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ABSTRACT

A study of the Critical Care and Emergency Center of Iwate Medical University thrombocytopenia cases
—A analysis of Thrombocytopenia-Outcome-Registration Prospective (THORP) I Study—

Makoto Oncdera, Yasuhisa Fujino, Yoshihiro Inoue,
Satoko Imai, Shigeatsu Endo

Critical Care and Emergency Center, Iwate Medical University

Study subjects were 41 in-patients whose platelet counts were less than
120,000/mit or decreased 30% or more within 24 hours during hospitalization. These
subjects were divided into two groups of DIC group and non-DIC group, and
backgrounds, various data and severity scores were compared between the two
groups. At the time of admission, while there was no difference in platelet
counts, the minimal platelet count was significantly lower in DIC group (p<0.01).
In DIC group, FDP (p<0.05) and prothrombin ratio (p<0.01) were significantly
higher. There was no significant difference in fibrinogen. These findings
corresponded with the DIC diagnostic criteria in critical care medicine (CCM)
published in 2005. In comparison between the DIC criteria by the Ministry of
Health and Welfare (MHW) and DIC criteria (draft) in the CCM, the duration
between onset of underlying diseases and manifestation of DIC was an average of 2.1
days by the MHW criteria and an average of 1.4 days, or shorter, by the CCM
criteria (draft). In the 4 cases of deaths, DIC was diagnosed earlier by the CCM
criteria (draft).

The Journal of The Japanese Biomedical Forum 15 : 45-50, 2005
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Abstract

Purpose. To examine the changes in blood-soluble
phospholipase A,-ITA levels caused by surgical stress
and postoperative infections.

Methods. We retrospectively analyzed a prospective
database of 40 patients who underwent esophagectomy
for esophageal cancer. Nine of these patients had a
postoperative infection (E Inf(+) group), and 31 did not
have a postoperative infection (E Inf(-) group). The
blood sPLA,-ITA level was measured using a radio-
immunoassay, and whole blood was stimulated with
lipopolysaccharide (LPS) to examine the sPLA,-ITA
production.

Results. In the E Inf(-) group, the blood sPLA,-ITA
levels peaked on postoperative day (POD) 3 then de-
creased gradually thereafter. Receiver-operator charac-
teristic statistics based on the sPLA,-ITA values on
POD 35, which are used to classify postoperative infec-
tious complications, revealed an area under the curve of
0.789. However, stimulation of peripheral blood cells
with LPS did not induce the production of sPLA,-IIA.
Conclusion. During the early postoperative phase,
blood sPLA,-IIA levels increase according to the surgi-
cal stress. Soluble PLA,-IIA may be produced at the
site of infection or in the liver, but not in the circulating
blood. Sustained elevation of the serum sPLA,-IIA
level, observed even after POD 3, seems to represent a
response to postoperative infection.

Key words Phospholipase A, - Esophageal cancer - Sur-
gical stress - Postoperative infection
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Introduction

Phospholipase A, (PLA,) hydrolyzes the acyl ester
bond at the sn-2 position of glycerophospholipids on the
cell membrane, to release arachidonic acid.! Phospholi-
pase A, activity serves as the rate-limiting factor for
the production of inflammatory lipid mediators such as
prostaglandins and leukotrienes by the arachidonic acid
cascades.? Secretory and cystosolic forms of PLA, have
been described. Secretory PLA, (sPLA,), is known to
have ten subtypes,® one of which, grouplIA sPLA,
(sPLA,-ITIA), is produced in platelets, neutrophils,
spleen, and liver.* Elevated blood sPLA,-IIA levels are
found in patients with inflammatory conditions such
as sepsis, acute pancreatitis, myocardial infarction,
and multiple trauma.®” The blood PLA,-IIA levels
have been reported to be correlated with the severity of
organ failure® in inflammatory conditions. In acute
respiratory distress syndrome (ARDS), sPLA,-ITA is
involved in the degradation of pulmonary surfactant.>-"
Moreover, an increased blood sPLA-IIA level is
an important indicator of a host defensive reaction,
which serves a bactericidal role in the presence of
infection.!!

We conducted this study to examine changes in the
blood levels of interleukin (IL)-6, IL-8, and sPLA,-ITA
caused by surgical stress in patients undergoing surgery"
for esophageal cancer, and to analyze changes in the
blood levels of sPLA,-IIA in association with postop-
erative infections.

