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0UUG4JZ~0UUG4KZ ~0UUGT77Z~0UUG7JZ~0UUG7KZ ~0UUG87Z~0UUG8IZ

QUUGS8KZ +0US90Z2Z ~ 0US947Z7+0ULF7DZ ~ QOULF7ZZ ~ OULF8DZ ~ OULF8ZZ ~
OUMF0ZZ~0UMFA4ZZ ~OUNFO0ZZ ~OUNF3ZZ~0UNF4ZZ ~QUNF7ZZ ~QUNF8ZZ ~

QUQFO0ZZ ~ QUQF3ZZ ~ QUQF4Z2Z ~ OUQF7Z2Z ~ OUQF8ZZ ~ OUSF0ZZ ~ OUSF4Z7Z ~

OUTFOZZ ~ QUTFA4ZZ ~ OUTF7ZZ ~ OUTF8ZZ ~ QOUUFQ7Z ~ OUUFQJZ ~ OUUFOKZ ~
OUUF47Z7 ~ QUUF4JZ ~ QUUF4KZ ~ OUUF77Z ~ OUUF7JZ ~ OUUF/KZ ~ OUUF87Z ~

OUUF8JZ ~ OUUF8KZ -
k75 %L ICD-9-CM : 7079 +6922+7092 -
A% 75 % ICD-10-PCS: 0U7G0DZ ~0U7G0ZZ~0U7G3DZ~0U7G3ZZ~0U7G4DZ -

0U7G4Z7Z ~ 0OUMGO0ZZ ~ QUMG4ZZ ~ OUNGOZZ ~ OUNG3ZZ ~ QOUNG4ZZ ~
0UQGOZZ ~ 0UQG3ZZ ~ 0UQG4ZZ ~ QUQGT7ZZ ~ OUQG8ZZ ~ OUQGXZZ ~
0UQG0ZZ ~ OUQG3ZZ ~ 0UQG4ZZ ~ OUQGT7ZZ ~ QUQG8ZZ ~ QUQGXZZ ~
OWONOZZ ~ OWOQN3ZZ ~ OWQN4ZZ ~ OWQNXZZ +0US90Z7Z ~ 0US9477
+OULF7DZ~0ULF7Z2Z~0ULF8DZ~0ULF8ZZ~0UMF0ZZ~0UMF4ZZ~0UNFO0ZZ ~

OUNF3ZZ~0UNF4ZZ ~QUNF7Z2Z ~QUNF8ZZ - OUQF0ZZ ~ QUQF3ZZ ~ OUQF4ZZ ~

QUQF7ZZ ~ OUQF8ZZ ~ QUSF0ZZ ~ OUSF4Z7Z ~ QUTFOZZ ~ OUTF4ZZ ~ QUTF/ZZ ~

OUTF8ZZ ~ QOUUF07Z ~ QOUUFO0JZ ~ OUUFOKZ ~ OUUF47Z ~ OUUF4JZ ~ OUUF4KZ ~

QUUET77Z ~ OUUF7JZ ~ QUUF7KZ ~ QUUF87Z ~ QUUF8JZ ~ OUUF8KZ -
24ty N E S E Rl A ICD-9-CM 15979~ 595 ; ICD-10-PCS : 0TQDOZZ -

0TQD37Z-~0TQD47Z~0TQD7Z2Z~0TQD8ZZ - 0TQDXZZ ~0TUC0JZ ~0TUC4JZ ~

0TUC7JZ ~ 0TUCB8JZ ~ 0TSDOZZ ~ 0TSD4ZZ > £ 3+~ ‘e o
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‘4 7.0

ICD-9-CM : 92.2X » ICD-10-PCS 4= :

D0Y07Zz |DU000ZZ |D717B8Z |D91D98Z |DD13B8Z |[DM1098Z |DW12B8Z |DF001ZZ |D7043Z0 [DW053Z0 |[DH035ZZ |OHHTX1Z |0XHDO01Z |D9Y4FZZ
D0Y17Zz |DU010ZZ |D717B9Z |D91D99Z |DD13B9Z |DM1099Z |DW12B9Z |DF002ZZ |D7043ZZ |[DW053ZZ |DH036Z2Z |O0HHU01Z |0XHD31Z |D9Y5FZZ
D0Y67ZZ |DU020ZZ |D717BBZ |D91D9BZ |DD13BBZ |[DM109BZ |DW12BBZ |DF010ZZ |D7053Z0 [DWO063Z0 |[DH044ZZ |0HHU31Z |0XHD41Z |D9Y6FZZ
DOY77Zz |DV000ZZ |D717BCZ |D91D9CZ |DD13BCZ |[DM109CZ |DW12BCZ |DF011ZZ |D7053ZZ [DW063ZZ |DH045Z2Z |0HHU71Z |0XHF01Z |D9Y7FZZ
D8Y07Zz |DV010Zz |D717BYZ |D91D9YZ |DD13BYZ |[DM109YZ |DW12BYZ |DF012ZZ (D7063Z0 |D0004ZZ |DH046ZZ [0HHU81Z [0XHF31Z |D9Y8FZZ
D9Y07ZZ |DW010ZZ |D71897Z |D91DB7Z |DD1497Z |DM10B7Z |DW1397Z |DF020ZZ (D7063ZZ |D0005ZZ |DH064ZZ |OHHUX1Z [0XHF41Z |D9Y9FZZ
D9Y17Zz |DW020ZZ [D71898Z |D91DB8Z |DD1498Z |DM10B8Z |DW1398Z |DF021ZZ (D7073Z0 |D0006ZZ |DH065ZZ [0HHV01Z [0XHGO01Z |D9YBCZZ
D9Y37ZZ |DW030ZZ [D71899Z |D91DB9Z (DD1499Z [DM10B9Z |DW1399Z |DF022ZZ (D7073ZZ |D0014ZZ |DH066ZZ [0HHV31Z [0XHG31Z |D9YBFZZ
D9Y477z |DW040ZZ |[D7189BZ |D91DBBZ [DD149BZ [DM10BBZ |DW139BZ |DF030ZZ (D7083Z0 |D0015ZZ |DH074ZZ |0HHV71Z [0XHG41Z |D9YCCZZ
D9Y57Z7 |DW050ZZ |D7189CZ |D91DBCZ |DD149CZ |DM10BCZ |DW139CZ |DF031ZZ |D7083ZZ [D0016ZZ |DH075ZZ |OHHV81Z |0XHH01Z |D9YCFzZzZ
D9Y67ZZ |DW060ZZ |D7189YZ |D91DBYZ |DD149YZ |[DM10BYZ |DW139YZ |DF032ZZ |D8003Z0 [D0064ZZ |DH076ZZ |OHHVX1Z |0XHH31Z |D9YDCZZ
D9Y77zz |D01097Z |D718B7Z |D91F97Z |DD14B7Z |DM1197Z |DW13B7Z |DG000ZZ |D8003ZZ [D0065ZZ |DH084ZZ |OHHWO01Z |0XHH41Z |D9YDFZZ
D9Y87zz |D01098Z |D718B8Z |D91F98Z |DD14B8Z |DM1198Z |DW13B8Z |DG001ZZ |D9003Z0 [D0066ZZ |DH085ZZ |OHHW31Z |0XHJ01Z |DBYOFZZ
D9Y97Zz |D01099Z |D718B9Z |D91F99Z |DD14B9Z |DM1199Z |DW13B9Z |DG002ZZ |D9003ZZ [D0074ZZ |DH086ZZ |OHHW71Z |0XHJ31Z |DBY1FZZ
D9YB7ZZ |D0109BZ |D718BBZ |D91F9BZ |DD14BBZ |[DM119BZ |DW13BBZ |DG010ZZ |D9013Z0 [D0075ZZ |DH094ZZ |OHHW81Z |0XHJ41Z |DBY2FZZ
D9YD7Zz |D0109CZ |D718BCZ |D91F9CZ |DD14BCZ |[DM119CZ |DW13BCZ |DG011ZZ |D9013ZZ [D0076ZZ |DH095ZZ |OHHWX1Z |0XHKO01Z |DBY5FZZ
D9YF7ZZ |D0109YZ |D718BYZ |D91F9YZ |DD14BYZ |DM119YZ |DW13BYZ |DG012ZZ |D9033Z0 [D7004ZZ |DH096ZZ |OHHX01Z |0XHK31Z |DBY6FZZ
DBY07ZZ |D010B7Z |D81097Z |D91FB7Z |DD1597Z |DM11B7Z |DW1697Z |DG020ZZ |D9033ZZ [D7005ZZ |DHOB4ZZ |0HHX31Z |0XHK41Z |DBY7FZZ
DBY17ZZ |D010B8Z |D81098Z |D91FB8Z |DD1598Z |DM11B8Z |DW1698Z |DG021ZZ |D9043Z0 [D7006ZZ |DHOB5ZZ |OHHX71Z |0YH001Z |DBY8FZZ
DBY27ZZ |D010B9Z |D81099Z |D91FB9Z |DD1599Z |DM11B9Z |DW1699Z |DG022ZZ |D9043ZZ [D7014ZZ |DHOB6ZZ |0HHX81Z |0YH031Z |DDYOFZZ
DBY57Z7 |D010BBZ |D8109BZ |D91FBBZ |DD159BZ |DM11BBZ |DW169BZ |DG040ZZ |D9053Z0 [D7015ZZ |DMO004ZZ |OHHXX1Z |0YH041Z |DDY1CZZ
DBY67ZZ |D010BCZ |D8109CZ |D91FBCZ |DD159CZ |[DM11BCZ |DW169CZ |DG041ZZ |D9053ZZ [D7016ZZ |DMO005ZZ |0JHS01Z |0YH101Z |DDY1FZZ
DBY77ZZ |D010BYZ |D8109YZ |D91FBYZ |DD159YZ |[DM11BYZ |DW169YZ |DG042ZZ |D9063Z0 [D7024ZZ |DMO006ZZ |0JHS31Z |0YH131Z |DDY2CZZ
DBY87ZZ |D01197Z |D810B7Z |DB1097Z |DD15B7Z |DT1097Z |DW16B7Z |DG050ZZ |D9063ZZ [D7025ZZ |DMO014ZZ |0JHT01Z |0YH141Z |DDY2FZZ
DDY07Zz |(D01198Z |D810B8Z |DB1098Z |DD15B8Z |DT1098Z |DW16B8Z |DG051ZZ |D9073Z0 [D7026ZZ |DMO015ZZ |0JHT31Z |0YH501Z |DDY3CZZ
DDY17Zz |D01199Z |D810B9Z |DB1099Z |DD15B9Z |DT1099Z |DW16B9Z |DG052ZZ |D9073ZZ [D7034ZZ |DMO016ZZ |0JHV01Z |0YH531Z |DDY3FZZ
DDY27zz |D0119BZ |D810BBZ |DB109BZ |DD15BBZ |DT109BZ |DW16BBZ |DH020ZZ |D9083Z0 [D7035ZZ |DP004ZZ |0JHV31Z |0YH541Z |DDY4CZZ
DDY37Zz |D0119CZ |D810BCZ |DB109CZ |DD15BCZ |DT109CZ |DW16BCZ |DH021ZZ |D9083ZZ [D7036ZZ |DP005ZZ |0JHWO01Z |0YH601Z |DDY4FZZ
DDY47zz |D0119YZ |D810BYZ |DB109YZ |DD15BYZ |DT109YZ |DW16BYZ |DH022ZZ |D9093Z0 [D7044ZZ |DP006ZZ |0JHW31Z |0YH631Z |DDY5CZZ
DDY57Zz |D011B7Z |D91097Z |DB10B7Z |DD1797Z |DT10B7Z |D0000ZZ |DH030ZZ |D9093ZZ [D7045ZZ |DP024ZZ |0UHCO01Z |0YH641Z |DDY5FZZ
DDY77Zz |D011B8Z |D91098Z |DB10B8Z |DD1798Z |DT10B8Z |D0001ZZ |DH031ZZ |D90B3Z0 [D7046ZZ |DP025ZZ |0UHC31Z |0YH701Z |DDY7CZZ
DFY07ZZ |D011B9Z |D91099Z |DB10B9Z |DD1799Z |[DT10B9Z |D0002ZZ |DH032ZZ |D90B3ZZ [D7054ZZ |DP026ZZ |0UHC41Z |0YH731Z |DDY7FZZ
DFY17ZZ |D011BBZ |D9109BZ |DB10BBZ |DD179BZ |DT10BBZ |D0010ZZ |DH040ZZ |D90D3Z0 [D7055ZZ |DP034ZZ |0UHC71Z |0YH741Z |DDY8CZZ
DFY27Z7 |D011BCZ |D9109CZ |DB10BCZ |DD179CZ |DT10BCZ |D0011ZZ |DH041ZZ |D90D3ZZ [D7056ZZ |DP035ZZ |0UHC81Z |0YH801Z |DDY8FZZ
DFY37ZZ |D011BYZ [D9109YZ |DB10BYZ [DD179YZ [DT10BYZ |D0012ZZ |DH042ZZ (D90F3Z0 |D7064ZZ |DP036ZZ [0UHGO01Z [0YH831Z |DFY0CZZ
DGY07zz |D01697Z |D910B7Z |DB1197Z (DD17B7Z |DT1197Z |D0060ZZ |DHO060ZZ [D90F3ZZ |D7065ZZ |DP044ZZ |(0UHG31Z [0YH841Z |DFYOFZZ
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ICD-9-CM : 92.2X » ICD-10-PCS 4= :

