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The Effects of Angiographic Contrast Media on the Aggregation and
the Morphology of Red Cells In Vitro

Shizuka Higashi, Hiroshi Yasukochi, Kuniaki Ishioka, Hideki Toya, Masahiro Tanibe,
Masahisa Koga and Makoto Shirato
Department of Radiology, Teikyo University School of Medicine

Research Code No. : 502

Key Words . Contrast media, Red blood cells, Aggregation,
Morphology, Light microscope

The effects of four angiographic contrast media on the aggregation and morphology of human red
cells in vitro, using microscopic observations were studied. The media included an ionic contrast
medium, sodium meglumine amidotrizoate (amidotrizoate); non-ionic low-osmolal contrast media,
jopamidol and iohexol; and an ionic low-osmolal contrast medium, sodium meglumine ioxaglate
(ioxaglate).

Strong, large aggregates formed in the control blood, without media, where aggregation of red cells
was inhibited by contrast media mixed with the blood in a ratio of 2:1. Almost no aggregates were
observed for amidotrizoate, an ionic contrast medium, while there were a few rouleaux formed in the
presence of ioxaglate. Nearly all of the red cells aggregated in the presence of ipamidol and iohexol;
iohexol produced the greater aggregation of the two. Besides rouleaux, irregular aggregates were
formed with iohexol. When the contrast media were mixed with blood in a ratio of 1:2, their inhibitory
effects on aggregation declined. These results clearly indicate that contrast media inhibit the in vitro
aggregation of red cells, and ionic-contrast media produced more potent inhibitory effects than
non-ionic media. With added NaCl and meglumine, iohexol did not induce red cell aggregation.

This suggests that ionic-contrast media have greater inhibitory effects on aggregation than
non-ionic media, a result of their ionic properties.

Red cells were morphologically quite noraml in the presence of ioxaglate, where most red cells
were crenated in the presence of iopamidol and iohexol, and shrank in the presence of amidotrizoate. In
the presence of iopamidol and iohexol with the osmolality adjusted to that of a saline solution, both
normal red cells and crenation were observed. This suggests that non-ionic contrast media may
directly effect morphological changes in red blood cells.

These results revealed that ioxaglate, an ionic contrast medium, was the best in vitro medium, to
prevent aggregation of red cells and crenation deformity of erythrocytes.

(30) HARKEE $£49% H65
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57 3 FF YV (amidotrizoate), + + U vk
(metrizoate), 1 # % 5 A (iothalamate) %
FS—F3F, 147+ VE (diatrizoate) 7z &,
1A VEBERP BRI hEECERLTEE
B, ThbOBEFRLRBESAMSE & L
S ~8fF &M<, M OEMWFEMEMH AL D B
feed, HRRECOEET 2 S 0BEEREIERY
FlERZ L, T, 1970%E1A b BIfFH o
A ENDIcDIEA AT/ ~—D 2} ) =
I F (metrizamide), 1 #-%3 F— (iopami-
doD), 1 A ~% ¥ —(iohexol), 1 + 7 v =41 F,
A AV LT, =—DMF I n5y, IhicA+
VXA~ —DA F k% 7 2B (ioxaglate) 7o
g, ERBEESFFHVHKVCCHREIHh, BET
IHESRD A A v M HNC T D> - T I » Y
mLo25 5,

EYHOBIERTE, 7774 5% —KIG,
BOR e, B - PR - B, OB, M
WEL, B, MR E~OHEIHRE XN T 5 A,
MBI LTI, FRIMERDOTREZ(L? b g tEss,
MPREE I ER 9 E03h 5, KM EER
Al & BT 5 L TAREE LIS X ONEE L T F MY
MmEOWAP w5 EF L, & LOFK»-F B &
MBIRZPAZEL, MK EOBMEYHFRTHE VD
hTxh, ToRELLCEFHNOBEREE, b
FEELEF LR T W50, RISARB SRS,

