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dynamic liver function test in critically ill patients
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Background: Indocyanine green (ICG) is a water-soluble fluo-
rescent dye that is bound to plasma protein when administered
intravenously. Removal of ICG from the blood depends on
hepatic blood flow, function of the parenchymal cells and biliary
excretion. ICG elimination is described as a useful dynamic liver
function test.

Methods: In this review, we looked at the most recent litera-
ture to clarify why ICG is useful in critically ill patients, the
validity of the ICG plasma disappearance rate (ICG-PDR) meas-
ured transcutaneously and whether ICG-PDR has any prognos-
tic value.

Conclusion: In conclusion, measuring ICG-PDR is a valuable
method for dynamic assessment of liver function, and is found
to be a valuable prognostic tool in predicting survival for septic
patients, patients presenting with acute liver failure and critically
ill patients.
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Liver function tests — static
and dynamic

LIVER function tests can be divided in to two
groups — static/passive and dynamic.

The static tests include bilirubin, alanine
aminotransferase, aspartate aminotransferase, alkaline
phosphatase, gamma-glutamyl transferase, albumin
and coagulation factors V and VII. They cannot be used
as a quick tracker of changes in liver function. They can
be used to determine the type of jaundice, the extent of
cholestasis or hepatocellular necrosis."

Static tests are used, often as part of scoring
systems, e.g. Model for End-stage Liver Disease
(MELD) or Child-Pugh score, to monitor chronically
impaired liver function like cirrhosis.?

Assessing liver function in critically ill patients
require a more dynamic approach to detect changes
in liver function, which is not possible with the static
tests.

The dynamic tests assess the liver function by
determining the livers ability to eliminate or metabo-
lise defined substances in time. This gives us an
instant idea of the function at the moment of meas-
urement, and it can be repeated shortly after.'” The
result is a more ‘global’ measurement of liver func-
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tion, and the tests are able to detect the rapid changes
in liver function associated with critical illness.?

The dynamic tests include indocyanine green
(ICG) clearance, caffeine test, bromosulfophthalein
clearance, amino acid clearance, galactose elimina-
tion capacity, monoethylglycinexylidide test and
aminopyrine test.'

Why ICG?

ICG is a water-soluble fluorescent dye, with a spec-
tral absorption at 800 nm in blood plasma. When
administered intravenously, it is bound to plasma
protein (albumin and lipoproteins), selectively
taken up by hepatocytes, and it is eliminated into the
bile unchanged. Its distribution volume approxi-
mates the plasma volume; ICG does not undergo
enterohepatic recirculation. Removal of ICG from
the blood depends on hepatic blood flow, function
of the parenchymal cells and biliary excretion.'*?
Overdosage has not been described. ICG should be
used with caution in people with known iodide

allergy or thyrotoxicosis*.

*http:/fwww.drugs.com/drp/indocyanine-green.html  (accessed 7

December 2013)



http://www.drugs.com/drp/indocyanine-green.html
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How?

Due to these features, ICG elimination is considered
to correlate with hepatic function and thereby useful
as a dynamic liver function test. Its elimination can
be expressed as half-life time, clearance, retention or
plasma disappearance rate (ICG-PDR).!

Blood clearance requires absolute ICG blood con-
centration and distribution volume; in contrast,
ICG-PDR is based on relative concentration
changes. The accuracy of ICG-PDR is found to
reflect blood clearance, and is clinically more attrac-
tive as it can be measured transcutaneously.®

ICG retention ratio after 15 min (ICG R15) and
ICG-PDR, are the most widely used parameters to
express the elimination, and thereby hepatic func-
tion. ICG R15 is expressed in percent and is calcu-
lated by Cicgas)/Cicge) X 100; normal values are
under 10%.”

ICG-PDR is expressed as percentage change over
time, and the initial concentration at time 0 is 100%.
Normal values for ICG-PDR is above 18%/min.!

In this review, we use ICG-PDR, as done by the
studies and articles on critically ill patients we have
reviewed.