Subjects and Methods

The protocol of this prospective, observational cohort
study was approved by our institutional review board.
The study commenced in June 1996 and continued for
6 years, ending in November 2002.
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Protocol

The subjects were a consecutive 150 patients with
esophageal cancer who underwent resection of the
thoracic segment of the esophagus after right
thoracotolaparotomic manipulation, combined with ex-
cision of the cervical, mediastinal, and abdominal lymph
nodes. Anastomosis of the cervical segment of the
esophagus to the stomach was done via a posterior me-
diastinal route in all patients. The following patients
were excluded from the study: those who did not give
informed consent; those who had been treated pre-
operatively by chemotherapy, radiotherapy, or immu-
notherapy; those aged over 76 years old; those with
preoperative coexisting disorders such as liver cirrhosis,
insulin-dependent diabetes mellitus, a creatinine clear-
ance below 60ml/min, a percent vital capacity below
80%, and forced expiratory volume in 1s (FEV,,%)
below 70%; and those with double cancer. The interval
from diagnosis to operation was less than 3 weeks, and
oral or enteral feeding was continued until the day be-
fore the surgery in all patients.

Blood loss was replaced by an appropriate volume of
bank blood. For postoperative alimentation, glucose
was infused intravenously at the rate of 5g/h. On
postoperative day (POD) 3, enteral administration of
nutrients via the jejunostomy was started at an initial
rate of Skcal/kg per day, then gradually increased to the
full requirement of 30kcal/kg per day by POD 10-14.1
All patients received prophylactic mechanical ventila-
tion and intravenous Cefazolin sodium.* The blood
sPLA,-ITA levels in patients who underwent open
surgery for colonic cancer (colon group) served as a
control. -

Definition of Postoperative Infectious Complications

The definition of infection within 7 days of surgery for
esophageal cancer was derived from the Centers for
Disease Control and Prevention (CDC) guidelines.3
Pneumonia, urinary tract infection, blood infection, in-
traperitoneal abscess, and empyema were included as
postoperative infections, whereas superficial incision
site infections were excluded. The presence of infection
was diagnosed by physicians certified by the Japan
Infection Control Doctors’ Association, independently
of the intensive care unit (ICU) staff, The diagnosis
was made retrospectively on the basis of ICU records
and bacteriological test results. When making this

diagnosis, the examiner was given no information about

the sPLA,IIA or cytokine levels in the patient.
The patients were divided into an infection group (E
Inf(+) group) and a non-infection group (E Inf(-)

group).
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Blood Sampling and Assay

Blood specimens were collected from the patients on
the day before the surgery (PRE), at the end of the
intrathoracic manipulation during the operation (OP),
1h after the operation (D0), and at 07:00h each day
from POD 1 (D1) until POD 7 (D7). Each blood sample
was immediately centrifuged, and the separated plasma
samples were stored frozen at —80°C until the assay.
Peripheral blood IL-6 and IL-8 levels were measured by
enzyme-linked immunosorbent assay (R & D Systems,
Minneapolis, MN, USA). The sPLA,-IIA was measured
by radioimmunoassay (RIA) using anti-sPLA,-IIA
monoclonal antibody, as described previously. The
minimum detectable levels of IL-6, I1.-8, and sPLA,-
IIA were 0.7 pg/ml, 18 pg/ml, and 3.7 ng/ml, respectively.
Hematological, serum biochemical, and blood gas
analyses were conducted at the central laboratory of our
hospital.

The sPLA,-IIA production in whole blood after
esophageal cancer surgery was examined. Two 3-ml
specimens of peripheral blood were collected from each
patient in ethylenediamine tetraacetic acid-containing
blood collection tubes. Each blood specimen was incu-
bated with 1ml (1mg) of lipopolysaccharide (LPS; de-
rived from Escherichia coli 0111, Sigma, St. Louis, MO,
USA) or 1ml! of normal saline at 37°C for 24h. The
concentration of sPLA,-ITA in the culture supernatant
was measured by RIA. The difference in the sPLA,-ITA
levels between the LPS-stimulated culture and the nor-
mal saline culture was deemed as the amount of sPLA,-
ITIA produced in the blood.

Statistical Analysis

The differences in the clinical characteristics of the pa-
tients were analyzed by the chi-square test or Fisher’s
exact test. Chronological changes in the laboratory data
were analyzed by analysis of variance (ANOVA) for
repeated measures. When a significant difference was
found by ANOVA, the differences at various times
were examined by Student’s t-test. To evaluate the
pathophysiologic predictors of postoperative infection,
a series of logistic regression models and a receiver-
operator characteristics (ROC) curve were used. A P
value of less than 0.05 was considered significant. All
statistical analyses were performed on a personal com-
puter using the statistical package SPSS for Windows,
Advanced Statistics 11.0J (SPSS, Chicago, IL, USA).

