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Summary

Plasma procalcitonin (PCT) is a highly specific marker for the
diagnosis of bacterial infections and sepsis. PCT levels are usually
low in viral infections, chronic inflammation or postsurgical
states. The purpose of this study was to characterize PCT plasma
levels in patients with various types of ileus at preoperative
stage, where the other inducing factors suchas a surgical stress
are excluded. The prospective study was performed on 54
patients admitted to in-patient surgical department with a proven
diagnosis of ileus. Patients were divided to three groups -
obstructive, vascular and paralytic ileus. Plasma levels of PCT
(Kryptor analysis), TNFo, IL-1B, IL-6, cortisol (ELISA) and CRP
(Kryptor ultrasensitive analysis) were estimated before any
invasive procedure was realized. We demonstrated significant
elevation of PCT in both obstructive ileus in adhesions and
vascular ileus compared with healthy subjects (p<0.01). PCT
levels were not elevated in paralytic ileus. The regression
coefficient was the highest for PCT and CRP (r=0.78, p<0.01), for
TNFo and IL-8 (r=0.76, p<0.01) in vascular ileus. There was no
significant correlation between PCT and other inflammatory
parameters. The different types of ileus induce an elevation of
plasma PCT levels and PCT shows itself as an acute phase
reactant. The highest PCT concentrations were presented in
patients with vascular ileus, whereas paralytic ileus revealed
similar cytokine and PCT pattern as in healthy subjects. Plasma
PCT estimation extended to a measurement of CRP and IL-6 may
become a useful complementary examination for diagnostics of
acute abdomen in patients.
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Introduction

When elevated levels of procalcitonin (PCT)
were reported in patients with bacterial infection by
Assicot et al. (1993), PCT became an important protein
in the detection and differential diagnostics of
inflammatory states. Now, PCT is a highly specific
marker for the diagnosis of clinically relevant bacterial
infections and sepsis (Castelli et al. 2004). One major
advantage of PCT compared to both inflammatory
cytokines and acute phase proteins (APP) is its early and
specific increase in response to severe systemic bacterial
infections (Maruna et al. 2000, Maruna 2003). Despite
intensive research, a number of uncertainties still exist
concerning the metabolism of this inflammatory PCT and
its physiological role.

Regulations of thyroid and inflammatory PCT
are fundamentally different. Bacterial infections induce a
ubiquitous increase of the calcitonin gene 1 (CALC-1)
expression on chromosome 11 and a constitutive release
of PCT from all parenchymal tissues and differentiated
cell types throughout the body (Morgenthaler et al.
2003). Quantitative analysis of PCT-mRNA expression
shows a significant induction in all septic tissues.
Hepatocytes and other parenchymal cells provide the
principal source of circulating PCT in sepsis. The release
of PCT is induced both directly via microbial antigens
(e.g. endotoxin) and indirectly via an immune response,
e.g. interleukin (IL)-1f, tumor necrosis factor-a (TNFa),
and IL-6.

The both theoretical and clinical importance has
a possibility of other non-bacterial (or generally non-
infectious) factors inducing PCT synthesis in vivo. PCT
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levels are usually low in viral infections, chronic

inflammatory disorders, abscesses or autoimmune
processes. The non-infectious gastrointestinal conditions
represent a point of interest due to their relations to portal
venous system and liver as the supposed main source of
inflammatory PCT (Russwurm ef al. 2001).

The purpose of this study was to characterize
PCT plasma levels in patients with various types of ileus
at preoperative stage, where the other inducing factors as
a surgical stress are excluded. Except of post-operative
ileus, this is the first study aimed at plasma PCT changes
induced by ileus. To get a more complex picture of
immune response, we compared plasma PCT changes
with four proinflammatory cytokines, which are related to

PCT induction, cortisol, and C-reactive protein (CRP).
Methods

The prospective study was realized on the First
Dept. of Surgery — Dept. of Abdominal Surgery of the
First Faculty of Medicine in Prague in 2005-2007. The
ethical committee of this institution approved this study
protocol and informed consent was obtained from the
subjects.

Patients

The study included 54 patients (24 males,
30 females, aged 25-71 years) admitted to the in-patient
surgical department for clinical signs of ileus. The
diagnosis of ileus was proved by following examinations
according to standard guidelines for suspicion of acute
abdomen. Patients with clinical signs of systemic or local
inflammatory status, patients with a history of abdominal
surgery in the last month, and patients with comorbidity
or medications interacting with tested parameters
(chronic inflammation, corticoids, antibiotics, and blood
transfusion in recent history) were excluded from this
study.