ICG-PDR can be assessed using various tech-
niques. The gold standard is serial blood sampling
after injection of ICG and spectrophotometric analy-
sis to obtain the concentrations.*

The ICG-PDR is determined by transforming the
ICG concentration curve to a “point zero” (100%) and
then describing the decay as percentage change per
time (%/min) in a logarithmic graph, which is seen
as a negative slope.””

This can be done bedside using a fiberoptic
catheter inserted in e.g. a femoral artery that is
rather time consuming and not without risk for
the patient. Instead, a non-invasive technique has
been developed, using {transcutaneous pulse

ICG-PDR as dynamic liver function test

The correlation between the invasive and the tran-
scutaneous method to assess ICG-PDR has been
analysed in critically ill patients with stable
hemodynamics, in patients with hepatocellular car-
cinoma assessed for hepatic resection, and in
patients undergoing liver transplantation. The inva-
sive and non-invasive methods were found to be
highly correlated, and the LIMON was an acceptable
alternative to serial blood sampling methods.”*"?

Other uses

ICG-PDR is widely used to assess liver function
before and after hepatic resection. Transcutaneous
measuring of ICG-PDR has been validated in
various studies in this field. de Liguori et al. con-
cludes that ICG-PDR measured with LiIMON is a
useful tool for the prediction and detection of post-
hepatectomy liver dysfunction.” Perioperative
changes in liver function, morbidity during hepate-
ctomy and postoperative outcomes have been
assessed by Okochi etal.,, Greco etal., Derpapas
etal. and Vos et al.'"*"7

Faybik et al. concludes that the noninvasive tran-
scutaneous method for assessing ICG-PDR can be
used instead of the invasive aortic fiber-optic
method in both haemodynamically stable and
unstable patients undergoing liver transplantation.’

ICG is also widely used as a fluorescence during
surgery. Recently, Lim et al. published a study on
ICG fluorescence imaging as a promising technique
in liver surgery."

Limitations

Factors that compromise hepatic haemodynamics,
ie. intrahepatic shunting or thrombosis, will result in
changes in hepatic blood flow and influence the
clearance rate of indocyanine green. The result is a
‘global” view on liver function and does not explain

spectrophotometry (LiMON, PULSION Medical
Systems, Munich, Germany).*"° This measures the
arterial concentration based on the difference in
absorbance between oxyhaemoglobin and ICG.
This is similar to the principles of pulse oximetry,
where the arterial oxygen saturation represents the
difference in absorbance between oxyhaemoglobin
and reduced haemoglobin.®’

The dosage has been evaluated by Sakka et al.
They used standard dosage of ICG 0.5 mg/kg and a
reduced dosage 0.25mg/kg. They compared the
results of ICG-PDR obtained by the two dosages,
and found that the reduced dosage was sufficiently
accurate.'

local changes. The role of different liver perfusion
rates on ICG R15 ratio has been assessed by Janssen
et al. They used pig livers and found that ICG R15
was lower in the high flow group, no difference in
hepatocellular damage or excretional function were
found. They conclude that ICG R15 ratio in
hyperdynamic states may conceal the true excretory
graft function.” In patients with steatosis and hepa-
titis (global hepatocellular dysfunction), some of the
transport polypeptides can be downregulated, thus
affecting the uptake of indocyanine green, making
all of the measurements lower.>"”
Hyperbilirubinaemia (>51 umol/I) can reduce
ICG-PDR probably because ICG and bilirubin use
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the same transport carrier and a competitive inhibi-
tion of the two is seen in patients with obstructive
jaundice. This is described by Vos et al., Nanashima
et al. and D’Onofrio et al.'”***

As mentioned, the test reflects the global liver
function and does not measure local variations; this
applies to all liver function tests that do not include
an imaging component.’

Validity

Traditionally ICG-PDR has been determined by
series of blood tests. This is a time-consuming and
invasive procedure. The analysis of the tests is also
relatively slow.

