 55 R A Y

* 369 -

N 2 B B AT 9 A 4L fH X 75 ) SHPT
21 15 PHPT 3 317 MR 55 M 1 2F 5l B 19 28 1
THRIG T S2 i, JE LAIE IR 75 51 5 T 48 B 2 o) S 4
AR A A8 58 s 28 FEOIR 2% IR BRI R A
PE R PERUCE RCME . e R S A B TR A e
L, 6 T VAR B 2 7 10 TV RN B b 78 L K 1 48 51 T
SE A B I g LA R HE AR 55 B ke 4 I 3R Y R R
Wi, IR YT IR A PR TR, HOR L BT I R X
N R Sl S S I 1 O E R L e e )
AP RAEFRE A5 LS s A B T
Filt ) P26 s CEUS T2 $2 43t 1 I fll X (000 26 19
WG B 8 R IH A B PR W A 45 . BTN
Tl S5 I Al DX AR R B A /N L CEUS 4R ¢ 22 TG 3
SRS (MIBI 2% 2 A SO L AR 38 52 15 46 2
fRE R R T B A ke, Bk SHPT 44 B3R
J7 BFERTHE T PHPT 41[ (1 548. 47 4+323.83) s vs
(572.47+75.79) s (HER KA 40 min, /1L
TANEFFARFER A W WAL, T AR A Y 52 BRI ml
FEMTAY 3~5 min [(217.55452.42) s vs (194, 82+
46.39) s],

M PTH BE & H AR 55 B A2 5 i IR 22 BE 2% |
Z Z G0 Z 0] 1 ELHE AT G R IR 55 I kR A
7 ORI USRI Ry S S IR AR AR AT A B 5
HR IR H PTH PRl il 22 Ji B $431 fil 2 75 AE 8 34
S kLA BR 1 R L 25 SR R AR JS 10 min
PTH R | W] 5 b R L e BE S8 2000 Rl A 97 vl
DIAE R AMRED) R b iy B A s, PTH MR T
Bif 5 L T A J A oG L (Rt U B T R 55 i A
& PTH M RZRIE, fHH PTH A HRE TR, B &
PRI AR SRE PR I JEE S O 4 i G o % i L L b g AL o
AR, W EL 3~8 N H Ja #84r SHPT B & 1
PTH JF 46 s Bk, & 300 & T 10 flUS 00 8 R ) 45
KX E GBI G RIA ML, T 2K
AT b, 2% R R A 1 AR B A A A S AL BR 1
i J AT T FE P G IS A R IS B O S 1. 6
mmol/ L), AR (4 (8 35 78 B Ja — WO Al 1 2 4R A2
AR PTH FHm, 2 A2 i, Hx R %S
TERANVBAF B A& BVEEA ) PTH &0 07 ¥ 2 &
2 P JH Al 21 2 Bl 40 i A B ) DR 5 R R AR G R
FI(rPTHP)RVEN PTH T LU B T W2 4l sl A {4k
Pk A7 AE LAt 9 41 20 5k 4 B o] DL A2 PTH?
PHPT ## "% PTH S Bk B 4 R &, WA 2
S PE 22 R M R s A P SRR R AT — BR B

PHPT & ZE 5 PTH Fh &, B % 58 2035 4 19 i
DA TTRE L 4 T KA R R 2R A R AL 4R R
K DL

I 32 P 28 408 1 S R R 55 R AR R i ™ T &
E L AR 5.8 %6 L A e AT I S I OR 28 T LA
P4 m] e A B4 B R R BRR T AR IR SR
Z AR JE I BT B AT S A T ik — 2
/U 3 G I R 2 450 40 2 T TR AT i R A 280 A e 1Y)
HR A, FRATREUNY 72 27 5 51 5 F #E i
FEAH L A7 A B Sl . PG AR R A T A B S
Jiti o B 3 B AR A5 /N L VAR B A B 2 A5 JRR 24 BHL W T
BUR DRSO B, B AR S 1 JE Tk R R
P2 ARFRATT 8 FH VAR B 5 Al 1k S TG — B bl 4 A
PEFE W, — i 7 N YR T 22 R R R i SR e
8 BEL i B/ N BE AT R &

