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Safety on argon plasma coagulation in treatment of esophageal lesions
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[ Abstract | Objective To explore the effect of different output parameters of argon plasma coagulation
(APC) equipment on esophageal injury in dogs, and to investigate the safe range of APC treatment for esopha-
geal diseases. Methods (1) Esophageal mucosa of three dogs was solidified with APC using different output
power (50, 60, 70 and 80 W) , argon flow (1.6, 2.0 and 2.4 /min) and acting time (2 and 4 s). After sli-
cing and HE staining, the depth of tissue damage was observed with an optical microscope. (2) Esophageal
mucosa of two dogs was solidified with APC using argon flow of 2. 0 L/min, acting time of 3 s and different out-
put power (50, 60, 70, 80, 90 and 100 W). After slicing and HE staining, the depth of tissue damage was
observed with an optical microscope. (3) Eight dogs were randomly divided into two groups. The esophageal
mucosa at forty centimeters away from the incisor was annularly burned with APC using output power of 60 and
70 W. The mucosal scar formation and esophageal stenosis was observed by gastroscopy and ultrasound gastros-
copy after 2 and 4 weeks. Results The depth of esophageal tissue damage was positively correlated with the
APC output power, argon flow and acting time. The output power had the greatest effect on the depth of dam-
age. In condition of fixed argon flow and acting time, pathological score of esophageal tissue damage increased
with the rise of power. Within the range of 70 to 90 W, the variation of tissue injury was not significant. After
2 and 4 weeks, the scar formation and esophageal stenosis in esophageal injury site was observed with the APC
output parameter of 70 W (2 L, 3 s). However, the scar formation and esophageal stenosis was not obvious

with the APC output parameter of 60 W (2 L, 3 s). Conclusion By selecting the appropriate APC output
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parameters, we could control the degree of esophageal injury. The output power of 60 W or less can effectively

prevent the occurrence of complications such as APC postoperative esophageal stenosis.

[ Key words ]

areon plasma coagulation; esophageal injury; prevention of complications
gon p g 5 phag jury; p P

Supported by the National Natural Science Foundation of China (81070384 ). Corresponding author: Peng Guiyong, Tel: 86-23-68765185, E-mail; pgy63@

163. com

BB IR L IFAD UL, 728 FBEE R (argon
plasma coagulation, APC) J&—FhIE Mt L1 & #o7
W BRI IIGTTHAR , 1991 4F i 4 [ £ 4 Grund 451
HUCK APC B H T W TIRYT, JFEUS T 18k
o HEAEAERME, & s, /E S 50T, B
o AR i o AR 2 TR YT I A g AR 1
okt IR &R IR APC — IR iR YT B4 2 Ji 1Y
Wkt B R (AR — G BRI A
%, BT, EIRTT 2L S 50 R B O A AE 1 A A
TERE T APC IRy 7 B AR S AR vh Y, 225 i i oy
AR K 60 W sk 60 W LLTF, Bt 3k 251 5 R
APC JRY7 I AL TE H il s, 70K D 45 il 7E 70 W L)
AR AR AR AR YR . R, S48 APC R
RS TR IR A )RR A D PR R A 35 ok T i, LA B
fI% APC IRY7 G B8 KRS, AR S N H S, AWFSE
AR NS sh ¥y, W58 APC STl D % R AR
a AE IR S S i B B A A B SRR
A RS Z DGR, i APC Il K2 4R
PSR

1 #REFE

1.1 #4

L1 SE5zhy) AT MR R 13 M AN BR A o
15 ~20 kg, M55 = ZE R R2EI a1 hOo4R 4, Rk g,
T3 T4 =R R LR s Y O SRR R A IR =

1.1.2 %8 GIF-260 BF N4 ( HA) , GIFUM-2000 % #4
FHFHES (H4), UM2R (UM-3R @ /MNEL (H A,
APC300/1CC200EA #Y 47 2§ ¥ & [ 4% (7% ] ERBE 24w ),
OLYMPUS CX21 4= 4y i i85

