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Total hepatic blood flow (T.H.B.F.) and portal blpod 

flow (P.B.F.) were measured in dogs using simultaneous indicator 

dilution curves (LO'.C.) obtained frQm one or two hepatic veins 

and from the lef~branch of the portal vein, after injection of 

CrSl red blood cells into th~ cranial mesente~ic artery. No 

difference existed when results obtained using I.O.C. were compared 

with those obtained by simultaneous measurements of hepatic artery 

and portal blood flows using electromagnetic flowmeters. In 

experiments where I.D.C. could be obtained simultaneously from two 

hepatic veins, no difference was shQwn between paired T.H.B.F. 

Similar results were found in animals with ligated hepatic artery. , . 
These data, demonstratihg 4niform mi*ing of the indicator in the 

portal vein and within the intrahepatic circulation,validate the , 
use of the indicator dilution rnethod in dogs. Prelimina~y data in 

'13 cirrhotics undergoing umbilicoportal and hepatic vein catheterizations 
-, 

.indicate that the portal fraction of T.H.B.F. {the rati~(of P.B.F. 
1 

"'ovèr T.H.B.F.} can be estimated by this method. The portal fraction 

should be rel1ablè since the portosystemic col1aterals result1ng tn 

10ss of indicator (and overestimation of flows) occurred before the 

sampling sites. 
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Le débit h~patique total (D.H.T.) et le débit de la 

veine porte (D.V.P.) ont été mesurés chez des chiens en utilisant 

des courbes de dilution d'un indicateur (C.D.I.) obtenues simul-

tanêment au niveau d'une ou deux veines sus-hépatiques et de,la 

'\~ branche gauche de la veine ~orte, après injection d'hêmaties 

marquées au CrSl dans l'artère mêsent~rique craniale. Il n'existait 

pas de différence entre les r~sultats o~tenus par les C.D.I. et 

ceux obtenus simultan~ment par la mesure ,des d~bits de l 1 artère 

h~patique et de la veine porte gr3ce a des débitmètres êlectro-

magnétiques. LorsHue des C.D.I. ont pu être. obtenues ,simultanément 
r.. 

au niveau de deux veines sus-h~patiques ~iff~rentes, aucun~ diffé-

rence n'a êt~ trouv~e entre les D.H.T. pa1rés. Des r~su1tats 
l ,,,,,~ 

i1entiques ont ~tê obtenus chez des animaux 00 l'artère hépatique 

Jvait ~t~ 1igaturêe. bêmontrant qu'il existe un mélange uniforme 

de l'indicateur dans la veine porte ~t au niveau de la circulation 

, intra-hépatique, ces rêsultats just~fient l'application de la ' 

mêthode de Stewart-Hamilton. Des rêsu1tats prêlim1naires obtenus 

chez 13 cirrhotiques lors d'un cathétérisme~ombiné ombi1ico-porta1 

et sus-hêpati<üle, ind~quent que la fraction portale du D.H:T. (le 

rapport D.V.P. sur D.H.T.) péut ttre esti~êe par cette méthode. 

En effet, la perte d'indicateur p~ des collatêr~les,~rto-systêmiques, 
/ , 

résultant en une 'surestimation des débits absolus, a lieu avant les 

prélêvements. r 
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1. INTRODUCTION 

\ 

/' 

Portal hypertension is the major clinical problem of advanced 

cirrhosis of the 1iver. Hemorrhag~ from esophagea1 varices is still the 

main cause of death either from exsanguination or fram hepatic failure 
• 11 

fol1owing the hemorrhagic shock. An average morta1ity of one half of 

all cirrhotic patients has been reported one year after the initial 
t 

hemorrhage. Portal decompression by portosystemic anastomosis a~s been. 
(J '"'L':.1 .. 

shown to be efficacious in preventing recurrent variceal bleeding if the 

shunt remains patent. However, the long term benefi~ of portac~val 

~nastomosis are not obvious si~ce the reduced inci~ence of bleeding 

varices 1s balanced by the higher mortality due to early or progressive 

hepatic failure or other unde~,irable metabolic seque-lae such as encepha10-

pathy ( 1 ). One of the consequences of standard portàcava1 shunts i s the' 
, 

10ss of all portal blood flowing into the liver which has been related to . 
the hepatic failure. However, the importanc~ of portal inflow in hepatic 

perfusion and function has never been satisfactorily eval~ated in ~wake 

man because of the double blood suppl y to the l1ver and the relative . . , 

fnaccessibi1ity of the portal vein. Therefore, indirect techniques have 

been devised to measure only total hepatic blood flow, the most widely' 
" 

used being Bradley's method (2). In sorne cases, du ring laparotomy for 

portacaval anastomosis, portal blood flows were measuréd usfng el~ctro­

magnetfc flowmeters and showed h1gh values in most pat1e~ts ~espite portal 

hypertension (3,4).' 0 0 

~ - ~ A non $urgical method, applicable in the me!S~t of 
() r C" .... ~ .. 

portal and total hepatic blood flows, which would avoid~esthes1a and 
" .' 

~ . 
dissection of vessels,would be·~f great importance both phys1ologfcally 

and clfn1cally 1n the evaluation of long tenm. results and the selection of 

. / 
, , 
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{the surgi cal ~rocedure most appropriate for each individua1 case. 

T~e first part of t~is work deals withfl~~ or19ina1 method 

for the selective measurement of portal and total hepa~c b10gd f1o~s, 

the portal fraction of total hepatic blood flpw,and the sinusoida1 
/' () 

fraetion of POjt~l b100d flow. uSing indicator d~lution cur~es obtained 

from portal and hepatic veins ~fter injection of an indicator or a mixture 
• 

of indicators into the cranial ~esenteric artery 1n dogs. In the second 
~ (, 

part of this work, data obtained using this method are reported in 

cirrhotic patients fQllowing um~ico~or~af ,èatheter1zat1on combined w1th 

hepatic vein and super10r mesenteric artery catheterizat1on . 
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CIl. HISTORICAL REVIEW 

1) Direct f10w measurement: 

Except for the blood collection ,techniques (5,6), the ear1iest 

methods were based on the use of the mechanical stromuhr (7), the rota­

meters (8) and the electromagnetic flowmeters (9) by means of an ingoing 

and outgoing cannu1a into the proximal and distal section of the divided 

vesse1s. These methods had the disadvantages of requiring an extensive 

operative procedure, an interruption of f10ws 'and an artificia1 resis­

tance to flows. These two last disadvantages were obviated with the 

introduction of the non cannu1ating thermostromuhrs (10) and, main1y, 

the e1ectromagnetic flowmeters in intact vesse1s (11). To date, the 

use of the square wave e1ectromagnetic f10wmeters has proven to be the 1 

most reliable technique for direct measurement of hepatic arteria1 and 

portal b1ood'f1ows (11), a technique which can be applied ta man (3,4)., 

However, this method requires 1aparotomy and resu1ts can possib1y be 

modified by anesthesia and surgica1 manipulations. 

~) Indirect f10w measurement: 

A) Method~ based on the extraction of an indicator by the liver. 

The deve10pment of the bnomsulphalein technique by Bradley 

et al (2) based on the hepatic extraction (or hep,tic clearance) Qf the 

dye was a great advance in the estimation of total. hepatic blood flow. 

This technique could be app1ied ta conscious man with no operative inter­

ference and no c1rculatory impa1rment to the l1ver. Fol1ow1ng cont1nuous 

infus1on Gof the dye at a constant rate.' its concentration 15 detenn1ned 

s1multaneously in the hepat1c venous blood and in the arter1al bl00d. 

. , 
• f 

$"'J\ 
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Hepatic venous samples were collected by means of a cardiac catheter 

passed down the inferior vena cava into a hepatic veine Assuming 

that the liver 1s the major organ concerned w1th bromsulphale1n ex­

traction and therefore that the concentration of the dye 1s identical 
,-

in the hepatic arterial and portal venous blood, the Fick 'fonnul~, may 

be applied to the estimation of total hepatic blood flow. 

Extrahepatic extraction, conjugation (as a limiting factor 

for excret1on) and enterohepatic circulation with rec1rculating meta­

bolites have been advocated as sources of errors when using bromsul-
, 

phalein (12,13,14). However, many workers'have found a good correlation 

between the Brad1ey's method and direct methods of measurements (15,16). 

The use of Indocyanine green, rapid1y removed by the liver, avoids many 
~ '1 ( 

of these disadvantages since neither extrahepatic extraction nor entero-

hepatic circulation are known to occur (17) and there is no hepatic 

metabolism prior to excretion. To date the Bradley method using continuous 

infusion of Indocyanine green is the most wide1y used indirect method for . 
the estimation~f total hepatit b100d f10w (18,19). 

Other clearance methods have been descr1bed using per1pheral 
\ , 

plasma d1sappearance after a single injection of a substance a1most 

complete1y r~oved by the 1iver during one passage, either by the 

parenchyma1 cells (hepatocytes~ or by th~ mesenchyma1 cel1s (Kupffer ce11s). 

" F10ws measured are underestimated because of incomplete hepat1c extraction 

and therefore are called minimal hepatic blood flows. Estimation of the 
'~ 

total hepat1c b100d flow necess1tates correction by the extraction rate 
" which can be ea1eu1ated by simultaneously performfng hepatfe venous cath.-

terf%atfon. Estimation of minfma1 hepatfc b100d flow was ffrst 1ntroduce~ 
.. 

by Oobson and Jones us1ng colloidal partieles of chrom1c phosphate label1ed 

w1th P32 (20). Colloidal radfogo1d (21,22), Rose Bengal.labelled with l 'Gl (2~) 
~ 
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and Indocyanine' green (?4) ~~ve been simi1ar1y emp10yed. However, . 

Indocyanine green c1eara~ce method has gained more popularity since 

it is easy to use and'gives more reliable results • . 
An important modification was the use of col1oidal heat-

denatured human serl.lll a1bumin labelled with 1131 because more th an 94% 

of the 1abe11ed albumin was removed ~y the Kupffer ce11s during "one 

passage through the sinusoids of the ltver (25). Therefore the 

measurement of minimal hepatic b100d flow correlates we1l with the 

total hepatic blood f10w determined by continuous infusion of Indocyanine 

green in normal subjects (26). In cirrhotic ~atients, lower extraction 

of the co1loid exists (25,26). Since development o~ collateral channe1s 

between small portal veins and hepatic veinsaround the regeneration 

nodu1~s has been reported in cirrhosis (27). the lowered extraction was 

related to. shunting of sorne of the blood from the sinusoids 1ined with 

Kupffer cells (2~). Therefore, assuming that there is no impairment of 

Kupffer ce11 function or reduction of the number of Ku~ffer cells 1inin9 

each sinusoid, the hepatic extraction efficiency of the colloid would be 

an estimatio~of the proportion of blood shunted through intrahepatic 

portal hepat1c venous anastomosis or an index of hepatic sinusoida1 b100d . , 

flow (28). However, the minimal hepatic blood'flow could not be used as 
. 

an index of the sinusoida1 b100d flow since no correct10n WIS done for 

the possible increased extrahepatic uptake of colloids known to occur in 

c1rrhosis of the liver (29,30). J 

The ind1rect methods based on the extraction of an ind1cator 

are the mOst.w1de1y used in hemodynam1c stud1es of the l1ver. Howéver, .. 
they are used only to est1mate total hepatic blood flow and are dependent , 

/. ; 

on the parench1ma1 or mesenchymal funct10n of the l1ver. 

, .-
... }-~ 1. t,;: _ ... 
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B) Indirect methods based on the dilution of an ind1cator • 
~ 

Indfcator df1utfon,methods are not dependent on the 

hepatic function and therefore may be more accurate in liver diseases. 
" 

The application of the Stewart Hamilton method (31,32) for the estimation 

of total hepatic blood f10w was first introduced in man by Reichman et 

al (33). F10ws were estimated fo11owing intrasp1enic injection of 

radioactive iodinated serum albumin, fram the fndicator dilution curves 
\ 

obtained either by continuous sampling fram one hepatic vein or by a 

scintillation gamma counter placed externally over the liver. In dogs, 

Murray et al and Bal1inger and Bartone used injection of Indocyanine 

\ green into the portal vein (34,35). Blood was sampled fram a hepatic 
o 

vein or from inferior vena cava after fts ligature under the liver 

(surgica1 common hepatic vein) through a cuvette-densitometer giving 

a continuous time concentration curve. In these\studfes, the hepatic '. 
f 

extraction of the dye during one rapid transit through the 11ver was 

assumed to be minimal and not suffic1ent ta alter sign1ficantly the 

estimation of flows. 

The first exper1menta1 evaluation of the indicator dilu~ion 

technique for th~asurement of total hepatfc blood f10w was performed 
L 

in dogs by Shoemaker et al (36), using autologous red blood cells label1ed 

with CrSl • They stated that similar flows have to be recorded s1multa-

1 neoàsly from two independent hepatic vefns if the fol1owing requfrements 

are fu1filled: "1) that the 1ndicator used be not metabol1zed by the 

liver; 2) that the known amount of ind1cator whfch 15 1njected into the 
- + ' 

portal vein 15 not d1rected into the sY5tem1c venous system prior to its 

passage through the liver; 3) that the injected substance be un1fonaly 

m1xed in bl00d at the sfte of fnjection; 4) that the hepatfc arterfal­

portal venous flow mafn\ains a constant ratio of contribution to the,' 
, Q 

o 

.. ~ \ l • ~ _ .... , - ' '. 
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total i~low of all parts of thé l1ver during the period of observattori - , 
5} that the volume of b100d contained withtn the 11ver rema1ns constant~ .. 

during the period of observation. Il In chron1c experimenta1 dogs (24 to 

48 hours fo11owing surgery), similar f10ws were obtained fram two 
, 

different hepatic veins, va1idating the indicator di14tion method, 
'\ 

a1though resu1ts were 1ess reproductible in acute experiments (just 

fo11owing surgery). However, in their experiments, sp1enectomy was 

performed and catheters were p1a~d in hepatic veins through direct 

puncture of the anterior wall of the thoracic infer10r vena cava. These , 

surgi cal mani pu1 ations cou1 d induce vas.t~lar changes simll ar to lIoutflow 

b10ck" of the 1iver reported in the perfused canine 1iver (37) mai y due 

to contractton of the muscu1ar sphi~cters l~cated on hepatic vein 
i . 

. in dogs. 
~ , 

Goresky has eva1uated, in dogs, the 1iver sinusoidal and 

extravascu1ar volumes from multiple indicator dilution curves .U$J~ ~ 

vascular reference substance (CrS1 1abelled red blood cells) ~nd'on~ or 
" 

more diffusible indicator substances (T1824, C14 1abelled in~lin, tritium 

enriched water, 1131 a1bumin, and Na24Cl) (38). 

To avoid' the portal vein injection, Cohn" and Pinkerson used 

injections of label1ed indicator 1nto the hepatic artery and found no 

significant d1fference in total hepatic,bl~od f10ws values when compared 
\ 

w1th those obtained after portal 1nject1o~ in dogs (39). A s1m11ar 
" . 

technique has been app11ed in men, where total hepatic blood flow was 

est1mated after injection of the labelled 1nd1cator 1nto the hepltic artery, 

the splenfc artery and the sup,rfor mesenter1c artery (40). No diffe-

rence was foun~ when flows rec:orded fram the 1n~1C1tor:dnut1on curves 

were compared with resultS obtafned with the Indocyanfne green dhappearance 

method in 7 normal subjeets. In SOM cases near1y 1denttcal flows were , , 

, / 

-. , , , 
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~ 1 

ca1culated simu1taneous1y from two hepatic veins. These findings 

suggest that adequate mixing of the indicator is achieved in the portal 

vein as well as with1n the hepatic circulation after 1nstantaneous 

injection of the indicator in the sp1enic artery and superior mesenter1t 

artery (42). 

This method has been applied in c1rrhotic patients to evaluate 

portosystem1c shunting from the splenic and mes'enteric beds by compat1ng 

curves obtained a~ter,1nject1ons in the hepat1c artery and in the splenic 

and mesenteric arteries (41). 

The estimation of tetal hepatic blood flow by this method 
\ v 

uSing hepatic arterial injection would be advantageous since it is 1nde-
.. 

pe~dent of hepat1c function and does not need portal (or splen1c) 

injection. However, selective hepat1c arterial catheterization, distal 

~o Any extrahepatic collate~al such as the gastroduod~l artery, 1s 
• ~ ~ l 

required and resu1~s are not rel1able when the arterial supp1y to the 

liver is der1ved fram more~an one common hepatic artery,' as it fre­

. quently occurs in man (43). 

These methods us1ng the Stewart Hamilton principle were 

devised ta measure on1y the total hepat1c blood flow unt11 Ch1andussi 
, / 

et al (44) descr1bed an original method to/evaluate simultaneously parta1 

and total hepatic blood flows in ~irrhotic patients. Fol1owing 1ntra­

splen1c injection of 1131 labe11ed se;um albumin, 1ndicator dilution 

curves were recorded s1multaneously fram the portal vein. cannulated 

through the umbl1ical cord, and one hepatic ve1n. The portal curve was· , 
~sed to estimate portal blood flow and the hepatic'curve.to estimate 

total hepatic blood flow. Flows were overeStflIIIted because of ,loss of 

1ndicator !h~gh portosystemic collaterals; however, the sue IIIOUnt of 
, . . 

