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Introduction

Indocyanine green (ICG) clearance has been used, since the 1950s, as an indicator of
dynamic liver function. The emergence of static liver function tests together with
imaging and histology, has reduced the use of ICG measurements in the clinical set-
ting. During the last two decades, methods to assess the hepatosplanchnic circula-
tion and liver function have been the focus of intense investigation. The monitoring
of this regional circulation has been shown to be the best predictor of outcome in
critically ill patients [1]. As technologies advance, two mains goals can be identified
concerning hemodynamic monitoring: The first is to make measurements using
non-invasive tools in order to eliminate the risks associated with invasive monitor-
ing; the second is to find a single measurement that could predict patient status. The
same points are currently needed in regional hemodynamic monitoring. This chap-
ter briefly considers ICG clearance physiology and its various methods of measure-
ment, reviews the indications for ICG clearance measurement, and defines the cur-
rent interests and limits of this technique with regard to hepatic functional impair-
ment in critically ill patients with sepsis, liver disease, or after major hepatic surgery
and liver transplantation.

Physiology of Indocyanine Green

ICG is a water-soluble, nontoxic tricarbocyanine dye. The active substance or dyestuff,
ICG, is the mono-sodium salt of 1-[sulfobutyl] 3.3 dimethyl 2 {7 [(4 sulfo butyl) 3.3
dimethyl 4.5 benzoindoliny liden (2)] heptatrien(1.3.5) yl} 4.5. benzoindolium iodide.
Its molecular formula is C43H47N2NaO6S2, and its molecular weight is 774.97 Da.

The principal characteristic of ICG is that it is extracted nearly exclusively by the
hepatic parenchymal cells and excreted almost entirely into the bile without entero-
hepatic circulation [2]. Indeed, after injection, ICG binds almost completely, within
1–2 seconds, to plasma proteins (globulin, α1-lipoproteins) without extravascular
distribution. It is taken up by the parenchymal cells of the liver, bound by acceptor
proteins, and then, through the hepatic cells, excreted via the canalicular membrane
and eliminated with the bile in unchanged form. ICG is detectable 15 minutes after
injection into the bile, with a maximum concentration from 1/2 to 2 hours after
injection, depending on the amount injected. The kinetic of ICG plasma disappear-
ance has been thoroughly described in previous articles [3, 4]. Because of its metab-
olism, the ICG elimination rate, a dynamic test, has been largely used to assess liver
function, hepatic blood flow, and hepatosplanchnic hemodynamics [5–7].
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ICG is, in general, very well tolerated and safe. In all of the reported studies using
ICG, no side-effect has been related to its use. However, in patients with an iodine
allergy or thyrotoxicosis, use of ICG is not advised, since it contains iodine. ICG
injection can, in extremely rare cases, cause nausea and an anaphylactic reaction
(incidence of approximately 1:40000) with the main manifestations being pruritus,
urticaria, tachycardia, hypotension, dyspnea, and shortness of breath.

Principles of Measurement

Various techniques (invasive and non-invasive) are available to evaluate ICG elimi-
nation after an intravenous injection. These methods give us various derived values
that quantify ICG elimination: the clearance (Cl-ICG), the plasma disappearance rate
(PDR-ICG), which is the percentage of ICG eliminated in 1 minute after an ICG
bolus, and the retention rate at 15 minutes (R15) (Table 1).

Invasive Methods

Spectrophotometric concentration analysis at regular time intervals on serial blood
samples was the first method described and remains the gold standard. To decrease
the number of blood samplings, which are cost- and time-consuming, the insertion
of a fiber-optic aortic catheter into the femoral artery has been proposed (COLD-
System Z021, Pulsion Medical Systems, Munich, Germany). Currently, because of its
invasiveness, its use is limited to experimental settings.