% & T4 E, MEEOEFH AE Y, in vitro T
D e b FRIMEROBER OBE T 5 FBicBIL
TR LEE L O THET S,

HEL e Bk

A4 v HERHF & L Tsodium meglumine
amidotrizoate(amidotrizoate) (v » 75 7 4 v
60% ; > ==V v 7 AG), FA + v IHERBE S
A L LT iopamidol (1 #-¢ s @ v300; v = —
Vv 7 AG), iohexol (+ & =.¢— 2300 ; #—H%l
B, 1+ vHERBBESEFA & L T sodium
meglumine ioxaglate(ioxaglate) (~%+4 71
7ARIMEB)RFEA L. K E~< 2V »
+E40~509% D104 DL A b DRI L 7,

FRTCE 6 3250
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1) FRmiko e

MFFFEMBEEBICAZ A F 7T R ETCEBR
ERSEMU, BR105LIBI155 LNt g
8 (=2 V) TT1I00fsDfERcBE L, BEIE
fLIXMEIE% & L, SR & LTI D A A6 Ui,

BEIRE R, OmE20p] & EBAEK, ioxag
late, iopamidol, iohexol, amidotrizoate ® % ¥s
Wd0ul, @IMmE20ul & £ AKX, ioxaglate,
iopamidol, iohexol, amidotrizoate ™ % ¥ #%20
pl, @mE40p] & A RIEK, ioxaglate, iopa-
midol, iohexol, amidotrizoate® % ¥ 20 1,
@1 #E20u1 £ NaClis X O'megluminei fliohexol
D40ul (iohxeol I 1% % 1 # 1 NaCl %#0.9mg/
ml, meglumine %0.6mg/1.0ml O HEEE T 2,
546mOsm/kg &3 %), @M#E20x1 & 546mOsm/
kg @ iohexol D40ul, & L7-,

WMEOHME, TOBRERLHE-TRD 7 5 Ak
aidic. 1 BEALRERBDIGD, Fioid
ECAEZAI/NIIEHEYRD D, 11 NE
BEDOIDIC L LA L Al e fRlER % 2
S5, I KMO/BEE-CHO/NE T, IV &
MPMRE TR X IRIRE,

2) EEAORMEOEIE - IZT S

MBI~V v &5 F1L3,000rpm "C104>
FRELLOREL, V) vBEER T 2 BISSKInLE &
buffy coat #ERZE LA, HKMIREOO. Iml 1 ZEE
B0.4ml LERMUTI0GHA v+ a—2 a v
Lic, BEWIIA S 1 ¥ 75 22 1 F#e, &5
TUHZLFEMBE () v 2) CAEDIEETE,
217,

BRIEE 1, O4EEAEK, ioxaglate, iopa-
midol, ichexol, amidotrizoate ® % %%, @& H

Table 1 Osmolality, iodine content and viscosity
of various contrast media

Test solution  Osmolality lodine content viscosity

(mOsm/Kg) mg/ml)  (cP, 37C)
0.9% NaCl 300 0 0.8
Amidotrizoate 1570 292 3.8-4.2
Ioxaglate 600 320 7.5
Topamidol 616 300 4.4
Iohexol 690 300 6.1

Values are published results.
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Table 2 Effects of various contrast media on red cell aggregation

0.9% NaCl loxaglate Iopamidol Iohexol Amidotrizate

Solution: Blood 2 © 1

Grade I I 11 11 1
Rouleaux formation = + + + =
lodine conc. mg/ml 0 213 200 200 195
Solution: Blood 1 ©1

Grade 1 I I 1 1
Rouleaux formation = + + + -
Iodine conc. mg/ml 0 160 150 150 146
Selution: Blood 1 : 2

Grade v 1 w v m
Rouleaux formation + + + + +
Iodine cone. mg/ml 0 107 100 100 97

Grade [ : no aggregates or only a few aggregates, Grade II : mixture of small aggregates
and free red cells, Grade 111 : all, small aggregates, Grade IV : all, large aggregates. lodine

conc. : iodine concentration.

Control blood without addition of contrast media formed Grade IV aggregates: its

rouleaux formation was (+).

