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Abstract

Purpose: The purpose was to determine whether a simplified procalcitonin (PCT) algorithm guided by pharmacist rec-
ommendations reduces antibiotic duration of therapy in critically ill patients with suspected sepsis. Methods: This was a
single-centered pre-post study conducted at a 1368-bed community teaching hospital in the United States. A prospective
cohort with pharmacist intervention utilizing a simplified PCT algorithm was compared with a retrospective historical cohort
with standard therapy. Adult patients admitted to the intensive care unit (ICU) with suspected sepsis who received intra-
venous antibiotics were included. A pharmacist recommended continuation or discontinuation of antibiotics based on the
PCT level per our algorithm and full clinical assessment of the patient. Primary outcome was total duration of antibiotic
therapy. Secondary outcomes were ICU and hospital length of stay (LOS), reinitiation of antibiotic therapy within 72 hours of
discontinuation, and 28-day in-hospital mortality. Results: From September 2017 to May 2018, 360 patients were screened
for eligibility. Of these, 26 patients were included in the PCT group and 26 patients in the standard therapy group. Baseline
characteristics were similar between groups. A significant difference in duration of antibiotic therapy was detected with a
median of 9 days in the PCT group versus |2 days in the standard therapy group (P=.02). There were no significant
differences in secondary endpoints of ICU and hospital LOS, reinitiation of antibiotics at 72 hours, or 28-day mortality.
Conclusion: Use of a simplified PCT algorithm with pharmacist-guided recommendations significantly reduced the duration
of antibiotic therapy in critically ill patients with sepsis.
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Background

infection, particularly sepsis, by microbial toxins and

Sepsis and septic shock are life-threatening conditions pro-inflammatory mediators.> Procalcitonin is markedly

that are prevalent in our health care system, affecting
millions of people every year.! Early identification and
appropriate management are key to improving morbid-
ity and mortality.! Antibiotic therapy is the mainstay of
sepsis management; guidelines highlight not only the
importance of initial selection but also appropriate dura-
tion of therapy and de-escalation strategies with the
assistance of culture data, clinical signs and symptoms,
and biomarkers of infection severity and resolution.'
Biomarkers such as procalcitonin (PCT) are promis-
ing tools to help guide decision-making and monitoring
of patient response to antibiotic therapy.? Procalcitonin
is a precursor to calcitonin and has been described as a
“hormokine” (displaying properties of both hormone
and cytokine) that is upregulated during state of

elevated within 2 to 4 hours in severe forms of infection
and begins to decline when inflammatory substances
subside during recovery from infection.”® Unlike other
biomarkers, such as C-reactive protein, PCT levels can
correlate with the extent and severity of infection, and its
course may predict mortality risk in critically ill
patients.>*
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Extended durations of antibiotic therapy can lead to
the development of resistant bacterial strains, increased
costs, and prolongation of length of stay (LOS).> There is
accumulating evidence that use of a PCT algorithm to
guide antibiotic therapy can lead to reduction in duration
of therapy, cost, and even mortality.” Current literature
suggests these methods appear to be safe without increas-
ing the risk for recurrent infections or treatment failures.’
Procalcitonin algorithms have been studied in multiple
settings, including outpatient, emergency department,
and intensive care units (ICUs). These studies focused
mostly on the disease states of chronic obstructive pul-
monary disease, pneumonia, and sepsis.®’

Majority of the studies in critically ill patients utiliz-
ing PCT algorithm were conducted in Europe.®'" There
is a lack of prospective randomized controlled trials in
the United States. The current published studies reveal
low adherence rates to PCT which may be due to the
complexity of the studied algorithms and need for
repeated PCT levels.* ' One observational study evalu-
ating PCT practice patterns and outcomes in the United
States suggested a lack of improved outcomes or reduced
antibiotic use in the real-world setting.'> However, the
majority of patients did not have repeat PCT levels or
guidance of a simple algorithm.'? Recently, our institu-
tion incorporated a PCT algorithm with pharmacists’
interventions in patients with community-acquired pneu-
monia, and observed reduction in antibiotic duration of
therapy.'® This current study evaluated the impact of
pharmacist recommendations utilizing a more simplified
PCT algorithm on critically ill patients and expanded
indications to sepsis or septic shock.