In recent years, a transcutaneous method for
measuring ICG retention has been developed; one
of the most described is LIMON, which uses a pulse
detection device to determine the ICG-PDR. The
peak of plasma ICG is in decay 6 min after injection,
the difference in concentration in plasma is trans-
lated to a decay constant and the ICG retention after
15 min can be determined by an early projection.

Cheung et al. conducted a study of 70 patients
with liver tumors and Child-Pugh A cirrhosis. In
this study, they compared the LiMON results of
ICG retention with results obtained by the gold
standard with serial blood samples. They found
that the plasma ICG obtained with LiMON was
very close to the plasma concentration found with
the traditional method. LIMON constantly underes-
timated the ICG retention rate at 15 min by 4.36%.
As this was constant, they concluded that the
LiMON results are usable, and as long as the
results are corrected, they can be compared with
invasive measurements.”

Sakka et al. made a similar study, analysing the
correlation between ICG-PDR obtained by the inva-
sive and the transcutaneous method in critically ill
patients. They found that the results obtained
transcutaneously were highly correlated with those
derived from the invasive technique. They conclude
that the transcutaneous method for determining
ICG-PDR can be recommended in evaluation of
critically ill patients.’

A prognostic factor in an ICU setting?

The evidence of using ICG-PDR as a prognostic
factor in critically ill patients is starting to emerge.
Traditionally IGG-PDR has been used to assess liver
function in patients undergoing hepatectomy or
liver transplantation or as a supplement to other
tests evaluating the need for transplantation or
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degree of liver damage. An example is the study by
Greco et al.,, where they conclude that addition of
ICG measurements to traditional biochemical
assessment of hepatic function, such as MELD, may
improve the pre-operative evaluation of risk in a
patient population with chronic liver disease."

Kortgen etal. prospectively investigated the
development of liver dysfunction in patients with
severe sepsis who were admitted to the ICU. They
calculated APACHE II (Acute Physiology and
Chronic Health Evaluation) score, MOD (Multiple
Organ Dysfunction) score and SOFA (Sepsis-related
Organ Failure Assessment) score daily. ICG-PDR
was measured via a catheter in arteria femoralis and
they followed routine laboratory tests for liver func-
tion. Mortality rate was 38%. The non-survivors
were older and had higher scores in APACHE II,
SOFA and MOD at inclusion. No difference was
found regarding SEPSIS criteria, haemodynamics,
oxygenation or vasopressor/inotropic support at
time of inclusion. Lactate, urea and creatinine were
higher in non-survivors at baseline. ICG-PDR was
significantly higher in survivors at days 1 and 3,
whereas the conventional markers for liver damage
did not predict any difference in the two groups.
ICG-PDR less than 8% /min predicted death with a
sensitivity of 81% and a specificity of 70%. They
conclude that ICG-PDR is superior to serum biliru-
bin levels and that impaired ICG-PDR is correlated
with poor prognosis.”

Sakka et al. also analysed the prognostic value of
ICG-PDR in critically ill patients. The patients were
admitted to the ICU all under the diagnosis sepsis/
septic shock and all scored according to SAPS II
(Simplified Acute Physiology Score) and APACHE
II. Patients were later divided into three diagnostic
groups: sepsis, acute respiratory distress syndrome
and others. All patients were intubated and sedated,
and ICG-PDR was measured via a catheter in arteria
femoralis twice a day. They used the lowest value of
ICG-PDR in each patient and found that ICG-PDR
was significantly lower in non-survivors independ-
ent of diagnosis and in patients with sepsis. The
mortality was 80% in patients with ICG-PDR < 8%/
min and survival was 80% in patients with ICG-
PDR > 16%/min.

In 53% of the patients, ICG-PDR was measured
within the first 24 h of admission. These values were
compared with the APACHE II and SAPS II scores,
and they found that ICG-PDR on ICU admission as
one single variable was as accurate as the more
complex scores (SAPS II and APACHE II) regarding
outcome prediction.
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They conclude that ICG-PDR is a reliable
prognostic marker of survival in critically ill
patients.”