Table 3 Effect of meglumine and NaCl on red
cell aggregation of iohexol

Rouleaux

formation Aggregates

Test solution

Iohexol(546 mOsm/kg) +

Tohexol +Mg.
+NaCi(546 mOsm/kg)

Mg.=meglumine

E #300mOsm/kg = 8 % L 7= iopamidol, io-
hexol, amidotrizoic acid D &%, QEBEEY
400mOsm/kg, 600mOsm/kg, 800mOsm/kg 17
BLfAEKE L, BBEEKARTRRERE
it (R#E—RE) HRAVCTHE L,
FBEWOEER OEHE 13 Table 1 iR L,
#w R

1) FMmEkngE

£HHE &5 FEI% Table 2, 3 7 b VN Fig. 1, 2,
3, AIRTRY TH S, MBMBEOIRMIRIIK
TeBt R A TR L i,

Mm%20u] & BBl DRE TR, ABAE
7K, amidotrizoate, ioxagiate TITEEILIZL A
Eh, BB GBS oD IH L, iopami-
dol, iohexol T Ko ORMERITEEL, T
F2EEIL iohexol MITA X b iAo To, HEREITE

(32)

e

824 (Rouleaux formation) M:ETH - fo s,
iohexol T RHAN/LERE S A b e,

M A0u] & BIEWR20u] DEE TREHIAEE
Lz, £ 0RE AR AEK, iohexol, iopamidol
MEE <, Y\~ T ioxaglate & amidotrizoate @ JIf
TH -1z, Amidotrizoate TEFHFETLE D IZHC
A PR EE A BT Y, KR i SR AE
TH o,

1l %20l & NaCl 3 X U° meglumine ¥ in o
iohexol (546mOsm/kg) 40ul DEAF TIRIZT LA L
DOFRMERESEE L, —75, BEES46mOsm/kg
O iohexol Tk A i/ & Ie BB, NhE

AAERRIE $49% H6T
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Fig. 2 Aggregation of red cells in a mixture of contrast medium and blood

at 2:1.

A. 0.9% NaCl, B. Amidotrizoate, C. loxaglate, D. Iopamidol, E. Inhexol

AN EESY T T,
2) FRMERDOFEE
FIEFH B X ORI X ARIMEROTEEE L

SERUGCA 6 A25R (33)

(%, Table 4 7250 Fig. 5, 6, TR L7z,
S PR I A K TR AR M ER 1 R0 03 M) G A
EoFRER R 7. Toxaglate TIXTFER LR
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Fig. 3 Agegregation of red cells in a mixture of contrast medium and blood
at 1:2.
A. 0.9% NaCl, B. Amidotrizoate, C. Ioxaglate, D. Iopamidol, E. Iohexol

&b o L EHEHRMBRIAEEL TR Y, lopa- 1,
midol, iohexol “Cit 453 FI§E Bt AR M ER 12 28 AT AHEKD300m0sm/kg & B UEEECH
{t. L7z, Amidotrizoate TIZZELZEA IZHRMER & 117z iopamidol, iohexol, amidotrizoate iz J:

(34) AAERMEE #4498 H65
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Fig. 4 Effect of meglumine and NaCl on red cell
aggregation of iohexol.

Table 4 Effect of various contrast media on
morphology of hurnan red cells

Test solution  Jselality aegree.of
NaCl solution 300* -
NaCl solution 400* -+
NaCl solution 600* +
NaCl solution 800* +
loxaglate 600 =
Amidotrizoate 1570 H+

300* =
Iopamidel 616 ++
300* +
Iohexol 690 +
300* +-

— . almost normal, + @ mixture of normal with eth-
ynocyte, + : almost ethynocyte, . almost shrunken
cells.

* ! Determined by freezing point depression by us.
Other values are published results.

Terms, ethynocyte and shrunken cells were quoted
from the report of Aspelin®.

5 RMERDREZEAL. T X, iohexol, iopamidol,
&b IR ARMER & BEEE o FISE Mk AR M Bk 23R ZE
L T\ iz, —7, amidotrizoate TiiRIMER 31T
EEHHREA R LT,

& b, 400mOsm/kg, 600mOsm/kg, 800
mOsm/kg IZFR% Ui KK & 5 ARMBROMAE
ZiLTiE, BEEM 400mOsm/kg T IEH R0
REDBMBPLRARERAMERSELE L, 600
mOsm/kg TILLET LR e Rk & E%
FRIMER, FI48 8RR mERASEZE L T o, 800

ERLTCE 6 A25H

(35)
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mOsm/kg TXKER 7 D i Bk A5 FI 98 H A 7 Bk
ZEL L,
*

