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Summary
The dye indocyanine green is familiar to anaesthetists, and has been studied for more than half a century for cardio-

vascular and hepatic function monitoring. It is still, however, not yet in routine clinical use in anaesthesia and critical

care, at least in Europe. This review is intended to provide a critical analysis of the available evidence concerning the

indications for clinical measurement of indocyanine green elimination as a diagnostic and prognostic tool in two

areas: its role in peri-operative liver function monitoring during major hepatic resection and liver transplantation;

and its role in critically ill patients on the intensive care unit, where it is used for prediction of mortality, and for

assessment of the severity of acute liver failure or that of intra-abdominal hypertension. Although numerous studies

have demonstrated that indocyanine green elimination measurements in these patient populations can provide diag-

nostic or prognostic information to the clinician, ‘hard’ evidence – i.e. high-quality prospective randomised con-

trolled trials – is lacking, and therefore it is not yet time to give a green light for use of indocyanine green in routine

clinical practice.
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Introduction
Although most anaesthetists are probably aware of the

existence of the dye indocyanine green (ICG), fewer

will have direct experience of its use in anaesthesia

and surgery. As it may well be increasingly used in the

future, a summary of its pharmacology and a literature

review is apposite to highlight potential clinical indica-

tions for the use of ICG clearance.

Indocyanine green is a non-toxic, inert, anionic

water-soluble tricarbocyanine dye, with an ideal

absorption maximum at an isobestic point of haemo-

globin, making spectrophotometric determination of

ICG independent of oxygen saturation and serum bili-

rubin concentration (Fig. 1).

After intravenous injection, ICG is bound mainly

to a1-lipoproteins and its distribution volume approxi-

mates the plasma volume [1]. Indocyanine green is

almost exclusively extracted by the liver through selec-

tive uptake by the organic anion transporting polypep-

tide 1B3 and by Na+-taurocholate co-transporting

polypeptide [2]. Uptake is followed by biliary excretion

without metabolism and enterohepatic re-circulation,

and thus elimination is considered to correlate with

hepatic function.

In-vivo ICG detection reveals a typical indicator-

dilution curve after intravenous bolus administration

with an initial peak, a second re-circulation peak and

an elimination phase [3]. The primary peak (A, Fig. 2),
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which can be used for cardiac output calculation [4], is

followed by the re-circulation phase (B, Fig. 2), and is

sometimes followed by smaller peaks. This phase rep-

resents ICG distribution in the body, and allows deter-

mination of circulating blood volume [5–7]. The third

phase is the hepatic elimination phase (C, Fig. 2) and

lasts 10–20 min [8]. The curve exhibits bi-exponential

decay with linear kinetics up to injected doses of

1.0 mg.kg�1 [8]. Indocyanine green has an approxi-

mate half-life of 3–4 min, but this can be substantially

prolonged in patients with liver disease.

Intravenous use of ICG is associated with a low

incidence of mostly transient and mild allergic reac-

tions (e.g. urticaria, headache) [9], whereas moderate

or severe reactions are rare, and most probably associ-

ated with non-immunological histamine release [9–11].

Administration of ICG may be contraindicated in

patients with known iodine allergy or thyrotoxicosis

(5% of the molecule is coated with iodine), although

there is no existing literature on this issue.

The aforementioned properties of ICG provide the

anaesthetist with a bedside assessment of cardiovascu-

lar function, and hepatic function and blood flow –

indications for which it has been in use for many dec-

ades [7, 12, 13]. The dye is also increasingly used for

other indications by other allied specialties, e.g. by sur-

geons for identifying tissue and vessels during neuro-

vascular and oncologic surgery, and in the assessment

of microvascular circulation [14, 15]. The use of ICG

for these non-anaesthetic indications is beyond the

scope of this review.

Methods
We performed a MEDLINE-based search of literature

published up to November 2013 using the following

key-words: indocyanine green; ICG; indicator-dilution

technique; liver function; liver transplantation; hepatic

resection; (acute) liver failure; and mortality prediction.

Articles we identified were also manually scanned for

further relevant references. We only considered human

studies published in English or German.

To assess the methodological quality of the arti-

cles, the JADAD score was calculated for each article

[16]. This 5-point scoring system summarises the level

of evidence by giving points for study design charac-

teristics, such as the adequacy of randomisation, blind-

ing and description of dropouts. None of the identified

studies achieved a JADAD score > 0, as they were

either retrospective or were non-randomised prospec-

tive (observational) studies.

Liver function monitoring using ICG
As a static liver function test, ICG can be used for

measurement of hepatic blood flow using the Kety–

Schmidt technique, an adaptation of the Fick principle
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Figure 1 Absorption spectra of indocyanine green
(ICG; green line), bilirubin (yellow line) and haemo-
globin (red line for oxyhaemoglobin and blue line for
reduced haemoglobin). Pulse dye densitometry mea-
sures relative ICG concentration at 805 nm (ICG peak
absorption, A) and at 905 nm (no ICG absorption, C).
Points B and D show the independancy of this mea-
surement from arterial oxygen saturation.

Figure 2 Example of a typical ICG indicator-dilution
curve. ICG, indocyanine green; CICG, ICG blood con-
centration. A: primary peak, B: secondary peak
(re-circulation phase), C: (hepatic) elimination phase.
The shaded grey area represents the area under the
primary curve, allowing cardiac output calculations.
The remainder of the elimination phase is not shown
in this figure, but PDRICG can be calculated in this
phase by curve fitting using dynamic backward extrap-
olation (see text and Table 1).
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[17]. In short, hepatic blood flow can be calculated

from the difference in hepatic artery and vein ICG

concentration, measured once a stable plasma ICG

concentration has been reached during continuous

ICG infusion. Although accurate, this technique is not

feasible in a clinical setting as it is invasive, requires

multiple arterial and venous blood samples, and only

provides an assessment of hepatic blood flow and not

of function. Instead, it is more common to use ICG in

the context of a dynamic liver function test.

All dynamic, quantitative liver function tests are

based on the assumption that the hepatic clearance of

a compound is the product of the compound-specific

extraction rate and the effective hepatic blood flow

[18]. In the case of ICG, hepatic clearance of ICG is

highly dependent on hepatic blood flow because the

ICG hepatic extraction rate is very high. Therefore,

dynamic liver function monitoring with ICG is

regarded as a surrogate of both intrinsic liver function

and hepatic blood flow, and so can only adequately

assess liver function if measured under steady-state

haemodynamic circumstances [13, 19, 20].

The gold standard for quantifying hepatic ICG

clearance is ex-vivo photometric analysis of consecu-

tive arterial blood samples, obtained in a time frame

up to 15 min after intravenous bolus injection [13,

21]. Subsequently, a concentration–time curve can be

drawn from which the absolute clearance of ICG or

the fractional change per minute can be calculated.

Although this technique is accurate and reproducible,

it is invasive, complex and time consuming.

Nowadays, the elimination of ICG can be accu-

rately assessed in vivo via an intravascular fibreoptic

sensor (invasive), or by transcutaneous non-invasive

pulse dye densitometry (PDD), an easily applicable

bedside technique with a sensor placed on a finger or

the nose [22–24]. In patients with both stable and

unstable haemodynamics, ICG elimination measure-

ments by PDD correlate adequately (R2 = 0.77–0.97)

with invasively determined fibreoptic values [25–28],

although they might underestimate the true value, as

was demonstrated in 70 patients with liver cirrhosis

[29]. Pulse dye densitometry measures ICG concentra-

tion by determining the relative changes in light

absorption by ICG in arterial blood at two wave-

lengths: at 805 nm (peak absorption frequency of ICG;

point A in Fig. 1); and at 905 nm (frequency at which

ICG exhibits no absorption; point C in Fig. 1) [25]. As

absorption by oxyhaemoglobin and reduced haemoglo-

bin is similarly low at both wavelengths (see B and D

in Fig. 1), haemoglobin oxygen saturation has no

influence on measured ICG values. Likewise, the con-

centration of bilirubin (peak absorption 470 nm) has

no effect on measured ICG blood concentrations.