ICG-PDR has been evaluated by Merle et al. as a
tool to predict outcome in patients presenting with
acute liver failure.® In their study, the physicians
were blinded to the ICG-PDR measurements. ICG-
PDR was measured using the non-invasive transcu-
taneous LiMON. Directly after inclusion, the first
ICG-PDR was determined, and repeated daily until
death, liver transplantation or discharge from ICU.
Standard laboratory tests for liver injury were also
followed. They found that the ICG-PDR measured
at day 1 was significantly lower in patients not
recovering spontaneously. An ICG-PDR <6.3%/
min on day 1 predicted death or transplantation
with a sensitivity of 85.7% and a specificity of
88.9%. Measurements of the lowest ICG-PDR in
each individual at any time point showed that ICG-
PDR < 5.3%/min predicted death or transplanta-
tion with a sensitivity of 85.7% and specificity of
66.7%. They conclude that ICG-PDR is a valuable
dynamic liver function tool to predict outcome in
patients suffering from acute liver failure early
during its course.

ICG-PDR as dynamic liver function test

Inal et al. evaluated the prognostic value of ICG-
PDR in patients admitted in the ICU with sepsis and
compared this with the APACHE II scores. All
patients were haemodynamically stable and without
heart, renal or liver failure at inclusion. They found
that ICG-PDR was significantly lower in non-
survivors (P 0.004) and so was APACHE 11 score but
not significantly (P 0.039). They conclude that meas-
urement of ICG-PDR with LiMON is a good predic-
tor of survival in septic patients and can be
recommended for routine evaluation of septic
patients in hospital settings."

A study of paediatric acute liver failure compared
non-invasively measured ICG-PDR to Kings College
criteria and Clichy’s criteria (prognostic scores).
They found that ICG-PDR was significantly lower in
patients with irreversible liver damage. None of the
patients with ICG-PDR < 5% /min survived without
liver transplantation, and all patients with ICG-
PDR > 6%/min survived with only medical care,
regardless of age and etiology of acute liver failure.
The categorization of patients into either irreversible
or reversible liver damage groups was faster with
ICG-PDR than Kings College criteria and Clichy’s
criteria. The authors conclude that ICG-PDR can be

Table 1
Overview of the literature assessing ICG-PDR in critically ill patients.
AIM Scoring Mortality Specificity and Non-survivors Survivors
systems sensitivity
Kortgen Patients with APACHE I 38% ICG-PDR < 8%/min  Older higher MOD ICG-PDR
etal.® severe MOD predicts death APACHE I significantly
sepsis SOFA specificity 70% SOFA lactate, higher day 1
in ICU ICG-PDR and sensitivity urea and and 3
81% creatinine at
inclusion
Sakka Sepsis, ARDS  SAPS I 80% in patients ICG-PDR 80% of patients
etal.® others APACHE I with ICG-PDR significantly with ICG-PDR
in ICU ICG-PDR < 8%/min lower > 16%/min
independent of
diagnosis
Merle et al.®  Acute liver ICG-PDR ICG-PDR < 6.3%/min ICG-PDR
failure day 1 predicts significantly
death or lower day 1
transplantation
specificity
88.9% and
sensitivity
85.7%
Inal et al.  Patients with APACHE I ICG-PDR
sepsis in ICU ICG-PDR significantly
lower
Quintero Pediatric acute ICG-PDR Transplantation or ICG-PDR > 6%/min
etal.® liver failure Kings College, death: survived with
Clichy’s ICG-PDR only medical
criteria < 5%/min care

APACHE, Acute Physiology and Chronic Health Evaluation; ARDS, acute respiratory distress syndrome; ICG-PDR, indocyanine green

plasma disappearance rate; MOD, Multiple Organ Dysfunction; SOFA, Sepsis-related Organ Failure Assessment.
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a useful tool in combination with other scores to
improve categorization of patients with pediatric
acute liver failure.?

