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Abstract

Objective—To assess the predictive accuracy of serum procalcitonin (PCT) in distinguishing
bacterial aspiration pneumonia from aspiration pneumonitis.

Design—~Prospective observational study.
Setting—Intensive care unit of a University-affiliated hospital.

Patients—Sixty five consecutive patients admitted with pulmonary aspiration and 7 controls
intubated for airway protection.

Interventions and results—Quantitative cultures from bronchoalveolar lavage (BAL) fluid
were conducted on all participants at the time of admission. Serial serum PCT levels were
measured on day 1 and day 3 using the PCT enzyme-linked fluorescent assay. There were no
differences in the median serum concentrations of PCT between patients with positive BAL
cultures (n=32) and patients with negative BAL cultures (n=33) on either day 1 or day 3 post
admission. The areas under the ROC curves were 0.59 (95% CI 0.47-0.72) and 0.63 (95% CI 0.5-
0.75), respectively (p=0.74). However, duration of mechanical ventilation and antibiotic therapy
were shorter in those who had a decrease in their PCT levels on day 3 from baseline compared to
those who did not (6.7+7.1 days and 11.1+13.5 days, p=0.03; and 8.2+2.6 days versus 12.8+4.6
days; p<0.001, respectively). Hospital mortality was associated with radiographic multilobar
disease (adjusted odds ratio (AOR) 1.14; 95% CI 1.01 to 1.31; p=0.04) and increasing
procalcitonin levels (AOR 5.63; 95% CI 1.56 to 20.29; p= 0.008).

Conclusion—Serum PCT levels had poor diagnostic value in separating bacterial aspiration
pneumonia from aspiration pneumonitis based on quantitative BAL culture. However, serial
measurements of serum PCT may be helpful in predicting survival from pulmonary aspiration.

Please address any correspondence and reprint request to: Ali El Solh, MD, MPH, Medical Research, Bldg. 20 (151) VISNO2,
VA Western New York Healthcare System, 3495 Bailey Avenue, Buffalo, NY 14215-1199, Tel (716) 862-7366, Fax (425) 675-4502,
solh@buffalo.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

All other authors do not have any potential conflicts of interest to disclose.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

El-Solh et al. Page 2

Keywords
procalcitonin; aspiration pneumonia; aspiration pneumonitis; outcome; intensive care unit

INTRODUCTION

The clinical presentation of aspiration syndromes falls within a wide spectrum ranging from
subclinical manifestations such as dry cough or dysphonia to rapidly progressing disease
such as the acute respiratory distress syndrome (ARDS). The two most common
consequences resulting from aspiration of gastric or oropharyngeal content are chemical
pneumonitis and bacterial aspiration pneumonia. Both entities present with comparable
clinical signs and symptoms. In the absence of a reliable marker to differentiate between
these two conditions, most patients with suspected aspiration are treated empirically with
antimicrobial agents. The widespread and often unnecessary use of antibiotics in these
instances is fueling a wave of emerging drug resistant bacteria.

The use of biomarkers has been suggested as a possible tool to distinguish chemical
aspiration pneumonitis from bacterial aspiration pneumonia. Procalcitonin (PCT) is a 116
amino acid peptide with a sequence identical to that of pro-hormone of calcitonin but devoid
of hormonal activity. Since PCT determination was first performed by Assicot et al (1) to
differentiate between bacterial and non bacterial causes of sepsis, it has become a marker of
bacterial infection and used to provide rapid evidence of bacterial origin of shock or
respiratory illness. Furthermore, the finding that PCT is released into the circulation within 3
h after endotoxin injection, plateaus at 6 h, and remains elevated for 24 h, makes PCT a
promising new agent for early and sensitive identification of severe infection (2). Recently,
PCT has been used to shorten duration of antibiotic therapy in patients hospitalized with
community-acquired pneumonia and sepsis (3—-9). However, PCT can be increased in
noninfectious conditions (10,11) and may remain low in bacterial infections (12,13). There
are relatively few data available on the utility of PCT in patients with aspiration syndromes.
Therefore, we investigated the utility of plasma levels of PCT to differentiate between
aspiration pneumonia and aspiration pneumonitis.

MATERIALS AND METHODS

Study design

A prospective, outcome blind observational study was performed in the intensive care unit
(ICU) of a tertiary university teaching hospital between September 2007 and December
2009. The study was approved by the ethical committee of the hospital and informed
consent was obtained from all participants or their health care proxy. Some of the patients
were part of a previous investigation (14). All patients who were admitted with the
following criteria were considered for enrollment: 1) the presence of risk factors for
aspiration; 2) symptoms and signs suggestive of lower respiratory tract pathology; 3) new
radiographic infiltrate on chest roentgenogram; and 4) need for mechanical ventilation.
Exclusion criteria included: 1) discharge from a hospital within the prior 10 days; 2) an
episode of pneumonia within the past 30 days; 3) prior antibiotics; 4) documented
bacteremia; 5) chronic mechanical ventilation; 6) immunosuppressive therapy; 7) positive
HIV antibody titer; and 8) post cardiopulmonary arrest. A control group devoid of
underlying inflammatory disorders who were intubated for airway protection was included.