Non-Invasive Methods

For 10 years now, ICG elimination can also be determined non-invasively by a mea-
sure based on spectrophotometry. The patient is monitored with an ICG finger clip,
which is connected to a liver function monitor (LiMON®, Pulsion Medical System,
Munich, Germany) via an optical probe. After injection, ICG is detected from frac-
tional pulsatile changes in optical absorption. The optical peak absorptions of 805 nm
and 890 nm allow continuous measurements of PDR-ICG. For each measure, a 0.25 to
0.5 mg/kg bolus of ICG is injected through a peripheral or central venous catheter and
immediately flushed with 10 ml of normal saline. Administration is always performed
after dilution of the lyophilisate in 10 ml of accompanying solvent or ice-cold 5 % dex-
trose, in order to obtain a concentration of 2.5 mg/ml. The dose administered per
patient is calculated from the weight of the patient on the basis of 0.25 to 0.5 mg/kg.
Sakka et al. showed that a dosage of ICG of 0.25 mg/kg appeared to be more accurate
for transcutaneous measures of PDR-ICG than a 0.5 mg/kg bolus in critically ill
patients (r = 0.95, p < 0.0001, with a mean bias 1.0 ± 2.5 %/min) [8]. The monitor

Table 1. Parameters that quantify indocyanine green (ICG) elimination

Parameter Calculation Normal range Unit

Plasma disappearance rate of ICG (PDR-ICG) ln2/t1/2 × 100 18–25 %/min
ICG clearance Vd circ × PDR 500–750 ml/min
ICG retention rate after 15 min [ICGt=15] / [ICGt=0] × 100 0–10 %

Vdcirc: volume of distribution of the dye
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then determines automatically the PDR-ICG by a mono-exponential transformation
of the original ICG concentration curve and backward extrapolation to the time
point ‘zero’ (100 %), describing the decay as the percentage of change per time.

With this non-invasive monitoring, the ICG elimination is determined without
any time delay, (the results being obtained within a few minutes, depending on the
circulation time). This can be done at the bedside and reduces the number of blood
samples. Recently, several studies have reported a good correlation between invasive
and non-invasive methods [9–14]. A good correlation between invasive and non-
invasive techniques (r2: 0.81 to 0.97) has been reported in different clinical settings,
i.e., critically ill patients [13], patients awaiting liver transplantation, liver trans-
planted patients [10, 12, 14], and patients being assessed for suitability of hepatic
resection [9]. However, von Spiegel et al. [12], in 9 patients undergoing liver trans-
plantation, observed that the PDR-ICG values measured by the non-invasive method
tended to be relatively lower than the invasive Cl-ICG. This difference is linked, in
these patients, to an increase in the volume of distribution (Vdcirc) of ICG just after
the surgery. The pulse dye densitometry method for assessing liver function and
hepatic blood flow can be used in hemodynamically stable and unstable patients
[11]. However, the PDR-ICG value should be interpreted with caution in some situa-
tions.

Limits of ICG Pharmacokinetics Interpretation

The moment in the course of the day when ICG measurements are obtained is
important. Indeed, circadian variations in hepatic blood flow and in ICG kinetics
have been observed in healthy male volunteers [15]. The plasma clearance of ICG
was lowest at 14:00 and highest during the night. Two previous studies have shown
that several factors (postural change and exercise [16], food [17], drugs, such as
angiotensin converting enzyme inhibitors [18] or N-acetylcysteine [19]) modify liver
blood flow and ICG clearance. Physiologically, it has been shown that the volume of
distribution of ICG is distributed in the vascular bed and is equal to the plasma vol-
ume assessed by [131I]-labeled albumin [6].

The Current Place of ICG in Clinical Practice (Table 2)

Prognostic Marker in the Intensive Care Unit

Several prognostic scores have been tested and validated in intensive care patients.
In many of these (Simplified Acute Physiology Score [SAPS] II, Sequential Organ
Failure Assessment [SOFA]...], bilirubin is the only variable used to assess liver func-
tion and hepatosplanchnic blood flow. Yet, Sakka et al. have shown that the ICG-
PDR on admission to the intensive care unit (ICU) was as sensible as other scores,
such as APACHE II or SAPS II [20]. In their study, in 336 patients admitted to the
ICU, PDR-ICG was as sensible as and more specific than bilirubin (area under the
curve [AUC] 0.831 for PDR-ICG, with a cut-off point e 10.3 %/min versus AUC 0.782
for bilirubin (p < 0.06), using receiver operating characteristic [ROC] curves) [21].
Gottlieb et al. [22] also observed, in seven injured patients with hepatic venous cath-
eters, an earlier decrease in ICG clearance compared to bilirubin in cases of liver
dysfunction. They concluded that ICG clearance was more sensitive than bilirubin
for detecting liver dysfunction [22]. Similar results have been obtained in subgroups
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Table 2. Current use of indocyanine green clearance (ICG) monitoring

