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Selective Intra-arterial Injection of Calcium
for Localization of Insulinomas : Proposed
New Criteria

Takamoto Hayashi', Hiroshi Honda"
Koutarou Yasumori®, Akira Kawashima®,
Kuniyuki Kaneko', Tatsurou Fukuya", Yuko Tateshi",
Tokugen Ro" and Kouji Masuda"

To elucidate whether noninvasive arterial stimulation
venous sampling (ASVS)is helpful for localizing insulinomas,
calcium gluconate (0.02~0.025 mEq Ca® + /kg)was injected
directly into the gastroduodenal, splenic and superior me-
senteric arteries of six patients with episodic hypoglycemia.

In all six patients, there was a greater than 26-fold increase
in serum insulin levels in blood samples obtained from the
hepatic vein after the infusion of calcium into the artery
supplying the tumor. However, in four of the six patients,
such an injection into an artery not supplying the tumor
resulted in a greater than twofold increase in insulin con-
centration. Accurate localization of the insulinomas was
verified at surgery in all patients.

We believe that these false positive results were caused
mainly by the influx of calcium via branches of intrapancreatic
anastomoses.

In order to minimize false positive results, we have rec-
ommended the following new criteria for ASVS : maximum
insulin concentrations exceeding 150 U/ml in blood samples
obtained from the hepatic vein, and greater than twofold
increases in insulin concentration.

We concluded that noninvasive ASVS is helpful in deter-
mining the location of insulinomas.
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InsulinomalX £ DEEAEAVNE VS DA% {, WHTDKLE
THSHEETH Y, kL)L OBWHEDRA S W jE
B Td 5. T bIngemansson b VA L 7o BRL R PR
BRIM: (percutaneous transhepatic portal venous sampling,
PUFPTPS ) D Wifgastiris: & 87 b #gkI1 3 { Bk
THY, KEOEALY EFORKESWEIIM L L.
LA LPTPSEICBWTId A B, 1)1 ¥ A ¥ (IR EDEHT
LA SNT WiV, 2) BERE - SERRMMIAAEET 2
Z2EVCOPDOMBEFEM SN TV DEY, —H19914F
Doppman 5 {3#E2ecm bl F Dlnsulinoma 4 Fli2x L, 3#IREY
BIARP A1 0V 2 v 2 A BT IRIRERIML (arterial stimulation and
venous sampling, LI FASVSEE) 21T L., BIEZHT LIS/
ZEeamE LY, ASVSEEE, Insulinomallafd b4 ¥ A
) YRR TH B H v > A % BEREBIAR R 1 R
BRI A S BIRA IS AT L7212, FFERIRERIN 2 A2 REAY
WZHEAT L, -EDIRMHOZESZ X D Insulinoma DAL 5 58
WELWT 5 HETHS. Doppmanbid, B AFEA
30%) £ 721 Z60FMEDIRIEASEART O 2 f5L L EF§ 1l
F DM ZInsulinomaAFEET 2 L HI5E L T4 & kT
5. AEbhbiid, 6 7 #E Dlnsulinomall xf L
Doppman 5 & FIEEDASVSEZ AT L, ZORIEL & HIEk
EIZOVWTHRET LD THRET 5.
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AHRIZ, 19924 8 A4 519934 7 H £ TOMMILZ, Ul
KEFEFE MR CERERAY I InsulinomaDIFAASEEH L
ASVSEDHE T SNz 6 BI( 7 &) TH 5. wTFhbED
ZOFM I Clnsulinoma & DIFHELABWIAE STV S,
SERRII30-71RE (RIS 1) T, B3 I, L3 BITH 5.

BIRE R SR AP REBOAR & LR RIEBI IR G 0 12
i ﬂugiﬁﬂﬁﬁ’%ﬁ DSA (Digital subtraction angiography)
AT L, J0BZIE U TR 4 iRz % 8 0 L 7.