The patients were classified into groups
according to a type of ileus — obstructive ileus in
adhesions, vascular and paralytic ileus (Table 1). The
submission was based on standard exam procedures
(physical  examination,

ultrasonography, computed

tomography scans, native X-ray exam) and/or a
subsequent diagnostic laparotomy.

The control group for reference laboratory
examinations consisted of 14 healthy persons (8 males,

6 females, 24-56 years).

PCT, cytokine, cortisol, and CRP analysis

Blood samples were drawn from cubital venous
catheter before eventual invasive procedures. Blood
samples of control group were drawn at baseline. For all
measurements, 5 ml of venous blood was taken into a
vacutainer tube and immediately centrifuged at 5000 rpm
for 15 min. Plasma was stored at —80 °C until analysis.
Plasma levels of IL-1B, IL-6, IL-8, TNFa, cortisol
(ELISA, Immunities, France), CRP (Kryptor CRP-
ultrasensitive analysis, BRAHMS, Germany) and PCT
(Kryptor analysis, BRAHMS, Germany) were measured
in duplicates. The intra- and inter-assay coefficients of
variation were below 5 %.

Statistical analysis

The software package ANOVA™ for Windows,
version 4.0, Insytec B.V, the Netherlands, was used for
statistical evaluation. The Kolmogorov-Smirnov test was
applied for the evaluation of the normality of the value
distribution. As the data were normally distributed and
independent, statistical analysis was performed using
Student’s t-test when comparing patient groups or
controls vs. patients. The correlation among the
monitored parameters was evaluated by the Pearson’s
correlation coefficient and the Spearman’s rank
correlation. Data were given as the mean + SD. Any

p<0.05 value was considered statistically significant.

Table 1. Patient groups and controls

Group No. M/F age (years)
Obstructive ileus 28 11/17 25 - 64
Vascular ileus 16 7/9 39-71
Paralytic ileus 10 6/4 28 — 61
Control group 14 8/6 24 - 56

Results

All patients with both obstructive and vascular
ileus were submitted to surgical revision and all of them
were operated at the day of admission. In addition,
five patients with paralytic ileus were indicated to
surgical revision for diagnostic uncertainty and a
diagnosis was determined perioperatively. Mortality
during the hospital stay was different among tested
groups: obstructive ileus (3/28 patients), vascular ileus
(13/16), and paralytic ileus (0/10). The average length of
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Fig. 1. Correlation between plasma concentrations of CRP and
PCT in group 2 - vascular ileus (n = 16, r = 0.78, p<0.01).

hospital stay was 13.245.4 days in obstructive ileus,
16-27 days in three patients with vascular ileus and
benign outcome; 8.1+2.4 days in paralytic ileus. At the
day of admission, white blood cell count was 8.2+2.6 x
10*/mm’ obstructive ileus, 10.1£2.1 X
10°/mm® in patients vascular ileus, and 7.2+1.9 x
10*/mm® in patients with paralytic ileus.

The levels of PCT, IL-1pB, IL-6, IL-8, TNFa,
cortisol, and CRP are shown in Table 2. Student multiple
comparison  test

in patients

confirmed significant differences
(p<0.05) between control group and patient groups. We
demonstrated significant elevation of plasma PCT in both
obstructive ileus in adhesions and vascular ileus
compared with healthy subjects (p<0.05 and p<0.01,
respectively). The highest concentrations of PCT, IL-1p,
IL-6, IL-8, cortisol, and CRP were found in patients with
vascular ileus. In vascular ileus group, elevation of
TNFa, IL-6, IL-8, cortisol, and CRP was significant
compared with control subjects (p<<0.05). In obstructive
ileus group, the same parameters except of CRP were
also significantly elevated compared with controls
(p<0.05). TNFa concentrations were highest in patients
with obstructive ileus (p<0.05 compared to control
group). IL-1B was unable to distinguish patient groups
from the control group. In contrast to other types of ileus,
no tested inflammatory marker was significantly elevated
in paralytic ileus. Among patient groups, significant
differences were confirmed between group 1 (obstructive
ileus) and group 2 (vascular ileus) for PCT (p<0.01) and
CRP (p<0.01). The same parameters differentiated group 2
(vascular ileus) and group 3 (paralytic ileus) (p<0.01).
Other tested mediators did not distinguish different types of
ileus.

In 3 patients with obstructive ileus and poor
outcome, plasma levels of PCT ranged from 0.86 to
1.25 pg/l, IL-6 levels were between 565-914 ng/l, and

CRP levels were between 18.0-52.6 mg/l. In 3 patients
with vascular ileus and good outcome, we documented
PCT concentrations between 0.24-1.65 ng/l, 1L-6 212-
388 ng/l, and CRP 113.5-139.2 mg/1.

