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Procalcitonin as a predictor of survival in patients with sepsis: A
study on diagnostic accuracy
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Objective: Role of serum procalcitonin (PCT) in critically ill patients is well defined for identification of bacterial infection but
it's role in prediction of survival is not well established. We studied plasma kinetics of PCT, over the first three critical care days
to validate its role in prediction of survival of patients with sepsis according to plasma level.

Methods: A prospective observational study was conducted in CCU (KGMU). Total 53 consecutive patients either sex were
recruited. Patients with systemic inflammatory response syndrome (SIRS) were recruited. PCT was measured on 1st and 3rd
days. We studied 50 days survival using Kaplan-Meier analysis and diagnostic accuracy of PCT using ROC analysis.

Results: In our study, PCT was statistically significantly higher in non-survivor patients compared to survivor patients (p<0.05).
ROC curve was made with PCT based on culture at both time intervals. On the basis of ROC curve, we determined a cut-off value
as 12.21 ng/ml of PCT on day 3 to predict sepsis with high sensitivity (93.7%) and specificity (71.4%). Area under curve (AUC)
was also higher observed at day 3 (AUC=0.864, p<0.001) compared to day 1 (AUC=0.658, p<0.05). According to Kaplan-Meier
curve, risk of mortality was by 83% (HR 0.17(95% 0.07-0.44)) lower in low sepsis category group (<12.21 ng/ml) compared to
high sepsis category group (>12.21 ng/ml).

Conclusion: According to our study results, we conclude that serum PCT has good clinical diagnostic and prognostic values in
prediction of survival in patients with sepsis. Kinetic studies of PCT can improve sensitivity and accuracy when evaluating the
prognosis of patients with sepsis as well as survival rate.
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Introduction with false positive or false negative results since they do
not reflect the host's reaction to inflammation. Due to these
shortcomings in existing blood tests and culture, researchers
have discovered additional markers that are more precise
and sensitive. Particular attention has recently been paid to
procalcitonin (PCT) as a distinct and early indicator of sepsis and

systemic inflammation in both adults and children (2).

An infection-induced combination of physiologic, pathologic,
and biochemical abnormalities known as sepsis is a serious
public health concern. In 2011, the US hospital industry spent
over $20 billion (5.2%) of its overall costs. Sepsis incidence
reports are rising, probably due to ageing populations with
more comorbidities, increased awareness, and, in certain cases,

coding that is more lenient on reimbursements. Sepsis is a
major cause of death and critical disease globally, however the
real prevalence is unknown and estimates are conservative (1).

Some inflammatory markers include C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), and white blood cell
count (WBC); however, their usefulness in bacterial infection is
limited due to their poor sensitivity and specificity. Furthermore,
although microbiological cultures are the gold standard for
diagnosing sepsis, their results can occasionally be confused

Hyperprocalcitoninemia is brought on by systemicinflammation
or infection and develops in 2-4 hours, peaks in 8-24 hours, and
lasts as long as the inflammatory process lasts. Since PCT has a
half-life of roughly 24 hours, concentrations return to normal as
soon as the patient recovers.

Furthermore, a number of studies have demonstrated that
the consistent application of PCT for sepsis positively affects
the decrease in antibiotic treatment, hence enabling a shorter
intensive care unit (ICU) stay and lowering case expenses (3, 4).
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Therefore, the aim of the study was evaluate the diagnostic
accuracy of PCT as a biomarker in the ICU unit to predict survival
in patients with sepsis at our tertiary care center.

Methods

This was a prospective observational study conducted in
the critical care unit at King George Medical University, after
approval from the institute’s Ethical committee. The study was
conducted over the period of 1 year (June 2016 - June 2017).
We enrolled 53 patients based on inclusion as well as exclusion
criteria. These patients were divided into two groups: survivors
and non-survivors. Enrolled patients provided inform consent.

Atotal of 53 patients of either sexin the age group of 12-85 years,
fulfilled the criteria for sepsis (inclusion criteria) as followings:

Inclusion Criteria

The clinical parameters include two or more the following: Fever
(>38° C) or hypothermia (<36° C), increased heart rate (>90
beats/min), tachypnea (>20 breaths/min) or hyperventilation
(PaCO2 < 32 mmHg), and altered white blood cell count
(>12,000 cells/mm3 or <4000 cells/mm3) or presence of >10%
immature neutrophils.

