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ORIGINAL

Procalcitonin (PCT) in patients
with abdominal sepsis

Abstract Background: To assess
the accuracy of procalcitonin as a
measure of severity in patients with
septic abdominal illnesses and the
sepsis syndrome, to compare mea-
surements with those of other in-
flammatory mediators, and to pre-
dict outcome.

Methods: We carried out a prospec-
tive clinical study from 246 patients
with infective or septic episodes
confirmed at laparotomy and 66 pa-
tients undergoing elective opera-
tions who acted as controls. Speci-
mens of blood for measurement of
cytokine concentrations determina-
tion were obtained daily from septic
patients. In the control group speci-
mens were obtained before opera-
tion, at the end of operation, and on
each of the following days until nor-
mal recovery (day 10). Every two
weeks up to 3 months for patients
with metastases, who were being
followed up.

Results: Compared with other cyto-
kines such as tumor necrosis factor
oa and interleukin 6 procalcitonin
was closely related to the develop-
ment of infective and septic compli-

Introduction

Sepsis is primarily a clinical diagnosis and is correlated
with objective clinical data. Different scoring systems
and other measurement have been developed to moni-
tor the septic course, but they have limitations in pre-

dicting individual outcomes.

cations. 59 of 246 patients (24 %)
with sepsis died. Procalcitonin con-
centrations preoperatively [median
2.05 compared with 4.2 ng/ml (p =
0.08)] (Mann-Whitney U-test) did
not differ, but those on the days 1, 4
and at the end differed significantly
[day 1: 4.9 compared with 13.8 ng/ml
(p < 0.01); day 4: 4.8 compared with
13.0 ng/ml (p < 0.01) and 0.4 com-
pared with 13.25 ng/ml (p < 0.01) at
the end of the study]. In the control
group only 7 (1.6 %) of all blood
samples, were detected outside the
normal range (up to 0.8 ng/ml).
Conclusions: Procalcitonin is a new
indicator of infection and sepsis.
TNF and IL-6 concentrations always
rise after major operations and fall
in the absence of infection, indicat-
ing operative trauma. Procalcitonin
is sensitive in detecting infective
complications. Under routine con-
ditions the procalcitonin concentra-
tions seems to be valid, reproducible
and detectable.

Key words Peritonitis - Sepsis -
Septic courses - Diagnosis -
Cytokines - Procalcitonin

Most mediators (for example endotoxin and cyto-

kines) are not yet suitable for use in routine diagnosis,

though they do correlate with clinical outcome in con-

trolled clinical and experimental studies [1, 2].
Concentrations of C-reactive protein (CRP), an

acute phase protein, have been used to follow up septic

patients, but are unable to predict the outcome of dis-
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Table 1 Diagnosis in patients who developed abdominal infection
and SIRS

Diagnosis Total No (%)
No who died

Pancreatitis 24 5(21)
Colon perforation 99 16 (16)
Postoperative peritonitis

Anastomotic breakdown 33 15 (45)

Abscess 26 4 (15)
Biliary peritonitis 4 1(25)
Traumatic peritonitis 19 3 (16)
Mesenterial infarction 40 14 (35)
Others 1 1 (100)
Total 246 59 (24)

ease or its severity. CRP has also failed to be of immedi-
ate diagnostic and prognostic help because of the time
taken to produce a reaction and the duration of in-
creased serum concentrations [3, 4, 5].

Systemic infection may induce a cascade of cytokine
secretion, which can damage the tight junctions that
bind together the inner and outer portions of the cell
membranes of neuroendocrine cells. Apical cell mem-
branes usually secrete mature hormones, and basolater-
al membranes secrete incompletely processed prohor-
mones. The loss of polarity of an epithelial cell converts
is entire cell membrane into a basolateral membrane.
The result is that the Golgi apparatus receives the mes-
sage to produce predominantly non-processed or in-
completely processed procalcitonin. Procalcitonin is a
116 amino acid peptide that contains a peptide termed
nPCT (or PAS-57) at its aminoterminus, a dibasic amino
acid cleavage site at the aminoterminus of calcitonin (a
32amino acid part of the prohormone) and katacalcin
(another determed part of the prohormone). Only limit-
ed information is available on source and effect of pro-
calcitonin in various diseases. Neuroendocrine cells
that produce procalcitonin have been found in liver
and lung tissue, but it seems possible that it depends on
an increase in the endotoxin and also exotoxin concen-
trations [6, 7].

Patients and methods

In a prospective study we have measured procalcitonin in 246 pa-
tients with septic syndromes or infections after abdominal surgery
for peritonitis [peritonitis was suspected as follows (local inflam-
mation of the peritoneum, exsudate, GI-tract perforation) or ileus]
(see Table 1). We defined sepsis according to Bone’s criteria [8].
Criteria for inclusion in the study were clinical and objective diag-
noses of sepsis and an APACHE IlI-score of 15 points or more.
All patients required artificial ventilation. A votum of local ethic
committee was confirmed. Exclusion criteria were pregnancy,

breast feeding, treatment with any other investigational drug, pro-
gressive fatal disease, onset of pancreatitis and patients after plan-
ned relaparotomies.

