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Procalcitonin (PCT) is a newly introduced marker of sys-
temic inflammation and bacterial infection. A marked
increase in circulating PCT level in critically ill patients has
been related with the severity of illness and poor survival.
The goal of this study was to compare the prognostic power
of PCT and three other parameters, the arterial ketone body
ratio (AKBR), the acute physiology, age, chronic health
evaluation (APACHE) III score and the multiple organ
dysfunction score (MODS), in the differentiation between
survivors and nonsurvivors of systemic inflammatory re-
sponse syndrome (SIRS). The study was performed in 95
patients over 16 years of age who met the criteria of SIRS.
PCT and AKBR were assayed in arterial blood samples. The
APACHE 1II score and MODS were recorded after the first
24 hours of surgical ICU (SICU) admission and then daily
for two weeks or until either discharge or death. The patients
were divided into two groups, survivors (n=71) and
nonsurvivors (n=24), in accordance with the ICU outcome.
They were also divided into three groups according to the
trend of PCT level: declining, increasing or no change.
Significant differences between survivors and nonsurvivors
were found in APACHE III score and MODS throughout the
study period, but in PCT value only up to the 7th day and
in AKBR only up to the 3rd day. PCT values of the three
groups were not significantly different on the first day
between survivors and nonsurvivors. Receiver operating
characteristic (ROC) curves for prediction of mortality by
PCT, AKBR, APACHE III score and MODS were 0.690,
0.320, 0.915 and 0.913, respectively, on the admission day.
In conclusion, PCT could have some use as a mortality
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predictor in SIRS patients but was less reliable than
APACHE 1II score or MODS.
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INTRODUCTION

Procalcitonin (PCT), a calcitonin precursor, is a
newly introduced marker of systemic infection
and is undetectable in healthy individuals. PCT is
induced with systemic reactions of organisms
such as bacteria, fungi and parasites, rather than
being induced by viral or localized infection."”
PCT reflects the extent of systemic inflammation
due to infection, but in cases of severe infection
and the course of inflammatory factors together
with the potential onset of progressive organ
failure generally determine patient prognosis.™
PCT can also be induced with prolonged shock of
non septic origin, e.g. hypovolemic or cardiogenic
shock,” trauma,®” postoperative period after ex-
tended surgical procedure® and pancreatitis,”
which belongs to systemic inflammatory response
syndrome (SIRS). PCT induction without any
bacterial focus is feasible considering that high
concentrations of proinflammatory cytokines and
other mediators can be detected in the plasma of
patients with these diseases. PCT also acts as a
mediator during acute inflammation rather than
just as a marker of infection."” Furthermore, the
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marked increase in circulating PCT levels in
critically ill patients has been related with the
severity of illness and poor survival. PCT values
quickly fall once the acute inflammation has
waned, whereas, plasma levels fail to return to
normal in the case of persistent systemic inflam-
mation secondary to infection.

Arterial ketone body ratio (AKBR) represents
the redox potential of hepatic cell mitochondria.
At first, AKBR was applied as an indicator of
hepatic reserve following hepatic surgery, now it
is a key indicator in the assessment of any
changes of vital functions throughout the entire
body. However, there is strong evidence to show
that it is correlated closely with hepatic functions
in cases of not only primary hepatic disease but
also hemorrhage shock, hypoxia and multiple
organ dysfunction, and can be a predictor of
outcome."™ The APACHE scoring system is
probably the most widely used critical care scale.
The APACHE III score has been recently intro-
duced to objectively estimate patient risk on a
daily base for mortality and other important
outcomes.”

The multiple organ dysfunction score (MODS)
is a scoring system to quantify the severity of
multiple organ dysfunction syndrome as an out-
come in critical illness.”

Our study compared the prognostic power of
PCT with these other parameters, AKBR,
APACHE III score and MODS, between survivors
and nonsurvivors, and observed the correlations
between these parameters and SIRS. We also
evaluated whether or not the trend of plasma PCT
levels could predict the clinical outcome of SIRS.

