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Clinical Preview

Serum procalcitonin and the admission decision in CAP

The site of care decision is one of the most important in
the management of community acquired pneumonia
(CAP). Mortality is typically 10-12%| for those admitted
to the |hospital, but can exceed 30%|in those admitted to
the intensive care unit (ICU). However, patients who are

admitted first to the medical ward, and then deteriorate

and need ICU care, have a mortality rate that is twice
as high as for those admitted [directly to the ICU| Thus,
we could improve patient outcomes if we could better
identify which patients are likely to deteriorate after
admission. The criteria for ICU admission vary from
hospital to hospital, and while this decision might not
be fully objective, one approach has been to develop
prediction tools for those who will need intensive
respiratory and vasopressor support (IRVS) during their
hospital stay.

In the October issue of Chest, Self and colleagues
used the multicentre |EPIC database to examine the
best way to identify, on admission, those CAP patients
who will require IRVS (intubation for respiratory failure
or vasopressors for septic_shock) in the first 72 h.
Of 1770 CAP patients, 115 (6:5%) required IRVS, and the
admission serum level of the inflammatory biomarker
[procalcitonin (PCT), correlated well with the need for
IRVS. Those patients with low PCT levels (<0:05 ng/ml)
had a|4%|risk of IRVS, while those with the highest levels
(>10 ng/ml) had a 22:4% risk. When lbiomarker levels
were added toclinical data, the predictive value increased
further. If the patient had three minor| criteria for severe
CAP, using the 2007 ATS/IDSA guidelines, and a high PCT
level, theLskfor IRVS was}_6~2%, whereas those patients
with the jsame three minor criteria and a low |PCT level
had only a 13-2% risk. The investigators also developed
a logistic regression model associating the risk of IRVS
with any PCT value. They identified 370 patients as high
risk (using a PCT cutoff value of 20:83 ng/ml), who were
not identified by clinical criteria, and 33| of these patients
needed IRVS. These findings suggest that an |elevated
PCT level might make it necessary to carefully consider
the site of care decision, and to consider ICU monitoring,
even when the [clinical need for [ICU admission
is juncertain. This observation is extremely important,
because underestimation of severity of illness in a patient
who will need IRVS would be a serioﬁt&or. In this study,
unlike other studies in which a low score was almost
always a sign of good prognosis, it was unclear whether
a patient with a|high clinical severity of illness could be
safely observed out of the ICU, if the PCT value is low.

The findings in this study support observations from
other investigations. |PCT was initially recognised as an
inflammatory biomarker, mostly produced by the [liver as
an acute phase| reactant, with levels rising in the presence
of |bacterial, but not viral infection. Early studies showed
its value in defining which patients with respiratory tract
infection (particularly CAP and bronchitis) could benefit
from antibiotic therapy. Then research showed that serial
measurements of|PCT could be used to guide the duration
of antibiotic therapy for patients with CAP, as well as for
those with sepsis from multiple sources. A number of
investigators have also correlated PCT measurements
with prognosis in CAP.Some studies found that using
either the Pneumonia Severity Index or the CURB-65
score, that the risk of death was Igw if the IPCT values
were [low, regardless of the severity score. Additionally,
some data suggest that patients who are admitted to
the ICU after hospital admission have a higher initial
PCT value than those who are safely managed on the
ward. Not only is PCT elevated in those with more severe
illness, but &rial measurements also have jprognostic
value, andLising levels correlate with a greater likelihood
ofjmortality or pneumonia complications.

Should PCT levels become a routine part of the site
of care decision in CAP? The current study in Chest
shows the potential value of this information, but more
discriminating values might have come from [repeat
measurements during the first 72| h, because not
every patient with a single elevated level needed IRVS.
Additionally, some patients need hospital admission but
are clinically well enough that they are unlikely to need
ICU care, and in this population, it might not be valuable
to measure PCT to guide the site of care decision. The
greatest value could come for those with a borderline
need for ICU care, where high initial PCT values, or rising
serial values might help guide management and indicate
aneed for|ICU observation, while low initial values might
reassure the clinician about the safety of continued care
outside of the ICU.
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Procalcitonin in Severe
Community-Acquired
Pneumonia

Some Precision Medicine Ready for

Prime Time

Daiana Stolz, MD, MPH, FCCP
Basel, Switzerland

CrossMark

Community-acquired pneumonia (CAP) is the third
most common cause of death globally." The estimated
costs for treating CAP exceeded $9 billion per year in
the mid-1990s in the United States, more than half
being attributed to inpatient care.” Approximately

