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PCT mRNA expression has been docu-
mented in human extra-thyroidal tissues. 
Thus, systemic PCT concentrations are 
considered as a component of the inflam-
matory response and as an acute-phase 
marker (2). In cardiac acute patients, data 
on PCT are scarce and controversial. Some 
studies (3, 4) reported that PCT levels were 
increased in ACS patients on admission, 
whereas other investigations (5, 6) docu-
mented that plasma PCT concentrations 
were in the normal range in patients with 
uncomplicated acute myocardial infarc-
tion. Elevated concentrations of PCT have 

INTRODUCTION

Procalcitonin (PCT) is a 14-kd protein en-
coded by the Calc-1 gene and synthesized 
physiologically by thyroid C-cells. Under 
normal conditions, serum PCT levels are 
negligible (1).
After shock or tissue injury (i.e. burn, 
trauma, surgery) or infections and sepsis, 

ABSTRACT

Introduction: Procalcitonin concentrations are considered as a component of the inflammatory response and 
as an acute-phase marker, after shock or tissue injury (i.e. burn, trauma, surgery) or infections and sepsis. No 
data are so far available on the dynamics of procalcitonin levels in patients with cardiogenic shock following 
ST-elevation myocardial infarction, with no clinical or laboratory sign of infection.
Methods: We evaluated procalcitonin values every day during intensive cardiac care staying in ten cardiogenic 
shock patients admitted to our intensive cardiac care unit. NT-pro Brain Natriuretic Peptide, C Reactive Pro-
tein and APACHE II score were also assessed.
Results: Six patients survived, whereas 4 patients died. A progressive reduction in procalcitonin values was 
observed in cardiogenic shock patients who survived, whereas the lack of changes in procalcitonin concentra-
tions was documented in cardiogenic shock patients who died (survivors: slope = -3.76; dead: slope = -0.81, 
p=0.004). Furthermore, higher values of glycemia, NT-pro Brain Natriuretic Peptide and C Reactive Protein 
(as well as higher APACHE II scores) were detectable in dead patients in respect to survivors.
Conclusions: in our preliminary study we observed that in patients with cardiogenic shock and no sign of infec-
tions a reduction of procalcitonin levels was detectable only in survivors. Moreover, higher values of NT- Brain 
Natriuretic Peptide, a marked systemic inflammation (higher values of C Reactive Protein) and higher severity 
score (as depicted by APACHE II) are associated with an ominous prognosis in cardiogenic shock patients.
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been reported in patients with cardiogenic 
shock (7). In a more recent retrospective 
study (8), it was observed that CS patients 
showed high PCT concentrations, espe-
cially in the presence of multiorgan failure 
(MOF) and in absence of signs of infections 
(cultures and clinical findings). We recently 
(9) observed that the degree of myocardial 
ischemia (clinically indicated by the whole 
spectrum of ACS, from unstable angina 
to cardiogenic shock ST-elevation follow-
ing myocardial infarction) and the related 
inflammatory-induced response are better 
reflected by CRP (which was positive in 
most acute cardiac care patients of all our 
subgroups) than by PCT which seems more 
sensible to a higher extent of inflammatory 
activation, being positive only in all CS pa-
tients. In these patients, the clinical inter-
pretation of absolute PCT values (both in 
diagnostic and prognostic terms), represent 
a major challenge since they may be influ-
enced by several factors, such as the degree 
of systemic inflammatory response, the co-
existence of multiorgan dysfunction, the 
presence/absence of infections and finally 
by the time of measurements during hospi-
tal course (i.e. the dynamics of PCT levels). 
No data are so far available on the dynam-
ics of PCT levels in patients with cardio-
genic shock. The aim of this preliminary 
investigation was therefore to evaluate the 
serum evolution of PCT during intensive 
cardiac care unit (ICCU) staying in a group 
of patients with cardiogenic shock (CS) fol-
lowing ST-elevation myocardial infarction 
(STEMI) submitted to primary percutane-
ous intervention (PCI) with no laboratory 
or clinical sign of infection.

METHODS

Ten consecutive patients with cardiogenic 
shock following STEMI were submitted to 
PCI and then admitted to our 12-bed ICCU 

in Florence, a tertiary center, from 1 Sep-
tember 2008 to 31th March 2009. To be eli-
gible for the present study, all patients had 
to be free of infection at the time of blood 
sampling, as evidenced by both clinical and 
microbiological examinations, including uri-
nary cultures and microbiological examina-
tions of tracheal aspirate in mechanical ven-
tilated patients and blood cultures (10).
A clinical diagnosis of cardiogenic shock 
was made if all the following criteria were 
present:
1. systolic blood pressure persistently less 

than 90 mmHg or vasopressors required 
to maintain a systolic blood pressure of 
more than 90 mmHg;

2. signs of hypoperfusion (e.g. urine output 
less than 30 ml/hour or cold/diaphoretic 
extremities or altered mental status);

3. clinical evidence of elevated left ventric-
ular filling pressure (e.g. pulmonary con-
gestion on physical examination or chest 
x-ray) (11-15).

