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Abstract 

 

Background & Aims: The study was undertaken in order to compare single injection 

indocyanine green (ICG)-clearances with the steady state ICG clearance (ICGCl) in patients 

with cirrhosis in order to assess the most accurate estimate for ICG-clearance, and to relate 

the ICG-clearances to established indicators of liver dysfunction. 

Material & methods: Thirty-eight patients (males 29) with cirrhosis (Child-Turcotte class A 

8, class B 21, class C 9) were studied during a hemodynamic investigation. A single injection 

of ICG was followed by blood samples for 5, 10, 15 and 20 min. The dose/plasma area 

clearance (ClA) and plasma volume  initial slope clearance (ClPV) were determined and 

compared to the steady state infusion/plasma concentration ratio clearance (ICGCl). 

Results: ClA (310;214;502 ml/min) and ClPV (294;164;481 ml/min) correlated closely with 

ICGCl (243;120;383 ml/min (median;IQR), R= 0.95-0.98, p<0.000), but were significantly 

higher than ICGCl (p<0.001). All three clearance measures correlated significantly with 

biochemical and hemodynamic variables of liver dysfunction (p<0.05-0.000). All three ICG-

clearances showed significantly lower values in patients with ascites compared to those 

without, and lower ICG-clearance values were present in patients with oesophageal varices 

compared to those without (p<0.05-0.002). 

Conclusion: Single injection markers (ClA and ClPV) of the steady state ICG clearance as 

derived from the ICG-retention curve and the plasma volume correlate with ICGCl and 

established variables of portal hypertension and liver cell bile excretory dysfunction. 

Therefore, these markers can safely replace the more costly ICGCl. 
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List of abbreviations 

ClA Dose/plasma area indocyanine green clearance 

ICGCl Steady state indocyanine green clearance 

ClPV Plama volume/initial slope indocyanine green clearance 

CO Cardiac output 

FHVP Free hepatic venous pressure 

HVPG Hepatic venous pressure gradient 

MAP Mean arterial blood pressure 

PV Plasma volume 

RAP Right atrial pressure 

WHVP Wedged hepatic venous pressure 
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Introduction 

During their course of disease patients with cirrhosis often develop signs of decompensation 

such as oesophageal varices, fluid retention with ascites, and renal failure (1, 2). These 

complications are regularly preceded by severe disturbances in the hepatic metabolic and 

biliary excretory function (3, 4). In particular, the excretory function is disturbed in the 

advanced stage of the liver disease and the degree of hyperbilirubinemia is for example part 

of classification systems such as the Child-Turcotte score (5, 6). Moreover, the degree of the 

excretory function has been shown to contain prognostic information and to predict the 

course after liver transplantation and other invasive therapeutic procedures (7-10).  

 

The hepatic excretion is reliably reflected by measurement of the indocyanine green (ICG) 

clearance by the constant infusion technique (ICGCI) and this has been considered the gold 

standard for decades (11-13). The ICGCI is a quantitative excretory liver function test defined 

as the ratio between the elimination rate and plasma concentration (ICGCl/CICG) of ICG (11, 

12). ICG is a water soluble fluorescent dye, bound to plasma proteins and almost exclusively 

extracted by the hepatic parenchyma and subsequently completely eliminated through the bile 

ducts (11). The clearance from the blood depends on the hepatic blood flow, function of the 

hepatocytes, and biliary excretion (12, 14). However, the constant infusion technique is time 

consuming and depends on multiple blood samplings. Moreover, it is less patient friendly as 

well as expensive owing to need of technicians and technical equipment (15). 

 

The ICG 15-minutes retention test (ICG-r15) was introduced as a quick-test of excretory 

function and has been shown to be a reliable non-invasive marker of esophageal varices in 

portal hypertension and hepatocellular carcinoma (16-18). The ICG-r15 test is much faster 
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and only requires access through peripheral veins for injection of an ICG bolus and a few 

subsequent peripheral venous blood samples every 5 minutes for 20 minutes (16, 19, 20).  

 

ICGr-15 is derived from the injected bolus dose in relation to the area under the plasma 

curve. However, according to kinetic principles the plasma clearance of ICG can also be 

derived from the ICG-r15 constant and plasma volume and from the dose and ICGr15-plasma 

area (intercept) (16, 21).  