Results

Background Variables

A total of 40 patients who underwent surgery for
esophageal cancer and 10 who underwent surgery for
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Table 1. Clinical characteristics of patients
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E Inf(-) group

E Inf(+) group Colon group

(n=31) (n=9) P Value (n=10)

Sex (%) NS®

Male 28 (94) 9 (100) 8 (80)

Female 3(6) 2 (20)
Age (years) 64 +7 62+8 NSe 60£8
pTNM stage, n (%) N§#

Stage I 4 (13) 1(11)

Stage 1I 10 (32) 3 (33) 3 (30)

Stage III 17 (55) 5 (56) 7 (70)
Duration of surgery (min) 339 £ 49 330 £33 NS 205+ 41
Operative blood loss (ml) 647 £ 286 696 + 314 NS® 225 +143

Mean + SD. NS, not significant
*Fisher’s exact test

bUnpaired #-test

¢ UICC classification!?

Table 2. Postoperative complications (within 28 days)

E Inf(-) group

E Inf(+) group

(n=31) (n=29)
Organ system complications, n (%)
Cardiovascular fajlure? 4 (13) 2 (22)
Respiratory failure® 6 (19) 5 (56)
Hepatic failure® 7 (23) 2 (22)
Surgical complications, n (%)
Anastomotic leakage 0 2 (22)
Infectious complication
within 7 days : 0 9 (100)
within 8-28 days 3(10) 2 (22)
Death 0 0
: Requiring dopamine or dobutamine >6 g/kg/min or occurrence of arrhythmia which requires
medication
bPaQ,/Fi0, < 250

¢Total bilirubin level >2.0mg/dl

Table 3. Postoperative infectious complications within 7
days

Site Number (%)
Pyothorax 2 (22)
Pneumonia 4 (44)

Bloodstream infection 3(33)

colonic cancer (colon group) were enrolled in this
study.

The E Inf(+) group consisted of 9 patients d1agnosed
as having a postoperative infection within 7 days after
esophagectomy and the E Inf(-) group consisted of the
remaining 31 patients with no evidence of infection
after esophagectomy (Table 1).” There were no
significant differences between the Inf(+) and Inf(-)
groups in clinical characteristics or postoperative com-
plications, apart from the early infectious complications

(Tables 2 and 3). The primary infections were the
pyothorax in 4 (22%) patients, pneumonia in 2 (44%),
and septicemia in 3 (33%). The background variables
for the colon group are also shown in Table 1. There
were no postoperative comphcatlons including infec-
tion, in this control group. -

Changes in the Serum sPLA,-IIA Level

The serum sPLA,-IIA levels did not change signifi-
cantly after surgery in the colon group (repeated-
measures one-way ANOVA,; P = 0.1153). Among the
patients who underwent surgery for the treatment of
esophageal cancer, the sPLA,-IIA level began to in-
crease on POD 1. In the E Inf(-) group, the sPLA,-ITA
peaked on POD 3, then decreased gradually thereafter.
In the E Inf(+) group, the sPLA,IIA level was
significantly higher than that in the E Inf(-) group from
POD 5 onward.
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Fig. 1. Postoperative changes in serum soluble phospholipase  -tomy (repeated-measures one-way analysis of variance; P =
A,-TIA (sPLA,-IIA) levels after esophagectomy (Eso) and 0.1153). The postoperative increases in the serum sPLA,-IIA
colectomy (left), and in the postesophagectomy infection (Eso levels were significantly higher in the infection group than in
inf(+)) and non-infection (Eso inf(-)) groups (right). The se-  the noninfection group (P < 0.01, ANOVA). *P < 0.05, un-
rum sPLA,-IIA levels did not change significantly after colec- paired ¢-test )
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Fig. 2. Postoperative changes in plasma interleukin-6 (/L-6) able differences in the IL-6 and IL-8 levels between the two
and the interleukin-8 (IL-8) levels in the infection (Eso inf(+)) groups
and noninfection (Eso inf(-)) groups. There were no remark-

Changes in the Serum IL-6 and IL-8 Levels between the E Inf(+) group and the E Inf(-) group.

‘ There was no significant correlation between the
The serum IL-6 level peaked between the period imme- serum sPLA,-IIA level and the serum CRP, IL-6, or IL-
diately after surgery and POD 1, then decreased gradu- 8 levels, the respiratory coefficient, or the serum total
ally thereafter, and did not increase significantly again.  bilirubin level at any time of measurement (data not
The serum IL-8 levels were not significantly different  shown). :
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Fig. 3. Soluble phospholipase A,IIA (sPLA,-IIA) pro-
duction in lipopolysaccharide (LPS)-stimulated whole blood
after esophagectomy. Postoperative production of sPLA,-IIA
was not detected in LPS-stiumlated whole blood at any
time . '

The sPLA,-IIA Production in Whole Blood
After Esophagectomy

sPLA,-IIA production in whole blood was examined
after esophagectomy in 16 patients. Stimulation of
whole blood specimens with LPS did not induce sPLA,-
IIA production at any time of measurement (Fig. 3).