20% to 40% of patients with CAP are treated in the
hospital, and 10% require admission to the ICU owing
to the need for ventilator support or to septic shock. The
mortality rate among patients treated in the ICU for
severe CAP ranges from 19% to 50%.” Survival depends
on a combination of host factors (genetic, age,
comorbidities, defenses), pathogens (virulence,
serotypes), and therapy. A genome-wide association
study of survivors of sepsis due to pneumonia
demonstrated that common variants in the FER gene are
strongly associated with survival, explaining why certain
patients with low bacterial burden are still susceptible to
fatal outcomes.” It is widely accepted that clinical
judgment is inadequate to assess disease severity.
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Accordingly, several severity scores have been developed
and validated widely, with the aim of guiding the initial
site of treatment and appropriate level of intervention.
However, while clinical scores are recommended for
clinical decision-making in the evaluation of patients
with CAP, they are not exempt from weaknesses, in
particular regarding positive predictive values.’
Accordingly, the PSI (pneumonia severity index) score
and CURB-65 are clinical rules that identify a subset of
individuals at low risk of death who could be treated on
an ambulatory basis. All remaining patients are
classified as “high risk,” for whom hospital admission is
recommended despite the fact that a significant
percentage of these patients can be safely treated at
home.” Most sensitive tests with a low false negative rate
such as the PSI require that physicians gather data on 20
parameters including a detailed medical history,
physical examination, and further investigations such as
arterial blood gas measurements and chest radiograph,
thus precluding their applicability in a busy ED setting.’
The CURB-65 score is easier to calculate. However,
because it does not directly address comorbidities, it
underestimates mortality risk in elderly patients with
other underlying diseases. In contrast, SMART-COP
(systolic blood pressure, multilobar chest radiography
involvement, albumin level, respiratory rate,
tachycardia, confusion, oxygenation, and arterial pH)
performed better than both the CURB-65 and PSI but
failed to identify younger patients (< 50 years of age)
requiring mechanical ventilation and/or inotropic
support due to CAP.” In addition, the PSI and CURB-65
might have good discriminatory power for mortality,
but their ability as predictors of ICU admission is no
more than fair. Delayed ICU admission was identified as
an important risk factor for short-term mortality,
leading the Infectious Diseases Society of America and

American Thoracic Society (ATS) to develop criteria to
identify patients requiring direct ICU referral. It is clear
that patients fulfilling major criteria (endotracheal
intubation and mechanical ventilation; shock requiring
vasopressors) should be considered for ICU admission;
however, there is still controversy about the value of the
minor criteria. ICU care is costly and a limited resource
world-wide.

Biomarkers are laboratory tests reflecting a disease
process. Ideally, they are easily measured, objective, and
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dynamic. Biomarkers and clinical scoring systems are
expected to capture and reflect different aspects of the
host factors and response to therapy. Thus, there is
increasing interest in biomarkers both as stand-alone
tests and layered on top of clinical risk scores for
enhanced risk assessment.

Procalcitonin is a classic “hormokine,” which is secreted
alongside the hormonal pathway in a cytokine-like
manner. There is evidence suggesting that the
development of severe sepsis and septic shock as a
complication of pneumonia is associated with activation
of the immune system. Procalcitonin is not accurate
enough to enable the diagnosis of pneumonia as a stand-
alone test. However, procalcitonin values vary according
to the severity of pneumonia, and this association is
stronger than that between disease severity and other
clinical and laboratory variables. Besides being well
known for its ability to decrease antibiotic prescription
in CAP, ventilator-associated pneumonia, and COPD
exacerbations without compromising clinical
outcomes,® ' procalcitonin also provides prognostic
information in respiratory infections.'"'* There is a
robust association between higher procalcitonin levels
and adverse outcomes in patients with CAP. In this issue
of CHEST, Self et al'” demonstrate that in a large cohort
of adults hospitalized with CAP included in the EPIC
(Etiology of Pneumonia in the Community) multicenter
study conducted by the Centers for Disease Control and
Prevention, procalcitonin is strongly associated with the
risk of invasive respiratory or vasopressor support
(IRVS) within 72 hours of admission. Undetectable
procalcitonin (< 0.05 ng/mL) was associated with a
4% risk of IRVS, whereas concentrations of 10 ng/mL
denoted a risk for IRVS of 22%. Procalcitonin was
associated with pneumonia severity as assessed by the
ATS minor criteria, PSI, and SMART-COP score. Most
importantly, procalcitonin significantly improved risk
stratification, applying the routinely used binary system
(low-high risk) of each of the evaluated scores. For
illustration, more than two-thirds of the patients
requiring IRVS did not fulfill all three ATS minor
criteria, considered to indicate the need for ICU
admission. Interestingly, 50% of the included patients
had procalcitonin levels below 0.15 ng/mL at admission

despite “clinical and radiological evidence of CAP.” The
number of patients with very low levels of procalcitonin
in this study is surprisingly high and merits emphasis.
Procalcitonin concentrations < 0.25 ng/mL are usually
thought to indicate no need for antibiotic therapy.
Accordingly, procalcitonin concentrations < 0.25 ng/mL
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have been used to withhold or discontinue antibiotics in
most of the randomized studies evaluating procalcitonin
guidance, which have included more than 4,000 patients
in various clinical settings.” The fact that CAP is a
clinical diagnosis with inherent subjectivity raises the
possibility that some of these patients with low
procalcitonin levels might not actually have had
pneumonia. In accordance with previous data, although
the risk of IVRS increased linearly up to 10 ng/mL, a
“dose response” was not observed for very high
procalcitonin levels (> 10 ng/mL). This study further
supports the notion that procalcitonin has limited
prognostic accuracy as a stand-alone test. It also does
not seem to outperform the risk estimation of a
combination of clinical and laboratorial parameters.
However, it also emphasizes its potential to capture
nuances elusive to the clinical assessment, which

do not seem to be consistently reflected even in
elaborated severity scores recommended for clinical
routine use.