1.2 Fik

12,1 ARISA 02 AR R RS &S 0 R
FAEIPSEN 3HEEmRAFER 12 h, 55K 6 ho AR
30 min JLNTESTFTHE S 10 mg, 3% 1% H 240 (30 mg/kg) Hi
Jok i SRR 22 R Bk, GIF-260 15 85 3E = HE T4 40 em &b, &K
TG EERHNKE 2 mm, HWE/SINEER 1.6 2.0,
2.4 L/min, i HDIER5- 55 50.60.70 .80 W, A ik ReSLsE
BB 2.4 s, (HFBOE EDES G, BN E LENMEREAS
A3 HIE 3 AL 4 S EHE 0.5 em, BT 1 em, BERF 5
BUR SIS K, B R, R A, M EE, 1
S RBEEFE T RA A SERE, HEMFARIA
YIRE S mm x5 mm K/MEAS, 37 BVF 2% BRI 2 1

PSS DL S s/ UL, SR 5 HE Je s 02 B 6l
BEER A 2R U, ok AR A5 A5 TR 1 V) R A 2461 493 35 467 11 it
ViR EATIC A . HEURIE D PRE T . 1 4 (VR & b
252 5%, REEENZ 3 4, BRBT 254 4, B EA
WA 35 4, BEA IUR)Z 56 43, B 22 . B m s B s
WL APC Hi 473 5 B AR 1L

1.2.2 G hRART SR GIRENZN 2 LB R
G H GIF-260 B8t BT 40 em &b, FA TR IEE
ER 2 mm, FATABE N 2.0 L/min, & 2R 515 &
750.60.70.80.90.,100 W, FEyRFFLLEEFIHHE] 3 s, (HBLAFIE K
IR B45 (7 2RI A0) fi R 2 LA AR 43 10 A4S 4, &5
FIEE 0.5 em, BNIIRMEEE 1 em, 62 B WELL 4l ik
KGR (HBUR T bR R AT o

1.2.3 R[alf Sl et KRB Fh IR A T SR T 105 )5 12 48 el et
TR A R AER B8 HARBEALAE R 2 4,
B4 H . MG XQ260 B gkt I ik 40 em 4b, 3k
PEE AR 2 mm , AR R E R 2.0 L/min, /EFH#2L0F
] 3 s/Ws 4FHILL60 W J 70 W it Th 3%} 2 4 S R £ 4%
PATIERIBE (1) ARG TR E . 552 JH 56 4 Rk b%
A B R R G A S A L. SR I RUREE B AE S
TR S HEA TR P N B R R S TR Sk I T AN A
A IR B A AL, NS — B S K AR A BE i 7
A3k AT RE AR [ PSR A 7S PR e DU RO 2 e A
B i K B B R KR

AR APC 3T KA AT IR M 823 B APC 3T K& SR B JE B 4L
TR
Bl BHETWEAPC M REEHTIRREALEER

1.3 it oM

FRAA SR ] SPSS 18. 0 Seit i3t HEHELL
Xxs RN ST BRI G , & 4 2 E L ECR
FHAES 4z 7 (Univariate ) 4387, J5 25 5747 LSD 4, A
5547 Dunnett T3 56,