Table 1. Demographic Characteristics

MATERIALS AND METHODS

The study was carried out on 95 patients over
16 years old with the criteria of SIRS who had
been admitted to the surgical ICU (SICU). We
designed a retrospective study in the 24-bed SICU
of University Hospital from September 1998 to
February 2001. The patients comprised 72 males
and 23 females, with an age range from 17 to 81
years (mean 47 years). The mean length of stay in
the ICU was 17 days (range, 2-110 days) with a
mortality rate of 25.3%. Age, body weight, sex and
length of stay in the ICU showed no difference
between nonsurvivors and survivors (Table 1).
Sixty-eight of the 95 were transferred from the
operating room and 27 from a ward or the
emergency room. The most common diagnosis of
the subjects was multiple trauma (n=40), followed
by thoraco-abdominal operation (n=32) (Table 2).
Informed consent was obtained before enrollment
from conscious patients, or from the nearest kin
for unconscious patients. The study protocol was
approved by the institutional review board (IRB)
of the University Hospital.

The plasma PCT concentrations and AKBR
were assayed with arterial blood samples and the
APACHE III score and MODS were measured
after the first 24 hours admission to the ICU, and
then daily for two weeks until either discharge or
death. Data were collected prospectively and
analyzed retrospectively. The subjects were
divided into two groups, survivors (n=71) and
nonsurvivors (n=24), in accordance with the
clinical outcome. Included in the nonsurvivors
were those who died in the ICU and those who

Total Survivors Nonsurvivors
Number of patients 95 71 (74.7%) 24 (25.3%)
Age (years) 465 £ 16.8 470 £ 175 451 £ 15.0
Sex (M/F) 72/23 55/16 17/7
Body weight (kg) 64.8 £ 10.6 643 = 11.1 642 + 101
Operation (yes/no) 74/21 56/15 18/6
Length of ICU stay (days) 169 £ 17.1 155 £ 17.6 205 £ 21.9

Values of age, body weight and length of ICU stay are mean *+ SD.
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Table 2. Diagnosis of the Study Population

Total Survivors Nonsurvivors
Multiple trauma 40 31 9
Hepatobiliary disease 14 10 4
Dissecting aneurysm 7 4 3
Esophageal cancer 6 4 2
UGI bleeding 5 4 1
Pancreatitis 5 3 2
Inhalation burn 4 3 1
ICH 4 3 1
Postpartum DIC 3 3 0
Others 7 6 1

ICH, intra cranial hemorrhage; DIC, diffuse intravascular coagulation.

UGL, upper gastrointestinal.

were hopelessly discharged and died within 48
hours after the discharge.

The patients were divided into three groups
according to the trend of the plasma PCT values:
group 1, with declining PCT values; group 2, with
increasing or persistently elevated values; and
group 3, with unchanging or low values. A PCT
cut-off value of 2.0ng/ml, with best sensitivity
and specificity, was used to assign patients to the
three groups.

The definition of SIRS is characterized by the
presence of at least two of the following four
criteria: a) fever or hypothermia (temperature >
1004°F [>38C] or 96.8°F [<36T]), b) tachycardia
(>90 beats/min), c¢) tachypnea (>20 breath/min
or PaCO; < 43 kPa [< 32 mm Hg] or the need for
mechanical ventilatory support) and d) an altered
white blood cell count of >12,000 or <4000 cells/
L, and the presence of 10% band forms, respec-
tively.”

We used immunoluminometric assay for mea-
surement of plasma PCT level using commercially
available LUMItest PCT (BRAIHAMS Diagnostica,
Berlin, Germany). This immunoluminometric as-
say is based on the reaction of two antigen-spe-
cific monoclonal antibodies that bind PCT (as
antigen) at the calcitonin and katacalcin segments.

AKBR was obtained under sufficient blood
glucose level (120 - 200 mg/dl) to exclude the pos-

sible effect of fasting on AKBR and patients with
overt diabetes mellitus were excluded for the
probable effects of excessive ketogenesis. AKBR
above 1.0 was regarded as normal, between 0.7
and 1.0 as subnormal, between 0.4 and 0.7 as
warning, between 0.25 and 04 as critical, and
below 0.25 as terminal. Acetoacetate and S-
hydroxybutyrate concentrations in the arterial
blood were measured enzymatically using
methods reported by Mellaby et al."” The enzyme,
3-hydroxybutyrate dehydrogenase and Keto 340
system II (Sanwa Chemical Co. Ltd.,, Nagoya,
Japan) were used to determine acetoacetate and
B-hydroxybutyrate.