Not all community-acquired pneumonia episodes are
similar. Successful CAP management requires treatment
strategies to take individual variability into account. To
apply this concept we need methods to characterize
patients, including fast, point-of-care approaches.
Clinicians are looking forward to being able to identify
specific immune profiles indicating protective rather
than pathologic immune responses. Analyses of
thousands of molecular signs by transcriptome will
likely provide more diagnostic accuracy than the
measurement of a single or a few biomarkers. Genomics
and other new sciences might offer the opportunity to
further improve diagnosis and prediction in the near
future, but we should not allow too much information
(or hope) to paralyze decision-making. While it is clear
that no single biomarker can consistently predict
prognosis, for now, procalcitonin may help to transfer
the probability of risk derived from a population to an
individual patient. A randomized study evaluating the
outcome and cost-effectiveness of a procalcitonin-
refined clinical score in severe CAP is needed. Then this
new stratification paradigm has the potential to save
money and lives.
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Procalcitonin as an Early Marker of the
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Need for Invasive Respiratory or
Vasopressor Support in Adults With
Community-Acquired Pneumonia

Wesley H. Self, MD, MPH, Carlos G. Grijalva, MD, MPH, Derek J. Williams, MD, MPH, Alison Woodworth, PhD,

Robert A. Balk, MD,; Sherene Fakhran, MD; Yuwei Zhu, MD; D. Mark Courtney, MD, James Chappell, MD, PhD,

Evan J. Anderson, MD, Chao Qi, PhD, Grant W. Waterer, MD, PhD,; Christopher Trabue, MD,; Anna M. Bramley, MPH,
Seema Jain, MD, Kathryn M. Edwards, MD, and Richard G. Wunderink, MD

BACKGROUND: Predicting the need for intensive care among adults with community-acquired
pneumonia (CAP) remains challenging.

METHODS: Using a multicenter prospective cohort study of adults hospitalized with CAP, we
evaluated the association of serum procalcitonin (PCT) concentration at hospital presentation
with the need for invasive respiratory or vasopressor support (IRVS), or both, within 72 h.
Logistic regression was used to model this association, with results reported as the estimated
risk of IRVS for a given PCT concentration. We also assessed whether the addition of PCT
changed the performance of established pneumonia severity scores, including the pneumonia
severity index and the American Thoracic Society minor criteria, for prediction of IRVS.

RESULTS: Of 1,770 enrolled patients, 115 required IRVS (6.5%). Using the logistic regression
model, PCT concentration had a strong association with IRVS risk. Undetectable PCT
(< 0.05 ng/mL) was associated with a 4% (95% CI, 3.1%-5.1%) risk of IRVS. For
concentrations < 10 ng/mL, PCT had an approximate linear association with IRVS risk: for each
1 ng/mL increase in PCT, there was a 1% to 2% absolute increase in the risk of IRVS. With a PCT
concentration of 10 ng/mL, the risk of IRVS was 22.4% (95% CI, 16.3%-30.1%) and remained
relatively constant for all concentrations > 10 ng/mL. When added to each pneumonia severity
score, PCT contributed significant additional risk information for the prediction of IRVS.

coNcLusIons: Serum PCT concentration was strongly associated with the risk of requiring
IRVS among adults hospitalized with CAP and is potentially useful for guiding decisions
about ICU admission. CHEST 2016; 150(4):819-828

KEY WORDS: biomarkers; pneumonia; prognosis; respiratory failure; septic shock
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ABBREVIATIONS: ATS = American Thoracic Society; AUC = area
under the curve; CAP = community-acquired pneumonia; IQR =
interquartile range; IRVS = invasive respiratory or vasopressor support;
PCT = procalcitonin; PSI = pneumonia severity index; ROC = receiver
operating characteristic
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Pneumonia accounts for approximately 63,000 deaths,
1.2 million hospitalizations, 2.3 million ED visits, and
$10 billion in hospital costs in the United States
annually.'” Assessment of illness severity and the risk
for clinical deterioration at the time of initial diagnosis
are essential for optimal pneumonia management,
including selection of the best site of care (outpatient, in-
patient general floor, or ICU)."® However, early severity
assessment and risk stratification for community-
acquired pneumonia (CAP) are challenging because
overt clinical signs at presentation are not highly
predictive of which patients will experience deterioration
of their condition.””