. of ~.., r 

, , 
• • ___ ~ ~ ,J 

, ... ~ ') • ~ ~ Il ,'. 
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1ndicator was analysed fram p~rtal and hepat1c ve1ns val1da~1n~ the 

ratio of the portal~lood fldW. over the total hepatic blood flçw-( , 
... 
Intrasplenic injection was subsequently obviated byqthe use of a double, 

/ 
lumen umb1licoportal ~heter: the,dis~al opening serVing as an injecting 

site and the proximal opening as portal sampling.site (45). These 

aPRr0aches have not been controlled in an experimental model by a direct 

method of measurement such as using elec~romagnetic flowmeters. 

Another method based on the Stewart Hamilton pr1nciple was 

introduced by Marleau et al (46) for the estimation of the hepat1c 

arterial or portal fraction of the total hepatic blood flow. Following 

injection of a labelled indicator into the abdominal aorta above the 

coeliac artery. the indicator dilution curve recorded fram the hepatic 

vein is found to be biphasic: the early component is related to the part 

of the .indicator flowing through the hepatic artery and the late component 

to the part of the indicator flowing through the splanchnic arteries and 
.. 1" r 

the' portal vein. The ratio of the early component area over'the total 

area of the b~ic curve is equal to the ratio of the hepat1~ a~er1al 
-' 

flow over the to~l hepatic blood fldW. H1gh.arter1al fract10ns~f total 

hepatic blood flow were obtained and these data have to be confirmed by 

further exper1mental studies. 

Other dilut10n methods. uti11zing fick's pr1nciple, have been • 
, 

developed using ind1cator substances not excreted or metabb11zed by the --

liver but al.ost completely ~Ved dur1ng'one passage through the k1dneys 

or. the ·lUngs. G F~rst'used i~sheep (47.48) and dogs (48), para'aminoh1ppur1c 

acid (nonnally removed by the k1dneys) vas cont1nuously infused 1nto a 
" ' distal mesenter1ç ~e1n and'its concentrat1ons dete~ined in portal and 

hepatic veins and in one peripheral artery. The Ftëk fo .... 1. w.s used to 
) , 

~st1mate the portal and total hep,tic blood flows and results correl.ted , 

" 

. ' 
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we1l with those obta1ned using Bradley's method for total)hepatic 

b100d flow. However, sources gf errors·could resu1t from high para 

aminohi~puric aCid, concentration in the arterial blood because of an 

incomp1ete extraction by the kidney, even in normal dogs, resulting 

in a high recirculation. 

This high arteria1 concentration was obviated with the 

use of Xenon, a substance a1most complete1y removed by the 1ungs during , 

a single passage, the extraction efficiency being over 95%. ln two . .. 
experimental studies, known amount of radioactive Xenon 133 was injected 

into the stomach (49) or the smal1 bowèl (50) and its concentration was 

determined simultaneously in the portal and hepat1c veins and 1n one 

'peripheral artery. Stone et al (49} compared simultaneous concentration 
Q 

of radioactive Xenon and used a derivative of the Fick formula to evaluate 

the portal flow as per cent of the total hepatic b100d flow in normal 

dogs. Results corre1ated well with those obtained simultaneously using 

electromagnetic flowmeters. Shizgal and Goldstein (50) found that the 

disappearance of the radioactive Xenon 133 from portal and hepatic veins 

plotted against time was exponentia1 and used· the slope of the concentration 

dec~ in the determination of f1ow5. Assuming that al1 Xenon injected in 
" 

the smal1 bowel was absorbed and passed up the portal vein, abso1ute f10ws 

were estimated using the Fick formula. 

These met~od5 can be ea511y app11ed to awakè men u51ng portal 

catheterizat10n via the umbH1cal cord combined w1th hepat1c catheter1-

zation (51). Strandel1 e~ al (52) descr1~d, in a prelim1nary report, 

a modification of these methods ùsing umbilicoporta1 catheterization -"th 

multiple catheters. FOllowing cont1nuous infusion of radioactive Xenon 133 , 

distally into the sp1ën1c or mesenter1c vein. portal blqod flow was estimated 
(' 0 " • 

us1~g samples col1ected proximal1y from the r1ght andlor the 18ft branches 
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of the portal veine Simultaneously, total hepatic blood flow was 

estimated using samples co11ected in hepatic veins. r------· 
.. il 

However, these studies did not demonstrate that adequate 

mixing of radioactive Xenon is a1ready achieved into the portal vein 

after a single injection into the lumen of the intestine or after 

cont1nuous perfusion 1nto one tributary of the portal vein. In our 

1aboratory we failed to obtain reproducib1e fdentica1 radioactive Xenon 

concentration in two different hepatic vein"s after continuous infusion 

into the crania1 mesenteric artery in dogs suggest1ng that, under these 

experimenta1 conditions, poor mixing of the Xenon occurred in the portal 

vein and/or the 1ntr~hepatic circulation (B. Mi11~tte, unpublished data). 

Some dilution methods have been devised to measure on1y 

the portal blood flow in men. Reich1e et al (53) used 1ipiodo1 drop1ets 

~njected ~nto the portal vein ,through an umbi1icoport~er. Portal 
1 

blood fl6w was estimated using the velocity of the drop1ets recorded on 

high speed cinef1uorography and the cross-sectional area of the portal 

~in assessed by biplane_portography. Dencker et al (54) i!timated portal 

blood f10w using ind1cator dilution curves from the portal vein after 

injection of 1ndocyan1ne green into the superior mesenteric artery. 

These methods are of limited interest since no information could be 

obta1ned s1mu1taneously concern1ng the total ~patic blood flow. 

Other non surgical dilution method~ have been described to 

evaluate the hepatic arterial or portal venous fraction of total hepatic 

blood flow in men. Ueda et al (55) used the hepat1c uptake o~ intravenousu 

rad1ogold mvasured by external sc1ntillat1on detector. They found that 

the hepatic accumulation of rad1ogold 1s b1phas1c with t1ma: the f1rst 

peak actfvfty was related to removed radiogold fl~ng through the hepat1c 

artery. and the second to removed radi ogo 1 d f1 ow1 ng through the portal va1 n. 

/ 
• - 1 
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,,, 

Hepatic arterial flow was calculated aS per cent of total hepatic blood 

flow using the ratio of the first peak activity (hepatic arterial infJow) 

over the second (hepatic arterial plus portal venous inflows). Nakamura 

~ et al (56) used radioactive iodinated serum albumin continuously infused 

into the pulmonary artery. Portal blobd flow as per cent of total hepatic 

blood flow was calculated from "plateau" concentration.J" the peripheral 

arterial and,hepatic vein radioact1vity curves. However, the determina­

tion of either the peak activities or the plateau"were difficult and these 
, , . 

methods requ1re further exper1mental controls before being used clinically. 

o 
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. 
either sex and weighing more than 10 Kg. used. Anima1s were anes-

th~tized with intravenous pentobarbita1 

bation was performed and the anima1s b 

pro10nged experiences, anesthesia was 

g/Kg). Endotrachea1 lntu-

hed atmospheric air. In 

jection of 10% of the initial anestheti dose per hour and in seme 

cases, respiration was assisted by a venti1ator using nitrous oxide 

(70%) and oxygen (30%). 

B ) II1èthods : 

a) Experimental design to va1idate the use of the 1nd1cator 
; .. .\ 

.. .<i 
di 1 ut; on method. . " 

In 5~ dogs, a 1eft ~nd a r~ght hepati,c veins were cannu1a7ed,. 

v.l a. the external jugu1ar vei ns using open ended polyethylene catheters 
n 

(No. 8F, 100 cm. 1ength, Reno Micro Precision, Montreal) wlth latera1 

holes. Following laparot~, a close ended polyethylene cathete~ 

(No. 8F, 100 cm. 1ength,.Reno Micro- Precision, Montreal) with lateral 

ho1es was positionned 1n the portal ve1n at the junct10n of the splenic 

and superior mesenteric veins via a caonulated splenfc tributary. The 

crania~mesenteric artery was cannula~ed using a po1yethy1,n~ catheter 
"-

(No. ~.7F, 65 an. 1ength, Cook Incorporated) via one femoral'.\artery 
o 

(f1g. 1). All catheters w~re pos1t1onned under fluoroscopic v1sual1zat1on 

(Medical T.V. Chain, Philips, type 67104/00/01) using radiopaque mater;al 

(Renographin 60, Squibb). The other femoral' artery was cannulated by 
• 

direct puncture w1th a small arter1al cannule (Cathon, IV, Jelco) ta 

. " 

, 
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FIGURE 1: SCHEMATIC DIAGRAM ILLUSTRATING THE POSITION OF THE 
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INJECTING AND SAMPlING CATHETERS IN OOGS (GROUPS A AND B) • 
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--.... 
recold b1ôod pressure usin~ a Sanborn pressure transducer. After 

Iii, .-

positioning of the catheters perfused with nonma1 saline (1 to 2 ml/min.), 
. 

heparin (10,000 units/hr) was given intravenously to a11 dogs • 
.. 

The indicators used were Evans Blue (E.B., T1824, 5 mg/ml, 

Warner-Chilcott) and Indocyanine Green (I.C.G., 1.25 mg/ml, Hynson, 

~escott and Dunning). Each single injection of the indicator f1.26 ml} 
, . 

ras performed using a dye dilution glass tube with a one way valve 
(j ...... , 

(Becto~-Dickinson) and flushed by la ml of blood or saline. Blood was 

withdrawn vi a the sampling"è~theters through two, Cuvette deflsitometers 
10... ,. 

(Waters densitometers, model XC250) using a Harvard pump (model 932) 

at a constant rate (22.9 ml/min.). The resultant curves of the dye 

concentration were photographically recorded on a multiple channel 

physiograph (Sanborn, model 350) at a paper speed of 5 mm/sec. Simul­

taneous estimations of flows were obtained fnom cardiac output computers 

(Lexington Instruments Company, mode1 C.O.C.) (fig. 2). The system was 

calibrated using heparinized blood standards with increasing dye concen­

trations (0, 2.5 and 5 mg/1). 

The animals were divided into two groups: one group of 

35 dogs (group A) where Evans Blue was injected, either into the portal 

vein (20 dogs) or into the cranial mesenter1c artery (15 dogs) and " 
o 

another group of 19 dogs (group B) where Indocyanine Green was injected . , 

either in the portal vein (6 dogs~ or into the crantal mesenteric artery 

(13 dogs). In a11 dogs, blood samples were withdrawn fram one right and 

one 1eft hepatic ve1ns. The surface area of the dye dilution curves ' 

obtained were corrected for reci'rculation by extrapolation of the 

~ownslope to the basel1ne on sem11otar1thm1c pepere Calculat10n of flows 

f~ the corrected surface area was ca.puted by an 011vett1 Underwood 

calcu1ator (Programma 101) us1ng the formula: 
J • 

, , G .. 

., 

/ 
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FIGURE 2: SUllLTANEOUS· INDICATOR DILUTION' CURVES RECORDED ON 

PHOTOGRAPHIe PAPER FR(Jf ONE RIGHT AND ONE LEFT HEPATIe VEINS 
, 

AFT~R INJECTION OF EVANS BlUE INTO THE CRAMIAL. MESENTERIC 

.... ARTERY. AT B01'1l»1. DEFLEXION RECORDfD SV THE CARDIAC . 
.. . ~. 

OUTPUT COMPUTER. 

~o 

~r;,.>:~I,~ '._ l "Ir},.. ''''~'' 
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F (L/mi,n.) .. 60 l:~ q 

Q 0 .. quan~1.ty of dye injected {mg} 

Ee .. sum of the dye concentration at one 
second interval (mg/L/sec.) 

At the beginning of each experimenta1 protocol the 
/\ 

re11ability Qf ,the electronical set-up was tested by comparing flows 

~eeordeq serially'by the two densitometers fram one hepatie veine 

Sixt Y four (64) serial flows were obta1ned using Evans Blue and 37 

usfng Indoeyanfne Green. No significant difference was found between 

paired flows a~d the mean difference was 5.0% (0 to 21.8%). 
,Jo' 

In group A,using Evans Blue~62 experiments were recorded 

after injection into the portal vefn and 54 after injection 1nto the 

cranial mesenterie artery. In group B,using Indocyanine Green,4l expe-
• riments were recorded after injettion into the portal vein and 64 after 

injection fnto the cranial mesenteric artery. 

b) Estimation of the portal and total hepatic blood flows 'by 

electroma' nette flowneters and CrSl red blood cell"s dilution curves. 

Experiments were perf, rmed in 34 dogs. The cranial mesenteric 
, , 

" artery. the 1 eft branch of portal vein, a left hepat1c vein, and when 

possible, a right he pat c 've , were catheterized under fluororsop1c 

visual1zation using radiopaque materia1 •. The hepatic veins were eannulated 

via ,the exte~al jugu1ar veins, us~ng open ended polyethylen~ catheters .. 

(No. 8F, 100 cm. length, Reno Micro Precision, Montreal) wfth l.teral holls. 

The 1eft branch of the portal vefn was then caonulated through the pancraat1-
- ....... "" 

coduodenal vein by laparotœy usfng 'an open en~ polyethylene catheter: . . ... -
(No. 8F, 100 cm. length, Reno Mfcro Precision, Montreal) wfth lateral 

~ li. • 

holes (fig- 3). All catheters .. re perfused w1th sa11ne <1 to 2 .1/_1n.). , . 

, , 

~ ~, 'f 
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1

, 
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FIQJ~E 3: SCHEMATIC DIAGRAM ILlUSTRATING THE POSITION OF THE 

INJECTING AND SAMPLING CATHETERS AND OF THE 

ElECTROMAGHETIC FLOW PROBES •. 
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The hepatic artery was 1s01ated a10ng the lesser curvature of the . 
stomach. and the nerve plexus was carefully preserved for the ·posi­

tioning of a ca11brated flow probe (2 or 3 mm, Micron Instruments). 

-30-

The pancreatièoduodenal artery was th en 11gated to insure that the 

l1ver total arterial flow was measured. The portal vein was then 

1solated before its junction to the pancreaticoduodenal vein, for the 

positioning of a calibrated flow probe (6 or 7 mm, Micron Instruments 

(fig. 3). No accessory hepatic artery was found in any doge All dogs 

received 1ntraveno'us heparin (10,000 un1ts/hr) after posit1on1ng of t~e 

catheters and probes. 

1) Electromagnetic flowmeters. 

Flow probes measurements of hepatic arterial ~nd portal 

flows were analysed by two square wave electromagnetic flowmeters 
,. 

(Micron Instruments. Re 1000) and recorded on the multiple channel 

physiograph. The zero levels, directly obtained in flowmeters without 

occluding the vessels, were validated at the end of each experiment 

either by occluding the vessels or by taking measurements after 
,", 

cessat10n of flows at death. The error of the flC*meters was within 

6%. as ver1f1ed by the blood collection method. Total hepatic blood flow 

was calculated by the sum of the s1multaneous recording of hepat1c arterial 

and portal venous blood flows. 

11) Indicator dilution method. 

Portal and total hepat1e bloo4 flows were ealculated by 

the Stewart H.nton method after a s1ngle injection of an 1nd1eator' , . 
into the cranial tnesenterfc artery. Portal bl00d flow was" ca1eulatecl 
, . 
using the 1nd1eator dilution curve (IoD.C.) ol?tafned fraa the 1eft branch . , 

of the portal vetn and total hepat1e blood 'f1ow was calculated b1 51.,1," 
, . 

taneous I.D.C. frclll hepatte v.1nts}. Th.e hile --.t of ind1cator was 

, ~ 

• 

.. 
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first analysed in the portal vein and then in one or two major 

hepatic veins • 

In these experiments, Indocyanine Green was used to 

control the position of the catheters by direct recording of curves 

on photographie paper as described in paragraph B (fig. 4), but was 

not chosen as indicator because of 1ts metabolic interactio~ with 

llver cells. 
• Therefore, a chromium 51 1abe11ed auto10gous red,b100d 

cells (Cr51 R.B.C.) suspension (250 pc/15 ml.), prepared aeeording 

-31-

to Wagner (57) (with three washings) was chosen as the ideal indicator 

as it gives, after sudden injection, a sharp peak, making ft eas11y 

dissociable- fram recirculation (38). After instantaneous injections 

of known volume (2.5 to 5 ml) of Cr5l R.B.C. into the cranial mesenteric 

arter,y, the catheter was flushed with 10 ml. of blood or saline. Known 

volume (0.4 ml) of the same suspension counted on an automat~ g~ 

counter {Nuclear Chicago, model JOO} were used as standards. The use , 

~ 'of identical catheters for all samples prevented distortion (58), as 
'1 

well as ~ use of a peristaltic pump (Harvard apparatus) at a fixed 

f10w (30 ml/min.). Semples were collected into three serial collection 
. -

racks running at a constant speed of 1 tube per second (fig. 5). The 

st'andard volume (0.4 ml) was withdrawn front elch tube, counted separately, 

and results were plotted on semilogar1thmic paper (f1g. 6). Extrapolation 

of the downslope to the baseline, correction for the background, expression 

of c.p.m. (counts per minute) per ml and caleulation of flows were computed 
, 1 . 

by a Nang calculator. 
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FIGURE 4: SIMULTANEOUS INOICATOR DILUTION CURVES RECORDED FROM 

TRE PORTAl VEIN. (PY ... IOC). A LEFT. HEPA1'IC VElM (LHY-IDC) 
.. t " 

AND A llGHT HEPATIC VEIN (RHY-IDC) AFTER INJECTlœ OF 
• • lA 

INOOCYANINE GREEN INTO THE CRANIAi. MESENTERIC ARTERY. 