In the intensive
care unit

) Prognostic markers (in critically ill patients, in septic shock)
) Assessment of hepato-splanchnic hemodynamics

In hepatology ) Assessment of liver functional reserve in cirrhosis
) Prognostic value in cirrhosis

In surgery ) Evaluate hepatic functional reserve before liver resection
) Predict mortality and morbidity after surgery (liver resection, thoracic surgery,
cardiac surgery)
) To use in decision trees to select the surgical procedures in patients with
impaired liver functional reserve

In liver trans-
plantation (LT)

) Before LT: for selection of the graft
) During LT: inform about the graft reperfusion
) After LT: evaluate graft function and identify early graft dysfunction, predict graft
and patient outcome, help to diagnose hepatic artery thrombosis and acute
rejection.

of critically ill patients. In surgical critically ill patients, the plasma clearance rate of
ICG was higher in survivors compared to non-survivors (11.1 ± 7.1 % versus 4.8 ±
4.3 %) [23]. In another study in 42 patients with trauma or shock, PDR-ICG pre-
dicted survival (15.0 ± 6.9 %/min in the survivors vs. 6.6 ± 5.0 %/min in non-survi-
vors) whereas total bilirubin, alkaline phosphatase, and serum glutamic-oxalacetic
transaminase, were identical in the two groups [24].

In patients with septic shock, the ICG elimination rate is an indicator of hepato-
cellular dysfunction; indeed, in a recent article, Kimura et al. reported an association
between hepatocellular injury and a reduction in hepatic ICG clearance [25]. More-
over, in patients with septic shock, Kimura et al. showed that sequential changes in
the elimination rate of ICG could predict survival. When the Cl-ICG increased, from
24 to 120 hours after the onset of the septic shock, it was associated with a good out-
come; however, when the Cl-ICG remained stable or decreased, the patients died
[25]. Knowing that regional variables are more important predictors of mortality
compared with global volume-related hemodynamic [1], the PDR-ICG appears to be
a very useful tool in the ICU. It is an excellent test to estimate hepatosplanchnic
blood flow in patients with hemodynamic shock, and can be used as a prognostic
factor on admission to the ICU.

Hepatosplanchnic Hemodynamics In Different Clinical Settings

Multiple organ failure syndrome is a major cause of death in patients in the ICU. It
is associated with hepatosplanchnic hypoperfusion leading to an inadequate perfu-
sion of the gut and damage to the mucosa of the intestine. This could result in a loss
of its barrier function and lead to translocation of bacteria or endothelin into the
circulation. After surgical interventions, the incidence of hepatosplanchnic hypoper-
fusion ranges from 1 to 2 %, depending on hemodynamic disturbances, with the
same consequences as in septic shock.

The PDR-ICG (non-invasive method) has been validated as a marker of hepatos-
planchnic perfusion [20, 26]. Several authors have used the PDR-ICG to evaluate the
effects of treatments on the hepatosplanchnic circulation. After surgery, the PDR-
ICG has been used to select patients at risk of hepatosplanchnic hypoperfusion and
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to guide therapy or to decide when to use more invasive devices to monitor this per-
fusion [27]. For example, in patients with septic shock, in whom the ICG clearance
is predictive of survival, Lehmann et al. showed an increase in PDR-ICG after pros-
taglandin (PGI2 analog – Iloprost) administration and a protective effect of this
drug on the hepatosplanchnic circulation [26]. The same results were observed with
dopexamine with a positive effect on the PDR-ICG [27].

In another setting, the PDR-ICG has been largely used to evaluate the ventilator
effect of positive end-expiratory pressure (PEEP) on venous return, thus altering
systemic hemodynamic patterns and hepatosplanchnic blood flow. It was shown that
PEEP decreased venous return and modified splanchnic hemodynamics in an exper-
imental setting. However, in patients after orthotopic liver transplantation, in spite
of the increase in the PEEP (from 0 to 10 cmH2O) and deterioration of cardiac flow
in half the patients, the PDR-ICG remained normal and stable [29]. After cardiac
surgery, with the same PEEP level, the PDR-ICG remained unchanged [30].

In chronic intestinal ischemia [31] and during abdominal compartment syn-
drome [32, 33], ICG clearance was used to evaluate the effect on hepatosplanchnic
hemodynamics of increasing cardiac output by fluid loading. The limitation of these
studies is the lack of evaluation of the ICG distribution volume.

