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Procalcitonin and Other Inflammatory Markers in Patients with
Sepsis and Septic Shock: A Single-center Experience
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Objective: The objective of the study was to compare the diagnostic value of serum procalcitonin (PCT), C-reactive protein (CRP), lactic acid,
and white blood cells (WBC) as markers of sepsis in critically ill patients in the main tertiary hospital in Qatar. Materials and Methods: The
PCT levels and other inflammatory markers (CRP, lactic acid, and WBC) were retrospectively reviewed in 137 consecutive adult patients with
a suspected diagnosis of sepsis who admitted to the Internal Medicine inpatient service (i.e., Medical Wards and Medical Intensive Care Unit)
at Hamad General Hospital, Qatar. The serum PCT was measured by chemiluminescence immunoassay and the results were compared with
commonly used inflammatory markers between the patients with and without proven sepsis. Results: A significantly higher PCT level was
observed among patients with severe sepsis and septic shock compared to those without sepsis (19.34 + 50 and 25.91 + 61.3 vs. 4.72 £ 10,
respectively; P = 0.011). No significant differences were found in CRP and WBC between these groups. Nonsurvivors of both septic and
nonseptic groups had a mean PCT level of 22.48 + 8.26 significantly higher than that measured in survivors of both the groups (P =0.01), a
difference not evident in other inflammatory parameters. Conclusions: PCT is a highly efficient inflammatory laboratory parameter for the
diagnosis of severe sepsis and septic shock, but WBC and CRP levels were of little value. PCT value assists in the diagnosis of septic shock,
hence supporting appropriate disposition of patients. The levels of PCT also have prognostic implications with regard to mortality suggesting
intensification of antibiotic therapy and supportive measures including appropriate family counseling.
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INTRODUCTION Parenchymal cells (including the kidney, liver, lung, muscles,
and adipocytes) provide the main source of circulating PCT
in sepsis.”! PCT is detectable 3—4 h after an inflammatory
stimulus and peaks at 14 h and the remaining elevated
for 24 h, with a half-life in the serum of 22-35 h.B! The
pathophysiological role of serum PCT during sepsis is not
clear.[*]

Sepsis, severe sepsis, and septic shock are the spectra of the
deleterious host response to infection. Even with optimal
treatment, mortality due to severe sepsis or septic shock
is approximately 40% and can exceed 50% in the sickest
patients.l'! Patients with systemic infection and organ
dysfunction or shock are often difficult to distinguish from
patients with similar clinical signs and laboratory finding but ~ PCT has been studied extensively, and its efficacy as a
without infection. marker of bacterial infection and critical illness has been

Serum procalcitonin (PCT), normally produced in the C-cells proved. As positive bacteriological results may be caused by
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extra-thyroid tissues as high levels of PCT are found even
in those patients who have undergone total thyroidectomy.
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contamination and negative results do not exclude sepsis, a
sensitive biomarker helps to guide treatment decisions.

In Qatar, there has been a large expat population from different
parts of the world. The aim of the present study was to assess
the efficacy of PCT and compare it with routinely used
inflammatory markers (i.e., C-reactive protein [CRP], lactic
acid, and white blood cells [WBC] count) for the diagnosis
and prognosis and compare their clinically informative values
in these patients.

MareriaLs AND METHODS

This retrospective observational study was conducted at
Hamad General Hospital, Hamad Medical Corporation,
Qatar. The PCT levels and routinely used inflammatory
markers (i.e., CRP, lactic acid, and WBC) were measured
in 137 consecutive adult patients with a suspected diagnosis
of sepsis who admitted to the Internal Medicine Inpatient
Service (i.e., Medical Wards and/or Medical Intensive Care
Unit) during the period. The inclusion criteria to the study
include: (1) adult patients above 18 years of age, (2) the
laboratory data for the inflammatory markers including
PCT were collected at the time of hospital admission before
specific treatment inform of antibiotics was started, and
(3) data were collected also at least twice a week during
the whole hospital stay. Patients with liver cirrhosis and/or
on hemo- or peritoneal dialysis were excluded from the
study due to the conflicting evidence on cutoff value of
PCT in cirrhotic patients!® and variation of PCT values
in relation to dialysis.[”? The serum PCT was measured
by chemiluminescent immunoassay, and its cutoff value
for sepsis at our center was 0.5 ng/ml. Demographic
characteristics, underlying etiology, microbiology data,
and biochemical markers were the main study parameters.
Data were collected using an approved form, and the study
was approved by the Ethical Committee of Hamad Medical
Corporation (Approval #13282/13). Systemic inflammatory
response syndrome (SIRS) is diagnosed in the presence of
more than one of the following: (1) temperature higher than
38°C or lower than heart rate or higher than 90 beats/min
and (2) hyperventilation evidenced by respiratory rate higher
than 20/min or arterial partial pressure of arterial carbon
dioxide lower than 32 mmHg. Sepsis defined as SIRS plus
infection. Septic shock is defined as sepsis with arterial
hypotension despite adequate resuscitation.®