Although several guidelines and clinical scoring systems
exist to assist clinicians with early severity assessment, "
some of these resources are difficult to use in routine
practice, and both overestimation and underestimation of
CAP severity continue to result in suboptimal admission
decisions.*'® ICU admission improves outcomes for
patients who require invasive respiratory or vasopressor

support (IRVS) (ie, intubation for respiratory failure or
vasopressors for septic shock) at any time during their
hospitalization.'* However, ICU care is a costly and
limited resource.'”'® Therefore, objective easy to use
measures that aid clinicians in determining a patient’s risk
for subsequently requiring IRVS would be useful for
guiding ICU admission decisions.""'**"

Procalcitonin (PCT) is a prohormone of calcitonin that
is emerging as a clinical biomarker.” **> PCT
concentrations tend to be higher in patients with
pneumonia who have more severe infections.””
However, PCT has not previously been evaluated as a
marker for patients who require IRVS, a highly relevant
outcome for ICU admission decision-making,'""**’
Therefore, we evaluated the association of a single serum
PCT measurement at hospital presentation with the
need for IRVS during the subsequent 72 h among adults
hospitalized with CAP. We also evaluated the additive
value of PCT when used in conjunction with several
existing pneumonia severity scores.

Methods

We conducted a prospective cohort study of adults hospitalized with
CAP nested in the Centers for Disease Control and Prevention
(CDC) Etiology of Pneumonia in the Community (EPIC) study.’’
Institutional review boards at the enrolling centers and the CDC
approved the protocol (IRB No. 091422 at Vanderbilt University).
Informed consent was obtained from all participants.
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Patient Recruitment

The EPIC study included adults (= 18 years) hospitalized with CAP at
three hospitals in Chicago, Illinois and two hospitals in Nashville,
Tennessee between January 2010 and June 2012.°" All enrolled
patients had clinical and radiographic evidence of CAP; detailed
eligibility criteria have been described previously.”' Sera were obtained
and banked from enrolled patients at the time of hospital presentation.
For the current study, we included adult patients in the EPIC cohort
who had adequate serum volume for PCT measurement (200 uL).

Procalcitonin Measurement

The primary exposure variable was serum PCT concentration. Two
research laboratories—one in Chicago and one in Nashville—
performed PCT measurements using the miniVIDAS instrument and
VIDAS B.R.A-HM.S. PCT immunoassay kits (BioMerieux) according
to the package insert.’” The lower limit of PCT detection was
0.05 ng/mL. Laboratory personnel performing PCT measurements
were blinded to all clinical information. Clinicians caring for
enrolled patients were blinded to PCT results.

Outcome

The primary study outcome was IRVS, defined as intubation for
respiratory failure or vasopressor administration for septic shock
within 72 h of hospital presentation. IRVS was selected as the
primary outcome because it provides a more objective assessment of
critical illness than does ICU admission, which may be driven by
factors other than illness severity.'"'**” A window of 72 h was
chosen to limit the outcome to manifestations most likely related to
CAP and not delayed nosocomial complications."*’

Pneumonia Severity Scores

We calculated pneumonia severity scores indicative of the patient’s
condition at the time of hospital presentation, including the
American Thoracic Society minor criteria for severe CAP (ATS
minor criteria),"** pneumonia severity index (PSI),” and
SMART-COP."
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Statistical Analysis

PCT distributions were compared between patients who required IRVS
and those who did not using the Wilcoxon rank-sum test. We also
constructed a nonparametric receiver operating characteristic (ROC)
curve for PCT to discriminate between patients who did and those who
did not require IRVS; the area under the curve (AUC) was calculated.
For comparison with PCT, an ROC curve for WBC count, a biomarker
currently in widespread clinical use for CAP, was also constructed. We
also performed these analyses after stratifying the population by the
initial location of hospital admission: general medical floor vs ICU.

Logistic Regression Models

We used logistic regression models to assess the association of PCT
concentration and the risk of IRVS. Since PCT values were skewed,
we modeled PCT values using a restricted cubic spline function with
four knots located at the fifth, 35th, 65th, and 95th percentile of
PCT distribution.”> We then estimated the risk of IRVS according to
PCT wvalues, using the predictive probabilities from the logistic
regression models.

We also evaluated whether PCT added predictive risk information to
existing severity scores (ATS minor criteria, PSI, and SMART-COP).
We constructed logistic regression models using each of the severity
scores as the sole predictor and IRVS as the outcome. We then
added PCT as a predictor to each of the severity score models and
conducted likelihood ratio tests comparing the models with and
those without PCT. These tests examined whether PCT had a
statistically significant additive contribution to each of the severity
scores for predicting IRVS.