4EO in vitro OHF T, XK O FRmER
THHEVGEBENBE I hich, BEEHENL S &
BEIME S h, MHER TS+ v EEEH O
armidotrizoate % ioxaglate ® FF 233E 1 #+ v PE{E
B % & W #) © iohexol # iopamidol X b & @4
Mots, ORI Aspelin HOHED L —FL L
TW5, HHRERELHENEE L EFFME &
THELTWAA, MBS ML RV E L
Ty, A4 v EBBREESYE CTIRIEAS + v HEE
BREBEESEA L ) $EEMEIERS B, Fios
HROBRERBNEELDIERZME - EHE LT
Wh, —7, BRRGRMIREE K L TR
fEB%HE 7% &7 % Raininko » DIEIM B %,
B o RMmER - ERHEY 1 | 30EASTESL
TROBE Y NEERBE CHE LTV 50, B
DEBEIEK TIIERE L LY, ioxaglate T
19%, metrizamide T59%, iopromide ©81%,
iohexol & iopamidol TI191% DIEENEHZ X h
REMELTHE, HA0BRETH, WHBYIME
D& EFTIEEERF R NERRENSER AR
THEVZBL, WREEBAEKE LABE,
amidotrizoate % BR F BEERAE &\ 5 = & i
x, MEOEREFETS DTN,

AV HEBEREIEA A SRR L ) L RE
MEERARE &V RBREE—HKL T3
B3, {84 ORI HEEVH, RENICREDTE
ELEIBMEC LV EVHLLAEY, Z LES
THARMER L EFA L oRORR, HBEEROS
& BEOFERLOEFRIDENTTL DD
DLBbh3,

IRMBRBERIDBBEF 1coWTR, 1+ v OFEE
PBEELTWA L L EHERI X T 2 2385
BAHTHS, £ THRAR, RBRCRIBEED
58 2> 7= iohexol 12 meglumine & NaCl # ¥ fn
L, iohexol T X AEHEEMN & DRRIZE LT 5 2%
BRI L7, TR, KR A 4 v s Hc s
AEh T E0H1/10D 1 E © meglumine &
NaCl ¢, RMEFROBEE TS L TAF A5 L

=
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Fig. 5 Morphological change in red cells induced by contrast media.
A. 0.9% NaCl, B. Ioxaglate, C. Iopamidol, D. Iohexol, E. Amidotrizoate

b, 4+ v HEEFHICHD S 2TV 5 meglumine
& NaCl o3 BREEIE B & L T\ 5 2 &4
BB E T,

ETAHT, A VOURMICL ) BEENLERT

(136)

B EmbhTWwah, ZoRSBEDOEAICX
DEEENSG L icO TR kv 5 BRIMAET
Babamhio Y,

BAERERE H49%E H65

LA L, 545mOsm/kg @ io-
hexol TiE» b BE MR L i7%E K © meg-
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Fig. 7 Morphological change in red cells induced
600mOsm/kg and 800mOsm/kg.
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Fig. 6 Morphological change in red cells induced
by contrast media adjusted to 300mOsm/kg.

IGET 52, b L IRiMHT 50 Tinfow b d

b L 7o AR IER 23RS

FISE IR 7f i BR v 2

A. 400mOsm/kg NaCl, B. 600mOsm/kg NaCl, C.

800mOsm/kg NaCl

F 7
Z 2 bR T WA, FxDfgcil, —BER

(37)

/ DiBA5-

Amidotrizoate
[ O

R R S D]

B. Iohexol, C.

RN iohexol T < B b h i
7

i
L

A. Topamidol
lumine, NaCl
Daofol & %
LTWAEEZDLDONEYTHAS,
ERICEE 6 A25H
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WEEDHIMER TILBisk 2 TEM L & <, PR
IERTRARRISBEE LR T 2ERLALR S
%, A FVEERINTSEERD G- PIERRR
MERTHFEIEREIETS L HRBER T OR
BEIh5Z &b, BEOFRIUBE LD
BEREZHL, FLOBFITHTHS.,

