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Abstract

Objective : It can be difficult to select appropriate intensive care for cases of sepsis admitted to the intensive

care unit (ICU).
keukin-6 (IL-6) levels and severity of illness.

We investigated the relationships between endotoxin activity (EA), procalcitonin (PCT) or Inter-
We also investigated whether measurement of EA or PCT level of

patients admitted to the ICU can predict the need for direct hemoperfusion with a polymyxin B immobilized fiber

column (PMX-DHP).

Methods : Thirty-three patients admitted to the ICU with severe sepsis or septic shock were assessed.

Within 6 h of admission, blood samples were collected and APACHE II and SOFA scores were determined, and
EA, PCT and IL-6 levels were measured. Patients were divided into 3 groups : low (L-group), intermediate (M-
group), and high (H-group), based on their EA and PCT levels.
DHP implementation and EA or PCT level and the relationship between EA levels and causative bacteria.

Results : Although no significant correlation was found between APACHE Il or SOFA scores and EA, PCT
or IL-6 levels, there was a good correlation between PCT and IL-6 levels.

We analyzed the relationships between PMX-

The mean EA level in the gram-nega-
tive infection group was 0.58+0.19 vs. 0.45+0.22 for the gram-positive infection group. The rates of PMX-DHP
implementation were not significantly different in the 3 EA and PCT groups [38.4% (5/14) EA-L, 20% (1/5) EA-
M, 35.7% (5/14) EA-H group, respectively : 0% (0/4) PCT-L, 40% (4/10) PCT-M, 36.8% (7/19) PCT-H group,

respectively].

Conclusion : The EA level was not associated with the existence of gram-negative infection and also did not

correlate with illness severity. Significant correlation was found between PCT and IL-6 levels, although PCT

and IL-6 levels did not correlate with the severity of illness.

for the implementation of PMX-DHP.

EA and PCT measurements were not found useful

Introduction

The principle of sepsis treatment involves the determi-
nation of the infectious focus, selection of the appropriate
surgical operation, drainage of the focus, administration
of antibiotics for the causative microorganisms, and sup-
port for organ failure. Despite the progress made in di-
agnostic techniques and critical care medicine and devel-

opment of treatment guidelines, the mortality rate for
sepsis is still high (from 20 to 50%). Clearly, the detec-
tion of the causative bacteria, fungi, and viruses are use-
ful for therapeutic strategy. However, conventional
tests for the detection of the causative microorganisms,
including blood culture, are not sensitive enough and are
time-consuming. Therefore, clinicians almost always
have to start empirical antimicrobial therapy, without the
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determination of the causative microorganisms. The
determination of the severity of the disease is also impor-
tant to start the appropriate treatment as early as possible.

Endotoxin or lipopolysaccharide (LPS) is a major cell
wall component of gram-negative bacteria and a potent
trigger of innate immunity ; it activates macrophages
and neutrophils to produce inflammatory mediators and
cytokines in the host. Endotoxin plays a major role in
the development of sepsis. In order to diagnose sepsis
and start appropriate therapy, it is also important to know
whether the infection is caused by gram-negative bacte-
ria or by endotoxin.

Several inflammation markers such as C-reactive pro-
tein (CRP) and white blood cell count (WBC) may not be
enough to identify critically ill patients who need antimi-
crobial therapy, because the sensitivity and specificity for
bacterial infection are low and sometimes misleading.
Procalcitonin (PCT) is a 13-kDa, 116-amino acid poly-
peptide glycoprotein. As previously reported by Assi-
cot et al., the serum PCT concentrations were elevated in
patients with bacterial infection". Further clinical stud-
ies have indicated that sepsis related to systemic bacterial
infection, but not fungal or viral infection, could induce
higher concentrations of serum PCT and that the levels
of PCT correlated with the severity of sepsis®.

According to the recently accepted picture of the
pathophysiology of sepsis, excess pro-inflammatory cy-
tokines play a pivotal role in the progression of shock,
and organ failure”. Among these pro-inflammatory cy-
tokines, the blood level of interleukin (IL)-6 is reported
to be a good index of cytokine cascade activation and to
be relevant to the severity of illness®.

Direct hemoperfusion with a polymyxin B immobi-
lized fiber column (PMX-DHP), which could remove
circulating endotoxin by adsorption and prevent the pro-
gression of the inflammatory cascade of sepsis, has been
used for the treatment of severe sepsis or septic shock in
Japan since 1994, and its efficacy has been reported in
many clinical studies®”. Septic shock induced by
gram-negative infection is one of the major causes of
multiple organ dysfunction syndrome (MODS) in pa-
tients treated in intensive care units (ICU). In the pa-
tients who present with shock by gram-negative infec-
tion, PMX-DHP should be considered at the appropriate
time. Therefore, it is important to recognize the causes
of sepsis and determine the severity of the clinical condi-
tion as early as possible.