Exclusion Criteria: (1) patient not giving consent (2) Post
cardiopulmonary resuscitation patients (3) Patients referred
from other intensive care unit and (4) liver disease

Baseline variables

A detailed history, demographic, clinical and laboratory
(including WBC, hemoglobin, CRP and PCT findings, and
complications were noted.

Sample collection and measurement of PCT

Sample for Procalcitonin was collected at the time of admission
(day 1) and at day 3.

PCT calculation

We determined PCT via Elecsys BRAHMS PCT assay for early
detection of sepsis.

Test principle: Sandwich principle. Total duration of assay: 18
minutes

1st incubation: Antigen in the sample (18 L), a biotinylated
monoclonal PCT specific antibody, and a monoclonal PCT
specific antibody labeled with a ruthenium complex {Tris(2,2'-
bipyridyl) ruthenium(ll)-complex (Ru(bpy))} react to form a
sandwich complex.

2nd incubation: After addition of streptavidin-coated
microparticles, the complex becomes bound to the solid phase
via interaction of biotin and streptavidin.

The reaction mixture was aspirated into the measuring cell
where the microparticles were magnetically captured onto
the surface of the electrode. Unbound substances were then
removed with ProCell/ProCell M. Application of a voltage to the
electrode then induces chemiluminescent emission which was
measured by a photomultiplier.

Results were determined via a calibration curve which was
specifically generated by 2 point calibration and a master curve
provided via the reagent barcode.

Measuring range of Elecsys BRAHMS PCT assay is 0.02 - 100 ng/
mL (defined by the limit of detection and the maximum of the
master curve).

Statistical analysis

Statistical analysis was done by SPSS 26.0 version (IBM SPSS
.ing, Chicago). Categorical data are represented as number with
percentage whereas continuous data are represented as mean
with standard deviation. Chi- square test was used for categorical
variables comparison test. Mann-Whitney test was used for non-
parametric data analysis. To predict a cut off value for diagnosis,
we were used ROC curve analysis. Cox proportional regression
analysis was useful to predict hazard risk (HR) of mortality
based on PCT categories and Kaplan-Meier survival analysis
(Log Rank test) was used to estimate survival rate. A p<0.05
value considered as a significant value for analysis.

Results

We were performed a prospective observational study between
June 2016 to June 2017 at our institute. For this study, we were
enrolled 53 patients during this study period based on inclusion
and exclusion criteria of our study design. Among them 60.38%
were non-survivors whereas 39.62% were survivors.

Overall mean age of the survivor and non-survivor patients
was respectively as 49.43 (21.85) years and 39.69 (15.38) years.
Among non-survivor patients, 79.17% were females whereas
44.83% were was males, and the difference was statistically
significant (p=0.011).

We carried out laboratory investigations among 53 patients at
day 1 and day 3, including followings parameters: hemoglobin,
WBC, CRP and PCT. We were did observed significant differences
in HB levels between survivor and non-survivor patients at day 1
(p=0.1370) as well as day 3 (p=0.7920).

ROC curve

Based on sepsis culture, we performed ROC curve analysis with
PCT as well as CRP at both interval s (Day 1 and Day 3). Using
ROC curve, we evaluated sensitivity and specificity of PCT (day
1) and PCT (day 3) as followings: (93.7%, 47.6%), (93.7%, 71.4%).
We observed that specificity also increased during day 3 to day
1 period. In this study, a cut off value for PCT at day 1 and day
3 respectively was < 20.8 ng/ml and < 12.21 ng/ml. The ROC
curve analysis showed significant diagnostic value of PCT in
prediction og sepsis complications at both intervals (day 1 and
day 3) but the highest AUC was at day 3 (AUC=0.864, p<0.001)
followed by day 1 (AUC=0.658, p<0.05). (Fig. 1, 2).
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Figure 1. ROC Curve of procalcitonin at day 1 (AUC=0.864,
p<0.001)
AUC - area under the curve, PCT- procalcitonin