 

The aim of the present study was therefore based on measurements of ICGCl, ICGr-15 curves, 

and plasma volume to assess the most accurate estimate for ICGCl in patients with cirrhosis, 

and to relate the ICG-clearances to established indicators of liver dysfunction. 

 

Materials and methods 

Study population 

For determination of the ICG we included 38 patients, 76% being men, with cirrhosis with a 

mean age of 60.6 years (range: 34-81 years). Thirteen patients had a history of excessive 

alcohol intake i.e. a consumption exceeding 50 g alcohol/day for more than five years. Eight 

patients had cirrhosis from other etiologies than alcohol such as hepatitis B or C virus. 

According to the modified Child-Turcotte classification, 8 patients belonged to Child Class 

A, 21 to Child Class B, and 9 to Child Class C. The average Child score being 7.3 (range: 4-

12). The average MELD score calculated according to the previously published algorithm 

was 11.6 (range:6-29) and (22). 

The presence of slight or moderate ascites was confirmed by ultrasound examination or by 

paracentesis. Twenty-four patients had ascites;  all of them receiving diuretics (spironolactone 

(50–300 mg), eight additionally received furosemide (40-160 mg)).  At endoscopy, 31 patients 
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had oesophageal varices grades 1-3 and 18 had portal hypertensive gastropathy. 

 

None of the patients had known primary kidney disease, cancer, infection, or suffered from 

cardiac insufficiency or hypertension. All subjects participated after giving their informed 

and signed consent, in accordance with the Helsinki II Declaration, and the study was 

approved by the local Ethics Committee for Medical Research in Copenhagen (journal No.H-

17002756) and the Danish Data Protection Agency (AHH-2017-050-05601). No complications 

or side effects were encountered during the study. Clinical, biochemical, and hemodynamic 

characteristics of the patients are shown in Table 1 and part of these data has previously been 

published in another context (19). 

 

Protocol 

Catheterization                                               

All patients underwent a liver vein catheterization in order to diagnose and assess the degree 

of portal hypertension. In brief, investigations were performed in the morning after an 

overnight fast and at least one hour rest in the supine position. Catheterization of the femoral 

artery and vein was performed under local anaesthesia and a small polyethylene catheter was 

introduced into the femoral artery by the Seldinger technique. Via the femoral vein a Swan-

Ganz catheter was guided to the hepatic veins during fluoroscopic control. The hepatic 

venous pressure gradient (HVPG) was measured as the wedged (WHVP) minus the free 

hepatic venous pressure (FHVP) by a Swan-Ganz balloon catheter (23). Pressures were 

measured directly by a capacitance transducer (Simonsen & Weel, Copenhagen, Denmark). 

The mean arterial blood pressure (MAP), right atrial pressure (RAP), cardiac output (CO), 

and total plasma volume (PV) were determined as described elsewhere (24). CO was 

measured by the indicator dilution technique after a bolus injection of 150kBq of 125I-labeled 
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human serum albumin (IFE IT. 205, Institute of Energy Technique, Kjeller, Norway) into the 

right atrium, followed by arterial sampling. Systemic vascular resistance (SVR) expressed in 

dynes x sec/cm5 was assessed as 80 x (MAP - RAP/CO).  Heart rate (HR) was determined by 

electrocardiography (25). 

 

ICG clearance, ICG-r15, and its derivations 

The ICG clearance was measured as the constant infusion rate of ICG divided by the arterial 

plasma concentration according to Stewards principle (15). In our department the blood 

samples for assessment of ICG clearance are drawn during a liver vein catheterization 

procedure for co-determination of ICGCI and hepatic blood flow. Firstly, a priming dose of 2 

mg ICG is given followed by a constant infusion of ICG (Cardio-Green (Hynson, Westcott & 

Dunning, Baltimore, Maryland, USA), 0.2 mg/min, calibrated Dich-pump (Dich, 

Copenhagen, Denmark) in a 5% human albumin preparation during one hour (15). ICG 

concentrations in arterial and hepatic venous plasma (range 0-3 to 2-0 mol/l) are measured by 

a spectrophotometer (Zeiss-PMQ-II; Carl Zeiss AG, Oberkochen, Germany) at 800 and 900 

nm for turbidity correction. The intra-assay coefficient of variation was below 2%. The 

constant infusion indocyanine green clearance (ICGCI) was hereafter calculated as (Q – 

