Orriginal Article

Procalcitonin-guided antimicrobial stewardship in critically
ill patients with sepsis: A pre— post interventional study

Philip Mathew, Saritha Susan Vargese', Litha Mary Mathew?, Alice David?, Joyal Alias Saji,
Ann Mariam Varghese

Departments of Critical Care, *Community Medicine, 2Anaesthesia and *Medical Research, Believers Church Medical College Hospital,

Thiruvalla, Kerala, India

Abstract

Aim: Injudicious usage of antibiotics has led to the emergence of antibiotic resistance which is a major
health-care problem in developing countries such as India. Our aim was to show how antibiotic therapy
based on serial procalcitonin (PCT) assay can help in antibiotic de-escalation in septic patients.

Materials and Methods: A pre—post interventional study was conducted among 300 septic patients
admitted to an intensive care unit (ICU). All septic patients admitted 2 months before and 2 months
after the introduction of monitoring of PCT were included and they were divided into Group P (with PCT
monitoring) and Group C (without PCT monitoring). The proportion of patients for whom antimicrobials
were de-escalated, the average time taken to de-escalate antimicrobials, and the average duration of ICU
stay were compared. Proportions and averages with standard deviations were calculated to describe the
data. A test of proportions was done to compare the proportion de-escalated and a Student’s t-test was
done to compare the average duration of antibiotic therapy.

Results: The proportion of patients in whom de-escalation of antimicrobials was done was 125 (83.33%) in
Group P as compared to 92 (61.33%) in Group C. The time taken to de-escalate was 3.04 = 0.83 days (95%
confidence interval [CI] 2.89-3.18) in Group P compared to 4.7 = 1.4 days (Cl 4.41-4.98) in Group C.
The duration of ICU stay was also less in Group P - 3.08 = 0.91 days (CI 3.08-3.38) as compared to
Group C-5.16 = 2.17 days (4.80-5.51).

Conclusion: Serial PCT assay-based antimicrobial therapy helped to wean patients with sepsis off
antimicrobials earlier thus reducing the duration of ICU stay.
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INTRODUCTION

Sepsis accounts for more than half of admissions in intensive
care units (ICUs) worldwide with a mortality rate ranging
from 30% to 50%." Early recognition of bacterial infection
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and initiation of antimicrobial therapy is extremely crucial
for the treatment of sepsis."” However, this task can be
very challenging to the clinician resulting in unwarranted
and prolonged antimicrobial therapy. Injudicious use of
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antibiotics can lead to the emergence of opportunistic
infections, antibiotic resistance, prolonged ICU stay, and
healthcate costs.” This can cause a huge economic burden,
especially in developing countries such as India.’*! High
infectious burden, poor living conditions, and easy availability
of antibiotics are some of the other contributing factors
to the tising antimicrobial resistance in India.’* Antibiotic
stewardship is the only logical way to curtail this menace.!

Biomarkers can serve as a helpful tool in the judicious
use of antimicrobials in sepsis.l" Procalcitonin (PCT),
an amino acid precursor to calcitonin is released as a
component of the inflammatory cascade in response to
endotoxins released during bacterial infections. PCT levels
are selectively elevated in patients with bacterial infections
and can be used as a biomarker to differentiate bacterial
sepsis from other causes of sepsis.** In comparison to
other diagnostic tools, such as C-reactive protein and white
blood cell count, PCT has the advantage of showing an
early and highly specific increase in response to bacterial
infections.” In addition, a low serum PCT level accurately
rules out the diagnosis of bacteremia and thus can be used
to discontinue antibiotic therapy.”) PCT elevation occurs
within 2—4 h of active bacterial infection and peaks between
8 h and 24 h.'" Moreover, PCT is stable in serum samples
and the results are available within 2—4 h which makes it
very useful in daily practices."”! PCT monitoring along with
detailed clinical workup can be used to guide antibiotic
initiation and de-escalation for bacteremia, thus reducing
unnecessary antimicrobial exposure.['”

Several studies show the efficacy of PCT assay in the diagnosis
of bacterial sepsis, timely prescription, and de-escalation of
antibiotic therapy thus limiting ICU stay."*¢*'"'% On the
contrary, some studies also exist that show there was no
difference in duration and in average time to de-escalation
of antibiotic therapy, average ICU and hospital stay, and
mortality rate.'>'1 Only a few studies have been conducted
on the Indian population to corroborate these findings.!""! In
this background, we set out to find out how efficiently serial
PCT assay will help in antibiotic de-escalation and in reducing
ICU stays at a tertiary hospital in South India. A study was
done to compare the proportion of patients with sepsis for
whom de-escalation of antimicrobial therapy was done, the
average time taken to de-escalate, and the average duration
of ICU stay among patients with sepsis on antimicrobial
therapy while in the ICU, with and without serial PCT assay.