Methods

Study Design and Patients

This study was conducted at a 1368-bed tertiary care
community teaching hospital with more than 150 ICU
beds. The study compared a prospective cohort admitted
to the ICU from March 1, 2018, to May 31, 2018, with a
retrospective cohort from September 1, 2017, to
February 2, 2018. Patients were included if they were
aged 18 years or older, admitted to an ICU, and were
initiated on antibiotic therapy for suspected sepsis,
severe sepsis, or septic shock using the 2012 Surviving
Sepsis definition.'* Exclusion criteria were as follows:
surgery within the previous 7 days, trauma, burn, pan-
creatitis, autoimmune disorders, immunocompromised
patients (defined as active cancer, tuberculosis, human
immunodeficiency virus, or cystic fibrosis), end-stage
renal disease (defined as kidney failure with glomerular
filtration rate <15 mL/min or need for renal replacement
therapy),'” infections requiring long-term antibiotics
(tuberculosis,  osteomyelitis, and  endocarditis),

cardiogenic shock, or receiving OKT3 antibodies, mono-
clonal antibodies, polyclonal antibodies, interleukin, or
immune globulin.

Procedures

Patients were screened from a list generated daily and
identified as being admitted to an ICU with active anti-
biotic orders for suspected sepsis. If eligibility criteria
were met, the critical care clinical pharmacist recom-
mended to the provider to check a series of 2 PCT
levels and begin utilizing the PCT study algorithm
(Figure 1). The approach of only 2 PCT levels was
chosen to increase awareness and utilization of serial
PCT levels, which was theorized to simplify the utiliza-
tion of PCT. Upon review of the repeat PCT value, clin-
ical pharmacists made a recommendation to the ICU
team regarding de-escalation or continuation of antibi-
otic therapy per the PCT algorithm in addition to full
clinical assessment of the patient based on multidiscipli-
nary approach. The patient was followed throughout
their ICU stay and when transferred to the medical
floors. A retrospective chart review of a comparison
group of patients was screened for the same inclusion
and exclusion criteria that did not utilize the PCT algo-
rithm and compared with the prospective cohort for all
primary and secondary endpoints.

Data Collection

Baseline demographics, comorbidities, admitting diag-
nosis, and dates of hospital and ICU admission and dis-
charge were collected. Other clinical criteria that were
evaluated included maximum temperature over 24
hours, white blood cell count, rates of mechanical ven-
tilation, Sequential Organ Failure Assessment score,
concomitant steroids, and positive cultures.

If clinically
unstable,

continu

antibiotics

controlled
* Consider making
antibiotic adjustments

Figure |. PCT Algorithm.
Note. PCT = procalcitonin.



Willmon et al.

503

Outcomes and Statistical Analysis

The primary outcome was duration of antibiotic thera-
py. Secondary outcomes included ICU LOS, hospital
LOS, reinitiation of antibiotic therapy within 72 hours,
and 28-day in-hospital mortality. All data were collected
via documentation in the electronic medical record
(Cerner Millennium®). Shapiro-Wilk test was utilized
to test for normality of the data. Mann-Whitney U test
or ¢ test was used to analyze continuous variables. Chi-
square or Fisher’s exact test was used to analyze
categorical variables. A sample size of 23 patients in
each group was calculated to provide 90% power and
o of 0.05 to detect a 2-day difference in duration of anti-
biotic therapy.

Results

A total of 52 patients were enrolled in the study; 26
patients in the prospective cohort and 26 patients in
the retrospective cohort (Figure 2). All baseline charac-
teristics were similar between the groups (Table 1). The
most common source of sepsis was pneumonia (69% in
the PCT group and 65% in the standard therapy group).
More patients in the standard therapy group had a pos-
itive blood culture, which was not statistically
significant. These positive blood cultures were all
coagulase-negative Staphylococcus which were deemed
as contaminants by the clinical team. The PCT group
had 1 coagulase-negative Staphylococcus and 1
methicillin-resistant Staphylococcus aureus.

The primary endpoint of duration of antibiotic ther-
apy was significantly lower in the PCT group, with a
median of 9 days, [IQR 7-13], versus 12 days, [IQR 9-
18], in the standard therapy group (P =.02). See Table 2
for all results. Secondary endpoints were not statistically
significant: ICU LOS (4 days in each group), hospital
LOS (11 days in each group), reinitiation of antibiotics
within 72 hours (zero patients in each group), and 28-
day in-hospital mortality (3 patients in the PCT group vs
2 patients in the standard therapy group, P =.49).