, . 
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FIGURE 5: PHOTOGRAPH SHOWING THE PERISTALTIC PUMP AND THE . 

, 
o 

THREE SERIAL COLLECTION RACKS USED FOR THE SAMPLING 
. 

FROM PORTAL AND HE~ATIC YEINS. 
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40 

FIGURE 6: SIMULTANEOUS INDICATOR DILUTION CURYES (I.D.C.) REPLOTTED 

ON SEMILOGARITHMIC PAPER AFTER INJECTING Cr51 RED BLOOD CELLS 

(Cr51 R.B.C.) INTO THE CRANIAL MESENrERIC A~ERY. 
PV-IDC: IDC OBTAINED FRoM THE LEFT BRANCH OF THE PORTAL VEIN 1. ' 
~HV-IDC: IDC OBTAINED FROM A RIGHT HEPATIC VEIN 

LHV-IDC,: IDC OBTAINED FROM A LEFT HEPATIC VElM 
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Flows.were calculated using the formula: 

F (ml/min.) - 60 I:~ Q 

Q - quantity of CrS1 R.B.C. 1njected (c.p.m.) 

EC - sum of the CrSl R.B.C. concentration 
(c.p.m./ml/sec. ) 

The anima1s were divided into 4 groups (,able 1): one 

group of/19 dogs (group C) with normal double supply ta the liver by 

the hepatic artery and the portal vein; one group of 5 dogs (group o) 

with the hepatic artery ligated along the lesser curvature of the 

stomach so that only portal blo~d could enter the liver;'one group of 
~ 

5 dogs (group E) 1n which the effects of the rad10paque material, , 

fnje~ted while positioning the variaus catheters, probes and ligatures, 

were studied; and final1y one group of 5_ dogs (group F) in which the 

effects of the surgical manipulation of hepatic artery and portal vein . 

were studied. 

In group C, 40 experiments and 1n group Dt 9 exper1ments 

were recorded w1th slmu1taneous determinatfon of flows using I.D.C. and 
./ 

flowmeters. In the 27 experiments of group C and 7 of group 0, total 

hepat1c blood flow could be est1mated by averag1ng the total hepat1c blood 
" 

flows measured fram one r1ght and one left hepat1c veins. This was 

impossible 1n 13 exper1ments of group C and 2 of group 0 where only a 
..-

.' left hepat1e vein eould be catheterized. Each ex periment was perfonned 

OOly when flows recorded by flONlK!ters were stable at least for 5 minutes; 

when several exper1ments were made on the seme dog, at least 15 minutes 

separated each sueeess ive procedure. . 

In group E, all catheters were pos1tioned under fluoroscoptc 

visualftat10n but withou~ us1ng rad10paque mater1al. The arterial catheter 
"'-was left tnto the abdominal aorta. the jugulaI" catheters tnto the vena cava 

,.. 
j, 
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'j_ft 'ra. A.H.V Incl L "V (27) 
b f ... L.H.Y (13) 

Port.1 blOOd flow (9) lIId total 
IMtpatlc blOOd flo. 'l-n 'ra. Il H V. and L H Y. (7) 
b 're. L.M Y (2) 

Cardhe output. 

Portal blOOd flow and total \l'PItle 
blood flow 're. Ut.v. (') . 

Portal blOOd flo. lIIId total IMtpatle 
blOOd flow , ... L.M.v. (9) 
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1 • 

and the pancreaticoduodenal vein into the portal vein. Hepatic arteria1 

and portal venous b100d flows were measured using electromagnetic flow­

meters and cardiac output using I.D.C. from the aorta after injection 

of the indicator into the inferior ven a cava. Hepatic arterial blood 
'" f1ow, portal venous blood f10w and cardiaë output were measured simul-

taneously during the control state and during two successive periods of 

30 minutes following injection of 50 ml of radiopaque material (Reno­

graphin 60, Squibb) through various catheters. 

In group Ft catheters were positioned into a left hepat,ic 

vein, the left branch of the por.ta1 vein and the cranial mesenteric 

artery, under fluoroscopic visualization but w1thout using radiopaque 

materia1. In a11 dogs, one or two successive measurements of portal and 
i' - t 

total hepatic bloOd~flows were performed uSing I.D.C. before positioning 

of the probes on hepatic artery and portal vein (8 exper;ments). Then, 

15 minutes after positioning of the probes, one or two successive measure­

ments of flows were recorded simultaneously using I.D.C. and flowmeters 

(9 exper1rnen-ts). (1 

c) Evaluation of Indocyan1ne Green as indicator for the estimation 

of portal and total hepatic blood flows. 

These experiments were performed to evaluate the Indocyanine 

Green used to control the position of the catheters by d1rect record1ng 

of curves on photographic paper. 
C> 

1) Comparison between Indocyanfne Green-I.D.C. and electromagnetfc 
Il 

~t' 

f1 CMnete r.s-• 

Twe.tL"ty :n1ne (29) experiments were perfonned in 9 d09S 
o 

(group G) prepared as desartbed 1n group C. Portal and total hepat1c 

blood flows were measured s1Mu-ltaneously us1ng electrOlQlgnet1c flowmeters 

o 
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and Indocyanine Green-I.D.C. (as described in paragraph 8b). In all 
, 

dogs, using~I.D.C., total hepatic blood flow could be estimated by 
o 

a~eraging the total hepatic blood flows measured simultaneously from 

one right and one 1eft hepatic veins. 

11) Compariso~ betw;en Indocyanine Green and CrS1 R.B.C.-indicator 

dilution curves. 
fp 

-
Thirty two (32) experiments were performed in 12 dogs 

(group H) to compare simultaneous 1.D.C. obtained after injections of 

a mixture of Indocyanine Green and CrS1 R.B.C. The Indocyanine Green 

concentration of the mixture was calculated from the amount of dye 

d1ss01ved)in a known volume of saline and added to a known volume of 

CrS1 R.B.C. sus'pension. CrS1 R.B.C. conce~tration was estimated from 

, counted. standards of the mixture (0.4 ml). -A- known amount of the 

mixture was injected into the cranial mesenteric artery. and btaod samples 

were withdrawn using a peristalt1c pump (30 ml/min.) through the èuvette­

densitometer and collected into two serial collection racks. Portal 
, -

and total hepatic blood flows were calculated, as described in para-

graph 81, from I.D.C. obtained simultaneously using Ind~~L--1G~r"'elOen-Ii-----:=-===-=---­

and CrS1 R.B.C. from' the left branch'Qf the portal vein and a left hepatic 

vein. In 6 experi~Qts (3 dogs). cardiac output was calculated us1ng I.D.C. 
. " 

obtained from the abdominal aorta after injection into the infer10r vena cava. 

d) Es'timation of the sinuso1dal fraction of portal b100d flow. 
t 

1) Background. 

Injected CrSl R.B.C. are not metabolized or excreted by 

the l1ver and they are almost completely recovered in the hepatic 
;> 

veins (38). The, remain in the vascular space and therefore may be 

used as a vascular reference substance (38). 
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1125 albumin microaggregates (1 125 A.M.A.~, a colloid 

almost completely pha~ytized during one passage through' the hepatic 

reticuloendothelial system (R.E.S.) (59) can be adtled to the Cr5l R.B.C. 
, t 

suspension injecteq into the cranial mesenteric artery. Theoretically 

this indi/cator (1 to '5 ~) should flo\>, freely through the splanchnic 

capillary system. Portal J.O.C. could then be obtained and us'ed to 

measure.portal blood flow. Since this indicator is removed by the 
(f 

hepatic R.E.S., the hepatic I.O.C. could not be ,utilized to evalu'ate 

the total hepatic blood flow. However, the hepatic extraction efficiency 
125 1 

of f A.M.A. 'flowing through the portal ve~ could be measured by 
, '1 

cornp~ring hepat~c and portal curves obtained simultaneously with bath 

;nd;cators and expressed as per cent of portal blood flow. 

In the f~llowing exper;ments, the amount of injected 

colloid (less than 1 mg) is well belO\'I the repot"ted cri~ical dose, under . " 

whic~ all partiçles entering theCsinusoids should be totally phagocytized 

by the hepatic R.,E.S. <t~~ing one passage (28). 
125 . 

If sorne L~, ~\.M.~are 

not phagocytized, the I.D.C. obtained from hepatic veins could be related 
-

to a fraction of portal blood flow bypassing the sinusoidal Kupffer cells 

because of intrahepatic~o-hepatic shunts ,(27). Therefore the hepatic . 

e;traction effidency cou"ld be uti~ized in~e estimati'on of a sinu~dal 
. 

fraction of portal btood flow in dogs. 
J 

1) Methods. ~ 

. Faurt; four {44} experiments were performed in 15 dogs. In 
"f.' 

all df5gs, the cranial mesenteric artery, the left .branch of the portal vein, 

a left hepatic vein and, in 5 dogs, a right hepatic véin were catheter1zed 

under fluoroscopic visualization uSing radiopaque material. as prev1ous1y 

described in paragraph B. All catheters were perfused w1th saline (1 ta 
1> 

2 ml/min.) and heparin (10,000 u/hr) was administered intravenously after 

positioning of the catheters. 
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Portal.blood flows~were calculated using I.D.C. obtained 

from the left branch of the portal vein and total hepatic blood f10ws 

were ca1culated by simultaneous I.D.C. from hepatic vein(s) after a 

single injection of the indicator mixture Jnto the crania1 mesenteric 

artery (fig. 7). The indicator mixture qpntained CrS1 R.B.C. and 

1125 A.M.A. and the vo4ume injected in each experiment was 2.7 ml: 

using a dye ~lution glass tube. 'acked CrS1 R.~.C. were.prepared as 

" descri'bed in paragraph 'B. 112-5 A.M.A. were prepared according to 

Kitani and Taplin (60): 0.1% 1125 labelled a1bumin a~ pH 5.2 was 
1 

heated at 1000C for 3i min. with Sh~king ~ch pro~uced aggregates 

of la to 15 microns. After coo1ing at the room temperature, the 

suspension was u1trasonicated for 5 min. to reduce aggregate size to 

l to 5 microns. More than 90% of the radioactivity was removed.from 
b 

" 

the suspension by centrifugation at 3,000 r.p.m. for la min. Particles 

of l to 5 microns were readi1y visible microscopical1y and their size 
" 

distribution was control1ed for each preparation using an hemat~cytometer 

(fig. 8). Blood was reconstitued by adding to packed Cr51 R.B.C., S'ml 

of microaggregate suspension and isotonie'sa1ine so that each single 

injection contained less t~an 1.0 mg of 1125 a1bumin (usual1y 0.88 mg)~ 
After instantaneous injections of the known volume of the 

J 
mixture solution into the crania1 mlsenteric artery. the catheter was 

, 
speed of 

jth 10 ml of blood or saline. ~es werevcol1ected using a 

'pump" (30 ml/min.) into serial l'collection racks running at a 
, ' 

.... 

tube per second. Known volume (0.4 ml) was withdrawn from the 
• 

~ injection mixture (used as standards) and fram each tube were counted .. 
separately on an automated gamma counter (Huclear Chicago model 300) in 

~ two channels of apprQpr1ate energy (Cr51 and 1125). ""lhe act1v1ty 'due ta 

'" each substance was corrected us1ng appropr1ate standards. In arder ta 

.. 

"> . 
,L. ,_ :,.'~.~.' .. :.~ .. :~:;j~~~~ 
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FIGURE 7: SCHEMATIC DIAGRAM ILLUSTRATING THE POSITION OF THE 

INJECTING AND SAMPLING CATHETERS USING 1125 "ALBUMIN ' 

MICROAGGREGATES (1125 A.M.A.) . 

. ', 

-41-

.. .. 



-42-

., 
1 

, 
: ' 

" 
1,,-

" ~ 
FIGURE 8: MICROSCOPIC ASPECT OF A DILUTED 1125 ALBUMIN 

MICROAGGREGATES PREPARATION (1/5) ON HQtATOCYTfJltETER: 
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provide a basis f~ comp4rison between indicators, the total amount . ~ . 
of each indicator~injected was defined as 1 unit. The activity 
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(~.p.m.) 'recorded in each tube and for each indicator (Cr51 and 1125) 

was'divided by ~he.total amou~t of activity injected (Cr51 or 1125) and 

cdrrected to ml. The'resu1ting numbers were an expression of the 

outf1ow fraction of the injected mass per ml of b100~ and were plotted 

on semilogarithmic paper against time (38). Correction for the over­

laping activity between indicators'and for the background, expression 

of the fractional recovery per ml, extrapolation of the downslope ta 

the baseline and calcu1ation of f10ws were computed br a Wang ca1cu1ator 

(mode 1 ?OOB). 

F10ws are calculated using the formula: 

F - 60t~ Q (1) 

where both terms are divided by Q in order to compare 

indicators: 
OF _ ~ 

, ) t'tf 

F (ml/min.) - ~ 
lf 

(2) 

(3) 

. 
51 125 Q - quantity of Cr R.B.C. or 1 A.M.A. injected (c.p.m.) 

te - Cr51 R.B.C. or 1125 A.M.A. concentration at one second 
interval ic.p.m./ml/sec.) 

t& - sum of the outflow fractions of 1njected mass (ml/sec.) 

The results of a multiple indicator dilution exper1ment are 

111ustrated in figure 9. The I.D.C. obta1ned from the portal ve1n were , 

almost 1denticàl w1th CrS1 R.B.C. and 1125 A.M~A. suggest1ng that almost 
• 

a11 microaggregatesi injected into the cran1al mesentér1c artery appeared . 
! . 

in the portal blood. However. the I.D.C. obtainecl froni hepatic ve"n' were 

__ , _" ,1' 
\ .~... .,,"r~ J ~ "'1. t,. ~Jl''''( 

. ," 
~ ft"'''~l 

" , : 
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• • PV-Cr&1 RBC-IDC 

0---0 PV-112& AMA-IDC 

.. -----. HV-CrlS' RBC-IDC 

o------'Q, HV-1121S AMA-IDC 

25 30 

FIGURE 9: SIMULTANEOUS Cr51 RED BLOOD CELLS-I.D.C. (Cr51 ,RBC-IDC) 

AND 1125 ALBUMIN MICROA66REGATES-I.D.C. (1125 AMA-IDC)" 
• I..! <,1< 

OBTAINED FROM THE LEFT BRAHCH OF THE PORTAL VElM (P.V.) 

AND ONE LEFT HEPATIC VEIN (H. V.) AFTER A 50tGLE INJECTION 

INTO THE CRANIAL MESENTERIC ARTERY. 

, . 
, ;} :~H~i: t t'~i.~~~:~.~ -,~ ~~~2~ t.~~;t )\. ~" Ir> ~::'~1~, :'~~W~;::!L~f.r~~~~/J~ 

- - ---, 
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strfkfngly different. the 1125 A.M.A. curve be1ng small in relation 

to the reference red cel1 curve. These f1ndfngs ind1cate that a 
, " 

large proportion of this mater1al was irreversibly removed by the 

liver during A single passage. 

Interpretation of data. 

Theoretically. if ~o remova1 of 1125 A.M.A. occurred 

during the passage.through the liver. the ratio between the hepatic 

vein curve area (H.V.)*and the portal vein curve area (P.V.) would be 

the same whether using 1125 A.M.A. (1) or Cr51 R:B.C. (Cr) assum1ng 

identical dilution of portal blood by the hepatic arterial blood 

for both indicators. 

Thus. theoretically. 

HV.I (wou1d be'equal ta) HV.Cr 
~ - PV.Cr 

and the "theoret1cal HV.I" wou1d be: 

"theoretical HV.I" - PV.I x ~~:~~ 

(1 ) 

(2) 

This value compared with the calcu1ated HV.I can b~ used 

to estimate the hepat1c extraction efficiency (E) of the injected 

microaggregates f10wing through the portal vein: 
l _ ' 

E(%) • 100 x theoret~h:~ret1c~;lculated HV.l (3) 

then by combining (2) and (3) 

.or 

HV.Cr 
. PV.l x ~V Cr - HV.I (4) 

E(%) - 100 x RV:Cr 
PV.I x PV.Cr 

. . 
E(I) _ 100 x PV.l x HV.Cr - HV.I x PV.Cr 

PV.I x RY.Cr (5) 

whera each cUnWe are as can be directly ca1culated fram the.multiple 

indicator dilution curves. 

This hep,tic extraet10n eff1c1ency was exPNSSed as per cent 

* Curve area as recorded' bl fraction.l· recoYlrI ~iftst t1~.' , 
... ' ,. . .0.", .' •. " . .' '.~- :.".:"_>-::i;:,,,:-~,,:~,:.,;j:~:~~~~.;~~;~';·~.~t:.~;;ir1.,:: .. ';i\i-'; ! .. t,:'':rr.&:rt;'''',i>c.Y,B~.:E, .... ""I'~$'il 

. '. f ,~ 

• I!..:~ 
) ~ .,. " 

" \"" i7j 
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of portal blood flow and was used in the estimation of the sinusofdal 

_raction of portal blood flow. 