Two commercially available systems are capable of

transcutaneous PDD ICG concentration measurements:

the LiMON device (Pulsion Medical Systems, Munich,

Germany); and the DDG2001 analyser (Nihon-

Khoden, Tokyo, Japan). Both devices calculate the rate

constant (k) of the ICG indicator-dilution curve using

backward dynamic extrapolation (Table 1) of the elim-

ination phase (phase starting at point C, Fig. 2). The

k-value is then multiplied by 100 to obtain the plasma

disappearance rate of ICG (PDRICG) in percentage per

minute. The PDRICG and the ICG retention ratio after

15 min (ICGR15) are the most widely used variables

for quantification of hepatic function (Table 1).

It should be stressed that in-vivo measurement of

ICG allows detection of relative changes in ICG con-

centrations, and thus determination of ICG elimination

rate only. Ex-vivo measurement of ICG allows absolute

ICG concentration determinations and thus calculation

Table 1 Frequently used variables for quantification of hepatic indocyanine green (ICG) extraction.

Variable Description Unit Calculation Normal value

PDRICG ICG plasma disappearance rate % min�1 Backward extrapolation of k,
curve fitted as: CICG (t) = C0 * e�k9t

> 18

ClICG ICG clearance ml.min�1.kg�1 k * VD 6–12
ICGR15 ICG retention ratio after 15 min % (CICG (15)/CICG (0)) * 100 < 10
ICGt 1/2 ICG half-life min (ln2 * VD)/ClICG 3–5

e = Euler’s number (approximately 2.718); k = fractional ICG concentration change per minute; t = time (min); VD = ICG vol-
ume of distribution; CICG (t) = ICG concentration at time point t (min); ClICG = ICG clearance (ml.min�1.kg�1).
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of its distribution volume as well as ICG clearance in

ml.min�1.kg�1 (Table 1). There is good correlation

between PDRICG and ICGclearance and they show simi-

lar trends when measured repeatedly [20, 27].

In 1964, the normal value of ICG plasma disap-

pearance rate was estimated in healthy subjects to be

23.5% min�1 (mean) with a range from 18.7 to

30.1% min�1 [21]. This early finding is still supported

by more current literature, as a PDRICG < 18% min�1

is regarded as being indicative of hepatic insufficiency

[30, 31]. In a recent study, a relatively wide range of

PDRICG values (9.7–43.2% min�1, mean 23.2% min�1)

was found in patients undergoing elective non-hepatic

surgery [24]. These measurements were derived during

induction of anaesthesia, and probably reflected the

variable systemic and hepatic haemodynamic conse-

quences of anaesthetic induction [32].

In general, elimination of ICG is influenced by

either hepatic blood flow or the intrinsic ability of the

liver to eliminate ICG. Factors that influence hepatic

blood flow can be further subdivided into local and sys-

temic factors. A localised decrease in hepatosplanchnic

blood flow, for example due to hepatic artery thrombo-

sis or intra-abdominal hypertension, decreases the elim-

ination of ICG [33, 34]. Systemic haemodynamics that

influence hepatosplanchnic perfusion (e.g. a low cardiac

output) can also decrease ICG elimination [19, 35].

General anaesthetic agents do not influence the elimi-

nation of ICG directly, but can reduce elimination indi-

rectly by affecting haemodynamics (see below) [36–38].

In contrast, local or systemic factors that increase hepa-

tosplanchnic perfusion can cause an increased PDRICG

value because of the high hepatic ICG extraction ratio

[20]. Liver function can thus only be measured reliably

under ‘steady state’ haemodynamic conditions, because

of the dependency of ICG clearance on hepatic blood

flow [13, 19, 20]. Other factors, including serum biliru-

bin, serum albumin, body weight and age, can also

influence ICG clearance [39].

A decrease in the intrinsic ability of the liver to

extract ICG from the circulation can reduce ICG

elimination. This can be caused by global hepatocellu-

lar dysfunction, for example in end-stage liver disease

or during graft rejection after liver transplantation, but

might also be caused by cholestasis. The latter might

be caused by a reduced uptake of ICG, as bile salts

may inhibit Na+-taurocholate co-transporting polypep-

tide mediated ICG uptake, whereas bilirubin might

competitively inhibit ICG uptake by the organic anion

transporting polypeptide 1B3. The exact interaction

between ICG and bilirubin transport carriers has yet

to be elucidated [2, 40]. As a result, a low measured

ICG elimination should be interpreted with caution in

patients with obstructive jaundice [41, 42].

The factors known to decrease ICG elimination

should be borne in mind when interpreting the results

of ICG clearance tests, and are summarised in Fig. 3.

In addition, ‘normal’ values of ICG elimination can

show variation between specific patient populations

(e.g. those post-liver transplantation vs those in septic

shock), and therefore there is no single normal value

applicable to all patient groups. Clinicians should be

aware of this when assessing liver function using ICG

clearance (see Table 2 for cut-off values applying for

specific indications). While a single ICG elimination

measurement might be sufficient for some indications

(e.g. pre-operative screening of liver transplant recipi-

ents), for other indications (e.g. function assessment

after liver transplantation) a series of ICG elimination

measurements is preferable. The accuracy of ICG elim-

ination measurements may be decreased by technical

artefacts caused by patient motion, or by inadequate

pulse contour tracing in the case of reduced peripheral

perfusion, particularly in the critical care setting.

Repeated ICG administration within 30 min may

result in a baseline drift (caused by remnant ICG),

incorrectly suggesting an increased PDRICG.
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hepatic blood 

flow

Systemic 
hypoperfusion

Decreased cardiac 
output

Local 
hypoperfusion
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Hepatic thrombo-
embolism
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abdominal 
pressure
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Figure 3 Factors contributing to a decreased elimina-
tion of indocyanine green (ICG).
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Peri-operative point-of-care monitoring
using ICG kinetics after hepatectomy
There is ongoing debate about the peri-operative value

of ICG as a dynamic liver function test. Numerous

studies have demonstrated the role of ICG as a pre-

operative planning tool, whereas in the intra- and

postoperative phase, ICG may serve a role as a point-

of-care liver function monitoring tool.

Indocyanine green may have a role in assessing

the maximum extent of major hepatic resection that

will not cause postoperative liver failure. This serious

complication occurs in 5–8% of patients, and is asso-

ciated with a high mortality rate [43, 44]. Although

the liver has a unique ability to regenerate by hyper-

plasia, even after extended surgical resection, its abil-

ity to regenerate can be diminished in patients with

pre-existing liver disease (particularly those with liver

cirrhosis), resulting in an increased risk of postopera-

tive hepatic failure. Generally, assessments of resect-

ability are based on clinical judgment (presence of

jaundice and/or ascites), results of routine biochemical

tests (e.g. bilirubin, aspartate/alanine aminotransferase

and alkaline phosphatase), and prediction of liver

remnant volume using CT or MRI imaging. Further

investigations are usually unnecessary in the absence

of clinical and biochemical signs of liver dysfunction

[45]. For those patients with pre-operative signs of

liver dysfunction, multiple scoring systems can be

used for assessing whether major hepatic resection is

possible. The most commonly used scoring systems

are the Child–Pugh score and the Model for End-

Stage Liver Disease (MELD) score. There is uniform

agreement that patients with a Child–Pugh C classifi-

cation or a MELD score > 14 are unsuitable for any

hepatic resections, whereas patients with Child–Pugh

classification B or a MELD score between 9 and 14

should be thoroughly evaluated to determine whether,

and to what extent, a minimal resection is possible

[43, 45, 46].

