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Serum Procalcitonin as a Biomarker to Determine the
Duration of Antibiotic Therapy in Adult Patients with Sepsis
and Septic Shock in Intensive Care Units: A Prospective Study
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ABSTRACT
Background: Procalcitonin, a biomarker to adjudge the duration of antibiotic therapy in patients with sepsis.

Materials and methods: A prospective, randomized, controlled, interventional, single-center study was conducted in a mixed adult intensive
care unit (ICU). In a nonblinded study, 90 adult patients admitted to the ICU with sepsis and septic shock were randomized into group P (group
procalcitonin) and group C (group control). The duration of antibiotic therapy was decided based on serum procalcitonin levels for patients
in group P versus standard treatment protocols in group C. A procalcitonin value of <0.01 ng/mL or a subsequent decline of >80% from the
baseline was cutoff and chosen to stop the antibiotic therapy. The primary aim was to compare the duration of antibiotic therapy (in days) in
the two groups. The secondary objective was to compare and assess the length of ICU stay, reinfection, secondary infection rate, readmission
rate, and mortality among the groups.

Results: The mean duration of antibiotic therapy was significantly lesser in patients in group P (4.98 + 2.56 vs 7.73 + 3.06 days, p < 0.001).
Patients in group C spent more days in ICU (8.80 + 3.35 vs 5.98 + 2.73 days, p < 0.001). The secondary infection rate was significantly higher in
group C (26.7% vs 4.4%, p = 0.014). Readmission and mortality rates were comparable between the groups.

Conclusion: Serum procalcitonin-based algorithm in critically ill patients with sepsis could lead to a reduction in the duration of antibiotic
therapy, ICU stay, and associated morbidities like secondary infection rates. It further promotes antibiotic stewardship without any adverse
effects on the patient’s outcome.
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INTRODUCTION

Antimicrobial resistance is alarmingly increasing owing to the
unwarranted, inappropriate, and prolonged use of antibiotics.
Antimicrobial resistance not only provoking a major threat to
global health but also precipitating a huge negative impact
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on the fields of medicine that are highly dependent on the
availability of antimicrobial drugs.”** Sepsis accounts for more
than half of ICU admissions with mortality ranging from 30% to
50%.° Early institution of antibiotics and timely de-escalation
are important considerations in the management of sepsis.®
Several biomarkers have been described for severity assessment
of infection and also help in the de-escalation of antibiotics.’
Various randomized controlled trials, on patients with sepsis,
have proved that a treatment algorithm based on serum
procalcitonin is a promising way for guiding antibiotic therapy
with high sensitivity and without any undesirable effects on
the outcome.®?

Thus, the present study was conducted to assess the role
of serum procalcitonin levels in determining the duration of
antibiotics in critically ill patients with sepsis and septic shock
in ICU. The primary objective was to compare the duration
of antibiotic therapy (in days) when guided by serial serum
procalcitonin levels with that of the standard institutional
protocol. The secondary objectives were to compare the length
of ICU stay, reinfection rates, and mortality among the two
groups.
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MATERIALS AND METHODS

Study Design and Setting and Research Population

This prospective, randomized, controlled, interventional study was
conducted in the mixed adult ICUs of the tertiary hospital over a
period of 18 months from September 2018 to February 2020. In
this nonblinded study, after obtaining Institute Ethical Committee
approval, adult patients with sepsis or septic shock based on
sepsis 3 criteria who were admitted to ICUs within 24 hours were
included. Patients who did not consent to participate in the study,
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pregnant patients, when prolonged antibiotic therapy is indicated
(e.g., infective endocarditis), viral or parasitic infections, severely
immunocompromised patients, patients who were admitted merely
for postoperative observation, and an estimated length of stay in
ICU less than a day were excluded from the study.