DGY17Z2Z

D01698Z

D910B8Z

DB1198Z

DD17B8Z |DT1198Z |D0061ZZ |DH061ZZ

DB003Z0

D7066ZZ

DP0452Z

O0UHG41zZ

0YH901Z

DFY1Czz

DGY27z2z

D01699Z

D910B9Z

DB1199Z

DD17B9Z |DT1199Z |[D0062ZZ |DH062ZZ

DB003zz

D707427

DP0462Z

O0UHG71Z

0YH931Z

DFY1FzzZ

DGY47z2z

D0169BZ

D910BBZ

DB119BZ

DD17BBZ |DT119BZ [D0070ZZ |DH070ZZ

DB01320

D707527

DP054zz

O0UHG81Z

0YH941zZ

DFY2Czz

DGY572Z

D0169CZ

D910BCZ

DB119CZ

DD17BCZ |DT119CZ [D0071ZZ |DHO071ZZ

DB013zz

D70762Z

DP0552Z

OUHGX1Z

0YHB01Z

DFY2Fzz

DHY272Z

D0169YZ

D910BYZ

DB119YZ

DD17BYZ |DT119YZ [D0072ZZ |DHO072ZZ

DB023Z0

D7084727

DP0562Z

0VHO001Z

0YHB31Z

DFY3Czz

DHY372Z

D016B7Z

D91197Z

DB11B7Z

DF1097Z |DT11B7Z |D7000ZZ |DH080ZZ

DB023zZ

D70852Z

DP0642Z

0VHO031Z

0YHB41z

DFY3FzzZ

DHY472Z

D016B8Z

D91198Z

DB11B8Z

DF1098z |DT11B8Z |D7001ZZ |DH081ZZ

DB05320

D70862Z

DP0652Z2

0VHO041Z

0YHCO01z

DGYOFzZZ

DHY672Z

D016B9Z

D911997

DB11B9Z

DF1099Z |DT11B9Z |(D7002ZZ |DH082ZZ

DB0532Z

D8004zZ

DP0662Z

0VHO071Z

0YHC31z

DGY1FzZ

DHY772Z

D016BBZ

D9119BZ

DB11BBZ

DF109BZ |DT11BBZ |D7010ZZ |DH090ZZ

DB06320

D80052Z

DP074zz

0VH081Z

0YHC41z

DGY2FzZZ

DHY872Z

D016BCZ

D9119CZ

DB11BCZ

DF109CZ |DT11BCZ |D7011ZZ |DH091ZZ

DB063ZZ

D80062Z

DP0752z

0WHO001Z

0YHDO01Z

DGY4FzZ

DHY972Z

D016BYZ

D9119YZ

DB11BYZ

DF109YZ |DT11BYZ |D7012ZZ |DH092ZZ

DB07320

D9004zZ

DP0762Z

0WH031Z

0YHD31Z

DGY5FZZ

DHYB7ZzZ

D01797Z

D911B7Z

DB1297Z

DF10B7Z |DT1297Z |D7020ZZ |DHOB0ZZ

DB073zz

D900527

DP084zZ

0WH041Z

0YHD41Z

DHY2FZZ

DMY07Z2Z

D01798Z

D911B8Z

DB1298Z

DF10B8Z |DT1298Z (D7021ZZ |DHOB1ZZ

DB083Z0

D9006ZZ

DP0852Z

0WH101Z

0YHF01Z

DHY3FzZ

DMY17ZZ

D01799Z

D911B9Z

DB1299Z

DF10B9Z |DT1299Z (D7022ZZ |DHOB2ZZ

DB083zz

D901477

DP0862Z

0WH131Z

0YHF31Z

DHY4FZZ

DPY07Z2Z

D0179BZ

D911BBZ

DB129BZ

DF10BBZ |DT129BZ [D7030ZZ |DMO000ZZ

DDO003z0

D9015727

DP094zZ

0WH141Z

0YHF41Z

DHY5FZZ

DPY27Z27

D0179CZ

D911BCZ

DB129CZ

DF10BCZ |DT129Cz (D7031ZZ |DMO001ZZ

DD003ZZ

D90167Z

DP0952Z

0WH201Z

0YHGO01Z

DHY6FZZ

DPY37Z2Z

D0179YZ

D911BYZ

DB129YZ

DF10BYZ |DT129YZ [D7032ZZ |DMO002ZZ

DD013Z0

D903477

DP0962Z

0WH231Z

0YHG31Z

DHY7FZZ

DPY47ZZ

D017B7Z

D91397Z

DB12B7Z

DF1197Z |DT12B7Z |D7040ZZ |DMO010ZZ

DD0137Z

D903527

DPOB4zZ

0WH241Z

0YHG41Z

DHY8FZZ

DPY57ZZ

D017B8Z

D91398Z2

DB12B8Z

DF1198Z |DT12B8Z |D7041ZZ |DMO011Z2Z

DD02370

D90362Z

DP0B5ZZ

0WH301Z

0YHHO01Z

DHY9FZZ

DPY67ZZ

D017B9Z

D91399Z7

DB12B9Z

DF1199Z |DT12B9Z |D7042ZZ |DMO012Z2Z

DD0237Z

D9044727

DP0B6ZZ

0WH331Z

0YHH31Z

DHYBFZZ

DPY77ZZ

D017BBZ

D9139BZ

DB12BBZ

DF119BZ |DT12BBZ [D7050ZZ |DP000ZZ

DD033Z0

D904527

DP0C4zZ

0WH341Z

0YHH41Z

DHYCFzZ

DPY87ZZ

D017BCZ

D9139CZ

DB12BCZ

DF119CZ |DT12BCZ [D7051ZZ |DP001ZZ

DD0337Z

D904627

DP0C5Z2Z

0WH401Z

0YHJ01Z

DMYO0FZZ

DPY97ZZ

D017BYZ

D9139YZ

DB12BYZ

DF119YZ |DT12BYZ [D7052ZZ |DP002ZZ

DD04370

D905477

DP0C6ZZ

0WH431Z

0YHJ31Z

DMY1FzZZ

DPYB72Z

D71097Z

D913B7Z

DB1597Z

DF11B7Z |DT1397Z |[D7060ZZ |DP020ZZ

DD0437Z

D905527

DT004ZZ

0WH441Z

0YHJ41Z

DPYOFZZ

DPYC7zz

D71098Z

D913B8Z

DB1598Z

DF11B8Z |DT1398Z |[D7061ZZ |DP021ZZ

DD053Z0

D905677

DT0052Z

0WH501Z

0YHKO01Z

DPY2FZZ

DTY072z

D71099Z

D913B9Z

DB1599Z

DF11B9Z |DT1399Z ([D7062ZZ |DP022ZZ

DD053ZZ

D9064zZ

DT006ZZ

0WH531Z

0YHK31Z

DPY3FzZZ

DTY172Z

D7109BZ

D913BBZ

DB159BZ

DF11BBZ |DT139BZ [D7070ZZ |DP030ZZ

DD073Z0

D90652Z

DT0147Z

0WH541Z

0YHK41Z

DPY4FzZZ

DTY272Z

D7109CZ

D913BCZ

DB159CZ

DF11BCZ |DT139Cz |D7071ZZ |DP031ZZ

DD073ZZ

D9066ZZ

DT015727

0WH601Z

0YHLO01Z

DPY5FZZ

DTY372z

D7109YZ

D913BYZ

DB159YZ

DF11BYZ |DT139YZ |D7072ZZ |DP032ZZ

DF00320

D9074z7

DT016ZZ

0WH631Z

0YHL31Z

DPY6FZZ

DUY072zZ

D710B7Z

D91497Z2

DB15B7Z

DF1297Z |DT13B7Z |D7080ZZ |DP040ZZ

DF003zzZ

D907527

DT024zZ2

0WH641Z

0YHL41Z

DPY7FZZ

DUY17z2Z

D710B8Z

D91498Z2

DB15B8Z

DF1298Z |DT13B8Z |[D7081ZZ |DP041ZZ

DF01320

D90762Z

DT0252Z7

0WH801Z

0YHMO01Z

DPY8FZZ

DUY27z2Z

D710B9Z

D914997

DB15B9Z

DF1299Z |DT13B9Z [D7082ZZ |DP042ZZ

DF013zz

D908427

DT026Z2Z

0WH831Z

0YHM31Z

DPY9FZZ

DVY072Z

D710BBZ

D9149BZ

DB15BBZ

DF129BZ |DT13BBZ [D8000ZZ |DP050ZZ

DF02320

D908527

DT034z2Z

0WH841zZ

0YHM41zZ

DPYBFZZ

DVvY17z2Z

D710BCZ

D9149CZ

DB15BCZ

DF129CZ |DT13BCZ [D8001ZZ |DP051ZZ

DF023zz

D908627

DT0352Z

0WH901Z

0YHNO01Z

DPYCFzZzZ

DWY172Z

D710BYZ

D9149YZ

DB15BYZ

DF129YZ |DT13BYZ [D8002ZZ |DP052ZZ

DF03320

D909477

DT036ZZ

0WH931Z

0YHN31Z

DTY0CZzZ

DWY2727

D71197Z

D914B7Z

DB1697Z

DF12B7Z |DU1097Z |D9000ZZ |DP060ZZ

DF033z2z

D909527

DU004zZ

0WH941Z

0YHN41Z

DTYOFZZ

DWY372Z

D71198Z

D914B8Z

DB1698Z

DF12B8Z |DU1098Z |D9001ZZ |DP061ZZ

DG003Z0

D90962Z

DU0052Z7

0WHB01Z

3E0B304

DTY1CZZ
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ICD-9-CM : 92.2X » ICD-10-PCS 4= :