In two retrospective studies in patients with liver

cirrhosis, impaired pre-operative ICG elimination was

independently associated with postoperative mortality

Table 2 Indications for use of indocyanine green (ICG) elimination measurements with associated cut-off values as
found in the literature.

Indication
Phase or specific
setting Cut-off value

Major hepatic
resection

Pre-operative ICGR15 ≤ 14% safe to perform major hepatic resection
ICGR15 15–20 only safe if estimated remnant volume is sufficient

Postoperative PDRICG < 7% min�1 indicative for development of postoperative
hepatic failure

Paediatric liver
transplantation

Insufficient data available in the literature

Adult liver
transplantation

Pre-operative PDRICG 22% min�1 best cut-off for 90-day mortality
Specifically useful for incorporation of PDRICG in the MELD score
range between 10 and 30

Intra-operative PDRICG 10.8% min�1 60 min after graft reperfusion best cut-off
for serious graft dysfunction

Postoperative PDRICG 10–13% min�1 as cut-off for early serious graft dysfunction
Decreasing trend in PDRICG might suggest acute graft rejection

Critically ill
patients

Overall mortality
prediction

Multiple PDRICG cut-off values found:
Overall: 6.4% min�1 vs 16.5% min�1, non-survivors vs survivors
Septic shock: 12.1% min�1 vs 21.2% min�1, non-survivors vs survivors

Acute liver failure > 6.3% min�1 predictive of spontaneous recovery (adults)
< 5.9% min�1 predictive of transplantation requirement (paediatrics)

Intra-abdominal
hypertension

PDRICG < 18% min�1 indicative of intra-abdominal hypertension

ICGR15, retention ratio 15 min after ICG administration; PDRICG, indocyanine green plasma disappearance rate; MELD, Model
For End-Stage Liver Disease.
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and hepatic failure, whereas conventional liver func-

tion tests (e.g. bilirubin, albumin) were not [47, 48].

Incorporation of the ICGR15 measurement (ICG

retention ratio after 15 min) in pre-operative work-up

protocols has resulted in near-zero mortality rates,

demonstrating its potential usefulness in risk assess-

ment of cirrhotic patients requiring major hepatic

resection [40, 49, 50]. In these large single-centre ret-

rospective analyses, ICGR15 was measured pre-opera-

tively to assess the possible extent of hepatic resection

in patients with Child–Pugh A status without either

ascites or hyperbilirubinemia. An ICGR15 < 15% is

generally used as cut-off value for suitability for major

hepatic resection [51–54], although in one protocol,

(extended) right hepatectomy was allowed with a

ICGR15 > 10%, and a left hepatectomy if ICGR15 was

10–20% [50–52]. If the estimated remnant liver vol-

ume is sufficient, then patients with a slightly higher

ICGR15 (15–20%) can successfully undergo major

hepatic resection [40, 55, 56]. When ICGR15 is 15–

20% and the estimated remnant liver volume is insuffi-

cient, pre-operative portal vein embolisation can be

performed to increase remnant liver volume by induc-

ing hyperplasia of liver lobules perfused by the contra-

lateral portal vein. The ICGR15 values correlate with

volumetric changes of the liver following portal vein

embolisation [57]. The clinical applicability of ICG

elimination assessment after portal vein embolisation

is unknown, but the test might still reflect liver func-

tion properly due to a combination of preserved over-

all hepatic blood flow and hepatocyte hyperplasia [58].

Assessment of ICGR15 may have a prognostic role

in patients with other pathologies. One retrospective

study in patients with hepatolithiasis (n = 144) showed

a significantly lower incidence of postoperative liver

failure when patients were selected using the ICGR15

test instead of the Child–Pugh scoring system [59].

All studies to date have been performed in single

centres, and thus results may be dependent on factors

that vary by institution, such as the specific surgical

techniques and associated variations in blood loss, and

the overall quality of peri-operative care [55]. Large

randomised multicentre studies are required to account

for these factors and develop uniform standards for

pre-operative assessment of patients requiring major

hepatic resection. In addition, most studies were

undertaken in Asian countries, where resection for

hepatocellular carcinoma in a cirrhotic liver is common.

This is in contrast to Western countries, where most

hepatic resections are performed because of colorectal

liver metastases in non-cirrhotic patients. Nevertheless,

these patients have frequently received neo-adjuvant

chemotherapy, which can lead to chemotherapy-

induced liver parenchymal damage. This, in combina-

tion with (chemotherapy-associated) steatohepatitis,

might compromise liver function and regenerative abil-

ity when major hepatic resection is intended. Assess-

ment of ICG elimination may be of particular use in

the pre-operative work-up of this population, as the

MELD score fails to predict outcome after major hepa-

tic resection in non-cirrhotic patients [60]. Recent evi-

dence shows conflicting results regarding the accuracy

of ICG elimination in reflecting chemotherapy-induced

liver damage, reflecting the importance of further inves-

tigation of the technique [61–63].

Finally, in patients with biliary obstruction, a

decreased ICGR15 value may be found, possibly falsely

suggesting impaired liver function [41, 42]. In these

patients, the pre-operative ICGR15 value should be

interpreted with caution, and should not be used to

justify withholding intended curative surgery.

During major (extended) hepatectomy, information

on the maximum extent of liver resection unlikely to

cause postoperative hepatic failure may be desirable. In

a single-centre study (n = 29) of patients undergoing

major hepatectomy, peak postoperative serum bilirubin

concentrations correlated closely with ICGR15 mea-

sured both before clamping (R = 0.64) and during

parenchymal transection (R = 0.72) [64]. Intra-opera-

tive PDRICG and ICGR15 values also correlated with

serum lactate during hepatic inflow occlusion and hos-

pital length of stay, respectively [65]. Furthermore, an

intra-operative PDRICG < 9% min�1 was found to

predict postoperative hepatic failure with a sensitivity of

88% and a specificity of 82% [53]. Although these mea-

surements were performed after completion of paren-

chymal transection, they correlated closely (R = 0.8)

with values obtained after hepatic inflow occlusion,

before the start of parenchymal transection.

In the early postoperative phase following major

hepatic resection, low PDRICG values are associated

with the development of hepatic failure [66–68]. In

© 2014 The Association of Anaesthetists of Great Britain and Ireland 1369

Vos et al. | Indocyanine green and liver function monitoring Anaesthesia 2014, 69, 1364–1376



one study, a PDRICG value < 7% min�1 measured on

the first postoperative day was associated with develop-

ment of hepatic failure 2–5 days later.

Peri-operative point-of-care monitoring
using ICG kinetics in liver
transplantation
The role of ICG in liver transplantation has been stud-

ied in both donors and recipients. The following sec-

tion will discuss the potential benefit of using ICG for

assessing graft suitability in donors, as an additional

screening tool in the pre-operative phase and as a

point-of-care liver function monitoring tool in the

intra- and postoperative phase in recipients.

A major problem within the field of liver transplan-

tation is the shortage of donor organs [69]. To widen

the pool of potential donors, donation after circulatory

death and the use of marginal or extended criteria donor

livers (i.e. grafts from older donors, after a prolonged

ICU stay, or with a higher degree of liver steatosis) are

being accepted in a growing number of countries [69–

71]. The donor risk index, based on multiple donor

characteristics such as age, height and cause of death, is

predictive of long-term graft failure [72]. In this context,

weak evidence suggests that measurement of PDRICG in

potential donors might assist in the assessment of graft

suitability. One retrospective single-centre study showed

that a PDRICG value < 15% min�1 measured in donor

patients before organ retrieval was predictive of a sub-

jective intra-operative surgical decision to transplant or

reject the graft [73]. Of note in this study, both trans-

planted organs in which PDRICG had been

< 15% min�1 later showed primary non-function. In

another study, the donor ICG clearance was weakly

inversely correlated with recipient postoperative peak

prothrombin time (PT) and serum bilirubin (R = �0.32

and �0.38, respectively) [74]. These small studies have

not yet been followed by larger prospective studies.