ASV SF“H BIREFIC5 1 5%, Doppman b DFEICHEL
UFORETHAT L. TEGHEIR~Y 57— 7 V0%
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WHERIEA L. DWTHIL Y7 4(0.02-0.025mEq Ca* /kg)
A CHRUBERScclo LT, FIGRMEESIR - MBSk - 8
+ ARG EIIR O BB & D EA LAz, 2272 LSl 2 i A
N MMEO FRERET A2, BERPSOA VT L
FEAMIZIHUEOMBE &~ 7. i, FEAR, EA
%30, 60, 90, 120, 180FVIZ/EAMFEFIR & b E AT
L7-. IRHEQWER YA Ky ¢4 227
V—ZANZEHL, ANV 7 LEARGOIRIEL ELEh
DOItE Rz, ASVSIEOHIEIX, Doppman b OIS
X, AV AFEAEOIRUEDREEA) IV 2 7 LiE AR
D2 L R L72BIRO RIS AE Y A & L.
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Table 112 6 FEFIDIME EFLATR, ASVSOF5H & oy
RART. EERE, 4.5emDb0H% 1 #EET, Mo 6 Kb
W IFND1.5emB FTh o7 BIREE T 7 T 6 &
i T &, 5 #8i2hypervascular 2 & LT, R D
4. 5cmDfEE L HLLE ASavascular THIRRERO Al e S AL 5
Lk LCHI S e, RREO 3 EN LIRS kI
DSARFHIIREZBINT 2 Z LX), FOFIEBRIAH
feTd o7z, BIRER THIAGETDH - 72ER 11, Fily
I THERER I Z DIFAEDTRRE S e,

ASVSHETIE, BRERICIERAEAE LT\ 3 Bl GEHI,
4, 6)IZBWTHEINRD S, T -SRI IEREAFE L T
721 BIGES] 3) I2B W T EIGBEBIR 5> DA v o A
#izkh, Fhzhoefs (R&IRMEI720U0/ml) 7> 5 11565
(1180 U/m1) DFHA 7 FHEIRIRMED R 2527z, 727201
F05 b0 2 BIGER 1, 3)TiE, B+ i8EkE L5
BEEIR 7 6 D F10b 2 LEFFIZBWT L 2. 145 (18 U/ml,
60w U/ml) &6.44% (13uU/ml) DIRMED 577528 517z,
BIRE R\ TR RS R e & RO 7HER] 2 T, MERE
BIIREGEDOZER RO /20, LB EESIRA S B+

t 8 4 953

SN EbIR 7 40§ 2 IEREE IR SR~ DR S R o .. €0
7Bk & EBREIEEIR D S DA AN LT LEIEAL,
FHEN661E (286,,U/ml) & 1845 (160U/ml) DIRIMED L5
ARSIz, BIRERIC THRE E RBEIZ1em £0.5em D 2
OIEBE A TZR S IWTHER] 5 T, BB SO0 v
21 AEFIZ & D 85145 (596, U/ml) DIRHED |57-% 2 72,
B+ iIBER & ERGRIIREIR A & AR B WTH £h
FN90f% (262uU/ml), 1248 (61uU/ml) & @\VIRHED A%
7728, [EEEAN OInsulinomaDFE(E b SEHNIZAY, F
WX ) ZOHFEREESNL. BBANVTYILAWNICE
ABIWER A X 5 A HHEIZRRO T, SRR mEE
WIEHE L, SRIZRITFTH o7z,

6 FEMIDInsulinoma 2k U IE~ 7587 & ASVS & HidT
L, Doppman & D2V Thivbhhsse L 7z 2k
ZHEVHSE Lo R & TR 2l L7z, TORIRASVS
iE12 X BInsulinoma® JHTEZIT Dsensitivity 12100% (6/6) &
Bholzbdo, specificityl345%(5/11), accuracy(d65%
(11/17) LB FERTH o 72 (Table 2). —F, AN 7 Lk
NEDIFHIROIRMEAS 2 f5LL L EF- L, S OIRIOEEEDS
150puU/mIBL L& L7238 2Bk L HIET 4 &, sensitivity
13100% (6/6), specificityi382% (9/11), accuracy(Z88% (15/
17) LB & A f L L 72 (Table 3).
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Insulinomald, BT >4 o> A BBAIIE O MEEH LR 12
0, AR yASBRICSBEID T2, BRI Rk
TARBTH S, TOHEBEOEKIHFORTHY,
FCEEORELZHT5 Z LIZEETH S, FH LY DH
BT, B ORAETAIIIER26%, 1KEk31%, R
35%, RRBEET%, BTl % L ARREEEIIIFRE L, EE
&Hkmﬁﬁ@%@#%%&@( %560519%, EHEHI10%
THhbH. 20X I ZInsulinomalIIEEEAVNES £, SHEHID