DWY47z7 |D71199Z |D914B9Z |DB1699Z |DF12B9Z |DU1099Z |D9002ZZ |DP062ZZ |DG003ZZ [D90B4ZZ |DU006ZZ |0OWHB31Z |3E0B704 DTY1FZZ
DWY572Z |D7119BZ |D914BBZ |DB169BZ |DF12BBZ |DU109BZ |D9010ZZ |DP070ZZ |DG013Z0 [D90B5ZZ |DU014ZZ |0WHB41Z |3EOBX04 |DTY2CZZ
DWY672Z |D7119CZ |D914BCZ |DB169CZ |DF12BCZ |DU109CZ |D9011ZZ |DP071ZZ |DG013ZZ [D90B6ZZ |DU015ZZ |OWHC01Z |3E0C304 DTY2FZZ
D0000ZZ |D7119YZ |D914BYZ |DB169YZ |DF12BYZ |DU109YZ |D9012ZZ |DP072ZZ |DG023Z0 [D90D4ZZ |DU016ZZ |OWHC31Z |3E0C704 DTY3Czz
D0010ZZ |D711B7Z |D91597Z |DB16B7Z |DF1397Z |DU10B7Z |D9030ZZ |DP080ZZ |DG023ZZ [D90D5ZZ |DU024ZZ |OWHC41Z |3EOCX04 |DTY3FZZ
D0060ZZ |D711B8Z [D91598Z |DB16B8Z |DF1398Z [DU10B8Z |D9031ZZ |DP081ZZ (DG043Z0 |D90D6ZZ |DU025ZZ (OWHDO01Z [3EOD304 |DUY0CZZ
D0070Zz |D711B9Z [D91599Z |DB16B9Z [DF1399Z [DU10B9Z |D9032ZZ |DP082ZZ |(DG043ZZ |D90F4ZZ |DU026ZZ |OWHD31Z [3EOD704 |DUYOQOFZZ
D7000ZZ |D711BBZ [D9159BZ |DB16BBZ |DF139BZ [DU10BBZ |D9040ZZ |DP090ZZ (DGO053Z0 |D90F5ZZ |DV004ZZ |OWHDA41Z [3EODX04 |DUY1CzZZ
D7010Zz |D711BCZ [D9159CZ |DB16BCZ |[DF139CZ |DU10BCZ |D9041ZZ |DP091ZZ [(DG053ZZ |D90F6ZZ |DV005ZZ [OWHF01Z [3EOE304 DUY1FZZ
D7020Zz |D711BYZ [D9159YZ |DB16BYZ |[DF139YZ |DU10BYZ |D9042ZZ |DP092ZZ [(DH023Z0 |DB004ZZ |DV006ZZ |OWHF31Z [3EQE704 DUY2Czz
D7030Zz |D71297Z |D915B7Z |DB1797Z |DF13B7Z |DU1197Z |D9050ZZ |DP0B0ZZ [DH023ZZ |DB005ZZ |DV014ZZ |OWHF41Z [3EOE804 DUY2FZZ
D7040ZZz |D71298Z |D915B8Z |DB1798Z |DF13B8Z |DU1198Z |D9051ZZ |DPOB1ZZ |DH033Z0 [DB006ZZ |DV015ZZ |0OWHGO01Z |3EOF304 DVYO0CZZ
D7050ZZ |D71299Z |D915B9Z |DB1799Z |DF13B9Z |[DU1199Z |D9052ZZ |DPOB2ZZ |DH033ZZ [DB014ZZ |DV016ZZ |0WHG31Z |3EOF704 DVYO0FzZ
D7060ZZ |D7129BZ |D915BBZ |DB179BZ |DF13BBZ |DU119BZ |D9060ZZ |DP0C0ZZ |DH043Z0 [DB015ZZ |DW014ZZ |0WHG41Z |3EOF804 DVY1FZZ
D7070ZZz |D7129CZ |D915BCZ |DB179CZ |DF13BCZ |DU119CZ |D9061ZZ |DPOC1ZZ |DH043ZZ [DB016ZZ |DW015ZZ |0OWHH01Z |3E0G304 |DWY1FZZ
D7080ZZ |D7129YZ |D915BYZ |DB179YZ |DF13BYZ |DU119YZ |D9062ZZ |DP0C2ZZ |DH063Z0 [DB024ZZ |DW016ZZ |0OWHH31Z |3E0G704 |DWY2FZZ
D8000ZZ |D712B7Z |D91697Z |DB17B7Z |DG1097Z |DU11B7Z |D9070ZZ |DT000ZZ |DH063ZZ [DB025ZZ |DW024ZZ |0OWHH41Z |3E0G804 |DWY3FZZ
D9000ZZ |D712B8Z |D91698Z |DB17B8Z |DG1098Z |DU11B8Z |D9071ZZ |DT001ZZ |DH073Z0 [DB026ZZ |DW025ZZ |0WHJ01Z |3EOH304 |DWY4FZZ
D9010ZZ |D712B9Z |D91699Z |DB17B9Z |DG1099Z |DU11B9Z |D9072ZZ |DT002ZZ |DH073ZZ [DB054ZZ |DW026ZZ |0WHJ31Z |3EOH704 |DWY5FZZ
D9030ZZ |D712BBZ |D9169BZ |DB17BBZ |DG109BZ |DU11BBZ |D9080ZZ |DT010ZZ |DH083Z0 [DB055ZZ |DW034ZZ |0WHJ41Z |3EOH804 |DWYG6FZZ
D9040ZZ |D712BCZ |D9169CZ |DB17BCZ |DG109CZ |DU11BCZ |D9081ZZ |DT011ZZ |DH083ZZ [DB056ZZ |DW035ZZ |0WHKO01Z |3E0J304
D9050ZZ |D712BYZ |D9169YZ |DB17BYZ |DG109YZ |DU11BYZ |D9082ZZ |DT012ZZ |DH093Z0 [DB064ZZ |DW036ZZ |0OWHK31Z |3E0J704
D9060ZZ |D71397Z |D916B7Z |DB1897Z |DG10B7Z |DU1297Z |D9090ZZ |DT020ZZ |DH093ZZ [DB065ZZ |DW044ZZ |0WHK41Z |3E0J804
D9070ZZ |D71398Z |D916B8Z |DB1898Z |DG10B8Z |DU1298Z |D9091ZZ |DT021ZZ |DHOB3Z0 [DB066ZZ |DW045ZZ |0OWHL01Z |3EO0K304
D9080ZZ |D71399Z |D916B9Z |DB1899Z |DG10B9Z [DU1299Z |D9092ZZ |DT022ZZ |DHOB3ZZ |[DB074ZZ |DW046ZZ |0OWHL31Z |3E0K704
D9090ZZ |D7139BZ |D916BBZ |DB189BZ |DG10BBZ |[DU129BZ |D90B0ZZ |DT030ZZ |DMO003Z0 [DB075ZZ |DW054ZZ |0WHL41Z |3E0K804
D90B0ZZ |D7139CZ |D916BCZ |DB189CZ |DG10BCZ |DU129CZ |D90B1ZZ |DT031ZZ |DM003ZZ [DB076ZZ |DW055ZZ |0WHMO01Z |3EOL304
D90D0ZZ |D7139YZ |D916BYZ |DB189YZ |DG10BYZ |DU129YZ |D90B2ZZ |DT032ZZ |DM013Z0 [DB084ZZ |DW056ZZ |0WHM31Z |3EOL704
D90F0ZZ |D713B7Z |D91797Z |DB18B7Z |DG1197Z |[DU12B7Z |D90D0ZZ |DU000ZZ |DM013ZZ [DB085ZZ |DW064ZZ |0OWHM41Z |3EOM304
DB000ZZ |D713B8Z |D91798Z |DB18B8Z |DG1198Z [DU12B8Z |D90D1ZZ |DU001ZZ |DP003Z0 [DB086ZZ |DW065ZZ |0OWHNO01Z |3EOM704
DB010ZZ |D713B9Z |D91799Z |DB18B9Z |DG1199Z [DU12B9Z |D90D2ZZ |DU002ZZ |DP003ZZ [DD004ZZ |DW066ZZ |0OWHN31Z |3EON304
DB020ZZ |D713BBZ |D9179BZ |DB18BBZ |DG119BZ |DU12BBZ |D90F0ZZ |DU010ZZ |DP023Z0 [DD005ZZ |08H031Z |OWHN41Z |3EON704
DB050ZZ |D713BCZ |D9179CZ |DB18BCZ |DG119CZ |DU12BCZ |D90F1ZZ |DU011ZZ |DP023ZZ [DD006ZZ |08H0X1Z |OWHP01Z |3EON804
DB060ZZ |D713BYZ |D9179YZ |DB18BYZ |DG119YZ [DU12BYZ |D90F2ZZ |DU012ZZ |DP033Z0 [DD014ZZ |08H131Z |OWHP31Z |3EOP304
DB070ZZ |D71497Z |D917B7Z |DD1097Z |DG11B7Z |DV1097Z |DB000ZZ |DU020ZZ |DP033ZZ |[DD015ZZ |08H1X1Z |0WHP41Z |3EOP704
DB080ZZ |D71498Z |D917B8Z |DD1098Z |(DG11B8Z [DV1098Z |DB001ZZ |DU021ZZ (DP043Z0 |DD016ZZ |0BH001Z [OWHP71Z |3E0P804
DD000ZZ |D71499Z |D917B9Z |DD1099Z |DG11B9Z [DV1099Z |DB002ZZ |DU022ZZ (DP043ZZ |DD024ZZ |0BH031Z |[OWHP81Z [3E0Q304

15




ICD-9-CM : 92.2X » ICD-10-PCS 4= :