Discussion

This single-center study evaluating a simplified PCT
algorithm demonstrated a decrease in antibiotic dura-
tion of therapy in critically ill patients with sepsis. This
was achieved with no increase in negative outcomes, as
there were no significant differences in ICU and hospital
LOS, reinitiation of antibiotics within 72 hours of dis-
continuation, or in-hospital mortality. However, this
study was not powered to detect these secondary
endpoints.

Several large randomized controlled trials have eval-
uated the use of a PCT algorithm for antibiotic therapy
guidance in critically ill patients. In the 2010
Procalcitonin  to Reduce Patients’ Exposure to
Antibiotics in Intensive Care Units (PRORATA) trial,
the use of a PCT-guided algorithm versus standard care
showed a significant reduction in antibiotic days and
noninferiority for 28- and 60-day mortality.'® The 2016
Stop Antibiotics on guidance of Procalcitonin Study
(SAPS) trial is the largest and most significant trial to

184
Prospective
Excluded: 158
Surgery - 21
Pancreatitis - 4
Autoimmune disorder - 12
Immunocompromised - 46
ESRD - 28
Long term antibiotics - 20
Cardiogenic shock - 5
Inclusion not met - 22

360 Screened

176
Retrospective

Excluded: 150
Surgery - 22
Pancreatitis - 3
Autoimmune disorder - 3
Immunocompromised - 20
ESRD -9
Long term antibiotics- 4
Cardiogenic shock - 1
>1 PCT - 67
Inclusion not met - 21

Enrolled:
26

Enrolled:
26
Figure 2. Patient Inclusion.

Note. PCT = procalcitonin; ESRD = end-stage renal disease.
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Table I. Baseline Characteristics.

Procalcitonin

Standard therapy

group (n=26) group (n=26) P value

Age, mean +SD 72.6 +9.4 732+ 137 .92
Male gender, n (%) 16 (61.5) 12 (46.2) 21
Comorbidities, n (%)

CAD I (42) 12 (46) 46

CHF 13 (50) 13 (50 |

CVA 4 (15) 5(19) 71

CKD 3 (11.5) 8 (31) .09

COPD 12 (46) 10 (38) .57

DM 14 (54) 9 (35) .16

Cirrhosis 0 (0) 2 (8) .I5
Mechanical ventilation, n (%) Il (42) 9 (35) .78
SOFA score, median [IQR] 6 [3.3-9.8] 7 [4.0-9.5] .39
Source of sepsis, n (%)

Pulmonary 18 (69) 17 (65) .78

Intra-abdominal 1 (4) 4 (15) .55

Urinary tract 4 (15) 4 (15) .85

Skin and soft tissue I (4) 2 (8) .55

Unknown 2 (8) I (4) .55
Tmax, median [IQR] 99 [98-99.8] 99 [98-100] .96
WBC, median [IQR] 14.6 [11.4-18.5] 13.4 [9.6-18.0] 2
Positive sputum culture, n (%) 9 (35) 8 (31) 49

MRSA 2 2

Stenotrophomonas maltophilia 2 I

Candida albicans 2 0

Pseudomonas aeruginosa | I

Klebsiella pneumoniae | 3

Serratia marcescens 0 I

Corynebacterium | 0
Blood 2 (8) 6 (23) .09

MRSA | 0

Coagulase-negative Staphylococcus | 6
Urine 8 (31) 7 (27) .76

Escherichia coli (ESBL+) 0 I

Escherichia coli 0 2

Klebsiella pneumoniae I 0

Proteus mirabilis | |

Stenotrophomonas maltophilia | 0

Pseudomonas aeruginosa | 3

Enterobacter cloacae | 0

Providencia stuartii | 0

Candida tropicalis | 0

Candida glabrata | 0
Other 1 (4) 2 (8) A8

MRSA (foot wound) | 0

Bacteroides ovatus (abdominal abscess) 0 I

Escherichia coli (abdominal fluid) 0 I
Concomitant corticosteroids, n (%) 17 (65) 13 (50) .53

Note. CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebrovascular accident; CKD = chronic kidney disease;
COPD = chronic obstructive pulmonary disease; DM = diabetes mellitus; IQR = interquartile range; SOFA = Sequential Organ Failure
Assessment; Tmax = maximum temperature over 24 hours; WBC = white blood cells; ESBL = extended-spectrum beta-lactamase;

MRSA = methicillin-resistant Staphylococcus aureus.
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Table 2. Results.