The APACHE scoring system, introduced by
Knaus et al," is probably the most widely used
critical care scale. The APACHE III prognostic
system consists of two options: an APACHE III
score and an APACHE III predictive equation.
The APACHE III system is based on 17 physio-
logic variables, an interactive coma scale, age, and
comorbid conditions. The APACHE score is calcu-
lated by summing the coded variables for each
category. A 5-point increase in APACHE III score
(range 0-299) is associated with an increased risk
of in-ICU death.

MODS, introduced by Marshall et aJ.,15 consists
of six organ systems: (1) the respiratory system
((PaO2/FIO; ratio), (2) the renal system (serum
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creatinine concentration), (3) the hepatic system
(serum bilirubin concentration), (4) the cardiovas-
cular system (pressure-adjusted heart rate, PAR=
heart rate X right atrial pressure/mean BP), (5)
the hematologic system (platelet count), and (6)
the central nerve system (Glasgow Coma Scale).
Each organ system is assigned 4 points (range,
1-24).

Statistics

The data were analyzed using SPSS. PC, version
10.0 statistical program. All data were expressed
as mean SD. Two-group comparison (survivors
vs. nonsurvivors) of normally distributed data
were made by Student t-test, and comparison of
not normally distributed data were analyzed by
the Mann-Whitney U test. Nominal data were
analyzed by the Chi-square. The trend of PCT
level was analyzed with the Kruskal-Wallis one
way analysis of variance. The correlations of the
four parameters, PCT, AKBR, APACHE III score
and MODS, were expressed as Spearman correla-
tion coefficients. Receiver operating characteristic
(ROC) curves of the four parameters for predic-
tion ofmortality were plotted, and the respective

areas under the curve were calculated. All tests
were two-tailed, and a probability (P) of less than
0.05 was considered statistically significant.

RESULTS

There were significant differences between
survivors and nonsurvivors in the PCT level,
AKBR, APACHE II score and MODS on the
admission day, however not in AKBR during the
subsequent fourteen days (Table 2).

Fig. 1 depicts the changes of PCT, AKBR,
APACHE III score and MODS between survivors
and nonsurvivors during the study period, from
the first to fourteenth day of ICU stay. Mean
plasma PCT concentrations of nonsurvivors re-
vealed more variable changes in comparison with
those of survivors and a significant difference was
noted from the first day to the 7". AKBR of the
nonsurvivors was significantly lower than that of
the survivors only in the first three days. APACHE
III score and MODS showed a significant dif-
ference between the survivors and nonsurvivors
during the study period. According to Spearman
correlation (Table 3), on the admission day there

Table 3. Procalcitonin level, APACHE III Score, MODS and AKBR between Survivors and Nonsurvivors on Admission

and Fourteen Days

Survivors Nonsurvivors
D1 n=71 n=24
D1-14 n=348 n=154
Procalcitonin (ng/ml) D1 7.59 + 2223 27.61 * 66.39*
D1-14 6.19 + 1937 16.87 + 38.237
AKBR D1 0.76 = 0.405 0.51 £ 0.283
D1-14 0.947 =+ 0.454 0911 = 0.479
APACHE 11l D1 52.3 + 202 93.0 = 29.8"
D1-14 45.3 + 185 762 + 27.4%
MODS D1 5.7 + 36 105 = 357
D1-14 54+ 33 102 = 4.0°

*p<0.05 vs. survivors.
Tp<0.01 vs. survivors.
*p<0.001 vs. survivors.
Values are mean & SD.

AKBR, arterial ketone body ration; APACHE, acute physiology, age, chronic health evaluation; MODS, multiple organ dysfunction score.

D1, first day of ICU stay; D1-14, from the first day to 14th day of ICU stay.
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Fig. 1. Changes of the four parameters during 14 days of ICU stay between survivors and nonsurvivors. Values represent

the mean + SE. *p<0.001 :p<0.01 T

:p<0.05 compared with survivors. Left upper, changes of plasma procalcitonin

level. Left lower, changes of arterial ketone body ratio (AKBR), Right upper, changes of APACHE III score. Right lower,

changes of multiple organ dysfunction score (MODS).
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Fig. 2. Mortality receiver operating characteristic (ROC) curves, with area under the curve of procalcitonin (PCT) level,
arterial ketone body ratio (AKBR), APACHE III score, and multiple organ dysfunction score (MODS). Left, ROC curves
of 4 parameters on admission. Right, ROC curves of 4 parameters during fourteen days.
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Table 4. Spearman Correlation of Four Parameters on Admission

Procalcitonin APACHE III MODS AKBR
Procalcitonin 1.000 0.374* 0.424* 0.015
APACHE III 1.000 0.697* -0.297
MODS 1.000 -0.220
AKBR 1.000
*<0.001

AKBR, arterial ketone body ratio; APACHE, acute physiology, age, chronic health evaluation; MODS, multiple organ dysfunction score.