Since current CAP management guidelines from the Infectious Disease
Society of America and American Thoracic Society emphasize the ATS
minor criteria (e-Table 1) as a tool to assist with ICU admission

decisions,” we used it as the primary score for detailed comparison
with PCT. To determine the contribution of PCT and ATS minor
criteria for the prediction of IRVS, we first compared the relative
strength of the association between PCT and each of the nine
individual ATS minor criteria with IRVS. We constructed a
multivariable logistic regression model with IRVS as the outcome
and PCT and each of the ATS minor criteria as predictors.
Individual predictors were removed from the full model one at a
time, and variation in the model deviance was quantified using the
difference in the likelihood ratio ‘> between the full model and the
model after removal of the single predictor. Percentage of the full
model likelihood ratio % statistic contributed by each predictor was
calculated to demonstrate the relative strength of IRVS prediction
for PCT and each of the ATS minor criteria.

Performance of PCT Added to Pneumonia Severity Scores

We further explored whether PCT contributed risk information to
assessments based on established severity scores. In the clinical
setting, CAP severity scores are often used to dichotomize patients
into high- and low-risk categories." To resemble this real-life binary
implementation of severity scores (high risk vs low risk), we
evaluated PCT in three separate stratified analyses based on the
following criteria: (1) ATS minor criteria, with = 3 criteria denoting
high risk; “** (2) PSI, with classes IV and V classified as high risk;’
and (3) SMART-COP, with = 3 points denoting high risk."' The
association of PCT with IRVS was evaluated in each of these
subgroups using the rank-sum test, ROC curves, and logistic
regression as detailed earlier. We also calculated the number of
patients with < 3 ATS minor criteria who would be reclassified as
high risk if PCT at various cut points was used as an additional
indicator to identify high-risk patients. Statistical analyses were
performed with Stata 12 (StataCorp LP).

Results

Among 2,320 adults with CAP in the EPIC study, 1,770
(76.3%) had adequate serum for PCT measurement and
were included in this analysis (Table 1). Characteristics
of patients excluded because of not having a PCT
measurement were similar to the included patients
(e-Table 2). Overall, 115 patients (6.5%) required

IRVS within 72 h of hospital presentation, including
47 patients (2.7%) with both invasive respiratory

and vasopressor support, 37 patients (2.1%) with
respiratory support only, and 31 patients (1.8%) with
vasopressor support only. Serum PCT concentrations
were higher in patients who required IRVS (median,
1.43 ng/mL; interquartile range [IQR], 0.14-8.22 ng/mL)
compared with those who did not (median, 0.14 ng/mL;
IQR, < 0.05-0.72 ng/mL) (P < .01) (Table 2, e-Fig 1).

Area under the ROC curve for PCT to discriminate
between patients with and those without IRVS was 0.69
(95% CI, 0.67-0.71) and was significantly higher than the
area for WBC count (0.54; 95% CI, 0.51-0.56) (Fig 1). To
illustrate sensitivity, specificity, and the proportion of
patients who experienced IRVS at varying PCT cut
points, four points representing the 50th, 75th, 90th, and
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95th percentile of PCT concentration in the study
population were highlighted on the ROC curve (Fig 1).
For example, using the 75th percentile of PCT
concentration (0.83 ng/mL) as a cut point, sensitivity
and specificity for IRVS were 0.55 (95% CI, 0.45-0.64)
and 0.77 (95% CI, 0.75-0.79), respectively; 3.9% of
patients with a PCT concentration < 0.83 ng/mL
experienced IRVS, whereas 14.2% with a concentration
greater than this cut point experienced IRVS (e-Table 3).

Association Between PCT and Risk of IRVS

In logistic regression models, PCT concentration had

a strong association with the risk of IRVS (Fig 2).
Undetectable PCT using this assay (< 0.05 ng/mL)
corresponded to a 4% (95% CI, 3.1%-5.1%) IRVS risk.
Between 0.05 ng/mL and 10 ng/mL, PCT concentration had
an approximate linear association with IRVS risk, with each
incremental increase in PCT concentration of 1 ng/mL
corresponding to a 1% to 2% absolute increase in IRV risk
(Fig 2). PCT concentrations of 5 ng/mL and 10 ng/mL were
associated with IRV'S risks of 14.2% (95% CI, 11.0%-18.1%)
and 22.4% (95% CI, 16.3%-30.1%), respectively. IRVS
risk plateaued at PCT concentrations > 10 ng/mL.
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TABLE 1 | Patient Characteristics

TABLE 1 | (Continued)

Characteristic

Adults Hospitalized With CAP
and PCT Results (N = 1,770)

Adults Hospitalized With CAP

Characteristic and PCT Results (N = 1,770)