It has been difficult to measure endotoxin reliably in
biological fluids. The most widely used method — the
chromogenic limulus amebocyte lysate assay (LAL) —
has certain limitations with regard to the detection and
quantification of endotoxin in plasma or whole blood.
Romaschin et al. developed a novel technique — the en-
dotoxin activity assay (EAA) — for detecting endotoxin
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in whole blood using neutrophil-dependent chemilumi-
nescence on the basis of the ability of antigen-antibody
complexes to prime neutrophils and augment respiratory
burst response”. They reported that the EAA would be
a useful diagnostic tool for the investigation of gram-
negative infection and incipient sepsis”. The aim of
this study was to investigate the correlation between the
level of severity in septic patients admitted to the ICU,
and levels of EA, PCT or IL-6, and to determine whether
the measurement of EA or PCT is helpful in predicting
the use of PMX-DHP treatment.

Patients and methods

Subjects

From June 2008 to June 2009, we studied 33 patients
who developed severe sepsis or septic shock and were
admitted to the medical-surgical ICU. Sepsis is defined
as infection plus systemic inflammatory response syn-
drome (SIRS), in accordance with the criteria of the
American College of Chest Physicians/Society of Critical
Care Medicine Consensus Conference'”. Severe sepsis
is defined as sepsis plus sepsis-induced organ dysfunc-
tion or tissue hypoperfusion. Septic shock is defined as
sepsis-induced hypotension persisting despite adequate
fluid resuscitation. Patient culture samples were col-
lected from all sites suspected to be infectious. Infec-
tions were considered to be present if at least one blood
culture was positive for pathogenic microorganisms, or if
there was clinical evidence of local infection of microor-
ganisms in sterile body fluid or sites, such as ascites,
sputum, urine, spinal fluid, or a wound with purulent
discharge. Patients were treated according to Surviving
Sepsis Campaign Guidelines 2008'".  The PMX-DHP
treatment was performed when a patient still showed
mean arterial blood pressure <65 mmHg regardless of ap-
propriate fluid resuscitation and the use of catecholamine
(dopamine >5 pg/kg/min or norepinephrine >0.05 pg/kg/
min). Other blood purification therapy (including con-
tinuous hemodiafiltration or hemodialysis) was per-
formed at the discretion of the responsible physicians be-
cause there were no standardized criteria. Within 24 h
after ICU admission, comprehensive clinical and labora-
tory data, endotoxin activity (EA) and PCT levels, and
interleukin (IL)-6 were checked. Baseline severity of
illness was quantified using the Acute Physiology and
Chronic Health Evaluation 11 (APACHE 1) score'” and
Sepsis-related Organ Failure Assessment (SOFA)
score'”.  Survival status was assessed 28 days after ICU
admission. This study protocol was approved by the
ethical committee of Tokyo Medical University, Hachioji
Medical Center.

Measurement of EAA

Blood samples were collected for endotoxin assay
within 6 h after admission to the ICU and all samples
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were assayed within 30 min of collection. Samples
were collected in Becton Dickinson sterile Vacutainer”
tubes containing EDTA anti-coagulant, through an in-
dwelling arterial catheter. The EAA analyses were per-
formed by laboratory technicians at the clinical laborato-
ry department in our hospital. Serum EA level was
measured using Smart Line EAA Luminometers accord-
ing to the manufacturer’s protocol (Spectral Diagnostics,
Inc., Toronto, Ont., Canada). All samples for EAA
were measured in duplicate and the mean from the dupli-
cates is used for the result of EA level, classified at low
(<0.4, L group), intermediate (0.4< <0.6, M group), and
high (>0.6, H group), according to the classification of
the MEDIC study by Marshall et al'?.  The EA level of
0.4 is approximately equivalent to an endotoxin concen-
tration of 25 to 50 pg/mol, and the level of 0.6 equivalent
to 100 to 200 pg/mol of E. coli 055 : B5 LPS.

Measurement of PCT

PCT concentrations were measured at the same time of
EAA measurement using immune luminometric assay
(SphereLight Brahms PCT ; Brahms Diagnostica, Berlin,
Germany) and a SphereLight 180 luminometer (Olympus
Corporation, Tokyo, Japan), modified as previously
described'?. This assay has an optimized functional
sensitivity of 0.06 ng/ml.  On the basis of previous stud-
ies in Japan'®, PCT concentrations were classified at low
(<2 ng/ml, L group), intermediate (2< <10 ng/ml, M
group), and high (>10 ng/ml, H group). If the PCT con-
centration is less than 2 ng/ml, the possibility of severe
sepsis is low. If the concentration is between 2 and
10 ng/ml, severe sepsis is suspected, and if the concen-
tration is greater than 10 ng/ml, the risk of progression to
severe sepsis or septic shock is high.