, In 11 experiments (5 dogs). total hepatic blood flC1ft and 

the sinusoidal fraction of portal blood flow could be estimated by 

averagfng the values measured sfmultaneously from one right and one 

left hepatic veins. This was impossible in 33 experiments (10 dogs) 
l' 

where only a left hepatic vein could be catheter1zed. 

In this work. correlation between pairs was.tested by 

the Pearson r test and the mean of fnd1v1dual d1fferences was tested ., 
\ 

by the Student t test for pairs (61). 

J. 

" 
t' 

'1: \' 
" ".!'~ 

, " 
/.,,\ 

< 
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2) RESULTS 
~ 

A) Experimental design to validate the use of the indicator dilution 

method. 

a) Group A. 

In this group, total hepatic blood flow was estimated 

simultaneously from one right and one left hepatic veins using Evans 
, , 
" Rlue as indicator. ,tn 20 dogs, 62 calculable pairs of curves were 

, A 

obtained after injection of the indicator into the portal vein (table 2). 

The difference between paired total hepatic blood flow obtained from 

one right and one left hepatic vein varied' between a and 48.2% {mean: 

10.6%) and no significant difference was found between paired flows 

(t: 1.549, p>O.lO) (fig. 10). In 15 dogs, 54 calculable pairs of curves , , 

were obtained after injection of the indicator into t~e cranial mesen­

teric artery (table 2)~ The difference between paired total hepatic 

blood flows varied between 1 and 25.6% (mean: 6.8%) and no significant 

difference was found between paired flows (t: 1.539, p>O.lO) (fig. 11). 

b) Group B. 
-

In this group, total hepatic blood f10w was estimated 

simultaneously from one right and one 1eft hepatic veins using Indo-

cyanine Green as indicator. ln 6 dogs, 41 c&lculable ~a1rs of curves .. 
were obtained after injection of the !ndicator into the portal vein 

(table 2). The difference between pa1red estimated total hepatic blood flows , 

varied between 0.8 and 35.3% (mean: 13.0%) and no significant difference" 
;> 

was found between paired flows (t: .627, p>O.10) (fig. 12). I~ 13 dogs, 

64 calculable pairs of curves were obtained after injection of'the indi­
fo , . 

cator into the cranial mesenteric artery (table 2). the di fference 

between paired estimatep total hepatic blood flow varied between 1.7 and 24.71 

1 
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FIGURE la: COMPARISON OF TOTAL HEPATIe BLOOO FlOWS OBTAINm ,)1 /' 
./ 

<..' • 

SIMULTANEOUSLY FROM ONE RIGHT AND ONE LEFT HEPATIC VEINS 

AFTER INJECTION OF EVANS BLUE INTO THE PORTAL VEIN (GROUP A). 

THE SOllD LINE IS THE LINE OF IDENTITY. 
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FIGURE 11: COMPARISON OF TOTAL HEPATle BLOOD FLOWS OBTAINED 
.J 

5lMULTANEOU5LY FROM ONE RIGHT AND ONE LEFT HEPATIC VEINS 

AFTER INJECTION OF EVANS BLUE INTO THE CRANIAL MESENTERIC 

ARTERY (GROUP A). THE SO~ID LINE 15 THE LINE OF IDENTITY. 
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FIGURE 13: COMPARISON OF ESTlMATED TOTAl. HEPATIC BLOOO FLOWS OBTAINED 

SIMULTANEOUSL y FROM ONE RIGHT AND ONE LEFT HEPATIC VtINS 

AFTER INJ~CTIaN OF INDOCYANINE GREEN IN THE CRANIAL 

-MESENTERIC ARTERY (GROUP B). THE SOLID LINE 15 THE 
r' 

LINE OF IDENTITY. 
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~an: 7.6%) and no significant d1fference existe~ between paired 
~ 

f10ws(t: 1.230, p>0.10) (fig. 13). 
1 

In summary, no difference was found between paired estimated 

total' hepatic blood f10wsobtained simultaneously'from one right and 

one left hepatic veins using Evans Blue or Indocyanine Green whatever 

the injection site in the portal vein or into the cranial mesenter1c 

artery. According to Shoemaker et al. (36) these findings va11date 

the use of the ind1cator dilutipn method for th~ estimation of~ the 

tota 1., hepa t ic b 1 ooj f1 ows • 

B) Estimation of portal and total hepatic b100d f10wsby electromagnetic 
51 f10wmeters and Cr R.B.C.-I.D.C. 

a) Group C . ./ 
7 

i) Total hepatic blood flow: 

In 40 experiments (19 dogs) mean total hepatic blood ., 

flows (mean±SE) estimated simu1taneously by e1ectro~agnetic flowmeters , 

and I.D.C. were respectively l,002±47 ~/min. and 1,070±63 ml/min. 
, ~ 

(table 3). A high1y significant correlation (r: ',801, p<O.OOl) and no 

significant difference (t: 1.817, 0.10>p>~) were found between paired 

f10ws {fig. 14). In the 27 experiments (14 dogs) where I.D.C. cou1d be 
• r 

obtained from one right and one 1èft hepatic veins, 'the mean total 

hepatic blood f10w (mean±SE) were 1.096±69 ml/min. (r1ght hepat1c ve1n) 
~ 

and 1,098±69 ml/min. (left hepatic vein). No d1fference (t: .047, p>O.10) 

was found between paired f10ws (f1g. 15). 

i1) Portal blood floW: 

In the same 40 exper1ments,- mean portal bloodo flows 

(mean±SE) estfmated simultaneously by flowmeters and. I.D.C. were respec­

t1~ely 858±45 ml/nnn. and 918±55 ml/min. (table 3). A h1ghly ~1gn1ficant 

~ 
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58&57 (II 1/1111 n ) 

Cr51 R.B.C. DILUtiON CURVES 

1070163 (ml/ml n) 

918155 (ml/min) 

85.611.1 (S) 

63h61 (lll/lIln) 

630t54 (1I1/_ln) 
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* correlation (r: .812, p<O.OOl) and no s1gn1f1cant difference (t: 1.874, . 
0.10>p>0.05) were found between pa1red flows (fig. 16). 

111) Portal fraction of total hepatic blood flow: 

The ratio of the portal over total hepat1c blood flow was 

calculated us1ng s1multaneous measurements by flowmeters and I.O.C.~ 
:!t~, 

Wh en consider1ng th1s ratio, values for the 40 experiments varied 

between 63.0 and 96.7 (mean: 85.2%) uSing fl(M1'1f!ters and between 69.2 ' 

and 96.8% (mean 85.61) us1ng I.D.C. (table 3). A h1ghly s1gn1f1cant 

correlation (r: .776, p<O.,OOl) and no d1fference (t: .554. p>O.lO) were , 
found between paired f10ws (fi g. 17). 

b) Group D (ligated hepatic artery). 

In these dogs, only portal b100d flow enters the l1ver 

so that portal blood flow equals total hepat1c blood flow. Indeed, in 

9 exper1ments (5 dogs). R,M!an portal blood f10w (estimated by flowmeters 

and J.D.C.) and mean total hepatic b100d flow (est1mated by I.D.C.) were 

nearly 1dent1cal (table 3). No difference existed between paired flows 

when comparing: 1) portal b100d flow (flowmeters) and total hepat1c 

blood flow (I.D.C.) (t: 1.419, p>O.10)j 2) portal bl~d f10w (flowmeters) 

and portal b100d f10w (I.D.C.) (t: 1.522, p>O.lO); 3') and f1nally, total 

hepat1c blood flow (J.O.C.) and portal ~lood f'ow (I.D.C.) (t: .080. 

p>O. 10). 

In the 7 exper1ments (4 dogs) 'where I.D.C,. c;ould be 
1 

obtai,e~ fram one r1ght and one 1eft hepatic veins, th~e was, as in 

nonna' s'~ no d 1 fference between pai red tota 1 hepa~1 c b 1 ood f10w (t: .560 t 

p>O. 1 0) • Mean total hepati c b 1 ood f1 M (mean±SE) were 657:t40 ml/mi n. ,\ 

(rfght hepatfc vefn) and 667±44 ml/mfn. (left hepatlc Yei~. 

'. 

-' 
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FIGURE 17: C(JWARISON OF THE PORTAL FRACTION OF ,TOTAL HEPATIC BLOOO 

FLOW OBTAINEO SIJlJLTANEOUSlY BY ELECTROMA6NETIC FLmMETERS 

(E.F.) AND CrS1 RED BLOOD CELLS INDICATOR DILUTION CURYES 

(CrS1 R.B.C.-I .D.C.) (GROUP C). THE SOLID tINE IS THE LUtE 

OF IDENTITY. ' . 
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c) Groue E. (effects of radiopaque ma~al loading) 
':60-

In these dogs, the effects of 50 ml of radiopaque ma­

terial on liver circulation and cardiac output were studied by com­

paring flows recorded dur1ng the control state and during the first 

30 minutes following 10ad1ng. The mean values were calculated using , 

at least three determinations in each period. Cardiac output, portal 

and total hepatic blood flows increased significantly a~ did the portal 

fraction of total hepat1c blood flow. However, no majer changes were 

observed in hepatic arterial blood flow (table 4). In all dogs, flows 

returned progressively to their preloading values between the 30th and 

the 60th minutes. 

d} Group F. (effects of surgical manipulations of hepat1c vessels) 

In 5 dogs. the effects of surgi cal manipulations of hepatic 

arter,y and portal vein were studiéd by comparing the' portal fractions 

of total hepatic blood flow obtained using Cr5l R.B.C.-I.D.C. before 

and after position1ng probes. Compar1son between absolute flows were 

not possible: difffculties wh11e cannulating the cranial mesenteric 

arter.y without radiopaque material resulted in variable 1055 of 1ndicator 

from exper1ment to exper1ment and overestimation of flows. However, the 

same amount of in4fcator was analysed fram portal and hepat1c vefns: no 

significant difference (t: .199, p<O.10) was found between pa1red portal 

fractions of total hepatfc blood flow estfmated simultaneously by flow­

meters' and Cr51 R.B.C.-I~D.C. after position1ng probes (table 5). 

In al1 dogs, the portal fraction varied between 84.8 and 

lOOS (mean: 91.21)' uSing Cr5l R.B.C • .t.I.D.C. before poS1tfonfng P~beS and. '-after th1s surgi cal .an1pulatfon. b.~en 76.8 and 88.61 ,(méan: 82.21) usfng 

Cr51; R.B.C.-I.D.C. and between i7 and,851 (mean: 81.81) usfng f1~ters 

,. 

(table 5). In .ach dog, the portal fraction decreasecl s1"ff1cantly , 

(t:' 4.248. p<O.025) whln compar1ng pafred values obta1nec1 uS1ng CrSl R.8.C .. '-1,D.C.;~' 
- ,~ 

before and after pes1t1on1nll'probes (..an: 9.91) (tabl. 5) •. , • ci 

., 
l'j 

., 
t;j 
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1) contrais 

b) Rldfoplque 
.. taril' IOlding 

Diff.rene. 
between a and b 

H.A.I.F. 
111/.'n 

18Z:t36 

,g3t~ 

+6.01 

ELEC!R!N@!ETIC FLQW;TERS 

P.I.F. 
.l/llin 

725t62 

1157191 

+59.61 

907t90 

l3SOt128 

+48.81 

P.F. 
1 

SO.4t2.4 

86.h1.3 

+7.21 
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INOICATOR DILUTION çUl!VES 

3.900 

6.890 

+76." 

H.A.I.F.: ~t1e IrteMll blood flow. P.I.F.: portaJ-tllooc1 flow. T .H.I.F.: total "'patie bloocl flow 

P.F.: portal friction of htpatfe bloocl flow. C.O.: cardile OIitput. 

(5 dop .. lghing 19.hO.1 Kg.) 

TAlLE 4: EFntT5 OF 50 .1. OF RAOIOPAWE MATEIUAI.. 01 LIWEI CIIICUlATIOII AllO, 

\ CAllDIAC OUTPUT III FlYE oœs (CIOJP El ~S(). 
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-/~ 1 

Itfore poslttontng 
probes 

b) Afttr posl tlonlng 
probes 

Difference 
between 1 and b 

P.B.F. (lill/Min) 
CrS1 R.B.C.-I.O.C. E.F. 

1412:t173 

1091:t 161 779:t53 

-22.71 

51 Cr R.B.C.-I.O.C. E.F. 

1537t161 
t? 

1326:t123 

-13.71 

95D:t61 

P.F. (1) • 

CrS1 R.B.C.-I.O.C. 

91.2:t2.2 

82.2tl.0. 

-9.91 

P.I.F.: portal blood flow. T.H.B.F.: totll hepatlc blood flow. P.F.: portll friction of totll hepatlc 

o 
81.B:t 1.2 

blood tlOW. Cr51 R.B.C.-I.O.C.: Cr51 rad bl00d cells-1ndlcltor dilution curVlS. E.F.: .1.ctrœaegnetfc fl~ttrs. 

o 

, ;,,4,,: 

TAlLE 5: EFFECTS OF THE SURGlCAL. IWlIPULATIOHS OF HEPA'I1C ARTERY MO PORTAl. VElM 

IIIILE POSITIOIII'" PlOIES 011 UYER CIRCULAT\ON lM 5 DOGS (_IJItSE). 

(.,." F) 
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C) Evaluation of Indocyanine Green as indicator-for the 

estimation o~ portal and total hepatic blood f10ws. 

a) In group G, f10ws were estimated simu1taneous1y ~sin~ 

Indocyanine Green dilution curves and e1ectromagnetic f10wmeters. 1 

;} Total hepatic blood flo\'/: 

-63-

In 29 experiments (9 dogs) mean total hepatic blood flow 

{mean±SE} estimated simultaneously by electromagnetiç flowmeters and 

I.D.C. were respectiyely 1,094±38 ml/min. and 1,129±48 ml/min. (table 6). 

A significant co~relatkon (r: .716. p<0.0011 and no significant difference 
.-' 

(t: 1.035, p>0.10) were found between paired flows (figure 18). In all 

experiments I.D.C. coul~ be obtained si~ultaneously from one right and 

one left hepat;c ve;ns. The l11ean estimated total hepatic blood flows (mean:!:SE) 
\ 

were 1 ,119±50 ml/min. (right~~epatic vein) and l,12h45 ml/min. (left .. "), -~ ,. 

hepatic vein). No significant difference was found between paired flows 

(t: .121, p>0.10) (fig. 19). 

ii) Portal b100d f1ow: 

~In the same 29 experiments, mean portal b100d flows 
-

(mean±SE) estimated simu1taneous1y by. f10wmeters and I.D.C. were res-

pective1y 907±41 ml/min. and 1,024±44 ml/min. (table 6). A signif1cant 
fi 

correlation (r: .849, p<O.OOl) was found between paired 'flows. However, 
.' 

a significant difference was founl-betweén paired flows (t: 4.922, p<O.OOl) 

(fi g. 20). 

111) fina1ly, the portal fraction of tqtal' h~patic blood flO\'l4Was. 
. -calculated from the ratio of the portal over total hepatic blood flow. 

, . 
for bath flows, simultaneous measurements were made using flowmelers and 

I.O.C. Wh en considering this ratio, values for the 29 experiments varied 

between 69.0 and 95.0~an: 81.9%) using flowmeters and between 69.0 

and 110.OS (mean: 9~.9%) us1ng I.O.C. (table 6). A s1gn1ficant d1fference 

" 

.. , 
,i,. _'", 1 ' .f ~ f .. ~~",. , .. ~ "" 
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ToUl hepatl0 
blood flow 

Portl' blood 
flow 

, Portll frlctlon of 
total llepatlc blood 
flow 

n* 

29 

29 

29 

• .... r of patred txpert..nts 
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ELECTROMAGHETIC FlOWMETERS I.C.G. OILUTlOfI CURVES 

907t41 (1I1/lIln) 

81. 9t2.2 (1) 91. 9t1. 4 (1) '" 

TAllE 6: fLOWS MD FRACTIOMI. LlVEIt .. 000 FlOII OITAIE 

IIIDOClMI. 81[(1 (I .C.C.) DIWTICII cums 
( .... C) ( ..... SE). 
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TOTAL HEPATIC BLOOD FLOW L/mln (E. F) 

FIGURE 18: COMPARISON OF TOTAL'-I;fEPATIC BLOOD FlOWS OBTAIHED 

J 
" 

SIMULTAN~OUSLY BV ELEC:TROMAGNETIC FLOWMETERS (E.F.) AND 

IHOOCVANINE GREEN INDICATOR~ILUTION CURVES (I.C.G.-I.D.C.) 

(GROUP G). THE SOLID LINE IS THE LINE OF IDENTITV. 
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20 

~ ( 

FIGURE 19: COMPARISON OF ESTIMATED TOTAL HEPATIC BLOOD FLONS OBTAINED 

SIMULTANEOUSLf FROM ONE RIGHT AND ONE LEFT HEPATIC VElM 

_~-r . . "'- AFTER' INJECTION OF INDOCYANINE GREEN INTO THE CRANIAl.. 