PV(ΔCA/Δt)/CA, where Q is the amount of ICG infused per time unit and PV is the plasma 

volume. ΔCA is the ICG concentration change (positive or negative) within the time period Δt 

and CA is the average ICG concentration within this period. For the ICGCI determination the 

average of six time period was applied. The plasma volume (PV) was measured by the 

dilution technique (24).  
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ICG-r15 

The ICG-r15 test was performed prior to the constant infusion ICG clearance. Two venflons 

with a three-ways stop-cock were placed in each brachial vein. A bolus of 0.5 mg/kg was 

administered in the right brachial venflon. Hereafter, brachial venous samples from the left 

venflon were drawn at 0,5,10, 15, and 20 minutes and the ICG samples were measured as 

mentioned above. The single-exponential decay equation was fitted based on the four time 

points of the serum disappearance curve: CICG (t)= C0 • e
-kt, where k equals the fractional ICG 

plasma disappearance rate (ICGPDR) and C0 is the intercept with the y-axis. ICG-T½ is the 

ICG half-life calculated as ln2/ICGPDR. ICG-r15 (%) is defined as ICG15/ICG0 • 100, where 

ICG15 and ICG0 denote the ICG concentrations at time zero and 15 minutes (13, 16, 19).  

 

Derivations of ICG clearance                      

The ICG clearance ClA may be derived from the injected bolus dose relative to the area under 

the plasma concentration curve determined as the logarithmic regression of the four plasma 

concentration points of ICG. 

ClA = m/∫ 𝐶0 ∙ 𝑒𝑥𝑝(−𝑘𝑡)𝑑𝑡
∞

0
= m ∙

k

𝐶0
,  

where m is the dose in mol, k is the fractional ICG plasma disappearance rate (ICGPDR) in 

min-1 and C0 is the ICG Intercept with the y-axis. 

Finally, the ICG clearance can be determined from the plasma volume (PV) and ICGPDR: 

ClPV = k ∙ 𝑃𝑉, (21, 26). 

Hereafter ClA and ClPV can respectively be compared with the gold standard ICGCI. 

 

Statistics 

Data are presented as mean  SD or medians and interquartile ranges as appropriate. 

Unpaired data were analysed by independent samples t-test or the Mann-Whitney test or 
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ANOVA depending on type of distribution. Correlation analyses between stochastically 

independent variables were performed by the Spearman correlation test. The multivariate 

analysis was performed on the basis of the backward stepwise elimination technique. All 

reported p-values are two-tailed, with values less than 0.05 considered significant. The 

SigmaStat statistical package was applied for the statistical analyses.Background data of the 

38 patients are presented in Table 1. Mean HVPG was 14.8±6.6 mmHg and increased with 

the severity of the disease. Six patients had portal pressure below 5 mmHg.  The majority of 

patients had signs of arterial vasodilatation as reflected by reduced SVR and a hyperdynamic 

circulation with increased CO and HR (Table 1).  

 

Table 2 shows the ICG-r15-related variables, ICGCI, ClA, and ClPV within the individual 

Child classes.  

The MELD score correlated significantly with ICGCl (r=-0.79,p<0.000), ClA (-0.62,p<0.000), 

and ClPV (r=-0.79, p<0.0000), respectively. 

The mean ICG-r15 in the total patient population was 37.6 (range 3-82). In the total patient 

group ClA and CLPV were estimated significantly higher than ICGCl (p<0.001). ClA correlated 

significantly with ICGCl (Rs=0.95, p<0.000) and likewise ClPV correlated significantly with 

ICGCl (Rs=0.98, p<0.000), se Figure 1. By linear regression ICGCl can be explained from ClA as 

-21.8 + (0.84  ClA) (r=0.95, p<0.001) and from ClPV as -10.3 + (0.85   ClPV) (r=0.95, p<0.001).  

 

ICGCI correlated significantly with selected biochemical, splanchnic, and systemic 

hemodynamic variables (Table 3). With respect to the renal function serum sodium correlated 

significantly with both ICGCl (r=0.57,p<0.005), ClA (r=0.55, p<001), and ClPV (r=0.58, 

p<0.0001, whereas there was no significant relation to serum creatinine. 