Inal et al., Sakka and Malbrain et al. describe the
relationship between intra-abdominal pressure
(IAP) and ICG-PDR measured transcutaneously in
critically ill patients. They all describe that an
increase in IAP may compromise hepatosplanchnic
perfusion and thereby liver function. Sakka
describes an increase in ICG-PDR after decompres-
sion of the abdomen and sees ICG-PDR as an attrac-
tive bedside tool to assess short time changes in
hepatic blood flow.? %

Table 1 gives an overview of the above-mentioned
literature.

Conclusion

In conclusion, measuring ICG-PDR a valuable
method for dynamic assessment of liver function. Its
removal depends on hepatic blood flow, biliary excre-
tion and function of the parenchymal cells. The more
recent developments of transcutaneous devices such
as LiIMON make the bedside measurement faster,
with less risk and are regarded to evaluate the liver
function in critically ill patients as reliably as the
invasive blood sampling methods. ICG-PDR is found
to be a valuable prognostic tool in predicting survival
for septic patients, patients presenting with acute
liver failure and critically ill patients.

Conflicts of interest: The authors have no conflicts
of interests.

Funding: This review was made without any
funding.

References

1. Sakka SG. Assessing liver function. Curr Opin Crit Care
2007; 13: 207-14.

2. Kortgen A, Recknagel P, Bauer M. How to assess liver func-
tion? Curr Opin Crit Care 2010; 16: 136-41.

3. Hoekstra LT, de Graaf W, Nibourg GAA, Heger M, Bennink
RJ, Stieger B, van Gulik TM. Physiological and biochemical
basis of clinical liver function tests: a review. Ann Surg 2013;
257: 27-36.

4. Faybik P, Hetz H. Plasma disappearance rate of indocyanine
green in liver dysfunction. Transplant Proc 2006; 38: 801-2.

5. Faybik P, Krenn C-G, Baker A, Lahner D, Berlakovich G,
Steltzer H, Hetz H. Comparison of invasive and noninvasive
measurement of plasma disappearance rate of indocyanine
green in patients undergoing liver transplantation: a pro-
spective investigator-blinded study. Liver Transpl 2004; 10:
1060—4.

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

7. Vos JJ, Wietasch JKG, Absalom AR, Hendriks HGD,
Scheeren TWL. Green light for liver function monitoring

1218

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

using indocyanine green? An overview of current clinical
applications. Anaesthesia 2014; doi: 10.1111/anae.12755.
[Epub ahead of print].

. Merle U, Sieg O, Stremmel W, Encke J, Eisenbach C. Sensi-

tivity and specificity of plasma disappearance rate of
indocyanine green as a prognostic indicator in acute liver
failure. BMC Gastroenterol 2009; 9: 91.

. 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 Med 2000; 26: 1553-6.

Inal MT, Memis D, Kargi M, Sut N. Prognostic value of
indocyanine green elimination assessed with LiMON in
septic patients. ] Crit Care 2009; 24: 329-34.

Sakka SG, Koeck H, Meier-Hellmann A. Measurement of
indocyanine green plasma disappearance rate by two differ-
ent dosages. Intensive Care Med 2004; 30: 506-9.

Purcell R, Kruger P, Jones M. Indocyanine green elimination:
a comparison of the LiIMON and serial blood sampling
methods. ANZ ] Surg 2006; 76: 75-7.

de Liguori Carino N, O'Reilly DA, Dajani K, Ghaneh P,
Poston GJ, Wu AV. Perioperative use of the LIMON method
of indocyanine green elimination measurement for the pre-
diction and early detection of post-hepatectomy liver failure.
Eur J Surg Oncol 2009; 35: 957-62.

Okochi O, Kaneko T, Sugimoto H, Inoue S, Takeda S,
Nakao A. ICG pulse spectrophotometry for perioperative
liver function in hepatectomy. ] Surg Res 2002; 103: 109-13.
Greco E, Nanji S, Bromberg IL, Shah S, Wei AC, Moulton
C-A, Greig PD, Gallinger S, Cleary SP. Predictors of peri-
opertative morbidity and liver dysfunction after hepatic
resection in patients with chronic liver disease. HPB
(Oxford) 2011; 13: 559-65.

