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An in vlvotechniquefor assessmentof the relative contributionsof hepaticar
tery and portal vein to liver perfusion has been developed in the rat. Dynamic scm
tigrams have been obtained following l.v. bolus Injection of Tc-99m sulfur collold.
Temporalseparationof the arterial and venousphaseshas beenverified by he
patlc-arterial ligation and portacaval diversion. The former procedure abolishes
the early arterIalphaseof normaluptake.Portacavaldiversionsimilarlyeliminates
the delayedvenousphase.Assessmentof the indivIdualcomponentsof liverperfu
slonIs of promisein the Investigationof hepaticdysfunctIon.
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Dynamic studies of the clearance of radioactively la
beled colloid following intravenous injection have been
used extensively to obtain information on total liver
perfusion (1â€”3). Temporal separation has been sug
gested as a means of distinguishing between arterial and
portal components ofliver blood flow during first passage
of a tracer in such dynamic gamma-camera studies
(4,5).

The present study was undertaken in the rat to in
vestigate the use of colloid in first pass to determine the
ratio of hepatic-arterial to portal-venous flow by tem

poral separation. Such a technique is of potential value
in studiesof hepatic dysfunction.

THEORY

The dynamics of a colloid on first passage through the
circulation following intravenous bolus injection are il
lustrated in Fig. 1. The bolus gradually becomes diffused
as it passes first through the heart and lungs and then

through the arterial circulation to the rest of the body.
The amount of colloid arriving at each organ on first
passage is proportional to the perfusion of that organ.
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Colloid passing along the hepatic and splenic arteries is
removed efficiently by these organs. Colloid passing
through the mesenteric vesselsto the gut reaches the liver
through the portal vein a few seconds later. Colloid
carried to other organs, except bone marrow, passes back
to the heart and some reaches the liver by recircula

tion.
Separation of the two components of hepatic perfu

sion, and the quantification of their relative proportions,
depends on the following conditions:

1. Nearly all colloid passing along the hepatic artery
should reach the liver before the initial appearance of
that delivered by the portal vein (time ta).

2. Nearly all colloid arriving through the portal vein
should appear in the liver before significant recirculation
through the hepatic artery occurs (time tn).

3. Extraction efficiency of colloid in the liver should
approximate 100%.

4. Splenic contribution to portal flow should be low.
Colloid reaching the spleen is removed, so this part of
portal supply will not be included in the measurement
of colloid removed by the liver.

Conditions (3) and (4) are fulfilled in the rat. Ex
traction efficiency for Tc-99m sulfur colloid in normal
liver is 85% and the relative perfusions ofliver and spleen
are 35:1 (6). In the present study the validity of Condi
tions (1) and (2) are examined.
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FIG.1. DIagramillustratingfirst-passdynamicsof Intravenously
injected colloid.

The amount of colloid arriving by each route is pro
portional to the perfusion through that vessel. Provided
the above conditions are met, therefore, the ratio of he
patic-arterial to portal-venous perfusion is given by the
formula

Ka L(ta)

K@ L(t@) â€”L(ta)

where Ka @5the arterial contribution, K@the portal
contribution, and L(t) the amount of colloid in the
liver.

METHOD
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FIG 3.TypicalhistogramsobtainedIncardiac,hepatic,andsplenic
regionsof InterestIn differentgroupsof animals:(A) normal,(B)
hepatlc-arteryligation,and(C)portacavaldiversion.Timeof end
of arterialphase,t, andtimeof endof portalphase,ti,,areshown
on each graph. TImes t and t,, are, respectively, 1.5 and 6.0 sec
aftertheheartpeak.

perfusion. Time-activity histograms were constructed
for each region and smoothed to reduce random er
rors.
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Male Wistar rats weighing 200â€”350g were used in
this study. They were anesthetized with intraperitoneal
pentobarbital, 50 mg/kg, and then placed under a
gamma camera fitted with pinhole collimator (7) so that
heart, liver, and spleen were included in the field of view.
Approximately 5 mCi of Tc-99m sulfur colloid, in a
maximum volume of 0.4 ml, were injected as rapidly as
possible into the tail vein. Digital images recorded as 64
x 64matriceswerestoredonmagnetictapeat0.5-sec
intervals for 50 sec following injection, using an on-line
computer system. Playback of the integrated digital
image enabled cardiac, hepatic, and splenic regions to
be chosen by.light pen. The area of liver examined (Fig.
2) was carefully selected to avoid overlap by lungs, kid

neys, or major vessels. Inclusion of any of these produced

an overestimate of the hepatic-arterial component of
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FIG. 2. SchematIc anterior view of relative positions of organs In
the rat. Hepatlc region of Interest Is shadedarea.
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Three groups of animals were studied using the above
procedure:

1. Normal rats (n 10).
2. Animalsfollowingligationof the hepaticartery.

Care was taken to ensure complete ligation of all arterial
inflow (n = 10).