9535 &5 10 4] CIE O I NI S Vol. 35, No. 10
2013 4E5 [ 30 H J Third Mil Med Univ May 30 2013 1011
F1 APC AEHHSHHEERGREITS ML
(L min) S () 50 W 60W 70 W 80 W
Y EAnE
T min) ) 3 4% 0-24 34 4% 0-24 34 4k 024 34 4%
1.6 2 1.00 0.00 0.00 1.00 0.00 0.00 0.78 0.22 0.00 0.00 1.00# 0.00
4 1.00 0.00 0.00 1.00 0.00 0.00 0.44 0.56% 0.00 0.00 0.78% 0.22*
2.0 2 1.00 0.00 0.00 1.00 0.00 0.00 0.67 0.33 0.00 0.44 0.56 0.00
4 0.89 0.11 0.00 0.67 0.33 0.00 0.22 0.782 0.00 0.00 0.112 0.89
2.4 2 1.00 0.00 0.00 0.78 0.22 0.00 0.78 0.22 0.00 0.00 0.22% 0.78*
4 1.00 0.00 0.00 0.22 0.78 0.00 0.22 0.782 0.00 0.00 0.22# 0.782
a: R SRR AR LA
2 Bm 2.2 AARBAAAN R E 4T RR S FR
=R oS =4
B i B AR A% 9 4 )
2.1 APC RRE 2 & A F BB a3 RS B4R 2.2.1 APCR[IH HDI 3 Er A5 O B 4 B L 1 52
PSR A 3 WoR E AR B ELE 2.0 L/min, £E IS 3 s #YFE
2.1.1 APC RIS B0 R ET S b g i DL B ASR DR SO WAL S 100 WP R AT,

MR AR (3R 1) HT LA, APC Fi 2408 - (60 W,
2.4 L,45).(70 W,4 )3 AR A B (80 W) 6 A A [
]S A2, Mt 10 bR, BB /3 23K 5 3 ~ 4 70 (B
T R IWUZ ), A UR ISk 3 ~ 4 233 LU i 1% 411
50% o 7 Hiw i PR g 60W m LR I 453 475 AR HE i B R T
JZ T AR 70 WO LA b 48 R R AR B 2 K
HMUZ
2.1.2 APC R[S RO A m Rk 2 m]
AT, 500 I 8] B Gt et [T I 5 i o 2 SR A 3
R B B S A% 5 24t 2 3 B A P I] [ R I B
DB SN A5 R P B 22 K 5 2 i Y ) R R U R A
I B FH (] A SE G SRR AR 2 I . (HES R A,
bt D A A BT R e e O W Y D R AE S0 W
IR, 38R e JE AR PR IR] , #5307 % B2 2 2 AR R 7R R L
PAECERENUZ ) 5 %0 DR 60 W I, 3 QG Uit 1 4E
KA TR] AR GREE h b B R R, B 2 AR R AE 3
AU 5 2480 1 DR AE 70 W B, 38 G i I KA F B[]
TR B A PRV BR IR , 210 Hh D)7 80 W I,
BE I A AR T (8], S35 % 32 AR TR BB A0
A NRZ . 45 T3 A 50 ~70 W AR{L T, bifi % i i oh =R
VRT3 R AR P W ) 2 4 % G =t 199 48 A, 0247 T 2 i 2
R T DK E) 70 ~80 W RF, 453 43R B 5 7 FH s ) B S e
S DA RAE LG R

®2 APCARHHSHMRERGIHI (n=9, x+s)

Wi LB F AR IR CF3FK)
(L/min) (s) 50 W 60 W 70 W 80 W

1.6 2 24.83x15.25 24.83£15.25 109.28 £29.322> 161.00 +0.00%
4 3500+0.00  35.00+0.00 131.44+35.05 170.89 +19.62

2.0 2 28.22 +13.45*  74.67 £29.75°" 116.68 +33.25% 131.44 £35.05%"
4 68.83:44.99  110.06 +42.76" 146.22 +29.32"  200.56 +14.83P

24 2 61.44 +£31.36  109.28 +29.322> 109.28 +29.325> 185.72 +23.45P
4 81.28+26.24 146.22 +£29.32> 146.22+29.32  195.61 +19.62>

a: P<0.05, 48 2 & | B 1A 4008 sbd ;b P <0.05, 48 F) AL & | B 18] 2L 14] g

DR IRGETH A B it 2Ry 50,60 Wi i 415 TR 1 3 224k
HAE LR SRUZ (100% , 18 2A) ;70 Wi 3298 2 K i
T (78.9% , [ 2B) 5 A WLEKIZE (21. 1% ) ;80 W i 2R K
WA WLRIZ (57.9% ) SHET)Z (42.1% ) 590 W iy 32 R 1
A WL JZ (68.4% ) SRR T = (31.6% ) 5100 Wiy £2L R 1%
WA LR (68.4% ) S5 WLRIZ (31. 6% ) o Wi i 2
SRR A E R

