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ABSTRACT

The presence of hepatic dysfunction significantly affects the length of hospital stay and
the outcome in critically ill patients. Considering the important partial hepatic functions
of metabolism, synthesis, detoxification, and excretion, the worse clinical course of patients
suffering from hepatic dysfunction is not surprising. The most often used indicator of
hepatic dysfunction is bilirubin. However, bilirubin and other commonly used static
laboratory tests provide only indirect measures of hepatic function. In contrast to these
static tests, dynamic liver tests, such as indocyanine green (ICG) disappearance rate should
provide better direct measures of the actual functional state of the liver at the time of
assessment. The ICG is a water-soluble inert compound that is injected intravenously. It
mainly binds to albumin in the plasma. ICG is then selectively taken up by hepatocytes,
independent of adenosine triphosphate (ATP), and later excreted unchanged into the
bile via an ATP-dependent transport system. The ICG is not metabolized; it does not
undergo enterohepatic recirculation. Thus, ICG excretion rate in bile reflects the hepatic
excretory function and hepatic energy status. Because of these features, ICG has been
found to be useful to assess liver function in liver donors and transplant recipients, in
patients with chronic liver failure, and as a prognostic factor in critically ill patients.
Further trials concerning liver dysfunction have applied the noninvasive bedside assess-
ment of ICG among other clinical variables to monitor the progress and/or the reversal of

liver dysfunction.
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EPATIC dysfunction is characterized by disturbances
of partial hepatic functions. It can appear as a sole

rgan dysfunction, in combination with other organ dys-
unctions, or as a part of a multiple organ dysfunction
yndrome (MODS). Although numerous publications ad-
ress hepatic dysfunction, there is no unique definition of
his clinical syndrome.

NDICATORS OF HEPATIC DYSFUNCTION

he most often used indicator of hepatic dysfunction is
ilirubin with a threshold value greater than 2 mg/dL.1,2

owever, bilirubin and other commonly used static labora-
ory tests, such as aminotransferase activity, albumin, clot-
ing factors, and lactate, provide only indirect measures of
epatic function. Therefore they have limited prognostic
alue. In contrast to these static tests, dynamic liver tests,
uch as clearance (indocyanine green, caffeine), elimination
apacity (galactose), and metabolite formation test (CO2

xhalation: 14[C] aminopyrine-,13[C] methacetin-breath test)

rovide direct measures of the actual functional state of the V
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iver at the time of the assessment. Among these, we chose
o examine indocyanine green.

NDOCYANINE GREEN

ndocyanine green (ICG), a water-soluble, inert anionic
ompound, is injected intravenously. It mainly binds albu-
in and �-lipoproteins in the plasma. Independent of aden-

sine triphosphate (ATP), ICG is then selectively taken up
y hepatocytes, and later excreted unchanged into the bile
ia an ATP-dependent transport system. Thus, ICG excre-
ion rate in bile reflects the hepatic ATP level and energy
tatus. The ICG is not metabolized; it does not undergo
nterohepatic recirculation.3 Owing to these features, ICG
as been proposed to assess liver function in donors and
ecipients, in patients with chronic liver failure, and in criti-

From the medical university of Vienna, Vienna, Austria.
Address reprint requests to Peter Faybik, Department of Anes-

hesiology and General Intensive Care, Medical University of

ienna, Vienna, Austria. E-mail: peter.faybik@meduniwien.ac.at

0041-1345/06/$–see front matter
doi:10.1016/j.transproceed.2006.01.049

801

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




c
p
I
s
2
d
b
d

T
I
t
c
t
c
t
t
d
f
a
t
c
d
t
i
s
s

o
l
I
T
c
d
t
s
a
c
s
p
t
t

t
o
d
o
l
p
c
s

P
v

t
d
n
l
c
f

R

s
w

d
C

e
f

i
o

e
1

c
a

i
p
v
2

o
p

r
v
M

a
i
p

g
i

c
1

h
a

i

f

802 FAYBIK AND HETZ
ally ill patients as a prognostic factor.4–6 Plasma disap-
earance rate of ICG (PDRICG) is the most commonly used
CG-derived parameter for clinical and experimental as-
essment of liver function; the normal range is 18% to
5%/min. However, it must be emphasized that PDRICG

oes not represent the liver blood flow but the ICG uptake
y hepatocytes, its excretion into the bile, blood flow-
ependent liver metabolism, and energy status.
There are various techniques to assess PDRICG in vivo.

he gold standard relies on serial blood sampling after
CG injection with spectrophotometric analysis of concen-
rations.4,5 However, it is both expensive and rather time-
onsuming. Another method uses a fiberoptic aortic cathe-
er inserted via a femoral artery sheath.7,8 This method
orrelates with the serial blood sampling method.9 Although
his is a bed-side technique, its use remains restricted mostly
o experimental settings. Furthermore, a noninvasive pulse-
ensitometric method uses a transcutaneous system adapted
rom pulse oximetry and a peripheral or central venous
ccess for ICG injection. This method correlates well with
he invasive method in hemodynamically stable and me-
hanically ventilated critically ill patients as well as hemo-
ynamic unstable patients undergoing liver transplanta-
ion.7,10 According to Gottlieb et al,11 PDRICG is a good
ndicator of hepatic dysfunction following injury. In the
even patients studied, PDRICG preceded an increase in
erum bilirubin levels and was more sensitive.

A further study demonstrating the superiority of ICG
ver bilirubin was performed by Pollack et al12 in a popu-

ation of patients with trauma or shock. Bilirubin, but not
CG, failed to discriminate survivors from nonsurvivors.
his observation could be due to the high intrahepatic
oncentration of inflammatory cytokines during hepatic
ysfunction. These factors inhibit the expression of hepa-
obiliary transport systems for organic anions (OATP2),
uch as ICG at the mRNA level.13 Second, ICG excretion is
n ATP-dependent process, and thus a decrease in ATP
ontent during hepatic dysfunction may affect these re-
ults.3 The lower sensitivity of bilirubin compared with ICG
robably results from the later increase in bilirubin during
he course of hepatic injury and further due to the forma-
ion of delta-bilirubin, which has a longer half-time.

There is evidence that the presence of hepatic dysfunc-
ion significantly affects the hospital length of stay and
utcome among critically ill patients with acute respiratory
istress syndrome or after trauma.1,14,15 Considering some
f the important partial hepatic functions, such as metabo-

ism, synthesis, detoxification, and excretion of the end-
roducts of metabolism and toxins, the worsening clinical
ourse in patients suffering from hepatic dysfunction is not

urprising. Correspondingly, the sensitivity and specificity of J
DRICG values upon ICU admission with respect to sur-
ival were comparable to those of APACHE II and SAPS.7

In conclusion, PDRICG is a valuable dynamic liver func-
ion tool to assess critical ill patients suffering from liver
ysfunction. Because of the possibility of its user-friendly
oninvasive bedside assessment, further studies concerning

iver dysfunction should use PDRICG together with other
linical variables to monitor the progress or reversal of liver
ailure.
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