MATERIALS AND METHODS

This study was conducted in a multidisciplinary critical
care unit (MDCCU) of a tertiary care hospital in South

India. Approval was obtained from the institutional
ethics committee and research committee. All patients
admitted to the MDCCU with sepsis on antimicrobials
in 2 months (May—June 2020) before the introduction of
regular monitoring of PCT and 2 months (July—August
2020) after the introduction of regular monitoring of
PCT were included in the study after getting informed
written consent. For comparison purposes, two groups of
patients were formed - Group P (with PCT monitoring)
and Group C (control group without PCT monitoring).
Sample size calculations were derived from the findings
of Shehabi e a/. in which the overall median (interquartile
range [IQR]) number of antibiotic treatment days was
9 (6-21) versus 11 (6-22) in the intervention and control
groups, respectively.!”! Assuming a median baseline
exposure level of 9 days and a standard deviation (SD) of
6 days, a sample size of 141 was calculated with an alpha
error of 0.05 and 80% power.

All patients older than 18 years of age admitted to MDCCU
with suspected sepsis or septic shock and on antimicrobial
therapy were included in the study. Patients who refused
to give consent, postoperative and trauma patients,
severely immunocompromised patients, such as patients
infected with human immunodeficiency virus and with a
cluster differentiation 4 T-cell count of <200 cells/mm?,
neutropenic patients (<500 neutrophils/mm?), pregnant
patients, and patients in whom antibiotic therapy was
started 48 h or more before enrolment were excluded from
the study."'"! Outcomes measured were (1) the proportion
of patients in each group in whom antibiotic therapy was
de-escalated during ICU stay, (2) the average time taken to
de-escalate antimicrobial agents, and (3) the duration of
ICU stay. PCT assay was done daily in patients belonging
to Group P. The access PCT assay used in our study is a
paramagnetic, chemiluminescent immunoassay for zz vitro
quantitative determination of PCT levels in human serum
and plasma. It can accurately measure the samples within
the analytical range of the lower limit of detection and the
highest calibrator value (approximately 0.01-100 ng/mL).
De-escalation of therapy was defined as a switch to a
narrower spectrum agent, reduction in the number of
antibiotics, or cessation of antibiotic treatment.["!!l For
patients in Group P, antibiotic therapy was stopped if the
PCT level was <0.5 ng/mlL or if there was a decline in
PCT level more than 80% from baseline.!!!

Statistical analysis

Continuous data are presented as medians with IQRs
while categorical variables are presented as numbers
and percentages. Data were compared using the Mann—
Whitney U-test for the continuous variables and Pearson’s
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Chi-squared test or Fisher’s exact test for the categorical
variables. The Kaplan—Meier method was used to estimate
the cumulative rates of antibiotic cessation. Proportions
and averages with SD were calculated to describe the data.
Test of proportions was done to compare the proportion
de-escalated and Student’s #test was done to compare the
average duration of antibiotic therapy in the two groups.

RESULTS

The baseline characteristics of patients in both groups
were similar [Table 1]. There were 100 males in Group C,
whereas Group P had 96 males. The majority of patients
were in the age group of 60-90 years. Associated
comorbidities were diabetes, chronic obstructive lung
disease, end stage renal disease, cancer, and congestive
cardiac failure. Diabetic mellitus was the most common
comorbidity found in both groups. In both groups,
lung infection was the major source of sepsis followed
by urinary tract infection. The most commonly used
antibiotic was vancomycin followed by meropenem. The
sequential organ failure assessment score was 8.5 £ 1.3
in both groups. The average PCT values ranged from
7.9 ng/mL on day 1 of assessment to 0.5 ng/mL on day
7 [Figure 1]. The duration of ICU stay was 2 days longer
in Group C (5.16 vs. 3.08 days, P < 0.0001) [Figure 2].
The proportion of patients in whom antibiotic therapy
was de-escalated during ICU stay was higher in
Group P (125 vs. 92, P < 0.00001). The time taken to
de-escalate antibiotic therapy was around 2 days more in
Group C (4.7 vs. 3.04 days, P < 0.0001) [Figure 3].

DISCUSSION

A pre—post interventional study was done to examine the
role of PCT in the de-escalation of antibiotic therapy in
sepsis patients. Our study supports the fact that PCT based
antibiotic therapy can help the clinician to reduce the time
taken to de-escalate antibiotics and also the total ICU stay in
a greater proportion of patients. We were able to reduce the
time taken for de-escalation and ICU stay by about 2 days.