Table 1 Angiographic findings, ASVS tests and surgical results in 6 patients

Increase in Insulin Levels in Hepatic Vein
Sample after Calcium Injection (Maxirum Insulin
Angiographic Levels after Calcium Injection [pU/ml] ) Surgical  findings
Case Age Sex findings SFA GDA SMA Sites Size (mm)
1 42 F not detected 52* (1882) 2.1 (60) 2.1(18) taiil 10
2 45 F hypervascular 66 (285) / 18 (160) body 8
3 71 M hypervascular 1.6 6.4 (13) 98 (761) uncus 12
4 30 M peripherally 115 (1180) 0.8 (27) 1.1 (10) tail 45
hypervascular
5 70 F hypervascular 851 (598) 90 (262) 12 (61) tail 5
hypervascular body 10
6 50 F hypervascular 26 (172) 1.6 (10) 1.7 (12) tail 10

SPA : Splenic artery
GDA : Gastroduodenal artery
SMA : Superior mesenteric artery

/: Not performed  # : Increase ratio defined as the maximum level after calcium injection divided by the level before calcium injection
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FIET A0, MAOREZHIEETHLI2000Db5
FTLT LIRS TIE LW,

Insulinoma® FIEZHTIZOWTI, BEEESWTHEIT =
h, FOWMEBSZHRASNL, HoBEERECT
US) X ETIEREATH 205, ZOMHEIZ19~60%2
DNEPFTLEBEL Vv, FOFEAE LT, USTIZHRES
DERBIZRFDFH Y, FLBREORERHZEORHER LI
EAESNATREENBEV EPEILNS. CTICL A
Insulinoma @& ERIE, 30~80%6-11V L #id 12 L 2=A3H 5
N5, SFEMIZIZRE N EVERENSZ V. L LEED
CTEEDOHEAIZLEY, 1EFHAIDbolus injection, thin slice
scan & W - iE Tid72%? & kR E WEEE D o h s &
I oTETNE,

MEEFEE, InsulinomadSIMAF 28 TlEEAE VW L »
b, MERX VFHEWMRMEELELELZ SNTE, L L
FDORHIRIZS4~85%')) & WIS D Ehih by, Z &
IR BHEF /N S 2 BB OEIEHE VT EFORBFRIZE
V. HERBIZB VTR, TRBE/N S 2SS VI H 2
b5, 7RI 6 EEAME AR TRINTRE T o 7.
L, BRIREERE I CDSARRMIIREZ ML 722 &
ISR B L #EZ B,

ST, ST D Tk b Insulinoma
DD E {, 90% L EDOHEAZ . Gorman b I,
SZHEEF TRNIcmDIER T TR CE L HELTHY
D, WO L FRLTT S hAREBREE L Bbh
B,

PEd &) 2EE2H: & B2 ), PTPSH & ASVSEE
Insulinoma® A > A1) »4rilhBEEe 2 FIH L TFORESHIC
BALTHBAERETH S, PTPSIEIZ19754F Ingemansson 5V 12
XY BARE S NI ARV E Y EAEE T B REZMET,
Insulinoma D #H F1390% LL_E O R Wi EHIE 2 4, 6),

-

Fig.1

Case 1.
(A) Selective splenic angiogram shows no hypervascular tumor.
(B)Graph illustrates insulin levels after the injection of calcium into the superior mesenteric, gastroduodenal and splenic arteries. The 52
fold increase in insulin level in the splenic artery was obtained, suggesting the insulinoma in the pancreatic body or tail.