A A v HEREESEFA D in vitro TOFRI
Bk OB LT REZE L L MR 1o 265 < BIfE
AL, 720 s TiEEAo
Aotex ) v o OdC gz T\ kA FERHZ IR
ThicI@s 6 H FTl0d - 7o, mighs o
EDEFIHRE XIS, A, FRMIMERTLS &
HEih 5 iopamidol & & i FARAE A1, 750617
QFIREV I TS, ThbDEES L UH A
OEBNLLW LML S, FEAF v HHERE
EEEAIC X 2RI, » 7 — 7 A HTIME
L OERMOEMY BT, RMREKLEC LV
CENEBEERDLID,

YT in vivo TOFRIMERERE & OBIEIZ DT
EFEETHE, HL L) ERBESYAH Y LE
HEAT A B NMERORMERBEEI LS H, MHK
HEN D L TIES EFT5Z EXHREIAT
719 19734EITIY, VY FR AW ERTA A
VB BBEEEEH © metrizoate (ZIEA A v i
EBBFEEF D metrizamide X b & fiIRE
¥ LR &, ZoOFRELTAAVERREES
FHIIIEA A4 v HHERBEESEF X D b ARMKRY
I BETHENLLTHAILELDRIY, Th
LoWED L ST, 14 v UERRBESLFAIS n
vivo TIXRMEBQEE A (R T 5 72 B, in vitro
TOFRLFETLZ s, Lrl, Lof
& & U NMETR T O AR M BRESE & R BAREE T8
BZLTRE6T, BEORBIAHTHS. In
vivo Tl in vitro * X2 b FRIMER O FEREE
PEECEBHCEE LTS ETHAHEYLH
b, in vitro LB > BFAELET D EED
ns,

BEHORMBROBEBE~DOEECEL T
13, %< OMENRHBINNDH F A OMEFTIL
4 v EBRBEEEEF O amidotrizoate TIXFE
ZELBEFE UicRiiEk & i b, FEA 4 vHERE

(38)

MR o R MER OB & HRE~DHE

[E# B % T & 5% iopamidol & ichexol T X3
SO FEEIRRMERICZEL L, ThboB b
EFEREBBEECH D LEbhs, S&wK, 300
mOsm/kg =§8% L 7= amidotrizoate TIXIZ & A
EREEHRMOETH B 01, 300mOsm/kg @
jopamidol & iohexol T 7g b o FI§E IR 2 ifn Bk
MNERZEIhi, Z DRI Aspelin D E? & —
HI3sboT, Wi, EAAVIEERFICL D
Rk REE, BBEO R LFRIMEKRE~D
{LFEBEIERIC L 550055 LHB LT 5,
UL, S0 @rsRRoE", Shfk
s LY S 2 ARTFETHHRE LB,
RS HEOBAVLETH B, 2 b, 600mOsm/
kg © ioxaglate T ¥ HEEL D o\ O 2T
BLTd, BERHTH S,

Ll E, in vitro TikFRMERESE B X OREZEAL
OHHERXEET B &, 1+ VIHHERBEEFA D
ioxaglate 2\ b BN EFF L VL X,

F ¢ 0

1 A ORME Tk BENRESh
fods, EEHIZ I 25 BRI S h, IHICE
Hit 4 4 &8 H D amidotrizoate, ioxaglate
MIEA A v EEEEE &R A Diohexol, iopami-
dol X b hilidote, Fi, ME-EFHEEEL
T5 LI ERRET LA,

2, & & EE O E 5 - 7o iohexol IZ meglumine
& NaCl ##Rind 5 & RMBROBEE I FH L,
A v OWE S ROBREEDENBIF L TWB L L
MR E R,

3, FmEOFHEE/ICE L CiX, amidotr-
izoate TH b8 <, 2\~ T iopamidol & iohexol
DIETH -1z, ioxaglate TIHFFBE/LTR L E
Moz,

4, 300mOsm/kg iz i ¥ L 7z iopamidol & io-
hexol THEEWERARMERMPFELI-Z E2 b, 3
1 4 v EERBEEEHIC X 5 HBEZ, BE
FED 275 b HRMBREAOLFBEFERIC LS
DEE LRI,

5. In vitro TiXFRMERDBELE I L U EIE1L
OMECH L, 14 v EBBESEFHD ioxag-
late 2 b EI ISR L 25,

BAEMSEE #49% HH65
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