Table 5. Admission and Fourteen days” Procalcitonin level, APACHE III Score, MODS and AKBR between Survivors and

Nonsurvivors of Three grouped by Procalcitonin Pattern

Group 1 Group 2 Group 3
Survivors Nonsurvivors Survivors Nonsurvivors Survivors Nonsurvivors
45 7 (13.4%) 11 15 (57.7%)" 15 2 (11.8%)
PCT (ng/ml) 292 £ 4.70 723 +£783 2110 £51.41 4628 £8426  1.02 = 082 136 + 0.93
D1 AKBR 0.775 £ 0380 0275 £ 0163  0.733 = 0563 0544 = 0270 0752 + 0355  0.55 = 9.481
APACHE III  55.0 + 235 858 + 2457 566 £169 1007 +343% 459 + 151 788 + 15.9%
MODS 6.1 % 3.0 74+15 74 + 38 123 £ 297 41+33 8.8 £ 3.6
PCT (ng/ml) 423 £ 687 1687 +£36.04* 19.62 =445 2241 +4427 092+072 208 + 1447
D1-14 AKBR 1.019 = 0468 0992 = 0439  0.817 = 0540 0916 = 0427 0.830 + 0313  0.716 = 0.571
APACHE Il 493 £ 180 654 +243% 5022207 801 +2907  41.6 =118 765 + 3221
MODS 55+ 3.3 7.4 + 18" 7.0 + 31 11.7 = 4.0* 09 +33 21+ 38"

Group 1, declining PCT pattern; Group 2, increasing or persistently elevated PCT; Group 3, unchanging or low level PCT; AKBR, arterial
ketone body ratio; APACHE, acute physiology, age, chronic health evaluation; MODS, multiple organ dysfunction score.

Cut-off value of PCT among groups: 2ng/ml.

*<0.05 vs. survivors, Tp< 0.01 vs. survivors, *p<0.001 vs. survivors, ‘p<0.01 vs. group 1, 3.

was a significant correlation between PCT and
APACHE II score (r=0.374), and between PCT
and MODS (r=0.424), but a stronger correlation
between APACHE III score and MODS (r=0.697).
AKBR failed to reveal any correlation with any
other parameter (Table 3).

Mortality ROC curves showed similar data with
area under the curve of the admission and during
fourteen days of ICU stay (Fig. 2). The area under
the ROC curve of PCT (0.690) was less than that
of APACHE III score (0.915) and MODS (0.913) for
predicting the mortality on the admission day.

Table 4 shows the mortality between survivors
and nonsurvivors of the three groups by the
pattern of plasma PCT levels. Overall mortality of

Yonsei Med J Vol. 45, No. 1, 2004

this study was 25.3%; in group 1, 7 out of 52 died
(13.4%), in group 2, 15 out of 26 died (57.7%), and
in group 3, 2 out of 17 died (11.8%). PCT levels
and AKBR of the three groups on the first day
revealed no significant difference between survi-
vors and nonsurvivors. However, APACHE III
score and MODS of not only the first day but also
the fourteen days of the three groups demon-
strated significant differences between the
survivors and the nonsurvivors.

DISCUSSION

SIRS is a state of consistent progression of sys-
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temic inflammatory responses caused by various
inflammatory or non-inflammatory diseases, and
remains one of the major causes of morbidity or
mortality in patients admitted to the ICU.