Statistical analysis

Descriptive statistics in the form of mean, standard deviations
(SD), and frequency with percentages were calculated for
interval and categorical variables, respectively. Chi-square
tests between categorical variables and Student’s #-test for
interval variables as appropriate were performed. Multivariable
logistic regression analysis was used for prediction for different
biomarkers. P (two-tailed) <0.05 was considered as statistically
significant level. SPSS software version 19 (IBM, New York
city, NY, USA) was used for the analysis.

ResuLts

The cohort comprised 137 patients to the hospital with a
suspected diagnosis of infection. Further hospital workup
revealed that 127 patients (92.7%) had proven sepsis (37 with
sepsis and 76 with septic shock) compared with 10 patients
(7.3%) without sepsis who were considered as patients
with SIRS. There were 88 males (64.2%) and 49 females
(35.8%). The mean age + SD was 56.5 £ 19.7 years. The
demographic analysis revealed a higher mean age in the
infected group that was statistically significant (57.9+19.2 vs.
38.4 £ 17.8, respectively, P = 0.002) and those with
multiple comorbidities (two or more) were more prone to
develop infections. The detailed demographic and clinical
characteristics as well as biochemical markers of the studied
cohort are shown in Table 1. Patients with proven sepsis had
longer median hospital length of stay than nonproven sepsis
patients (7 days vs. 24 days, respectively, P = 0.000). The
serum PCT results were compared with other inflammatory
markers between the patients with and without proven
sepsis [Table 1]. Overall, the PCT level was significantly
higher in the proven sepsis group compared with nonproven
sepsis group (19.3 +£50.2 vs. 4.7 £ 10, respectively, P=0.011).

When the cohort was sub-grouped into SIRS (noninfected)
and infected (sepsis, severe sepsis, and septic shock)
[Tables 2 and 3], a significantly higher PCT level was observed
among the infected patients with severe sepsis and septic shock
compared to the noninfected (19.34 + 50 and 25.91 + 61.3 vs.
4.72 £+ 10, respectively; P = 0.01). No significant differences
were observed in CRP, lactic acid, and WBC between these
groups. There was a trend to an increased mean and cutoff
values of all biochemical parameters in septic shock patients
in comparison to severe sepsis and sepsis, although this trend
was not approached the statistical significance. The significant
difference was seen only in lactic acid between sepsis and
septic shock patients (P = 0.006) [Table 4 and Figure 1].

Nonsurvivors of both septic and nonseptic groups had a mean
PCT level of 22.48 + 8.26 that significantly higher than that
measured in survivors of both the groups (P=0.01), a difference
not evident in other inflammatory parameters. PCT values
failed to reveal a decreasing trend in nonsurvivors [Figure 2].

In the infected patients, Gram-negative bacteria were the
most common organisms detected from blood, urine, sputum,
peritoneal fluid, and liver abscess aspirates (Klebsiella
pneumoniae, Escherichia coli, and Pseudomonas aeruginosa
mainly) followed by Gram-positive organism (Streptococcus
species and Staphylococcus aureus mainly) and fungus.