Measurement of other markers

The serum IL-6 concentration was determined by en-
zyme-linked immunosorbent assay (ELISA ; human
IL-6 ANALYZA Immunoassay Kit; TECHNE, Minne-
apolis, MN, USA). Other conventional markers were
tested using commercially available kits and instruments.

Direct hemoperfusion with a polymyxin B

immobilized fiber column (PMX-DHP) treatment

A polymyxin B immobilized fiber column (Toraymyx-
in 20-R ; Toray Industries Inc., Tokyo, Japan) was used
for the PMX-DHP treatment. A percutaneous flexible
double-lumen catheter for blood access was inserted into
the internal jugular vein or the femoral vein, and blood
was both drawn from and returned to the vein. Treat-
ment was carried out for 2 h at a flow rate of 80-100 ml/
min as previously described'”. Nafamostat mesilate
(Torii Pharmaceuticals Co. Ltd., Tokyo, Japan), a prote-
PMX-DHP
was performed in 11 patients who had septic shock
(caused by any organisms) and fulfilled the initiation cri-
teria given above.

ase inhibitor, was used as the anticoagulant.
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Statistical Analysis

Data were expressed as means+standard deviation
(SD).
tions and were analyzed by using the y” test or Fisher’s
exact test, where appropriate. To compare 3 indepen-
dent groups we used analysis of variance (ANOVA) or
the Kruskal-Wallis test (data non-normally distributed)
with Bonferroni corrections. A P value of less than 0.05
was considered statistically significant. ~Statistical cal-
culations were performed with SPSS statistical software
(version 17.0 ; SPSS).

Categorical variables were presented as propor-

Results

Patient Characteristics

During the 1-year study period, 33 patients with a di-
agnosis of severe sepsis or septic shock were admitted to
the medical-surgical ICU. Twenty-three patients met
the criteria for septic shock and the remaining 10 patients
met the criteria for severe sepsis. Demographic data for
these 33 patients are summarized in Table 1. The un-
derlying diseases of the enrolled patients were intra-ab-
dominal cavity infection (15 patients), pneumonia (8 pa-
tients), urinary tract infection (3 patients), meningitis (2
patients), soft tissue infection (2 patients), and other in-
fections (3 patients).
positive bacteria (9 patients), gram-negative bacteria (10
patients), virus (1 patient), and unknown (13 patients).
The microbiological findings in patients with severe sep-
sis or septic shock are presented in Table 2. Blood cul-
tures were performed in all patients, and 13 cultures
(39%) were positive for pathogenic microorganisms
(gram-positive, N=7 ; gram-negative, N=6). Ten pa-

The causative bacteria were gram-

Table 1 Demographic characteristics of the patients
Parameter Mean = SD or Median (range)
Age, years 72.7+11.3
Gender : male/female 25/8
APACHE 11 score 25.247.7
SOFA score 9.7£3.5
EA 0.50+0.25
PCT (ng/ml) 12.7 (0-200)
CRP (mg/dl) 14.9+£9.8
IL-6 (pg/ml) 1,920 (9-1,480,000)
WBC (10%/mm”*) 10.1£9.1
ICU length of stay, days 10.4+8.0
Mortality, number. (%) 10 (30.3%)

Continuous parameter data are expressed as means+SD.
Discontinuous parameter data are expressed as median values
(minimum to maximum) ; APACHE, Acute Physiology and
Chronic Health Evaluation ; SOFA, Sepsis-related Organ
Failure Assessment ; EA, Endotoxin activity ; PCT, Pro-
calcitonin ; CRP: C-reactive protein; IL-6 : Inter-
leukin-6 ; WBC : White blood cell count ; ICU, intensive
care unit
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Table 2 Sites and microbiological findings in patients with
severe sepsis or septic shock

Sites and isolated organism No. of patients

Abdomen
Gram-negative
FEscherihia coli 1
Klebsiella speicies 4
Enterobacter cloacae 1

Gram-positive
Enterococcus faecalis 1
Unknown 9
Lung
Gram-negative
Pseudomonas aeruginosa 1
Escherihia coli 1
Gram-positive
Streptococcus pneumoniae 2
Fungi
Asprugillus fumigatus 1
Candida species 1
Unknown 4
Urinary tract
Gram-negative
Escherihia coli 3
Bloodstream
Gram-positive
Staphylococcus speicies 4
Central nervous system
Gram-positive
Streptococcus pneumoniae 1
Virus 1
Skin/soft tissue
Gram-positive

Staphylococcus aureus 1

Positive cultures were detected from more than I site in 9 pa-
tients
Multiple microorganisms were isolated in 9.1% (3/33) of pa-
tients

tients (30%) died within 28 days.