DD010Zz |D7149BZ |D917BBZ |DD109BZ [DG11BBZ |DV109BZ |DB010ZZ |DV000ZZ [DP053Z0 [DD025ZZ [0BH041Z [OWHQO1Z |3E0Q704

DD020ZZ |D7149CZ |D917BCZ |DD109CZ |DG11BCZ |DV109CZ |DB011ZZ |DV001ZZ |DP053ZZ [DD026ZZ |0BH071Z |0WHQ31Z |3EOR304

DD030ZZ |D7149YZ |D917BYZ |DD109YZ |DG11BYZ |DV109YZ |DB012ZZ |DV002ZZ |DP063Z0 [DD034ZZ |0BH081Z |0WHQ41Z |3E0S304

DD040Zz |D714B7Z |D91897Z |DD10B7Z |DG1297Z |DV10B7Z |DB020ZZ |DV010ZZ |DP063ZZ [DD035ZZ |0BHKO01Z |OWHQ71Z |3E0U304

DD050ZZ |D714B8Z |D91898Z |DD10B8Z |DG1298Z |DV10B8Z |DB021ZZ |DV011ZZ |DP073Z0 [DD036ZZ |0BHK31Z |OWHQ81Z |3E0Y304

DD070ZZ |D714B9Z |D91899Z |DD10B9Z |DG1299Z |DV10B9Z |DB022ZZ |DV012ZZ (DP073ZZ |DD044ZZ |0BHK41Z |[OWHRO01Z [3E0Y704

DF000ZZ |D714BBZ |D9189BZ |(DD10BBZ [DG129BZ |DV10BBZ |DB050ZZ |DW010ZZ [DP083Z0 |DD045ZZ |0BHK71Z [OWHR31Z |CW70NZZ

DF010ZZ |D714BCZ |D9189CZ |(DD10BCZ |DG129CZ |DV10BCZ |DB051ZZ |DWO011ZZ [DP083ZZ |DD046ZZ |0BHK81Z [OWHR41Z |CW70YZZ

DF020ZZ |D714BYZ |D9189YZ |(DD10BYZ |DG129YZ |DV10BYZ |DB052ZZ |DWO012ZZ [DP093Z0 |DD054ZZ |0BHL01Z [OWHR71Z |CW73NZZ

DF030ZZ |D71597Z |D918B7Z |DD1197Z |DG12B7Z |DV1197Z |DB060ZZ |DW020ZZ [DP093ZZ |DD055ZZ |0BHL31Z [OWHR81Z |CW73YZZ

DG000ZZz |D71598Z |D918B8Z |DD1198Z (DG12B8Z |DV1198Z |DB061ZZ |DW021ZZ [DPOB3Z0 |DD056ZZ |0BHL41Z [0XH201Z |CW7GGZZ

DG010Zz |D71599Z |D918B9Z |DD1199Z |DG12B9Z |DV1199Z |DB062ZZ |DW022ZZ |DP0B3ZZ [DD074ZZ |0BHL71Z |0XH231Z |CW7GYZZ

DG020zz |D7159BZ |D918BBZ |DD119BZ |DG12BBZ |DV119BZ |DB070ZZ |DWO030ZZ |DPOC3Z0 [DD075ZZ |0BHL81Z |0XH241Z |CW7N8ZZ

DG040zz |D7159CZ |D918BCZ |DD119CZ |DG12BCZ |DV119CZ |DB071ZZ |DWO031ZZ |DPOC3ZZ [DD076ZZ |0CH701Z |0XH301Z |CW7NGZZ

DG050ZZ |D7159YZ |D918BYZ |DD119YZ |DG12BYZ |DV119YZ |DB072ZZ |DWO032ZZ |DT003Z0 [DF004ZZ |0CH731Z |0XH331Z |CW7NNZzZZ

DH020Zz |D715B7Z |D91997Z |DD11B7Z |DG1497Z |DV11B7Z |DB080ZZ |DWO040ZZ |DT003ZZ [DF005ZZ |0CH7X1Z |0XH341Z |CW7NPZZ

DHO030Zz |D715B8Z |D919987 |DD11B8Z |DG1498Z |DV11B8Z |DB081ZZ |DWO041ZZ |DT013Z0 [DF006ZZ |0DH501Z |0XH401Z |CW7NYZZ

DHO040Zz |D715B9Z |D91999Z7 |DD11B9Z |DG1499Z |DV11B9Z |DB082ZZ |DWO042ZZ |DT013ZZ |DF014ZZ |0DH531Z |0XH431Z |CW7YYZZ

DHO060ZZ |D715BBZ |D9199BZ |DD11BBZ |DG149BZ |DV11BBZ |DD000ZZ |DWO050ZZ |DT023Z0 [DF015ZZ |0DH541Z |0XH441Z |DWY5GDZ

DHO070ZZz |D715BCZ |D9199CZ |DD11BCZ |DG149CZ |DV11BCZ |DD001ZZ |DWO051ZZ |DT023ZZ |DF016ZZ |0DH571Z |0XH501Z |DWY5GFZ

DHO080ZZ |D715BYZ |D9199YZ |DD11BYZ |DG149YZ |DV11BYZ |DD002ZZ |DW052ZZ |DT033Z0 [DF024ZZ |0DH581Z |0XH531Z |DWY5GGZ

DHO090ZZ |D71697Z |D919B7Z |DD1297Z |DG14B7Z |DW1197Z |DD010ZZ |DWO060ZZ |DT033ZZ [DF025ZZ |0DHP01Z |0XH541Z |DWY5GHZ

DHOB0ZZ |(D71698Z |D919B8Z |DD1298Z |DG14B8Z |DW1198Z |DDO011ZZ |DW061ZZ |DU003Z0 [DF026ZZ |0DHP31Z |0XH601Z |DWY5GYZ

DMO000ZZ |(D71699Z |D919B9Z |DD1299Z |DG14B9Z |DW1199Z |DD012ZZ |DW062ZZ |DU003ZZ [DF034ZZ |0DHP41Z |0XH631Z |DOYOFZZ

DM010ZZ |D7169BZ |D919BBZ |DD129BZ |DG14BBZ [DW119BZ |DD020ZZ |D0003Z0 |DU013Z0 [DF035ZZ |O0DHP71Z |0XH641Z |DOY1FZZ

DP000ZZ |D7169CZ |D919BCZ |DD129CZ |DG14BCZ |DW119CZ |DD021ZZ |D0003ZZ |DU013ZZ [DF036ZZ |0DHP81Z |0XH701Z |DOY6FZZ

DP020ZZ |D7169YZ |D919BYZ |DD129YZ |DG14BYZ |DW119YZ |DD022ZZ |D0013Z0 |DU023Z0 [DG005ZZ |OFHBO01Z |0XH731Z |DOY7FZZ

DP030ZZ |D716B7Z |D91B97Z |DD12B7Z |DG1597Z |DW11B7Z |DD030ZZ |D0013ZZ |DU023ZZ [DG006ZZ |OFHB31Z |0XH741Z |D7YOFZZ

DP040Zz |D716B8Z |D91B98Z |DD12B8Z |DG1598Z |DW11B8Z |DD031ZZ |D0063Z0 |DV003Z0 [DG015ZZ |OFHB41Z |0XH801Z |D7Y1FZZ

DP050ZZ |D716B9Z |D91B99Z |DD12B9Z |DG1599Z |DW11B9Z |DD032ZZ |D0063ZZ |DV003ZZ [DG016ZZ |OFHB71Z |0XH831Z |D7Y2FZZ

DP060ZZ |D716BBZ |D91B9BZ |DD12BBZ |DG159BZ |DW11BBZ |DD040ZZ |D0073Z0 |DV013Z0 [DG025ZZ |OFHB81Z |0XH841Z |D7Y3FZZ

DP070ZZ |D716BCZ |D91B9CZ |DD12BCZ |DG159CZ |DW11BCZ |DD041ZZ |D0073ZZ |DV013ZZ [DG026ZZ |OFHD01Z |0XH901Z |D7Y4FZZ

DP080ZZ |D716BYZ |D91B9YZ |DD12BYZ |DG159YZ |DW11BYZ |DD042ZZ |D7003Z0 |DWO013Z0 [DG045ZZ |OFHD31Z |0XH931Z |D7Y5FZZ

DP090Zz |D71797Z |D91BB7Z |DD1397Z |DG15B7Z |DW1297Z |DD050ZZ |D7003ZZ |DWO013ZZ [DG046ZZ |OFHD41Z |0XH941Z |D7Y6FZZ

DP0B0ZZ |D71798Z |D91BB8Z |DD1398Z |DG15B8Z |DW1298Z |DD051ZZ |D7013Z0 |DWO023Z0 [DG055ZZ |OFHD71Z |0XHBO01Z |D7Y7FZZ

DP0C0ZZ |D71799Z |D91BB9Z |DD1399Z |(DG15B9Z [DW1299Z |DD052ZZ |D7013ZZ |DW023ZZ |DG056ZZ |OFHD81Z (0XHB31Z [D7Y8FZZ

DT000ZZ |D7179BZ |[D91BBBZ |DD139BZ (DG15BBZ [DW129BZ |DD070ZZ |D7023Z0 |(DW033Z0 |DH024ZZ |[OHHTO01Z [0XHB41Z [D8Y0OFZZ

16




ICD-9-CM : 92.2X » ICD-10-PCS 4= :
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& 721 % LrPsE R~ 2 164 5 DRG % P 4

MDC DRG MDC DRG MDC DRG MDC DRG MDC DRG MDC DRG
2 03901 5 10509 5 11202 7 49401 8 22503 13 35902
2 03903 5 10510 5 11203 7 49302 8 22504 13 35903
2 03902 5 10504 5 11204 7 49402 8 22301 13 35904
2 03904 5 10505 5 124 8 47101 8 22302 13 35905
2 03905 5 10506 5 125 8 47102 8 22401 13 35906
2 03906 5 10507 6 16401 8 47103 8 22402 14 370
3 05701 5 10508 6 16501 8 20901 8 22403 14 371
3 05702 5 10801 6 16402 8 20907 8 22404 14 37401
3 058 5 10802 6 16502 8 20902 8 22901 14 37402
3 05501 5 10601 6 16601 8 20908 8 22902 14 37501
3 05502 5 10602 6 16701 8 20903 9 25701 14 37502
3 05503 5 10603 6 16602 8 20904 9 25801 14 372
3 05504 5 10604 6 16702 8 20905 9 25702 14 37301
3 05505 5 10701 6 15701 8 20906 9 25802 14 37302
3 05506 5 10901 6 15702 8 21001 9 259
3 059 5 10702 6 15801 8 21101 9 260
3 060 5 10902 6 15802 8 21002 10 290
5 10401 5 11001 6 16101 8 21102 11 30201
5 10402 5 11005 6 16201 8 21003 11 30202
5 10403 5 11002 6 16102 8 21103 11 306
5 10409 5 11006 6 16202 8 21801 11 307
5 10410 5 11003 6 159 8 21802 12 336
5 10404 5 11004 6 160 8 21901 12 337
5 10405 5 11101 6 16301 8 21902 13 35801
5 10406 5 11105 6 16302 8 21803 13 35802
5 10407 5 11102 6 16303 8 21804 13 35803
5 10408 5 11106 6 16304 8 21903 13 35804
5 10501 5 11103 6 16305 8 21904 13 35805
5 10502 5 11104 6 16306 8 22501 13 35806
5 10503 5 11201 7 49301 8 22502 13 35901

19



i 722 % 2P %~ 2 DRGH P 4

MDC DRG MDC DRG MDC DRG MDC DRG MDC DRG MDC DRG
5 11301 5 13904 8 22005 8 24101 8 50302 13 36501
5 11302 5 13803 8 22006 8 24002 8 50303 13 36502
5 11401 5 13903 8 22003 8 24102 8 50304 13 36604
5 11402 5 13805 8 22004 8 24003 12 334 13 36704
5 11501 5 13905 8 22007 8 24103 12 335 13 36801
5 11502 5 14001 8 22008 8 24201 12 338 13 36802
5 11701 5 14002 8 22601 8 24202 12 33901 13 369
5 11702 5 141 8 22701 8 24203 12 33902 14 37601
5 11801 5 142 8 22602 8 24204 12 34001 14 37602
5 11802 5 143 8 22702 8 24205 12 34002 14 37603
5 11803 5 14401 8 228 8 24206 12 34101 14 37604
5 11804 5 14501 8 23001 8 24301 12 34102 14 37605
5 11901 5 14402 8 23002 8 24302 12 34103 14 37701
5 11902 5 14502 8 23003 8 244 12 34104 14 37702
5 12001 5 14403 8 23004 8 245 12 34201 14 37703
5 12002 5 14503 8 23101 8 24601 12 34202 14 37704
5 12101 5 47801 8 23102 8 24602 12 34301 14 37705
5 12102 5 47901 8 23103 8 24701 12 34302 14 37801
5 12201 5 47802 8 23104 8 24702 12 344 14 37802
5 12301 5 47902 8 23201 8 24801 12 34501 14 37803
5 12202 5 47803 8 23202 8 24802 12 34502 14 38001
5 12302 5 47903 8 23301 8 24901 12 346 14 38002
5 12801 8 21201 8 23302 8 24902 12 347 14 38101
5 12802 8 21202 8 23401 8 24903 12 348 14 38102
5 129 8 21203 8 23402 8 24904 12 349 14 382
5 13001 8 21204 8 23501 8 250 12 35001 14 469
5 13101 8 21205 8 23502 8 251 12 35002 14 513
5 13002 8 21206 8 23503 8 252 12 35201
5 13102 8 21301 8 23504 8 253 12 35202
5 132 8 21302 8 23601 8 254 12 35203
5 133 8 21303 8 23602 8 255 12 35204
5 13401 8 21304 8 23701 8 25601 12 35205
5 13402 8 21305 8 23702 8 25602 13 35301
5 135 8 21306 8 23801 8 25603 13 35302
5 136 8 21601 8 23802 8 25604 13 35601
5 13701 8 21602 8 23803 8 49101 13 35602
5 13702 8 21701 8 23804 8 49102 13 36001
5 13801 8 21702 8 23805 8 49201 13 36002
5 13901 8 21703 8 23806 8 49202 13 36101
5 13802 8 21704 8 23901 8 501 13 36102
5 13902 8 22001 8 23902 8 502 13 363
5 13804 8 22002 8 24001 8 50301 13 364