A similar correlation pattern was seen with respect to correlations to ClA and ClPV. Figure 2 
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shows the correlations between the Child score and ICGCl, ClA, and ClPV, respectively. All three 

expressions of the ICG clearance showed significantly lower ICG clearance values in patients 

with ascites compared to patients without (-22 %-48%, p<0.05) and lower ICG clearance values 

in patients with oesophageal varices (Table 4). 

 

Figure 3 shows Bland-Altman plots of ClA and ClPV in relation to ICGCl. There were no 

statistical significant differences between ICGCl vs the delta-values of ICGCl and ClA (r=-0.19, 

p=0.26) or the delta-values of ICGCl and ClPV (r=-0.23, p=0.16).  

Discussion 

The present study shows that: 1o There is a high degree of correlation between the different 

types of ICG-clearances in patients with liver diseases; 2o The initial single injection methods 

(ClA and ClPV) show higher clearance values than the steady state method (ICGCl); 3
o All 

types of ICG-clearance determinations are related to several well-established variables of 

portal hypertension, hepatic blood flow, liver cell function, and bile excretory function.  

The steady state, continuous ICG-infusion technique represents a classic approach to 

clearance determination (15, 26, 27). The ICG-dye is firmly bound to plasma proteins, 

including albumin, and the distribution space of ICG is the plasma volume (11, 15). There is 

no significant entero-hepatic recirculation of ICG (7), and ICG is almost exclusively excreted 

by the liver cells into the bile, with a renal loss below 1%, and an escape to the extracellular 

space below 8% per hour (<0.2% per minute)(13, 15, 28). By the concentrations of ICG 

applied in the present study, the ICG-kinetics can be considered to be of first order type (7), 

an assumption that is confirmed by the monoexponential plasma concentration profile after 

single intravenous injection of ICG. The correction of ICG infusion rate for small unsteady 

plasma concentration is most often performed with a plasma volume estimate as a fixed 

fraction of body weight (15, 21, 28). In the present study, however, we determined the actual 
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value of plasma volume in each patient by the indicator dilution technique. The correction for 

unsteady plasma concentration of ICG in the present study was on average 0.5 (range: -18 – 

12%). Although there may be small systematic errors tending to overestimate the steady state 

ICG-clearance, this technique is considered the most reliable to determine the serial process 

of ICG uptake in liver cells with subsidiary excretion into the bile tree (14). In addition, 

earlier studies by our laboratory have shown an acceptable low day-to-day variation of steady 

state ICG-clearance in patients with liver disease (19). 

The dose/plasma area ratio ICG-clearance (ClA) was always higher than the steady state 

values. There may be several reasons for that. When the plasma concentration-time area is 

determined from the early monoexponential part of the plasma curve (5-20 minutes), the very 

fast and the slow plasma transits may be underestimated (21, 26, 29). This may lead to a 

smaller calculated area under the plasma curve and thereby to a higher clearance value. In 

line with this, the overestimation of ICG-clearance was independent of liver function (+81, 

+92, and + 83 ml/min in Child class A, B, and C patients, respectively, ns). An analogous 

problem is present by measuring the renal clearance from an indicator dose relative to its 

plasma concentration-time area (27, 29). This has been considered thoroughly in patients with 

liver disease in a recent publication by the authors (27). Another challenge may be that initial 

mixing of ICG in the plasma volume potentially can be co-determined in parallel to the ICG 

transport into the liver cells (11, 26). The plasma volume in patients with cirrhosis is 

increased, but the cardiac output is often even more increased, and studies with albumin 

tracers have indicated that mixing is completed within 5 min in these patients (28). Therefore, 

this potential contribution to overestimation, most likely, is minor, especially with a well-

running intravenous line. It should, however, be realized that any initial ICG-clearance 

method will determine the uptake rate of ICG from the blood stream into the liver cells, 

whereas the steady state clearance will determine the rate-limiting step in the serial transport 
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from liver cell uptake to excretion into the bile ducts, and the former may well be truly 

somewhat higher than the latter (11, 30). In the present study we found a close correlation 

between the two measurements of ICG-clearances, indicating that the dose/plasma area ratio 

ICG-clearance is a good estimate of ICG-clearance with the relatively small reservations 

given. 

