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Abstract Objectives: To evaluate
the effect of the stable prostacyclin
analogue iloprost on the plasma dis-
appearance rate of indocyanine
green (PDR) in patients with septic
shock.

Design and setting: A prospective
clinical study in a university hospital
intensive care unit.

Patients and interventions: 20 pa-
tients in septic shock. Patients re-
ceived iloprost infusion (1 ng/kg per
minute) for 24 h.

Measurements and results: PDR was
determined by a femoral arterial fi-
beroptic catheter before, 1, 6, and
24 h after start and 1 h after end of
iloprost infusion. PDR increased

significantly 24 h after start of ilo-
prost infusion (baseline: 13.9 +
1.7% vs. 18.6 = 2.2 %/min) and de-
creased 1 h after end of infusion
(13.7 £ 1.7 % /min; p < 0.002). There
was no change in pH;, cardiac index,
mean arterial pressure, heart rate,
central venous pressure, or intra-
thoracic blood volume index.
Conclusion: Administration of the
stable prostacyclin analogue iloprost
significantly increases PDR, indi-
cating improvement in liver func-
tion.
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Introduction

Deterioration in hepatosplanchnic perfusion is a com-
mon finding in critical ill patients [1]. Various causes
have been proposed, such as vasoconstriction because
of autoregulating mechanisms, release of mediators, dis-
seminated intravascular coagulation, swelling of endo-
thelial cells, and adherence of leukocytes [1,2]. This hy-
poperfusion may lead to a disturbance of gut barrier
function, resulting in bacterial translocation, endotox-
emia, and multiple organ dysfunction and failure, and
may have an impact on liver function [3].

Monitoring of hepatosplanchnic blood flow is either
inaccurate and controversial, for example, using pH;
[4], or invasive and difficult to perform, for example, us-
ing a liver vein catheter [5]. In our study we used the
COLD system as a bedside monitoring device for
splanchnic perfusion and liver function. The COLD sys-
tem is a minimally invasive monitoring system for deter-

mining cardiac output, arterial oxygen saturation, ex-
travascular lung water, and other derived values [6].
The system can be used to monitor liver function by
measuring the plasma disappearance rate (PDR) of in-
docyanine green (ICG).

During septic shock the mismatch between endoge-
nous thromboxane A, and prostaglandin I, (prostacy-
clin, PGI,) balance is well known. Levels of both sub-
stances are increased, but the amount of the vasocon-
stricting thromboxane A, is disproportionally higher
[7]. Administration of PGI, may reestablish the eicosa-
noid balance. PGI, is a cytoprotective agent synthesized
by endothelial cells. One of the PGI, activities is vasodi-
lation. PGI, has also been shown to inhibit leukocyte ac-
tivation by inhibiting tumor necrosis factor-o. produc-
tion by monocytes, neutrophil activation, and neutro-
phil adhesion to endothelial cells. Because activated
leukocytes release a variety of inflammatory mediators,
including cytokines, neutrophil proteases, and reactive
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oxygen species, all of which can damage adjacent endo-
thelial cells, they have been thought to play a role in tis-
sue injury. Therefore the administration of PGI, may
improve hepatosplanchnic perfusion and liver function
during septic shock.

This study evaluated the effects of continuous infu-
sion of the stable PGI, analogue iloprost on the PDR
of ICG measured by the COLD system.

Materials and methods

Patients

The study was approved by the local hospital ethics committee and
was conducted according to the principles established in Helsinki.
Twenty patients in septic shock [8] were included in the study (4
women, 16 men; median age 62 years, range 20-71). The median
score on the Acute Physiology and Chronic Health Evaluation II
was 24 points (range 14-38). The distribution of underlying diseas-
es was as follows: 10 pneumonia, 4 urosepsis, 2 pancreatitis, 2
spondylodiscitis, 1 peritonitis, and 1 mediastinitis. At the time the
investigation started the patients already were in intensive care
unit (ICU) for an average of 3 days.

All patients were ventilated and received norepinephrine for
maintenance of mean arterial pressure at 60 mmHg or higher. A fi-
beroptic catheter (COLD system, Pulsion, Munich, Germany) was
inserted into a femoral artery. A nasogastric tube with a silicone
balloon on its tip (Trip TGS catheter, Tonometrics, Worcester,
Mass., USA) was inserted to measure intramucosal pH of the
stomach wall (pH;). All patients received 50 mg ranitidine repeat-
ed after 8 h [9]. We infused iloprost (Ilomedin, Schering, Germa-
ny) for 24 h at a dose of 1 ng/kg per minute. Measurements were
performed at baseline (time 0), 1, 6, and 24 h after beginning ilo-
prost infusion and 1 h after ending iloprost infusion (time 25).

Measurements using the COLD system

For assessment of PDR a cold (< 10°C) ICG bolus of 0.3 mg ICG/
kg body weight at a concentration of 2.5 mg ICG/ml was injected
into a central vein. After dye injection the COLD system deter-
mines the time of intermixture in subject to primary circulation
time. PDR results from the decrease in ICG concentration from
the time of intermixture to the end of measurement after 240 s.
PDR indicates the percentage of injected dye disappearing from
circulating blood per minute. We measured the cardiac index and
intrathoracic blood volume index by the COLD system using the
double indicator method.