The regression coefficients were highest for PCT
and CRP (r = 0.78, p<0.01), TNFa and IL-8 (r = 0.76,
p<0.01), TNFa and IL-8 (r = 0.76, p<0.01), and TNFa and
IL-1B (r = 0.67, p<0.01) in group 2 (vascular ileus). Figure
1 shows the correlation between PCT and CRP in group
2. There was no significant correlation between PCT and
any tested cytokine. Similarly, PCT did not correlate with
cortisol in patient groups.

Discussion

We document in our study that various types of
ileus are accompanied with an elevation of plasma PCT
levels. The highest concentrations of PCT are present in
patients with vascular ileus. The simultaneous elevation
of TNFa, IL-6 and IL-8 in this patient group indicates
that mentioned cytokines play a role in PCT induction,
and this mechanism is similar to other models of SIRS-
induced PCT activation.

The generation of non-thyroid PCT is linked to
both bacterial endotoxin and inflammatory cytokines.
This was demonstrated on animal model by a rapid rise of
PCT levels after the injection of endotoxin, or after the
administration of TNFo. Administration of IL-1, IL-2 and
IL-6 also leads to an increase in PCT. Cytokines mediate
PCT induction in various cell types, however, the
mechanisms responsible for such an action are not
known. The highest plasma levels of PCT are achieved in
acute bacterial infections and sepsis. Little is known
in PCT
induction. Our previous study, in accordance with other

about other possible factors participating

authors, showed the transient PCT elevation after other
non-infectious stimuli such as surgical trauma (Giirlich et
al. 1999, Chachkhiani et al. 2005). The posttraumatic
PCT increase is only moderate in most patients and
peaked at day 1-2 after trauma.

As the liver is a possible main source of
inflammatory PCT, the various types of ileus represent
model situations of non-infectious gastrointestinal
stimulus involving local cytokine production, portal
venous system, and hepatocyte activation. Ileus, as a
partial or complete non-mechanical blockage of the small
and/or large intestine, may be the result of intestinal
abdominal wound infections,

ischemia, electrolyte

imbalance (e.g. hypokalemia), anesthesia, surgery,
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Table 2. PCT, cytokines, cortisol, and CRP in patients with ileus and control group.
Group PCT IL-1p IL-6 IL-8 TNFa Cortisol CRP
(ng/M) (ng/1) (ng/1) (ng/1) (ng/1) (ng/1) (mg/1)
Obstructive 0.75 ¢ 4.4 547.0° 46.6° 55.9° 786 “° 15.8°
ileus +0.26 +3.6 +261.3 +20.1 +31.5 +71 +12.05
Vascular ileus ~ 2.09 ** 10.0 561.1° 52.1° 37.8° 802 *¢ 168.3 4
+1.15 +8.5 +210.1 +16.5 +25.2 + 106 + 80.8
Paralytic ileus  0.17 5.9 310.7 30.8 16.0 612 7.4
+0.07 +3.8 +136.8 +13.7 +14.2 +91 +6.24
Control group  0.21 43 222.8 18.5 10.1 491 4.7
+0.11 +1.8 +73.3 +6.2 +64 +98 +24

Data are mean values + SD. ? Statistical differences between patient group and control group (p<0.05), ° Statistical differences between
obstructive ileus and vascular ileus (p<0.05), ¢ Statistical differences between obstructive ileus and paralytic ileus (p<0.05), ¢ Statistical

differences between vascular ileus and paralytic ileus (p<0.05).

dysbalance of intestinal nerve supply, or metabolic
different
obstructions, mechanical and non-mechanical including

diseases. There are types of intestinal
vascular and paralytic ileus.
studies tested PCT

postoperative ileus stage. After abdominal surgery, a

Several changes in
physiological temporary absence of the normal intestinal
contractile movements occurs (Maruna et al. 2005, Frasko
et al. 2004). This type of ileus spontaneously resolves
within 2-3 days after bowel motility returns to normal. This
is a markedly different situation from our patients, because
observed PCT induction during postoperative ileus is a part
of a systemic inflammatory response syndrome (SIRS) to
surgical stress. Several studies including our previous
observations (Maruna et al. 2002) described the kinetics
and the amount of PCT induced after elective surgery and
trauma. The up-regulation and release of proinflammatory
cytokines after surgery has been shown to play an
important role in postoperative ileus. For example,
colorectal surgery is associated with higher levels of 1L-6
than any other operation and is often associated with
postoperative ileus. The postoperative ileus was described
on animal models (Wehner ef al. 2005). Mild intestinal
manipulation in rodents initiates the up-regulation of
proinflammatory cytokines, and increases the release of
kinetically —active mediators (nitric oxide and
prostaglandins), which results in the recruitment of
leukocytes and suppression of motility.
study is the