30 1% 7:4p M2 635 DRG(DRG37901 ~ 37902 - 37903 ~ 38301 - 38302 ~ 384) - MDC5" #3 i st 2 10 55 DRG(DRG11601 -
11602 ~ 11603 ~ 11604 ~ 11605 ~ 126 ~ 12701 ~ 12702 ~ 47804 ~ 47904) ~ MDC8 [ #vp F 42 ~ sup 3z B4 e,z TH

DRG(DRG496 ~ 49701 ~ 49702 ~ 49801 ~ 49802 ~ 499 ~ 500) > % 2 FFffr 2 ¥ » o

2.5 - PR ¥~ 2 DRG p £ 237 38 o
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M 1-1

i A HHERE | ERAFL H RS
FARIF A E RS e
5L LRI (B |E | 4] % | B |F it
Bo | B | | B | B | | H
% = 78 $32;5% Physical Therapy (42001~42019)
HE SR
42001A |— f§ H Simple v| vi|0| v | v | v 160
42002B v 140
42004A |— ¥ }i(#ﬁ‘?*@ﬁéﬁfié«‘)ﬁfiﬁﬂ:IEJ‘X_F » B L2t v|iv( 30| v | v | v [320
42005B P A2 6304 48 o ) v 280
¢RI
42007A |—# & Moderate v|ivi|320| v | v | v [320
42008B v 280
42010A |—4F z& V| vii48 | v | Vv | v 480
42011B \Y 420
42013A |4F f&;x K Complicated v ivi|e00| v | v | v |600
42014B v 525
% = 38 By i Occupational Therapy (43001-43038)
43001A |f ¥ Simple v| vi|e0| v | v | v [160
43002B v 140
43004A |# & Moderate v| ivi[320| v | v | v (320
43005B v 280
43027C 265
43007A |¥ & -4f e v |v|480 | v v | v |480
43008B v 420
43029A |47 #2Complicated v ivi|e00| v | v | v |600
43030B v 525
% w 3 %3 ok Communication Therapy (44001 ~44016)
44001A | ¥ Simple V| ivi|240| v | v | v [240
44002B v 210
44004A |# & Moderate v| ivi[320| v | v | v [320
44005B v 280
44013A |¥ & -4f e v |v|480 | v v | v |480
44014B v 420
44007A |4g }2Complicated v| v |e00]| v | v | v [600
44008B v 525
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S % S % - - =
42001A . 160 160
42002B R 140 140 95
Simple 150
42003C 95
42004A 320 320
42005B BH LR — R 280 280 300 190
42006C 190
42007A 320 320
42008B P RIeh R 280 280 280
P 42017C Moderate 265 300
42009C 190
42010A 480 480
e AR v a0 - 480
42012C 290
42013A 600 600
42014B #F i‘EL,p}%‘ 525 600 738
42019C Complicated 500 563
42015C 360
B%‘i it 1o [43001A 160 160
43002B i # Simple 140/ 140 150 95
43003C 95
43004A 320 320
43005B ® B Moderate 280, 280 280
43027C 265 300
43006C 190
43007A 480 480
43008B 420
43028C e a0, % 450 480
43009C 290
43029A 600 600
43030B 525
43031C 4§ 72 Complicated 500 600 563 738
43032C 360
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44001A 240 240
440028 i ¥ Simple 2101 519 - 145
44003C 145
44004A 320 320
440058 280
¢ B Moderat 280 280
44011C & Moderate 265 300
o .., [44006C 190
% e 44013A 480 480
44014B 420
L 4 480
44015C e 200 280 450
44016C 290
44007A 600 600
44008B 525
7 3¢ Complicated 600 738
44012C e LOmplIcate 500 563
44009C 360
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%r 3 3F3 /5% Communication Therapy (44001~44016)
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An Enzyme Immunoassay Procedure for Cancer Antigen 125 Evaluated
Kenneth W. Ryder, Tllen O. Ool, Meradith 7. Hull, and Martha M. Sample '

The performance of a new enzyme immunoassay (EIA)
procadure (Abbott Labs.) for cancer antigen 125 (CA 125)
met or exceeded the manufacturer's claims for all analytical
vatiables examined. Overall correlation with results obtained
with a radicimmunoassay (RIA) were good. However, near
the decision thresholds typically chosen to define a positive
result for ovarian carcinoma, EIA resuits were 10 to 20
arbitrary units/mL less than the RIA results. At specific
decision thresholds, therefore, the sensitivities and specific-
ities of the EIA and RIA procedure differed. Adjusting the
decision thresholds gave a similar optimum efficiency for
each procedure: EIA, B82.8% (decision threshold, 35 un-
its/mL); RIA, 83.4% (dacision threshold, 54 units/mL). Re-
ceiver-operating characteristic curves showad that the two
procedures’ ability to distinguish patients with active ovarian
carginoma from those with disease in remission was the
same.

The poor prognosis of patients with ovarian carcinoma
results in part from the absence of specific early symptoms.
This has stimulated the search for a reliable marker of this
disease in serum (I). A monoclonal antibody (OC 125) has
been developed that reacts with a surface marker, cancer
antigen 125 (CA 125), which is expressed on more than 80%
of ovarian carcinomas (2, 3).* In serum, CA 125 is associated

Department of Pathology, Indiana University School of Medlcme,
Wishard Memorial Hoepital, 1001 W. 10th St,, Indi lN

with a hxgh-molecula.r mass glycoprotein. With a radioim-

- munoassay of CA 125, a positive test result (defined as CA

125 >35 arbm-ary units/mL) was found in 82% of patients
with ovarian carcinomas, 6% of patients with nunmn.lignant
diseases, and 1% of healthy individuals (4, 5).

In geneml changes-in the concentrations of CA 125 in
‘serum correlate well with disease activity (6-14). Therefore,
a positive CA 125 test result for the patient who has
completed initial surgery and a first course of chemotherapy
may indicate the persistence of disease, obviating the usual
“secontd-look” laparotomy to assess disease status (15). A
negative CA 125 result under such circumstances, however,
does not always correlate with lack of disease, particularly
disease that is only microscopically detectable (8, 10, 12, 14).

CA 125 in serum has been measured by radioim-
munoassay (2, 16). Here we report our evaluation of a new
enzyme immunoassay (EIA) procedure recently developed
for CA 125.

Materlals and Methods

We obtained 198 serum samples from 82 patients with
ovarian neoplasms. Of these, 95 were from patients with
active disease and 103 from patients with disease in remis-~
sion. In el cases, disease status, assessed on the date the
sample was obtained, was based on histological assessment
of biopsies for patients with active disease. For patients with
i.nactive disease, this assessment was based on lack of

46202.
* Nonstandard abbreviations: OC 125, the destgmtlon for a mu-~

rine monoclonal antibody that binds with ovarian carcinoma celt

linea and cryopreserved tumor cells from ovarian cancer patients

(ref. 2); CA 125, the antigenic determinant defined by OC 125; EIA,

enzyme immunoasaay; and ROC, receiver—operating characteristic.
Received June 29, 1988; accepted September 6, 1988,

as evaluated by histological evaluation of biopsy,
radlographm studies including computerized axial tomogra-
phy, and (or) clinical assessment. .

CA 125 was doubly measured in each sample: by radioim-
munoassay (performed by SmithKline Bio-Science Labora-
tory, St. Louis, MO 63146) and by the EIA method we
describe here (Abbott Laboratories, North Chicago, IL
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60064), a simultaneous solid-phase “sandwich”-type immu-
noasaay (17). In the EIA, beads coated with monoclonal anti-
CA 125 are incubated with the specimen and with monoclo-
nal anti-CA 125 conjugated to horseradish peroxidase (EC
1.11.1.7). After incubation, unbound materials are removed
by washing and the beads are incubated with o-phenylene- .
diamine substrate containing hydrogen peroxide. The inten-
sity of color formed is proportional to the amount of CA 125
in the sample and is measured spectrophotometrically at
- 492 nm. Results are expressed in arbitrary unita.
Studies of correlations between EIA and RIA results
included the following: .
* » Diagnostic sensitivity, specificity, and efficiency of each
procedure (18), ’ .
« Split-sample comparisons of all results and of the subset
of yesults near the decision threshold (15), and

« Receiver—operating characteristic curves for each test as
described by Beck and Schuitz (20).

We also assessed the analytical performance of the EIA
- procedure by evaluating:

« The effect of potential interference from lipemia, biliru-
bin, and hemolysate, assessed by using interferographs as
previously described (2I). The maximum concentrations
studied were; hemolysate (as hemoglobin), 10 g/L; bilirubin,
0.6 g/L; lipemia (added Intralipid), 10 g/L.

« The reference interval, evaluated from data on serum
samples from 22 normal, nonpregnant women volunteers.
 «The detection limit, as determined from 20 replicate
analyses of the zero standard (supplied by the manufactur-
en) by calculating their mean + 2 SD (7).

" Results and Discussion

The distribution, as assessed by histology, of patients with
ovarian neoplasms is shawn in Table 1. Of the 82 subjectsin
this study, T1 (87%) had ovarian carcinomas. Figure 1 shows
the distribution of CA 125 results for patients with active
disease and patients with inactive disease, as measured by
the EIA ure, .