" 

MESENTERIC ARTERY (GROUP G). THE SOLID LIME IS THE LINE 

OF IDENT ITY • 

- . 
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FIGURE 20: COMPARISON OF PORTAL BlOOO FLOWS OBTAINED SIMULTANEOUSLY 

SV ELECTROMAGNETIè,FlOWMETERS (E.F~) AND INDOCYANINE GR~EN , 
1 ' 

INOICATOR .DILUTION" CURVES (I.C.G.-I.O.C.) (GROUP.G). THE 
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• c 

l, / ,'" • c 
J, 

~ 

~ 

IIII! ' • • 0 ,. 

1 

.: I./' 1 

.,. j 



o 

f 

" ' 

) 

Cr: 4.259, p<O.OOl} and no éorrelation Cr: .296, p>O.lO) were found 

between paired~portal fractions of total hepatic blood flow. 

b) In group H, f10ws were estimated'simultaneously us1ng 

Indocyanine Green and Cr51 R.B.C. dilution curves. 

i) Total hepatic blood flow: 
" 

Mean total hepatic blood f10ws (mean±SE) were 

1,334±64 ml/min. -using Indocyanine Green and l,225±70 ml/min. us1ng 

-68-

51 Cr R.B.C. {table 7}. A significant correlation (r: .734, p~O.OOl) 

was found between paired f1ows. However, a signif1cant difference 

(t: 2.216, 0.05>p>O.025) existed between paired total hepat1c b100d 

flows (fig. 21). 

11) Portal blood flow: 

Mean portal blood flows (mean±s() were 123Q±52 ml/min. 

us1ng Indocyanine Green and 1,034±6l ml/min. using CrSl ':~.B .. C. (tabl,e 7). 

A sign1ficant correlation Cr: .776, p<O.OOl).was found between paired 

, flows but a h1gh1y s1gn1 ficaht di fference (t: 5.038, p<O.OOl) existed 

between pa 1 red porta 1 b 1 ood f10ws (fi g. 22). ' 

li1} Portal fraction of total hepatic blood flow: . ~ ~ 
il . ' ~ , 

The portal ,.fraction of total hepatic b100d flow va~1ed 

between 61.9 and 134.9% (mean: 94.47%) using Indocyan1neGreen and 

between 61.7 a~d 9S.5%,{mean: 84.6%) us1ng CrSl R.B.C. {table 7}. A 
l,' '"' 

corr~lation Cr: A69, p<O.Ol) was found between pa1red values but again 

a signif1cant,difference (t: 3.833, p<O.OOl) existed between paire~ , ~ 
, <. t 

portal fractions of total h~atic b~ood f1ow. 
,. 

i 111 ) Card1 ac output: p' . ", 
v ( In 3 dQgs of th1s 9roup, 6 measurements of .card1,ac output 

were performed using s1multane6usly'Indocyanine Green and CrS1 R.B.C. 
... r t.. ~ 

o , 

l ' 
, 1 

" ••• .!) 
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ToUl htp.ltl c 
blood flow 

Portll b 1 ood 
floW 

Parti 1 friction of 
tOUI .neplti c_ b load 
flow 

n* 

32 

32 

32 

I.C.G.-DILUTION CURVES 

1334t7S (ml/mln) 

1230t52 (lOI/min) 

94.4t2.9 (1) 

erSI R.B.e. DILUTION eURVES 

1225t~O (,l/~ln) 
1 

1 

1 

1034t61 (1I11/~ln) 

~.6tl.4 (1) 

* NUlliber of p.ll red experlments 

o 

TABLE 7: FLOWS AllO FAACTlONAL L IVER BLOOD FLOW 08TAINED 

SJMULTANEOUSLV BV INDOCYANINE GREEN (I.C.G.) DILUTION 

CURVES AND CrS1 RED BLOOD CELLS (CrS1 R.B ~ ) DILUTION 

CURVES (GROUP H) (~.ntSE). 

\ 

'. 
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FIGURE 21: COMPARISON OF TOTAL HEPATIC BLOOD FLOWS OBTAINED 

SIMULTANEOUSLY BV INDOCYANINE'GREEN INDICATOR DILUTION 

CURVES (I.C.G.~I.D.C.) AND CrS1 RED BLOOD CELLS INDICATOR 
o 

. 51 
DILUTION CU~VES (Cr R.B.C.-I.D.C.) (GROUP H). THE SOLID 

c •• LlNE IS THE LlNE Of. IOENTITY. 
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SY INDOCVANINE GREEN INDICATOR DILUTION CURVES (I.C.G.-I.D.C.) 

AND CrS1 RED BLOOD CELLS INDICATOR DILUTION CURVES 

'(CrS1 R.B.C.-I.D.C.) (GROUP H~. THE SOLID LINE IS THE LINE 

OF 1 DENT ITV • 
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The difference between pa1red values var1ed between 15.0 and 26.0% 

(mean: 20.8%) with • .in all cases, a higher estimation of cardiac 
, , 

output when us1ng Indocyanine Green. 

D) Estimation of the sinusoidal fraction of portal blood flow. 

a) Portal blood flow: 

-72-

In the 44 experiments, portal blood flow was estimated 

using Cr5l R.B.C. dilution curves (tabl'e 8). When compared to Cr5l R.B-.C., 

used as a vascular reference substance, the portal 'recovery of injected 

1'25 A.M.A. was 90.0±O.7% (meantSE). The loss of indicator resulted 

'in overestimation of portal blood flow using 1'25 A.M.A. in all cases 

(table 8 and figure 23). A significant difference was found between 

paired flows (p<O.OOl) and a highly significant correlation existed 

between paired portal b100d flows (r: 0.981, p<O.OOl). 

b) Total hepatic blood flows: 

In a11 exper1ments, total hepatic blood flow was 

estimated using Cr51 R.B.C. dilution curves (table 8). In 11 experi­

ments (5 dogs), flows were estimated simultaneously from one righ~ 

and one left hepatic veins and the difference between paired f10ws ~ 

varied between 0 and 17% (mean: 5%). No significant differenée (p>O.lO) 
~ 

was found between pa1red total hepat1c blood flows demonstrating adequate 
M, 

mix1ng in the portal vein and within the intrahepatic circulation. as 

previously reported. 

c) Portal fraction of total hepatlc blood flow: 

The portal fraction calcula~d by the ratio of the portal 
ê 

over the total hepatic blood flows ~arieâ betwèen 46.0 and 100% (mean: 
\ 

79.5% ) ( tab 1 e 8). 
, 

d) Sinusoidal fraction of portal bl00d flow: : 

The sinuso1dal, fraction var1ed between 68.0 and 1OOSiof 

--~----- ~~ ----- ---~ 
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Totll heINtic blood flow 

POrUl blood f.low 

Portal friction of totll 
he~t1c bl00d flow 

S1nuso1dll friction of 
porta 1 b 1 ood fi ow 

Cr51 R.B.C. DILUTION CURVES 

1423:t'51 (1I11/I111n) 

112O:t48 (1111/lIIfn) 

79.512.0 (1) 
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1125 A.M,A. DILUTION tVRVES 
\' 

1248:t55 (1111/I111n) 

92.3:t1.0 (1) 

TABLE 8: RESULTS OBTAINED AFTER A SiNGlE INJECTION OF 

Cr51 RED Bloo6 CEllS (Cr51 ~8.C.) AND 1125 AlBUMIN 

MICROAGGR~&ATES (1 125 A.M.A.) INTO THE CRANIAl 

MESENTERIC ART~RY IN 44 EXPERIMEHTS (meantSE). 
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COMPARISON OF PORTÀL BLOOD rs OBTAINED SIftllTANEOUSLY 

BY Cr51 RED BlOOD CELlS INOI ~ DILUTIOII'CURYES~ , 
(Cr51 R.B.C.-I.D,C_) AND 112 AlBUMIN MICROAGGREGATES . , 

125 ' (1 A.M.A.-I.D.C.) (GROUP 1). THE SOlID LINE IS THE 
'" 

LINE OF IDENTITY • 
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portal b100d flow (mean: 92.3%) and was over 90% in 36 cases (table 8). 

In 11 exper1ments (5 dogs), values werè calculated simultaneously from 

one rlght and one left hepatic ve1ns and the d1fference between-paired 

values var1ed between 0.5 and 14.0% (mean: 4.4%). No significant 

d1fference (p>0.10) was found betwe~n paired sinusoidal fractioŒof 

portal b100d flow. 
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3) DISCUSSION 

In the first two groups of animals (A and-S), experiments 

were performed to validate the use of the l.dndicator dilution method , 

for the estimation of total hepatic blood flow. 

Nearly i denti ca 1 va hIes were repeatedly obtai ned from pai red esti-

mated total hepatic blood flows estimated from two different hepatic 

veins after injection of the indicator into the portal vein or the 

cranial mesenteric artery (table 2 and figures 10-13). According to 

Shoemaker et al (36), these findings strongly suggest that the 

indicator was uniformly mixed with blood within the intrahepatic 

circulati~, and validate the sampling from one hepatic vein for the 
~ 

total hepatic blood flow estimation. Similar findings were obtained 

by Shoemaker et al (36) in chronic experimenta1 models after injecting 

CrS1 red blood cells into the portal vein. 

~'oreover, these data could only signify that adequate 

mixing of the ind'icato~was already achieved'in the portal vein 
• 

(at 1east at its bifurcation) as well as within the:)ntrahepatic 

circulation after injection of the indicator into the cranial mesenteric 

" artery. Then, indicator dilution curves' (-1. ... D.C.) obtained frôm one 
............ 

>...... ~ 

portal vein branch could be used for the portal 'b·l od flow estimation. 

However, certain experimental conditions mus met for 
------.... ----

an accurate measurcment of both portal blood flow and total hepatic 
1 

{ 

blood flow using the indicator dilution method (33,36,62): 

1) the indicator must be conserved. i.e .• it must not be 

metabolized or excreted by the liver and it must remain in the vascular 

space. 

" 

Il . 



. . 

11 

2) the same amount of injected 1ndicator must f10w 

throijgh' the portal vein and the 1 i ver, Le., there must be no 10ss 

of 1ndicator through extrahepatic collaterals. 

3) the indicator must be completely mixed with the 

blood stud1ed at the sampling sites in the portal vein and, in the 

hepatic veins. 

4) sampling must be representative of mixed portal 

and hepatic vein blood at the sampling s1tes. 

5) the intrahepatic circulation must be in a steady 

state. 

In group C and D, the selective measurement of total 

hepatic and portal blood flows were perfonned"using I.O.C. obta1ned 

-77-

t! 

simultaneously fram hepatic and portal veins after inject;o~ of CrSl 

red blood cells (Cr51 R.B.C.) into the cranial mesenteric artery. 

Results were compa,red with those obtained simultaneously with'a 

djrect method of measurement using non cannulating electramagrietic 
-+Ir- • 

f1owmeters. Our data show nearly identica1 va1ue$ for,paired total , , 

) 

hep~tic b100d flows using flowmeters and I.D.C. (table 3 and fig. 14) . 
. 

These find1ngs demonstrate that our method fu1filled al1 the above 
)'.' 

requi;~~nts for such an experiment. Here aga1n, adequate m1xing 

of the 1nd1cator was demonstrated 1n the ,portal vein as we11 as w1thin 

the 1ntrahepat1c circulation: 1) lack of d1fference between flow values 

obta1ned simultaneously from two hepat1c ve1ns as observed 1n groups A 

and B; and, 2) 1dent1cal values for to~a1 hepat1c and portal b100d 

flows found 1~,the ligated hepatic artery,mode1 (group D). These a1so 
~. . 

show ~he re11abil1ty of portal vein samp11ng for the 'portal b100d flow 

~stimat10n ·as ver1ffed by the nearly ident1cal flows usfng flowmeters 

and I.O.C. '(table 3 and f1g~ 16). 

D 

--

.,J ,. ',-



." 

.. 78-

In this exper1menta1 work, Evans Blue was first se1ected 

~eçause 1t,1s bound to a1bumin and-excreted on1y in minute amount by 

the liver of dogs {63,1. Goresky found that, after injection into 

the portal vein, the recovery of Evans B1ud (T 1824) was v1rtual1y 

complete in the outflow (38). In our laboratory, Evans Blue was aban­

donned because of difficulties in dens1tometry, mainly in the calibration 

in venous blo~d: Evans Blue preferent1allY~9frbs light at 640 m~ and 

transmits pract1ca11y a11 of the incident 11ght at 800 ~ as does 

reduced hemog10bin. The photocell cannot readily discr1m1nate between 

the dye and reduced hemoglob1n (64). 

Indocyanine Green, then used,'can' se readily utilized 

(absorption peak: 800~) but is excreted by the liver. In two groups 

of animal s (G a'nd H), experiments were performed to study the behavior 

of Indocyanine Green during one passage'through the splanchnic bed and 

the liver when flows recorded'were compared with those obtained simulta­

neously' using e1ectromagnetic flowmeters or CrSl R.B.C. dilution c~rves. 
, 

in both groups the mean portal blood flow was sign1ficantly higher when . 
us1ng'Indocyan1ne Green (figures 20 and 22). This f1nding suggests 10ss 

of indicator in, the mesenter1c circulation and invalidates the use of th1s 

indicator for the measurement of the portal blood flow as previously re­

ported (Comparison of me~sured and Indocyanin~ Gre~n blood f10ws in var10us 

organs and systems, ·O.E. Donald and T. Yip1ntso1, Mayo Clinic Proceed1ngs, 
-

48: 492, 1973). 

When cons1der1ng total ,hepat1c blood flow, overest1mat1on cou1d 

be expected beca~sè of the 105S of 1nd1câtor in mesenterfc bed and a150 

from uptake of the Indocyanine Green ~ the li~er. Both in the steedy state 

infusion and dur1ng d1sappearance of a load of dye fram the ~pla$ml, the 

hepat1c venous concentrat1on'of Indocyan1ne Green 1~ lower th~n 1n"loo4 

" 

,. 

!li '~r 
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ta ken s1mu1taneously from the portal vein and the hepatic artery (24). 

Such overest1mation of total hepatic blood flow was not fo~nd in both 

groups of an1mals (figures 18 and ~1) sug~esting at least no significant 

upta~e of the dye dur1ng one passage through the 11ver. 
, 

Such unexpected find1ngs cou1d be exp1a1ned by the metabo1ism 

o~ the Indocyanine Green within the l1~r: extravascu1ar diffusion in the 

hepatic sinus01ds (bound te albumfn), transport through the hepatocyte 

membrane and excretion in the bile c~na1iculi. This last phenomena 1s 

the rate lim1ting step in the hepatic clearance frOflt:,the plasma of 

organic anions such as Indocyan1ne Green. Therefore, in dogs with low 
1 
;1 

extraction ratio of Indocyanine Green (24), excess of dye non transported 

across the canalicuH membrane cou1d diffuse back 1nto the s1nusoid 

through the hepatocyte meriÎbrane and modify the downslope of the I.D.C . 
. 
resulting in an overestimation of the curve ar~. This occurs un1(ormly 

through different partsof the 1iver s;nce no difference was found between 

paired flows recorded fram two main hepatic veins in group G (figure 19) 

as in ~roup B (figures, 12 and 13). Sim11a~ findings were reported by 

Gores~, Bach and Nadeau (J. Clin. Invest., 52: 991, 1973}.using galactose. 

Therefore, in the present experiments. 1abelled red blood 

ce11s were selected because of their lack of metabolic interaction with 

the l1ver cel1sJand of their a1most tomp1ete recovery in the hepat1c veins 

(38). On1y severe1y damaged red cells are sequested by the 11ver (66). 

Indocyan1ne Green was on1y used to contrpl the position of the catheters by 

direct record1ng of curves on photograph1B paper beforeOus1ng CrS1 R.B.C. 

W1th Cr51 R.B.C., mean flow-values were slight1y'higher than those"Obta1ned 
1 

"'ith flowmeters; th1s non sign1f1cant d1fference (7S) 1s almost 1dent1cal , 

for the est1mation o~ total ~epatfc or portal blood flows (table 3)." 

,Overest1mation of flows cou1d result ffom an underest1mat1on of the amount, 
a 

of 1nd1cator 1njected. but careful calculat10n of the 1nd1cator collected 1n 
• 0' ':) ,. 

vitro as we1,,1 as of the res1dual act1v1ty with1n the 1nject1ng sys~ could 
, -'" 

il 
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not verify this possibi1ity., 

, ~ 

However, in sorne c;ses, we experienced 10s5 of indicator within the 

aorta because of,difficu1ty whi1e cannu1ating the crania1 mesenteric 

arte,ry. Loss of'indicator was a1so encountered when the hepatic, 

artery originated fram the crania1 mesenter1c artery, as verified by 

an ear1y peak of the indicator in the hepatic veins, ~efore the major? 

curve. These conditions wou1d resu1t in an overestimation oT f10ws. 
{, 

Whatever the reason, in our experimenta1 mode1, the same amount of 

indicator has been analysed fram the 1eft branch of t~e portal vein 

as well as from one or two main hepatic veins. This was substantiated 

by our finding that no difference existed betw~en the paired ratio o'f 

portal over total hepatic b100d flows (portal fraction of total hepatic 

blood flow) simu1taneous1y estimated by flowmeters and I.D.C. (table 3). 