Procalcitonin Standard therapy

group (n=2 6) group (n=23) P value
Duration of therapy, median [IQR] 9 [7-13] 12 [9-18] .02
Intensive care unit length of stay (d), median [IQR] 4 [3-7] 4 [3-6] 46
Hospital length of stay (d), median [IQR] Il [7-16] Il [7-18] A4l
Reinitiation of antibiotics at 72 h, n (%) 0 (0) 0 (0) 1.0
28-day mortality, n (%) 3(12) 2(7) 49
Adherence to algorithm, n (%) 21 (8l) n/a n/a

Note. IQR = interquartile range.

date, which not only saw a significantly lower antibiotic
usage in the PCT algorithm group but also demonstrat-
ed a reduction in mortality at 28 days (20% vs 25%,
P=.0122) and 1 year (36% vs 43%, P=0.0188)."7

Procalcitonin is a promising biomarker in critically ill
patients to guide antibiotic therapy. However, adherence
to a PCT algorithm in real-world practice can prove to
be a challenge. The PRORATA trial had 47% adher-
ence, and in the SAPS trial, 44% of patients who met
stopping criteria had antibiotics stopped within 24
hrs.'®!7 Both of these studies were conducted in
Europe. In a 2017 large retrospective cohort study of
critically ill patients with sepsis evaluating PCT practice
patterns and outcomes in the United States, investiga-
tors observed that approximately 5% of patients with
sepsis in 2012 had a PCT level measured.””
Furthermore, repeat PCT levels were checked in only 1
in 3 of those patients. This suggests that PCT use may be
idiosyncratic and clinician dependent, and coordination
between providers may yield an increased benefit in uti-
lization of this biomarker.'?

The PCT algorithm utilized in our study was a sim-
plified version of a previously studied algorithm that we
hypothesized would provide better compliance by the
providers.'® Since adherence to PCT algorithms has
been less than ideal in previous studies, with an adher-
ence rate of <50% even in large prospective trials, a
simplified version was chosen to facilitate decision-
making between disciplines. Our previous study demon-
strated adherence rates of 97%. In the current study,
pharmacist recommendations were accepted in 21 of 26
attempts in the prospective cohort, demonstrating
adherence to the algorithm 81% of the time. Our insti-
tution has clinical pharmacists incorporated in a multi-
disciplinary fashion which facilitated and expedited
recommendations to continue or discontinue antibiotics
to the team.

The median durations of antibiotic therapy in this
study were long in both the PCT group and standard
therapy group at 9 days and 12 days, respectively. This is
recognized as a challenge at our institution, and imple-
mentation of a PCT algorithm is one possible tool to

foster a culture more centered on antimicrobial steward-
ship. Because we previously experienced success with a
PCT algorithm in our institution in reducing antibiotic
therapy for critically ill patients with pneumonia, simpli-
fication of the algorithm and expanding its use to sepsis
helped with awareness and adherence among our critical
care providers.'?

This study has several limitations. This was a single-
center study with a small sample size. The design utilized
a prospective cohort versus a retrospective cohort rather
than randomizing and comparing 2 prospective compar-
ator groups. There is possibility of selection bias because
patients were being screened for criteria by investigators
from a generated list. In addition, only 2 serial PCT
levels were required for the algorithm rather than
using multiple serial levels as previously studied in
larger trials.

Conclusion

Use of a simplified PCT algorithm with pharmacist-
guided recommendations significantly reduced the dura-
tion of antibiotic therapy in a cohort of critically ill
patients with sepsis. These results coincide with those
of larger randomized controlled trials using PCT algo-
rithms that showed decrease in antibiotic therapy. The
implementation of the simplified algorithm into ICUs
with clinical pharmacists making recommendations
also demonstrated higher adherence (81%) compared
with previous studies. Large prospective multicenter
studies are needed to prove the validity of the simplified
algorithm before it is widely adopted.

Authors’ Note
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