Cirrhosis

ICG clearance is thought to be adequate as an estimate of liver functional reserve in
patients with cirrhosis and to reflect the degree of sinusoidal capillarization, porto-
venous shunt, and modifications in liver blood flow [4]. In cirrhotic patients, ICG
clearance is significantly lower than in healthy patients, mainly with an intrinsic
decrease of ICG hepatic uptake [34]. Indeed, the liver parenchymal cell volume in
cirrhotic patients (874 ± 161 ml) was significantly smaller that in patients without
cirrhosis (1284 ± 352 ml) [35]; the parenchymal cell volume per body weight was
significantly correlated to ICG clearance.

Few data are available on ICG clearance and its prognostic value in cirrhotic
patients. In a series of 102 cirrhotic patients (cirrhosis of various etiologies), the
PDR-ICG was correlated with the Child-Pugh score [36]. Similarly, Herold et al., in
patients with hepatitis C virus cirrhosis, reported an inverse correlation between
several quantitative tests of liver function with ICG clearance and the Child-Pugh
score [37]. In this study, patients with Child-Pugh A had an ICG clearance (0.15 ±
0.05 l/min) at the lower limit of normal; in patients with Child-Pugh B and Child
Pugh C, the ICG clearance was significantly lower (0.07 ± 0.04 l/min and 0.03 ± 0.02
l/min, respectively).

During the follow-up of cirrhotic patients, ICG has been used as a predictor of
survival [38]. In this study, 105 cirrhotic patients were followed for an average of 31
months, with 38 deaths over this period. The probability of survival was lower in
patients with an ICG clearance less than 300 ml/min (70 %), than in patients with an
ICG clearance greater than 1000 ml/min (80 %). However, among the covariates, ICG
clearance was not independently associated with survival [38].

In a prospective study, Oellerich et al. [39] suggested that dynamic liver function
tests such as Cl-ICG were superior to conventional liver function tests in assessing
short-term prognosis in cirrhotic patients [39]. In this study, 107 adult candidates
for liver transplantation were included; 18 died in the 120 days following inclusion.
The patients who survived for at least 120 days showed a significantly lower ICG
half-life compared to non-survivors (24.5 vs 12.3 min).
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Major Hepatic Surgery

Post-operative hepatic failure is a life threatening complication that occurs in 1 to
5 % of hepatic resections. Evaluating the hepatic functional reserve is essential
before surgery in order to limit the risk of post-operative hepatic failure. Thus, to
predict mortality and morbidity after liver resection, several authors have used ICG
clearance in addition to imaging and volumetric assessment [40, 41].

Nonami et al. [42] examined various predictive factors in 315 patients over
11 years. In this study, there were 291 survivors and 24 patients with post-operative
liver failure. Among the factors studied, ICG clearance and blood loss during sur-
gery were the only factors independently correlated to survival. Similarly, Lau et al.
[43], in a series of 127 patients, reported cut-off values for ICG retention rate at
15 minutes of 14 % for major hepatectomy and 23 % for minor hepatectomy. The
relative risk of death for major hepatectomy was 3 if the ICG retention rate at 15 min
exceeded the cut-off [43]. For Hemming et al. [44], neither age nor standard liver
function tests were useful as preoperative prognostic indicators of survival; only ICG
clearance was a significant marker in determining outcome. According to the
authors [44], below the cut-off point of 5.2 ml/min/kg, liver resection should not be
attempted. Moreover, after liver resection in patients with hepatocellular carcinoma,
a higher value of ICG retention rate at 15 minutes seemed linked to a higher recur-
rence rate [45]. It should be noted that all these studies included patients undergo-
ing liver resection for hepatocellular carcinoma with cirrhosis. However, Yamanaka
et al. [46] reported the same result in a study of 434 patients with a subgroup of 58
patients with liver metastases. According to these results, scoring systems and deci-
sion trees have been established using ICG clearance to estimate post-operative
hepatic reserve prior to liver resection. Hence, Nagashima et al. [47] proposed the
chronic liver dysfunction score that included five parameters, including the ICG
retention rate (with the most important weight); this score provides a reliable assess-
ment of the risk of partial liver resection. Decision trees have also been established
to select the surgical procedures in patients with impaired liver functional reserve.
Imamura el al. [4], using such a decision tree, observed a mortality rate of less than
1 % in patients with Child-Turcotte-Pugh A, undergoing liver resection for hepato-
cellular carcinoma. In their decision tree, the possible operative procedure (enucle-
ation, limited resection, segmentectomy, mono- to bisectoriectomy, and trisectriec-
tomy) depended on the total bilirubin level, the presence of ascites, and the ICG
retention rate at 15 minutes. ICG clearance has also been used after thoracic surgery
in cirrhotic patients [48]. Iwata et al. showed, as for preoperative serum alpha-feto-
protein or total bilirubin, that the ICG retention rate at 15 minutes was a predictive
factor for postoperative liver failure after lung cancer surgery in patients with liver
cirrhosis. Indeed, in the liver failure group, the preoperative value of the ICG reten-
tion rate at 15 minutes was significantly higher than in the non-liver failure group
[48].

