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Objective: To assess the prognostic utility of procalcitonin (PCT) in high-risk sepsis patients.

Methods: A retrospective cohort study was conducted with the inclusion of all eligible intensive care unit patients with Sequential
Organ Failure Assessment (SOFA) score of 2 or more.

Results: A total of 228 patients were acquired from January 2018 to December 2020, with male predominant (58.8%), mean age of
53.61 years old. The overall 28-day mortality was 57.5%. In the group with PCT > 7 ng/mL, 28-day mortality was 68.5% (87 patients
out of a total of 127). Cox regression showed that in this group, the risk of mortality occurring within 28 days from the day of ICU
admission was 1.55 times higher (95% CI 1.074-2252, p value 0.02). Independent sample #-test showed that in this group, the mean
SOFA score was higher by 2.279 (95% CI 1.497-3.060, p value <0.001).

Conclusion: Procalcitonin levels are associated with mortality and SOFA scores in sepsis patients. Further studies need to be carried
out to provide more evidence so that it can help reduce the mortality and morbidity of sepsis.
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Introduction

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to infection. Sepsis is a global
health crisis, with an estimated 31.5 million cases per year. The mortality rate for sepsis ranges from 20% to 80%.
Hospital costs due to sepsis in the United States in 2011 were $20 billion." The increasing incidence of sepsis as well as
its high mortality and morbidity have an impact on the burden of health services. The body’s response to sepsis is
complex, and not all patients respond similarly. Therefore, one of the challenges of treating sepsis is the identification of
patients at higher risk, who might benefit from close monitoring and intensive therapy. The use of biomarkers can be
a solution to these challenges.” Many biomarkers are available for sepsis but data regarding appropriate biomarkers for
risk identification in patients with sepsis are lacking.

Measurement of sepsis biomarkers can help to make early intervention and can reduce the risk of death.
Compared to various other biomarkers, procalcitonin (PCT) has a good diagnostic value for sepsis. Plasma PCT
concentrations increase very rapidly (6—12 hours) after infection. Plasma PCT concentrations are also indirectly
related to the severity of sepsis and systemic inflammatory reactions. In addition, the elimination of PCT indicates
the course of the disease and successful treatment. Several studies emphasize the importance of the role of PCT as
a biochemical marker for early detection of the infectious process in critically ill patients and also has several
other functions such as a prognostic factor for sepsis.® PCT research as an outcome predictor can help determine
more optimal treatment and can improve the outcome of sepsis. In addition, existing data can also help in
reducing the burden of sepsis. Therefore, the current study aims to assess the prognostic utility of procalcitonin
(PCT) in high-risk sepsis patients.
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Methodology

Study Design

This is a retrospective cohort analytic observational study in patients with sepsis in the intensive care unit (ICU) of
a tertiary hospital. This study began with an assessment of PCT levels in patients with sepsis either when the patient
arrived at the hospital or when the patient was admitted to the ICU. Data on PCT levels were identified based on medical
records. The research subjects were divided into 2 groups according to previous study, namely the group with high PCT
(>7 ng/mL) and the group with low — moderate PCT (<7 ng/mL).* Each group was followed-up through medical records
for 28 days after being admitted to the ICU and assessed on life/death status and Sequential Organ Failure Assessment
(SOFA) scores. The current study design was approved by the research committee of Universitas Udayana/Sanglah
General Hospital (approval number 2651/UN14.2.2.VII.14/LT/2021), and individual consent was obtained from all study
participants. This study complies with the Declaration of Helsinki and its amendments.

Study Population

All patients aged 18 years and over who were admitted to the ICU from January 1, 2018 — December 31, 2020 with
clinical infection admitted to the ICU and signs of organ dysfunction, namely a SOFA score of 2 or more, were examined
for PCT levels during the treatment period at the hospital. These patients were eligible for inclusion in this study. Patients
were excluded if there was no medical record data at the expected time.

Data Collection and Laboratory Diagnostics

PCT measurements were taken from electronic medical records either when the patient arrived at the hospital or when the
patient was admitted to the ICU. In this study, patients were divided into two groups based on PCT values, namely the
group with high PCT (>7 ng/mL) and the group with low — moderate PCT (<7 ng/mL).* The Sequential Organ Failure
Assessment (SOFA) score was measured the same day after the PCT examination or the day after. Where individual
components of SOFA score were missing, no contribution was made to the total score (eg, equivalent to assigning 0 or
imputing a normal value). The SOFA value used is the daily maximum SOFA score, which is the highest score for each
parameter in the measurement period.” Mortality was assessed from the patient’s life/death status, which was seen from
the incidence of mortality within 28 days after being admitted to the ICU divided into survivors and non-survivors.
Morbidity was assessed by the degree of organ dysfunction described by the SOFA score. Sepsis was defined according
to the Sepsis-3 criteria.

