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INTRODUCTION

ABSTRACT

Background: Rapid and proper diagnosis of sepsis is one of the daily challenges of emergency
department (ED) and intensive care units. The general aim of the present study was to determine
the efficacy of measuring procalcitonin levels in the early diagnosis of bacterial resistance to
antibiotics administered empirically in patients with sepsis. Materials and Methods: The
present cross-sectional study consisted of patients with clinical evidence of sepsis or systemic
inflammatory response syndrome (SIRS), referring to the ED of a third-level hospital in Tehran,
Iran in 2012. After collection of basic and clinical data of patients, venous blood samples were
taken for routine laboratory tests and determination of procalcitonin serum levels at baseline
and 6 and 24 hours after administration of the first dose of an empirical antibiotic. The subjects
were divided into two groups of discharged and expired and then comparisons were made
using t-test, Chi-squared test and Fisher’s test. Specificity and sensitivity of procalcitonin were
evaluated along with ROC curve. Results: In the present study, 170 patients with sepsis were
included. Evaluation of serum levels of procalcitonin 24 hours after administration of antibiotics
exhibited the best sensitivity and specificity for each patient’s response to antibiotics. Use of
the cutoff point of 6.5 mg/mL for procalcitonin can predict the disease outcome with sensitivity
and specificity of 67% and 80%, respectively. Conclusion: It is suggested that procalcitonin
be used for the diagnosis of sepsis or SIRS resulting from an infectious disease, for follow-up
of treatment and for evaluation of response to treatment.
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rapidly and the patient receives proper treatment, the
patient will not undergo a septic shock, resulting in a

Sepsis is a common and dangerous condition, which results
it alarge number of mortalities and patient complications
despite recent advances.!* At present, the incidence of
sepsis and septic shock is on the rise due to the widespread
use of invasive tools and immunosuppressive drugs and
an increase in the resistance of microorganisms resistant
to antibiotics.® Although antibiogram is the most reliable
technique to evaluate patient response to antibiotics, it
is not a very effective technique in patients with sepsis.
If the patient’s response to antibiotics is determined
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40-60% decrease in mortality and morbidity in patients
with sepsis.®” During the past few years a relationship
has been reported between serum levels of procalcitonin
and the severity of injury, sepsis and deficiency of various
organs.® These studies have shown that procalcitonin
might be a suitable marker to monitor the inflammatory
status of patients who have been injured and are at risk.’
The results of these studies have shown that response to
treatment and even initiation of response to treatment with
the first dose of antibiotic result in a decrease in serum
levels of procalcitonin. This decrease in procalcitonin
levels, which is seen in the peak phase of antibiotic effect,
is due to a decrease in bacteraemia severity, resulting in
a decrease in procalcitonin level. Based on these results
a decrease in procalcitonin serum levels, from the initial
levels to levels below 0.5 ng/mL after administration of
empirical antibiotics, is considered response to treatment.°
Therefore, the serum level of procalcitonin might be a
proper factor to evaluate response to treatment. Despite
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the data available, there is still no answer to the question
what cutoff points of serum levels of procalcitonin and what
time interval cutoff points are appropriate to determine
response to antibiotics. Therefore, the present study
was undertaken to evaluate the efficacy of determining
procalcitonin serum levels to determine prognosis
and early diagnosis of bacterial resistance in sepsis in
emergency units so that the sensitivity and specificity of
this diagnostic method at different time intervals would
be assessed so that the best time cutoff point would be
determined.

MATERIALS AND METHODS

Thiswas a cross-sectional study was carried out on all the
patients with sepsis, referring to the emergency department
(ED) of a third-level hospital in Tehran, Iran from July 2011
to July 2012. The study protocol was approved by the
Ethics Committee of Shahid Beheshti University of Medical
Sciences and the researchers observed all the guidelines of
Helsinki Declaration throughout the study.

The inclusion criteria consisted of all the patients with
evidence of sepsis or patients with SIR, referring to
the ED. The exclusion criteria consisted of the use of
corticosteroids, immunodeficiency, thyroid cancer and
presence of a central vein catheter. The minimum number
of subjects was determined to be 100 patients at o = 0.05
and CI: 95% with accuracy estimate of d = 0.1 and P = 0.5.

