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Introduction

• Procalcitonin (PCT) is a peptide precursor of the hormone calcitonin and is upregulated in response 
to products of bacterial infection (LPS and tumor necrosis factor-α) It is not affected by viral 
infection.1

• First proposed in 1993 by Assicot et al., PCT was identified as a surrogate of active bacterial infection 
in the context of sepsis. It was found that children with severe bacterial infections had significantly 
elevated PCT values which declined promptly with antibiotic therapy.

• Under normal physiological conditions the level of circulating PCT is relatively low (≤0.1 ng/mL), while 
an elevation in serum PCT is associated with a potential bacterial infection.3,4

• PCT has therefore been identified as a surrogate biomarker to differentiate bacterial infections from 
viral infections and noninfectious systemic inflammatory diseases.
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Introduction

• PCT levels have specifically been studied as a marker for initiation, de-escalation and discontinuation 
of antibiotics in the settings of lower respiratory infections and septic shock.5–9

• A 2018 meta-analysis (>4,000 patients) on the use of PCT-guided protocol in patients with suspected 
or confirmed LRTI found a reduction in the duration of antibiotic use (mean duration -2.15 days) with a 
trend toward reduced mortality (without meeting statistical significance).17

• However, several studies suggest outside of study protocols PCT levels have limited impact on 
prescribers’ behavior, and the results of previous clinical trials may not be generalizable outside of 
study populations.16,29,33–36

o The largest study looked at 1,656 patients presenting with LRTI. Despite providing 
graded recommendations based on PCT values, there was no appreciable difference in 
antibiotic-days between the study group and the control.16
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Introduction

• One limitation of these studies is that they do not specify providers’ response when receiving 
PCT results – whether antibiotic regimens are escalated or de-escalated with positive or negative 
results.

• So, the question we pose is: Do clinicians alter their antibiotic prescribing patterns based on PCT lab 
values in real-world practice?

• We conducted a retrospective review of data from HCA’s Continental division (11 hospitals in the 
rocky mountain and mid-west region of the U.S.) to evaluate the real-world clinical responses to PCT 
values in the setting of both LRTI’s and sepsis.



This research was supported (in whole or in part) by HCA Healthcare and/or an HCA Healthcare 
affiliated entity. The views expressed in this publication represent those of the author(s) and do 
not necessarily represent the official views of HCA Healthcare or any of its affiliated entities.

Methods

• Retrospective cohort study
o The institutional review board (IRB) overseeing all hospitals determined the protocol was 

exempt from IRB oversight.

• Data obtained from 11 facilities comprising the Continental Division of Hospital Corporation of 
America (HCA) using a de-identified data repository compiled for internal use by the HCA Continental 
Division.

• Inclusion criteria:
o Patients admitted from January 1, 2018 through August 30, 2019 across HCA Continental 

Division hospitals who had a PCT level tested during hospitalization
o ICD-10 codes pertaining to sepsis, or any lower respiratory tract infection

• Exclusion criteria:
o Current pregnancy, patients over 89 years of age or under 18, and at-risk individuals (those 

admitted from or discharged to prisons, jails, or law enforcement custody).
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Methods

• The patients selected for analysis were grouped to 
diagnoses of LRTI or sepsis.
o LRTI: ICD-10 codes including, bacterial/viral 

PNA, COPD exacerbation, acute bronchitis, or 
lung abscesses.

o Patients with diagnoses of both sepsis and LRTI 
were analyzed as part of the LRTI group.

• For the two groups, patients were further 
categorized according to PCT values in relation to 
defined cutoffs pertaining to high likelihood of bacterial 
infection in LRTI (0.25ng/mL) and sepsis (0.5ng/mL).