evaluating plasma PCT changes induced by ileus in non-

Our clinical first observation

post-surgical period. The diagnosis of ileus was based on
medical history, typical symptoms, physical exam, and

testing including X-ray, ultrasonography and/or computed
tomography scan, eventually colonoscopy. Blood sample
collection was realized before any invasive procedure to
check off other potential factors interacting with stress
humoral response. Similarly, other SIRS modifying factors
as blood transfusion were excluded. Ileus may be
associated with a peritoneal infection influencing both
local and systemic cytokine responses, therefore these
patients had to be eliminated from our stuided groups.
Patients with clinical or laboratory signs of abdominal or
other inflammation were also excluded from this study.
Both
accompanied by an elevation of PCT. However, its

obstructive and vascular ileus is
concentrations do not reach levels typical for systemic
inflammation. What is a mechanism of PCT induction in
patients with ileus? Soybel and Zinner (2003), Wehner et
al. (2005) and other revealed that ileus is associated with
the locally increased expression of inflammatory cytokines
and chemokines, a leukocyte infiltration into the
muscularis, and the release of mediators from resident and
infiltrating leukocytes. These mediators may directly
inhibit contractility and

accomplish the course of ileus. Our study documents both

intestinal smooth muscle
relatively mild elevations of plasma proinflammatory
cytokines and insignificant correlation between cytokine
and PCT plasma levels. These findings suggest that
cytokine responses take place in a local milieu without a
more remarkable systemic cytokine network activation. On
the other hand, this intestinal production of inflammatory
mediators may stimulate PCT formation in both intestinal
macrophages and hepatocytes via portal system.

Our results displayed vascular ileus as the most
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intensive stimulus for both systemic cytokine network and
PCT production
Compromised mesenteric

among various types of ileus.

blood flow
ischemia 1is

leading to
progressive mesenteric associated with
ischemic changes of the bowel wall. Atherosclerosis of the
aorta and/or unpaired visceral branches is the main cause
of an acute disturbance of mesenteric circulation. Baeshko
et al. (2005) showed that in 87 % cases the causes of acute
mesenteric ischemia were occlusive disease of intestinal
vessels due to thrombosis and embolism of unpaired
visceral branches of the abdominal aorta. We assume that
PCT elevation is an indirect effect of mesenteric ischemia
mediated via cytokine activation. Intestinal ischemia
causes local injury that is multifactorial and essentially
inflammatory in nature. Cavriani et al. (2007) recently
published

ischemia/reperfusion

experimental ~ findings on  intestinal
rats. The

ischemia/reperfusion caused a significant increase of the

model in

serum levels of IL-1p and IL-10 in rats. Several studies
revealed a similar role of IL-6, recently by Yamaguchi and
Uchida (2007). The observation that the thoracic duct
ligation blunted the serum release of IL-1B and IL-10
documents the participation of both portal venous system
and thoracic lymph duct on this systemic cytokine
overflow (Cavriani et al. 2007). The proinflammatory
cytokines represent links between tissue ischemia and PCT
elevation. Administration of TNFa, IL-1p, and IL-6 leads
to an increase in PCT in experimental animals. In spite of
the large body of data, it is still uncertain how and from
which tissues PCT is released into the circulation. PCT-
mRNA expression was found in liver, colon, skin, spleen,
pancreas and many other organs (Morgenthaler et al.
2003). The lack of appropriate experimental findings
makes some conclusions difficult. Both the main cell
source of PCT and detailed pathogenesis of PCT induction
in different types of ileus are unknown, yet, and their
understanding needs subsequent studies.

Maisner et al. (2006) showed in multiple-trauma
patients that the higher concentrations of PCT correlate
with a higher frequency of various complications,
including sepsis and infection, and the PCT specificity
exceeded that of CRP. Our patients with obstructive,
vascular and paralytic ileus differed markedly in their
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outcome. Particularly vascular ileus was characterized by
very high mortality. In vascular ileus group, the only three
patients with good prognosis showed the lowest plasma
PCT levels among patients of this group. Nevertheless, low
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amplify IL-6 mediated 2nd type APP activation in vivo.
Interactions among cytokines, PCT and APP take place on
both local and systemic levels. Plasma 'overflow' of IL-1f
and other cytokines during SIRS does not reflect their
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We conclude that the different types of ileus
induce an elevation of plasma PCT levels. The highest
PCT concentrations were presented in patients with
vascular ileus whereas paralytic ileus revealed similar
inflammatory pattern like in healthy subjects. Plasma PCT
estimation extended to a measurement of CRP and IL-6
may become a useful complementary examination for
diagnostics of acute abdomen in patients.
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