Correlation of EA, PCT and IL-6 levels with illness

severity at the time of admission to ICU

There was no significant correlation of the APACHE I1
score with EA, PCT or IL-6 level. There was also no
significant correlation of SOFA score with EA, PCT or
IL-6 level. While the correlation of Pearson’s coeffi-
cient between EA level and SOFA score was low
(r=0.117), the Spearman’s rank correlation coefficient
between PCT and SOFA score was relatively high
(rs=0.267) (Fig. 1). We investigated the relationship
between EA and PCT levels. There was also no signifi-
cant correlation between any EA value group and the
PCT, nor any PCT value group and the EA. Their
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Fig. 1 Correlation of procalciotin (PCT) with SOFA score. A
weak correlation was found between PCT and SOFA
score, their Spearman’s rank correlation coefficient was
0.267. PCT, Procalcitonin ; SOFA, Sepsis-related Or-
gan Failure Assessment

[}
[ ]
[ )
0.8 . °
:
0.6 &
3 ° 0 _
04 fommmmm R
[ ]
! ® ®
0.2 ®
0
GP GN Others

Fig. 2 Relationship of the causative bacteria with endotoxin ac-
tivity (EA) level. The mean EA level in the gram-posi-
tive (GP) infection group was 0.45+0.22 and the mean in
the gram-negative (GN) infection group was 0.58+0.19.
There was no significant correlation of the causative bac-
teria with EA level.

Spearman’s rank correlation coefficient was very low
(rs=0.078).

Association of EA and PCT levels with both gram-

negative and gram-positive infection

Furthermore, we investigated the relationship of the
causative bacteria (gram-positive bacteria, gram-nega-
tive bacteria, and the others) with EA or PCT level. The
mean EA level in the gram-negative infection group was
0.58+0.19, and the mean in the gram-positive infection
group was 0.45+0.22 (Fig. 2). The median PCT value
in the gram-negative infection group was 43.5 ng/ml,
and the median in the gram-positive infection group was
27.3 ng/ml. There was no significant correlation of the
causative bacteria with EA or PCT level. These results
were not consistent with our expectation that the EA lev-
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el should be high for gram-negative bacterial infections.
EA levels were >0.4 in 8 of 10 patients in the gram-neg-
ative infection group. Otherwise, 5 of 9 patients in the
gram-positive infection group had EA levels <0.4. EA
levels in the gram-negative infection group tended to be
higher than those of gram-positive infection group
(Fig. 2).

Association of EA and PCT levels with other

markers

We assessed the association of EA and PCT levels with
other markers (Table 3). The WBC of the EA-H group
was significantly lower than that of the EA-M group
(6.245.7x10° vs. 18.5£10.9x10° ; P<0.05), although
there was no significant correlation between EA level
and CRP. The CRP concentration of the PCT-L group
was lower than that of the PCT-M and PCT-H groups
(4.3£2.8 mg/dl (L). 17.849.5 mg/dl (M), 15.5+9.7 mg/
dl (H), respectively), but this difference was not statisti-
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Fig. 3 Association of procalcitonin (PCT) with Interleukin (IL)-

6. PCT has a significant positive correlation with [L-6.
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cally significant. A significant correlation was found
between PCT level and IL-6 blood level, although the
EA level was not associated with the IL-6 blood level
(Fig. 3). These results suggested that a high IL-6 level
was associated with a high PCT level.

Association of EA and PCT levels with the use of

PMX-DHP

We further investigated the relationship between treat-
ment with PMX-DHP and EA or PCT level. The rate of
PMX-DHP application was 38.4% (5/14) for patients of
the EA-L group, 20% (1/5) for patients of the EA-M
group, and 35.7% (5/14) for patients of the EA-H group,
respectively ; and 0% (0/4) for patients of the PCT-L
group, 40% (4/10) for patients of the PCT-M group, and
36.8% (7/19) for patients of the PCT-H group, respec-
tively (Fig. 4). There was no significant relationship
between treatment with PMX-DHP and EA or PCT level.
Although 5 out of 14 patients of the EA-L group had
been treated with PMX-DHP, no patients of the PCT-L
group were treated with PMX-DHP.