Study Patient 
Population

LRTI Sepsis

PCT > 
0.5ng/mL

PCT < 
0.5ng/mL

PCT > 
0.25ng/mL

PCT < 
0.25ng/mL
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Methods

• We aimed to measure provider response following a PCT test, this was done first by calculating an 
antibiotic coverage score:

• Antibiotics were each assigned a point value of 1-3, corresponding to spectrum of microbial coverage 
(higher scores correlating to broader coverage)
o Ex) ampicillin was assigned a score of 1, while piperacillin/tazobactam was assigned a score of 3
o Multiple antibiotics ordered for a given patient were tabulated as a sum.

• Data were then analyzed to assess for change in antibiotic coverage score within 24 hours of PCT 
results being available.
o An increase in score = escalation
o A change from 0 to a positive value = initiation
o Equivalent scores were considered as either non-initiation of antibiotics (if 0) or continuation of 

equivalent coverage.
o A decrease in score = de-escalation
o A change from a non-zero score to a score of 0 = discontinuation
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Results

• Initial data extraction yielded 36,423 patients. After applying the exclusion criteria, 8,223 patients 
were included in the final analysis (Fig. 1).
o 49.12% of patients had an ICD-10 code pertaining to LRTI
o 50.88% of patients had an ICD-10 code for sepsis with no ICD-10 associated with LRTI.

• PCT tests:
o 74.89% of patients had a single PCT level drawn
o 16.32% of patients had two tests
o 8.79% of patients had three or more (Table 1).
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Results

• LRTI Group
• 4039 (49.12%) patients

o Positive procalcitonin (PCT > 0.25ng/mL)
o Negative procalcitonin (PCT < 0.25ng/mL)

• Positive PCT (1,414 patients, 35.0%):
o 461 (32.6%) underwent de-

escalation, discontinuation, or non-initiation of 
antibiotics within 24 hours

o 953 (67.4%) had initiation, escalation, 
or equivalent coverage

• Negative PCT (2,625 patients, 65.0%):
o 1,250 (47.62%) underwent de-

escalation, discontinuation, or non-initiation of 
antibiotics within 24 hours

o 1,375 (52.38%) had initiation, escalation, 
or equivalent coverage (Table 2).

• Sepsis Group
• 4,184 (50.88%) patients

o Positive procalcitonin (PCT > 0.5ng/mL)
o Negative procalcitonin (PCT < 0.5ng/mL)

• Positive PCT (2,032 patients, 48.57%):
o 691 (34.01%) underwent de-

escalation, discontinuation, or non-initiation of 
antibiotics within 24 hours

o 1,341 (65.99%) had initiation, escalation, 
or equivalent coverage

• Negative PCT (2,152 patients, 51.43%):
o 788 (36.62%) underwent de-

escalation, discontinuation, or non-initiation of 
antibiotics within 24 hours

o 1,364 (63.38%) had initiation, escalation, 
or equivalent coverage(Table 2).
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Figures

Number 
of Tests

Number 
of Patients Percent of Patients Cumulative Numb

er of Patients

1 6,158 74.89% 8,223

2 1,342 16.32% 2,065

3+ 723 8.79% 723

Figure 1: Population flow chart.

Table 1: Number of 
procalcitonin tests ordered 
in analyzed patients.
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Figures Lower RTI/Upper RTI/Viral RTI (procalcitonin cut off at 0.25)

Response Procalcitonin elevated Procalcitonin Not elevated

Antibiotics Initiated 306 (21.64%) 321 (12.23%)

Antibiotics Escalated 185 (13.08%) 263 (10.02%)

Antibiotics Unchanged 462 (32.67%) 791 (30.13%)

Antibiotics Not Initiated 122 (8.63%) 372 (14.17%)

Antibiotics De-Escalated 250 (17.68%) 490 (18.67%)

Antibiotics Discontinued 89 (6.29%) 388 (14.78%)

Sepsis (except lower RTI sepsis) (procalcitonin cut off at 0.50)

Response Procalcitonin elevated Procalcitonin Not elevated

Antibiotics Initiated 137 (6.74%) 148 (6.88%)