ROC Curve

ROC analysis using the sPLA,-IIA values on POD 5 to
determine if there was a postoperative infectious com-
‘plication revealed an area under the curve of 0.756
(95% confidence interval 0.568-0.943) (Fig. 4).

Discussion

Soluble PLA,-TIA is an enzyme that catalyzes the deg-
radation of arachidonic acid. It plays a role in inflamma-
tory reactions and organ failure, particularly acute lung
injury,®® and also serves as a bactericidal mediator in
the presence of infection.'! We examined the changes in
the sPLA,-ITA levels induced by surgical stress, and the
time course of changes after the onset of postoperative
infection.
This study yielded the following findings:

1. The blood sPLA,-IIA level increased as the surgical
stress became greater in the absence of postoperative
complications, but decreased to baseline levels after
POD 3 in patients without infection
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Fig. 4. Receiver operating characteristics (ROC) analysis of
postoperative sPLA,-ITA levels, measured on postoperative
day 5, for the diagnosis of postoperative infection within 7
days. The area under the curve of the ROC curve was 0.756

2. The peak blood level of sSPLA,-ITA was reached later
than the peak blood levels of cytokines

3. Stimulating circulating blood cells with LPS did not
induce sPLA,-IIA production :

4. In the presence of postoperative infection, the blood
sPLA,-ITA levels were increased, but the blood
cytokine levels were not

Moreover, sSPLA,-IIA increased to a significantly higher
level after esophagectomy than after colectomy, which
suggests that in the absence of postoperative complica-
tions, the increase in the blood sPLA,-IIA level is corre-
lated with the degree of surgical stress.

Local responses to surgical stress differ remark-
ably from the systemic responses. In general, local
inflammatory mediator levels are high, and this local
inflammatory response predominates over local anti-
inflammatory responses. After esophagectomy, the IL-8
level in bronchoalveolar lavage fluid was several hun-
dred-fold higher than the blood IL-8 level.' On the
other hand, the anti-inflammatory systemic responses
predominate to suppress the inflammatory responses,
thus suppressing the immune functions.”

Abe et al.s reported that the SPLA,-IIA level in the
ascitic fluid peaked 12h after gastrectomy, earlier than
when the serum sPLA,-ITA level peaked. At that time
of measurement, the sPLA,-ITA level in the ascitic fluid
was not correlated with that in the serum. Thus, they
concluded that the serum sPLA,-IIA level did not origi-
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nate as a spillover of the sPLA,-IIA released at the local
site of stress. In the present study, stimulation of periph-
eral blood cells with LPS did not induce the production
of sPLA,-IIA. This supports the report by Abe et al.
that although the neutrophils in ascitic fluid expressed
SPLA,-TIA mRNA and produced sPLA,-IIA, periph-
eral blood neutrophils did not express sPLA,-IIA
mRNA.Y These findings suggest that the postoperative
sPLA,-IIA level in the peripheral blood does not reflect
the local inflammatory responses or the responses of
circulating blood cells. Considering the previous find-
ings that the liver is also a source of sPLA,-IIA* the
increase in the sPLA,-IIA level in the blood under sur-
gical stress seems to have a significance equivalent to
that of the acute-phase reactants produced by the liver.
Tumor necrosis factor, IL-1, and IL-6 induce sPLA,-ITA
synthesis and secretion in various cells.? It is generally
recognized that measurement. of the cytokine-
producing capacity in LPS-stimulated whole blood pro-
vides an estimate of the patient’s immune capacity.!”
Although LPS stimulation in the blood of patients with
esophageal cancer results in the production of many
cytokines, it does not seem to result in the production of
sPLA,-ITA. The detailed mechanism of production and
the cellular source of sPLA,-IIA needs to be studied
further. 4

In the absence of postoperative infection, the blood
sPLA,-IIA level gradually increased until POD 3, and
thereafter returned to the baseline. However, in pa-
tients complicated by postoperative infection, the blood
sPLA,-IIA level continued to increase even after POD
3. It is well known that for several days after major
surgery, the immune responses to infection are reduced.
During this period, called the “immunoparalysis”
period,” the levels of inflammatory cytokines in the
peripheral blood do not increase, even in the presence
of infection. However, in this study we found that the
sPLA,-ITA level did increase in response to infection.
Since there was no correlation between organ failure
and the serum sPLA,-IIA level in the postoperative
period (data not shown), we cannot rule out the possi-
bility that the increased blood sPLA,-11A level serves as
a favorable host defense response to infection. How-
ever, considering the finding of previous reports, exces-
sive production of sPLA,-IIA may cause tissue injury
when a serious infection causes more stress than the
surgery. Several investigators have reported that the
detrimental activities of SPLA,-IIA induce organ fail-
ure, especially ARDS.5$ '

The sPLA,-IIA inhibitors may be .effective against
ARDS if infection is absent or under control, as in the
animal model of pulmonary edema induced by oleic
acid. However, the precise antibacterial functions of
sPLA,-ITA under immunocompromised conditions are
still unclear. Thus, the possible diverse roles played
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by sPLA,-IIA under different conditions should be
investigated.