The MELD score is the most widely used scoring

system for prioritisation of patients awaiting transplan-

tation and replaced the Child–Pugh score [75]. Indocy-

anine green elimination kinetics in both paediatric and

adult patients awaiting liver transplantation are more

accurate in predicting short-term mortality than either

the Child–Pugh score or conventional laboratory mea-

surements (i.e. serum bilirubin, PT, albumin) [76].

Comparisons of the MELD score with the PDRICG value

for the prediction of short-term survival in patients on

the waiting list for liver transplantation are conflicting

[77, 78]. It has, however, been shown that combining

ICG elimination with the MELD score (MELD-ICG

score) may further improve the accuracy of survival

prediction compared with the use of the MELD score

alone, which was not true for other dynamic liver func-

tion tests (MEGX and GEC tests) [79]. The significantly

improved accuracy of the ICG-MELD score was found

for patients with an intermediate/advanced original

MELD score of between 10 and 30 points, showing that

ICG elimination measurement might have an additional

prognostic role in this specific patient group.

The intra-operative time course of PDRICG during

liver transplantation has a typical pattern [20]. Follow-

ing induction of anaesthesia, the ICG elimination rate is

relatively low due to haemodynamic compromise. Dur-

ing the anhepatic phase it decreases to almost zero. After

graft reperfusion, elimination of ICG is restored to

supra-normal values, reflecting adequate hepatic perfu-

sion and immediate liver function [20]. Accordingly, a

decreased PDRICG after reperfusion might be indicative

of immediate graft dysfunction. In one analysis of 172

consecutive patients undergoing liver transplantation

from deceased donors, serious graft dysfunction devel-

oped in 10 patients (defined as a combination of serum

AST > 2500 U.L�1, absence of bile production and

development of severe coagulopathy within 72 h after

transplantation) [80]. A PDRICG < 10.8% min�1 mea-

sured 60 min after reperfusion of the liver graft

predicted serious graft dysfunction, whereas a

PDRICG > 10.8% min�1 had a 99.2% negative predictive

value. Comparable results were found for values mea-

sured on the first postoperative day. Another study

(n = 62) suggested that a PDRICG value > 23.5% min�1

measured at the end of surgery could predict absence of

early postoperative complications following liver trans-

plantation [81]. Other case series provide confirmative

evidence of the prognostic value of intra-operative

PDRICG measurements with regard to critical intra-

operative reduction in portal vein flow [34] and primary

graft non-function [20]. In one case, thrombosis of the

portal vein was not associated with a decreased elimina-

tion of ICG, probably owing to unstable haemo-

dynamics [82]. In addition to portal hypoperfusion,
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hyperperfusion of the portal vein in the context of living

donor liver transplantation is associated with reduced

graft survival due to the risk of developing functional

‘small-for-size’ graft failure. Recent reports have sug-

gested that PDRICG values might be a valuable monitor-

ing tool in surgical interventions aimed at modulating

portal venous pressure [83, 84].

Liver function monitoring with clinical observation

or conventional laboratory tests requires time, and is

unable to detect acute changes in early postoperative

liver function. Moreover, it is difficult to assess early

graft function accurately based on one diagnostic

method alone [85, 86]. Therefore, several scoring sys-

tems have been developed based on a combination of

conventional laboratory measurements and clinical

examination (examples include the Ploeg and the

Gonzalez criteria) [87–89]. Unfortunately, the correla-

tion between these criteria is very poor when they are

used to diagnose severe graft dysfunction [86], and

thus better diagnostic techniques are needed in the

early phase following liver transplantation. A pilot

study using postoperative measurement of ICG clear-

ance (invasively determined) to monitor graft function

showed that preserved ICG clearance strongly pre-

dicted normalisation of acidosis and PT, whereas inva-

sively measured ICG clearance < 200 ml.min�1

predicted early death or the need for re-transplantation

[90]. Further studies have shown that in the early

postoperative phase after orthotopic liver transplanta-

tion, a non-invasively determined PDRICG value below

10–13% min�1 was predictive of subsequent serious

early graft dysfunction [80, 91, 92]. In addition, a

decrease in PDRICG values from 25.5 � 4.8% min�1 at

the first postoperative day to 10.3 � 2.5% min�1 at

the fifth postoperative day predicted acute graft rejec-

tion, suggesting that absolute PDRICG values as well as

its time course are important [92]. Low postoperative

PDRICG values may be associated with the develop-

ment of hepatic artery thrombosis [93]. In contrast,

however, one study in which PDRICG was measured

24–72 h after transplantation failed to demonstrate a

difference in PDRICG values between patients with and

without complications [94].

In recipients of a living donor graft, a PDRICG

cut-off value of 18.0% min�1 24 h after transplan-

tation was able to predict prolonged jaundice

(> 2 weeks), and these PDRICG values were also closely

correlated with graft parenchymal damage scores based

on standardised histopathological examination [31].

The Maximal Enzymatic Liver Function (LiMAx)

test has recently been investigated in a pilot study

(n = 99) [95]. With this test, 13C-methacetin, which is

metabolised by hepatic cytochrome P450 enzymes to

paracetamol and 13CO2, is administered intravenously.

Continuous and non-invasive breath analysis of 13CO2

production is measured as a surrogate of maximal liver

metabolic capacity. This test seemed to have a better

ability to predict primary non-function and initial

dysfunction (defined as surgical re-intervention or

re-transplantation within 2 and 14 days, respectively)

than PDRICG measurements and conventional labora-

tory measurements such as serum AST/ALT and serum

bilirubin [95]. Interestingly, PDRICG values in the con-

trol group were relatively low (15.5 � 6.4% min�1 vs

11.8 � 6.1% min�1, respectively), and did not agree

with values found in previous studies [31]. The exact

role of the LiMAx test, which is time-consuming, expen-

sive and difficult to perform, requires further evaluation.

Use of ICG in the critically ill
In critically ill patients, ICG measurements may assist

with disease severity assessments and accurate mortal-

ity risk prediction, which may help to inform thera-

peutic strategy decisions.

Scoring systems based on clinical and biochemical

variables are frequently used for mortality risk predic-

tion and for grading the severity of critical illness [96].

A large retrospective study (n = 336) has shown that

the ability of PDRICG measurement to predict mortality

in ICU patients is similar to that of the more complex

but frequently used APACHE II and SAPS II scores

[97]. Of note, low PDRICG correlated with mortality

(PDRICG was 6.4% min�1 vs 16.5% min�1 in non-survi-

vors and survivors, respectively), irrespective of the

underlying disease, concordant with previous studies

[98, 99]. Among patients admitted to the ICU after

undergoing coronary artery bypass surgery, low PDRICG

values independently predicted prolonged ICU stay

[100]. In addition, another study in post-cardiac surgery

patients (n = 190) found that both pre- and postopera-

tively measured ICGR15 values could aid in the predic-

tion of prolonged ICU stay [101].

© 2014 The Association of Anaesthetists of Great Britain and Ireland 1371

Vos et al. | Indocyanine green and liver function monitoring Anaesthesia 2014, 69, 1364–1376



In a small study in septic ICU patients, non-survi-

vors (n = 18) showed a significantly lower PDRICG

value compared with survivors (n = 22) (12.1% min�1

vs 21.2% min�1, respectively), and 89% of patients

with a PDRICG value above 24% min�1 survived [35].

Failure to increase PDRICG within 120 h after onset of

septic shock, or a PDRICG value persistently below

5% min�1, were highly associated with mortality.

Furthermore, in the non-survivors, haemodynamic

improvement was not associated with an increased

PDRICG despite resuscitation efforts [102]. This obser-

vation further emphasises the fact that in haemody-

namically stable patients, PDRICG becomes mainly

dependent on the intrinsic ability of the liver to elimi-

nate ICG, and thus may directly reflect global hepatic

function.

