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Fig. 1 A significant correlation was observed between the serum PCT level and the

Ranson score (r = 0.5841, p = 0.0022).

their disease.

The severity of pancreatitis was graded
according to the Ranson scoring system!®,
Multiple organ dysfunction syndrome (MODS)
was diagnosed according to the diagnostic
criteria of ACCP/SCCM 17,

Serum PCT was determined by chemolumin-
escence immunoassay (LUMI test PCTR,
BRAHMS Diagnostica GmbH, Berlin, Germany).
The detection limit was 0.1 ng/mL.

Serum tumor necrosis factor a (TNF- ) was
determined by enzyme-linked immunosorbent
assay (ELISA) (Medgenix Diagnostics, Fleurus,
Belgium). The detection limit was 3 pg/mL.

Mann-Whitney's U test was used to deter-
mine differences between the two groups.
Pearson's equation was used to evaluate correla-
tions. For both, the level of significance was
defined as p < 0.05.

Results
A significant correlation was observed
between the serum PCT level and the Ranson
score at admission (Fig. 1), between the serum
TNF- & level and the Ranson score at admission

(r = 05718, p = 0.0028), and between the serum
PCT level and serum TNF- o level at admission
(r = 0.6083, p = 0.0013) (Fig. 2).

Twelve of the patients developed MODS,
while the remaining 13 patients did not. The
serum PCT level was 13.6+14.3 ng/mL in the
patients who developed MODS, and 1.6+26
ng/mL in those who did not; the level in the
former group was significantly higher (Fig. 3).

The serum TNF-a level was 140.8+89.2
pg/mL in the patients who developed MODS,
and 54.4+34.3 pg/mL in those who did not: the
level in the former group was significantly
higher (p = 0.001).

Eight patients died and 17 survived while
under observation. The PCT level was 17.7+
157 ng/mL in the patients who died, and 25+
4.1 ng/mL in those who survived; the level was
significantly higher in those who died than in
those who survived (Fig. 4). The serum TNF-
level was 151.2+99.7 pg/mL in the patients who
died, and 69.8+51.6 pg/mL in those who
survived; the level in those who died was
significantly higher.

— 141 —



Medical Postgraduates Vol. 45 No.2 2007 43 (132)
100
® @
= ®
£ 10 ® *
SN
o © ®
2 e
]
= ® ®
g 9.9
1 % ¢
@ @
@ @
<]
@
0.1 —© T T T
100 200 300 400
TNF-a (pg/mL)
Fig. 2 A significant correlation was noted between the serum PCT level and the
serum TNF-a level (r = 0.6083, p = 0.0013).
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Fig. 3 The serum PCT level in the patients who
developed MODS was significantly higher than that in
those who did not develop MODS.

Discussion
Increase in the PCT level in the blood up to
100 ng/mL or more has been reported in cases

of severe infections complicated by sepsis.

Fig. 4 The serum PCT level in the patients who died
was significantly higher than that in those who
survived.

However, the cells producing PCT have yet to
be identified. Elevation of the serum PCT
triggered by infection has been reported even
in cases who have undergone total thyroid-
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ecotmy 2.

In cases of injury, the serum PCT level has
been reported to transiently increase in the
early stage after injuries, depending on the
severity!®. Serum PCT levels have been
reported to be increased in cases of cardiogenic
shock 2V, Elevation of the PCT level has also
been reported in patients with burns in the
respiratory tract®.

In cases of acute pancreatitis, it has been
reported that the possibility of infectious
necrosis must be borne in mind when elevation
of the serum PCT levels to 1.8 ng/mL or more
persists for more than 2 days'*??. In our
present study, the PCT level determined
immediately after the diagnosis of the disease
reflected the severity of the disease well. The
serum PCT level determined immediately after
the onset of acute pancreatitis was significantly
higher in the patients who developed MODS
and in those who eventually died. These
findings suggest that the serum PCT level
determined immediately after the onset of acute
pancreatitis is a very reliable predictor of the
prognosis in these patients.

When endotoxin was administered to healthy
subjects, symptoms of SIRS, such as chills,

rigidity, myalgia and fever appeared. The TNF-
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a production peaked within 1 or 2 hours, and
decreased to the baseline level within about 6
hours. The IL-6 level peaked within 3 hours, and
decreased to the baseline level within about 8
hours. On the other hand, the PCT level began
to increase at around 4 hours after the
endotoxin administration, reached a plateau
within about 6 hours, and remained at this level
for about 24 hours #. In our present study, the
endotoxin level in the blood was almost consis-
tently within the normal range, suggesting that
the elevated PCT production was not likely to
be the result of endotoxin stimulation. However,
since a significant correlation was observed
between the serum TNF-a level and the
serum PCT level, it is possible that TNF- «
induced the PCT production.

