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This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http;//creativecommons.org/  1he Pulse Contour Cardiac Output (PiCCO) has become to be widely used in Ja-
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. the field of intensive care and treatment to evaluate pathophysiological conditions

pan in recent years. It has been reported that the PiCCO is very useful mainly in
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of pulmonary edema because of its ability to obtain data
such as Extra Vascular Lung Water (EVLW) and Pulmo-
nary Vascular Permeability Index (PVPI).! A high degree
of usability of various inflammatory markers has been re-
ported for better understanding of the pathological condi-
tions in cases with septicemia that require an intensive
care. White blood cell count and C reactive protein (CRP)
have been the most commonly used markers to evaluate an
inflammatory response of patients in Japan. The CRP is
widely known to be an acute inflammatory maker and is
well correlated with respiratory tract infections.” The pro-
calcitonin (PC) is also reported to relate closely to the se-
verity of respiratory tract infections and is incorporated in
the administration protocol for antimicrobial agent selec-
tion.*# The inflammatory cytokines reflect the degree of in-
flammatory reaction more sensitively. However, since very
few institutions are equipped with the facility capable of
rapid measurement of cytokines, it is not widely applied in
a clinical setting. On the other hand, there are some versa-
tile ways to assess the status of septicemia in patients such
as qualitative PC kit and Endotoxin Activity Assay
(EAA)*¢ by which result can be obtained within 10 or 20
minutes. The higher EAA levels are correlated with a high-
er risk of mortality, as well as an increased risk for devel-
oping sepsis. Therefore, it is expected that these ways of
measurement will be more incorporated into clinics when
doctors make decisions for treatment strategies for patients
with sepsis.

Table 1. Patient Characteristics

Characteristics Data
No. of patients 11
Sex (male/female) 8/3
Age (yrs), meantSE 62.6+19.1
PiCCO data
EVLW 14.5+5.6
PVPI 2.6x1.0

PiCCO, Pulse Contour Cardiac Output; EVLW, Extra Vascular Lung Water,
PVPI, Pulmonary Vascular Permeability Index.

Table 2. Underlying Diseases (n=11)

Underlying diseases Data
Trauma 6 cases
Post resuscitation encephalosis 2 cases
Peritonitis 1 case
Retroperitoneal abscess 1 case
AAA rupture 1 case

AAA, abdominal aortic aneurysm.

MATERIALS AND METHODS

We evaluated the correlation between the cardiorespiratory
status based upon the PICCO monitor and inflammatory
markers including CRP, PC, and EAA in 11 severe cases
that required treatment with a respirator in an intensive care
unit (ICU). Particularly, patients were divided into either
the normal EVLW group (EVLW-N: EVLW<9.0) or the
abnormal EVLW group (EVLW-A: EVLW>9.1) and corre-
lation with inflammatory markers including EAA, PC, and
CRP were evaluated. Likewise, patients were divided into
either the normal PVPI group (PVPI-N: PVPI<3.0) or the
abnormal PVPI group (PVPI-N: PVPI>3.1) and correlation
with inflammatory markers were evaluated. Furthermore,
the EAA, PC, and CRP were also divided into either normal
(EAA-N, PC-N, and CRP-N) or abnormal (EAA-A, PC-A,
and CRP-A) groups and correlation with EVLW and PVPI
were verified vise versa. The high cutoff values of each in-
flammatory marker were set at greater than 0.5, 0.5, and 10
respectively, because these cutoff values are expected to be
high enough to reflect the presence of infectious diseases.

RESULTS

The average age of patients included in this study was 62.6+
19.1, with eight males and three females (Table 1). All pa-
tients in this study were severe cases which required treat-
ment in the ICU. Underlying diseases were: six trauma cases,
two cases of postresuscitation encephalopathy, one peritoni-
tis, one retroperitoneal abscess, and one case with ruptured
abdominal aortic aneurysm (Table 2). The EAA values were
significantly higher in the EVLW-A at 0.46+0.20 compared
to the EVLW-N at 0.21+0.19 (p=0.0064) and no correlations
between EVLW and PC or CRP were observed (Fig. 1). In a
similar fashion, PVPI-A tended to have higher PC levels at
18.94£21.8 compared to PVPI-N at 2.4+2.2 (p=0.0676), how-
ever, no correlations between PVPI level and EAA or CRP
were observed (Fig. 2).