Survival analysis

In this study, we performed Kaplan-Meier survival curve analysis
based on mortality with high and low PCT values at both time
intervals (Day1 and Day3). We also used cut-off value, which
evaluated based on ROC curve analysis at both time periods.
Above the cutoff value was considered as high category PCT
whereas below the cutoff value considered as low category. Cox
proportional regression analysis was useful to predict hazard
risk (HR) of mortality based on PCT categories. In this study, we
observed that high category PCT levels statistically significantly
predicted mortality at both intervals: day 1 (Log rank test x2 =
13.69; HR (95%Cl) = 0.11 (0.4-0.36) and day 3 (Log rank test x2
=13.81; HR (95%Cl) = 0.17 (0.07-0.44) (Fig. 3, 4).
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Figure 2. ROC Curve of procalcitonin at day 3 (AUC=0.658,
p<0.05)
AUC - area under the curve, PCT- procalcitonin

Discussion

In order to identify and evaluate disease prognosis, research
efforts are currently concentrated on PCT-level kinetics and CRP-
level kinetics (3, 4). The body maintains a relative equilibrium
with very low levels of serum PCT and CRP under normal
physiological conditions. The host's reaction to the infection
results in a significant rise in serum PCT and CRP levels when
sepsis is brought on by an inflammatory stimulus induced by a
bacterial infection. In sepsis patients, PCT is a useful biochemical
measure of the extent of infection. Sepsis or septic shock are
indicated by a PCT of 2 ng/mL (5-7). CRP levels can rise more
than 100 times over baseline levels, signifying an ongoing
illness.

Low (<20.80 ng/ml)
High (>20.80 ng/ml)

Figure 3. Kaplan-Meier survival curves based on PCT levels at day 1

PCT- procalcitonin
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Figure 4. Kaplan-Meier survival curves based on PCT levels at day 3

PCT- procalcitonin

It has been observed that despite the use of optimal supportand
better strategy, the mortality rate in sepsis still remains high. To
diagnose sepsis early in addition to clinical examination, various
strategies are used in ICU (APACHE Il and SOFA scores, sepsis
markers, culture and sensitivity tests etc.).

Our study showed that sepsis marker could be the better choice
in some overlapping or masked conditions.

A study done by Hamade and Huang in 2019 describes a
conceptual framework of biomarker using lesson from history
of troponin and use this concept to procalcitonin (8).

Physiology of procalcitonin

A propeptide of calcitonin with no hormone activity is called
procalcitonin, a glycoprotein. Under normal conditions, the
thyroid gland's C-cells synthesize this 116 amino acid protein,
which has a molecular weight of 13 kD (9, 10). A particular
protease then cleaves procalcitonin, vyielding calcitonin,
katacalcin, and an N-terminal residue (9). Procalcitonin has
a lengthy half-life of 25-30 hours in serum (11), compared to
the short half-life of calcitonin (10 min). Procalcitonin levels in
healthy people are negligible (<0.1 ng/ml). Procalcitonin, which
is largely produced by extra-thyroid tissues, can reach levels of
above 100 ng/ml during severe infections (bacterial, parasitic,
and fungal) with systemic symptoms. Therefore, during a severe
viral episode (12), people who have previously undergone a
total thyroidectomy can still produce significant quantities of
procalcitonin. The exact site of procalcitonin production during
sepsis is uncertain; one investigator, using katacalcin antibodies,
has identified procalcitonin-like activity in human leukocytes,
(13) others suggest neuroendocrine cells and the lungs (14,15)
as possible sites of production. Remarkably, the large amounts
of procalcitonin produced during infections do not lead to an
increase in plasma calcitonin levels or activity (12).

Many studies have validated the use of PCT for risk stratification
in the ICU and the emergency department. This study was

conducted to investigate the potential role of PCT as early
predictors of survival in sepsis.

Role of PCT in survival

Positive correlation of inflammatory cytokines with PCT and
its role in survival was proved in past studies. Meisner et al.
(13) found that PCT of non-surviving patients was initially not
different from that of survivors but significantly increased after
the fourth day following onset of the disease. Similarly, in a
study of Seligman et al. (14), it was concluded that measurement
of PCT and CRP at onset and the fourth day of treatment can
predict the survival.

Karlsson et al. (16) showed that PCT concentrations did not differ
between hospital survivors and non-survivors but mortality
was lower in patients whose PCT concentration decreased >
50% (by 72 hours) compared to those with a < 50% decrease in
PCT. Schuetz et al. (15), suggested that monitoring PCT kinetics
in the first 72 hours of critical care provides information that
may potentially help, early transfer and therapy intensification
decisions. Mat et al. (17) in 2014 demonstrated that serum PCT
measured within 24 hours of ICU admission was associated with
diagnosis of sepsis; however, it was not predictive of mortality
but dynamic changes in PCT at 48 hours (PCT clearance)
predicted survival.