We investigated the mortality prediction of
PCT, AKBR, APACHE III score and MODS on
admission and during 2 weeks of SICU stay in
SIRS patients. We found significant differences
between survivors and nonsurvivors for these
four values. The mean plasma PCT level of non-
survivors revealed variable changes compared
with survivors, and although they both showed a
declining trend, nonsurvivors had a significantly
higher level from the first to the 7" day than
survivors. All of our patients were in the state of
SIRS on admission to the ICU, and were started
on antibiotic and fluid therapy immediately. This
may partially explain why nonsurvivors showed
a declining trend. By the 7th day, 18 (75%) pa-
tients had died and the rest were chronic cases.
Our nonsurvivors showed higher PCT levels than
reported in other studies.**'** Giamarellos-Bour-
boulis™ reported that PCT level was as high in
SIRS as in sepsis. Some investigators have demon-
strated that PCT value might increase during the
first few days after surgery, depending on the
nature and extent of the surgical procedure. After
extensive and complex, abdominal, cardiac and
thoracic surgeries, markedly elevated PCT values
were frequently attained during the post operative
period.*"”# Higher PCT levels were associated
with a severe injury, frequent onset of shock, and
multiple organ dysfunction.”” APACHE III score
of the nonsurvivors in our study was high, 93 on
admission to ICU, and it remained high through-
out the study period. MODS 11 meant 3 to 4
organ dysfunctions when they were admitted.

In a baboon model of trauma, PCT level was
elevated 2 hours after the start of reperfusion.”
Assicot et al.” reported that IL-2 administration to
renal cancer patients was followed by elevation of
PCT, TNF-q, and IL-6, suggesting that cytokines
were capable of releasing PCT independent to
endotoxin release. The high PCT levels of our
SIRS patients could be explained partially from
the observation of these reports.

Increasing or persistently high PCT values
indicated ongoing inflammatory disease activity
and suggested a poor prognosis, whereas de-

clining values indicated a diminishing inflamma-
tory reaction, and thus, a favorable prognosis.”
We arranged our patients into three group ac-
cording to the trend of plasma PCT values:
declining, increasing or persistently elevated, and
unchanging or low level. Although the overall
mortality of our study was 25.3%, mortality in the
declining and unchanging or low PCT groups was
almost equally low (13.4% vs. 11.8%). In the in-
creasing or persistently elevated group, however,
the mortality was 57.7%. Therefore the trend of
increasing or decreasing PCT values could be a
more accurate index for prognostic evaluation.

Area under the mortality ROC curve directly
reflects the mortality prediction. In our study,
admission day area under the ROC curves of the
four parameters remained almost constant for
fourteen days. Although elevated admission PCT
was associated with a poor outcome, overall our
ROC analysis demonstrated that a single PCT
measurement was an inadequate predictor for
mortality and that a trend study with multiple
measurements was necessary for mortality pre-
diction.

According to the analysis by Spearman correla-
tion, probability depicted a significant correlation
between PCT and both APACHE III score and
MODS, but with correlation coefficients of only
around 04, indicating that these were weak
correlations. As noted in our previous 1‘eport524’25
the correlation coefficient between APACHE III
score and MODS was about 0.7, indicating a good
correlation.

Yamamoto et al.” reported that when AKBR
below 0.40 persists for more than 5 days, there
was a high incidence of multiple organ failure and
a 100% mortality. Also patients who showed
AKBR between 0.4 and 0.25 had a higher inci-
dence of postoperative complications than had
those who showed ratios above 0.40. In our study,
mean AKBR of nonsurvivors on admission was
0.51, and increased to 0.80 on the 3 day. Only
five of the 28 of nonsurvivors had AKBR below
0.4 during their ICU stay. In addition, AKBR of
nonsurvivors was significantly lower than that of
survivors on the first three days. AKBR, more-
over, could not be correlated with any other
parameters. Area under the ROC curve of AKBR
was 0.320, which implied that AKBR could not be
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used as an indicator of mortality in SIRS.

In our study, APACHE III score and MODS
both showed a quite strong difference between
survivors and nonsurvivors, not only on admis-
sion day but also during fourteen days of ICU
stay. In the three groups by PCT trend, PCT level
and AKBR showed no difference between
survivors and nonsurvivors on the admission day,
whereas APACHE 1II score and MODS showed
significant differences in every study period.
These findings confirmed that APACHE III score
and MODS could be used for mortality prediction.

In conclusion, plasma PCT values could be used
as a useful predictor of mortality but appeared to
be less accurate than APACHE III score or MODS.
Sequential measurements of PCT for 1 week are
needed for clinical application with SIRS and also
further study with a large number of SIRS patients
is necessary to confirm the validity of these pro-
gnostic factors.
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