In this study, the reported values of f10ws and portal 
0' 

fractions of total hepatic blood f10ws are samewhat higher than those 

reported by others (11 ,16 ,P). This could be exp1ained by the fact li 

" that tepeated injections of radiopaque material (about 50 ml of 

Renographin 60) were necessary to visualize the position of various 

probes and cathetèrs. Specifical1y, before eac~ experiment, the 

position of the right hepatic vein cathetef ~ad to be verified to prevent 

contamination by cava1 blood or intrahepatic obstruction because of an 
~ 

usua11y narrow and/or short vein. In group E, injections of 50 ml of 
! , 

radiopaque material increased signif1cantly the card1ac output, the 
n 4 

portal and total hepatic blood flows without major changes fn hepatic 

arterial flows, as previous)y reported (68,69). These ch~nges were 

observed for 30 minutes and flows returned progressively tb preload1ng 

values w1th1n one hour. In sorne exper1ments, repeated injections of 

, smaTl amount of radiopaque 'lnater1al 1s the probablf"explanat1on for·~ 
. 

ma1nta1ned high flow values. However, for further stud1es 1n ~s, 

1'1. 
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o 

only the usually' large ~eft hepatic ve1n could be cannu1ated since 
v ~ • 

sam'pling f'ran thi s véin h~s been shown' te} be representati ve of mixed 
"" '.~ 

hepatic vein rbJ-ogd under _th~' conditions déscribe~.'" • 
, , 

In group F, exper.iments were pérforll\ed to evaluate the 
1': oP' ~"- --
;) • ii" 

effects of 'the surgical dissection Qf'hepatic artery and 'portal vein 

wh'ile posi,tio';'in~ p,bes, çm 1iver' circu1a:tion. In a11 cases, a 
j _ A . 

significant decrease ~f the portal, frac~ion of total",..hepatic blood 
~ "'\. ~ Q 

flows (10%) was observed ~fter positioning probes (ta~le 5). An 

increased hepatic àr~eri~l flow or a decre~sed portal ;blood flow could 

'n~-fbe advocated since' comparison bet\"een, absolute flows was" impossible .. ,;..,.. .... . , 

(variable loss of 1ndicator with1n the aorta fram exper1ment to expe-

riment). However, if confinmed, these data suggest that the direct 
~ 

\ 

met~od of measuremept using elect~magn~tic f10wmeters 1s not re~e 

for tbe study of normal phys1ology of the liver circulation in~gs .. 

These findings a1so explain sorne high portal fractions of total 
• . ~ , " 

,hepa,tic blood. -Flow '(100%) obtainec!, in group 1 whi1e using only the 

• , 1. nd 1 tator d 11 ~t\ on, me:hod even with out rad i opaq ue ma teri ~ 1 1 nj et t i on

1
s . 

, , In',summary, these data demonstrated the usefulness of 
. '" 

the Stewart Hamilton method for the simultaneous estimation of total 

# h~patic b1oo~ f1ow, portal blood f10w and the portal fraction of total' 

hepatic blood f1ow, especially with thé use of Cr51 R.B.C. 1n normal 

t • ~ dogs. 

.. ' { This exper1mental model, us1ng a mu1t,ipl~. 1nd1cator 

d11~tion ~thod~ c~n be appl1ed to study,the behavior of one substance 

. almGst Com~lete1y removed by the hepat1~ reticulgendothel1al syst~ . - ... _" 
. '. " 51 ..• (R.E .. S.) whel'l: compared to Cr· R . .JLC. ~ used aS a va~çular referer.ce 

,. f, 

• 

• .ç ." ~ 1 
.> ~ 

J substa.nce (70). " ~. h 

- \ . \ 
, \ 

" '4 -
~ , 
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Co11oida1 partic1es of proper size, which do not cross 

the capi11ary wall, are a1most exc1usive1y phagocyt1zed by the reti-
• 

, cu10endothe1ia1 system (R.E.S.) which i5 main1y 10ca~ed)n t~e hepatic 
"II . 

sinusoids (Kup(fer ce11s ) (71). ~ Chro~ium phosphate (Cr51 ), co1101da1 

gold (Au198), colloïdal sulfure (Tc99m) and heat denaturèd human serum 

albumin (1 131 ) ~ave been ~he ~st wide1y use~'col10ids for the eva1ua­

tion of the phagocytic function of the R.E.S. The b100d clearance 
.} "T. • 1 ~ 

of such partïc1es, ïnjected intravenouslY; has been used to es~imate 

the b100d f10w through"thé 1iver. (20,21,22) and intrahepa~i,' shunted 

b100d f10w (25,26). 

As blood clearance was demonstrated to be direct1y 

proportiona1 to the particle size (20,72), 1125 a1bum1n microaggreg~tes 
, , 

(1125 .A.M.A.)were chosen in this study be~ause their size range was 

1 to 5 microns and their preparation easy and reproducib1e. In fact, 

the blood clearance of radio-a1bumin mic~aggregates (~131 or Tc99m) 

has been demonstrated to be twice 9S high'than that of radio-a1bumin 

colloids (60). M~reover, after' removal by the hepatic R.E.S., almost 

100% of the peak, actiyity was found to remain in the 1iver during 
~ . 

one hour (60). These finding~ suggést that the metabo1ism and thus, 

the re1ease of protein.fl'ee' 1131 or-()Tc99m by the 1iver was'low in the 
\ 

fi rst hour, (60).' 1125 was chosen i ns tead of 1131 because there was 
\. .. ' 

1ess overl~ping activ1ty ~ith Cr51 
j the photo-peak e~rgies being 0.035 

, and 0.321 Mev.respectively. Therefore, 1125 A.M.A. fu1fitled the' 
~ 

. criteria needed for such an:exper1~ent: h1gh ~xtract10n eff1c1ency and 
II> 'v 

no 1mmed1ate re1ease by the Kupffer ce11s • 

. "'THe 'part1cle s1'ze 'ot' ~his materia,l allows 1t to flow 
• j' .' 

freely through th'! splancho1c c~p'1.11ary system and to remain 1n the 
, 1 

f , 

~owever,\~fter a , vaséular splce l1ke 'the "611ghtly 'larger red .cells. 
, . ... . 

~ ,/, .... .1 

" 

.~ 

l ' 
! 

",1 r " " . 
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single passage through the splanchnic caRillary system, the portal 

recovery of i njected 1125 A.M.A. \J/as about 90% when compared \Iii th 

Cr51 R.B.C. used as a vascular referen~e substance (38). These 
, 

findings coulu o~ly signify that appreciable uptake of partic1es 

occurred during a single passage through the mesenteric bed and 

therefore inva1idate the use of the 1125 A.M.A~ dilution curve for 

the measurement of P9rta1 blood flow. Since no R.E.S. has been 

found in the intestine (71), ~he 1125 A.M.A. removed by the· sp;anchnic 

, capi 11 ari es cou1 d be d.,ue ta- the presenc,e of sorne macroaggregates 

(15-20 ~) not reduced ny ultrasonic agitation and larger than the . , 

cap;llary channels. Free 1125 or label1ed co1loidal a1bum;n, not 

removed from suspension by centrHugatiofr~ may also be trap'ped in 

the extra capillary space. !hus, the splanchnic capi11ary system 
125 ~ behaved as a filter allowing "bomogenous" 1 A.M.A. suspension to 

\ ' 

flow through the portal veln and to come into contact with the 

Kupffer ce 11 s. 

Under these experimenta1 conditions, generally more 

,than 90% of the 1'25 A.M.A. f10wing through the portal vein was 

removed by the hepatic R.E.S. during a single passage. This hepatic 

extraction efficiency was constant in the same dog cven after four 
Ci " 

experiments and ~/as near1y identica1 from different hepatic lobes in 
. , 

5 dogs (11 experiments). t10reover, w;th the mu.ltiple indicator 
~ ... 

dilution methpd, the estimation ,of the hega~!c eftraction efficiency 

t-wé\s reliable since the removed ~ubstance and'the vascular reference 

substance were studied in the portal vein (before the. hepatic R.LS.) , 

and in the hepatic vein (after the hepatic R.E.S •. ). 

, The total amount 'of injected a1bumin was 1ess than 
1 . 0 

1.0 mg in éa~h experiment. This dose was far be'ow the criti~al .. 
• R.E.S. dose reported in difterent species (O~19 to O~5l mg/lOO)gm weight) 

• r 

in the evaluatiori of the ,phagôc~tic function of the hepat1c' R.E.S. (28). 
", 

• " l • .~ 
, . 1 , . 

. , 

'. " 
v ~. : 

" 
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Bïozz1 an9 Stiffel stated that under this crït1cal dose, ~he concen-

tration of album;n col10id part1cles entering the 1iver 1s so 10w 

that they are complete1y ~emoved during a single passage through the 
" < 
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hepatic R. E.S. (28). The b100d c1earancê is" therefore only dependent 

on the blood f10w1ng through the bepatic sinus~ids and no longer on 
, 

the phagocytic activity of the R.E.S. In previous studies, the hepatic 

extraction effic1ency~ evaluated after per1pheral injection of th~ 

col10id, was expressed as a fraction of the total hepat1c blood flow. 
'4 

This hepatic extraction efficiency is generally incomp1ete varying 
. . 

from 77 ta 84% in different species and r~aching 94% in normal man 
, . 

'(25,26). Th~ incomplete extract~ efficiency has 'been rel~ted to 

intrahepatic' conmunications od:urring under physiological conditions, 
.., ';" 

between', branches of portal and(}hepatic veins (21), shunting part of the 

co1loid from Kupffer cells (25,26). 

In our 'e~perimenta1 study using the indicator dilution method 
. e, .. .' . 

the incomplete extraction efficiency'may be due to the fact that a small . . ' 

proportion of the colloid is not removed by the R.E.S. because of lack 
'P' 

'of time' for the uptake mechani sm to take pl ace during 'fast transit 

through the sinus01ds. Also 1125 unbound ,to A.M.A. may flow freely 

through the l1ver •. However. 'there 1s no signif1cant d1fference betwee1\ 

'the transit t1me fram porta) to hepat1c velns in dogs with d1fferent 
" ' 

extraction effic1ency. The remPval by the,R.E.S., do~s not need an active 
. , 

transport mechan1sm necessary for the uptake of gal~ctose by ~he hepâto-
. , 

cy'~é membrane (Goresky, C.A., Bach and Nadeau,' J. Clin. Invest •• 52: 9~1., . . 
1973). Fina1ly, our res~lts a~ree'.well ~ith the report~ values in dogs 

and"men,t25,26) using a clearance method where the rate of portal btood 
C:;> '~; li ~ , 

fl,ow has no influence on t~é collold, clearance (Nor,nan. S.J •• R.E.-S. 
I-~ .. ...J .. 

J."'Ret1culo-endothel. Soc. ~ 13: 41, )973) .• 
i ' 

", . , 
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ln the present d~ta. us1ng the non rembved 1125 A.M.A. 

taneous1y in normal dogs. 
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IV) PART II: ,APPLICATION OF THE INDICATOR DILUTION 

METHOD IN AWAKE CIRRHOTIC PATIENTS 
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1) INTRODUCTION 

, , 
,1 

In part 1, the use of portal and hepatic indicator 
'. 

dilution curves after injection of Cr51 R.B.C. into the crania1 
r 

(' 

mesenteric artery has been val1dated for the estimation of"portal 
\) 

b100d flow, total hepatic blood flow and the portal fr.action of 
" , 

total hepatk blood flow in nonnal dogs. This technique was applied 

in 17 compensated cirrhotic, patients wfth severe portal hypertensÎ'on 
.7 ,.1 . , 

undergoing combined umbilicoporta1, hepatic vein and superior mesen-

, teric artery catheterizàti,on. Samples were obtained simu1tan~ously 

fram the portal bifurcation, one right hepatic ve1n and when possible, 

a left hepatic vein, after inject1ng érSl R.B.C. into the superior 

mesenteric artery. 

Spontaneous 'portosystemic colfaterals might result in 

10ss of indicâtor flowing thrbugh the;portal vein'and the liver an~ 

in overest1mation of fTows. However, the portal fraction of total 
", {~ .... f # 

hepatic bl'ood flow Should be reliable if no extrahepatic ~hunts 

,existed after the b.1furcation of the portal vein: the sante amount 
IJ _ 

.. l' ' • 

of indicator being analysed fram portal and hepatic veins. : 

In 4 patients, 1125 A.M.A. were added to th~ cr5~R.BtC. 
suspension for the simu~taneous estimation- of the 

of the portal'blood flow. 
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2) MATERIAL AND METHODS 

A) , MATERIAL 
. 

Seventeen (17) patients with cirrhosis of the 1iver, 
, ' 

thirteen males and four females, aged 36-59 years (mean: 49 years), 

had a hemodynamic eva1uation re1ated to their portal hyperten.sion. 

Sixteen of these patients were a1coholics. Diagnosis of cirrhosis 
\.., • 0 .. 

was confinned by need1e biopsy of the l'iver in a11 patients. The 

relative clearance of Indocyanine Green,(K-I.C.G.) (18) was perfonned 

the week before the he~dynamic studies. 

1he surgica1 ,technique for portal catheterization has . 

>been described elsewhe~e (51}. Under epidur~l Anesthesia or general 

, anesthesia, the round ligament was ident1fied extraper1toneally and \ 
, , 

was catheterized up into t~e portal veih and usua11y into the splenic 
.' 

vein u$ing fluoroscopy. In a11 cases, following portal catheterization, 

retrograde sp1enography'and portography were,obtained using a rapid . ' 

, fil'm changer, by injecting 50 ml of radiopaque material (Renographin 76, 

Squibb) ,using,a pressure of 60 pounds p~r square inch. 
. , 

Hepatic veines) and super10r mesenteric artery cathete-

rizations were perfonmed two days after portal catheterizat1on,cunder 

fiuor~scop1c visua11zation, using minima} amount of rad10paque mater1a1 
v 

(less than 20 ml)'. The patients were 1n ar fast1ng state and were pre-' '. 
> : (. , 

med1 cated w1th meper~dine (Demerôl') 25':50 mg and promethazine (Phenergan) 

25 mg 1ntramus~ularly, half an heur before .catheter·ization procedure. 
rf (. • 

'. I~ all patfents'~ a right· hepatic ve1n wàs cannulated thrOugh 
Co. ~ • t, ~ 

- an antecub1tal velO- of one ann us1ng a Coum'lnd catheter (no. 8 or 9F). 
~. 

---.... 
in 6 pat1ents, a left hèpat1~ vein was cannûr.ted through a femoral .véln 

<. , 

, by the Seld1nge~ t~~n1que ustng'a precurved polyethylene ~atheter (no. 8F). ' 
" ," 

o • f' > • 

,The s~perlor meseAteric artery ~.s then cannulatedl; throug~ L fanoral artery: 
" .. ." J " 

, 1 .. j ." • l' ';.". 
,. , ,1 1, " 
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on the opposite side by the seld1nger ,technique using a Cordis r,oly- c \" 

ethylene catheter (Cordis CO'r'poration, Miami). In twa.cases where a J' 

hepatic-artery orig~nated from the superior mesenterlc arte'y the 

arterial catheter was advanced well into this artery beyond ~he take 
" 

off of the hepat1c artery. 