Tumor necrosis factor a (TNF), interleukin 6 (I1-6), neopterin,
CRP, and other standard laboratory variables were also measured
to validate the procalcitonin values. TNF, IL-6, and neopterin
were analysed with a specific enzyme-linked immunosorbent as-
say (ELISA, Medgenix Diagnostics, Ratingen, Germany or
B.R.A.H.M.S Diagnostica GmbH, Berlin, Germany). CRP-con-
centrations were analysed with a nephelometric assay (Behring Di-
agnostics Marburg, Germany). Concentrations of procalcitonin
were measured with a specific, ultrasensitive, immunoluminomet-
ric assay (LUMItest PCT assay, B.R. A.H.M.S Diagnostica, Ber-
lin, Germany). The analytic sensitivity of the assay was 0.1 ng/ml,
the reference range from 0.1-0.5 ng/ml, and for patients in hospital
we found the range to be 0.1-0.8 ng/ml.

To predict the accuracy of procalcitonin we also studied a con-
trol group consisting of 56 patients undergoing elective surgery
(open cholecystectomy, n=11, laparoscopic cholecystectomy,
n = 12, and resections for cancer, n = 33) and 10 patients who had
developed metastases and were being followed up. These 10 also
had increased TNF-a concentrations.

The measurements were made preoperatively, at the end of the
operation, and daily for the first 10 days postoperatively; for the
patients with metastases they were made every two weeks for three
months.

The 246 patients with infective or septic episodes were assessed
daily until they stay on the intensive care unit (ICU) to document
the follow up of the infection, that means day of death or dis-
charge. The first clinical classification was initially made using the
APACHE II score and the follow up was monitored by the multi-
ple organ failure (MOF)-score [9].

The significance of differences was assessed using the Mann-
Whitney U test, and probabilities of less than 0.05 were accepted
as significant. All values are expressed as mean (SD). The correla-
tion among laboratory variables was accepted as significant when r
was greater than 0.60.

Results

Patients in the control group who had no signs of post-
operative infection or sepsis had procalcitonin concen-
trations within the reference range [0.1 ng/ml: 359/ 431
(83 %), 65 measurements were between 0.2 and 0.7 ng/
ml (15%) and only seven were between 0.8 and 1.2 ng/
ml (2% )] (Table 2).

Patients with peritonitis and pancreatitis, and sepsis
always had increased concentrations of procalcitonin.
A reduction in the procalcitonin concentration corre-
lated with improvement in the infection and sepsis, and
was found in all surviving patients. The 59 patients,
who died, had initial procalcitonin values of 4.2 (1.3)
ng/ml rising to a mean (SD) of 13.8 ng/ml (8.9) on day
1, 13.0 (7.5) ng/ml on day 4 and 13.2 ng/ml (5.8) at the
time of death. The 187 patients, who survived, sepsis or
infections had a initial concentration of 2.1 (0.7) ng/ml,
4.9 (2.8) ng/ml on day 1, 4.8 (3.1) ng/ml on day 4, and
than a reduction to the mean reference range of 0.4
(0.1) ng/ml (Table 3). Compared with the values for
CRP, PCT showed significant differences between survi-
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Fig.1 Mean procalcitionin and CRP values preoperatively and on
days 1 and 4 and at the endpoint of sepsis differentiated for survi-
vors and those who died. Procalcitonin values were significantly
different for both groups on day 1, 4, and at the endpoint (p < 0.05)

vors and patients who died (p < 0.05 on days 1 and 4 and
at the endpoint); CRP did not (Fig.1).

Of particular interest were results from patients who
developed infection or sepsis during the observation pe-
riod. In these cases an increase in procalcitonin concen-
trations was seen at the same time as that in the TNF

concentration and before the IL-6 concentration began
to rise. There was a good correlation with the MOF
score (r = 0.83). Only leucocytes and blood urea showed
a similar pattern.

The APACHE II score for patients who died [20.9
(3.3) points] and those who survived [20.1 (3.6) points]
was initially similar. The MOF score for those who died
ranged from 5-12 points [mean 9.6 (3.7) points] and for
the survivors it ranged from 0-9 [mean 2.8 (1.8) points].
The mortality (59/246) was 24 % and this corresponds
to rates reported by other authors.

Discussion

Deaths of patients with sepsis often results from septic
shock with coexisting hypotension, tissue damage, and
organ failure. It has been shown in animals that increas-
es in concentrations of TNFa and interleukin-1 (I1-1)
were triggered by trauma and or infection.

When patients with intra-abdominal sepsis and the
sepsis syndrome are being monitored, measurements of
these mediators should be made routinely. This may in-
crease the chance of modulating the inflammatory re-
sponse in sepsis [8].

TNEF, II-1, and II-6 are valid and sensitive indicators
[10], but they are not yet available for routine diagnosis.
Procalcitonin (a precursor protein of calcitonin and ka-
tacalcin), the position of which in the sepsis cascade is
not yet known, may be a new indicator of microbial in-
fections and sepsis that can be measured routinely in
the clinical laboratory [7, 11].