Sample size was calculated based on the study by Nobre et al.”
The approximate duration of antibiotic therapy was 9.5 days and
6 days in group C and group P, respectively, in the study'®, and the
mean difference was 3.2 days. With these values as the reference and
assuming a standard deviation of 4.5 with 90% power of the study
and 5% level of significance, a sample size of 45 patients per study
group was calculated. The estimated percentage reduction in the
duration of antibiotic therapy in group P was 36.8%.

Ninety patients were randomized into two groups based on
block randomization using a sealed envelope technique as follows:

«  Group P (n = 45): procalcitonin group. {Interventional Arm}
«  Group C (n = 45): control group. {Comparator Arm}

Atadmission, patients in both groups were assessed clinically and
thereafter continuously during their ICU stay. APACHE Il and SOFA
scores were calculated for patients in both the groups on admission
and then on alternate days. Routine blood investigations such as
complete blood count, coagulation profile, kidney and liver function
tests, etc. were done at the time of admission and then on alternate
days. Appropriate samples were taken for microbiological culture and
sensitivity, at the time of admission before the initiation of antibiotics
and then once in two days. Arterial blood gas analysis and serum
lactate levels were done daily and whenever indicated. Twelve lead
ECG and chest X-ray were done initially and whenever indicated. Any
other investigation if required was done, as and when indicated. All
the above-mentioned investigations and other special investigations
were done as and when indicated for patients in both groups.

Serial serum procalcitonin measurements were done for
patients in both groups.

Serum procalcitonin values were measured using VIDAS®
B.R.A.H.M.S. PCT™, an automated test for the determination of
procalcitonin levels in human serum or plasma. Patients in both
groups received standard treatment as per institutional protocol.

For patients in group C, antibiotics were given as per
institutional protocol despite the change in serum procalcitonin
levels. The institutional protocol is to administer antibiotic therapy
for 7 days for the lower respiratory tract, urinary tract, and wound
site bacterial infection and 10 days for bloodstream infection.

For patients in group P, the duration of antibiotic therapy was
decided based on the procalcitonin algorithm.

Antibiotic therapy was stopped if

1. procalcitonin <0.10 ng/mL or
2. Subsequent decline in procalcitonin >80% from the baseline.

In both groups, the clinical status of the patient was also
considered before stopping the antibiotic therapy.

STATISTICAL ANALYSIS

Observational data were analysed using SPSS version 21.0. Categorical
variables were presentedin numberand percentage (%), and continuous
variables were presented as mean + SD and median. Normality of data
was tested by Kolmogorov-Smirnov test. Nonparametric tests were
used in case normality was rejected. Quantitative variables were
compared using unpaired t-test or Mann-Whitney test (when the data
sets were not normally distributed) between the groups. Qualitative
variables were compared using chi-square or Fisher’s exact test. A
p value of <0.05 was considered statistically significant.

508

ResuLt

The demographic profile and baseline parameters like serum
procalcitonin, APACHE Il and SOFA scores, and serum lactate levels
were comparable between groups Cand P. No significant difference
was noted in the distribution of the type of patient, i.e., medical
versus surgical patients between the two groups (Table 1). The
number of patients with septic shock was higher in group C patients
than that in group P patients, and the difference was statistically
significant (p = 0.006). The number of patients with bacteremia
onday 1 (p=0.0516) and in whom a multidrug-resistant organism
was isolated in the initial culture (p = 0.4795) were comparable
between the groups. The mean serum procalcitonin levels were
also comparable at all time intervals (Fig. 1). Eleven organisms were

Table 1: Demographic parameters and baseline investigations

Parameter Group C Group P p value
Age (years) 46.78 + 16.22 42.89 +16.83 0.267
Gender: male/ 29/16 22/23 0.136
female (numbers)

Speciality: medical/ 42.2/57.8 40/60 0.830
surgical (%)

Temperature (°F) g0 93 1 g4 99.5 +2.29 0.195
(mean + SD)

TLC (cells/mm?) 16,100 + 3362.94 15,500 +4501.87 0.535
Septic shock (%) 82.2 55.6 0.006
Bacteremia on

day 1 (%) 28.9 55.6 0.056
Serum lactate

level (mmol/L) 3.08 + 1.41 3.02+ 142 0.858
(mean + SD)