Microbiological cultures were taken during the treatment period and viewed based on electronic medical records.
Pathogens were grouped into Gram-positive bacteria, Gram-negative bacteria, and fungal. The focus of infection was
identified retrospectively taking into account all available clinical and microbiological data. History of comorbid disease
was assessed by the Charlson comorbidity index (CCI) which assessed 19 diseases with a value of 0-33.° Other data
recorded were the type of ICU admission (medical/surgical) as well as a history of antibiotic use before procalcitonin
examination.

Statistical Analysis

Descriptive analysis aims to describe the characteristics of the subjects and research variables as well as describe PCT
levels in sepsis patients in the ICU. The results of the descriptive statistical analysis are presented in a cross-distribution
table so that the comparability of the characteristics of the subjects between the groups is seen. The comparative analysis
of proportions aims to compare the proportion of mortality and SOFA scores between the high PCT group and the low—
moderate PCT group. The statistical test used to compare mortality is the Chi square test, resulting in a relative risk (RR)
value. The statistical test used to compare the SOFA scores is the independent sample ¢-test. Cox proportional hazard
regression analysis aims to assess the effect of high PCT on the occurrence of mortality and take into account SOFA
scores and control for confounding variables. The measure obtained from this analysis is the adjusted relative risk (ARR).
Conclusions are drawn with 95% Confidence Interval (CI) and p value at <0.05. All stages of data analysis above using
the statistical software SPSS 26.
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Results

Characteristics of Research Subjects

This retrospective cohort study involved 228 patients at high risk of developing sepsis obtained from 1 January 2018 to
31 December 2020. The average age of the overall patients is 53.61 years (Table 1). The majority of the patients were
male with 134 patients (58.8%) while female patients amounted to 94 patients (41.2%). Medical ICU admissions were
121 patients (53.1%), while surgical ICU admissions were 107 patients (46.9%). The most common primary diagnoses in
the ICU were infection/sepsis in 69 patients (30.3%). The 28-day mortality rate obtained in the entire patient was 57.5%,
calculated from the first day the patient was admitted to the ICU. The length of stay of patients in the hospital is 2-92
days (mean 23.77 days), and the length of stay in the ICU is 1-85 days (mean 16.33 days).

PCT levels of all patients with a minimum value of 0.03 and a maximum value of 567 (mean 44.62 + 84.95)
(Table 2). Patients who fall into the high PCT group category >7 ng/mL are 127 patients (55.7%) and patients who fall
into the category of the low-moderate PCT group are 101 patients (44.3%). From the quick Sequential Organ Failure
Assessment (QSOFA) score assessment, the minimum value is 0 and the maximum value is 3 (mean 2.45). SOFA score
assessment obtained a minimum score of 2 and a maximum value of 17 (mean 7.1). From the CCI scores, the majority of

Table | Baseline Characteristics

Variable N Survivor (n = 97) Non-Survivor (n =131)
Age

Mean (years) 53.61 + 164 50.21 + 16.03 56.13 + 16.27
Gender

Male 134 (58.8%) 56 (57.7%) 78 (59.5%)
Female 94 (41.2%) 41 (42.3%) 53 (40.5%)
Length of stay in the hospital 2377 £ 17.22 35.88 + 18.23 14.8 + 9.06
Length of stay in the ICU 16.33 + 15.26 24.05 + 19.375 10.61 £7.20
ICU admission

Medical 121 (53.1%) 50 (51.5%) 71 (54.2%)
Surgical 107 (46.9%) 47 (48.5%) 60 (45.8%)

Table 2 Procalcitonin and Score Distribution Among Survivor and Non-Survivor

Dove!

Variable N Survivor (n = 97) | Non-Survivor (n =131)
PCT level 44.62 + 84.95 | 24.90  53.61 59.22 + 99.87
PCT category
PCT 27 127 (55.7%) 40 (41.2%) 87 (66.4%)
PCT <7 101 (44.3%) 57 (58.8%) 44 (33.6%)
qSOFA score 2.45 £ 0.56 2.25 £ 0.60 2.6 £ 0.49
SOFA score 7.1 £325 5.49 £ 238 829 + 330
CCl score 3.52£226 3.03£224 3.88 £ 221
Comorbidity category based on CCI score
None (0) 23 (10.1%) 16 (16.5%) 7 (5.3%)
Low (1-2) 59 (25.9%) 25 (25.8%) 34 (26%)
Medium (3-4) 70 (30.7%) 35 (36.1%) 35 (26.7%)
High (=5) 76 (33.3%) 21 (21.6%) 55 (42%)
International Journal of General Medicine 2022:15 htps: 4919
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patients had high comorbidity as many as 76 patients (33.3%). Before the PCT examination, the majority of the patients
had received antibiotic therapy, 212 patients (93%) (Table 3). Based on data related to infection characteristics, the most
common organ system as the focal infection was the lung in 198 patients (86.8%) and the majority of isolated organisms
were Gram-negative bacteria in 211 patients (92.5%). Tables 1-3 show a comparison of data between the survivor and
the non-survivor.