In patients presenting with acute liver failure,

accurate prognostication is important to assess the

potential requirement for transplantation. However,

frequently used scoring systems, such as the King’s

College Criteria* or the APACHE II score, are insensi-

tive, and may fail to identify patients needing urgent

transplantation [103]. Some preliminary data exist for

the use of ICG elimination for estimating the progno-

sis of those patients. It was recently demonstrated in a

small study that in adult patients assumed to have

acute liver failure (n = 25), a PDRICG > 6.3% min�1

predicted spontaneous recovery of liver function with

a sensitivity of 86% and a specificity of 89%, although

most of these patients did not fulfil the criteria for true

acute liver failure [104]. Nevertheless, this cut-off value

supports a previous study in which PDRICG was mea-

sured in adult patients with acute liver failure after

major hepatectomy who received MARS bridging

therapy† [105].

These findings are consistent with those of a

recent study in paediatric patients (n = 48) with acute

liver failure [106]. Here, a high sensitivity and specific-

ity were found (> 90% both) for the prediction of irre-

versible liver failure, and the authors determined a

cut-off PDRICG value of 5.9% min�1 for assessing

whether patients required transplantation. To date,

only one study has been performed in paediatric

patients investigating ICG elimination measurements,

but these recent findings, together with findings in

adult patients, strongly suggest benefit from routine

use of PDRICG in these patients for guiding clinical

decision making, and deserve further research.

Intra-abdominal hypertension is considered to be

present when intra-abdominal pressure (IAP) exceeds

12 mmHg, whereas abdominal compartment syndrome

is diagnosed when sustained IAP > 20 mmHg is pres-

ent [107]. Several studies and one case report suggest

that low PDRICG values correlate with compromised

hepatosplanchnic perfusion under these circumstances

[33, 108–110]. These reports suggest that PDRICG bet-

ter reflects the degree of hepatosplanchnic hypoperfu-

sion than other diagnostic methods such as central

venous oxygen saturation, and, most importantly,

lower PDRICG values were associated with increased

mortality [33]. Another case report found that the

PDRICG increased rapidly following decompression of

the abdominal cavity by paracentesis [111].

In a study of 40 ICU patients, a correlation

between IAP and PDRICG was demonstrated [112]. In

another small study, all patients (n = 14) with an

IAP > 15 mmHg had a PDRICG value < 18% min�1,

whereas only 70% of patients with a PDRICG < 18%

had an IAP > 15 mmHg [113]. This finding suggests

that in some patients, hepatosplanchnic perfusion was

already compromised despite normal IAP, and that the

PDRICG value may be an early marker of compromised

perfusion.

Conclusion
Among patients scheduled for major hepatic resection,

pre-operative assessment of ICG elimination may help

in predicting development of postoperative hepatic

failure, and may reduce mortality if used to limit the

extent of resection. The role of ICG elimination mea-

surement in the intra- and postoperative phases is less

* Scoring system for prognosis prediction, separating acute liver fail-
ure caused by either paracetamol overdosage or by other aetiologies.
In the first group, arterial pH < 7.3 is the main predictor, whereas
an INR > 6.5 is the main predictor in the latter. Other predictors
include INR, serum creatinine and encephalopathy for the paraceta-
mol overdosage group and age, serum bilirubin, time from jaundice
to encephalopathy and disease a etiology for the non-paracetamol
overdosage group.
† Molecular Adsorbents Re-circulation System (MARS), the most
commonly used method of extracorporeal liver dialysis, designed to
filter several toxins from blood. Frequently used as a ‘bridge’ in
patients with acute liver failure who are awaiting high-urgency liver
transplantation.
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well defined, but it may have a role in predicting post-

operative liver failure.

Evidence of benefit with the use of ICG in patients

undergoing liver transplantation is even more scarce.

It has been suggested that it might be used together

with the MELD score to assess priority more accu-

rately among patients on the liver transplantation wait-

ing list. In addition, some studies suggest that PDRICG

might be used to monitor graft function both intra-

and postoperatively to predict the occurrence of early

postoperative complications at a time when it is

difficult to assess early graft function accurately using

conventional tests.

Among critically ill patients, PDRICG values may

predict overall mortality irrespective of the underlying

disease, might help guide therapeutic strategies in

patients with acute liver failure, and can be of aid

in assessing the degree of abdominal hypoperfusion in

case of intra-abdominal hypertension.

Overall, although ICG elimination measurements

may provide useful diagnostic and prognostic informa-

tion, caution is necessary when evaluating current

evidence, as most of it is from retrospective cohort

studies. Further prospective, randomised controlled

trials of the ability of ICG elimination measurement to

impact positively on outcome are required before the

green light can be given for routine clinical use.

Competing interests
No external funding or competing interests declared.

References
1. Baker KJ. Binding of sulfobromophthalein (BSP) sodium and

indocyanine green (ICG) by plasma alpha-1 lipoproteins.
Proceedings of the Society for Experimental Biology and
Medicine 1966; 122: 957–63.

2. de Graaf W, Hausler S, Heger M, et al. Transporters
involved in the hepatic uptake of (99 m)tc-mebrofenin
and indocyanine green. Journal of Hepatology 2011; 54:
738–45.

3. Hoeft A, Schorn B, Weyland A, et al. Bedside assessment of
intravascular volume status in patients undergoing coronary
bypass surgery. Anesthesiology 1994; 81: 76–86.

4. Baulig W, Bernhard EO, Bettex D, Schmidlin D, Schmid ER.
Cardiac output measurement by pulse dye densitometry in
cardiac surgery. Anaesthesia 2005; 60: 968–73.

5. Sekimoto M, Fukui M, Fujita K. Plasma volume estimation
using indocyanine green with biexponential regression analy-
sis of the decay curves. Anaesthesia 1997; 52: 1166–72.

6. Busse MW, Zisowsky S, Henschen S, Panning B, Piepenbrock
S. Plasma volume estimation using indocyanine green.

A single intravenous injection method. Anaesthesia 1993;
48: 41–3.

7. Haruna M, Kumon K, Yahagi N, et al. Blood volume mea-
surement at the bedside using ICG pulse spectrophotometry.
Anesthesiology 1998; 89: 1322–8.

8. Meijer DK, Weert B, Vermeer GA. Pharmacokinetics of biliary
excretion in man. VI. Indocyanine green. European Journal
of Clinical Pharmacology 1988; 35: 295–303.

9. Benya R, Quintana J, Brundage B. Adverse reactions to indo-
cyanine green: a case report and a review of the literature.
Catheterization and Cardiovascular Diagnosis 1989; 17:
231–3.

10. Hope-Ross M, Yannuzzi LA, Gragoudas ES, et al. Adverse
reactions due to indocyanine green. Ophthalmology 1994;
101: 529–33.

11. Olsen TW, Lim JI, Capone A Jr, Myles RA, Gilman JP. Anaphy-
lactic shock following indocyanine green angiography.
Archives of Ophthalmology 1996; 114: 97.

12. Fox IJ, Brooker LG, Heseltine DW, Essex HE, Wood EH. A tri-
carbocyanine dye for continuous recording of dilution curves
in whole blood independent of variations in blood oxygen
saturation. Proceedings of the Staff Meetings of the Mayo
Clinic 1957; 32: 478–84.

13. Caesar J, Shaldon S, Chiandussi L, Guevara L, Sherlock S. The
use of indocyanine green in the measurement of hepatic
blood flow and as a test of hepatic function. Clinical Science
1961; 21: 43–57.

14. Polom K, Murawa D, Rho YS, Nowaczyk P, Hunerbein M,
Murawa P. Current trends and emerging future of indocya-
nine green usage in surgery and oncology: a literature
review. Cancer 2011; 17: 418–22.

15. van Dam GM, Themelis G, Crane LM, et al. Intraoperative
tumor-specific fluorescence imaging in ovarian cancer by
folate receptor-alpha targeting: first in-human results. Nat-
ure Medicine 2011; 17: 1315–9.

16. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality
of reports of randomized clinical trials: is blinding neces-
sary? Controlled Clinical Trials 1996; 17: 1–12.

17. Lange H, Stephan H, Rieke H, Kellermann M, Sonntag H,
Bircher J. Hepatic and extrahepatic disposition of propofol in
patients undergoing coronary bypass surgery. British Journal
of Anaesthesia 1990; 64: 563–70.

18. Reichen J. Quantitative liver tests in living liver donors and
their recipients. Liver Transplantation 2006; 12: 514–5.

19. Janssen MW, Druckrey-Fiskaaen KT, Omidi L, et al. Indocya-
nine green R15 ratio depends directly on liver perfusion
flow rate. Journal of Hepatobiliary Pancreatic Surgery 2010;
17: 180–5.

20. von Spiegel T, Scholz M, Wietasch G, et al. Perioperative
monitoring of indocyanine green clearance and plasma dis-
appearance rate in patients undergoing liver transplanta-
tion. Anaesthesist 2002; 51: 359–66.

21. Rowell LB, Blackmon JR, Bruce RA. Indocyanine green clear-
ance and estimated hepatic blood flow during mild to maxi-
mal exercise in upright man. Journal of Clinical
Investigation 1964; 43: 1677–90.

22. Iijima T, Aoyagi T, Iwao Y, et al. Cardiac output and circulat-
ing blood volume analysis by pulse dye-densitometry. Jour-
nal of Clinical Monitoring 1997; 13: 81–9.

23. Purcell R, Kruger P, Jones M. Indocyanine green elimination:
a comparison of the LiMON and serial blood sampling
methods. ANZ Journal of Surgery 2006; 76: 75–7.

24. Reekers M, Simon MJ, Boer F, et al. Pulse dye densitometry
and indocyanine green plasma disappearance in ASA physi-

© 2014 The Association of Anaesthetists of Great Britain and Ireland 1373

Vos et al. | Indocyanine green and liver function monitoring Anaesthesia 2014, 69, 1364–1376



cal status I–II patients. Anesthesia and Analgesia 2010;
110: 466–72.

25. Imai T, Takahashi K, Goto F, Morishita Y. Measurement of
blood concentration of indocyanine green by pulse dye den-
sitometry – comparison with the conventional spectropho-
tometric method. Journal of Clinical Monitoring and
Computing 1998; 14: 477–84.

26. Sakka SG, Reinhart K, Meier-Hellmann A. Comparison of
invasive and noninvasive measurements of indocyanine
green plasma disappearance rate in critically ill patients
with mechanical ventilation and stable hemodynamics.
Intensive Care Medicine 2000; 26: 1553–6.

27. Sakka SG, van Hout N. Relation between indocyanine green
(ICG) plasma disappearance rate and ICG blood clearance in
critically ill patients. Intensive Care Medicine 2006; 32:
766–9.

28. Faybik P, Krenn CG, Baker A, et al. Comparison of invasive
and noninvasive measurement of plasma disappearance
rate of indocyanine green in patients undergoing liver
transplantation: a prospective investigator-blinded study.
Liver Transplantation 2004; 10: 1060–4.

29. Cheung TT, Chan SC, Chok KS, et al. Rapid measurement of
indocyanine green retention by pulse spectrophotometry:
a validation study in 70 patients with Child-Pugh A
cirrhosis before hepatectomy for hepatocellular carcinoma.
Hepatobiliary Pancreatic Diseases International 2012; 11:
267–71.

30. Kuntz H, Schregel W, eds. Indocyanine green: evaluation of
liver function; application in intensive care medicine. In:
Lewis F, Pfeiffer U, eds. Practical Applications of Fiberoptics
in Critical Care Monitoring. New York: Springer, 1990:
57–62.

31. Hori T, Iida T, Yagi S, et al. K(ICG) value, a reliable real-time
estimator of graft function, accurately predicts outcomes in
adult living-donor liver transplantation. Liver Transplanta-
tion 2006; 12: 605–13.

32. Vos JJ, Scheeren TW, Wietasch GJ. Pulse dye densitometry
and indocyanine green plasma disappearance: the issue of
‘‘normal’’ values. Anesthesia and Analgesia 2010; 111:
1075–6.

33. Inal MT, Memis D, Sezer YA, Atalay M, Karakoc A, Sut N.
Effects of intra-abdominal pressure on liver function
assessed with the LiMON in critically ill patients. Canadian
Journal of Surgery 2011; 54: 161–6.

34. Mandell MS, Wachs M, Niemann CU, Henthorn TK. Elimina-
tion of indocyanine green in the perioperative evaluation of
donor liver function. Anesthesia and Analgesia 2002; 95:
1182–4.

35. Inal MT, Memis D, Kargi M, Sut N. Prognostic value of indo-
cyanine green elimination assessed with LiMON in septic
patients. Journal of Critical Care 2009; 24: 329–34.

36. Kanaya N, Nakayama M, Fujita S, Namiki A. Comparison of
the effects of sevoflurane, isoflurane and halothane on in-
docyanine green clearance. British Journal of Anaesthesia
1995; 74: 164–7.

37. Murray JM, Rowlands BJ, Trinick TR. Indocyanine green clear-
ance and hepatic function during and after prolonged
anaesthesia: comparison of halothane with isoflurane. Brit-
ish Journal of Anaesthesia 1992; 68: 168–71.

38. Murray JM, Trinick TR. Hepatic function and indocyanine
green clearance during and after prolonged anaesthesia
with propofol. British Journal of Anaesthesia 1992; 69:
643–4.

39. Kim GY, Bae KS, Noh GJ, Min WK. Estimation of indocyanine
green elimination rate constant k and retention rate at
15 min using patient age, weight, bilirubin, and albumin.
Journal of Hepatobiliary Pancreatic Surgery 2009; 16:
521–8.

40. Imamura H, Sano K, Sugawara Y, Kokudo N, Makuuchi M.
Assessment of hepatic reserve for indication of hepatic
resection: decision tree incorporating indocyanine green
test. Journal of Hepatobiliary Pancreatic Surgery 2005; 12:
16–22.

41. Nanashima A, Yamaguchi H, Shibasaki S, et al. Relationship
between indocyanine green test and technetium-99 m
galactosyl serum albumin scintigraphy in patients scheduled
for hepatectomy: clinical evaluation and patient outcome.
Hepatology Research 2004; 28: 184–90.

42. Nanashima A, Abo T, Tobinaga S, et al. Prediction of indocy-
anine green retention rate at 15 minutes by correlated liver
function parameters before hepatectomy. Journal of Surgical
Research 2011; 169: e119–25.

43. Clavien PA, Petrowsky H, DeOliveira ML, Graf R. Strategies
for safer liver surgery and partial liver transplantation. New
England Journal of Medicine 2007; 356: 1545–59.

44. Jarnagin WR, Gonen M, Fong Y, et al. Improvement in peri-
operative outcome after hepatic resection: analysis of 1,803
consecutive cases over the past decade. Annals of Surgery
2002; 236: 397–406.

45. Garcea G, Ong SL, Maddern GJ. Predicting liver failure fol-
lowing major hepatectomy. Digestive Liver Disease 2009;
41: 798–806.

46. Hofmann WP, Radle J, Moench C, Bechstein W, Zeuzem S.
Prediction of perioperative mortality in patients with
advanced liver disease and abdominal surgery by the use
of different scoring systems and tests. Zeitschrift fur Gastro-
enterologie 2008; 46: 1283–9.

47. Hemming AW, Scudamore CH, Shackleton CR, Pudek M, Erb
SR. Indocyanine green clearance as a predictor of successful
hepatic resection in cirrhotic patients. American Journal of
Surgery 1992; 163: 515–8.