Antibiotics Escalated 413 (20.32%) 348 (16.17%)

Antibiotics Unchanged 791 (38.93%) 868 (40.33%)

Antibiotics Not Initiated 25 (1.23%) 55 (2.56%)

Antibiotics De-Escalated 614 (30.22%) 587 (27.28%)

Antibiotics Discontinued 52 (2.56%) 146 (6.78%)

Table 2: Determination of antibiotic 
regimen in response to 
procalcitonin results
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Figures
Lower RTI/Upper RTI/Viral RTI (procalcitonin cut off at 0.25)

Procalcitonin ele
vated

Procalcitonin 
Not elevated All

Anticipated Provi
der Response 953 (67.4%) 1250 (47.62%)

2203 (54.5
4%)

Unanticipated Pro
vider Response 461 (32.6%) 1375 (52.38%)

1836 (45.4
6%)

All 1414 (100%) 2625 (100%)
4039 (100

%)

Sepsis (except lower RTI sepsis) (procalcitonin cut off at 0.50)

Procalcitonin ele
vated

Procalcitonin 
Not elevated All

Anticipated Provi
der Response 1341 (65.99%) 788 (36.62%)

2129 (50.8
8%)

Unanticipated Pro
vider Response 691 (34.01%) 1364 (63.38%)

2055 (49.1
2%)

All 2032 (100%) 2152 (100%)
4184 (100

%)

Table 3: Categorization of antibiotic 
prescribing behavior according to 
procalcitonin values
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Discussion

• In the majority of patients (75%) a single PCT was ordered.

• Our data for PCT negative LRTI found less than half (47.62%) of patients had the anticipated de-
escalation, discontinuation, or non-initiation of antibiotics.

• Our data for sepsis showed an even smaller minority (36.62%) of patients whose PCT values were 
negative with the anticipated clinical response (Table 3).

• Half of patients in the LRTI group and two thirds of patients in the sepsis group saw unanticipated 
initiation, escalation, or continuation of their antibiotic regimen.
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Discussion

• In our patient population, PCT results had limited influence on the decision to escalate or deescalate 
antibiotic use. This is consistent with a number of previous studies which demonstrated that PCT 
values have a relatively low impact on prescriber behavior outside of study protocols.16,29,33–35

• Although prospective trials show benefits to PCT use in the setting of a strict protocol, it seems in real 
world practice providers do not strictly adhere to PCT protocols.4,6,12–17 Our findings highlight the lack 
of practical clinical utility of PCT testing.

• Further, the studies demonstrating benefit were nonuniform in their protocol, with no protocol clearly 
superior to another. In addition, PCT is estimated at having only 65-70% accuracy in differentiating 
bacterial versus viral infection.40
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Limitations

• For our study, recommended cutoffs for LRTI and sepsis were 0.25ng/mL and 0.5ng/mL respectively. 
The cutoffs found in the literature are varied – ranging anywhere from 0.25ng/mL to 1ng/mL.13,14,17,19–

27,37–39 It is possible some providers used cutoffs that deviated from our protocol.
o To counter this, normal values as well as recommended course of treatment for abnormal 

values were included with the test result. In addition, physician education was provided during 
the studied time frame.

• Antibiotic scoring system was based on provider consensus without a standardized protocol 
(determined as a consensus by the authors).
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Conclusions

• Our findings suggest that when treating patients with sepsis, LRTI, or both, PCT values do not appear 
to correlate with clinicians’ antibiotic prescribing behavior indicating minimal practical utility in real-
world clinical practice.

• It is prudent that providers regard the whole patient presentation rather than a single laboratory value 
when deciding therapy. PCT can perhaps be useful in certain clinical scenarios as one component of 
an aggregate of clinical factors and tests.

• More robust data and clearer guidelines are likely prerequisites to the use of PCT as a truly useful 
instrument.
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