At surgery, insulinoma was found in the pancreatic tail.
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Table 2 Localization of Insulinomas by ASVS tests according to the

following criterion (increase ratio 2 2)

surgical results ASVS tests
positive negative

positive 6 6(100%) 0( 0%)

negative 11 6 ( 55%)  5(45%)
sensitivity 100%
specificity 45%
accuracy 65%

Table 3 Localization of Insulinomas by ASVS tests according to our

new criteria (increase ratio Z 2 and maxirmum level 2 150.U/ml)

surgical results ASVS tests
positive: negative

positive 6 6(100%) 0( 0%)

negative 11 2(18%) 9(82%)
sensitivity 100%
specificity 82%
accuracy 88%4
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LRI L, FOIRUEDZEEZ L D Insulinoma® FBFESHT %
iTHZ & &RBELI.

Al iLhHSEER L 72 6 FEFIZ B\ TIE, Insulinoma?®
T BEBOBIRS S DA VT AERFIZ LY, FFElk
IRMEA26~8511% (R MIRIE172~1882uU/ml) & FH % E
AERLIZIZD, TOREZHITETH-72. L L 66
th 4 FlZ33 T, Insulinoma?™FEfE L % WSRO BIAR A 5 D
HIV 7 LERTTH2.1~906% (18 ~262uU/ml) DJFHHIRIRI
HoLAFED N, ZOREEE LT, Hvi LD
HNOWEF % I L CTHEABIIREIBSA~GTA L 72 T Rtk A%
Abhs, BERLARTOMEROMICEIWEHK
(prepancreatic arterial arcade) #%93.3% b F4E$ 5 72017,
C DBFEROWAR AT B IV 7 A O ADESE R AE LR
MUNOFEE T OFFIRIRYED EADFERE Bbhsb,
TR AR AV 27y 2 A5 L T BEIRAGEA L 727 g
HbDHoH. OITHEREFET LBROPEIRAMEDTF

(A)
Fig.2 Case 3.

T 2EA1213, MATEELIZILL, ZOHEIZEY4RD
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D1 BIGER 2) 12T h, EEBIROSMEIC X 5 B
BEBIAR 2> & W+ —FREE BN % /-3 % BEREBI AR B~ D YE R
PHERR SN, ThoDHBEXY, FFFRIRMED 2 5L L
OLAZGHEE T 57T DHERMETIE, false positive & 4
T AEBEATEZ L AR S,

Doppman 53 4 BIEE T2, InsulinomadSFF(Ed % FE
OFRA S D H IV 1 AEFFIZ & D 2~9F5(50~440U/ml)
OFFIRIRMED 7% 5260, BEREICHL €O EADIZE
12EV>. Insulinoma 30812 DWT, REFMATR & RATHT
BEa L 7Creutzfeldt 5 OFFFRIC L 5 &, [EIFOHIZITE
BHBEREZEL, 4 VA VEEDS VRN S, BIEN %
BEALRE, 4R YEEOERVE T T4 ORM AT
HENTWABE, T, Hvyy AEFEOFEIRIR]
D EROREIIE, BEEROA Y A) VERICE) ik
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(A)Selective inferior pancreatico duodenal angiogram shaows a hypervascular tumor, 1.2cm in diameter (arrows), in the uncinate process

of the head of the pancreas.
(B)Graph illustrates insulin

concentration in blood samples taken from the hepatic vein. There is a 98-fold increase at 30 seconds after injection of calcium into the

superior mesenteric artery.

(A)

Fig.3 Case 5.
(A)Selective splenic arteriogram shows two hypervascular tumors, 1 cm (straight arrows)and 0.5 cm (curved arrows)in diameter, in the
body and tail of the pancreas.
(B)Graph illustrates insulin concentration in blood samples taken from the hepatic vein. There is a 851-fold increase at 90 seconds after
injection of calcium into the splenic artery. Note a 90-fold increase in insulin level in the hepatic vein following injection of calcium into the
gastroduodenal artery. At surgery, two insulinomas were found in the body and tail of the pancreas.
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i, false positiveZ A &5 Z LA EEL Bbhi:,
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BRUCIZEESLETH 5.
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