The plasma volume-initial slope ICG-clearance (ClPV) was consistently a little higher than the 

steady state clearance, but not as high as ClA. Some of the same issues may be valid as given 

in the foregoing section.  

The difference between the two models is the calculation of the plasma volume because both 

use the same constant k. With respect to ClA, the plasma volume was calculated as m/C0 and 

ClA can be reorganized to k· m/C0. ClPV was different from ClA since the plasma volume 

determined by the indicator dilution method was somewhat different from that determined by 

the ICG bolus method. The main bias of the ClA method is the estimate of C0. Estimation of 

C0 may be sensitive to the set point of t0 and depends on the time used for bolus infusion and 

the transit time from infusion to sampling. These differences may explain why ClA and ClPV 

are not identical.  

 

The distribution volume of ICG is that of the plasma volume, owing to its strong binding to 

plasma proteins (31). In reality, the distribution volume of ICG is slightly smaller than the 

plasma volume, due to the fact that the concentration of ICG is smaller in the hepatic 

sinusoids and in the liver veins compared to other parts of the circulation consequent on the 

hepatic extraction of ICG. Thus, by application of the entire plasma volume there will be a 

slight (around 3%) systematic overestimation of the ICG-clearance.  
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There may be other explanations why ICGCl is lower than ClPV. A reversible distribution of 

ICG may take place to different non-hepatic tissues (32, 33) or a small contamination with a 

low-clearance metabolite of ICG may have occurred after continuous infusion (34).    

 All in all, ClPV was closely correlated to the steady state clearance in the present study, and it 

may be the best initial slope ICG-clearance estimate of liver cell uptake. 

Normal subjects have a high hepatobiliary clearance of ICG with a hepatic extraction rate 

close to 100%, and it is therefore a measure of the hepatic blood flow (15, 19). However, in 

patients with liver diseases and impaired extraction rate of ICG, the determination of the 

hepatic blood flow involves correction with the extraction rate of ICG. Several 

pathophysiological mechanisms may compromise the transport of ICG from the blood stream 

to the bile ducts. Firstly, the sinusoidal lining may be tightened to substances bound to 

proteins because even in early liver disease, defenestration with reduced number of fenestrae 

may compromise the transsinusoidal transport of proteins (31). In more advanced disease 

“capillarization” with basement membrane, collagen deposits in the space of Disse, and 

regular intrahepatic shunts may reduce the effective perfusion area of the liver cells with 

reduced hepatocellular uptake of ICG as the outcome (35). These microvascular and 

structural changes are essential in the increased hepatic vascular resistance and the 

development of portal hypertension in cirrhosis. In keeping with that, we found in the present 

study a highly significant inverse correlation between all measures of ICG-clearance and the 

increased hepatic venous pressure gradient. 

The functional hepatocellular mass, as reflected by the galactose elimination capacity, 

estimates the phosphorylation capacity of the liver (36). However, other enzymatic activities, 

including those necessary for handling ICG in the liver cells, are likely to more or less to 

follow the galactose elimination capacity along with progression of liver disease (37). 

Although the ICG-clearance as a whole was more reduced (- 48%) compared to a lesser 
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reduction of galactose elimination (-22%) capacity in the present study, a highly significant 

direct correlation between these variables were found in our patients. This probably reflects 

an enzymatic dysfunction in the compromised transcellular transport of ICG in cirrhosis. 

ICG is excreted into the bile in its original molecular form also in liver disease (8). Therefore, 

any process that may affect bile secretion or bile flow will reduce the excretion of ICG. In 

accordance with that, we found a highly significant inverse correlation between the different 

ICG-clearances on the one hand and serum bilirubin and alkaline phosphatase on the other. 

Since hepatic excretory dysfunction and jaundice is part of the definition of acute-on-chronic 

liver failure it can be assumed that derivates of the ICG-clearance could be used to optimize 

the prediction of acute-on-chronic-liver failure (38). This should be topic for forthcoming 

studies. Another important aspect is the impact of renal failure on the hepatic clearance 

function. In this study we did not measure glomerular filtration rate but we found significant 

correlations of serum sodium to all derivatives of ICG clearance, which emphasize the 

importance of the hepatorenal axis and that impaired kidney function may affect the hepatic 

clearance and vice versa. This interesting topic should be further validated in prospective 

studies with adequate assessment of renal function. 