To compare CA 125 results obtained by EIA and RIA, we
performed a split-sample correlation study. Correlation and
range of results were as follows: range (RIA), <7 to 17 549

" unitsfmL; range (ELA), <5 to 18 800 unita/mL; mean (RIA),
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Tabie 1. Histological Assignment of Patlents with !
Ovarlan Neoplasms i

N Active dl: \
sssignment Ptionts Samples Patients  Samples.
Ovarian carcinomas 43 (91)" 91 (96) 28 (80) S0 (87)
- Serous 26 (55) 68 (72) 16 (46) 48 (47),
Undifferentiated 15 (32) 21 (22) 7 (20) 33 (32):
Claar cell 1 10 3@ 4 @&
Mucinous 1@ 1{) 26 4 (4
Epithakial ovarian 2 @4 2@ s6@17) 12(12)
tumors ' :
Borderling, serous 1 (2 T (1) 40 5 (5):
Bordedina, mucinous 0 (0) ©0 (0) 1 (3 6 (6):
Benign, serous 1 @ 1 (1) o (6} o {0}
Benign, mucinous 0@ o0@©@ 1@& 1 (1)
- Germ-cell/sex-cord o (0) 00 1 (3 1 (1)
tumors i
Stromal tumors 2@ 2@ o@® o
Total 47(100)  95(100)° 35(100) 103(100)

*Number (and percent) of specknens in each group,

455 vnita/ml; mean (EIA), 461 units/mL; slope (m), 1.03;
intercept (b}, —7 unite/mL; correlation coefficient (r), 0.98}
8,;, 349 units'mL. i

Although this overall correlation analysis is faverable, we
noted that, near the decision thresholds typically used to
define a positive CA 125 test, most EIA results were 10 to 20
unita/ml less than the corresponding RIA results. Correla-
tion of the 169 samples with CA 125 <100 unita/mL gave
the following: mean (RIA), 84.6 units/mL; mean (ELA), 19.5
unita/mL; m, 0.7%; b, ~7 units/mL; r, 0.84; S,,, 15.4 un<
ita/mL. For all but three of 142 specimens (9§%) the EIA!
value was less than the RIA value. All of these three
gpecimens were from a single patient. :

Because of this 15.1 unit/mL difference in means (EIA <:
RIA), we examined the difference in sensitivity and specific-|
ity of these procedures at the decision threshold most'i
commonly used to define a positive test (35 unita/mL) for:
petients with active (Table 2) and inactive (Table 3) dmeue!
At this decision threshold the sensitivity of the EIA proce-!
dure (75%) is less than the sensitivity either observed here;
(83%) or reported in other studies (81-85%) (¢, 9, 22) for the'
RIA procedure. As expected, however, the better sensitivity!
of the RIA procedure was offset by lower specificity as!
compared with the EIA method (RIA, 82%; EIA, 90%):
procedure. The optimal efficiency for the RIA procedure was {
83.4% if we used a decision threshold of 54 units/mY.. The
optimal efficiency for the EIA procedure, 82.9%, was ob-|
tained with a decision threshold of 35 unita/mL. At these !
decision thresholds (Tables 2 and 3) the sensitivities of the
procedures are similar (EIA, 75%; RIA, 74%) and the:
specificities of the procedures are more nearly the same:
EIA, 90%; RIA, 93%. Results for the subgroup of patients °
with ovarian carcinomas were nearly identical,

Because the efficiency of the two methods was almost
identical when the optimal decision threshold was used, we .
prepared ROC curves (Figure 2) to see if either procedure
better distinguished active disease from disease in remis- '
gion. Although the sensitivity and specificity varied, as
expected, at particular thresholds, the areas under the two
curves were identical, indicating that both tests have equal
diseriminating power for the presence of active disease vs
disease in remission (20). .

Wae also examined the analytical performance of the EIA ;
procedure. We confirmed the manufacturer’s claim that -




dilution and re-assay are not required if the CA 125 result is
<650 units/mL. Only 16 of 198 (8%) of our specimens
required dilution and re-assay. The manufacturer states
that the detection limit of the EIA procedure is about 5
unita/mL; however, we calculated a detection limit of 0.2
units/mL, indicating that the detection limit is better than
that stated by the manufacturer.

The reference interval for CA 125 in the healthy popula-
tion measured with the RIA precedure reportedly is 2040
units/mL (22, 23), although values >300 units/mL have
been observed (24). We used the EIA procedure to measure
CA 125 in 22 heaithy nonpregnant female volunteers. The
range of results we observed in this group (0-6 unita/mL)
'was lower than noted in the reports where an RIA procedure
had been used.

We assessed the effect of the potential interfering sub-
stances lipemia, bilirubin, and hemoglobin, by use of inter-
ferographs. We found no effect on this pmcedure at the
concentrations used in this study.

We found the analytical performance of the EIA test for
CA 125 to be excellent, and we believe that it can be used as
an alternative to the RIA procedure. No overall difference

Table 2. Frequency of Increased CA 125 Results by EIA
and RIA In Patlents with Active Ovarlan Neoplasms
No. (and %) of specimens with CA 125°

>35 unte/mL >54
Histological assignment EIA RIA EIA RIA
Ovarian carcinomas 69 (76) 77 (85) 58 (64) 68 (75)
Serous 52 (76) 58 (85) 43 (63) 52 (76)
Undifferantiated 15 (71) 17 (81) 13 (62) 14 (67)
Clear cell 1(100)  4(100)  1(100)  1(100)
Mucinous 1{100) 1(100) 1(100)  1(100)
Epithelial ovadantumors 1 (50) 1 (50) 1 (50) 1 (50)
Bordertine, serous 1(100)  1(100) -1(100)  1(100)
Bordarline, mucinous —_ - — —
Benign serous 0(@® 0@ 0@ o0 (O
Berign mucinous _ - — —_
Qerm cell'sex cord — - — —
tumors
Stromal tumors 1t (50} 1(50) 1°(50 t (50)
Total 71 (75) 79 (83) 60 (63) 70 (74)

2Total number of specimens per histofoglal category as in Table 1,

203
T T T T 1
20 .40 60 . 1] 100
1- Speciticity ’
Fig. 2. Receiver-operating characleristic curves for CA 125 measured
by RIA (@) and ElA (O) :

between the EIA or RIA procedures for CA 125 was noted
when these were used to discriminate patients with active
disease from those with disease in remission.

The bias of 15 units/mL (EIA < RIA) produced important
differences in the sensitivity and specificity of each test at

- particular decision threshiolds, These differences affect the

definition of a positive CA 125 test result in decidirig which
patients would benéfit from second-look laparotomy. In such
cases a different decision threshold should be used if the EIA
pmeedu:e is substltuted ‘for the RIA method.

A.bbott Laboratories pmv:ded kits and financial su.ppnrt for this
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Infiuence of Strenuous Exercise on Albumin Excretion
BuMK.Krimr,' Mima Kemz," Xlaudia M. M‘ Martin Pfohl,Z Gerhard A. MOller,! nlhhoid-mmm,'deun

Riuler*

Renal albumin excretion rate was 7.3 mg/24 h (SEM 0.5,
range 0.6-21.0) in 66 healthy subjects. This rate Increased
markedly during and shortly after strenuous exercise on a
bicycle ergometer (before: 5.5 + 0.6 pg/min; during and just
gffer: 16.9 = 2.2 pg/min; P <0.001; n = 30). However,
albumnin excretior’24 h was not significantly higher during 24
h with a period of strenuious exercise than during 24 h withott
such exercise (10.3 + 0.9 mg/24 hvs 8.5 * 0.7 mg/24 h).

Additional  Keyphrases: albummurh-dhwas-diabeﬂc
nephropathy .

Endatngemnald:msedevelopsmahout%ofmsulm
dependent diabetics (I, 2), overt proteinuria (>500 mg of
pmﬁemor>300mgofalbummexustedm24h)bemgthe
hallmark of diabetic nephropathy and a serious prognostic
marker (1-3). PauciCmicro™albuminuria is a strong predic-
tor of future overt nephropathy (4, 5) in diabetic patienta.
Early paucialbuminuria can be stopped or even reversed by
means of better control of blood glucose or of blood pressure
(3, 6, 7), thus probably slowing or even preventing develop-
ment of overt diabetic nephropathy. Exact estimation of a
slight albuminuria is also of interest -for the control -of
puhentathhhypertenmon@) Our aim in this study was to
examine whether 24-h albumin excretion is altered mislead-
ingly by a rather brief period of strenuous exercise during
the urine-collection period.

Departments of * Internal Medicine INf and * Internal Modicine
IV, University of Tobingen, Otéried-Maller-Str. 10, D-7400 Tibing-

en, FR.G.
Received July 11, 1988; accepted September 9, 1988.
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Materials and Methods

Urinary. albumin was measured by enzyme-hnked im-
munosorbent assay as deacribed previously (9). Urine sam-
ples were collected in 2-L casein-coated polyethylene canJ

tainers (9). Albumin excretion was measured in 24-h collec-
tions of urine from 66 apparently healthy subjects (elghh
men and 10 women, ages 20-29 y; 10 men and 10 women,!
ages 30-39 y; eight men and 10 women, ages 4049 y; and:
five men and five women, ages 5055 y). In 30 of those'
subjects (five of each sex in the age ranges 2029, 30-39,
and 40-50 y) the 24-h collections were made as two 12-h
collections (one from 0700 to 1900 hours, the second over-
night from 1900 to 0700 hours) to contrast night-time with;
daytime excretion. With the'same 30 subjects, we estimated
albumin excretion rate before (period I, during and shortly
after (period II), and after (period III) strenuous exercise..
Period I lasted from 0700 to the start of the exercise, period
II from the start of the exercise until 1 h after the end of the:
exercise, andpenodm&umlhaﬁartheexemseunhlomm
hours on' the next day.

Resulta from periods I, IT, and IT were pooled to provide a’
24-h period including exercise, which could then be com-
pared with a 24h permd without exercise in-the snme\
subject. The two 24-h urine collections were done within one’
week, but not on consecutive days. The subjects performed
strenuous exercise on a bicycle ergometer (Keiper Dynavit;:
Meditronic 40/2, 6750 Kaiserslautern, F.R.G.), according to'
the following protocol: Start with a workload of 30 W (J/s, or
kg-m? 579 for 3 min and increase to 70 W for 3 min, then
further increase the workload by 40 W every 3 min until"
physical exhaustion. Blood pressure was measured with a!
sphygmomanometer. A statistical evaluation was by means :
of paired f-test; data are reported as mean + SEM. :
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Analytical and Clinical Performance of Improved Abbott IMx CA 125 Assay:

Comparison with Abbott CA 125 RIA

Chris M.G. Thomas,'** Leon F.A.G, Massuger,' Martin F.G. Segers,? Charles P.T. Schijf,! Wim H. Doesburg,’

and Theo Wobbes*

Wa compared the improved Abbott IMx cancer antigen
(CA) 125 assay (cat. no. 7AB3) with the Abbott CA 125
RIA. Serum specimens were from heaithy perimeno-
pausal women (n = 124) and from patients with benign
gynecologic and nongynecologic diseases (n = 124),
ovarian carcinoma (n = 104), or other malignancies (n =
193). The IMx assay detected as iittle as 0.193 kAU/L CA
125 {AU = arbitrary Abbott unit), demonstrated up to
29% overestimation upon serum dilution, low within-
assay {2.7-5.6%) and between-assay (4.8-8.2%) CVs,
and no high-dose hook effect =46 000 kAU/L nor influ-
ence from human anti-mouse antibodies in serum of
women injacted with OC 125 F(ab’),. Values by IMx were
20% lower than by RIA for healthy perimenopausal
women {n = 100; IMx = 0.80 RIA — 2.5 kAU/L), and at
least 50% higher for those with benign or malignant
ovarian disorders at concentrations <100 kAU/L. Receiv-
er-operating characteristic (ROC) curve analysis of ovar-
ian neoplasma vs perimenopausal controls indicated a
gain of specificity and sensitivity with the improved IMx
assay over the RIA, but ROC performance was the same
with either assay if patients with benign ovarian disorders
were used as controls.

Indexing Terms: ovarlan cancer/tumor markers /intermethod com-
parison/heterophile antibodies

A variety of monoclonal antibodies has been generated
against antigens associated with a broad range of malig-
- nancies (I ). The anti-cancer antigen (CA) 125 monoclonal
antibody (OC 125) hss been used to develop a serodiag-
nostic immunometric sandwich-type assay (IRMA) for
ovarian carcinoma (2, 3).% The specificity and the sensi-
tivity of the CA 125 assay have been sufficient to support
ite evaluation in several clinical applications for use with
ovarian cancer patients, including detection of disease
prior to second-look surgery (4, 5), monitoring response to
therapy (6), differential diagnosis (7), and even early
detection of ovarian carcinoma (8). Thus, increased con-
centrations of CA 1265 in serum are thought to indicate
the presence of disease. Many of these measurements,
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including most of the clinical studies mentioned above,
have been performed with the first commercially avail-
able one-step IRMA (3) developed by Centocor (Malvern,
PA) in which *IHabeled antibody to CA 125 isused as a
tracer. Subsequently, three other assay test kits involv-
ing **I-labeled OC 125 and five other immunoassay
procedures involving enzyme-labeled OC 125 have been
developed.