Liver Transplantation

Before Liver Transplantation
Successful liver transplantation depends on numerous factors that affect either the
donor or the recipient. Assessing liver function in donors remains a major problem.
With this aim, Wesslau et al. [49] studied several characteristics in 41 liver graft
donors, 21 of whom were accepted for transplantation. The authors observed that a
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PDR-ICG value of less than 15 %/min was associated with primary non-function of
the graft [49]. On the other hand, 19 livers were found unsuitable for transplantation
(based on the subjective decision of the surgeon). Only three of these had a PDR-
ICG value greater than 15 %/min. Thus, the ICG clearance could be used as a prog-
nostic index prior to organ explantation.

During liver transplantation
To identify graft dysfunction, von Spiegel et al. [12] analyzed the time course of ICG
elimination from before surgery until 24 h post-surgery in 9 patients (12). The
authors observed that during the anhepatic phase, the Cl-ICG or PDR-ICG remained
low. Immediately after reperfusion of the graft, the PDR-ICG and Cl-ICG increased
to supranormal values, before decreasing during the first 24 postoperative hours.
The absence, after reperfusion, of an increase in ICG elimination could, therefore,
provide information on graft function. In a case report, Mandell et al. [50] suspected
graft dysfunction because the ICG elimination value was similar before and after
reperfusion. The intra-operative ultrasound showed a reduction in portal venous
blood flow. After reconstruction, ICG elimination was normal.

After liver transplantation
The ICG elimination rate, measured either by an invasive method (Cl-ICG) or a non-
invasive method (PDR-ICG or retention rate), has been widely used to evaluate graft
function [14, 51–54]. These various studies showed that ICG elimination, measured
on the day of liver transplantation, reflected graft function and could be used to pre-
dict graft viability and patient survival. In these studies, the authors showed a good
correlation between Cl-ICG and outcome. For Jalan et al. [51] and Plevris et al. [54],
a Cl-ICG cut-off of 200 ml/min predicted survival. In a recent investigation in a
cohort of 72 transplant recipients, we observed that a low PDR-ICG (< 12.85 %/min)
was significantly associated with postoperative complications (primary non-function,
hemorrhagic or septic shock, acute rejection, hepatic artery thrombosis) (Fig. 1)
[55]. In all the studies, the ICG elimination rate was highly sensitive of liver dysfunc-
tion but not specific for the reason of the dysfunction. Analyzing the sequential
changes in our series, we showed that the PDR-ICG can be used to help identify
early graft dysfunction. Indeed, among patients with a complication after liver
transplantation, a persistently low PDR-ICG (< 12.85 %/min) between day 0 and day
5 was associated with septic shock, prolonged liver dysfunction or hepatic artery
thrombosis (Fig. 2), and these patients required retransplantation or prolonged

Fig. 1. Sensitivity and specificity of lowest value
of plasma disappearance rate of indocyanine
green (PDR-ICG) with respect to outcome accord-
ing to receiver operating characteristic (ROC)
curves in 72 transplant patients [55]. A PDR-ICG
value, between day 0 and day 5 post-transplanta-
tion, less than 12.85 %/min is predictive of post-
operative complications, with 90 % specificity and
97 % sensitivity. The area under the curve was
0.983.
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Fig. 2. Sequential changes of plasma disappearance rate of indocyanine green (PDR-ICG), bilirubin and
gamma glutamyl transpeptidase, between day 0 and day 10 post-transplantation [55].

intensive medical support. Patients with a normal PDR-ICG on day 1 and day 2 after
transplantation who had a secondary decrease in PDR-ICG during their ICU stay,
developed acute rejection [55]. Previous studies demonstrated that acute rejection
was associated with a reduction in ICG clearance due to a fall in liver blood flow
[56]. We observed, only in patients with acute rejection, significant sequential
changes in PDR-ICG after liver transplantation. The decrease in PDR-ICG, between
the third and fifth days post-transplantation, was an early marker of acute rejection,
earlier than the increase in liver enzymes.