Derpapas MK, Contis ], Fragulidis GP, Lykoudis PM,
Polymeneas G, Ntourakis S, Voros D. Correlation of the ICG
test with risk factors and postoperative outcomes following
hepatic resection. ] BUON 2013; 18: 703-7.

Vos JJ, Scheeren TWL, Lukes DJ, de Boer MT, Hendriks
HGD, Wietasch JKG. Intraoperative ICG plasma disappear-
ance rate helps to predict absence of early postoperative
complications after orthotopic liver transplantation. J Clin
Monit Comput 2013; 27: 591-8.

Lim C, Vibert E, Azoulay D, Salloum C, Ishizawa T, Yoshioka
R, Mise Y, Sakamoto Y, Aoki T, Sugawara Y, Hasegawa K,
Kokudo N. Indocyanine green fluorescence imaging in the
surgical management of liver cancers: current facts and
future implications. J Visc Surg 2014; 151: 117-24.

Janssen MWW, Druckrey-Fiskaaen KT, Omidi L, Sliwinski
G, Thiele C, Donaubauer B, Polze N, Kaisers UX, Thiery ],
Wittekind C, Hauss JP, Schon MR. Indocyanine green R15
ratio depends directly on liver perfusion flow rate. |
Hepatobiliary Pancreat Sci 2010; 17: 180-5.

Nanashima A, Yamaguchi H, Shibasaki S, Morino S, Ide N,
Takeshita H, Sawai T, Nakagoe T, Nagayasu T, Ogawa Y.
Relationship between indocyanine green test and
technetium-99m galactosyl serum albumin scintigraphy in
patients scheduled for hepatectomy: clinical evaluation and
patient outcome. Hepatol Res 2004; 28: 184-90.

D’Onofrio M, De Robertis R, Ruzzenente A, Mantovani W,
Puntel G, Crosara S, Canestrini S, Guglielmi A, Mucelli RP.
Time-to-peak values can estimate hepatic functional reserve
in patients undergoing surgical resection: a comparison
between perfusion CT and indocyanine green retention test.
J Comput Assist Tomogr 2014; 38: 733—-41.

Cheung TT, Chan SC, Chok KSH, Chan ACY, Yu WC, Poon
RTP, Lo CM, Fan ST. Rapid measurement of indocyanine


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



23.

24.

25.

26.

green retention by pulse spectrophotometry: a validation
study in 70 patients with Child-Pugh A cirrhosis before
hepatectomy for hepatocellular carcinoma. Hepatobiliary
Pancreat Dis Int 2012; 11: 267-71.

Kortgen A, Paxian M, Werth M, Recknagel P, Rauchfuss F,
Lupp A, Krenn CG, Miiler D, Claus RA, Reinhart K,
Settmacher U, Bauer M. Prospective assessment of hepatic
function and mechanisms of dysfunction in the critically ill.
Shock 2009; 32: 358-65.

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.

Quintero J, Miserachs M, Ortega J, Bueno J, Dopazo C,
Bilbao I, Castells L, Charco R. Indocyanine green plasma
disappearance rate: a new tool for the classification of pae-
diatric patients with acute liver failure. Liver Int 2014; 34:
689-94.

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. Can J Surg
2011; 54: 161-6.

27.

28.

ICG-PDR as dynamic liver function test

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

Malbrain ML, Viaene D, Kortgen A, De Laet I, Dits H,
Van Regenmortel N, Schoonheydt K, Bauer M. 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. Ann Intensive Care 2012; 2 (Suppl. 1): S19.

Address:

Benedikte Mhl Halle

Department of Anesthesia and Intensive Care
Copenhagen University Hospital, Roskilde
Kogevej 7-13

DK-4000 Roskilde

Denmark

E-mail: benedikte.halle@gmail.com

1219


mailto:benedikte.halle@gmail.com