We have previously reported the analytical perfor-
mance and comparability of five of the available CA
125 assay kits (9). Emphasis was given to method
comparison analysis with orthogonal regression and to
comparison of concordance and discordance of assay
resuits of each kit on the basis of cutoff concentrations
of 35 and 65 kAU/L (the arbitrary unit is related to an
Abbott-maintained reference preparation; no interna-
tionally recognized standard is available at this time).
The present study details the performance character-
istics and clinical usefulness of the fully automated and
improved IMx CA 125 procedure (Abbott Laboratories,
North Chicago, IL). We have correlated CA 125 values
obtained with the recalibrated and reformulated IMx
assay and those obtained with the Abbott CA 125 RIA.
Furthermore, this report atiempis to discern (a)
whether the recalibration provides good agreement of
cutoff (85 and 65 kAU/L) with the Abbott RIA; ()
whether improved assay sensitivity and precision pro-
vides better distinction between patients with and
without ovarian cancer; and (¢) whether the combined
application of polyclonal sheep anti-CA 125 antibody
on microparticles and the OC 125 monoclonal antibody
conjugated to alkaline phosphatase in the improved
IMx assay further protects against falsely increased
test results due to heterophile (human anti-mouse)
antibodies (HAMA) in the serum specimens.

Materials and Methods

Description of immunoassays. The IMx CA 125 as-
say (cat. no. TA89) is based on the microparticle en-
zyme immunoassay (MEIA) technology developed for
the Abbott IMx automated immunoassay syatem. Cur-
rently, the IMx CA 125 assay is not available for sale in
the US. The probe/electrode assembly delivers 150 L
of serum sample, specimen diluent (buffered sheep
serum with protein stabilizers), and anti-CA 125
(sheep, polyclonal) antibody-coated microparticles in
buffer to the incubation well of the reaction cell. After
formation of antibody—antigen complex during incuba-
tion, an aliquot is transferred to the glass fiber matrix
to which the microparticles are irreversibly bound, and
the matrix is washed to remove unbound materials.
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The OC 125 (mouse, monoclonal)-alkaline phos-
phatase conjugate in buffer (>0.1 mg/L) is dispensed
onto the matrix to bind to the antibody-antigen com-
plex. After another wash, 4-methylumbelliferyl phos-
phate substrate (1.2 mmol/L in buffer) is added to the
matrix and the fluorescent product is measured by the
MEIA optical assembly. Total procedure time is 42
min. Specimens with a CA 125 assay value >600
kAU/L are automatically flagged with the code “>600."
In this case, a manual dilution procedure of the speci-
men can be performed with the IMx CA 125 specimen
diluent before pipetting the sample into the sample
well. Six IMx CA 125 calibrators (0, 15, 50, 125, 375,
and 600 kAU/L) are processed, and the point-to-point
curve calculated by the built-in algorithm is stored. A
Mode 1 calibrator of 50 kAU/L for system calibration
verification and curve adjustment within the manufac-
turer’s specified preset limits is run with each series of
24 tests.

The IMx CA 125 assay has recently been improved
by recalibration and reformulation. To more closely
match the Centocor RIA and RIA II assays and allow
for full market entry, Abbott has adjusted the CA 125
assay standards (~35%), increased the protein concen-
trations of accessory and specimen diluents, and im-
proved the manufacturing process of the micropar-
ticles.

The Abbott CA 125 RIA Monoclonal is a double-
determinant one-step sandwich-type IRMA identical to
the Centocor CA 125 RIA procedure serving as the
comparison method. This kit includes the monoclonal
OC 125 antibody both as capture and tracer in a
simultaneoys sandwich format (3). According to the
manufacturer’s instructions, 100-uL aliquots of five CA
125 calibrators (range 7-500 kAU/L) or 100 uL of
seruxn specimen are pipetted into tubes and incubated
for 20 h at room temperature, together with OC 125-
coated beads and 2°I-labeled OC 125. After the beads
are washed to remove unbound materials, the radioac-
tivity bound to the coated carriers, which is propor-
tional to the concentration of CA 125 in the serum
- specimen, is counted in & gamma counter. Results of
this assay were calculated with the 1224 MultiCale
Program (Wallac Oy, Turku, Finland). The minimum
detectable concentration of this test is ~7.0 kAU/L.

Analytical evaluation. The performance of the IMx
CA 125 MEIA was assessed by evaluating (a) the
detection limit of the assay (defined as the lowest
concentration of CA 125 that is >2 SD above the mean
signal for 20 replicate determinations of the zero cali-
brator); (b) within-assay precision (three serum speci-
mens with CA 125 concentrations 17-240 kAU/L in 20
replicates assayed three times) and between-assay pre-
cision (the same serum specimens run in duplicate in
73-79 consecutive assays run over >90 days), as well
as construction of a precision profile (covering the
entire dynamic range of both assay procedures and
derived from the duplicate measurements of unknowns
processed during the present study); and (c) accuracy
testing, comprising checks of linearity and influence of
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supplied specimen diluent buffer (determined with
three serially diluted serum specimens with high CA
125 concentrations); tests of the occurrence of a high-
dose hook effect (defined as an analytical response
below that of the highest calibrator of 600 kAU/L, in
two undiluted specimens with a very high concentra-
tion of CA 125); and assessment of CA 125 measure-
ments made with IMx and RIA in serum specimens
from three ovarian cancer patients for posaible inter-
ference from HAMA before and after OC1256 F(ab'),
injection (10).

Study material. The clinical evaluation material
comprised serum samples from healthy perimeno-
pausal women. all with echoscopically normal ovaries (n
= 124, median age 48 years, range 40—63) serving as
controls, and serum specimens collected from pretreat-
ment patients with benign gynecologic (n = 91, median
age 41 years, range 14-77) and nongynecologic dis-
eases (n = 33, median age 57 years, range 28-92);
patients with ovarian carcinoma (n = 104, median age
54 years, range 17-81); and during follow-up of 8
patients with recurrent disease (n = 71), or other
gynecologic (n = 81, median age 60 years, range 25-85)
and nongynecologic (gastrointestinal) malignancies (n
= 112, median age 65 years, range 32—86). The pa-
tients with ovarian neoplasms were staged according to
recommendations of the International Federation of
Gynaecology & Obstetrics (FIGO) (11) and those with
gastrointestinal malignancies according to criteria of
the International Union Against Cancer (12). All the
serum samples were collected by venipuncture and
kept frozen at —35°C until assay. The procedures
followed were in accordance with the Helsinki Decla-
ration of 1975, as revised in 1983.

Statistics. From the CA 125 results for both tests we
calculated frequency distributions of the healthy con-
trols. For all the groups of clinical serum specimens
examined we indicated the median, minimum, and
maximiim serum concentrations and calculated the
percentages of CA 125 values that exceeded cutoff
values of 35 and 65 KAU/L. The results obtained from
healthy controls and those with benign ovarian disease
and ovarian cancer were compared by linear regression
analysis (13). To extend the comparison ef methods, we
also caleulated the linear regressions of the two assays
in eight follow-up cases of ovarian cancer patients,
Diagnostic test performance was further evaluated by
documenting the diagnostic accuracy of each test with
receiver-operating characteristic (ROC) curves and cal-
culation of the areas under these curves (AUC) (14).

Results
Analytical Evaluation
Sensitivity. The minimum detectable concentration
of the IMx CA 125 assay was 0.193 kAU/L (mean +2
SD), on the basis of 20 replicate measurements of the
zero calibrator (mean 0.049, SD 0.072 kAU/L).
Linearity. The recoveries of three human serum
specimens (mean concentrations 413, 451, and 399
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Tabie 1. Dilution linearity of the Abbott iMx

CA 125 assay.
Ssrum sampla
1 2 3

CA 125, KAUL 413 451 399
Recovery, %"

No dilution 100 100 100

Twofold dild. 106 105 109

Fourfold dild. 115 110 119

Elghtfold dild. 17 120 127

16-fold dild. 123 129 121

* Recovery = {CA 125 measured/expected) X 100.

kAU/L) serially diluted 2-, 4-, 8-, and 16-fold increased
progressively, ranging between 105% and 129% of the
undiluted concentrations (Table 1). Unlike the CA 125
RIA, the IMx CA 125 assay did not show a high-dose
hook effect up to 46 000 kAU/L, as demonstrated by
two specimens,

Precision. Within-assay precision of the IMx assay
was tested with three human serum specimens at CA
125 concentrations of ~19, 40, and 230 kAU/L. Repli-
cates of 20 in each of three different assay runs re-
vealed mean CVs ranging from 3.2% to 4.8%. To
calculate the between-assay precision, we also assayed
these serum specimens in 79 consecutive runs- over
>90 days. The resulting mean CVs ranged from 5.8% to
8.2%.

Figure 1 depicts the precision profiles of the IMx
procedure and the RIA test. The first four ranges of CA
125 concentrations <35 kAU/L (0-3.5, 3.5-7.0, 7.0-15,
and 16-35 kAU/L) showed CVs that decreased from
16% to 4.6% with the IMx, and, because of the detection
limit of the RIA (>7.0 kAU/L), from 49% to 23%
between 7.0 and 35 KAU/L if measured by RIA. The

reproducibility of the IMx procedure for the remaining -

part of the dynamic range of the test (35600 kAU/L)
was always much lower (range 2.3-3.6%) than that
obtained with the RIA procedure (range 6.1-9.8%).
Method comparisorn of immunoassay procedures.
Fig. 2 shows the linear relations between the results
obtained with the CA 125 IMx and RIA over the
studied range of CA 125 concentrations (>7.0-23 000
kAU/L). Almost identical slopes were calculated for the

60
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Fig. 1. CA 125 precision profiles of improved IMx and RIA.
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Fig. 2. Comelation plots of CA 125 measurements by Abbott IMx
and RIA in serum of healthy women and patients with benign or
malignant ovarian diseases for concentration ranges (A) >7.0-44
=1.50x
— 9.5; ovarlan cancer, y = 1.67x — 13); (B) >35-100 kAU/L (benign
ovarian disease, y = 3.37x — 112; ovarian cancer, y = 2.458x — 72);
or (C) >100-23 000 KAU/L (benign ovarian disease, y = 0.88x —
3.9; ovarian cancer, ¥ = 0.72 x + 19).

entire group of healthy controls (0.80, Fig. 2A) and the
patients with ovarian cancer (0.72, Fig. 2C) or benign
ovarian diseases having CA 125 concentrations >100

" kAU/L(0.88, Fig. 2C). Increased regression slopes were

observed for the subsets with CA 125 values up to 100
KAU/L (Fig. 2A, 2B) for samples from women with
ovarian cancer (1.67 and 2.45) or benign ovarian dis-
eases (1.50 and 3.37).