3. Animals following end-to-side porta-caval anas
tomosis. In this group, perfusion occurred through the
hepatic artery alone (n = 10).

RESULTS AND ANALYSIS

Typical histograms for the three groups of animals are
shown in Fig. 3. In all animals a rapid peak of activity
was observed in the heart. The sharpness of this peak
gave an indication of the true bolus nature ofthe injec
tion. If time to reach peak value exceeded 2.5 sec, the
study was rejected, since slower boluses were considered
likely to resultin undueoverlapbetweenthetwocom
ponents of uptake. Zero time was defined as the time of
this peak. The splenic histogram rose to a plateau value
within 2 sec of the cardiac pealq it remained at that level
for 5-6 sec and then began to rise again. The count rates
in the splenic histogram, however, were generally too low

to allow accurate timing of arterial supply and recircu
lation. Hepatic histograms in the different groups varied
in the following manner.

Normal animals. Here the rise in hepatic uptake
started during the cardiac peak and rose monotonically
thereafter (Fig. 3A). Although the rate of rise in the first
7 sec was not uniform in all animals, in most a section of
relatively low gradient was observed â€œ1.5 sec after the
heart peak (ti) followed by a second low-gradient section
at â€œ@â€˜6sec after the heart peak (tn). The contribution of
the portal vein (P), expressed as a percentage of total
hepatic perfusion, was calculated for each animal from
Eq. 1 using different values of ta and t@,after the heart

peak. These results are shown in Table 1.

Hepatic arterial ligation. Hepatic uptake in these
animals began approximately 1 sec after the heart peak
(Fig. 3B). A region of relatively low gradient was ob
served at about 6 sec after the heart peak (tn). Timing
of the portal-vein phase was obtained in this group of
animals. It was assumed that the level of the liver curve
at 6.0 sec after the heart peak (Lo) represented total
portal-venous first pass of colloid. The variation with
time of portal-venous colloid uptake was then evaluated
as a percentage of L6.0. In this group of animals, back
ground radiation from activity in other organs was likely
to affect measured count rates significantly. This was
particularly important in the early part of the uptake
curve, where there was relatively low hepatic activity.
Subtraction was therefore performed in an attempt to
allow for this radiation. It was assumed that the level of
background was constant and equal to that measured in
the liver region of interest at the time of the heart peak,
since at that time there should be minimal hepatic ac
tivity following arterial ligation. Hepatic activities before

and after background subtraction are shown in Fig. 4.
Porta-caval diversion. In these animals the hepatic

uptake curve was similar in shape to the splenic uptake
curve, but with a higher count rate (Fig. 3C). The former
was produced by hepatic-arterial inflow alone. The
plateau value, which was reached between 3â€”5sec after
the heart peak, was assumed to be proportional to total
hepatic-arterial first pass of colloid. The temporal course
of hepatic-arterial colloid uptake was then expressed as
a percentage of this plateau value (Fig. 4). Information
on hepatic-arterial recirculation was also obtained from
this group ofanimals. Using the calculated plateau value,
the time course, after the heart peak, for percentage of
colloid recirculated through the hepatic artery could be
estimated. This is also illustrated in Fig. 4.

DISCUSSION

The temporal separation between the completion of
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FIG. 4. Mean variation, with time after heart
peak, of amount of colloid In liver for
fIrst-pass arrival via hepatic artery and
portal vein, and recirculatlon via hepatic
artery. Amount of collold is expressedas
percentage of total first-pass collold ar
rivlngvia thatvessel.Time (Seconds)
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TABLE1. VARIATIONOFCALCULATEDPERCENTAGE
FORPORTAL-VEiNCONTRIBUTiON

WITh CHOICE OFTIMEStaAND
t@AFTERThE HEARTPEAKTime

t,(eec)TIme

t.@(eec) 5.0 5.5 6.0 6.57.0
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The validity of this method for total hepatic values
depends upon uniform perfusion within the liver, since
information can be obtained only from the shaded areas

shown in Fig. 2. The method also depends on the as
sumption that the extraction efficiency of technetium
sulfur colloid is close to 100%. In diseased livers the ex
traction efficiency is probably decreased. This will lead
to errors in accurately quantitating the ratio of arterial
to portal-venous flow, although a gross assessment of the
relative flows should still be possible.