 

In normal subjects, the uptake of ICG from the blood stream may be faster than the biliary 

excretion, which then is the rate limiting step in the complicated serial transport processes 

(19). In liver disease the relative speed in the various transport processes may change as these 

are affected differently both during disease progression and in the different parts of the liver. 

Details in these pathophysiological processes cannot be elucidated from the present study, but 

the fact that highly significant relations were found to markers of compromised uptake, 

enzyme activity and biliary excretion may suggest that all processes in the serial transport 

through the liver cell are affected in chronic liver disease with a relation to disease severity. 
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This point of view is also supported by the finding of significant relations of ICG-clearance 

to general markers of disease severity, like Child score, serum albumin, serum sodium, 

coagulation factors, and signs of fluid retention and esophageal varices. Patients with 

cirrhosis are often treated by for example beta-blockers, terlipressin and other drugs that may 

interfere with the hepatic clearance of ICG or other metabolites. However, to our knowledge 

no systematic studies in humans have yet been conducted to elucidate these effects.   

 

In conclusion, our results show that single injection markers of the constant infusion ICG 

clearance as derived from the ICG-r15 retention curve and the plasma volume correlate well 

with established variables of portal hypertension and liver cell bile excretory dysfunction. 

Therefore, these markers can safely replace the more costly ICGCl. 
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Figure 1.  

Correlation between steady state indocyanine green clearance (ICGCl) and dose/plasma area 

indocyanine green clearance (ClA), Panel A and plasma volume/ initial slope indocyanine 

green clearance (ClPV), Panel B. 
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Figure 2. 

Correlation between the Child-Turcotte class and steady state indocyanine green clearance 

(ICGCl), Panel A,  dose/plasma area indocyanine green clearance (ClA), Panel B, and plasma 

volume/ initial slope indocyanine green clearance (ClPV), Panel C. 
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Figure 3. 

Bland-Altman plots of dose/plasma area indocyanine green clearance (ClA), (upper Panel) and 

plasma volume/ initial slope indocyanine green clearance (ClPV), (lower Panel) in relation to 

steady state indocyanine green clearance (ICGCl). The plots revealed no significant 

differences between ICGCl vs delta-values of ICGCl and ClA or delta-values of ICGCl and 

ClPV. 
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Table 1. Clinical, biochemical, and hemodynamic characteristics of 38 patients with cirrhosis. Data 

are shown as mean and standard deviation (SD) unless otherwise stated. Reference values in brackets. 

 

Patients Characteristics                                                                                                                                                              

                                                                           

 

Age (years) 60.6 (10.5) 

Height (cm) 175.0 (10.0) 

Body weight (Kg) 77.7 (19.6) 

Gender (M/F) 29/9 

Body mass index (Kg/m2) 25.0 (5.0) 

Ascites (+/-) 24/14 

Esophageal varices (+/-) 

 

Child-Turcotte score 

 

MELD score 

 

31/7 

 

7.4 (2.4) 

 

11.6 (5.6) 

 

Biochemistry 

 

Blood haemoglobin(mmol/L) 

[males 7.0-10.9] 

7.7 (1.4) 

Serum creatinine (μmol/L) 

[49-121] 

79 (18) 

Serum sodium (mmol/L) 

[136-146] 

137 (4) 

Serum albumin (g/L) 

[36-45] 

30.4 (6.6) 

Serum bilirubin (μmol/L) 

[2-17] 

25 (25) 

Serum alkaline phosphatases 

(U/L)[50-275] 

130 (53) 

Plasma coagulation factors 

2,7,10 (U) [>0.70] 

0.66 (0.24) 

 

Hemodynamics 

 

Hepatic venous pressure 

gradient (mmHg) [<5] 

14.1 (6.1) 

ICGCl
* (mL/min) 

[300-700] 

 

ICG-r15 (%)[<13] 

 

Galactose elimination capacity 

(mmol/min) 

[males>1.7,females<1.4] 

 

258 (181) 

 

 

38 (25) 

 

1,80 (0.59) 

Mean arterial pressure 

(mmHg) 

 

Heart rate (min-1) 

89 (12) 

 

 

75 (15) 

 

Cardiac output (L/mins) 6.6 (2.1) 

Systemic vascular resistance 

(dyn.s.cm-5) 

[1600-2300] 

1128 (399) 