Statistics

All values are given as mean + SD. We performed the analysis of
variance test for repeated measurements with Bonferroni’s correc-
tion for multiple testing. Statistical significance was defined at
p <0.05.
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Fig.1 Plasma disappearance rate of ICG (%/min; n =20,
mean + standard deviation); measurements at baseline (time 0), 1,
6, and 24 h after the beginning of iloprost infusion and 1 h after
the end of iloprost infusion (time 25)

Results

Figure 1 presents the PDR values. At baseline the mean
PDR was 13.9 + 1.7 %/min (reference range: 18-25%/
min). One hour after beginning iloprost infusion PDR
was significantly increased, to 16.4+2.1%/min
(p <0.05); 24h after the beginning the PDR was
18.6 £ 2.2 %/min (p < 0.05). The overall increase was
34.5%. After the end of infusion values decreased sig-
nificantly again to baseline level (13.7 +1.7%/min;
p <0.05). All hemodynamic parameters were stable
(see Table 1). Baseline pH, values were in the reference
range. There was no significant change in norepineph-
rine dose during the observation period.

Discussion

In the present study iloprost administration reversibly
improved the plasma disappearance rate of ICG in hu-
man septic shock. The observed effects on PDR are ob-
viously not a result of volume supply or change in cardi-
ac index because volume state was kept constant. There
was no change in central venous pressure or intrathorac-
ic blood volume. Beside standard therapy, patients re-
ceived no additional infusions. The norepinephrine
dose was unchanged during the observation period.
The increase in PDR may be due to a redistribution
of blood flow in favor of the hepatosplanchnic circula-
tion or at least to hepatosplanchnic vasodilation. As a
result of the increased blood flow to the liver a higher
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Table 1 Clinical data

Baseline After1h After6h After 24 h 1 h after end
of infusion
Cardiac index (I/min/m?) 36+1.1 3712 38+1.5 40+13 35+£09
Heart rate (1/min) 99 +22 105 + 20 103 + 18 104 + 20 107 £ 20
Mean arterial pressure (mmHg) 80 + 26 82+9 85+8 81+9 79 +7
Central venous pressure (mmHg) 9+6 85 7+4 8«5 10+4
intrathoracic blood volume index (ml/m?) 969 + 346 1044 + 523 1012 + 345 1076 + 293 984 + 169
Intramucosal pH 7.34 £0.12 7.30 £ 0.11 7.32 £0.15 7.31+£0.13 7.25 +0.05
Norepinephrine (ug/kg per minute) 0.11 £ 0.07 0.12 £ 0.07 0.15+0.11 0.13 £0.12 0.12+0.13
amount of ICG is extracted by the liver into the bile,and ICG extraction fraction test and the mono-

PDR is increased. Other investigators have also shown
that iloprost increases blood flow in the hepatosplanch-
nic region because it acts as a vasodilator [10].

Secondly, an improvement in liver function may ex-
plain the PDR increase. One of the most important fac-
tors impairing hepatic function in septic shock is the re-
lease of tumor necrosis factor-a.. Wang et al. [11] report-
ed that tumor necrosis factor-a depresses hepatocellular
function measured by indocyanine clearance. It has
been shown that iloprost inhibits tumor necrosis factor-
o synthesis via cAMP activation, transcriptional, and
posttranscriptional effects [12]. Thus liver function may
be improved during iloprost therapy.

These two effects together can cause increased PDR.
Considering the unchanged normal pHi - regarding it as
a parameter for hepatosplanchnic perfusion — improve-
ment in liver function seems to be the dominant effect.
The delayed effect after the beginning of iloprost infu-
sion is also more likely a result of improved liver func-
tion as a perfusion effect. However, pHi does not always
reflect changes in hepatosplanchnic blood flow [4].
Moreover, PDR decreased immediately after the end
of iloprost infusion. This effect is related to the short
half-life time of iloprost. The fast change suggests a per-
fusion effect.

Distinguishing between the effects on liver function
and hepatic perfusion requires separate examinations
of liver function, for example, using tests such as the

ethylglycinexylidide test, and measurement of liver
blood flow, for example, using a liver vein catheter. The
extraction fraction of ICG is the fractional amount of
ICG which is extracted by the liver into the bile during
a defined period of time. Therefore it is independent of
liver blood flow. The higher the liver blood flow, the
greater is the absolute amount of ICG taken into the
bile. Without change in liver function, however, there is
no change in extraction fraction.

Iloprost has also a reversible anticoagulatory effect
by inhibiting platelet function. The effect is dose-relat-
ed. Platelet aggregability returns to baseline levels with-
in the 1st h after the end of the infusion [13]. In patients
who are at risk of developing bleeding complications
iloprost should be used with caution. In our study there
was no case of bleeding.

Septic shock is still related to a high mortality in crit-
ically ill patients. Standard therapy consists of volume
replacement and the use of vasopressors. Because of
disturbance of organ microcirculation septic shock may
result in multiple organ failure. Iloprost therapy may
be useful for preventing deterioration in microcircula-
tion. The administration of iloprost improves PDR, as
shown in our study. As PDR seems to be related to out-
come in critical ill patients [14], the use of iloprost may
be justified although further details of its effects on the
hepatosplanchnic blood flow and on liver function
were not clarified in this study.
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