Discussion

In the present study, a higher percentage of male than female
patients with sepsis was found. Martin er al.”) studied the
demography, temporal incidence, and changes in incidence
and outcome of sepsis over 20 years in the United States who
reported that sepsis was more common in men, accounting
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Table 1: Demographics, clinical characteristics, and biochemical markers of the studied patients (n=137)

Characteristics Noninfected patients (SIRS*) (n=10),n (%) Infected patients (7=127),n (%) P
Gender
Male 7(5) 81(59) NS
Female 3(1.5) 46 (33.5)
Age (years) 38.4+17.8 57.9+19.2 0.002
Comorbidities
Diabetes mellitus 2 (20) 64 (50) NS
Hypertension 1(10) 62 (48) NS
CAD 1(10) 20 (15.7) NS
CKD 1(10) 20 (15.7) NS
Temperature (°C) 37.3+0.66 37.8+1 NS
Diagnosis
Pneumonia 3(30) 49 (38.5) NS
UTI 1(10) 25(19.7) NS
Meningitis 1(10) 324 NS
Peritonitis 1(10) 324 NS
Others* 4 (40) 47 (37) NS
Scores
APACHE score 10.5 17.62 0.001
SOFA score 1.20 7.06 0.001
Length of stay (days) 7.5+3.34 24.5435.6 0.001
Mortality 0 43 (33) 0.026
Biochemical markers
Procalcitonin (ng/ml) 4.7+10 19.3+50 0.011
CRP (mg/dl) 220.6 139 0.441
Lactic acid (mmol/l) 3.57 4.34 0.586
WBC (x10%/ul) 15 15.1 0.901

*Others: Liver abscess, bedsore bacteremia, malaria, peritonitis, line-related sepsis, alcoholic hepatitis, enterocolitis, and unknown (4). SIRS: Systemic
inflammatory response syndrome, CRP: C-reactive protein, WBC: White blood cell, CAD: Coronary artery disease, CKD: Chronic kidney disease,
UTL: Urinary tract infection, APACHE: Acute physiology and chronic health evaluation, SOFA: Sepsis-related organ failure assessment, NS: Not significance

Table 2: Inflammatory and biochemical parameters
among the studied patients when sub-grouped according
to the evidence of infection

Parameters Infected Noninfected (SIRS) P

Procalcitonin (ng/ml) 19.3+50 4.72+10 0.011
CRP (mg/dl) 139+108 2204147 0.441
Lactic acid (mmol/l) 4.345.14 3.6£3.6 0.586
WBC (x10%/ul) 15.2+10.7 15.5+8.7 0.901
Temperature (°C) 37.8+1 37.3£0.66 0.096
APACHE 17.6+7.5 10.54£3.1 0.000
SOFA 7+4.3 1.2+1.3 0.000

CRP: C-reactive protein, WBC: White blood cell, SIRS: Systemic
inflammatory response syndrome, APACHE: Acute physiology and
chronic health evaluation, SOFA: Sepsis-related organ failure assessment

for 48.1% of cases on average per year and men were more
likely to have sepsis than women with a mean annual relative
risk of 1.28. We found that the mean age of the patients is
higher in the sepsis group than in the non-sepsis group which
was expected since immunity decreaseswith age. Pneumonia
was the most common source in the infected group (38%)
than in the noninfected group (2%). According to Calandra
et al.," six common infection sites identified in the causation
of sepsis were pneumonia, bloodstream infections including

infective endocarditis, intravascular catheter-related sepsis,
intra-abdominal infections, urosepsis, and surgical wound
infections.

Higher acute physiology and chronic health evaluation
(APACHE) and sepsis-related organ failure assessment
(SOFA) scores were noted in patients progressing through
the spectrum of sepsis, severe sepsis, and septic shock, and
PCT was higher in patients with higher severity scores. The
sensitivity and specificity of PCT are low to diagnose infection
as the attributing cause for SIRS. Similar findings were found
in a meta-analysis where larger studies revealed sensitivity and
specificity as low as 42% and 48%, respectively, despite which
they concluded that PCT should be included in the diagnostic
guidelines for sepsis.['!