Age, median (IQR), y 57 (47-70)
Female sex, No. (%) 905 (51.1)
Race and ethnicity, No. (%)
Non-Hispanic white 783 (44.2)
Non-Hispanic black 693 (39.2)
Hispanic 215 (12.2)
Other 79 (4.5)
Age groups, No. (%)
18-44 y 396 (22.4)
45-64 y 766 (43.3)
65-79 y 373 (21.1)
=80y 235 (13.3)
Chronic medical conditions,
No. (%)
Asthma 459 (25.9)
Chronic obstructive lung 367 (20.7)
disease
Cancer 320 (18.1)
Chronic heart failure 318 (18.0)
Diabetes mellitus 438 (24.8)
Chronic kidney disease 271 (15.3)
Chronic liver disease 93 (5.3)
Immunosuppression 294 (16.6)
HIV infection 47 (2.7)
Current smoker 463 (26.2)
PSI risk class
I 339 (19.2)
II 474 (26.8)
111 345 (19.5)
v 462 (26.1)
\Y 150 (8.5)
Cause of pneumonia, No. (%)
Bacterial 192 (10.9)
Viral 412 (23.3)
Bacterial-viral mixed 51 (2.9)
Fungal/mycobacterial 15 (0.9)
Unknown 1,100 (62.2)
Antibiotic administration 325 (18.4)
before hospital
presentation
IRVS within 72 h, No. (%) 115 (6.5)
ICU admission as initial 280 (15.8)
disposition, No. (%)
Delayed ICU transfer from 117 (6.6)
medical floor,” No. (%)
(Continued)
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Hospital length of stay, 3 (2-6)
median (IQR), d
In-hospital death, No. (%) 37 (2.1)

CAP = community-acquired pneumonia; IQR = interquartile range;
IRVS = invasive respiratory or vasopressor support; PCT = procalcitonin;
PSI = pneumonia severity index.

*Delayed ICU transfer from medical floor was defined as initial hospital
admission on the medical floor and then later transfer to an ICU at any
time during the index hospitalization for pneumonia.

Performance of PCT Added to Pneumonia Severity
Scores

Higher PCT concentration correlated with increasing
pneumonia severity at presentation as measured by the
number of ATS minor criteria present, PSI score, and
SMART-COP score (e-Fig 2). The addition of PCT

to each of these pneumonia severity score models
increased the area under the ROC curve. For example,
area under the ROC curve for the ATS minor criteria
alone was 0.75 and improved to 0.78 when PCT was
added. Accordingly, the addition of PCT represented a
significant improvement in model fit for IRVS for each
severity score (likelihood ratio test P < .01 for each
model). We also found that PCT concentration had a
larger contribution to predicting IRVS than any of the
individual ATS minor criteria (Fig 3).

After stratification of the study population by each of the
scoring systems into low- and high-risk subgroups,
higher PCT was associated with greater risk of IRVS in all
subgroups (Fig 4, e-Fig 3). For example,

without considering PCT, patients classified as low

risk by the ATS minor criteria (< 3 criteria present) had a
4.7% (95% CI, 3.7%-5.7%) risk of IRVS. After considering
PCT in the low-risk ATS minor criteria subgroup, PCT <
0.05 ng/mL corresponded to a 2.4% (95% CI, 1.7%-3.4%)
IRVS risk, whereas a PCT concentration of 10 ng/mL
corresponded to a 12.0% (95% CI, 6.4%-21.3%) risk
(Fig 4A). Without considering PCT, patients classified as
high risk by the ATS minor criteria (= 3 criteria present)
had a 29.7% (95% CI, 21.7%-37.6%) risk of IRVS.
Within this high-risk subgroup by ATS minor criteria,
PCT < 0.05 ng/mL was associated with a 13.2% (95%
CL, 9.3%-18.5%) IRVS risk, whereas a PCT concentration
of 10 ng/mL corresponded to a 36.2% (95% CI,
25.0%-49.1%) risk. Similar results were found with PSI
and SMART-COP (Figs 4B, 4C). PCT values in patients
with CAP caused by viruses and bacteria are reported
separately in e-Appendix 1 and e-Table 4.
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TABLE 2 | Serum PCT Concentrations for Patients Who Did and Those Who Did Not Require IRVS Within 72 h®

Serum PCT, Median (IQR) [ng/mL]

IRVS Present, Range

IRVS Absent, Range

AUC (95% CI)

Population No. IRVS, No. (%)
Full study population 1,170 | 115 (6.5)
Location of initial admission

General floor 1,490 39 (2.6)

ICU 280 76 (27.1)
ATS minor criteria

< 3 criteria 1,642 77 (4.7)

= 3 criteria 128 38 (29.7)
PSI risk class

I-I1I 1,158 | 42 (3.6)

V-V 612 73 (11.9)
SMART-COP score

< 3 points 1,440 50 (3.5)

= 3 points 330 65 (19.7)
Specific subgroups

Viral cause 412 21 (5.1)

Bacterial cause 192 33(17.2)

COPD 367 32 (8.7)

Immunosuppression 294 21 (7.1)

Antibiotic administration before 325 23 (7.1)

hospital presentation

1.43 (0.14-8.22)

1.29 (0.14-6.92)
1.47 (0.13-8.88)

0.47 (0.05-4.07)
4.82 (1.10-25.9)

