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Assessment of changes in liver blood flow after food intake—
comparison of ICG clearance and echo-Doppler

J. BURGGRAAF, H. C. SCHOEMAKER & A. F. COHEN
Centre for Human Drug Research, Zernikedreef 10, Leiden, The Netherlands

Echo-Doppler measurements of portal venous blood flow in intrahepatic branches
and indocyanine green (ICG) clearance after continuous i.v. infusion as measure
for liver blood flow were compared to evaluate the increase in splanchnic blood
flow after food intake. It was shown that both methods assessed the changes in
flow in a similar manner. Changes in blood flow in intrahepatic portal vein
branches measured with echo-Doppler adequately predicted the change in ICG
concentrations. Hence, echo-Doppler measurements of hepatic portal blood flow
in intrahepatic branches can be used to estimate changes in total liver blood flow.
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Introduction approved by the ethics committee of Leiden University
Hospital. The subjects were studied after an overnight
fast. After i.v. cannulation, the subjects were placed in aEcho-Doppler measurements of hepatic portal venous

blood flow are widely applied in qualitative diagnostic sitting position which was maintained for the entire
experiment. After 1 h rest, ICG (Cardio-GreenA, Bectonprocedures. The technique is also used to quantify total

portal blood flow, but the measured volumes are Dickinson and Co., Cockeysville, MD, USA) was infused
continuously for 150 min (total dose: 90 mg). One hourgenerally smaller than expected from physiology [1–4],

indicating that assessment is less precise than desired. after the start of the infusion, the subjects consumed a
standardized meal (caloric content: 2520 kJ; 25% energyThis has resulted in the application of the ultrasound

technique to evaluate changes in flow rather than protein, 51% energy lipid, 24% energy carbohydrate).
Blood samples for ICG assay were drawn regularly.absolute flow volumes. In any case, assessment of flow

volume in the main portal vein remains difficult. ICG concentrations were measured using h.p.l.c. [10].
Flow measurements of a portal vein branch were madeProblems such as the estimation of the cross-sectional

area of the vessel and unreliable velocity estimates due using a Toshiba SSA-250A echograph with pulsed
Doppler before (twice) and at 15, 30, 45, 60, 80, 100 andto large angles of insonation are essentially unsolved

when applying the technique to the main portal vein 120 min after food intake, as described previously [7, 9].
[5, 6]. Most of the difficulties can be circumvented by
evaluating changes in portal blood flow measured in
smaller intra-hepatic branches as shown by previous
experiments [7, 8]. With this approach all requirements Data analysis
for accurate measurements are met. However, the
validity of this technique is unknown. Therefore, the For each subject the average ICG plasma concentration

of the three time points before food intake (53, 56 andinfluence of food intake on liver blood flow was
evaluated by simultaneous measurement of echo- 59 min after the start of the ICG infusion) was calculated.

The group average of these pre-food ICG concentrationsDoppler flow of a portal branch, and the standard
indocyanine green (ICG) clearance technique. This study (Cavg) was used to calculate the total ICG blood

clearance:was part of another study already published [9].

CL=RO/(Cavg*(1-Ht)) (1 )

Methods where RO is the ICG infusion rate and Ht is the
haematocrit. Assuming that the ICG extraction ratio

Ten young, healthy, male volunteers participated, after (E) for this study population was 0.72 (mean value
written informed consent, in the study which was calculated from 10 studies reported in the literature),
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Figure 1 Individual ICG concentrations-time profiles as measured (solid lines) and predicted from echo-Doppler
measurements (broken lines). ICG infusion is indicated with the box and start of food intake is marked by arrow.
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the average basal liver blood flow (Q)

Q=CL/E (2)

and the average intrinsic clearance

E=CLint/(CLint+Q) (3)

were calculated. The average intrinsic clearance (3.9 l
min−1) was subsequently used to calculate each individ-
ual’s basal liver blood flow (Qbasal ) by using the
following equation

Cpre=(RO*Qbasal*CLint)/((CLint+Qbasal )*(1-Ht))
(4)

For each subject, portal blood flow volumes measured
at the time points after food intake were expressed as
percentage change from the average flow value before
food intake. These percentage changes were used to
calculate total liver blood flow at the different time
points (Qt). Assuming that changes in liver blood flow
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are of sufficient duration, equation 4 can be
Figure 2. Average ICG (n=10) concentration-time profilere-formulated to calculate ICG concentrations at differ-
observed (closed symbols) during continuous ICG infusionent time points after food intake: and food intake at 60 min. The open symbols show the ICG
concentrations predicted to occur using echo-Doppler portalCICG,t=(RO*Qt*CLint)/((CLint+Qt )*(1-Ht)) (5)
blood flow measurements.

in which subscript ‘t’ denotes time.

in total liver blood flow, as shown by the agreement
between the predicted and observed ICG concentrations.
By showing the individual curves an impression of the

Results correspondence between both methods is given. This
was preferred over reporting for instance correlation

Basal liver blood flow was 1.6 (s.d. : 0.5) l min−1 (range: coefficients between measured and predicted values
1.0–2.6 l min−1). The individual time courses of the because this measure heavily relies on the spread of the
measured ICG plasma concentrations and the ICG data and is often misused as a measure for goodness of
concentrations predicted from the echo-Doppler results fit. It thus appears that the measured ICG concentrations
are shown in Figure 1. Both assessments of liver blood were well predicted by the Doppler measurements.
flow agreed well in most subjects. Although deviations Although deviations between predicted and measured
between predicted and measured curves were present in curves were present in some individuals, they were not
some individuals, they appear not to be systematic. This systematic.
is further illustrated by Figure 2 which shows the It is important to point out that a few assumptions
average curves. underlie these findings. Firstly, a basal extraction ratio

for ICG had to be assumed from the literature. Secondly,
changes in portal blood flow were assumed to be
representative for changes in total liver blood flow.
Although portal venous and hepatic artery flow can beDiscussion
reciprocally linked, this is certainly not always the case
as shown by the effects of many gastrointestinalLiver blood flow is commonly assessed through measure-

ment of the ICG clearance following bolus injection or hormones released during food intake [12]. Thirdly,
equation 5 used to calculate the ICG concentrationscontinuous infusion [11]. Although clearance techniques

have an established role, there are some disadvantages. after food intake is based upon steady state conditions.
In this study with an elevated liver blood flow afterThey are invasive, requiring access to the circulation for

administration and blood sampling. The methods ideally food intake, and consequently a short half-life of ICG
(2–3 min) rapid attainment of new steady state con-require determination of the extraction ratio by cath-

eterization of the hepatic vein, which is seldom justified ditions within the echo-Doppler measurement could be
expected. Finally, this experiment lacked a ‘control’in healthy volunteers. The use of the method is limited

by the maximal tolerated dose to a few times within a treatment arm. However, previous experiments have
shown that both ICG concentrations and portal bloodsingle experiment. The timing of repeated assessments

with consecutive bolus injections may be difficult. flow are very stable over the time span (2–3 h) of this
study [7].Finally, the method is relatively insensitive to increases

in flow [7]. This study demonstrated that repetitive echo-Doppler
measurements of intra-hepatic portal vein branches canEcho-Doppler measurements of blood flow in

intrahepatic branches can be used to estimate changes be used to evaluate changes in portal blood flow after
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