#&3 APC FEMHMEHRERGHFETS MM L

pojES 0~2% 34 445 54y
50 W,35,2.0 L/min  19(100% ) 0 0 0
60 W,35,2.0 L/min  19(100% ) 0 0 0
70 W,3 5,2.0 L/min 0 15(78.9% ) 4(21.1%) 0
80 W,3 5,2.0 L/min 0 8(42.1%) 11(57.9%) 0
90 W,3 5,2.0 L/min 0 6(31.6%) 13(68.4%) 0
100 W,3 5,2.0 L/min 0 0 13(68.4%)  6(31.6%)

W T EWBARAN A — AR EBIR, A%t 518, B A2 Fm
19 Ak

A :60 W,35,2.0 L/min;B:70 W,3 5,2.0 L/min
B2 APCARENEMERARAFEEL (HE x200)

2.2.2  APC AR IIRM MR AR
202 [R), 975 BT 43 B0 Bk U 5 e J5 B AR 7 ( Univariate ) 5387, 77
FESTHERLSS  F =16.125,P =0. 000, Jy 22857 ; £ £ & HL it
FH Dunnett T3 #5645 R : 55 50 W21 b, At 45 41 g
PRSI Biit 2k L (P <0.05,P <0.01), 570 W 41
5,1 80 W 4L LAAI, ot 45 41 BRI 43 AR (b 38 Gt 2



5 35 255 10 ) CHE AN NI B O
J Third Mil

1012 2013 4E5 A 30 H

Vol. 35, No. 10

Med Univ May 30 2013

(P<0.05,P<0.01), 580 W £ Lt4s, % 70 W 590 WH L)
A, Hoh 25 20 995 BT 43 AR AL ¥ G it 24 L (P <0.05,P <
0.01), MHER4 FTLULI, M4 H T 50 ~70 W LT,
WEE i L DRI, BRI Z 3G R A 70 ~90 W, Bl 25
TR, B R B AR =, AR s IR Y
E TR 90 W I 100 W, 5155 15 BF 15 PR I8 K

F4 APCAEHMHNEMNEERGHFM (n=19, x£5)
kS LB G5 LT 5 CF BRI

WA B (P>0.05), 70 W £H 2 .4 J&J5 e R4 B N R 4
FHATI WA /N (P <0.05) , B8 REJE BB Ab FRET W i 34 m (P <
0.05) ;5 60 W ZHAH LA, 70 W £ 2 4 J& 5 45 B J5L )3 0 fin 1 .
(P<0.05) ,EHEMEHBAE/NP<0.05)(F£5.6), 52 4H5H
2 LR, 4520 4 JJG A RE R S o IR AR AR AL N I
(P>0.05), 70 W 4H 4 H 508K 4 J&J5 LR RE AR, 60 W
20 4 HSTER R IR H B S IR W AR

£S5 BEBRENAPCLEAERARERNE (v £5)

50 W,3 s,2.0 L/min 15.00 £9. 644f
60 W,3 s,2.0 L/min 24.00 +5. 99l
70 W,3 s,2.0 L/min 60.37 +14. 66"
80 W,3 5,2.0 L/min 73.26 £17.75>
90 W,3 s,2.0 L/min 76.95 £16.71b¢
100 W,3 5,2.0 L/min 95.50 =30, 79bde

a:P<0.05,b:P<0.01,1%5 50 W rhii;c: P <0.05, d:P<0.01,%5
70 W bbdie: P <0.05, £:P <0.01,15 80 W bk ; byl AR A B A —
K BB, A AT TR, BA D FAHII A E R