The subjects were included in the study sequentially.
Patients with sepsis and SIRS with an infectious origin
were included and finally patients with SIRS with or
non-infectious origin based on the results of culture were
excluded from the study. In addition, patients who had
not received antibiotics at specific time intervals based
on the protocol and had not undergone blood tests at the
appropriate time were finally excluded from the study.

Demographic data, a history of previous disease, and clinical
condition and its course were accurately recorded in data
sheets. Serum levels of procalcitonin were determined
and recorded at three intervals: before administration
of antibiotics and 6 and 24 hours after administration of
antibiotics. Immunoluminometric technique, with ELISA
kit (USCN Life Science Inc., Wuhan), was used to determine
serum levels of procalcitonin. In order to avoid paraclinical
errors, the results of paraclinical recovery of patients were
compared with those of clinical recovery in response to
antibiotic treatment. Treatment of patients was based on
clinical conditions and the guidelines of Infectious Diseases
Society of America. The selected empirical antibiotic, based
on the infection focus and the background information and
in case of absence of a definite infection focus based on
the guidelines of Infectious Diseases Society of America,
was administered during the first hour of the patient’s
presentation at the Emergency Unit. All the patients were

questioned about the antibiotics taken during the previous
3 months, use of corticosteroids, presence of a catheter
which could not be removed and living in a nursing home.
Therefore, the patients with evidence of infection at
presentation received empirical antibiotics based on the
guidelines of Infectious Diseases Society of America. Six
and 24 hours after administration of antibiotics the serum
levels of procalcitonin, as a marker for bacteraemia, were
controlled and finally compared with patient outcomes.
In order to control procalcitonin serum levels, 5 mL of
venous blood were taken from the cubital vein of the left
hand in supine position. The blood serum was isolated by
centrifugation and stored at -20°C. In addition, 5-10 mL
of venous blood was taken at three 5-10-minute intervals
in order to prepare an antibiogram. Finally, the results of
the clinical response of patients, including recovery from
high body temperature, and the initial clinical symptoms
and signs, including coughing, dysuria, etc., were evaluated.

The final outcome, including recovery or death, was
evaluated along with procalcitonin serum levels. Therefore,
the subjects were divided into two groups: discharged and
expired. Finally, changes in procalcitonin serum levels,
compared to the baseline, were evaluated at 6- and 24-hour
intervals after administration of empirical antibiotics
between the two groups.

Data analysis

T-test was used to evaluate differences in age and ESR

between the two groups. Chi-squared test and Fisher’s test

were used to evaluate differences in gender distribution,

paraclinical findings, a history of previous disease, source

of infection, blood homeostasis status and patient clinical

recovery; Mann-Whitney test was used to evaluate CRP and

procalcitonin serum levels. The patients were divided into

four groups to evaluate changes in procalcitonin serum

levels:

1. A progressive decrease in procalcitonin serum levels;

2. Aninitial decrease and then an increase in procalcitonin
serum levels;

3. Aninitial increase and then a decrease in procalcitonin
serum levels; and

4. A progressive increase in procalcitonin serum levels.

Sensitivity and specificity of serial evaluation of
procalcitonin serum levels for the early diagnosis of
bacterial resistance to antibiotics based on the results of
antibiogram were also assessed. Finally, ROC curve was
drawn in order to evaluate this diagnostic technique.
Statistical significance was defined at P < 0.05 for all the
analyses.

RESULTS

In the present study, 170 patients were evaluated:
91 patients (53.5%) recovered and were discharged and
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79 (46.5%) passed away. Means and standard deviations
of patient ages in the discharged and expired groups were
68 + 18 and 72 * 16 years, respectively (P = 0.083). In the
discharged and expired groups, 35 (38.5%) and 26 (32.9%)
patients were female, respectively (P = 0.45). Paraclinical
findings in 29 (31.9%) and 13 (16.5%) patients were
normal in the discharged and expired groups, respectively
(P =0.02). Of all the background conditions, diabetes was
the only condition which differed between the two groups
(P = 0.3). However, the source of infection did not exhibit
any difference between the two groups (P=0.16) [Table 1].
None of the background conditions exhibited a significant
relationship with the disease outcome (P > 0.05).