B) METHODS 
i 

a) Pressures were recprded in ,the hepatic veins, in the wedged (W.H.V.P.) 
" . 

anq" free (F.H.V.P.) pôsitions and in the portal vein~' free position· 

(F.P.V.P.). Pressures were 'obtalned using a Statham gauge transducer 

,L, (model P23BB) with the patient in a supine position '(zero level assumed 
r· 

to bé 5 cm below the sternal angle). Each pressure was recorded on ât, 
, . 

least two occasions, and lor each an electrOmagnet1c mean was obtained. ' 

b) Total hepatjc blood flow: ' 
o • 

Total hepatic blood flow was estimated using Bradley's 

method uSing a constant infusiofi of Indocya~ine Green (19). S~ples 
v • 

were obtained simultaneously from hepatic and portal veins at 4 minutes 

intervals fo.r 20 minutes, a.fter an ',equl1,:fbrat.1 on' per10d of 15 minutes. 

c) Portal .fraction of total hepatic blood flow: . -

Defore performing ind.cator·dilut1on curves (I.D.C.), 

the portal catheter was withdrawn and positionned at t~e bifurcation 
" 1 " ~ 

of 'the portal \'.~1n und~r fluoroscopy w1thout us1ng rad'lopaque material,-

Portal and total hepa~ic blood f~ows ~re éalculated after a s~ngle ~ 

injection of the ind1cator 1nto the super10r mes~nter1c artery. , Portal 
,. 1 l ' 

blood flow was calculated us1ng the I.D.C. obta1n~ from the ~1fu~cat10n 

t of the portal ve1Q and total hepat1c blood'flow was,~alculated by s1mul­

" rrt~neo~s' I.D.C: obta1ned f~ hepat1c, V~1«ls;:' (f~9.' 24) ~ I~~~Cyan1n.e· 
, 1 J 1 ~" ' 

- . ' 1 61 ',' , 

Green,was used 'to,control the pos't1on'of var1Qus catheters by ~1rect .. , ' , 

, 
',' \ ' 

l · ' 
". r " .. 41 , , 
~ l , 1 

1 
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recording ofDcurves on photographie paper: , 51 However, a Cr R.B.C. 
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) 

suspension (250 ~c in 15 ml of autologous blood) prepared according 

ta Wagner (57)(with th,ree washings) was chosen as indicator because ' 
, 

• 1 

it was demonstrated toi be th~)most /reliable in dogs (part 1). 
o , 

Il 

51 After instantaneaus injections of 5 ml of Cr R.B.C. 
l' , . ' 

into the superior mesenteric artery, the catheter was flushed with 
, ~ 

blooct or saline. Known volumes ,(0.4 ml) 9f t~e sâme suspension . 
count~d on the automated gamma counter (Nucl~ar Chicago) were used 

. 
as standards. Samples were co11ected using a peristaltic pump " 

, . 
(30 ml/min) into 2 or 3 serial ç9llection racks, with hep~rinized 

tubes, running at a speed of'l 'tube per second. A standard volume 
J 

(0.4 ml) was withdra,,!n fram each' tube. counted separately and rê'sul ts 

were plotted on sem110garithm1e paper (fig. 25,26,27). ExtrapolatiQn 

of the downs1ope to baseline, correction ~or background, expression 

of c.p.~. per m~ and calculatfon of flows were computed by a Wang 

calculator, as previously described. 
t 

Twenty two (22) ~xperiments ~ere performed in the ,17 

patients. In 6 experiments (6 patients), semples were obta1ned 
, . 

s1multaneously from'one left and" one r1ght hepat1c veins and, wh~n , , , 

calculable I.D.C. could be obta1ned. total.hepa~1c blood ~low was 
. , 

est1mated by _~eraging f~o.ws measurèd fram these two different hepatic 

vefns. 

d} 
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S~nuso1dai fraction of» pdrtil blood flow: ''\ ' . : tl 
, 0 , '125 . o. 
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• 

THBF • '1.524 ml/mm 
PBF • 1.239 mi/min 
PF· 813% 

35 40 

FIGURE 25: SIMULTANEOUS ,INDICATOR DILUTION CURVES (I.D.C.) QBTAINED 

1 

~-

i . 

, ' .~ 

FROM THE PORTAL VEIN {P.V.) AND A RIGHT HEPATIC VEIN (R.H.V.) 
~ 

AFTER ÏNJECTION OF Cr51 R.B.C. INTO' THE SUPERIOR MESENTERIC -, 
ARTERY. 

THBF: TOTAL HEPArIC BLOOD FLOW 
'0-

P8F: PORTAL BLOOD FLOW 

PF PORTAL FRACTION OF T~TAL HEPATIC B~D FLOW. " 
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THBF,· 2,601 mI/min 
PBro'· 2.517 ml/min 

PF • 96 'X. 

l 
l ' 

FIGURE 26: SIMUlTANEOUS INOICATnR~DlLUTION CURVES (I.D.C.) OBTAINEO 

.. 

, , 

FROM THE PORTAL VEIN (P.V.) AND A RIGHT ,HEPATIC VEIN (R.H.V.) 
" , 

AfTER INJECTION Of CrS1 R.B.C. INTO THE SUPERIOR MESENTERIC 

ARTERY (FIRST INJECTION) ... ' 

THBF: TOTAL ~PATIC BlOOD flOW 

PBF : PORTAl BlOOO FLOW 
a '. ' 

PF : .PORTAl FRACTIcr. 'OF TOTAl HEP~TIC BlOPO flOW. 
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FI~RE, 27: vSIMULTANEOUS INDICATOR DI~UTION CORVES (I.D.C.) OB!~l~ED_ 
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, . \', . 

v _ 

FROM THE PORTAL VEIN (P.V:} AND A RIGHT HEPATIC yEIN (R.H.V.) 

AFTER INJECTION OF~Cr51 R.B.C. INTO THE SUPERIOR MESENTE~C 
, .. -t ~ . . 

ARTERY (SECOND INJECTION). 

THBF= TOTAL HEPATIC BLOOD FLOW 

PBF :, PORTAL BLOOD FI:.OW -' '. o • 

PF : PORTAL FRACTION OF TOTAL HEPATIé BLOOD FLOW •. 
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oN 

according to Kitan1 and Taplin (60), were added to the Cr51 R.B.G. 

suspension. Blood was reconstftued by add1ng to packed CrS1 R.B.C. 

2.5 ml of thè'm;croaggregate preparation and isotonie saline, so 

that each single injection of the indicator mixture (5 ml) contained 

less than 1.0 mg of 1125 a1bumin. 
r . 

, Samp1es were al1a1ysed as described in part 1. .The 

results of a multiple indicator dilutfon experimeot obtainea after 

injection of the indicator mixture into the superior mese1lte'ifc 
.-

arterY,r'are illustrated in figures 28 and 29 •. The 1.0.C. otitain~d 

from the portal veins are almost identical with CrS1 R.B.C. and 

, . 

1125 A.M.A., suggesting that most of the microaggregates injected into 

the superior mesenteric artery appeared in the portal bl6bd. The I.D.C. 

obtained from th~ ~epatic ve1~ are different in o~e patient (fig. 28), 

the 112,5 A:M.A. curve being small i'n) relation t~ the referenee -red cell 

cur~e, suggesting that~t of the 1 125 A.M~A~ were removed by thj· ~her 
~ 

during ont passage,as observed in dogs. However, in the other patient 
- 1 

(fig. 29). the 1.D.C. obtafned from the hepat1c vein are a1most ident1cal, 

ind1cating that only few amount of I12~ A.M.A. f10wing througn the portal 

vein was remOved during a single passage. . 
• • 1 • r 

- As described in par,t l{ th, -h~pat1c R.E.S. ext~act1o~ ," 

eff1c1ency of inJected microaggregates f10wing thro~_portal vefn 
". '"1 I~ ..... - • 

was estimated. ' Thfs hepatic extrâction efficiency was dependenf'lon , , .. 
1)ortal 'irrf..low an~ expressed as per cent of portal blood f1ow. In 

these experfments, the ~unt of fnjected collQfd (less than 1 mg) 
o ..p- • c 

was below the repor~ed cr1t1cal d6se under which al1 ,part1~les ente~1ft9 

the's1nusoids should be total1y phagocytized by the hepat1c R.E.S. durfng 

one passage~en by cfrrhotfc l1ver (28). Th4 I~25 A.M.A.-I.D.C. obta1ned .. , 
,from hepatic veins ~uld be related to a fractfon of portal blood floW 

. ' " , 1 
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FIGURE 28: SlMULTANEOUS INDlCATOR DILUTION CURVES OBTAINED FROM 

, . 

v 

. , 

PORTAL VEIN (P.V.) AND A RIGHT HEPATIC VEIN\(H.V.) AFTER 

INJECTION OF Cr51 RED SLOOD CELLS (Cr51 R:S.C.) AND ' . 

1125 ALBUMIN MICROAGGREGATES (1 125 A;M.A.) INTO TH& , , 

SUPERIOR MESENTERIC ARTERY. 
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bypassing the sinusoïdal Kupffer cells (25,26) because of increased 

intrahepatic portohepatic shunts (73). Therefore, as in nonmal dogs, 

the nepatic extraction eff1ciency could be utili~ed in the estimation 
, 

of a sinusoïdal fraction of portal blood flow in cirrhotic~patients. 

D 
Eight (8) experiments were performed ;n the 4 patients. 

In 3 experiments (2 patients), the sinusoïdal fraction of portal blood 

flow could be estimated by averaging the values measured simultaneously 

from one right and one left hepatic veins •. 
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• 
3) RESULTS 

In 4 patients. complete hemodynamic data could not be . 

obtained'because of techn1cal d1fficulties: in 2 patients. hepatic 

vein samples could not be obtained because of c10tt1ng obstruction 

of the catheter;. in 1 patient, portal samp1es cou1d not be obtained . / ' 

because the portal catheter was posit1oned in a narrow portal branch; 

and finally, in one patient, the prter1a1 catheter was accidentally 
1., 

withdrawn from the super10r mesenteric artery into the aorta just 

before the 1njection, as ver1fied by fluoroscopy. These 4 patients 

(4 experiments) are not in~luded in these data. 
~ 

Ih '\he 13 remaining patients: 

" 

A) Relative clearance of Indocyanine Green (I-I.C.G.): , 

The K-I.C.G. varied between 1.42 and l3.Q7% (mean!SE: 

6.28±1.13%) (table 9}. 

B) Portohepatography: . 
In a11 cases. portohepatography was obtained. In 10 " 

~ p, 

cases, the' coronary ve1n wâs di1ated and tortuous with esophageal 
l, , ) 

varices graded as 1+ to 4+ (74) but no extrahepat1c shunts were dei 

monstrated after the portal bifurcation. In 3 cases (V, VI, VIII), 

large spontaneous partacaval shunting was shawn w1th reverse circulation 

1n the portal vein (f1g. 30.31), as verif1ed by arteriograph1es 1n foll~ng 

days.' 
" 

C) Pressures: 

The mean (iSE) free hepat1c venous pressure (F.H.V.P.) 

was 11,1'811.3 Am Hg and var1ed b,tween 6.5 and 24.5' Am Hg. 'The mean 

wedged hepatic venous pressure (W.H.V.P.) was 26.8tl.6·mm Hg and varied . 
between 17 and 38 nn Hg. The mean free portal venous pressure (f .. P.V.P.) 

, . 
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FIGURE 30: PORTOGRAPHY SHOWING,THE SPOMTANEOUS PORTO-SPLENO RENAL 

SHUNT WITH OPACIFICATION OF THE INFERIVR VENA CAVA: 
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was 2~.5±1.6 mm Hg and varied between 19 and 38 mm ~g. The mean . 
portoh'epatfc gradient '(F.P.V.P. - F.H.V.P.) was· l4.8±1.0 lTIJ1 Hg 

{8 to 21 mm Hg) and was uSed as an index of the portal hyper­

tension (table 9). 

'D} Total hepatic b100d f1ow: ' 

In 12 cases, the-total hepatic b100d f10w could be 
~ . 

estimated and varied between .800 and 6.370 L/min (mean±SE: 
. 
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L/m1n)~ However, 1n the two cases (XII and XIII) w1th high abso1ute 
\ 

values, the .Indocyan1ne Green extraction was less th an 5 per cent . , .. 

7 

and the re 11ab1l1 ty of the con s'tant 1 nfu , n method 1.5 ques ti on ab 1 e {40) .. 

"" because there were no differences 

hepatic and p.ortal veins . 
. 

E) Portal fraction of total hepatic b100d flow: 
. .-, 

1 ln 10 pat~ents (I, II, III, IV, VII, IX, X, XI, XII. XIII), 

15 ser1es of I.D.C. were calculable. The mean!va1ues CiSE) were: 

portal blood flow 1. 97± .29 l/min and tota'J.. hepat1c blood flow '2.7&.28 L/min. 

ln 4 of these p~t1ents (VÏI, X, XI, XIII), the mean d1fference between 

paired total hepatic b100d f10w estimated ~1mu1taneous1y ~rom two bepat1c 

veins was 15.1% (7 to 30S). In these.l0 patients, the portal fraction 
, 

, of total hepatic blood flow varied fram 30.1 to 100% (mean: 71.1±6.2%) 

(table 9). 

In the other 3 patients (V, VI" VIII), where reverse 
. . 

circulation in the portal vein was found on porto~r,p~. only delayed 
, dl) ~ 1 .. 

activ4ty fram recircqlat10n was detected from portal and.hepat1c veins 

sam~les (fig. 32). In two patients (V. VI), samples were obtained' 
" simultaneously fram two dffferent hepatfc veins. In these cases, the J .: 

" . . ' 

portal fraction of total hepatic blood flow wa~ 01 (*). 
" 

.' .. 
o , 

(*) In patient vÎn. ~f~r the 1~~1~ ~ ~r51 R~8.,C, • ..1.~~ ~,.,ti lftA .. tta1fl' 
-" 'r ",.. l \. ~~.t ~ , 

• ,,) -- .., .... , ~ ", .J";~ .. _l<~Û:.o.~ ..... ~~~....:r..~~ù.J...l..:...:.:..wibt..l~~~IioA~iiiiIllIiiiîilil 
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jJ 

40 

VEIN (PV-IDC), A RIGHT HEPATIC VEIN (RHV-IPC) AND A lEFT 

"EPATIC VEIN (LHV-IDCI AFTE~ECTION OF Cr51 R.B.C. 

INTO THE SUPERIOR MESENTERIC ARTERY IN A PATIENT WITH 

REV~RSE CIRC6LATION IN THE 'ORTAL VEIN. 
. 
" • 

i 
" 
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( 

,In the thirteen patients, no correlation existed between~ 
the portal fraction of total hepatic blood f10w and the K-I.C.&. 

, . 
(r: -.234, p 0.1) or the portohepat1c gradient (r: .356, p 0.1). 

F} Sinusoïdal fraction of portal b100d flow: 
• 

In 4 patients (IX, XI,' XII, XIII), the sinusoidal fraction 
1.) • 

of portal blood f10w varied between 3.8·and 86.3% (mean±SE: 36.2±12.7%) 

(table 9). In 3 experiments (2 ~at1ents: XI, XIII) where the sinusoidal 

fraction of'portal bldod flow could be estimated fram two hepati~:veins, 

the difference between paired values varied between 7.6, 15 and 34%. In . , 

the'4 patients, a significant corre]ation existed between th~ sinusoidal 

fractiQn of'portal blood flo~~nd the K-I.C.G. (r: .999, p<O.OOl). 

However, no correlation was found between the sinusoida1 fraction and , . 
the portohepatic gradient (r: -.267, p>O.10). 

J 
(*) mesenteri c artery, the arteri al catheter was posftioned into the 

) 

hepat1c artery under fluoroscop1c visual1zati.on. Five (5) ml of " 

Cr5l R.B.C. were injected lnto 'the hep~tic artery and samples were 

slmultaneously obtalned f~m flepàtlc and portal velns. Slm11ar' 

I.~.C. were obtalned (ffg. 33) from these two s~mpling sites. de-
o ' 

monstratfng a complete inversfon of portal~ow. Total hepatic 

blood flow could be est1mated from these I.D.,C. and w~s 2.0 L/mfn 

using the pOrtal 1 :D.C'. and 2.4 L/mln using the hepatlc I.D.C. 

(d1fference: 17%) sugge$tfng adequate m1xfng of the 1nd1cator w1thin 

the hepatic circulatlon. 

.. 

r 

QI 

, 

,,' 



• 

.. 

E ..... 
:. 
IL 
U 

0 
0 o. 

100 

1 

PATIENT tII\I 
Î 1 • • • PY-ID'C 

0--0-0 HY- IDe 

• 

10"1 ...... _ ..... ....& ... ___ ... ___ ..... __ -,,........J __ ..., 
o Il 10 III 20 

1 TlME IN SECONDS 

(l 

FIGURE 33: SUIJLTANEOUS INDICATOR DILUTICIt tURVES 08TAINED FROM 
• 

• 
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4) DISCUSSION 

-
The use of portal and he~atic 1ndicator 4ilut10n curves 

after injection of Cr51 R.B.C. into the trania1 mesenteric arter~ 

has been, va1idated for the estimation of portal and tot~atic 
II 
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b100d f10ws in normal dogs. With the introduction of'portal cathe-, 
terization via thé round ligament of the 1iver (51), a samp11ng site 

..... ' ,. t, 
, 

from,the portal vein is now availab1e in man. Therefore, this 
• 

• 1) 

technique carr be app1ied to conscious cirrhotlc patients w1th no 

surglca1 manipulation of hepatic vessels and no circul'atory im ... 
o 

pairment to tne liNer. 

In man, as in dOg5, the same exper1mentai conditions, . 
have to be fulfilled (33,36,62). In.cirrhotic patients, 10ss of 

, « 

indicator through spontaneous portosystemic co11aterals re~ulted in 

overestimation of flows when compared with values obtained by the 

I~C.G. clearance method for the total hépatic b1oo~flow (table 9). ' 

However, no extrahepatic shunts occurred after the portal bifurcation 

and therefore the same amo~t of ind1cator was ana1ysed at the bifur-
\ 

cation of the portal vein and in hepatic ve1n(s). Thus, th~ portal 
, ' 

fraction of total hepatic b100d flow (the ratio of the portal bloed 

" flow over the total hepatic blood f1ow) should be reliable. 
<> 

~ . 
into the cranial mesenter1c artery ~as demonstrated 1n the portal 

u • 

vein (at least at 1ts bifurcation) as well as within the hepatic 
~ Il ' , 

circulation. In men, although"the phenomenon of preferential lob~r . 
<J 

distribution of portal blood hlênever been clea.rlyaest,abl1shed, it ) 
, ~ . ' . 

bas nevertheless.been popular clinical teach1ng. ta attribute localt-
< 

zation of liver metastases and abscesses to the,selective distribut1o~ 

_ '. ,l . L .~ ..• , , 
.. ' .. , .. 

i 

, . 
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within the liver of blood flow from the area of the primary tumor 
~(~ -..; 

or infection (75.76). In four pa~. no si gnï,f1 cant di fference 

was found between total hepatic blood fl.ows est1mated simultaY)èously 

from two different hepatic veins. This finding strongly s.ugge'st 
, 

J • ' 

that when using the indicator dilution method, uniform mixing of the 

indicato~ was a1ready aChi,eved in the, por~l vein and the hepatic 

circulation in man as in the experimental model. Simi1ar find1ng 

has,been reported in normal and c1rrhotic patients after injection of 
.,,---

an 1131 albumin into the superior mesenterfc or the1 splenic artery (42). 