FHBR 55 R 1 it 32 ok 5 T BR AR T 3l ik DA &
FOR IR b LR B Bk i Wy & 3. 3wl AR b BE A B
b AR BEL VBT FET AR 55 9 kL 1) 3% 7 2h Bk DR T B RS
Ky, SCEEPEAR AL B, R AN B F R R T sl k)
T DA R M E H - FR bR 55 R OB Y ot VL
FE S €6 2238 8 75 48 5 1R B L R R A B
B R T B R e e ] LU .

SRR B0 1) A ) FA T R 1 A= 4 A M R 1 T
M IR AR W K R A 2 4R B 3K BE 1 4]
LU AR G % A W I B W S 40 B B R
AR P AR B O JR L, L RAGRE [ o R O A Y Bk
Bl AL T 59 T R I ) DU R 3 B R AL AR
S RT B Z Ak B PR AR AR Sy T (R ER K S ) M T
T 110 T 5 s A A L DR B T Rl — > E Bl R
Tl BRI T AR R T T R Y T LR
Rl RCR AR . BE R AR = S
VOCAL PR B 155 1 0 28 (9 BOR 55 B AR FRL, F 035
H S AR BRI T R R U il )R] 5 B o 22 B, AT
FRATBE— MU A8 B U B A7 PR B PN BT A2 31 A R L
28 SCR AR S A I B R L U T Y e
PE N (1 486.58+312.33) J/mL, 55 1) - ¥ fig &
B PE N (583, 47 420, 61) J/mL, —# M 2 B K.
SHPT 419 kb 22 550 L B K, A8 2 by T 08 FH 4038 7 il
Wb R R B MO R FE BT S PHPT
HEANRZE .,

TH BTG i 2 25 B U7 22 B0, T Rl X SO0 3 46
AL TR WOIRZS , CEUS I 2 0o, S
SCHR AR 55 G ket I b A R LI 98 il DX 1 A R B



« 370 -

B OFEEKF¥M 2013454 AL 4 B

PR BRI W 405 /1N T 552 8 9 A 110 A, G 8 R R
ML = 4 2 AR P A T RO A 2R R B R

AW ST W 515 T 28 B PO Bl T HUIR 55
iR 2 SRR A A BB (B | 2 A A
AT o RS B S A 3 AR BEL BT I 3 S PR AT 2 R 3
G S5 4 it 7T 3G T ek B A AL T CEUS, =4
P A BRI A | R P R TR A T AR
L FCJ5 S 5% A i) 2T B

4 FEHR
F A AR 3 7 B AR SO AT ] B 25 v 2%,
[& % X W]

(1] #  F. HORZZMRE SRR G 20 Fr [ D], B - i il
Ref B2 B L 2008.

(2] EREF. JEGEH AR AL TR TR 55 5 5006 1R 97 Hh 14 s
PR IR 52 LD T F - 1 4 K2, 2010.

(3] =#4,5 g4 X Al REH, 57 B
1 W TR 2 R SR BT W PR OIR B R R R O vk 2 A AT
[T, A AR 24 2 35, 2010, 19:861-865.

(4] # W,k HE, Zde BHE5 ST RRER ST

28 R POH B I R B 5T (1], 58 Z 25 B K% 254, 2011,
32:1189-1192.
Xu B, Zhang M X, Zhang J Q. Ultrasound-guided per-
cutaneous thermal ablation of benign thyroid nodules: a
clinical study[J]. Acad J Sec Mil Med Univ,2011,32;
1189-1192.

[5] EMR,mHAL RKE, TFH KKK, £8 4. 5.