On the other hand, the value of PVPI was significantly
higher in the EAA-A at 3.55+0.48 in comparison with EAA-
N at 1.99+0.68 (p=0.0029). There was a tendency that
EAA-A had higher PVPI values than EAA-N (Fig. 3). The
CRP did not have any statistical significance with either
EVLW or PVPI (data not shown). Neither EVLW nor PVPI
showed any correlation with PC values (Fig. 4).
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Fig. 1. Relationship between EVLW and inflammatory marker. The EAA values were significantly higher in the EVLW-A at 0.46+0.20 compared to the EVLW-N
at 0.21+0.19 (p=0.0064) and no correlations between EVLW and PC or CRP were observed. EAA, Endotoxin Activity Assay; PC, procalcitonin; CRP, C reactive
protein; EVLW, Extra Vascular Lung Water.
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Fig. 2. Relationship between PVPI and inflammatory marker. The PVPI-A tended to have higher PC levels at 18.9+21.8 compared to PVPI-N at 2.4+2.2
(p=0.0676), and no correlations between PVPI level and EAA or CRP were observed. EAA, Endotoxin Activity Assay; PC, procalcitonin; CRP, C reactive pro-
tein; PVPI, Pulmonary Vascular Permeability Index.
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Fig. 3. Relationship between EAA and PiCCO data. The PVPI values were significantly higher in the EAA-A at 3.55:0.48 in comparison with EAA-N at
1.99+0.68 (p=0.0029). There was a tendency that EAA-A has higher PVPI values than EAA-N. EAA, Endotoxin Activity Assay; PiCCO, Pulse Contour Cardiac
Output; PVPI, Pulmonary Vascular Permeability Index.

Statistical analysis DISCUSSION
The approval of our institution’s ethics committee and in-

formed consent were obtained. The results were expressed

as the mean+SD. Differences were analyzed using the Wil- ~ The Swan-Ganz catheter has been used to monitor cardiac
coxon generalized test. A p-value less than 0.05 was regard-  functions and circulatory dynamics of the patients with sep-
ed as statistically significant. tic shock requiring intensive care and treatment for a long
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Fig. 4. Relationship between PC and PiCCO data. The PC values didn't significantly correlate with either EVLW or PVPI. PC, procalcitonin; PiCCO, Pulse
Contour Cardiac Output; PVPI, Pulmonary Vascular Permeability Index; EVLW, Extra Vascular Lung Water.

time. In recent years, the benefits of using the PICCO moni-
tor which can calculate extra vascular lung water and the pul-
monary vascular permeability index to comprehend more de-
tailed pathological conditions of the patients with sepsis has
been reported in Japan and other countries."-"*

The utilities of inflammatory markers measured by blood
tests have also reported to be effective when doctors decide
treatment strategies for septic patients. Especially in Euro-
pean countries, the usefulness of PC to evaluate the severity
of septicemia is largely known.” Although its test results
represent patients’ inflammatory reactions 20 hours before,
the CRP, whose result can be obtained rapidly, is widely
used as an inflammatory maker. However, the CRP is said to
increase even in patients with severe external injuries with-
out any evidence of infections so that it is unsuitable for the
diagnosis of infectious diseases.'® Since high inflammatory
blood cytokines play a main role in the pathological condi-
tions of septicemia, it is believed that measuring inflammato-
ry cytokines such as interleukin-6 (IL-6) is the most reliable
method to interpret the pathological conditions of sepsis.'!?
However, currently very few hospitals institutions are able
to obtain cytokine level rapidly. Therefore, an invention and
commercialization of simple kits that can rapidly measure
cytokines such as IL-6, TNF-a, and IL-1 are anticipated.

The usefulness of EAA, which is designed to represent
the activity of endotoxins in the blood to grasp pathophysi-
ological conditions of septic patients, has been reported.
However, since the EAA represents the activity of endotox-
ins indirectly through a measurement of the neutrophil acti-
vation, it is still controversial whether or not the EAA actu-
ally reflects the endotoxin levels. Despite its disadvantage in
direct evaluation of the endotoxin status, the EAA is capable
of getting results rapidly at the bedside of patients and is
highly expected to be a useful inflammatory marker. The

present data shows that the group with possible lung injury
based upon high level of EVLW or PVPI had abnormal lev-
el of inflammatory markers. Unfortunately, relationships
between EVLW and EAA were not consistent. Namely, the
EVLW-A group had a significantly higher EAA level, where-
as the EAA-A group did not show a significantly higher
EVLW level. One of the possible reasons for this would be
a huge difference in normal value range between EVLW and
EAA. The usefulness of the EAA has been reported mainly
in other clinical trials.’>** On the whole, our results suggest-
ed that the EAA values, which was correlated the most with
lung injury according to the PICCO monitoring, reflect in-
flammatory reactions in the lungs.
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