If confinmed by further near,ly 1dentical total·hepatic 
f 

blood flows. obtained from two different hepatic veins. these data 

would indicate that the CrSl' 'R.B.C.-I.O.C. can be used for the e~ti­

mation of the portal fraction of total hepatic blood flow in cirrhotic 
.. .. 

patients. These prelim~nary reports a1so show that the portal fraction 

of total hepatic blood flow is not correlated w~th K-I.C.G. and the 

portohepatic gvadient, parameters genera11y used as indices of severity 

in cirrhosis. . 

Thfs mode1 ';'~ b~ applfed tD study the beh.Yf~j25Â.M.A •• 
a colloid almost comple~ely removed by the hepa~7R.E.S.t when' compared ' 

to Cr51 R.B.C. as described in dog~. The hepatic e~tracti~n ~fficiency 
est1matton. shou1d be rel1ab1e since t~e removed substance and the 

vascular reference substance were stud1ed s1~eOUS1Y in t~e portal 

vein (before the hepat1c R.·f.S.) and in the hepatic veines) Cafter the 

hepatic R.E. S.). whatever the 10ss of 1njected 1nd1cator .tthrough 

spontaneous portosystem1c"co1latera1s and the extrahepatic uptake of 

the 1ndicâtor. Assuming that the concentration of albumin .1croaggregates 
\ 

1s low enough to be completely removed dur1ng a single passage thro~h 

the hepat1c R.E.S., even in c1rrhoS1~ (28), the nQn-removed 1125 A.M.A. 

. " . : 
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cou~.be·used'as·an index ~f intrah~patic shunte~ blood. Therefore, 

the'~ic extraction ciency could be utilized to estimate the . 
\'"-- ,# 

~ 

s1nusoiaal fraction 0 lood flow of a functfonal fraction of 

portal atients. 

Prelim1nary data 1 c1rrhotic pa~ents indicate th~~the 
es tlha ted si rruso 1 ~ fraction of portal b'l:k flow 1 s neor 1 y i ~ènti c.1 

fram two dif(erent hepat1c lobes (2 pat1'ents) bl4 varies greatly in 
J • 

different patients (table 9). Shaldon et al (26) estimated the hepatic 
èI 

ext~act10n efficiency of heat denatured human -sertlll albumin labelled .. 

wiÙ Il 3'l in 6 cirrhotic patients with patent portal·:,,~in. Values 

varied between 64 and 90% of total hepatic blood flow '(~an±SD: 
75.8±11.5%) but no correction was performed for the. extrahepat1c 

uptake of the colloid wh1ch could result 1n overest1~at1on of the 
IL 

hepàtic. extraction efficiency., l . 
In the 4 patients. no correlation was found between the 

sinusoïdal fraction of portal blood tlow and the degree of the portal 
c 

hypertension. However, these data show a signif1cant correlat1onwith 

the K-I.C.G. If confirmed. these'f1~d1ngs would suggest that changes 
. 

in the K-I.C.G~ could be ma1nly secondari to vascular abnonnalities of , 

the 'ci rrhoti c 1 i ver. 

In sunmary t after a- s1~gle injection of Cr51 R. !,.C. and 

1125 A.M.A. into the superior mesenter1c artery, the portal 'fraction 

\of total hepatic blood flow and the sinuso1dal fraction of portal 

blood fl~ could be estimated simultaneously in awake' c1rrhot1c patients. 

This 15 a non surg1câl method. w1th no anesthes1a and dissection of 

'-

hepatic vessels 'wh1ch can modHy hepatic arter1al and portal bl00d flowS. -, 

as'we demonstrated in dogs. These se~.ct1ve measuranents are of great 

\. 

,. 
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importance clinically in the urlderstanding of portal hypertension 
• 

. ~n cirrhot1c patients and perhaps in the evaluation of long term results 

and the selection of the surgi cal procedure most appropriate for each 
.. 

~ individual case. 
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FIGURE 1: ,,, SCHEMATIC DIAGRAM ILLUSTRATING THE POSITION OF THE 

INJECTING AND SAMPLING CATHETERS IN DOGS 

(GROUPS A AND B). 

FrGURE 2: SIMULTANEOUS INDICAT~R DILUTION CURVES RECORDED ON 

PHOTOGRAPHIC PAPER FROM ONE RIGHT AND ONE LEFT HEPATIC 
~ 

VEINS AFTER INJECTION OF EVANS BLUE INTO THE CRANIAL 
c, • 

MESENTERI C ARTERY. . . 

FIGURE 3: SCHEMATIC DIAGRAM ILLUSTRATING THE POSITION OF THE 

INJECTING AND SAMPLING CATHETERS AND OF THE 
1 

ELECTROMAGNETIC FLOW PROBES. 

FIGURE 4: ~IMULTANEOUS INDICATOR DILUTION CURVES RECORDED FROM . Uilfb 
THE PORTAL VEIN. A LEFT HEPATIC VEIN AND A RIGHT 

HEPATIC VEIN AFTER INJECTION OF INDOCYANINE GREEN 

INTO THE CRANIAL MESENTERIC ARTERY. 

FIGURE 5: PHOTOGRAPH SHOWING THE PERISTAL TIC POMP '-ND THE . , 

TH~EE SERIAL "COLLECTION RACKS USED FO~ THE SAMPUNG 

FROM PORTAL AND "EPATlC VEINS. ,. 

u Il 

FIGURE 6: SIMULTANEOUS INDICATOR DILUTION CURVES REPlOTTED ON 

ltEMILOGARI:HMIC PAPER
4

AFTER INJECTI~G ~r51 RED BLOOD tELLS 

I~ THE CRANIAL MESENTERIC ARTERY. . , . 
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FltURE 7: SCHEMATIC DIAGRAM ILLUSTRATING THE POSITION OF THE 

INJEC1ING AND SAMPLiNG CATHETERS USING 1125 ALBUMIN 

MICROAGGREGATES. 

\ . 
FIGURE 8; MicROSCOPIC ASPECT OF A OiLUTED 1125 AlBUMIN MICRO-

AGGREGATES PREPARATION ON HEMATOCYTOMETER. 

-
FIGURE 9: SIMULTANEOUS Cr51 RED BLOOD CELLS-I.D.C~ AND 1125 ALBUMIN 

, 
MICaOAGGREGATES-I.D.C. OBTAINED FROM THE LEFT BRANCH OF 
~ ,. 

_ THE PORT-AL VEIN AND ONE LEFT HEPATIC VEIN AFTER A SINGLE 

, "'~ )INJECTION INTO THE CRANIAL MES~TERIC ,ARTERY. 1 ,., '-

/) , 

FI~iy. COMPARISON OF TOTAL HEP~T1C Bl. FLOWS OBTAINED' 

SIMULTANEOUSLY FROM ONE RIGHT AND ONE LEFT HEPATIC VEIN~_ 

~ER INJECTION OF EVANS BLU~ INTO THE PORTAL VEIN 

(GROUP A). " , ~ 
. ' 

•• 
FIGURE 11: COMPARISON OF TOTAL HEPATIC 8(000 FLOWS,OBTAINED 

• 'lit' ~ 

SIMULTANEOUSLY FROM ONE RIGHT AND ONE LEFT HEPATIC VEINS . , 
AFTER INJECTION OF EVANS BLUE INTO THE CRANIAL,MESENTERIC 

ARTERY (GROUP A). 
/ 

FIGURE 12: COMfARISON OF TOTAL HEPATIC 8LOOD FLOWS OBTAINED 

SIMULTANEOUSLY FROM ONE RIGHT AND ONE LEFT HEPATIC VEINS 
" ~ • - J 

AFTER· INJECTION OF I~DOCYANINE GREE.N INrO T~ PORTAL VElM 

(GROUP B) • 

• () 

" 

,. 

<, 

"1 



• 

-124-

:> FIGURE 13: COMPARISON OF TOTAL HEPATI(!l!'BLOOD FLOWS OBTAINED 

SIMULTANEOUSLY FROM ONE RIGHT AND ONE LEFT HEPATIC VEINS 

AFTER INJECTION OF INDOCYANINE GREEN INTO THE CRAHIAL 

MESENTERIC ARTERY (GROUP B). 

FIGURE 14: COMPARISON OF TOTAL HEPATIC BLOOD FLOWS OBTAINED 

SIMULTANEOUSLY BY ELECtROMAGNETIC FLOWMETERS AND 
o 

CrS1 RED BLOOD CELLS INDICATOR DILUTION CURVES 

(GROUP C). 

/ 

FIGURE 15: COMPARISON OF TOTAL HEPATIC BLOOD FLOWS'OBTAINED 

SIMUlTANEOUSLY ~ROM ONE RIGHT AND ONE LEFT HEPATIC VEINS 
./ 

AFTER INJECTION OF Cr51 RED BLOOD tELLS INTO THE CRANIAL 

MËSENTERIC ARTERY (GROUP Cl • 
. , 

FIGURE 16: COMPARISON OF PORTAL BLOOD FLOWS OBTAINED SIMULTANEOUSLY 

BY ElECTROMAGNETIC FlOWMETERS AND CrS1 RED BLOOD CELLS 
1 

INDICATOR DILUTION CURVES (GROUP Cl. 

. , 

FIGURE 17: COMPARISON OF THE PORTAL FRACTION OF TOTAL HEPATIC BLOOD 

FLOW OBTAINED SIMULTANEOUSLY BY ELECTROMAGNETIC FLOWMETERS 

AND CrS1 RED BLOOD CELLS INDICATOR DILUTION CURVES 

(GROUP C). 

FIGURE 18: COMPARISON OF TOTAL HEPATIC ,BLOOD FLONS OsfAINEO ., 
[, 

SIf«JLTANEOOSLY SY ELECTROMAGNETIC FLOWMETERS AND 

INDOCYANINE GREEN INDICATOR DILUTION CURVES (GROUP G) • 
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FIGURE 19: COMPARI~ OF TOTAL ~EPATIC BLOOD FLONS OBTAINED 

SIMULTANEOUSLY FROM ONE RIGHT AND ONE LEfT HEPATIC VEIN 

AFTER INJECTION OF INDOCYANINE GREEN INTO THE CRANIAL 

MESENTERIC ARTERY (GROUP G) .. 

-125-

FIGURE 20: COMPARISON ~RTAL BLOOD FLONS OBTAINED SIMULTANEQUSLY 

BV ELECTROMAGNETIC FLOWMETERS AND INDOCVANINE GREEN 
\ 

INDICATOR DILUTION CURVES (GROUP G). 

FIGURE 21: COMPARISON OF TOTAL HEPATIC BLOOD FLONS OBTAINED 

SIMULTANEOUSLY BY INDOCVANINE GREEN INDICATOR DILUTION 

CURVES AND Cr51 RED BLOOD CELLS INDICATOR DILUTION CURVES 

(GROUP H). 

FIGURE 22: COMPARISON OF PORTAL BLOOD FLOWS OBTAINED SIMULTANEOUSLY 
• 

BY INDOCYANINE GREEN INDICATOR DILUTION CURVES AND 

CrS1 RED BLOOD CELlS INDICATOR DILUTION CURVES (GROUP H). 

FIGURE 23: COMPARISON OF PORTAl BLOOD FLOWS OBTAINED SIMULTANEOUSLY 

BY CrS1 RED BLOOD CELLS INDICATOR DILUTION CURVES AND 

'1125 ALBUMIN MICROAGGREGATES (GROUP 1). 

FIGURE 24: SCHEMATIC DIAGRAM ILLUSTRATING THE POSITION OF THE 

INJECTING AND SAMPLING GATHETERS IN MAN. 

FIGURE 25: SIKILTANEOUS INDICATOR DILUTION CURVES OBTAINED FROM THE 

PoRTAL VEIN AND A RIGHT HEPATIC VE)N ,AFTER INJECTION OF 
Cr51 R.B.C. INTO THE SUPERIOR MESENTERIC ARTERY. ' 

" , 
> l _ ~,' ,t ... t", i'\.l :.1 ~~ ~ 
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FIGukE 26: SIMUtlANEOUS INDICATOR DILUT'ION CURVES OBTAINED FROM 

THE PORTAL VEIN AND A RIGHT HEPATIC VEIN AFTER INJECTION , 

OF Cr51 R.B.C: INrO THE SUPERIOR MESENTERIC ARTERY 

(FIRST INJECTION). 

FIGURE 27: SIMULTANEOUS INDICATOR DILUTION CURVES OBTAINED FROM 

THE PORTAL VEIN AND A RIGHT HEPATIC VEIN AFTER INJECTION 

OF Cr51 R.B.C. INrO THE SUPERIOR MESENTERIC ARTERY 

(SECOND INJECTION). 

) 

FIGURE 28: SIMULTANEOUS INDICATOR DILUTION CURVES OBTAINED FROM 
;' 

PORTAL VEIN AND A RIGHT HEPATIC VEIN AFTER INJECTION 

OF Cr51 RED BlOOD CELLS AND 1125 ALBUMIN MICROAGGREGATES 

INTO THE SUPERIOR MESENTERIC ARTERY. 
1 

, 

FIGURE 29: SIMULTANEOUS INDICATOR DILUTION CURVES OBTAINED FROM 

PORTAL'VEIN AND A RIGHT HEPATIC VEIN AFTER INJECTION 
, 

OF Cr51 RED BLOOD CELLS ANt> 1125 ALBUMIN MICROAGGREGATES 
A 

INTO THE SUPERIOR MESENTERIC ARTERY. 
, 

FIGURE 30: PORTOGRAPHY SHOWING THE SPONTANEOUS PORTO-SPLENO RENAl 

. SHUNT WITH OPACIFICATIPN OF THE INFERIOR VENA CAVA. 

IP CI 

FI GU RE 31: PORTOGRAPHY SHOWING THE SPONTANEOUS SPLENo-OVARO-RENAL 

SHUNT.' , 

," 

~'"Li. .. _ .. ' .. i~~~~~u,':_; ~.,.:; :~},~,,:: 
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fIGURE 32: ACTIVlTY REÇORDED IN SAMPLtS OBTAINED FROM THE PORTAL 

VEIN, A RIGHT HEPATIC VEIN AND A LEFT HEPATIC VEIN 

AFTER INJECTION OF CrS1 R.B.C. JNTO THE SUPERlOR 
1 

MESENTERIC ARTERY IN A PATIENT WITH REVERSE CIRCULATION 

IN THE PORTAL VElH. 

FIGURE 33: SIMULTANEOUS INDICATOR DILUTION CURVES OBTAINED FROM 

THE PORTAL VEIN AND ONE RIGHT HEPATlC VEIN AFTER 

INJECTION OF CrS1 RED BlOOD CELLS INTO THE HEPATIC 

ARTERY. 
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TABLE 1: °EXPERIMENTAL DESIGN TO LIDATE THE USE OF INDICATOR 

DILUTION CURVES IN THE ESTI ON OF TOTAL HEPATIC 

AND PORTAL BUOOD FLOWS. 

TABLE 2: COMPARISON.. BETWEEN TOTAL HEPATIC BLOOD FLOWS MEASURED 
{ 

BY SAMPLING FROM ,ONE RIGHT AND ONE LEFT HEPATIC VEINS 

AFTER INJECTION INTO THE PORTAL VEIN OR INTO THE 

CRANIAL MESENTERIC ARTERY. 

TABLE 3: FLOWS AND FRACTIONAL LIVER BLOOD FLOWS OBTAINED BY 

TWO DIFFERENT METflODS. 

TABLE 4: EFFECTS OF 50 ml. OF RADIOPAQUE MATERIAL ON LIVER 

CIRCULATION AND CARDIAC OUTPUT IN-FIVE DOGS (GROUP Ej • 

. 
TABLE 5: EFFECTS OF THE SURGICAL MANIPULATIONS OF HEPATIC ARTERY 

AND PORTAL VEIN WHILE POSITIONIN; PROBES ON LIVER 

CIRCULATION IN 5 DOGS (GROUP F). 

TABLE 6: FLOWS AND FRACTIONAL LIVER BUlOO FLOW OBTAINED SIKJLTA­

NEOUSLY BY ELECTROMAGNETIC FLOWMETERS AND INDOCYANINE 

GREEN DILUTION CURVES (~P G)~ 

TABLE 7: FLOWS AND FRACTIONAl. LIVER BLOOD FLOW OBTAINED 

SIJU.TANEOUSLY BY INDOCYMINE GREEI DILUTIOIf 'CURVES 

AND Cr51 RED BLOOD CELlS DILUTIOfC CURYtS' (sAOu. H) • . ' 
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TABLE 8: RESULTS OBTAINED AFTER A SINGL~ INJECTION OF 
, 1 

CrS1 RED B~OOD CE~LS AND J12S ALBUMINJMICROAGGREGATES 

INTO THE CRANiAl MESENT!RIC ARTERY- IN 44 EXPERIMENTS. 

1 
TABLE 9: DAJA OBTAINED IN 13 CIRRHOTIC PATIENTS. 
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