Discussion

The findings of this study indicated that the measure-
ment of endotoxin activity (EA), procalcitonin (PCT) or
interleukin(IL)-6 cannot predict the severity of illness
and EA or PCT cannot predict the use of polymyxin B
immobilized fiber column (PMX-DHP) treatment for pa-
tients with severe sepsis or septic shock admitted to the
ICU. There was a significant correlation between PCT
level and interleukin (IL)-6 blood level, which closely
reflects the activation of the cytokine cascade and corre-
late well with the severity of clinical conditions, although
PCT and IL-6 levels did not correlate with the APACHE
I1 and SOFA score on admission.

Table 3  Illness severity and laboratory data at EA level and PCT level
EA level PCT level
L-group M-group H-group L-group M-group H-group
(n=13) (n=5) (n=15) (n=4) (n=10) (n=19)
APACHE 11 23.94+7.8 25.0+7.5 26.4+8.1 22.3+10.2 25.8+7.6 25.5+7.6
SOFA 10.0£3.5 7.8+£2.5 10.1+3.7 7.0+£3.9 10.0+£3.4 10.1£3.4
WBC (10°/mm?) 11.3+9.6 18.5£10.9 6.245.7% 11.246.2 14.0+£10.6 7.848.3
CRP (mg/dl) 14.6+12.4 17.8+6.2 14.14£8.5 434+2.8 17.849.5 15.549.7
1,665 1,505 4,510 998 764 10,200
IL-6 (pg/ml) (9-1,480,000) (536-21,800) (72-81,600) (16-1,980) (9-19,000) (131-1,480,000)
(n=10) (n=4) (n=12) (n=2) (n=9) (n=15)
ICU length of stay, days 14.242.9 10.0+1.7 6.9+1.2 8.5+1.6 11.942.8 10.1+2.1
Mortality, number. (%) 4 (30.8%) 1 (20.0%) 5(33.3%) 0 (0%) 4 (40.0%) 6 (31.6%)

Continuous parameter data are expressed as means+SD. Discontinuous parameter data are expressed as median values (minimum to
maximum) ; APACHE, Acute Physiology and Chronic Health Evaluation ; SOFA, Sepsis-related Organ Failure Assessment ; EA,
Endotoxin activity ; PCT, Procalcitonin ; CRP, C-reactive protein ; IL-6, Interleukin-6 ; WBC, White blood cell count ; ICU, inten-
sive care unit; BEA level : L-group (<0.4), M-group (0.4< <0.6), H-group (=0.6) ; PCT level : L-group (<2 ng/ml), M-group

(2<<10 ng/ml), H-group (=10 ng/ml)
*P<0.05 vs patients with EA level M-group
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Fig. 4 Association of endotoxin activity (EA) and procalcitonin
(PCT) levels with the use of PMX-DHP. There was no
significant relationship between treatment with PMX-
DHP and EA or PCT level.
the number of patients with PMX-DHP, while empty col-
umns represent the number of patients without PMX-
DHP. EA, Endotoxin activity assay ; PCT, Pro-
calcitonin ; PMX, polymixin B immobilized fiber column,
EA-low (EA level <0.4), EA-intermediate (0.4<EA lev-
el<0.6), EA-high (EA level>0.6) ; PCT-low (PCT
level<2 ng/ml), PCT-intermediate (2 ng/mI<PCT level
<10 ng/ml), PCT-high (PCT level >10 ng/ml).

Shaded columns represent

Sepsis is a condition that exhibits various symptoms of
systemic inflammatory response due to collapse of im-
munological defenses against local infections, and the
number of cases of this disease has increased in recent
years.
ber of cases of sepsis, namely, an increase in the number
of aged people, immunocompromised patients with com-
plications of diabetes and malignant growth, and invasive
therapies and examinations. If the patient condition de-
teriorates from severe sepsis to septic shock, and multiple
organ failure (MOF) develops, the survival rate is low.
It was suggested that one reason for the high mortality of
severe sepsis could be the failure of early diagnosis in the
acute phase, when multimodality therapy is effective.
Furthermore, it was suggested that it is difficult to appro-
priately control the activated inflammatory response.