Interference of HAMA. Prior to intravenous injection
of radiolabeled OC 125 F(ab'), fragments into three
subjects, no relevant differences were observed be-
tween CA 125 measurements with the two assays
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Table 2. Comparison of CA 125 concentrations (KAU/L)

Table 3. Comparison of IMx CA 125 assay and CA 125

determined by IMx and RIA in serum of three patients RIA for controls and patients.
treatsd with OC 125 F(ab')... CA 125, KAUL
Prainjection Postinjection jocts (snd no)  Assay Median  Range  >35, % >85, %

Patent HAMA* RIA  IMx Wesk HAMA RA  Mx  Controls® (124) RIA 11 <7.0-44 2 0
1 <28 300 200 2 1100 750 350 IMx 70 0.8-35 o] 0

3 1700 >5000 16 Benign diseases
2 <28 78 48 3 25000 68000 71  Ovary (50} RIA 21 <7.0-810 27 12
6 27000 44000 45 IMx 20  4.3-760 30 18
3 <28 43 40 4 1500 2300 160 Other gynecol. (31) RIA 10 <7.0-30 0 [+}
6 5600 5000 150 Mx 81 2831 0 0
# HAMA were quantified with a o oC 125 Nongynecol. (Gl; 33) RIA 8.8 <7.0-290 18 12
Fab"), assay expressing HAMA concentrations (KAU/L) In temms of GA 125 IMx 11 1.0-210 18 9

- Ovary

(Table 2). Between 2 and 6 weeks postinjection, HAMA FIGO stage 1 (38) :::A 27 <7.0-9%0 26 2
Lo y x 33  52-320 42 21
serum concentrations increased dramatically to 1100— FIGO stage Il ) AA 140 17-4300 85 -
27000 kAU/L concomitantly with substantial in- Mx 170 25-3400 86 -
creases of CA 125 concentrations with either assay FIGO stage I (40)  RIA 1800 89-23000 S5 88
procedure. RIA values were always substantially IMx 1200 7.2-14000 58 688
higher than IMx values. FIGO stage IV (18)  RIA 2600 12010000 100 100
- ! IMx 1700 100-7700 100 100
Clinical Evaluation AIFIGO stages (104) RIA 250 <7.0-23000 70 65
Healthy controls. The CA 125 concentrations ob- IMx 260 52-14000 80 67
tained with the IMx in the serum specimens from 124  Other gynecol. (81) RIA 15 <7.0-2000 20 10
perimenopausal ‘women with echoscopieally normal IMx 12 0.6-1300 20 10
ovaries were invariably <35 kAU/L. With the CA 125 Nongynecol. (GI: 112) RIA 15 10-490 22 15
RIA procedure, only two sera exceeded this concentra- IMx 12 2.7-400 21 13

tion (43 and 44 kAU/L, Table 3). Of all sera, 24 had CA
125 RIA values =7.0 kAU/L and were thus excluded
from the method comparison depicted in Fig. 2. Of the
124 sera, 63 (51%) yielded CA 125 IMx concentrations
below the detection limit of the RIA (=7.0 kAU/L), and
16 of these sera had values =3.5 kKAU/L (data not
ghown). The CA 125 values of 95% of all controls were
=30 kAU/L by RIA, compared with 23 kAU/L by IMx.

Benign ovarian and other benign disease. The max-
imum CA 125 serum concentration observed in this
group was 760 kAU/L as determined by IMx, and 810
KAU/L by RIA. The positivity rate of CA 125 (propor-
tion of CA 125 values >35 kAU/L) yielded by the IMx
procedure was 30%, and 27% in the case of RIA
measurements. The sera from other benign diseases
did not show differences between positivity rates with
both assays (Table 3).

QOvarian carcinoma. In patients with malignant ep-
ithelial tumors of the ovary we used the CA 125 IMx to
assay sera collected before primary treatment (Table 3)
or during clinical follow-up (Table 4). Differences be-

_tween the distributions of CA 125 IMx or RIA values of
all FIGO stages were tested with two-sided Student’s
¢-tests of the logarithmic CA 125 values and were in all
cases highly significant (P <0.001). :

Follow-up studies of CA 125 serum concentrations as
determined with the two assays demonstrated almost
identical linear regression slopes for individual pa-
tients, with ranges from 0.612 to 0.952 (Table 4). The
mean value of the slopes (0.736) did not differ from the
slope calculated from the determinations performed on
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* pesimenopausal women with echoscopically checked normal ovaries.

. G, gastrolntestinal,
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the 61 serum specimens with CA 125 values >100
kAU/L and collected from pretreatment patients with
ovarian carcinoma (Fig. 2C).

Other malignant diseases. No remarkable differ-
ences were observed between the respective positivity
rates obtained for blood samples collected from the
pretreatment patients with other gynecologic and non-
gynecologic malignancies (Table 3).

Table 4. Follow-up of eight ovarian cancer patients
with the Abbott IMx CA 125 assay.

CA 125, Linear regression analysis
No. of kAU,

specimens® range Slope Intercept Sy r

6 14-89 0.703 ~1.32 1 0.99%
10 92-2800 0.744 -5.69 58 0998

8 8-3800 0.704 +12.6 170 0.986
10 10-240 0.612 -0.21 1 0.984
1" 7-530 0.952 +1.69 7 0.998

8 15-4400 0.690 +21.0 40 0999

5 90-1900 0.671 +33.0 41 0.998
13 8-1800 0.808 +1.49 5 0.999
Mean 0.738 +9.24 0.995

* Per patient, total number of sampies above minimum detectable cnnoen;
tration with Abbott CA 125 RIA {Le., >7.0 KAUAL).
By = IMx, % = RIA, :
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Fig. 3. ROC curves of CA 125 [Mx and RIA for cases of ovarian
cancer (n = 104} vs (A) perimenopausal women (n = 124) and vs (B)
those with benigr ovarian disease {n = 60).

ROC analysis. Fig. 3 represents the ROC curves and
the corresponding AUCs for the two CA 125 immuno-
_assay procedures. The AUCs of both IMx and RIA
_ procedure are >0.90 if specificity is based on the group
of healthy control women (Fig. 3A), but are much lower
{AUCy, = 0.829; AUCRy, = 0.826) if we use the group
of women with benign ovarian disorders for reference
(Fig. 3B).

Discussion

The newly available Abbott IMx CA 125 assay pro-
cedure has been improved by restandardization of the
calibrators. This has provided better agreement of
values with other test methods such as Abbott and
Centocor CA 125 RIA (15, 16). Comparison of the two
assay procedures (Fig. 2) demonstrated a systematic
overestimation of at least 20% by the RIA. The linear
regression slope for CA 125 RIA values >7.0 kAU/L
was 0.80 in the serum specimens from healthy perim-
enopausal women (n = 100) and 0.72 for the ovarian
cancer patients with CA 125 values >100 KAU/L (n =
61) as well as those during follow-up of their recurrent
diseases. The latter slope becomes substantially
steeper, i.e., 1.67 and 2.45, if only CA 125 values =100
kAU/L are considered. This is in line with the calcu-
lated slopes of 1.50 and 3.37 for the patients with
benign ovarian diseases whose CA 125 serum values
were 7.0-35 and >35-100 kAU/L, respectively. Thus, we
observe discrepancies between the slopes for CA 125 IMx

vs RIA if either healthy women (slope <1.0) or those with
ovarian disorders (with slopes >1.0 for both benign and
malignant diseases) are evaluated. This means that CA
125 IMx values are higher than RIA in cases of ovarian
disorders, whereas IMx values are lower than those
measured by RIA in perimenopausal controls who have
normal or diminished ovarian activity. The diversities in
CA 125 measurements obtained with IMx and RIA con-
firm the observations on the calculated AUCs of the
constructed ROC curves, which are similar for the respec-
tive ROC curves of benign vs malignant ovarian disease
(Fig. 3B) and different (AUCpy, > AUCgy) for ROC
curves of healthy' perimenopausal controls ve patients
with ovarian cancer (Fig. 3A).

The clinical evaluation of the IMx CA 125 assay’
demonstrated better specificity and sensitivity than
the CA 125 RIA. At the internationally accepted CA
125 cutoff value of 35 kAU/L, FIGO stage I ovarian
cancers were positive in 42% of cases with CA 125 IMx,

but only 26% were positive by RIA—a gain of 16% in

favor of the IMx assay. The positivity rates of both
assays were similar (86%) for FIGO stage II ovarian
cancers. The 99% CA 125 cutoff concentrations, i.e., the

CA 125 value of the 122nd ranked sampte, for the 124 '

healthy perimenopausal women tested were 29 kAU/L
with the IMx and 32 kAU/L by RIA. Above these
cutoffs, ovarian eancers (FIGO stage I) were positive in
58% of cases with the IMx assay, and 39% with the
RIA. Compared with positivities measured at 35

kAU/L, the respective gains in positivity at these lower -

- cutoff values were 16% in case of IMx and 13% with
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RIA. The lower serum cutoff figures of our control
group than those of apparently healthy blood donors
reported by others (3, 17) may result from the strict
selection criteria of the reference group used in the
present study. All the perimenopausal women in our
reference group had passed a careful ultrasound exam-
ination of their ovaries. The ROC curves for this control
group indeed appear to have greater specificity and
sensitivity than other potential control groups, as re-
flected by higher AUCs. Recently suggested guidelines
for interpretation of AUC of ROC curves are: 0.5-0.7,
low accuracy; 0.7-0.9, accuracies useful for some pur-
poses; and >0.9, high accuracy (18, 19). Thus, as a
quantitative measure of accuracy, the AUC of the IMx
CA 125 assay of 0.971 means the IMx may be more
useful than the RIA (AUC = 0.932) for further studies
on screening of populations at risk for early ovarian
cancer as recently reviewed by Bast (20) and others
(21, 22). However, evaluations of the available screen-
ing studies en ovarian cancer have suggested that, if
CA 125 is the only criterion, screening of a general
(asymptomatic) population for occult ovarian cancer on
a single occasion cannot be recommended, given con-
siderations of costs and false-positive rates (20-22)
because many factors other than cancer can lead to
modest increases of CA 125 [e.g., the first trimester of
pregnancy, benign gynecologic and pelvic inflarnma-
tory diseases, and some other disorders (2¢)). More-
over, in the same group of asymptomatic women, CA
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125 alone cannot discriminate between benign and
malignant conditions of the ovary, although another
study suggests that urinary gonadotropin fragment
may provide the necessary additional information (23).
Conversely, in women with symptoms of pelvic mass
disorders, the much lower but equal AUCs for IMx and
RIA (0.83, Fig. 3B) obtained with the group of benign
ovarian diseases as controls suggest a similar perfor-
mance of the two assay procedures, despite a report
(20) that guantification of CA 125 is adequate for
discriminating malignant from benign pelvic masses in
postmenopausal women.

Another change made in the improved IMx CA 125
aasay concerned the increased protein concentration of
the specimen diluent buffer. This has been reported to
improve dilution linearity (15), although we still ob-
served nonlinear responses at higher dilutions (Table
1). Thus, the diluent buffer needs further improvement
to overcome this matrix effect.

The improved IMx CA 125 test demonstrates an
outstanding precision profile across the entire dynamic
range and particularly in the very low concentration
range. Conseqguently, if one decides to assay a serum
specimen only once, the IMx assay is obviously the
most suited candidate. The high precision obtained
with the TMx MEIA system is probably due to the use
of a closed system, because only reagents developed
specifically for the instrument are applicable, with very
strict test procedures. Another possibility for increased
precision with the IMx kit may be the additional
inclusion of 'a polyclonal anti-CA 125 serum as the
capture antibody. Such an antibody may have an
higher affinity for the CA 125 antigen than the mone-
clonal OC 125 used as signal antibody in the IMx assay
and as both capture and signal antibody in the other
CA 125 assay procedures,

We thank the laboratory staff for expert technical assistance,
and Ingeborg Bertschi, Abbott GmbH Diagnostika, Wiesbaden,
Germany, for providing the IMx diagnostic testing kits and
scientific support.
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