In conclusion, the results of this study suggest that
measuring serum SPLA,-ITA levels may assist in the
early diagnosis of postoperative infections, even in
patients with systemic inflammation in response to a
highly invasive surgical procedure. Further investiga-
tion is needed to establish the diagnostic value of mea-
suring the serum sPLA,-IIA level
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Abstract The clinical significance of serum procalcitonin
(PCT) for discriminating between bacterial infectious dis-
ease and nonbacterial infectious disease (such as systemic
inflammatory response syndrome (SIRS)), was compared
with the significance of endotoxin, B-p-glucan, interleukin
(IL)-6, and C-reactive protein (CRP) in a multicenter pro-
spective study. The concentrations of PCT in patients with
systemic bacterial infection and those with localized bac-
terial infection were significantly higher than the con-
centrations in patients with nonbacterial infection or
noninfectious diseases. In addition, PCT, endotoxin, IL-6,
and CRP concentrations were significantly higher in pa-
tients with bacterial infectious disease than in those with
nonbacterial infectious disease (P < 0.001, P < 0.005, P <
0.001, and P < 0.001, respectively). The cutoff value of PCT
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for the discrimination of bacterial and nonbacterial infec-
tious diseases was determined to be 0.5ng/ml, which was
associated with a sensitivity of 64.4% and specificity of
86.0%. Areas under the receiver operating characteristic
curves (POCs) were 0.84 for PCT, 0.60 for endotoxin, 0.77
for IL-6, and 0.78 for CRP in the combined group of pa-
tients with bacterial infectious disease and those with non-
bacterial infectious disease, and the area under the ROC for
PCT was significantly higher than that for endotoxin (P <
0.001). In patients diagnosed with bacteremia based on
clinical findings, the positive rate of diagnosis with PCT was
70.2%, while that of blood culture was 42.6%. PCT is thus
essential for discriminating bacterial infection from SIRS,
and is superior in this respect to conventional serum mark-
ers and blood culture.

Key words Procalcitonin - Bacterial infection - Sepsis -
SIRS

letroduction

Although the monitoring of parameters of infectious dis-
eases, such as body temperature, heart rate, respiratory
rate, leukocyte count, and C-reactive protein (CRP) con-
centration has been routinely performed, these parameters
often provide information that is inadequate for the dis-
crimination of bacterial and nonbacterial infections and for
diagnosis. Blood culture is a very specific and confirmatory
method for the detection of septicemia, but test results are
not available within 24 h; physicians must, in the meantime,
decide whether the patient needs antibiotic treatment. In
addition, the sensitivity of blood culture is low.! For patients
with a slight possibility of bacterial infection, physicians
tend to prescribe antibiotics so as not to miss severe infec-
tions such as septicemia. A rapid and reliable test to rule out
bacterial infections would thus be very useful for knowing
the suitable indications for antibiotics, and this could also
have an impact on both the length of hospital stay and total
medical costs.”



Procalcitonin (PCT) is a 13-kDa 116-amino acid
prohormone of calcitonin. Under physiological conditions,
hormonally active calcitonin is produced and secreted in the
C cells of the thyroid gland after the specific intracellular
proteolytic processing of the prohormone PCT. Calcitonin
is secreted into the circulation, and its plasma half-life
is only a few minutes. In 1993, Assicot et al? reported
increased PCT concentrations in patients with sepsis and
infection. Further clinical studies indicated that bacterial
inflammation and sepsis, but not viral infections or autoim-
mune disorders, could induce high concentrations of serum
PCT.”® The origin of PCT in these conditions is thought to
be extrathyroidal.* In severe bacterial infections or sepsis,
specific proteolysis fails, and high concentrations of the pre-
cursor protein of PCT accumulate in plasma.’ Nylen et al.'’
suggested a biological role of PCT as a mediator of inflam-
mation. PCT has a half-life of approximately 24-30h in the
circulation.” However, all of the reports described above
originate from Europe, and there could be ethnic differ-
ences between European populations and the Japanese
population. Therefore, a multicenter, prospective study was
carried out in Japan to assess the diagnostic efficiency of
PCT in distinguishing bacterial infection from other infec-
tious diseases, systemic inflammatory response syndrome
(SIRS), and related conditions.