In the future, the association between the
changes in the condition of the patient and the
PCT level need to be examined on the basis of
continuous determination of the PCT level.
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Procalcitonin level as a reliable indicator

of the severity of abdominal sepsis

Masanori Hakozaki™*
Yasushi Suzuki*
Gaku Takahashi®
Yoriko Ishibe*
Nobuki Shioya*

Nobuhiro Sato*
Masaaki Ogawa*
Satoko Imai*
Satoshi Kikuchi*
Yasunori Yaegashi®

Abstract | We determined the serum levels of procalcitonin (PCT), a precursor of calcitonin,
in patients with abdominal sepsis as a marker for an infectious diagnosis.

Methods : The subjects consisted of 11 patients with sepsis, 14 patients with severe sepsis,
and 10 patients with septic shock. The PCT level in the sepsis group (4.3 £ 2.3 ng/ml) was
significantly lower than that in the severe sepsis group (9.7 = 2.7 ng/mL), and the level in the
septic shock group (365 += 284 ng/mlL) was significantly higher than that in the severe sepsis
group. A significant correlation was thus observed between the PCT level and the sepsis-
related organ failure assessment score (SOFA score). These findings suggest that the serum
level of PCT may faithfully reflect the severity of abdominal sepsis.
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I. Introduction

We reported previously that numerous
mediators are produced in cases of infection,
especially in conditions complicated by sepsis®.
Among these, inflammatory cytokines are
known to play particularly important role.

Procalcitonin (PCT) is a precursor of the
peptide hormone, calcitonin, and its molecular
weight is about 13 kD.? Recently, measurements
of the PCTlevels in the serum have been report-
ed to be useful for the diagnosis of infection or
sepsis® ™10,

In this study, we determined the levels of

inflammatory cytokines and PCT in cases of
abdominal sepsis, and examined their associa-
tion with the severity of the condition.

I. Materials and Methods

Thirty-five patients with abdominal sepsis
were studied. The diagnosis and the severity of
the condition in the study cases are presented
in Table 1.

The mean age of the patients was 684 = 11.2
years. They consisted of 23 males (69.0 = 112
years) and 12 females (67.1 * 11.7 years). There
was no significant difference in the mean age

Masanori Hakozaki et al: *Department of Critical Care Medicine, School of Medicine, Iwate Medical University,

Morioka, Japan
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Table 1 Diagnosis in patients who developed Sepsis, severe sepsis, and septic
shock
Sepsis Seve.re Septic Total
sepsis shock

Pancreatitis 2 3 5
Biliary peritonitis 2 2 1 5
Colon perforation 3 4 4 11
Mesenteric infarction 1 2 2

Traumatic peritonitis 1 1 1

Postoperative peritonitis 2 2 2

Total 11 14 10 35

between the male and female patients.

The criteria of Bone et al. were used for the
classification into sepsis, severe sepsis and
septic shock.

Eleven patients were categorized into the
sepsis group (65.6 = 13.9 years), 14 into the
severe sepsis group (704 = 11.0 years), and 10
into the septic shock group (68.8 * 84 years).
There was no significant difference in the mean
age among the three groups.

To determine the levels of PCT, tumor
necrosis factor ¢, (TNF-«) and interleukin 6
(IL-6), the serum was separated immediately
after the collection of the blood samples, and
preserved at —80C. The serum CRP level was
then determined immediately after the
collection of blood samples.

The serum PCT level was determined by a
chemoluminescence immunoassay (LUMI test
PCT™, BRAHMS Diagnostica GmbH, Berlin,
Germany). The detection limit was 0.1 ng/mL.

The serum TNF- a level was determined by
an enzyme-linked immunosorbent assay
(ELISA) (Medgenix Diagnostics, Fleurus,
Belgium). The detection limit was 3 pg/mL.

The serum IL-6 level was also determined by
ELISA (TFB Co. Ltd.,, Tokyo, Japan), and the
detection limit was 10 pg/mL.

The serum CRP level was determined
immediately after isolation of the serum by
Latex Enhanced Turbidimetric Reagents

{(Immunoticles Autoc CRP, A&T Corporation,
Kanagawa, Japan). Normal range, less than 0.3
mg/dL.

The SOFA score was used as an indicator of
the severity of sepsis'?.

Mann-Whitney's U test was used to examine
the differences between two groups. Pearson's
equation was used to test the correlations. For

both, the level of significance was defined as p
< 0.05.

. Results

1. PCT levels

The serum PCT level was 4.6 = 2.3 ng/mL in
the sepsis group and 9.7 = 2.7 ng/mL in the
severe sepsis group, and thus it was signifi-
cantly higher in the former group. The PCT
level in the septic shock group was 365 =284
ng/mL, which was significantly higher than that
in the severe sepsis group (Fig. 1).