Plasma volume (L) 

Plasma volume (mL/kg) 

[37-52] 

3.95 (0.97) 

51.5 (9.6) 

  

*) ICGCl = Constant infusion indocyanine green clearance 
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Table 2. Indocyanine green clearance (ICG) determined by constant infusion technique ICGCI and 

from the ICG-r15 retention curve and amount of injected dose ClA  or from the plasma disappearance 

rate and plasma volume ClPV in 38 patients with cirrhosis in total and stratified according to the 

Child-Turcotte classification. Data are shown as mean and standard deviation (SD) and medians and 

IQR. The p-value is obtained using non-parametric ANOVA in comparison of patient 

  

ICGCI (ml/min)  

 

ClA (ml/min) 

 

ClPV (ml/min) 

 

p-ANOVA 

 

All patients (n=38) 258 (181) 

 

243 (120;383) 

364 (221)* 

 

310 (214;502) 

324 (197)¤ 

 

294 (164;481) 

 

0.05 

 

Child A (n=8) 494 (155) 

 

449 (352;654) 

575 (271) 

 

531 (353;804) 

410 (262) 

 

484 (156;597) 

 

0.18 

 

Child B (21) 229 (128) 

 

242 (129;328) 

321 (131) 

 

286 (221;436) 

291 (142) 

 

280 (175;400) 

 

0.06 

 

Child C (9) 116 (97) 

 

93 (43;152) 

199 (114) 

 

192 (100;263) 

159 (127) 

 

134 (72;201) 

 

0.15 

 

 

*ClA vs ICGCI p<0.001 (pairet t-test) 

¤ClPV vs ICGCI p<0.001 (pairet t-test) 
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Table 3. Correlations between pertinent biochemical and hemodynamic variables and indocyanine 

green clearance as determined by constant infusion technique ICGCI from the ICG-r15 retention curve 

and amount of injected dose ClA or from the plasma disappearance rate and plasma volume ClPV in 38 

patients with cirrhosis. The p-value is obtained using the Spearman rank order correlation. 

 

  

ICGCI 

R/p 

 

 

ClA 

R/p 

 

 

ClPV 

R/p 

 

Serum sodium 0.57/0.0002 0.44/0.0004 0.28/0.02 

Serum albumin 0.62/0.00004 0.46/0.0002 0.26/0.03 

Serum bilirubin -0.76/<0.00001 -0.62/<0.0001 -0.61/<0.00001 

Plasma coagulation factor 2,7,10 0.71/<0.00001 0.55/<0.00001 0.52/<0.00001 

Child score -0.68/<0.00001 -0.57/<0.0001 -0.39/0.001 

MELD score -0.79/<0.0001 -0.62/<0.0001 -0.79/<0.0001 

Hepatic venous pressure gradient -0.52/0.0006 -0.46/0.0002 -0.43/0.0003 

Mean arterial pressure 0.38/0.02 0.25/0.05 -0.07/0.5 

Galactose elimination capacity 0.69/<0.00001 0.71/<0.00001 0.49/0.001 
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Table 4. Indocyanine green clearance as determined by constant infusion technique ICGCIfrom the 

ICG-r15 retention curve and amount of injected dose ClA or from the plasma disappearance rate and 

plasma volume ClPV in 38 patients with cirrhosis patients with or without ascites and with and without 

oesophageal varices. Data are shown as mean and standard deviation (SD) and medians and 

interquartile ranges. The p-value is obtained using t-test or Mann-Whitney test as appropriate. 

 

 ICGCI (mL/min) ClA (mL/min) ClPV (mL/min) 

Ascites (N=24) 203 (130) 

172 (86;291) 

273 (140) 

280 (177;375) 

351 (489) 

241 (114;411) 

No ascites (n=14) 353 (220) 

352 (180;484) 

453 (259) 

454 (235;625) 

446 (216) 

424 (267;597) 

p-value 0.04 0.05 0.02 

Oesophageal varices        

(N=31) 

213 (143) 

209 (79;311) 

286 (55) 

283 (166;377) 

362 (453) 

275 (116;420) 

No oesophageal varices      

(N=7) 

429 (217) 

387 (234;654) 

588 (258) 

619 (409;859) 

467 (218) 

470 (273;580) 

p-value 0.0016 0.006 0.08 

 

 