Evaluation of the serum levels of procalcitonin did not
exhibit any differences in the baseline levels of this
marker (before administration of antibiotics) between the
discharged and expired patients (P = 0.56). The mean and
standard deviation of procalcitonin serum levels before
antibiotic administration was 10 * 8 ng/mL. The means
and standard deviations of this marker in the discharged
and expired groups were 9 = 6 ng/mL and 12 + 9 ng/mL,
respectively.

Six hours after administration of antibiotics the serum
levels of procalcitonin reached 9 + 6 ng/mL and 12 + 9
ng/mlL in the discharged and expired groups, respectively.
Here the difference in procalcitonin serum levels between
the two groups was just at the significance level (P = 0.05).
After 24 hours, the procalcitonin serum levels significantly
decreased, in the discharged group, to 6 + 5 ng/mL;
however, the levels in the expired group significantly
increased and reached 15 = 10 ng/mL (P < 0.001). The
serum levels of procalcitonin progressively decreased
in 42 (48.3%) patients in the discharged group and in
5 (7.1%) in the expired group. Procalcitonin serum levels in
3 (3.4%) patients in the discharged group and in 8 (11.4%)
patients in the expired group decreased at first and then
increased. Chi-squared test showed that the majority of
discharged patients had a decreasing trend in procalcitonin
serum levels, with statistically significant differences from
the expired group (P < 0.001) [Table 2].

Evaluation of sensitivity of measuring procalcitonin
serum levels in determining patient outcome showed
the highest sensitivity 24 hours after antibiotic
administration. The area under curve for this diagnostic
technique 24 hours after initiation of treatment was
0.789: It was in the range 0f 0.717-0.862 at a confidence
interval of 95% [Table 3].

In addition, use of 6.5 ng/mL cutoff point was able to
determine whether the patient had given a response to
antibiotic or not, with sensitivity of 67% and specificity
of 80%, i.e.,, when the serum level of procalcitonin is
higher than this it can be postulated that there exists
bacterial resistance and when it is lower than this it can

be postulated with reasonable accuracy that the antibiotic
administered is suitable for the treatment of infection
[Table 4].

The ROC curve, too, showed that the highest procalcitonin
sensitivity to determine disease outcome occurred
24 hours after antibiotic administration [Figure 1].

Table 1: Baseline characteristic of patients

Variable Total (%) Outcome P
Discharged (%) Expired (%)
Age 70+17 68+18 72+16 0.083t
75(5t096) 74 (15t091) 76 (21t0 96)
Sex
Female 61(35.9) 35(38.5) 26(32.9) 0.452%*
Male 109 (64.1) 56 (61.5) 53 (67.1)
ESR 46+34 50+33 41+33 0.062%
40(2t0141) 45(3t0141) 34(2t0140)
Paraclinic
Normal 42 (24.7) 29 (31.9) 13 (16.5) | 0.020%
Leukocytosis 112 (65.9) 56 (61.5) 56 (70.9) 0.200%
Leucopenia 6 (3.5) 2(2.2) 4(5.1)  0.418%*
Thrombocytosis 14 (8.2) 10 (11.0) 4 (5.1) 0.161*
Thrombocytopenia 14 (8.2) 5(5.5) 9(11.4) 0.163*
Past medical history
HTN 47 (27.6) 26 (28.6) 21(26.6) 0.772*
Diabetes 12 (7.1) 10 (11.0) 2(2.5) 0.032%
IHD 21 (12.4) 10 (11.0) 11(13.9) | 0.562%*
CRF 11 (6.5) 8(8.8) 3(3.8) 0.187*
CVA 20 (11.8) 11 (12.1) 9(11.4) 0.888*
dementia 8(4.7) 3(333) 5(6.3)  0.474%*
Other 30 (17.6) 12 (13.2) 18 (22.8) 0.102%
Source of infection
Cardiac 1(0.6) 0(0.0) 1(1.3) 0.160*%*
Cerebral 2(1.2) 1(1.1) 1(2.3)
Cervix, Uterus 1(0.6) 1(1.1) 0(0.0)
Encephalitis 1(0.6) 0(0.0) 1(1.3)
Endocarditis 1(0.6) 0(0.0) 1(2.3)
Gastrointestinal 1(0.6) 1(1.1) 0(0.0)
Gastrointestinal 15(8.8) 4 (4.4) 11 (13.9)
Genital 1(0.6) 1(1.1) 0(0.0)
Indwelling catheter 2(1.2) 1(1.1) 1(1.3)
Joint 1(0.6) 1(1.1) 0(0.0)
Meningitis 2(1.2) 1(1.1) 1(1.3)
Pulmonary 61(35.9) 33(36.3) 28(35.4)
Pulmonary 1(0.6) 0(0.0) 1(1.3)
Skin 4(2.4) 2(2.2) 2(2.5)
Unknown 41 (24.1) 22 (24.2) 19 (24.1)
Urinary 33(19.4) 23(25.3) 10 (12.7)
Wound 2(1.2) 0(0.0) 2(2.5)
CRP
1+ 12(7.2) 77.7) 5(6.3)  0.997%
2+ 35 (20.6) 18 (19.8) 17 (21.5)
3+ 123 (72.4) 66 (72.5) 57(72.2)
Coagulation study
Abnormal 28 (26.5) 11 (12.1) 17(21.5)  0.098*
Normal 142 (83.5) 80 (87.9) 62 (78.5)