Subjects, materials, and metheds
Subjects

Serum specimens were collected prospectively by seven
Japanese hospitals from October 2000 through December
2001. All patients gave their informed consent according to
the regulations of each hospital. Two hundred and forty-five
patients diagnosed with infectious diseases, suspected of
having infectious diseases, and diagnosed with noninfec-
tious diseases were enrolled in the study, with the addition
of 20 healthy volunteers. Inclusion criteria were more than
one of the following results: (1) body temperature less than
36°C or more than 37.5°C; (2) white blood cell count less
than 4000 or more than 9000/mm?’; and (3) elevated CRP
greater than 0.3mg/dl. The patients were divided into five
groups by the results of blood culture.

Systemic bacterial infection group

In this group, at least one blood culture was positive for
pathogenic bacteria. A causative bacterium was identified
by the physicians in charge. Coagulase-negative Staphylo-
coccus spp. and Bacillus spp. may or may not have been
considered as pathogenic bacteria, depending on the judg-
ment of physicians in charge.

Localized bacterial infection group

In this group, there was clinical evidence of local infec-
tion, defined as positive culture(s) of nonblood specimens,
such as spinal fluid, ascites, pleural fluid, sputum,
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bronchoalveolar lavage, urine, and pus, and/or the presence
of a clinical focus of infection, such as fecal peritonitis, a
wound with purulent discharge, or pneumonia. Also in-
cluded in this group were patients with positive serological
antibody tests for Mycoplasma, Chlamydia, and
Streptolysin.

Nonbacterial infection group

In this group, viral or fungal infection was diagnosed by
cultures or serum antibody titers.

Suspected bacterial infection group

In this group, the physician in charge suspected a bacterial
infection but could not confirm it by laboratory testing. This
group was not included in the statistical analysis.

Noninfectious disease group

In this group, blood culture or other specimens were nega-
tive. In addition, there was no clear clinical evidence of
bacterial infection and the physician in charge did not
suspect it.

The healthy volunteers were not included in the statisti-
cal analysis.

The average, median, and range of age in the 176 pa-
tients in the four groups shown in Table 1 (102 men and 74
women) were 37.3, 47.5, and 0.1-92 years, respectively. The
numbers of patients with systemic bacterial infection, local-
ized bacterial infection, nonbacterial infection, suspected
bacterial infection, and noninfectious disease, and the
healthy volunteers were 20, 70, 26, 69, 60, and 20, respec-
tively. Data analysis was performed for the groups with
systemic bacterial infection, localized bacterial infection,
nonbacterial infection, and noninfectious disease. Table 1
summarizes the underlying diseases for these four groups.

PCT assay

Serum PCT concentrations were measured by immu-
noluminometric assay (LUMI test PCT; Brahms
Diagnostica, Berlin, Germany)."! The luminometer used
was an Autolumat LB953 (Berthord, Bad Wildbad,
Germany).

Serological assays

Endotoxin and (1-3)-B-p-glucan (B-p-glucan) were mea-
sured by kinetic turbidimetric Limulus tests; the Wako
Endotoxin-single test, and Wako B-Glucan test (Wako
Pure Chemical Industries, Osaka, Japan)."”™ The serum
interleukin (IL)-6 concentration was determined by
enzyme-linked immunosorbert assay (ELISA; human IL-6
ANALYZA Immunoassay Kit; TECHNE, Minneapolis,
MN, USA). Other conventional markers were tested and
blood cultures were performed at each hospital using com-
mercially available kits and instruments.
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Table 1. Patients’ underlying diseases

Underlying disease

PCT value (ng/ml)

Systemic and localized
bacterial infection groups combined

Nonbacterial infection and
Non-infectious group

combined

n n Range n Range
Circulatory disease 38 10 0-10.08 28 0-1.70
Respiratory disease 10 5 0-21.04 5 0-0.42
Gastroenterological disease 14 11 0.60-373.46 3 0-0.91
Hepatobiliary disease 7 4 0-205.79 3 0-0.41
Renal disease 3 2 2.02-212.18 1 0.33
Neurological disease 3 3 0-7.98 0 -
Diabetes mellitus 7 6 0.34-82.29 1 0
Malignant disease 6 3 0.42-1.73 3 0
Trauma 15 10 0-82.48 5 0-0.38
Burns 7 7 0-34.53 0 -
Kawasaki disease 12 1 4.89 11 0-1.91
Others 17 7 0-20.59 10 0-8.72
None 37 21 0-93.29 16 0-3.67
Total 176 90 86

Statistical analysis

The statistical significances of differences were determined
using the Mann-Whitney U-test and receiver operating
characteristic {(ROC) analysis, carried out with StatFlex
Ver. 5.0 (AHTEKKU, Osaka, Japan). P values of less than
(0.05 were considered significant.