2.3 FBRREERES TN

60 W 70 W IR ab 1 8 HSLEG R 2 i), H B ge Il
3:60 W AL B RS A, & 10 B BEA R R A2 570 WAL R
PRI L, K M, B ST R RN A, R 4 A
60 WZH B R R FT LR 2 A i W A e, bR ok ] DL A
ORI ;70 W L6 RO A 0 Oy W) I, R AT A e R A 4
JEER R . R B I R R R R T iR R AR 4G
5 A PRATAH HE,60 W 4 2 4 J8 5 A0 BE R BE 5 i A I N AR AR

45 K AR t{E P
AERRT 60 W 4155 2 J 1.250 +3.304 0.757 0.504
REFRRT - 60 W 245 4 JH 2.250 £2.363 1.904 0.153
AERRET 70 W 4155 2 J 8.500 +4.203 4.045 0.027
RbFRRGT -70 W 2155 4 J 13.000 = 1. 826 14.241 0.001
60 W 41552 8 -60 W 4155 4 A 1.000 +1.826 1.095 0.353
60 W 2452 J& 70 W 2055 2 J 7.250 +1.708 8.490 0.003
60 W ZH55 4 ] -70 W 20554 J8 10.750 £3.304 6.507 0.007
70 WL 2 JH -70 W 4155 4 A 4.500 +5.447 1.652 0.197

#6 BEBHENAPCABIHEREREE (v25)

20 51 EREJESE (X +5) t{E PH
RbFRRGT - 60 W 2155 2 JH 0.500 £0.577 -1.732  0.182
ANHRET 60 W 4155 4 J7 0.500 +1.291 —0.775  0.495
REFRRGT -70 W 255 2 JH 2.500 1.291 -3.873  0.030
RbFRRT -70 W 255 4 JH 2.750 +0.957 -5.745  0.010
60 W 41554 & -60 W 41552 A 0.000 +0.817 0.000  1.000
70 W 4452 JH -60 W 4145 2 A 2.000 +1.155 -3.464  0.041
70 W 21554 JH -60 W 4155 4 A 2.250 +0.957 —4.700  0.018
70 W4 4 -B A2 0.250 0. 500 -1.000  0.391

A:Bu(£)5RE B4 (A)WIR60 WH2 BB B4(A£)E5RFBH(A)WRTOW A2 B;C.F5( L) R EFH(AE)WEO60 WA
4 RB;D:BH(A)5RERE(E)UETOW 484 7
E3 BERESEEVNZEARHHINENAREHITAPCAREE 24 AREEBERER



5535 B4 10 #
2013 4E5 A 30 H

£ = FE KB K ¥ ¥ R
J Third Mil Med Univ

Vol. 35, No. 10
May 30 2013 1013

3 itie

ARSIV RE T APC i U R RS
YEFS IR S & TR B 22 (R 6 &, DA K B 44
TR 5 ZH BRI A KOS Z M B C R o I AE I PRIV
F APCIRY7 &8 & MM i # b, By 1k 28 B A
PRI A= Re A AL T FIS Ak

MG AT | Wi 3 S EUERE RN, B
PR BE BB INR , L3y 23R 1) A% Ak 55 45340 R B 1) o o %
R AW, Goulet %517 K 5 %1 JEAT 1O Bl Wik 06
IR LR I . DA RIVE A5 T B A i R ok
B ARSI LB AR SR S P R, %
& TG A e APC R A BEAE T S5 AN 5+
R SR R 3 . Watson 2510 1A g JA
AR 2 S50 v R DT A ) R R R Y, PRI
PRZEZU T I 0 e, T 2% A 2 v I R 0 T
Johanns%:H % PEAT A AN SN T /N RIS By A [
640 4b (R BAEHL) , KL kA, BT LIE
W1 APC #4548 A BRI, (A A BB I TE G R4l 4l rp—
TEHA

NGRS 1 A5 S5 25 s BV 40 SR o A e o )
U TR S EG TR BEAEAE X R O R, FRATTHED , 244t
A FH B 1] R0 i 18 7E B B 7K 015
H )RR ARSI IR . PR IRAT P S i
WK 2.0 L/min, R22/E R B8 R 3 s, Bt D)
M50 Wi 2 100 W EF5 5250, 25 R B APC %
)N 50 ~60 W B, S 05R I BB AE T ERL S
FENLZ 570 ~90 W i IR £ MTERE T 5
RIUZ , 04 H Th 25 2l 230 R B 22 8] B 6 A7 A
XTI KR o