Serum procal-

citonin (ng/mL) 8.88 +20.63 8.88 +18.87 1.000
(mean + SD)

APACHE ll score ., 4 | 553 18.07 + 6.67 0.607
(mean + SD)

SOFA score 48 +2.47 418 +3.45 0328
(mean + SD)

MDR organismin ;4 6.66 0.479

initial culture (%)

14

Procalcttonin (mean, ng/mL)

Day 16
Day 17

Fig. 1: Procalcitonin trends in groups C and P
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Fig. 2: Depicting microbiological cultures between groups C and P
Table 2: Additional outcome measures DiscussiON
Parameter Group C Group P p value In critically ill patients, early initiation of antibiotics is the foremost
Duration of mechanical recommendation in surviving sepsis guidelines, but overt and
ventilation (days) 3.18+230 2.00+230 0.022 improper use is resulting in multiresistant strains. The role of
(mean + SD) procalcitonin in antibiotic stewardship in critically ill patients was
Duration of inotrope studied in this prospective study.
requirement (days) 587+294 449+212 0.013 In this study, patients with the both medical and surgical causes
(mean + SD) of sepsis were included, and it was comparable in both groups
Need for dialysis, no. (%) 7 (15.6%) 3 (6.7%) 0.315 (group Cand group P). In SAPS, ProGUARD, and PRORATA trials, the
majority of patients were of the pulmonary origin of sepsis."°-1?
In our study, patients with septic shock were predominated
in group C (82.2%) than in group P (55.6%) similar to the MOSES
13 . .
Table 3: Primary and secondary outcome measures study.” In contrast, Nobre et al. had more number of patler::c)s with
severe sepsis than the number of patients with only sepsis.”” More
Parameter Group C Group P pvalie  atients with septic shock in group C could be the reason for a
Duration of antibiotic 7734306 4984256 <0001 higher a qSOFA score in that group in our study, but the difference
therapy (days) (mean + SD) was not statistically significant.
Reinfection 4.4% 6.7% 0.635 The mean baseline procalcitonin levels were 8.88 + 20.63 versus
Secondary infection 26.7% 4.4% 0.014 8.88 + 18.87 ng/mL (mean + SD) in groups C and P, respectively,
Duration of ICU stay (days) which was comparable and similar to the findings by Nobre et al.'
(mean + SD) vy 880335 598+273 <0.001  We observed a significant reduction in the duration of antibiotic
Read T ICU for 28 6 (13.3% 4(8.9% 0.739 therapy in group P (4.98 + 2.567 vs 7.3 + 3.06, p < 0.001). The mean
d:as r:(':s(';r; n or (13.3%) (8.9%) ) difference observed in the duration of antibiotic therapy was
ys no. ° 2.75 days (p < 0.001). Our study showed that the discontinuation
ICU mortality, no. (%) 7 (15.6) 4 (8.9%) 0.522 of antibiotic therapy based on a procalcitonin algorithm regulated

isolated from various cultures. Gram-positive and gram-negative
infections were initially higher in group P compared to group C,
but later, gram-positive, gram-negative, and fungal infections
predominated and were significantly higher in group C than thatin
group P (p < 0.001 for day 6; p = 0.023 for day 9) (Fig. 2). The mean
duration of antibiotic therapy (7.73 vs 4.98 days; p < 0.001), secondary
infection rate (26.7% vs 4.4%; p = 0.014), the average duration of a
patient on mechanical ventilation (3.18 vs 2 days; p = 0.022), and
the mean duration of ICU stay (8.8 vs 5.98 days; p < 0.001) were
higher in group C (Tables 2 and 3). Patients in group C had a 15.6%
mortality, and patientsin group P had 8.9% mortality in the ICU; but
the difference was not significant (p = 0.522) (Table 3).
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in reduced antibiotic duration similar to various past trials."%12