There are several reasons for the growing num-

Therefore, rapid and accurate diagnosis, as well as initia-

THE JOURNAL OF TOKYO MEDICAL UNIVERSITY

Vol. 68 No. 4

tion of appropriate treatment in intensive care are impor-
tant for sepsis treatment. Endotoxin plays an important
role in innate immunity and also causes the production of
various mediators linked to MOF or disseminated intra-
vascular coagulation. In Japan, highly sensitive detec-
tion methods with kinetic turbidimetric assay (LAL) are
widely used for endotoxin assay. However, this method
is not completely reliable in the clinical setting because
of difficulties relating to preparation and extraction.
LPS binds to a number of plasma circulating inhibitors of
the coagulation reaction, such as lipopolysaccharide
binding protein, soluble CD14, CD11b/CD18 integrin re-
ceptors, and high density lipoprotein, and to cellular
blood components such as platelets. Moreover, the as-
say is not specific for endotoxin because the limulus co-
agulation cascade can be activated by fungal products.

In the present study, we measured endotoxin level us-
ing EAA (FDA-approved) for endotoxin assay. The ad-
vantage of EAA for clinical use is that it can be assayed
rapidly within 30 min from whole blood without com-
plex pretreatment. Marshall et al. reported that EAA
was useful in critically ill patients with suspected sepsis
and that increased EA level at admission was associated
with the development of severe sepsis and organ
dysfunction'”.  Another study reported that higher lev-
els of endotoxin revealed by EAA in patients after sur-
gery were associated with a longer stay in the ICU'®.
Moreover, at the same time we also measured PCT lev-
els, which were closely related to the bacterial infection
and were assumed to correlate with the severity of bacte-
rial infection. Several clinical studies have indicated
that PCT was more sensitive and more specific in dis-
criminating between patients with or without sepsis than
any other established blood markers'”. PCT is induced
in the circulation within 2 to 4 h after bacterial infection,
and its half-life is estimated to be approximately from 24
to 30 h. CRP is an acute phase protein used mostly as
an inflammatory marker. However, its concentration
does not significantly increase until 24 h after the onset
of inflammation and is not specific for infectious disease.
Because PCT is a substance that is released more rapidly
than CRP, the former is an early indicator for the exis-
tence of bacterial infection.

The aim of the present study was to investigate wheth-
er the measurement of EA and PCT levels can predict
further intensive care application for patients with severe
sepsis or septic shock, because it has been reported that
EA levels correlated with the severity of sepsis and
gram-negative infection and PCT levels correlate with
the severity of bacterial infection. In other words, high
levels of both markers would indicate severe bacterial in-
fection with gram-negative bacteria. In addition, both
markers are readily available in clinical laboratories and
diagnostic assays can be performed approximately within
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30 min. It should be possible to rapidly recognize and

risk-stratify patients with suspected sepsis, and to guide

therapy for endotoxin. In Japan, the clinical usefulness 2)
of PMX-DHP has been reported in septic shock patients
with gram-negative infection®” and it is more important
to know when this therapy should be initiated. Recent-
ly, multicenter RCT on PMX-DHP therapy was per-
formed in patients with septic shock and severe sepsis in-
duced by abdominal sepsis®”. In this study, PMX-DHP
significantly improved hemodynamics and organ dys-
function and reduced 28-day mortality. However, the
results of this study did not show any significant correla-

3)

4)

tion between the severity of illness with EA or PCT level

and between EA level and gram-negative infection. 5)
Furthermore, there was no relationship between the im-
plementation of PMX-DHP treatment and the measure-

ment of EA and PCT levels. The reason for the lack of

the correlation between the pathogen and EA levels may

be that patients severely infected with gram-positive bac- 6)
teria could have a high level of EA and some patients in-
fected with gram-negative bacteria could have a low lev-
el of EA. This may suggest that the reactivity of
neutrophils could be suppressed in patients receiving
high doses of steroids, and the EA level could depend on
the function of individual neutrophils, because neutro-
phils are used in the assay. High-dose administration of
steroid might suppress the PCT level. Moreover, EAA
detects the level of endotoxin, which is located in the up-
stream from the inflammation cascade. On the other
hand, it is also thought that PCT is located downstream
from the inflammation cascade, since PCT is thought to
be released by endotoxin stimulation or direct stimula- 8)
tion of bacterial products. The present study showed

good correlation between PCT levels and IL-6 blood

levels. This may support the theory that PCT is pro-

duced immediately from the various systemic organs
stimulated by proinflammatory cytokines such as TNF-a 9)
and IL-6. Therefore, it may not be rational to evaluate
the levels of both EA and PCT at the same time. The
limitations of this study are as follows. (1) The small
number of patients. (2) Various underlying diseases
apart from severe sepsis as the subject. (3) Some pa-
tients were prescribed antimicrobial agents before ICU
admission, which could affect EA and PCT levels. Fur-
ther study involving the evaluation of a larger study
group is required.

7)

10)

Acknowledgements

The author express their sincere gratitude Takashi 11)
Asaumi and Yusuke Tanaya for technical assistance.