Relationship Between PCT Levels and Mortality
Bivariate analysis was performed to compare 28-day mortality by PCT category with the Chi-square test. In the group
with high PCT (=7 ng/mL), 87 patients died within 28 days after ICU admission (68.5%) and 40 patients were alive
(31.5%). From the group with low to moderate PCT (<7 ng/mL), 44 patients died within 28 days after ICU treatment
(43.6%) and 57 patients were alive (56.4%). These differences showed that PCT > 7 ng/mL had a strong correlation with
the incidence of death within 28 days after ICU admission with RR 1.572, p value <0.001 (Table 4).

Multivariate analysis was performed with 28-day mortality as the dependent variable. The independent variable used
was PCT levels >7 ng/mL. By using Cox regression analysis, even after controlling for confounding variables namely

Table 3 Infection-Related Characteristics

Variable N Survivor (n = 97) Non-Survivor (n =131)

History of antibiotic use

Yes 212 (93%) 86 (88.7%) 126 (96.2%)
No 16 (7%) I (11.3%) 5 (3.8%)
Focal infection

| organ system 104 (45.6%) 41 (42.3%) 63 (48.1%)
2 organ systems 93 (40.8%) 38 (39.2%) 55 (42%)
>2 organ systems 31 (13.6%) 18 (18.6%) 13 (9.9%)

Infected organ systems

Pulmonary 198 (86.8%) 86 (88.7%) 112 (85.5%)
Cardiovascular 96 (42.1%) 45 (46.4%) 51 (38.9%)
Urogenital 51 (22.4%) 26 (26.8%) 25 (19.1%)
Gastrointestinal 16 (7%) 6 (6.2%) 10 (7.6%)
Musculoskeletal 25 (11%) 12 (12.4%) 13 (9.9%)
Neurology 5 (2.2%) 2 (2.1%) 3 (2.3%)

Microorganism

| category 162 (71.1%) 67 (69.1%) 95 (72.5%)
2 category 58 (25.4%) 24 (24.7%) 34 (26%)
3 category 8 (3.5%) 6 (6.2%) 2 (1.5%)

Cultured microorganisms

Gram negative bacteria 211 (92.5%) 94 (96.9%) 117 (89.3%)
Gram positive bacteria 52 (22.8%) 24 (24.7%) 28 (21.4%)
Fungal 39 (17.1%) 15 (15.5%) 24 (18.3%)

Table 4 Comparison of the Proportion of 28-Day Mortality by PCT Category

Variable 28-Day Mortality RR 95% ClI P value
Non-Survivor Survivor

PCT 27 87 (68.5%) 40 (31.5%) 1.572 1.223-2.022 <0.001

PCT <7 44 (43.6%) 57 (56.4%)

Abbreviations: RR, relative risk; Cl, confidence interval.
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age, gender, history of antibiotic use, number of microorganisms, ICU status, CCI score; PCT level >7 ng/mL is
a variable that correlates with 28-day mortality with an ARR of 1.555, p value 0.02 (95% CI 1.074-2.252) (Table 5).

The Relationship Between PCT Levels with SOFA Score

An assessment of the morbidity aspect of sepsis was carried out by comparing the SOFA scores based on the PCT
category. Using the independent sample #-test, the mean + SD in the PCT group >7 ng/mL was 8.11 + 3.3, and the mean +
SD in the PCT group <7 ng/mL was 5.83 + 2.7. There was a significant difference in the mean SOFA score in the two
groups of 2.279 with CI 1.497-3.060 and p value <0.001.

Discussion

Mortality as one of the endpoints of the disease course is a good and clear research benchmark for researching a disease.
The use of short-term mortality or 28 days is the period most often used, especially in sepsis which is an acute critical
illness. Current study strengthened the evidence of PCT utility in high-risk sepsis patients. 28-day mortality in sepsis
patients in the ICU was 57.5%. This figure is similar to a retrospective multi-center study in Indonesia where 58.3% of
14,076 sepsis patients died.’