48. Nonami T, Nakao A, Kurokawa T, et al. Blood loss and
ICG clearance as best prognostic markers of post-hepatec-
tomy liver failure. Hepatogastroenterology 1999; 46:
1669–72.

49. Poon RT, Fan ST. Assessment of hepatic reserve for indica-
tion of hepatic resection: how I do it. Journal of Hepatobil-
iary Pancreatic Surgery 2005; 12: 31–7.

50. Torzilli G, Makuuchi M, Inoue K, et al. No-mortality liver
resection for hepatocellular carcinoma in cirrhotic and non-
cirrhotic patients: is there a way? A prospective analysis of
our approach. Archives of Surgery 1999; 134: 984–92.

51. Lau H, Man K, Fan ST, Yu WC, Lo CM, Wong J. Evaluation of
preoperative hepatic function in patients with hepatocellu-
lar carcinoma undergoing hepatectomy. British Journal of
Surgery 1997; 84: 1255–9.

52. Fan ST, Lai EC, Lo CM, Ng IO, Wong J. Hospital mortality of
major hepatectomy for hepatocellular carcinoma associated
with cirrhosis. Archives of Surgery 1995; 130: 198–203.

53. Ohwada S, Kawate S, Hamada K, et al. Perioperative real-
time monitoring of indocyanine green clearance by pulse
spectrophotometry predicts remnant liver functional reserve
in resection of hepatocellular carcinoma. British Journal of
Surgery 2006; 93: 339–46.

54. Greco E, Nanji S, Bromberg IL, et al. Predictors of peri-oper-
tative morbidity and liver dysfunction after hepatic

1374 © 2014 The Association of Anaesthetists of Great Britain and Ireland

Anaesthesia 2014, 69, 1364–1376 Vos et al. | Indocyanine green and liver function monitoring



resection in patients with chronic liver disease. HPB
(Oxford) 2011; 13: 559–65.

55. Lam CM, Fan ST, Lo CM, Wong J. Major hepatectomy for
hepatocellular carcinoma in patients with an unsatisfactory
indocyanine green clearance test. British Journal of Surgery
1999; 86: 1012–7.

56. Poon RT, Fan ST, Lo CM, et al. Extended hepatic resection
for hepatocellular carcinoma in patients with cirrhosis: is it
justified? Annals of Surgery 2002; 236: 602–11.

57. Nanashima A, Tobinaga S, Abo T, et al. Relationship of
hepatic functional parameters with changes of functional
liver volume using technetium-99 m galactosyl serum albu-
min scintigraphy in patients undergoing preoperative portal
vein embolization: a follow-up report. Journal of Surgical
Research 2010; 164: e235–42.

58. Shindoh J, D Tzeng CW, Vauthey JN. Portal vein emboliza-
tion for hepatocellular carcinoma. Liver Cancer 2012; 1:
159–67.

59. Ren Z, Xu Y, Zhu S. Indocyanine green retention test avoid-
ing liver failure after hepatectomy for hepatolithiasis.
Hepatogastroenterology 2012; 59: 782–4.

60. Teh SH, Sheppard BC, Schwartz J, Orloff SL. Model for end-
stage liver disease score fails to predict perioperative out-
come after hepatic resection for hepatocellular carcinoma in
patients without cirrhosis. American Journal of Surgery
2008; 195: 697–701.

61. Wakiya T, Kudo D, Toyoki Y, et al. Evaluation of the useful-
ness of the indocyanine green clearance test for chemother-
apy-associated liver injury in patients with colorectal cancer
liver metastasis. Annals of Surgical Oncology 2014; 1:
167–72.

62. Krieger PM, Tamandl D, Herberger B, et al. Evaluation of
chemotherapy-associated liver injury in patients with colo-
rectal cancer liver metastases using indocyanine green
clearance testing. Annals of Surgical Oncology 2011; 18:
1644–50.

63. Takamoto T, Hashimoto T, Sano K, et al. Recovery of liver
function after the cessation of preoperative chemotherapy
for colorectal liver metastasis. Annals of Surgical Oncology
2010; 17: 2747–55.

64. Akita H, Sasaki Y, Yamada T, et al. Real-time intraoperative
assessment of residual liver functional reserve using pulse
dye densitometry. World Journal of Surgery 2008; 32:
2668–74.

65. Orii R, Sugawara Y, Hayashida M, et al. Lactate is correlated
with the indocyanine green elimination rate in liver resec-
tion for cirrhotic patients. Anesthesia and Analgesia 2001;
92: 1064–70.

66. Sugimoto H, Okochi O, Hirota M, et al. Early detection of
liver failure after hepatectomy by indocyanine green elimi-
nation rate measured by pulse dye-densitometry. Journal of
Hepatobiliary Pancreatic Surgery 2006; 13: 543–8.

67. Okochi O, Kaneko T, Sugimoto H, Inoue S, Takeda S, Nakao
A. ICG pulse spectrophotometry for perioperative liver func-
tion in hepatectomy. Journal of Surgical Research 2002;
103: 109–13.

68. Du ZG, Li B, Wei YG, Yin J, Feng X, Chen X. A new scoring
system for assessment of liver function after successful
hepatectomy in patients with hepatocellular carcinoma.
Hepatobiliary Pancreatic Disease International 2011; 10:
265–9.

69. Verdonk RC, van den Berg AP, Slooff MJ, Porte RJ, Haagsma
EB. Liver transplantation: an update. Netherlands Journal of
Medicine 2007; 65: 372–80.

70. Merion RM, Goodrich NP, Feng S. How can we define
expanded criteria for liver donors? Journal of Hepatology
2006; 45: 484–8.

71. Busuttil RW, Tanaka K. The utility of marginal donors in liver
transplantation. Liver Transplantation 2003; 9: 651–63.

72. Feng S, Goodrich NP, Bragg-Gresham JL, et al. Characteristics
associated with liver graft failure: the concept of a donor
risk index. American Journal of Transplantation 2006; 6:
783–90.

73. Wesslau C, Kr€uger R, May G. Clinical investigations using in-
docyanine green clearance for evaluation of liver function in
organ donors. Transplantology 1994; 5: 7–9.

74. Koneru B, Leevy CB, Klein KM, Zweil P. Clearance of indocya-
nine green in the evaluation of liver donors. Transplantation
1994; 58: 729–31.

75. Kamath PS, Wiesner RH, Malinchoc M, et al. A model to
predict survival in patients with end-stage liver disease.
Hepatology 2001; 33: 464–70.

76. Oellerich M, Burdelski M, Lautz HU, et al. Assessment of
pretransplant prognosis in patients with cirrhosis. Transplan-
tation 1991; 51: 801–6.

77. Stauber RE, Wagner D, Stadlbauer V, et al. Evaluation of in-
docyanine green clearance and model for end-stage liver
disease for estimation of short-term prognosis in decom-
pensated cirrhosis. Liver International 2009; 29: 1516–20.

78. Gupta S, Chawla Y, Kaur J, et al. Indocyanine green clear-
ance test (using spectrophotometry) and its correlation with
model for end stage liver disease (MELD) score in indian
patients with cirrhosis of liver. Tropical Gastroenterology
2012; 33: 129–34.

79. Zipprich A, Kuss O, Rogowski S, et al. Incorporating indocya-
nin green clearance into the model for end stage liver dis-
ease (MELD-ICG) improves prognostic accuracy in
intermediate to advanced cirrhosis. Gut 2010; 59: 963–8.

80. Olmedilla L, Perez-Pena JM, Ripoll C, et al. Early noninvasive
measurement of the indocyanine green plasma disappear-
ance rate accurately predicts early graft dysfunction and
mortality after deceased donor liver transplantation. Liver
Transplantation 2009; 15: 1247–53.