References

1) Assicot M, Gendrel D, Carsin H, Raymond J, Guil-
baud J, Bohuon C : High serum procalcitonin con-

(7)

centrations in patients with sepsis and infection.
Lancet 341 : 515-518, 1993

Meisner M, Tschaikowsky K, Palmaers T, Schmidt
J: Comparison of procalcitonin (PCT) and C-reac-
tive protein (CRP) plasma concentrations at different
SOFA scores during the course of sepsis and MODS.
Crit Care 3 : 45-50, 1999

Annane D, Bellissant E, Cavaillon JM : Septic shock.
Lancet 365 : 63-78, 2005

Martin C, Boisson C, Haccoun M, Thomachot L,
Mege JL : Patterns of cytokine evolution (tumor ne-
crosis factor-alpha and interleukin-6) after septic
shock, hemorrhagic shock, and severe trauma. Crit
Care Med 25 : 1171-1173, 1997

Matsuno N, Ikeda T, Ikeda K, Hama K, Iwamoto H,
Uchiyama M, Kozaki K, Narumi Y, Kikuchi K, De-
gawa H, Nagao T: Changes of cytokines in direct
endotoxin adsorption treatment on postoperative mul-
tiple organ failure. Ther Apher. 5: 36-39, 2001
Kushi H, Miki T, Okamaoto K, Nakahara J, Saito T,
Tanjoh K : Early hemoperfusion with an immobi-
lized polymyxin B fiber column eliminates humoral
mediators and improves pulmonary oxygenation.
Crit Care 9 : 653-661, 2005

Shimizu T, Hanasawa K, Sato K, Umeki M, Koga N,
Naganuma T, Sato S, Shimonishi T, Ikeda T, Matsuno
N, Ono S, Saitoh H, Satoh K, Otani Y, Endo Y, Egu-
chi Y, Tani T: PMX Treatment Study Group : Direct
hemoperfusion with polymyxin-B-immobilized fiber
columns improves septic hypotension and reduces in-
flammatory mediators in septic patients with colorec-
tal perforation. Langenbecks Arch Surg 394 : 303-
311, 2009

Romaschin AD, Harris DM, Ribeiro MB, Paice J,
Foster DM, Walker PM, Marshall JC : A rapid assay
of endotoxin in whole blood using autologous neutro-
phil dependent chemiluminescence. J Immunol
Methods 212 : 169-185, 1998

Marshall JC, Walker PM, Foster DM, Harris D, Ri-
beiro M, Paice J, Romaschin AD, Derzko
AN : Measurement of endotoxin activity in critically
ill patients using whole blood neutrophil dependent
chemiluminescence. Crit Care 6 : 342-348, 2002
Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein
AM, Knaus WA, Schein RM, Sibbald WI :
Definitions for sepsis and organ failure and guide-
lines for the use of innovative therapies in sepsis.
The ACCP/SCCM Consensus Conference
Committee. American College of Chest Physicians/
Society of Critical Care Medicine. Chest.
101 : 1644-1655, 1992

Dellinger RP, Levy MM, Carlet JM, Bion J, Parker
MM, Jaeschke R, Reinhart K, Angus DC, Brun-Buis-
son C, Beale R, Calandra T, Dhainaut JF, Gerlach H,
Harvey M, Marini JJ, Marshall J, Ranieri M, Ramsay
G, Sevransky J, Thompson BT, Townsend S, Vender
JS, Zimmerman JL, Vincent JL, for the International



— 394 —

12)

13)

14)

15)

16)

Surviving Sepsis Campaign Guidelines Committee :
Surviving Sepsis Campaign : international guidelines
for management of severe sepsis and septic shock :
2008. Crit Care Med 36 : 296-327, 2008

Kanus WA, Draper EA, Wagner DP, Zimmerman
JE: APACHE II : a severity of disease classification
system. Crit Care Med 13 : 818-829, 1985

Vincent JL, Moreno R, Takala J, Willatts S, De Men-
donca A, Bruining H, Reinhart CK, Suter PM, Thijs
LG : The SOFA (Sepsis-Related Organ Failure As-
sessment) score to describe organ dysfunction/failure.
Intensive Care Med 22 : 707-710, 1996

Marshall JC, Foster D, Vincent JL, Cook DJ, Cohen J,
Dellinger RP, Opal S, Abraham E, Brett SJ, Smith T,
Mehta S, Derzko A, Romaschin A : Diagnostic and
Prognostic Implications of Endotoxemia in Critical
[llness : Results of the MEDIC Study. J Infect Dis
190 : 527-534, 2004