Pulmonary artery catheterization was not 
required when all clinical criteria and echo-
cardiographic evidence of left ventricular 
dysfunction without mechanical complica-
tions were present. 
The day after ICCU admission blood sam-
ples were obtained for cardiac biomark-
ers (TnI <0.15 ng/mL), leucocytes count 
(4000 - 10000/μl), CRP (<9 mg/dL), uric 
acid (<6.5 mg/dl), NT-pro Brain Natri-
uretic Peptide (NT-proBNP, in males 0-50 
yrs: <88 pg/ml, >50 yrs: <227 pg/ml; in 
females: 0 -50 yrs: <153 pg/ml; >50 yrs: 
<334 pg/ml) (16) and procalcitonin mea-
surements (normal values <0.5 ng/ml) 
(9). PCT values were evaluated daily dur-
ing ICCU staying. Lactate was measured on 
admission. 
Transthoracic 2-dimensional echocardiog-
raphy was performed on admission in order 
to evaluate left ventricular ejection fraction 
(LVEF). APACHE II (Acute Physiology 
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And Chronic Health Evaluation II) score 
was also assessed (17). The study design 
was approved by the local Ethic Committee 
and inform written consent was obtained 
for each patient.

Statistical analysis
Statistical analysis was performed by means 
of SPSS 13.0 package (SPSS Inc, Chicago, 
IL). Data are reported as frequencies and 
percentages or means ± S.D. and analyzed 
with Fisher’s exact test and Student’s t test, 
respectively. Since PCT was determined 
once a day, its mean value for each day of 
hospital stay in either group of patients has 
been calculated and graphically plotted in 

order to obtain two linear regression lines, 
whose slopes have been subsequently com-
pared by means of an F test. In all analyses, 
a p value <0.05 was considered statistical-
ly significant.

RESULTS

Table 1 shows the clinical characteristics 
of CS patients following STEMI included 
in the study after PCI. Six patients died 
during ICCU, while four patients sur-
vived. 
Compared with survivors, dead patients 
exhibited higher values of APACHE II 

Table 1 - Clinical characteristics of patients included in the study.

All n=10 Survivors n=4 Non-survivors n=6 p

Age (years) 72.7±14 68±17 75.8±11 0.424

Sex (M/F) 7/3 4/0 3/3 0.333
Infarct location
Anterior
Inferior

 
7
3

2
2

5
1

0.667

Incidence of three 
vessel coronary 
artery disease

8/10 3/4 5/6 1

PCI failure 4/10 None 4/6 0.071

Tn I (ng/ml) 532±467 379±297 634±555 0.431

LVEF (%) 27.5±7.8 31±9.1 25±6.3 0.231

MAP (mmHg) 75±8.0 76±6.2 74±9.5 0.647

APACHE II score 17.8±7.3 12.2±5.7 21.5±5.9 0.040
PCI: percutaneous coronary intervention, Tn: troponin; LVEF: left ventricular ejection fraction; MAP: mean arterial pressure; APACHE II: 
Acute Physiology And Chronic Health Evaluation.

Table 2 - Biochemical data of all patients included in the study.

All n=10 Survivors n=4 Non-survivors n=6 p

Leucocytes (n°/L) 14714±4588 13185±4738 15733±4615 0.422

Glycemia (mg/dl) 1.78±0.52 1.39±0.29 2.05±0.47 0.040

Uric acid (mg/dl) 7.1±1.7 7.4±1.9 6.9±1.7 0.640

NT- pro BNP (pg/ml) 16394±13748 6042±6923 23296±12985 0.043

Admission PCT (pg/ml) 24.2±57.5 47.7±91.6 8.6±13.6 0.320

CPR (mg/L) 82±53 43±19 109±53 0.044

Lactate 2.3±1.2 2.3±1.2 2.4±1.3 0.895
NT- pro-BNP: N-terminal-pro-brain natriuretic peptide; PCT: procalcitonin; CPR: C reactive protein.
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score, as well as trend towards higher se-
rum concentrations of troponin I, though 
it did not reach statistical significance. 
All patients who experienced PCI failure 
died.
No significant differences were detectable 
in regard to age, sex, infarct location, left 
ventricular ejection fraction, and mean 
arterial pressure between the two sub-
groups.
As depicted in Table 2, higher values of gly-
cemia, NT-proBNP and CRP were detect-
able in dead patients in respect to survivors. 
Basal serum concentrations of procalcito-
nin were higher in (dead) survivors pa-
tients, though this difference did not reach 
statistical significance due to high values of 
standard deviation. Lactate values in basal 
conditions were comparable between the 
two subgroups.
As depicted in Figure 1, the pattern of PCT 
variations during ICCU course was signifi-
cantly different in CS patients who sur-
vived in respect to those who died (survi-
vors: slope = -3.76±0.71 standard error; 
dead: slope = -0.81±0.35 standard error, 
p=0.004).