FFOBR B 485 79 P 9 8 28 B2 0T Rl R 97 10 3 0 9T ROV A
(V] 8 R4, 2011,32:1316-1320.
Wang S R, Zhang ] Q. Xu Q L, Yu S J,Zhang Y L,
Wang X J,et al. Percutaneous thermal ablation for nod-
ular thyroid diseases; an assessment of short-term
effects[J]. Acad J Sec Mil Med Univ, 2011, 32:1316-
1320.

[6] Kim Y S,Rhim H, Tae K. Radiofrequency ablation of
benign cold thyroid nodules: initial clinical experience
[JJ. Thyroid,2006,16:361-367.

[7] Baek J H,Moon W J,Kim Y S. Radiofrequency ablation
for the treatment of autonomously functioning thyroid
nodules[J]. World J Surg,2009,33:1971-1977.

[8] Ryan W R, Orloff L A. Intraoperative tumor localiza-
tion with surgeon-performed ultrasound-guided needle
dye injection[ J]. Laryngoscope,2011,121:1651-1655.

[9] Calo P G,Pisano G, Tatti A, Medas F,Boi F,Mariotti

S,et al. Intraoperative parathyroid hormone assay dur-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ing focused parathyroiectomy for preimary hyperpara-
thyroidism: is it really mandatory? [J]. Minerva Chir,
2012,67.337-342.

Powell A C, Alexander H R, Chang R, Marx S ], Ska-
rulis M, Pingpank J F, et al. Reoperation for parathy-
roid adenoma: a contemporary experience J |. Surgery,
2009,146.:1144-1155.

Arnalsteen L, Quievreus J L, Huglo D, Pattou F, Car-
naille B, Proye C. Reoperation for persistent or recur-
rent primary hyperparathyroidism. Seventy-seven cases
among 1 888 operated patients[J]. Ann Chir, 2004,
129.224-231.

Powell A C, Alexander H R, Chang R, Marx S ], Ska-
rulis M, Pingpank ] F, et al. Reoperation for parathy-
roid adenoma: a contemporary experience J |. Surgery,
2009,146.:1144-1155.

Agha A,Loss M, Schlitt H J,Scherer M N. Recurrence
of secondary hyperparathyroidism in patients after total
parathyroidectomy with autotransplantation: technical
and therapeutic aspects[J]. Eur Arch Otorhinolaryn-
gol,2012,269:1519-1525.

Wirowski D, Goretzki P E, Schwarz K, Lammers B J,
Dotzenrath C, Rsher H D. Failed surgery in primary
hyperparathyroidism: what has changed with time[ J].
Exp Clin Endocrinol Diabetes, 2013 Mar 19. [ Epub a-
head of print]

Kim W Y,Lee ] B,Kim H Y. Efficacy of intraoperative
parathyroid hormone monitoring to predict success of
parathyroidectomy for secondary hyperparathyroidism
[J].J Korean Surg Soc,2012,83:1-6.

Singh D N, Gupta S K, Chand G, Mishra A, Agarwal
G, Verma A K, et al. Intraoperative parathyroid hor-
mone kinetics and influencing factors with high baseline
PTH:a prospective study[ J]. Clin Endocrinol (Oxf),
2012 Oct 9. [Epub ahead of print]

X4k T, 45 2 30, Hr . AR IR R MR A2 TR 5 kR
ML, B SR g sk SUAMRE, 2003,10.333-334
TR EFN RIS, B 2O A E S LR
FHBR i T A rh e il Bl 28 153405 10 937 (7 0. v 10 5 FH A B 4
#&,2007,27.706-707.

AN LW, 3 1, PR T AR T RS
i . % K 2y R AR B bl RATF 5 ()], o [ 38 Ah i il 55 1
P44 ,2009,16:351-355

b/ AN (| I S T g B S W D T A
A S5 AT Tl LE R S A 1 S IR B S L) ). R B
% 7%38,2009,25,:115-118.

[AXHE\E] HAELE