Resufts

Serum PCT, endotoxin, §-p-glucan, IL-6, and CRP
concentrations in patient groups

The patterns of distribution of PCT, endotoxin, IL-6, and
CRP concentrations in the systemic bacterial infection
group, localized bacterial infection group, nonbacterial
infection group, and noninfectious disease group are shown
in Fig. 1. The median ages of the patients with nonbacterial
and suspected bacterial infections were lower than those of
the other groups (Table 2). Previous studies have reported
that there were no differences in PCT values by age, ™" with
the exception of neonates."” Table 3 summarizes serum con-
centrations of PCT, endotoxin, IL-6, and CRP in patients in
the five groups and in the healthy volunteers. Table 4 shows
statistical analysis using the criteria for the diseases. Serum
PCT concentrations were significantly higher in both the
systemic bacterial infection and localized bacterial infection
groups than in both the nonbacterial infection and non-
infectious disease groups (P < 0.05). Serum PCT concentra-
tions did not differ significantly between the systemic
bacterial infection and localized bacterial infection groups
(P = 0.770). The systemic bacterial infection and localized
bacterial infection groups were therefore combined as the
bacterial infectious disease group. In the same fashion, no

significant difference in serum PCT concentration was ob-
served between the nonbacterial infection group and the
noninfectious disease groups (P = 0.174), and the nonbacte-
rial infection and noninfectious disease groups were there-
fore combined as the nonbacterial infectious disease group.
The patterns of distribution of PCT, endotoxin, IL-6, and
CRP concentrations for these two groups are shown in Fig.
2. Serum PCT, endotoxin, IL-6, and CRP concentrations
were significantly higher in the bacterial infectious disease
group than in the nonbacterial infectious disease group
(P <0.001, P < 0.005, P <0.001, and P < 0.001).

Cutoff value and diagnostic accuracy of serum
PCT concentration

Table 5 shows the sensitivity, specificity, positive predictive
values, and negative predictive values for the serum mark-
ers. When 0.5ng/ml was used as the cutoff value for PCT,
the sensitivity, specificity, positive predictive value, and
negative predictive value were 64.4%, 86.0%, 82.9%, and
69.8%, respectively. Figure 3 presents the receiver operat-
ing characteristic curves of four serum markers used to
discriminate the bacterial infectious disease group from the
nonbacterial infectious disease group. The area under the
receiver operating characteristic curve (AUC) for PCT was
0.84, which was significantly higher than that for endotoxin
(0.60; P < 0.001), and tended to be higher than those for
IL-6 (0.77; P = 0.22) and CRP (0.78; P = 0.32).

Sensitivities of serum markers for the type of infection

Table 6 shows the sensitivities of PCT, endotoxin, [-
D-glucan, IL-6, and CRP with regard to the type of infection
determined by culture. The difference in PCT serum con-
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Table 2. Patient demographics

n Sex Age (years)
Male/Female Median (range)

Systemic bacterial infection 20 7/13 58 (1-81)
Localized bacterial infection 70 44126 53 (0.1-92)
Nonbacterial infection 26 13/13 4 (0.1~-72)
Suspected bacterial infection 69 4524 5(0.1-85)
Noninfectious disease 60 38/22 48 (0.1-87)
Healthy volunteers 20 16/4 22 (22-27)

Table 3. Serum concentrations of PCT, endotoxin, IL-6 and CRP in patients with systemic bacterial infection, localized bacterial infection,
nonbacterial infection, suspected bacterial infection, and noninfectious diseases, and healthy volunteers

n PCT (ng/ml) Endotoxin (pg/ml) IL-6 (pg/ml) CRP (mg/d})
Median (range) Median (range) Median (range) Median (range)

Systemic bacterial infection 20 0.66 (0.00-212.18) 0.0 (0.0-39.4) 199.5 (22.3-592000.0) 20.0 (0.1-38.2)
Localized bacterial infection 70 0.94 (0.00~373.46) 0.0 (0.0-135.4) 141.2 (1.6-38922.0) 11.9 (0.2-46.7)
Nonbacterial infection 26 0.16 (0.00-8.72) 0.0 (0.0-7.0) 152.6 (54.3-2550.0) 1.9 (0.3-28.4)
Suspected bacterial infection 69 0.38 (0.00-85.93) 0.0 (0.0-29.1) 17.1 (10.3-1086.0) 2.5 (0.1-26.8)
Noninfectious disease 60 0.00 (0.00-1.91) 0.0 (0.0-1.3) 17.1 (0.0~1350.0) 2.1 (0.0-28.1)
Healthy volunteers 20 0.00 (0.00-0.00) 0.0 (0.0-0.6) 1.8 (1.5-4.5) 0.1 (0.0-0.1)
Table 4. Statistical analysis according to the disease criteria