tbased on t-test; tbased on Mann-Whitney test; *based on Chi-squared test;
**based on fisher exact test
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Table 2: Comparison of procalcitonin serum levels in terms of disease outcome

Outcome
Total (%) - - P
Discharged (%) Expired (%)
Procalcitonin level before antibiotic 10+8 9+6 129 o0.c64
administration 8 (0 to 42) 8 (0to 23) 8 (0t0 42) E
Procalcitonin level 6 hours after 1148 96 12+9 o.ont
antibiotic administration 8 (0 to 40) 7 (0 to 40) 9 (o to 40) 5
.33+84. .51+106. .98+50.
Change (%) 11.33+04.79 5.51#106.09 17.90%50.45 e
0 (-100 to 950) -5.28 (-75 to 950) 6.25 (-100 to 300)
Procalcitonin level 24 hours after 10+9 6+5 15+10
e L . <0.001%
antibiotic administration 8 (0 to 40) 6 (0to 24) 13 (0 to 40)
.5+82. -27.55+66. .07+79.
Change (%) PR 27-55%5031 51077913 <0.001%
-20 (-100 t0 400) -37.5 (-100 to 400) 34.89 (-100 to 300)
Status 47(29.9) 42 (48.3) 5(7.2)
11(7.0) 3(3.4) 8 (11.4) <0.001%
39 (24.8) 34(39.1) 5(7.2)
60 (38.2) 8(9.2) 52 (74.3)
L ) 66 (38.8) 2(2.2) 64 (81.0)
Clinical improvement in 48 hours <0.001*
P 4 104 (61.2) 89 (97.8) 15 (19.0)
tbased on Mann-Whitney test, *based on Chi-squared test
Table 3: Area under curve of procalcitonin level in several time points
Test result variable(s) AUC P 95%Cl
Lower Bound Upper Bound
Procalcitonin level before antibiotic administration 0.544 0.345 0.450 0.638
Procalcitonin level 6 hours after antibiotic administration 0.606 0.023 0.516 0.696
Procalcitonin level 24 hours after antibiotic administration 0.789 0.000 0.717 0.862
Ab.PH6 0.716 0.000 0.634 0.798
Ab.PH24 0.860 0.000 0.793 0.926

Table 4: Sensitivity and specificity of
procalcitonin in prediction of sepsis outcome

. Cutoff  Sensitivity = Specificity

Test result variable(s

© (ngimb) (%) %)
Procalcitonin level before 20.60 5
antibiotic administration 5 99 9
Procalcitonin level 6 hours after o 6 o
antibiotic administration 95 9 5
Procalcitonin level 24 hours
after antibiotic administration 6.50 67 Ee
Ab.PH6 1.61 79 56
Ab.PH24 -7.14 85 86
DISCUSSION

The present study is the first study to present concentration and
time cutoff points for procalcitonin serum levels and the time
to run the test. These cutoff points are a serum level of 6.5 ng/
mL and 24 hours after antibiotic administration, which will
contribute to more accurate follow-ups of treatment protocols
of patients with sepsis. Of course, further studies are necessary
so that these cutoff points can be used in new treatment
protocols. However, the researchers in the present study
hope that establishing such studies will open new horizons to
more accurately monitor patients with sepsis and to decrease
mortality rate due to such a condition, its lasting effects and the
financial toll on the patient and the health systems.