A low PDR-ICG value after liver transplantation indicates the need for more inva-
sive exams and should influence treatment decisions. A Doppler-ultrasound or angi-
ography must be scheduled to look for hepatic artery thrombosis, the frequency of
which ranges from 2 to 12 % after liver transplantation [57, 58]. Indeed, in our study
evaluating ICG after liver transplantation, we observed four patients who had low
PDR-ICG values and completely stopped blood flow in the hepatic artery [55]. In
these four patients, the presence of hepatic artery thrombosis (early post-orthotopic
liver transplantation), was confirmed by angiography. Moreover, treatment of the
hepatic artery thrombosis (surgical repair or retransplantation) was followed by an
increase in PDR-ICG. In one patient who developed hepatic artery thrombosis 13
years after orthotopic liver transplantation, the same result was obtained. Similarly,
Krenn et al. [59] observed a decrease in PDR-ICG from 24.8 % (post-reperfusion) to
0 % (10 hours after admission to the ICU). Angiography showed a complete stop of
blood flow in the hepatic artery, as well as in the portal vein. In this case, retrans-
plantation was carried out as an emergency. In three other patients with normal
PDR-ICG and no blood flow in the hepatic artery on Doppler-ultrasound, the diag-
nosis of hepatic artery thrombosis was eliminated either by angiography or com-
puted tomography angio-scan. In these three cases, the PDR-ICG remained normal.
Thus, we suggest that ICG elimination reflected by the PDR-ICG may be of consider-
able help in the diagnosis of hepatic artery thrombosis when the Doppler-ultra-
sound is difficult to interpret.

ICG clearance can be used to evaluate, as a meaningful liver function parameter,
different treatments for early allograft dysfunction after liver transplantation. In pri-
mary dysfunction of the graft after liver transplantation, albumin dialysis with the
molecular adsorbents recirculating system (MARS®) provides a safe approach [60,
61]. In a pilot study, evaluating the effects of MARS therapy in this situation, the
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authors observed a significant increase in PDR-ICG after the treatment [60]. This
PDR-ICG change before the first and the last sessions of MARS therapy was observed
only among survivors. It is to be noted that, when the laboratory data on inclusion
into this study were compared, only total bilirubin and PDR-ICG (4.65 %/min vs
15.8 %/min) were significantly different between the MARS treated group and the
control group. Moreover, the monitoring of PDR-ICG was superior to bilirubin and
prothrombin time measurements for determining graft function, especially in patients
with primary non-function and graft dysfunction undergoing MARS therapy [62].

The PDR-ICG has also been used to achieve adequate blood levels of tacrolimus
following liver transplantation to optimize rejection prophylaxis [63]. In this study,
without finding an association between PDR-ICG and acute rejection, a mixed
model analysis of variance revealed an interaction between post-operative day 1 (18
hours post-reperfusion) PDR-ICG value, and the linear increase in the blood level of
tacrolimus.

Conclusion

Currently, few tests are available to evaluate liver function. Apart from static mark-
ers, such as bilirubin (the only parameter include in major prognostic scores or
organ dysfunction scores), serum activities of liver enzymes or liver proteins (pro-
thrombin time, albumin, fibrinogen), ICG clearance is the only dynamic test that
can be used in clinical practice.

Over the last decade, ICG elimination, known for nearly half a century, has been
used to quantify liver function and to evaluate hepatosplanchnic hemodynamics. Its
prognostic value in critically ill patients and in hepatic surgery patients (hepatec-
tomy or liver transplantation) has been demonstrated. With the use of a finger clip
sensor connected to an ambulant monitor and any peripheral or central venous
access (for injection of the ICG), this measure is now non-invasive, safe, and quick.
A low PDR-ICG value should alert the clinician. An urgent investigation is then
needed to check the patency of hepatic blood vessels and regional hemodynamics.
ICG monitoring can also help guide treatment.
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