According to our results the measurement of pro-
calcitonin is not too expensive (one test cost less than
US$ 10, costs including standard curve and calibration
are less than USS$ 30) and it is a clinical marker of sepsis
and infection, that is more sensitive than leucocytes and
blood urea concentration.

In the meta-analysis of results from other clinical re-
search groups Beier convincingly verified the prognostic
value of procalcitonin [11]. Our results are in agreement
with other studies in burns and adult respiratory distress
syndrome, which reported that an increase or a constant
rise in procalcitonin concentrations predicted a lethal
outcome [12, 13]; (the sensitivity was 84 % and the spec-
ificity 91 %).

New data comparing PCT and CRP in the inflamma-
tory response after trauma, demonstrated an early pro-
duction of PCT related to tissue damage and the magni-
tude of hypovolemic challenge [14], yet unrelated to an
infection.

The comparison with the results in the control group
(in which procalcitonin concentrations did not rise)
showed no association between procalcitonin concen-
trations and operative trauma. TNF and IL-6 values,
however, did correlate with operative trauma [15, 16].
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Table 2 Distribution of indivi-

. Procalcitonin Laparoscopic Open Resections Operations for
dua.l measurements O,f procalei- o entrations cholecystectomy  cholecystectomy  for cancer metastatic disease
tonin concentrations in the (ng/ml) (}'l — 12) (n — 11) (}’l — 33) (n — 10)
control group (n=66)

0.09 66 67 132 39
0.1 9 14 28 4
0.2 5 9 19 5
0.3 1 4 10 4
0.4 0 0 2 0
0.6 0 1 2 0
0.7 0 2 1 0
0.8 0 1 2 0
1.0 0 0 2 0
1.2 0 1 1 0

Table 3 Mean (SD) values for patients who survived (n=187) and those who died (n=59) at the four measuring points

Day 0 Day 1 Day 4 Endpoint

Lived Died Lived Died Lived Died Lived Died
APACHE II score 20.1(3.6) 209 (3.3)
MOF score 28(1.8) 9.6(3.7) 32(2.1) 84(.1) 31(1.9) 8.6(2.1) 1.2(0.4) 10.1(3.1)
PCT (ng/ml) 21(0.7) 42(1.3) 49(2.8) 13.8(8.9) 48(3.1) 13.0(7.5) 0.4 (0.1) 13.2(5.8)
CRP (g/L) 180 (45) 178 (41) 223 (65)  245(72) 167 (66) 188 (56) 56 (42) 94 (69)
TNF o (pg/ml) 45 (23) 34 (33) 38 (16) 42 (21) 28 (44) 26 (33) 29 (28) 31 (24)
11-6 (pg/ml) 567 (278) 672 (299) 434 (198) 443 (178) 342 (237) 387 (265) 68 (145) 121 (134)
WBC (x10°/L) 14.6 (3.1) 17.2(4.6) 16.3(4.9) 14.1 (4.6) 152 (3.9) 16.5(6.4) 114 (6.4) 12.4(9.1)
Urea (mmol/L) 78 (34) 72 (44) 88 (24) 84 (28) 66 (38) 67 (45) 56 (14) 63 (34)
Neopterin (nmol/ml) 26 (14) 28 (22) 34 (16) 33 (19) 28 (19) 34 (23) 36 (22) 44 (18)

The diagnosis of a septic complication is therefore not
possible with these two cytokines, though high I1-6 con-
centrations (cut-off point > 500 pg/ml) correlate with
the sepsis syndrome. Procalcitonin might become an im-
portant marker for the monitoring of septic conditions

or courses. Further investigations must be started to ob-
tain more knowledge about this remarkable new mark-
er, further studies are warranted to identify the site of
production and the role of PCT as a predictor of forth-
coming multiple organ failure with or without sepsis.
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syndrome (SIRS): early markers of postoperative sepsis after
major surgery

Surgery

D. Mokart'*, M. Merlin®, A. Sannini’, J. P. Brun', J. R. Delpero’, G. llouvenaeghelz',

consent of patients and approval from our institutional ethics
committee, 50 consecutive patients undergoing elective
major surgical procedures were studied. The criteria for
inclusion were major gastrointestinal or gynaecological
tumour resection, with surgery expected to last =5 h. The

Methods. Serial blood samples were collected from 50 consecutive patients for determination
of IL-6, PCT and CRP serum levels. Blood samples were obtained on the morning of surgery and
on the morning of the first postoperative day.
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ensitivity, specificity, positive and negative predictive values for
C-reactive protein (CRP), procalcitonin (PCT) and IL-6 when associated with
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Table 4 Markers of sepsis and organ dysfunction at time of blood culture. Data are expressed as median [interquartle range].
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Type of infection
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of candidemia.

sis (chi‘ = 0.016). A PCT cut-off value of 2 ng/mL separated
Candida sepsis from bacterial sepsis with a sensitivity of
92%, a specificity of 93%, and positive and negative predic-
tive values of 94%. The best cut-off value for CRP to sepa-
rate bacterial sepsis from Candida sepsis was 100 mg/L,
with a sensitivity of 82% and a specificity of 53%. The com-