81. Vos JJ, Scheeren TW, Lukes DJ, de Boer MT, Hendriks HG,
Wietasch JK. Intraoperative ICG plasma disappearance rate
helps to predict absence of early postoperative complica-
tions after orthotopic liver transplantation. Journal of Clinical
Monitoring and Computing 2013; 27: 591–8.

82. Chan MT, Gin T, Chui AK, Lau WY. Pitfalls of indocyanine green
dye elimination to assess graft function during liver transplan-
tation. Anesthesia and Analgesia 2003; 96: 1839–40.

83. Hori T, Ogura Y, Yagi S, et al. How do transplant surgeons
accomplish optimal portal venous flow during living-donor
liver transplantation. Surgical Innovation 2014; 21: 43–51.

84. Hori T, Ogura Y, Ogawa K, et al. How transplant surgeons
can overcome the inevitable insufficiency of allograft size
during adult living-donor liver transplantation: strategy for
donor safety with a smaller-size graft and excellent recipi-
ent results. Clinical Transplantation 2012; 26: E324–34.

85. Chen H, Peng CH, Shen BY, et al. Multi-factor analysis of ini-
tial poor graft function after orthotopic liver transplantation.
Hepatobiliary Pancreatic Disease International 2007; 6:
141–6.

86. Maring JK, Klompmaker IJ, Zwaveling JH, Kranenburg K, Ten
Vergert EM, Slooff MJ. Poor initial graft function after ortho-
topic liver transplantation: can it be predicted and does it
affect outcome? an analysis of 125 adult primary transplan-
tations. Clinical Transplantation 1997; 11: 373–9.

© 2014 The Association of Anaesthetists of Great Britain and Ireland 1375

Vos et al. | Indocyanine green and liver function monitoring Anaesthesia 2014, 69, 1364–1376



87. Pokorny H, Gruenberger T, Soliman T, Rockenschaub S,
Langle F, Steininger R. Organ survival after primary dysfunc-
tion of liver grafts in clinical orthotopic liver transplantation.
Transplant International 2000; 13(Suppl 1): S154–7.

88. Ploeg RJ, D’Alessandro AM, Knechtle SJ, et al. Risk factors
for primary dysfunction after liver transplantation – a multi-
variate analysis. Transplantation 1993; 55: 807–13.

89. Gonzalez FX, Rimola A, Grande L, et al. Predictive factors of
early postoperative graft function in human liver transplan-
tation. Hepatology 1994; 20: 565–73.

90. Jalan R, Plevris JN, Jalan AR, Finlayson ND, Hayes PC. A pilot
study of indocyanine green clearance as an early predictor
of graft function. Transplantation 1994; 58: 196–200.

91. Schneider L, Spiegel M, Latanowicz S, et al. Noninvasive in-
docyanine green plasma disappearance rate predicts early
complications, graft failure or death after liver transplanta-
tion. Hepatobiliary Pancreatic Disease International 2011;
10: 362–8.

92. Levesque E, Saliba F, Benhamida S, et al. Plasma disappear-
ance rate of indocyanine green: a tool to evaluate early
graft outcome after liver transplantation. Liver Transplanta-
tion 2009; 15: 1358–64.

93. Levesque E, Hoti E, Azoulay D, et al. Non-invasive ICG-clear-
ance: a useful tool for the management of hepatic artery
thrombosis following liver transplantation. Clinical Trans-
plantation 2011; 25: 297–301.

94. Escorsell A, Mas A, Fernandez J, Garcia-Valdecasas JC. Limi-
tations of use of the noninvasive clearance of indocyanine
green as a prognostic indicator of graft function in liver
transplantation. Transplantation Proceedings 2012; 44:
1539–41.

95. Lock JF, Schwabauer E, Martus P, et al. Early diagnosis of pri-
mary nonfunction and indication for reoperation after liver
transplantation. Liver Transplantation 2010; 16: 172–80.

96. Capuzzo M, Valpondi V, Sgarbi A, et al. Validation of severity
scoring systems SAPS II and APACHE II in a single-center
population. Intensive Care Medicine 2000; 26: 1779–85.

97. Sakka SG, Reinhart K, Meier-Hellmann A. Prognostic value
of the indocyanine green plasma disappearance rate in criti-
cally ill patients. Chest 2002; 122: 1715–20.

98. Ritz R, Cavanilles J, Michaels S, Shubin H, Weil MH. Disap-
pearance of indocyanine green during circulatory shock. Sur-
gery Gynecology Obstetrics 1973; 136: 57–62.

99. Kholoussy AM, Pollack D, Matsumoto T. Prognostic signifi-
cance of indocyanine green clearance in critically ill surgical
patients. Critical Care Medicine 1984; 12: 115–6.

100. Sander M, Spies CD, Berger K, et al. Perioperative indocya-
nine green clearance is predictive for prolonged intensive
care unit stay after coronary artery bypass grafting – an
observational study. Critical Care 2009; 13: R149.

101. Weis F, Kilger E, Beiras-Fernandez A, et al. Indocyanine
green clearance as an outcome prediction tool in cardiac
surgery: a prospective study. Journal of Critical Care 2014;
29: 224–9.

102. Kimura S, Yoshioka T, Shibuya M, Sakano T, Tanaka R, Matsuy-
ama S. Indocyanine green elimination rate detects hepato-
cellular dysfunction early in septic shock and correlates with
survival. Critical Care Medicine 2001; 29: 1159–63.

103. Bailey B, Amre DK, Gaudreault P. Fulminant hepatic failure
secondary to acetaminophen poisoning: a systematic
review and meta-analysis of prognostic criteria determining
the need for liver transplantation. Critical Care Medicine
2003; 31: 299–305.

104. Merle U, Sieg O, Stremmel W, Encke J, Eisenbach C. Sensitiv-
ity and specificity of plasma disappearance rate of indocya-
nine green as a prognostic indicator in acute liver failure.
BMC Gastroenterology 2009; 9: 91.

105. Inderbitzin D, Muggli B, Ringger A, et al. Molecular absor-
bent recirculating system for the treatment of acute liver
failure in surgical patients. Journal of Gastrointestinal Sur-
gery 2005; 9: 1155–61.

106. Quintero J, Miserachs M, Ortega J, et al. Indocyanine green
plasma disappearance rate: a new tool for the classification
of paediatric patients with acute liver failure published as
‘ePub ahead of print’. Liver International 2014; 34: 689–94.

107. An G, West MA. Abdominal compartment syndrome: a
concise clinical review. Critical Care Medicine 2008; 36:
1304–10.

108. Sakka SG. Indocyanine green plasma disappearance rate as
an indicator of hepato-splanchnic ischemia during abdomi-
nal compartment syndrome. Anesthesia and Analgesia
2007; 104: 1003–4.

109. Thumer O, Huttemann E, Sakka SG. Indocyanine green
plasma disappearance rate. Marker of partial hepato-
splanchnic ischemia. Anaesthesist 2007; 56: 339–44.

110. Seibel A, Muller A, Sakka SG. Indocyanine green plasma
disappearance rate for monitoring hepatosplanchnic blood
flow. Intensive Care Medicine 2011; 37: 357–9.

111. Sakka SG. Indocyanine green plasma disappearance rate
during relief of increased abdominal pressure. Intensive
Care Medicine 2006; 32: 2090–1.

112. Malbrain ML, Viaene D, Kortgen A, et al. Relationship
between intra-abdominal pressure and indocyanine green
plasma disappearance rate: hepatic perfusion may be
impaired in critically ill patients with intra-abdominal hyper-
tension. Annals of Intensive Care 2012; 2 (Suppl 1): S19.

113. Seibel A, Sakka SG. Indocyanine green plasma disappear-
ance rate: estimation of abdominal perfusion disturbances.
Anaesthesist 2010; 59: 1091–8.

1376 © 2014 The Association of Anaesthetists of Great Britain and Ireland

Anaesthesia 2014, 69, 1364–1376 Vos et al. | Indocyanine green and liver function monitoring