Mortality in our series was also higher in the infected than
the noninfected group, with a percentage rate of 33%.
Previous reports have shown that mortality in patients with
sepsis was varied between 16.8% and 34%.P'2 Our findings
of an increasing trend of PCT monitored every 48—72 h
revealed a significantly higher mortality rate in the infected
than noninfected group and that may suggest an important
prognostic value of PCT as an indicator of poor prognosis in
uncontrolled septic patients. In a large prospective study, daily
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Figure 1: Receiver operating characteristic curves for procalcitonin in septic shock (a), severe sepsis (b), sepsis (c), and systemic inflammatory

response syndrome (d)
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Figure 2: Procalcitonin kinetics of patients (survival and death) from
day 1 to day 8 of admission

PCT was measured in 472 critical care patients and correlated
the results with all-cause mortality in a 90-day study period.!'¥!
They found that a high maximum PCT and an increase of
PCT value following the first reading >1.0 ng/mL were both
independent predictors of 90-day mortality. The relative risk
of mortality increased daily as the PCT value continue to
rise after the fi rst reading >1.0 ng/mL: 1.8 (95% confi dence
interval [CI] 1.4-2.4) for 1 day; 2.2 (95% CI 1.6-3.0) for 2
days; and 2.8 (95% CI 2.0-3.8) for 3 days. Although APACHE

Table 3: Inflammatory and biochemical parameters
among the studied patients when sub-grouped according
to the sepsis status

Parameters Sepsis Severe Septic P*
sepsis shock

Procalcitonin (ng/ml)  4.48+8.7 19.34+33.8  2591+61.3 0.212
CRP (mg/dl) 1007467  144.7£102  169+131  0.640
Lactic acid (mmol/l) ~ 1.86£0.84  2.33+0.90 5.54+6 0.006
WBC (x10%/ul) 1245.7 17.5+10.4 16+£122 0451
Temperature (°C) 38.1£0.90  37.8+0.80  37.6+1.13  0.153
APACHE 11.6+4 15.5+4 21475 0.000
SOFA 3.19+3 4.642.6 93+3.6  0.000

*P value between sepsis and septic shock. CRP: C-reactive protein,
WBC: White blood cell, APACHE: Acute physiology and chronic health
evaluation, SOFA: Sepsis-related organ failure assessment

and SOFA scores are also higher and correlate with mortality,
they are mainly used for research purposes, and hence, PCT, a
rapidly available biochemical test, can assist in intensification
of therapy and day-to-day decision-making.

CoNCLUSIONS

PCT is a highly efficient inflammatory laboratory parameter
for the diagnosis of severe sepsis and septic shock and might
be used as an indicator of poor prognosis in uncontrolled septic
patients, but WBC and CRP levels were of little value.
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Table 4: Diagnostic performance of biochemical inflammatory parameters in the three different sepsis severity categories

Category of sepsis Procalcitonin CRP WBC Lactic acid
Sepsis (n=37)
Optimum cutoff values 1.8 130 11 2.0
Sensitivity (%) 62.2 (50.8-72.4) 63 (38-81) 61 (49-71) 67 (45-77)
Specificity (%) 66.1 (53-77.1) 53 (31-72.7) 49 (36.3-62) 63 (47-75)
Positive predictive value (%) 70.8 (58.8-80.4) 52.6 (31.7-81.5) 60.5 (49-71) 74.1 (62.2-83.4)
Negative predictive value (%) 56.9 (44.8-68.2) 62.5 (38.6-81.5) 49 (36.3-62) 53(39.3-66.3)
Severe sepsis (n=14)
Optimum cutoff values 0.94 86 9 1.6
Sensitivity (%) 41 (26.4-57.8) 54 (29.1-76.8) 63 (45-77) 55(37-72)
Specificity (%) 37 (27.5-46.4) 36 (19.7-57.1) 33 (24-43) 30 (21-40)

Positive predictive value (%)

Negative predictive value (%)
Septic shock (n=76)

Optimum cutoff values

Sensitivity (%)

Specificity (%)

Positive predictive value (%)

Negative predictive value (%)

18.7 (11.5-28.9)
63.6 (50.4-75.1)

1.5
57.1 (32.6-78.6)
49.9 (39.4-57.3)
11.8 (6.1-21.5)
90.3 (80.5-95.5)

33.3(17.2-54.6)
57.1(32.6-78.6)

24 (16.1-34.3)
72 (57.3-83.2)

20 (12.5-30.4)
0.93 (0.85-1.02)

107 10 1.8
50 (15-85) 62 (35.5-82.3) 63 (30.6-86.3)
42 (26-59) 41 (32-50) 38 (28.8-47)
10 (2.8-30) 10.6 (5.5-19.6) 7.1 (3.1-15.6)

86. (62.1-96.2) 90 (79-95.7) 92.8 (81-97.5)

CRP: C-reactive protein, WBC: White blood cell
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