Satar ¢ BIFFEAESE, IR i 5 20 S B4R 4
MERA L, BT i — LU R 53R AIUZH
Pi R RIR MO8 7= A g g M R R TR TR
TAEE N 2.0 L/min, 322 /E BT E R 3 s A
A5 55 6070 W2 AN B T T R B HEAT IR
TEXIbe, T55 2 4 R TR, K EE 70 W DR 4b B 5
REERE A K ERIE, S8 RENRE, 160 W
T2 A PR R R A U /D DB DA% IESE T
AT AR

FATN R, #E 0 H APC IR Y7 B & B I, n] AR 4%

HEH AR, A PR A APC fay S R0 TR
JE  FEANIIAY T R A8 4 (7] B T A 8t o AL AR T By -
RAEM R A o AR IR TERL I APC 167505
I 250K RE i 12 1R 7 — G Y AR IE 2 4 49K, th T
ANREBEESREEAIERHLUEER, REL YL
B RS W HE W APC X A ZETR R 2L i R
P, AAFFE 45 2R AT LIS APC IR 7 A BB R 1Y
FHEBH (A AN APC 43877 B R0 75 B gk
HE.

SE 3k

[1] Grund K E, Storek D, Farin G. Endoscopic argon plasma coagulation
(APC) first clinical experiences in flexible endoscopy [ J]. Endosc
Surg Allied Technol, 1994, 2(1) . 42 —46.

MR, RIS, WA, 45 BTN E RS T EER ORI A R R i
1RYT Barrett TEYTRUMTLI]. QIS oA aeak, 2011, 27
(2):227 -228.

(3] XUged, sadr, MEE, % N TS FEEERIG T Barrent
4 118 flil R4 [ 1. shAESI A2 W 5477 2%, 2010, 24
(1):53-54.

XVERE, BEDE, XL, S5 BT RE T EERARIRT I A E
AR PRI T ] i RIS Ak 2z, 2010, 22(1) : 10 - 12.
SR, B, AR, & BB T RE DR AR ki ik 1
THAGIE AT R AT LT ] 58 =B R A2, 2009, 31(13)
1312 - 1314.

[6] Watson J P, Bennett M K, Griffin S M, et al. The tissue effect of ar-

[2

—

[4

[

[5

[

gon plasma coagulation on esophageal and gastric mucosal J]. Gastroi-
ntest Endosc, 2000, 52(3) : 342 —345.
[7] Goulet CJ, Disario J A, Emerson L, et al. In vivo evaluation of argon
plasma coagulation in a porcine model[ J]. Gastrointest Endosc, 2007 ,
65(3): 457 -462.
[8] sE#a, XK, M, 55 GBS FBEE AR A B 5 1E
ML HFAEGHAEZRE, 2009, 17(8) : 821 -824.
[9] Norton ID, Wang L, Levine S A, et al. In vivo characterization of co-
lonic thermal injury caused by argon plasma coagulation[ J]. Gastroint-
est Endosc, 2002, 55(6) : 631 —636.
[10] Johanns W, Luis W, Janssen J, et al. Argon plasma coagulation
(APC) in gastroenterology: experimental and clinical experiences
[J]. Eur J Gastroenterol Hepatol, 1997, 9(6) : 581 —587.

[11] Satar S, Topal M, Kozaci N. Ingestion of caustic substances by adults
[J]. Am J Ther, 2004, 11(4): 258 —261.

[12] ki, BAK, TRBESC, A5, GRS JRE A O £ 5 0 MR i
FARSEEMZET]. 5 AT AL AR5, 2005, 13(6): 805 -
807.

(Yr#5:2012-12-15 ; &8 :2013-02-07)

€T SEAS