Based on several studies, several risk factors have a role in increasing mortality in sepsis patients. PCT level is
a strong indicator of mortality because it describes the degree of inflammation experienced by the patient. Previous
studies showed that PCT levels of 7 ng/mL had 2.6 times higher risk of death (p = 0.02).* The results of multivariate
analysis controlling for these factors that may affect mortality in sepsis showed that PCT levels of 7 ng/mL had a strong
correlation with 28-day mortality, which was statistically significant. Patients with a PCT of 7 ng/mL had a 1.55-fold risk
of death within 28 days of ICU admission, p-value of 0.02.

PCT is released by parenchymal cells, including liver, kidney, adipocyte, and muscle cells in response to toxins from
bacteria, causing levels to increase (up to 5000 times) within 2 to 4 hours.” The biological effects of PCT on the host
immune system have not been fully elucidated. However, there are several effects of PCT studied, including increasing
the expression of surface markers of neutrophils and lymphocytes (CD16 and CD14) which indicate the movement of
intracellular secretory vesicles towards the cell surface, increasing the concentration of intracellular calcium ions that
facilitate the host response, decreasing the phagocytic activity of neutrophils in a dose-dependent manner, causes a dose-
dependent increase in inflammatory cytokines, increases the malfunction of neutrophils, lymphocytes, and macrophages,
acts as a potent trigger of the inflammatory cascade, increases body temperature and locomotor activity, affects energy
homeostasis of the hypothalamus and pituitary gland, increases vasodilation and decreases renal function and cardio-
vascular stability. These effects can affect the course of the disease in sepsis patients and are also associated with
morbidity and mortality.®

In a previous study, old age had a higher risk of mortality (adjusted OR 1.05) and surgical patients had a lower risk
(adjusted OR 0.35).? There are differences in the results found in this study, variables such as age, history of antibiotic use,
number of microorganisms that cause infection, and ICU status were not proven to be significant risk factors for mortality in 28
days of ICU treatment, p value >0.05. Comorbidity described by the CCI score was also not proven to be a risk factor for

Table 5 The Results of Cox Regression Analysis of the Relationship Between PCT Levels and 28-Day Mortality
After Controlling for Confounding Variables

Variable Adjusted Relative Risk 95% CI P value
PCT 27 1.555 1.074-2.252 0.02
Age 1.009 0.994-1.023 0.254
Gender 1.056 0.736—1.515 0.768
History of antibiotic use 0.535 0.217-1.323 0.176
Microorganisms 0.875 0.624-1.228 0.44
ICU admission 1.044 0.726-1.501 0.817
CCl score 1.024 0.925-1.135 0.647

Abbreviation: Cl, confidence interval.
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mortality at 28 days in line with the study by Huddle et al, where the CCI score only had a role in predicting mortality at 1 year
in sepsis patients with an area under the curve (AUC) 0.71 (95% CI 0.61-0.81)."°

In this study, there was no difference in the risk of mortality between men and women. Nasir et al reported an
increased risk of mortality in male patients with an RR of 1.73.'" Animal studies showed that female have a better
immune and cardiovascular response than male. However, several epidemiological studies have shown inconsistent
results where there is no difference between the two genders, a higher risk for men, and a higher risk for women.
Inconsistent results may stem from differences in study design, small number of research subjects, and wide sample
selection. Based on the theory from previous studies, women with higher estrogen levels should have a lower risk of
sepsis mortality. However, sepsis itself was found to trigger an increase in estradiol concentrations through the adrenal
stress response and peripheral aromatase activity so estrogen may also have harmful pathological effects in sepsis.'?

Morbidity in sepsis described by SOFA scores was compared by PCT category. Using the independent sample #-test,
the mean + SD in the PCT group >7 ng/mL was 8.11 + 3.3, and the mean + SD in the PCT group <7 ng/mL was 5.83 +
2.7. There was a significant difference in the mean SOFA score between the two groups of 2.279 with 95% CI 1.497—
3.060 and a p value <0.001. This is in line with that reported by Novita et al, where there is a significant correlation based
on the Spearman correlation test between SOFA scores and PCT levels (r = 0.752, p value <0.0001)."?

There are several limitations in this study. Firstly, the study design was retrospective, so there were some limitations
that it could not evaluate several variables, such as a specific history of previous antibiotic use, as well as one of the
parameters of the SOFA score that was not examined when the patient was undergoing treatment. This study only
assessed PCT levels at one point, and did not assess trends in PCT-level changes and their relationship to outcomes.

In conclusion, high PCT levels have a higher risk of mortality at 28 days in sepsis patients in the ICU and higher PCT
levels were associated with higher SOFA scores in sepsis patients. Age, gender, history of antibiotic use, number of
microorganisms causing infection, and ICU status were not proven as statistically significant correlated variables. Further
research is needed to determine the relationship between the trend of PCT values in the course of the disease and its
relationship to the outcome, as well as other factors that may affect PCT and outcome in patients with sepsis.
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