p value

PCT Endotoxin IL-6 CRP
Systemic bacterial infection vs localized bacterial infection 0.770 0.469 0.131 0.244
Systemic bacterial infection vs nonbacterial infection 0.026 0.149 0.317 <0.001
Systemic bacterial infection vs noninfectious disease <0.001 0.004 <0.001 <0.001
Localized bacterial infection vs nonbacterial infection <0.001 0.323 0.766 <0.001
Localized bacterial infection vs noninfectious disease <0.001 0.011 <0.001 <0.001
Nonbacterial infection vs noninfectious disease 0.174 0.317 0.104 0.756
centrations between Gram-negative and Gram-positive- Discussion

bacterial infections was not significant (13.79 + 28.18 ng/ml
for Gram-negative and 9.91 * 35.20ng/ml for Gram-positive
bacterial infections; P = 0.673). The sensitivity of PCT for
mixed Gram-negative and Gram-positive bacterial infec-
tions was 64.3% (9/14 cases). The sensitivities of PCT and
endotoxin for Gram-negative bacterial infections in sys-
temic infections were 100% (3/3) and 67% (2/3), respec-
tively. On the other hand, the sensitivities of PCT and
endotoxin for localized Gram-negative bacterial infections
were 50% (6/12) and 0% (0/12), respectively. In a patient
with confirmed fungal infection, the PCT result was nega-
tive, below the cutoff value. Four of 24 samples from
patients with viral infections (16.7%) exhibited PCT
concentrations exceeding the cutoff value. One patient with
malaria showed a high PCT concentration, of 8.7ng/ml.

Sensitivity of serum PCT compared with blood culture

The sensitivities of serum PCT and blood culture were com-
pared in the combined systemic bacterial infection group
and the localized bacterial infection group. The sensitivity
of PCT was 70.2% (33/47 cases) in this combined group, but
it was 42.6% (20/47 cases) for blood culture.

Sepsis can be difficult to distinguish from other, noninfec-
tious, conditions in critically ill patients admitted with clini-
cal signs and symptoms of various acute inflammatory
diseases. This issue is of paramount importance, given that
therapies and outcomes differ greatly between patients with
and those without bacterial sepsis. Blood culture is the most
reliable method of detecting bacterial infections. However,
more than 3 days is required to obtain results, and the
positive detection rate is low. Although CRP and IL-6 have
been suggested to be good indicators of sepsis, elevated
CRP and IL-6 concentrations can also be found following
surgical procedures and in patients with nonbacterial or
noninfectious inflammation alone. Thus, there is an unmet
need for clinical tools that distinguish bacterial infections
from other inflammatory diseases.

The diagnostic and prognostic importance of PCT in
severe inflammatory diseases was first reported for a series
of patients with burns, in 1992." Serum PCT values were
less than 0.1 ng/ml in healthy individuals, but were markedly
increased, mostly as a result of induced extrathyroidal pro-
duction, in patients with severe infection. However, the
roles of PCT and the origin of its production, as well as the
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Table 5. Sensitivity, specificity, positive predictive value and negative predictive value of PCT, endotoxin, IL-6, and CRP in patients with
bacterial infectious discases and those with nonbacterial infectious diseases

Cutoff value Sensitivity Specificity Positive predictive value Negative predictive value

PCT 0.5ng/ml 64.4% (58/90) 86.0% (74/86) 82.9% (58/70) 69.8% (74/106)

PCT 2.0ng/ml 34.4% (31/90) 97.7% (84/86) 93.9% (31/33) 58.7% (84/143)
Endotoxin 1.0pg/ml 14.6% (13/89) 95.2% (79/83) 76.5% (13/17) 51.0% (79/155)

IL-6 10pg/ml 96.9% (63/65) 39.0% (16/41) 71.6% (63/88) 88.9% (16/18)

iL-6 100pg/ml 70.8% (46/65) 65.9% (27/41) 76.7% (46/60) 58.7% (27/46)

CRP 0.3mg/dl 97.8% (88/90) 9.3% (8/86) 53.0% (88/166) 80.0% (8/10)

CRP 5.0mg/dl 83.3% (75/90) 68.6% (59/86) 73.5% (75/102) 79.7% (59/74)

mechanism underlying PCT induction, are still not well ing an association of endotoxin with septic shock and high
known. Recent findings suggest that sources of PCT may PCT serum concentration.” Tumor necrosis factor (TNF)
include hepatic cells and monocytes/macrophages.”” PCT and IL-6 concentrations peaked before the appearance of
is consistently increased after endotoxin injection, suggest- PCT, suggesting that proinflammatory cytokines may play a