0.35 (0.05-5.62)
2.30 (0.19-9.54)

0.46 (0.06-5.42)
2.38 (0.19-11.76)

0.46 (0.05-2.59)
5.62 (1.10-27.26)
2.69 (0.19-16.09)
1.51 (0.41-11.01)
0.47 (0.05-5.42)

0.14 (< 0.05-0.72)

0.13 (0.04-0.6)
0.47 (0.05-2.75)

0.13 (< 0.05-0.63)
0.75 (0.09-5.68)

0.10 (< 0.05-0.48)
0.28 (0.06-1.39)

0.12 (< 0.05-0.57)
0.32 (0.07-2.72)

0.09 (< 0.05-0.52)
0.73 (0.14-6.22)

0.10 (< 0.05-0.51)
0.16 (< 0.05-1.08)
0.10 (< 0.05-0.38)

0.69 (0.67-0.71)

0.70 (0.68-0.73)
0.60 (0.54-0.65)

0.63 (0.61-0.65)
0.68 (0.59-0.76)

0.64 (0.62-0.67)
0.67 (0.63-0.71)

0.65 (0.62-0.67)
0.65 (0.59-0.70)

0.65 (0.60-0.70)
0.68 (0.61-0.75)
0.76 (0.67-0.85)
0.76 (0.66-0.86)
0.70 (0.57-0.82)

ATS = American Thoracic Society; AUC = area under the curve; ROC = receiver operating characteristic. See Table 1 legend for expansion of other

abbreviations.

FAUC for ROC curves demonstrate performance of PCT for discriminating patients who required IRVS from those who did not.

To illustrate how using PCT with a specific binary cut
point could augment risk stratification by the ATS
minor criteria, we developed a classification tree using
either = 3 ATS minor criteria or PCT = 0.83 ng/mL to

1.001 15.96
ng/mL 0.15 ng/mL
0754 | 0.83 r:lg/mLPCT i L
4.98 'y

Sensitivity
o
(&)
o
1

0.25

Area under ROC curves:
PCT: 0.69 (95% ClI, 0.67-0.71)
WBC: 0.54 (95% ClI, 0.51-0.56)

P
/lr
f

0.00
0.00

0.50 0.75 1.00

1-Specificity

0.25

Figure 1 — Nonparametric ROC curves for PCT and WBC count to
identify patients who needed IRVS within 72 h. Selected PCT cut points
at the 50th, 75th, 90th, and 95th percentiles of PCT concentration in the
population are noted on the PCT curve. IRVS = invasive respiratory or
vasopressor support; PCT = procalcitonin; ROC = receiver operating
characteristic.
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indicate high risk (Fig 5). Using = 3 ATS minor criteria
alone to indicate high risk, 77 of the 1,770 total patients
(4.4%) were misclassified as low risk and experienced

IRVS. Including PCT = 0.83 ng/mL in addition to = 3

30% -

20% -

10%

Risk of IRVS Within 72 h

0 5

10 15 20 25
PCT Concentration (ng/mL)

Figure 2 - Risk of IRVS within 72 h of hospital presentation according

to initial serum PCT concentration. The plot was truncated at a
PCT concentration of 25 ng/mL because of the small number of
patients with PCT concentrations > 25 ng/mL. The 95% CI band is
denoted with red shading. See Figure 1 legend for expansion of
abbreviations.
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Figure 3 - Relative contribution of PCT concentration and each of the
American Thoracic Society (ATS) minor criteria to the prediction model
for IRVS. The ATS minor criteria include AMS, partial pressure of
oxygen to fraction of inspired oxygen ratio = 250 (P:F), RR = 30/min
(RR), systolic BP < 90 mm Hg (BP), multilobar pulmonary infiltrates
(Multilobar), platelets < 100,000 cells/mm? (PLT); BUN = 20 mg/dL
(BUN); temperature < 36° C (Temp); WBC count < 4,000 cells/mm’
(WBC). AMS = altered mental status; RR = respiratory rate. See
Figure 1 legend for expansion of other abbreviations.

ATS minor criteria as a high-risk indicator reduced the
number of patients with IRVS misclassified as low risk to
44 (2.49%). Adding PCT = 0.83 ng/mL as a high-risk
indicator resulted in 370 additional patients being
classified as high risk, with 33 of them correctly classified
as having IRVS.

Discussion

In this multicenter study of adults hospitalized

with CAP, serum PCT concentrations at hospital
presentation were strongly associated with the risk of
IRVS during the following 72 h. Patients with PCT
concentrations of 5 ng/mL and 10 ng/mL were
approximately three and five times more likely to require
IRVS than patients with PCT < 0.05ng/mL, respectively,
suggesting that PCT is potentially a useful test to help
guide ICU admission decisions. Incorporation of PCT
with clinical gestalt and clinical scoring systems is likely
to improve identification of patients needing intensive
care; however, the accuracy of PCT for IRVS is not
strong enough to base clinical decisions solely on PCT
results.