Similar to our study, Shehabi et al. and the ProGUARD study
used a similar conservative cutoff of 0.1 pg/L, but they did not
find any significant reduction in the duration of antibiotic therapy
in group P" whereas most of the other major randomized trials
used a higher procalcitonin cutoff to stop antibiotic therapy. Nobre
etal,'Stolzetal.,'* and Boudama et al.”” used a procalcitonin cutoff
of 0.25 pg/L or below in which the use of antibiotics was strongly
discouraged. De Jong et al. used a procalcitonin cutoff of 0.5 ug/L
or a >80% reduction from the peak procalcitonin values.! All the
above studies reported a significant reduction in the duration of
antibiotic therapy following a procalcitonin-based algorithm. A
conservative cutoff of <0.1 pg/mL was chosen to increase the safety
margin, which stands justified because of the possibility of a lower
baseline procalcitonin level despite positive cultures.
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Reinfection was considered when a particular organism was
isolated at the same site once the cultures had become sterile with
antibiotic therapy, whereas the secondary infection was considered
when a second organism was isolated from any site while under
treatment for a primary infection.

Secondary infection during ICU stay was significantly higher
in group C than that in group P (26.7% vs 4%; p = 0.014), while the
reinfection rates were comparable between the groups in this study.
Thisis in contrast to the observations by De Jong et al., who observed
significantly higher reinfection rates in group P (p = 0.0492)." Nobre
et al.'” and Boudama et al.”® observed no difference in reinfection
rates between the groups similar to our study.

The duration of ICU stay was significantly lower in group P
with a mean difference of 2.82 days (p < 0.001); in contrast to the
results of the PRORATA, "> ProGUARD’, and SAPS trials,' no significant
difference in the length of ICU stay between the groups was
observed. However, Nobre et al. reported a significant reduction in
the length of ICU stay (a reduction of ICU length of stay by 2 days;
p = 0.03)."° Prolonged ICU stay of patients in group C might be the
reason for higher secondary infection rates.

Also, patients in group C had spent a significantly longer
duration on mechanical ventilation compared to group P (mean
difference in duration of mechanical ventilation 1.18 days; p = 0.022)
and were on inotropic support for a significantly longer duration
(5.87 vs 4.45 days, respectively; p = 0.013). These findings attributed
to the fact that more patientsin group C had septic shock compared
to group P. The number of patients who landed up in acute kidney
injury needing dialysis was comparable between the groups. In
contrast, Jensen et al.in procalcitonin and survival study observed
that the patients in whom the procalcitonin-based algorithm was
used for antibiotic escalation had spent a long time needing dialysis
than the patients in group C.'® We did not observe any significant
difference in the ICU mortality between the groups {group C 15.6%
vs group P 8.9%; p = 0.52} similar to Bloos et al."” and Shehabi et al."

Similar to our observations, Townsend et al. did not find any
significant difference in the all-cause hospital readmission within
30 days between the groups (p = 0.36).””

LimITATIONS

This was the single-center study with a smaller sample size. The
study design was not blinded, and the possibility of bias cannot be
excluded. The likelihood of a patient having received an antibiotic
before admission to the ICU and its effects on procalcitonin levels
was not taken into consideration. Comparatively, a poorer outcome
in group C can be attributed to fact that the number of patients
with septic shock was significantly higher in group C compared
to group P. Patients who need antibiotic therapy for a prolonged
duration, patients with viral and parasitic infections, pregnant
patients, and immunocompromised patients were excluded from
the study. Thus, generalizing the findings to a population that
would contain all the above-mentioned patients is not possible.
Further multicenter trials enrolling larger populations are needed
to validate the results of our study.

CONCLUSION

Serum procalcitonin-based antibiotic prescription guideline with
a low cutoff of 0.1 pg/mL can be used to guide the duration of
antibiotic therapy with a significant reduction in the duration of
antibiotic therapy and morbidity, in terms of duration of ICU stay,
secondary infection, and days spent on mechanical ventilation.
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