Yamada H, Matsuda S, UshioY, Nakamura K, Ko-
batake S, Satomura S, Mitsuura S : Determination of
procalcitonin concentration usisng the SphereLight
180 clinical auto-analyzer. Clin Chim Acta
388 : 38-40, 2008

Endo S, Aikawa N, Fujishima S, Sekine I, Kogawa K,
Yamamoto Y, Kushimoto S, Yukioka H, Kato N, Tot-
suka K, Kikuchi K, Ikeda T, Ikeda K, Yamada H, Ha-
rada K, Satomura S : Usefulness of procalcitonin se-
rum level for the discrimination of severe sepsis from

(8)

THE JOURNAL OF TOKYO MEDICAL UNIVERSITY

17)

18)

19)

20)

21)

Vol. 68 No. 4

sepsis : a multicenter prospective study. J Infect
Chemother 14 : 244-249, 2008

Tani T, Hanasawa K, Endo Y, Yoshioka T, Kodama M,
Kaneko M, Uchiyama Y, Akizawa T, Takahasi K,
Sugai K : Therapeutic apheresis for septic patients
with organ dysfunction : hemoperfusion using a
polymyxin B immobilized column. Artif Organs
22 : 1038-1044, 1998

Valenza F, Fagnani L, Coppola S, Froio S, Sacconi F,
Tedesco C, Micol M, Pizzocri M, Salice V, Ranzi
ML, Marenghi C, Gattinoni L : Prevalence of endo-
toxemia after surgery and its association with ICU
length of stay.  Crit Care 13 ; R102, 2009

Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix
J: Serum procalcitonin and C-reactive protein levels
as markers of bacterial infection : A systematic re-
view and meta-analysis. Clin Infec Dis 39 : 206-
217,2004

Ikeda T : Hemoadsorption in critical care.
Apher 6 : 189-192, 2002

Cruz DN, Antonelli M, Fumagalli R, Foltran F, Brien-
za N, Donati A, Malcangi V, Petrini F, Volta G, Bob-
bio Pallavicini FM, Rottoli F, Giunta F, Ronco
C : Early Use of Polymyxin B Hemoperfusion in
Abdominal Septic Shock. JAMA 17 : 2445-2452,
2009

Ther



Oct., 2010  H. TANIUCHLI, et al : Prognostic evaluation of need for intensive care in cases of sepsis by EA and PCT ~ — 395 —

HEIRIMSEIZ 36 1F % endotoxin activity assay 36 & U procalcitonin O 1% ]
& W i~ ol F w BH — *
HORER KRN T EEE X — R RS

HEy: g #E (ICU) ~AZE L 72 HIERK INE B & O B & endotoxin activity (EA), 7O H )b b =¥
(procalcitonin : PCT) BL A ¥ -t F -6 (IL-6) LOFEZHEL., EABIUOPCTAL Y FbF T VIR
i CTdH 5 PMX-DHP BIADOTREE & 70 % 70 % WEd L 726

WE B L O L EREMIAE 72 ERELE S 3 v 2 IS TICUNAZE L 33 450 R E Lice AZE 6 LIS
EA. PCT. IL-6 3 & UN—#% I i A5 55 % 17\~ EEE JE 5P A 121X Acute Physiology and Chronic Health Evaluation 11
(APACHE II) A 217 & Sepsis-related Organ Failure Assessment (SOFA) A 37 % i\ 7z, JB#HE % EA B XU PCT D
WL o TENEIRMERE (LB . hRER (MB) . SR HE) o3 ICkE/L, £/ x—¥ Lo
B & O PMX-DHP FifT & D RAHIZ DV THES L 72,

fEF  APACHEII A 27, SOFA X227 & % EA. PCTB L IL-6 & OMICIEH S 2% ML FRD % 0o 728
PCT & IL-6 IZIEHELMBEERO, 7T LBMRIEERE O EA 1£058+0.19, 7T Aﬁiﬁliﬁfﬁﬁﬂi 0.45+0.22
Thh ﬁ*f?; A h o 12o PMX-DHP fifT 21, EA-L % 38.4% (5/14) . M % 20% (1/5) . H # 35.7% (5/14) .
PCT-L % 0% (0/4) . M % 40% (4/10) . H B 36.8% (7/19) T&H > 72,

KEEE D EALY S ARRMERE RS K OB EES &I A O o 20 PCT B XN IL-6 b B E A & 13
AR Lo 72, PCT & IL-6 13 B WA % 528 720 PMX-DHP JifTOIFIEE LC. EA B LU PCT MlED A
PEERED SN o7z,

(F—T—F) =R I8, Tabvy b= BEERINE, PMX-DHP

(9)