Our results suggest that PCT complements other tools
clinicians use to guide ICU admission decisions. As
expected, higher scores for several pneumonia severity
scoring systems were associated with IRVS. However,
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adding PCT to each of these scores improved the ability
to identify patients who required IRVS. The presence
of = 3 ATS minor criteria is a high-risk situation
that clinicians often consider as a warning sign for
impending respiratory failure or shock.” However, in
this study, 67% of the 115 patients who required
IRVS had < 3 ATS minor criteria. An elevated PCT
level may help identify these patients without overt
clinical signs of impending respiratory failure or
shock but who would benefit from early ICU
admission. For example, in this study, a PCT
concentration of 10 ng/mL in patients with < 3 ATS
minor criteria corresponded to a 12% risk of IRVS, a
risk level that may warrant consideration for admission
to an ICU or another setting that can ensure close
monitoring.

Similar to our findings, prior studies have demonstrated
an association between higher PCT levels at the time of
acute presentation and adverse outcomes in patients
with CAP.”**%***7 Huang et al”’ found that adding
PCT to PSI scores improved prognostic accuracy for
30-day mortality among patients with CAP in PSI risk
classes IV-V. Ramirez et al’’ found that combining
PCT with the ATS minor criteria helped identify
patients admitted to an ICU, including those with
delayed ICU transfer. In a recent meta-analysis, Kutz
et al’® found that PCT levels in the ED, but

not in primary care clinics or in the ICU, correlated
with treatment failure and mortality, suggesting that
PCT measurement may be most useful for risk
stratification of undifferentiated patients in the ED
setting.

In most prior studies,””***" PCT concentrations were
analyzed after categorizing them into groups using
various cut points (eg, 0.25 ng/mL). An advantage of our
study was the use of PCT as a continuous variable to
demonstrate a strong association with IRVS across a
broad range of PCT concentrations. As demonstrated in
Figure 2, increasing PCT concentrations up to 10 ng/mL
correlated with increasing IRVS risk. Using PCT
concentrations on a continuous scale without
introducing binary cut points to define “positive” and
“negative” values retained more information and
provided the most predictive power.

Limitations

PCT measurements were obtained only from a
subset of adults enrolled in the EPIC study;
however, clinical and demographic characteristics
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Figure 4 - Risk of IRVS within 72 h of hospital presentation according to initial serum PCT concentration with the study population stratified into low-
and high-risk subgroups by (A) ATS minor criteria, (B) PSIL, and (C) SMART-COP. Plots were truncated at a PCT concentration of 25 ng/mL because
of the small number of patients with PCT concentrations > 25 ng/mL. The 95% CI band is denoted with red shading. Dashed lines represent IRVS risk
in a subgroup alone without considering PCT concentration. ATS = American Thoracic Society; PSI = pneumonia severity index. See Figure 1 legend
for expansion of other abbreviations.

were similar between included (76.3%) and critical illness," " but we acknowledge that
excluded (23.7%) patients (e-Table 2). IRVS was other factors are also important when considering
chosen as the primary outcome because it is an ICU admission. We did not evaluate mortality
regarded as an objective measure of CAP-related as an outcome in this study. Only two patients
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Adults Hospitalized with CAP
(n=1,770)

< 8 ATS Minor Criteria
(n=1,642; 92.8% of
full population)
IRVS present: 77 (4.7 %)

> 3 ATS Minor Criteria
(n=128; 7.2% of
full population)
IRVS present: 38 (29.7%)

PCT < 0.83 ng/mL
(n=1,272; 71.9% of
full population)
IRVS present: 44 (3.5%)

PCT > 0.83 ng/mL
(n =370; 20.1% of
full population)
IRVS present: 33 (8.9%)

PCT < 0.83 ng/mL
(n=55; 3.1% of
full population)
IRVS present: 8 (14.6%)

PCT > 0.83 ng/mL
(n=73;4.1% of
full population)
IRVS present: 30 (41.1%)

Figure 5 - Classification tree using a combination of = 3 ATS minor criteria or PCT = 0.83 ng/mL (which was the 75th percentile of PCT con-
centration in the study population) as high-risk indicators for IRVS among adults hospitalized with CAP. CAP = community-acquired pneumonia. See

Figure 1 and 4 legends for expansion of other abbreviations.

died within 72 h of hospital presentation who did
not receive IRVS; excluding these two patients

from the analysis had no appreciable effect on the
results. Although this study demonstrates an
association between PCT and IRVS, effectiveness
studies with real-time use of PCT determinations

are required to evaluate the impact of PCT on clinical
decision-making and patient outcomes.
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Conclusions

Serum PCT concentration at the time of hospital
presentation was significantly associated with the risk of
patients with CAP requiring IRVS within 72 h. This
association remained strong after adjustment for other
tools clinicians use to evaluate pneumonia severity,
highlighting that PCT may be a useful marker to assist
with ICU admission decisions.
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