2. 1L-6 levels

The serum IL-6 level in the sepsis group was
32.0 = 149 pg/mL and that in the severe sepsis
group was 108.2 = 549 pg/mL, with the former
being significantly higher than the latter. The
IL-6 level in the septic shock group was 2545 =
304.2 pg/mL, which was significantly higher
than that in the sepsis group, but not
significantly different from that in the severe
sepsis group (Fig. 2).
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3. TNF-« levels former group being significantly higher than

The serum TNF- « level was 360 + 260 pg/ that in the latter group. The TNF-« level in
mL in the sepsis group and 814 = 285 pg/mL the septic shock group was 146.6 = 96.1 pg/mL,
in the severe sepsis group, with the level in the which was significantly higher than that in the
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severe sepsis group {Fig. 3). 4. CRP levels

The serum CRP level was 100 £ 34 mg/dL
in the sepsis group and 16.1 = 3.9 mg/dL in the
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Table 2 Mean values for patients who suvived and nonsurvived
Survivors Nonsurvivors P value
(n=28) n=7)
PCT (ng/mL) 116117 316*360 0.0167
TNF-a (pg/mL) 771617 146.1 +99.8 0.0373
IL-6 (pg/mlL) 104.3+157.6 213.1+259.3 0.0832
CRP (mg/mL) 141.1£50 189+89 0.2232
SOF A score 38+35 11.3+26 0.0003

severe sepsis group, and thus it was signifi-
cantly higher in the former group. The serum
CRP level in the septic shock group was 193 *
7.4 mg/dL, which was significantly higher than
that in the sepsis group, but not significantly
different from that in the severe sepsis group
(Fig. 4).

5. SOFA scores and PCT levels

A significant correlation was observed
between the SOFA scores and the serum PCT
levels (Fig. 5).

The SOFA score exhibited significant
correlations with the serum IL-6, TNF-«a and
CRP levels {r = 03487, p = 0.0401; r = 0.7009, p
< 0.0001; r = 04011, p = 0.0169).

6. Comparison of the various parameters in
the patients who survived and those who
died during the study period

When the patients who survived and patients
who died during the study period were
compared, the PCT level, TNF- « level and

SOFA score were found to be significantly

higher in the patients who died (Table 2).

V. Discussion
Numerous cells, including monocytes and
macrophages, produce cytokines, but the cells
producing PCT have not been identified yet. An
elevation of the serum PCT level triggered by
infection has been reported in patients even
after a total thyroidectomy?.
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When endotoxin is administered to healthy
subjects, the symptoms of SIRS, such as chills,
rigidity, myalgia and fever appear. The TNF- a
production peaks about 1 or 2 hours after the
endotoxin administration, and decreases to the
baseline level within about 6 hours. The IL-6
level peaks within 3 hours of endotoxin
administration and decreases to the baseline
level within about 8 hours. On the other hand,
PCT becomes detectable in the serum about 4
hours after endotoxin administration, thereafter
it begins to plateau at about 6 hours after the
administration, and then remains at this level
for about 24 hours!?.

Qur present study revealed that both the
PCT and TNF-a levels, in particular, the former,
faithfully reflect the severity of abdominal
sepsis. However, the serum IL-6 and CRP levels
did not reliably reflect the severity of abdominal
sepsis.

An elevation of the serum PCT level has also
been reported in malaria?, and melioidosis®?,
with the latter caused by a Gram-negative
bacillus. In both conditions, a greater elevation

References

1) Takakuwa, T. Endo, S, Inada, K. et al: Assessment
ofinflammatory cytokines, nitrite/nitrate, type II
phospholipase Az, and soluble adhesion molecules in
systemic inflammatory response syndrome. Res
Commun Molecul Pathol Pharamacol 98 : 43 - 52,
1997.

2) Zajac, J.D, Martin, T.]., Hudson, P. et al.: Biosynthesis
of calcitonin by human lung cancer cells. Endocrinol
116 : 749 - 755, 1985.

3) Assicot, M., Gendrel, D., Carsin, H. et al: High serum
procalcitonin concentrations in patients with sepsis
and infection. Lancet 341 . 515 - 518, 1993.

4) Davis, TME. Assicot, M., Bohuon, C. et al: Serum
procalcitonin concentrations in acute malaria. Trans
R Soc Med Hyg 88 : 670 - 671, 1994.

5) Smith, M.D., Suputtamongkol, Y., Chaowagul, W. et

al: Elevated serum procalcitonin levels in patients

39 (128)

has been reported in more severe cases.

Our present study was confined to patients
with abdominal sepsis. However, determination
of the serum level of PCT appeared to be more
useful than that of the serum levels of CRP,
TNF-«a and IL-6 for accurately diagnosing a
bacterial infection, in general, and for assessing
its severity, although it was not necessarily a
specific method for the diagnosis.

We herein described the usefulness of
determining the serum levels of PCT to
estimate the severity of abdominal sepsis. In the
future, the serum levels of PCT need to be
examined in a larger subject population with
sepsis caused by different types of bacteria, in
order to determine the sensitivity and specifi-
city of determining the PCT levels on order t
make an accurate diagnosis of sepsis.
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