Sensitivity

1 - Specificity

Diagonal segments are produced by ties,

. Procalcitonin level before

— -after antibiotic

== Ab PHE

——Reference Line

Source of the Curve
antibiotic administration
Procalcitonin level 6hr
administration
Procalcitonin level 24 hr
after antibiotic
administration

Ab PH24

Figure 1: ROC curve for the evaluation of various time cutoff points in
predicting the outcome of sepsis or septic shock

The high mortality rate in the present study shows the
importance of the subject of the study. In the present study;,
unfortunately 46.4% of the subjects (79 patients) finally
succumbed to death, the majority of whom suffered from
septic shock. As explained in the “Introduction”, one of the
most common problems in emergency and ICU centres in
hospitals is the incidence of sepsis and its role in patient
mortality. Sepsis is one of the main and most important
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reasons for admissions into ICU centres, which prolongs
the stay at ICU and increases morality rate in such centres.!!

Several studies have evaluated the mortality rate due to
sepsis. Hasibi et al. showed in a 3-year study that the most
common reason for mortality is sepsis.!? They reported that
more attention should be paid to sepsis and it is necessary
for all the hospitals to employ experienced personnel and
make available diagnostic and treatment techniques round-
the-clock.’® During the past 10 years a large number of
studies have been carried out on procalcitonin, especially
in ICUs, all of which have attached great importance to
procalcitonin, in comparison to CRP, IL8, IL6 and neutrophil
counts, in determining the course and prognosis of sepsis
and SIRS, by emphasising the fact that it is a rapid and
reliable technique to initiate and terminate antibiotic
treatment.'*” In comparison to the results of the present
study, a study by Castell et al. showed a higher serum level
of procalcitonin in patients with infection.!® Luzzani et al.
reported that a 24-hour follow-up of procalcitonin level,
compared to CRP, is better correlated with the severity of
infection and organ deficiency.*® A study by Arkader et al.
showed that it is possible to differentiate sepsis from SIRS
by evaluation of serum levels of procalcitonin, which is
not possible by CRP serum levels.?’ In addition, Turgul
et al. showed that in patient with sepsis, septic shock and
SIRS procalcitonin is a more reliable marker compared to
CRP for the diagnosis of infection as a reason for systemic
inflammatory response.?!

Based on what was discussed, in the majority of studies
procalcitonin has been compared with CRP and the
majority have concluded that procalcitonin is a more
appropriate marker to make a distinction between bacterial
and non-bacterial reasons for inflammation.'®?? However,
some studies have shown that in critically ill patients, such
ameasurement is not always useful and the values obtained
have been less than the levels expected.?

Recent research indicates that the protocol of antibiotic
therapy based on serial checking of procalcitonin levels
can decrease the duration of antibiotic therapy in patients
with severe sepsis or septic shock. Based on the results
of these studies procalcitonin levels of 0.5-1.1 ng/mL
indicate SIRS and values higher than 1.1 ng/mL indicate
sepsis.’? In addition, a clinical trial showed that use of
procalcitonin marker for administration of antibiotics
resulted in a decrease in encounter with antibiotics and
duration of antibioticadministration compared to a control
group receiving antibiotics based on protocols available.?®
In addition, Long et al. showed that use of procalcitonin
levels in order to administer antibiotics, decreased use
of antibiotics up to 14% at admission, encounter with
antibiotics during the whole period up to 45% and duration
of treatment up to 2 days.?® Schuetz et al. reported similar
findings.?”3°

Five millilitres of blood are necessary in two episodes
for a blood culture procedure, which is a great volume in
infants. In addition, a delay of 48 hours in the diagnosis
and the need for a specific culture media for the majority of
microorganisms are other disadvantages of this diagnostic
method. In addition, microbial culture technique does
not reflect the host inflammatory response and organ
disorders.?!3?

CONCLUSIONS

[tis suggested that to differential diagnosis between sepsis
and SIRS due to an infectious disease, procalcitonin levels
be used, which is a better marker, for follow-up of treatment
and evaluation of response to treatment and decrease in the
use of antibiotics without any effects on clinical outcomes.
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