It was possible to make an alternative evaluation of

P from measurements of total liver perfusion (6) in an

imals following either hepatic-arterial ligation or
porta-caval diversion. This previously described method
gave P a value of (69.2 Â±2.8)% (s.d.) in the present
study. Close agreement between the results of the two
methods supports the validity of this new technique.
Alterations of hepatic perfusion occur in many diseases,
e.g., portal hypertension and following hepatic resection
(6). Assessment ofthe relative contributions of arterial
and portal-venous components of perfusion by dynamic
scintigraphy is of promise in patients undergoing
porta-caval diversion and in studies of the regenerative
response.

REFERENCES

1. DoasoN EL, WARNER GF, FINNEY CR, et al: The mea
surement of liver circulation by means of the colloid disap
pearance rate. I. Liver blood flow in normal young men. Cir
culation 7:690â€”695,1953

2. BRADLEY EL: Measurement of hepatic blood flow in man.
Surgery75:783â€”789,1974

3. DENARD0Si, BELLGB,DENARDOGL, etal:Diagnosisof
cirrhosis and hepatitis by quantitative hepatic and other re
ticuloendothelial clearance rates. J Nucl Med 17:449-459,
1976

4. TAPLIN CV: Dynamic studiesofliver function with radioiso
topes In Dynamic Studies with Radioisotopes in Medicine.

Vienna, IEAE Symposium Series 136/205, 1971, pp 373â€”
392

5. BIERSACKVON HJ, THELEN M, SCHULZ D, et al: Die se
quentielle Hepato-Szintigraphie zur quantitaten Blurteilung
der Leberdurchblutung. Fortschr Ronigensir Nuklear Med
126:47â€”52,1977

6. KARRAN SJ, EAGLESCi, FLEMING JS, et al: In vivo mea
surement of liver perfusion in the normal and partially hepa
tectomized rat using Tc-99m sulfur colloid. J Nuci Med 20:
26â€”31,1979

7. KARRANSJ,LEACHKG, BLUMGARTLH: Assessmentof
liver regeneration in the rat using the gamma camera. J Nucl
Med 15:10â€”16,1974

1.0 74.0 74.4 74.8 75.2 75.5
1.5 70.9 71.4 71.8 72.2 72.6
2.0 69.3 69.7 70.2 70.6 71.1

the hepatic-arterial phase and the commencement of the
portal-vein phase is shown in Fig. 4. This suggests that
the optimum time for ta is â€œ@â€˜1.5sec after the heart peak,
by which time (73 :1:3)% (s.c.m.) of the arterial-phase
colloid has reached the liver, compared with only (10 Â±
1)% of the portal-phase colloid. The estimation of the
latter figure is complicated by a relatively high back
ground contribution in the early part of the liver histo
grams in the hepatic-arterial group (Fig. 4). Despite this
difficulty, however, it can be seen that the two phases are
well separated.

Figure 4 also illustrates the separation between the
end of the portal-vein phase and the commencement of
hepatic-artenal recirculation. Clear separation between
these two phases was observed, and an optimum mean
time for t@,of 6.0 sec after the heart peak is suggested
from our results. The main difficulty in the determina
tion of t@,arises from the assumption that the portal-vein
phase is completed in 6.0 sec. This assumption was made
from the observation that, following hepatic-arterial li
gation, there was a period of relatively low gradient in
the liver histogram between approximately 5.5 and 7 sec
after the heart peak in all animals studied.

Table 1 shows the way in which errors in the choice
of ta and t@,affect measurement of the percentage for
portal-vein contribution in normal animals. Taking op
timum mean values of ta and t, after the heart peak, the
mean portal-venous contribution (P), expressed as a
percentage of total hepatic perfusion, is (71 .8 Â±5.3)%
(s.d.). Variations of the optimum ta and t@values in in
dividual animals contributed to the error in this result.
If typical errors for ta and t@are estimated as Â±0.25 and
:1:0.5see,respectively,theerrorinP isÂ±3%.Additional
errors of the order of Â±3% in the evaluation of P result
from counting statistics.
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