DISCUSSION

The main finding of the present investiga-
tion, though preliminary and performed in 
a small subset of patients, is that the pat-
terns of temporal PCT variations through-
out ICCU course were heterogeneous in pa-
tients with CS and no clinical or laboratory 
signs of infection. 
A progressive reduction in PCT values 
was observed in CS patients who survived, 
whereas the lack of changes in PCT con-
centrations was documented in CS patients 
who died.
Conversely, basal absolute PCT values were 
not significantly different between the two 
subgroups, since they exhibit a wide range 
of values in the overall population.
Few studies investigated the dynamics of 
PCT in cardiac acute patients. Sponholz et 
al. (18) described the evolution of serum 
procalcitonin levels after uncomplicated 
cardiac surgery and observed a progres-
sive return to normal levels within the first 
week. Peak PCT levels were reached within 
24 hours postoperatively and this increase 
seemed to be dependent on the surgical 

Figure 1
Patterns of 
procalcitonin 
variations in survivors 
and dead patients.
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associated with higher PCT levels, and 
on intraoperative events, including aortic 
cross-clamping time, duration of cardiopul-
monary bypass and duration of surgery.
In infected patients, PCT levels were elevat-
ed throughout the first week postoperative-
ly (19-21), with a more pronounced trend 
in bacterial and fungal infections than in 
viral infections of SIRS. (22, 23).
The Authors concluded that the dynamics 
of PCT levels, rather than absolute values, 
may be more important for identifying pa-
tients with infectious complications after 
cardiac surgery.
More recently Prat et al. (24) confirmed a 
slight increase in PCT values in the first 
postoperative day after cardiac surgery, in 
agreement with previous results (25-27) 
and with Adamik et al. (28), who showed 
that the development of postoperative com-
plications after cardiac surgery with car-
diopulmonary bypass was associated with 
increased postoperative neopterin and PCT 
levels.
Similarly, after heart transplantation, se-
rum PCT levels display a rise in response 
to surgery, with a peak on day two, where-
as high peak levels with delayed return to 
normal values should lead to a search for 
inflammatory processes, as they are often 
associated with increased morbidity and 
mortality. (29)
Likewise, in patients with cardiogenic 
shock and no sign of infections we docu-
mented a reduction of PCT levels only in 
survivors CS patients.
This time course of procalcitonin can prob-
ably be explained, both in postsurgical and 
in CS patients, by normal PCT kinetic. In 
healthy subjects the injection of endotox-
in is followed by a rise in PCT, reaching 
a maximum 24 hours thereafter. (30) The 
return of PCT levels to normality within a 
few days in surgical patients (after an un-
complicated postoperative course) and in 

CS survivors patients can be explained by 
half-life of PCT (18 to 24 hours) (31), in ab-
sence of a further insult that might induce 
PCT production. 
Our findings, along with those in cardiac 
surgery (26-28) strongly support the con-
tention that the “dynamic” approach (32) 
may be more reliable that the static one (that 
is the absolute single PCT value) especially 
in the challenging conditions characterized 
by a systemic inflammatory response, such 
as cardiac surgery and cardiogenic shock.
Indeed, in a cohort of unselected critically 
ill patients, Jensen et al. (33) observed that 
a PCT increase was an independent pre-
dictor of 90-day survival and that the PCT 
day-by-day changes was able to identify 
critically ill patients at a higher risk of ICU 
mortality. 
On the other hand, the initial  CT level did 
not predict mortality, even though many 
patients were admitted with a PCT 1.0 ng/
mL. 
This suggests that several PCT measure-
ments should be made consecutively to as-
sess the critically ill patient’s infection-re-
lated mortality risk (to monitor treatment 
of infection day-by-day).
In our investigation we further confirmed 
that higher values of NT-proBNP are as-
sociated with increased mortality in CS pa-
tients (14,16,34) and that a more marked 
systemic inflammation (as inferred by high-
er values of CRP) and higher severity score 
(as indicated by APACHE II) were associ-
ated with an ominous prognosis.
The main limitation of the present investi-
gation is represented by the small number 
of patients.
However, the population is homogeneous, 
comprising patients with cardiogenic shock 
following STEMI all submitted to PCI, with 
no clinical and laboratory sign of infec-
tions. It is interesting to note that, despite 
the small number of subjects, the behavior 
of PCT was clearly detectable.
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CONCLUSIONS

According to our preliminary findings, pat-
terns of temporal PCT variations through-
out ICCU course were heterogeneous in pa-
tients with CS following STEMI submitted 
to PCI and no clinical or laboratory signs of 
infection. 
A progressive reduction in PCT values 
was observed in CS patients who survived, 
whereas a lack of changes in PCT concen-
trations was documented in CS patients 
who died. Our findings strongly support 
the contention that the “dynamic” ap-
proach may be more reliable that the static 
one (that is the absolute single PCT value) 
especially in the challenging conditions 
characterized by a systemic inflammatory 
response, such as cardiogenic shock. We 
further confirmed that higher values of 
NT-proBNP are associated with increased 
mortality in CS 
patients and that a more marked systemic 
inflammation (as inferred by higher values 
of CRP) and higher severity score (as indi-
cated by APACHE II) were associated with 
an ominous prognosis.

No conflict of interest is acknowledged by the authors.
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