Similar findings have been observed by de Jong ¢/ a/. in
2016, Nobre et al. in 2008!"), and by Hochreiter e al.
in 200917 in their respective studies. PRORATA trial'?
and SAPS study!! also showed that PCT can help to
reduce antibiotic exposure by shortening treatment
duration. A meta-analysis done in 2017 which included
11 studies and 4482 sepsis patients in ICU showed a
significant reduction in mean treatment duration (from
10.4 days to 9.3 days, P = 0.001). It was also shown that
the mortality rate was lower in the PCT-guided group.?

Similarly, Shafiq e a/. in their meta-analysis concluded
that while hard endpoints of mortality and need for ICU
admissions remained unaffected, there was a significant
reduction in the use of antibiotics in the emergency,
ICU setting, and the ward setting due to the use of
PCT-guided dosing.["¥
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Figure 1: Average procalcitonin values in Group P. ICU: Intensive
care unit
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Figure 2: Kaplan-Meier curve depicting the duration of intensive care
unit stay in Groups P and C. ICU: Intensive care unit, PCT: Procalcitonin
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Figure 3: Kaplan—Meier curve depicting the rate of de-escalation of
antibiotics in Groups P and C
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Table 1: Baseline characteristics of patients enrolled in the study

Characteristics Preimplementation of PCT Postimplementation OF PCT P
(Group C) (n=150), n (%) (Group P) (n=150), n (%)
Male 100 (66.67) 96 (64) 0.718
Age group (years) 0.051
<30 14 (9.3) 4(2.6)
30-60 45 (30) 47 (31.3)
60-90 91(60.7) 99 (66.1)
Comorbidities 0.508
Diabetes mellitus 36 (24) 41(27.3)
Chronic obstructive lung disease 16 (10.6) 13 (8.6)
Congestive cardiac failure 3(2) 6 (4)
End stage renal disease 12 (8) 14 (9.3)
Cancer 4(2.6) 2 (1.3)
SOFA score 8.5+1.3 8.5+1.3 1
Total leukocyte count (cells/mm?) 15,900+£3102.8 16,400+£3700.8 0.205
Temperature (degree Fahrenheit) 98.82+1.69 99.25+2.12 0.053

PCT=Procalcitonin, SOFA=Sequential organ failure assessment

On the contrary, Covington e¢# al. analyzed the effect of
PCT monitoring on inpatient antibiotic duration for sepsis
at a community hospital in the USA in 2018 and results
showed that there was no difference in the mean duration
of inpatient antibiotics (6.1 * 3.9 vs. 5.4 + 2.9 days,
P = 0.50). In addition, there was no difference in the
average time to antibiotic de-escalation, average hospital
length of stay, or ICU length of stay. However, PCT
monitoring did result in a significant reduction in discharge
antibiotics and the duration of overall inpatient and
postdischarge antibiotics.!"! Shehabi ¢7 /. showed in a study
that a PCT algorithm with a low cutoff value of 0.1 ng/mL
did not reduce the duration of antibiotic treatment days
by more than 25%."! A commonly accepted algorithm
for the utilization of PCT has been long lacking. The
current body of evidence proposes that a PCT cutoff
value of <0.5 ug/L or a decrease of 80%—90% from the
peak level indicates recovery from bacterial infections
and in such cases, discontinuation of antibiotic treatment

is favorable and we have followed this protocol in our
Study [1,10,11,19]

Reduced ICU stay and duration of antibiotic therapy can
help to bring down health-care costs. This can go a long
way in reducing the overall economic burden, especially
in developing countries like India. A study conducted
in North India in 2018 by Kaur ez 4/ pointed out some
common but serious lapses in antibiotic prescription
patterns in India. Out of 517 screened patients, 300
were prescribed antimicrobials although no evidence
of infectious etiology was found in 129 out of the
300 patients.”! Antibiotic stewardship is the only way to
curtail the rising menace of antibiotic resistance in such
settings. Jeon et al. performed a cost minimization analysis
of PCT-guided antibiotic discontinuation in their study and
found that PCT-guided therapy decreased antibiotic costs
by United States Dollar 30.I")

Our study was a single-centre study with a limited sample
size. Multicentric studies with a larger sample size may
be required to confirm our findings. PCT is not routinely
used in clinical practice, especially in low resource and
middle-income countries like India. Many barriers such as
clinicians knowledge about biomarkers, cost-effectiveness,
and availability could make the routine implementation of
PCT-based algorithm difficult and need to be evaluated
further.

CONCLUSION

Our study concludes that PCT based antibiotic therapy can
help the clinician to de-escalate antibiotic therapy earlier in a
greater proportion of patients with sepsis and thus shorten
ICU stay. PCT algorithm-based antibiotic stewardship can
help bring down the rising menace of antibiotic resistance
in developing countries like India.
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