A meta-analysis done by Tan M et al. in 2019 (18), evaluated
role of CRP and procalcitonin in sepsis and they concluded that
diagnostic accuracy of PCT was higher than CRPs (18). In same
year Song et al. (19) undertook a prospective controlled study
to compare prognostic role of interleukin-6 (IL-6), pentraxin
and PCT in sepsis. Their study showed that IL-6 was superior
to penteaxin-3 and PCT (19). As IL-6 is not readily available
everywhere, and also costly so treatment cost will have
increased, in contrast PCT, it easily available and cost-effective.
Cong et al. in 2021 (20) conducted a meta-analysis to evaluate
accuracy of neutrophil CD64, PCT and IL-6 for diagnosis of
sepsis. They concluded in their study that neutrophil CD26 had
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highest diagnostic value followed by PCT and IL-6. PCT had
better diagnostic potential for diagnosis of sepsis in patients
with severe condition compared with non-severe condition
(20). Westwood M et al. (21), performed a systemic review for
PCT- guided antibiotic therapy and cost effective analysis and
they found PCT- guided treatment had a probability of >84% of
being cost effective in their setting.

Nylen et al. (22) denoted that PCT, being an important marker
of severity of systemic inflammation and mortality, also is an
integral part of the inflammatory process and directly affects
the outcome. Similarly, Luzzani et al. (23) also shows that course
of PCT shows a closer correlation with the severity of infection
and organ dysfunction.

Na et al. (24) observed PCT level and CRP level during four
intervals at (Day 1, Day 2 Day 3 and Day 5). At all the intervals,
he found that non-survivor patients had PCT values significantly
higher compared to survivor patients. Our study findings are
similar to the findings of this study.

In our study, area under ROC curve was used to predict sepsis
outcome with the help of PCT at day 1 (AUC=0.827, p<0.001),
day 3 (AUC=0.864, p<0.001) and observed between difference of
day 1 and day 3. Area under curve based cutoff value observed
during day 1 and day 3 as followings: <20.8 ng/ml and <12.21
ng/ml.

During day 3 we observed higher area under curve value
compared to day 1. Our study results are in agreement with
the study results reported by Rey et al. (25). He found median
plasma concentration during systemic inflammatory response
syndrome (SIRS), localized infection, sepsis, severe sepsis, and
septic shock groups followings respectively as: 0.17 ng/ml ,0.43
ng/ml,0.79 ng/ml, 1.80 ng/ml, 15.00 ng/ml and 19.13 ng/ml.
We observed higher sensitivity and specificity level at day 3
compared to day 1.

We used cutoff value from ROC curve in survival prediction by
Kaplan-Meier analysis. We found that PCT at day 3 [Log rank
testy2 = 13.69; HR (95%Cl) = 0.11 (0.4-0.36), p= 0.0002]predicts
better survival compared to day 1 [Log rank test x2 = 13.81; HR
(95%Cl) = 0.17 (0.07-0.44), p=0.0002]. In our study, PCT value
(>12.21ng/ml) at 72 hours had higher mortality rate compared
to PCT value (< 12.21 ng/ml). Cui Na et al. (24) also found similar
study results with our study findings. Another study of Hegazy
et al. (26) revealed that a group of patients with PCT value of
>19ng/ml had higher mortality compared to another group.

Study limitations

This study has several limitations. The number of patients
included in the study is small and our study is also a single
-center study. A multi-center study involving larger patient
population may confirm our findings. Some patients might
have had malignancy or surgical complications, such as acute
liver failure after hepatectomy, so in these patients bacteremia
was not cause of death. To assess the value of PCT for predicting
survival in severe bacteremia, it might be acceptable to consider
sepsis-related mortality.
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Conclusion

Early recognition and the start of antibiotic treatment, fluid
resuscitation, source control, and close patient monitoring
remain the cornerstone of care to lower sepsis related morbidity
and mortality. PCT has a good diagnostic and prognostic value
in prediction of mortality in sepsis patients. Instead of looking
PCT value at day 1, day 3 PCT value increases sensitivity for
diagnosis of sepsis related mortality and better predicts survival.
Therefore, before culture arrived we can easily have diagnosed
complications of sepsis and save our patients.
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