Crit Care Med. Author manuscript; available in PMC 2012 June 1.
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Data collection

Demographic data collected included age, gender, comorbid illnesses, and the Charlson
Index (15). Clinical data were obtained on ICU admission and comprised of clinical
symptoms, daily vital signs, laboratory and radiographic data, and the Acute Physiology and
Chronic Health Evaluation (APACHE I1) score (16). The duration of mechanical ventilation,
the length of stay and the outcome (death or discharge) were also recorded. Drug selection
and final decision about stopping antibiotics were at the treating physician's discretion.

Biological samples

A bronchoalveolar lavage (BAL) was performed on all participants within 6 hours of
hospital admission. Samples for microbiologic analysis were processed as described
previously (17). Pneumonia was considered present when at least one pathogenic bacteria
grew at concentration > 104 CFU/ml. For all patients, serum from blood drawn daily for
routine biologic tests was collected on day 1 and on day 3 of hospitalization. Samples were
frozen immediately after blood was drawn, then stored at —80°C. Assays were performed in
batches at the end of the study period. Procalcitonin was measured using the bioMerieux’s
VIDAS BRAHMS PCT assay. The assay has a functional assay sensitivity of 0.09 ng/ml,
and a coefficient of variation of 6.2% at a mean concentration of 1.33 ng/ml and 6.4% at a
mean concentration of 13.2 ng/ml. All PCT measurements were performed in duplicate, and
the mean of these duplicate results was considered.

Statistical analysis

RESULTS

Data are expressed as means + standard deviation (SD) unless specified otherwise.
Categorical variables were compared using Chi-squared and Fisher's exact tests when
appropriate. Comparison of numerical and categorical variables was performed with
unpaired t-tests or Mann-Whitney U-tests when the latter were dichotomous, and ANOVA
or Kruskal-Wallis H-tests were carried out for variables with more than two categories.
Correlation was assessed using Spearman’s rank test. Cook’s distance was used to assess for
potential outliers. Values > 1 were considered influential. To examine the univariate effects
of patients' clinical characteristics and physiologic variables on unfavorable outcome, a
logistic-regression model was used to test each characteristic. Risk factors with p values of
0.10 or less in our univariate analysis were entered into the multivariate model. Interactions
were tested in the model; variables strongly associated with another(s) were not included in
the multivariate analysis. For all analysis, a two-tailed p value <0.05 was considered
statistically significant.

Sixty five consecutive patients with clinical suspicion for aspiration and 7 controls were
enrolled. All patients were intubated in the emergency department and were
hemodynamically stable on admission to the ICU. The mean age of the study population was
57.3+20.7 years. The main underlying causes for aspiration were neurodegenerative
disorders (n=24), drug overdose (n= 15), cerebrovascular accident (n=14), and seizure
(n=11).. The characteristics of the study population are shown in Table 1. Patients with
pulmonary aspiration were older, had higher burden of comorbidities, and were more
severely ill than the control group.

Microbiological analysis of the BAL fluid confirmed the presence of pneumonia in 32 cases.
The microbial etiology of aspiration pneumonia is shown in Table 2. Staphylococcus aureus
and Escherichia coli were the predominant pathogens isolated. Table 3 displays the clinical
characteristics between patients with BAL positive and BAL negative cultures. All
participants received a parenteral antimicrobial coverage consisting of ampicillin/clavulanic
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acid plus a macrolide (n=29), a quinolone plus clindamycin (n=17), or vancomycin plus
ciprofloxacin plus piperacillin/tazobactam (n=19).

Diagnostic value of procalcitonin

Outcome

The differences in the plasma levels of PCT among the three groups (positive BAL culture,
negative BAL culture, and control) on day 1 of aspiration were statistically significant
(p<0.001 by ANOVA) with the highest values corresponding to patients with culture
negative BAL samples. However, there was no significant difference in PCT levels when
comparing patients with culture positive and culture negative BAL specimens (p=0.17)
(Figure 1).

There was also no correlation between alveolar arterial gradient, PaO2/FiO2, or extent of
radiographic disease and serum procalcitonin levels (p=0.42; p=0.66; and p=0.8,
respectively). No correlation was found also between the species type and quantity of
microorganisms cultured in the BAL fluid and the serum levels of PCT.

On day 1 of aspiration, no best cutoff PCT value for the diagnosis of aspiration pneumonia
could be established. Using a threshold of 2.0 ng/ml yielded a sensitivity of 76%, specificity
of 38%, positive predictive value of 56%, and a negative predictive value of 60% (Table 4).
The median serum PCT concentration values obtained on day 3 did not change significantly
from day 1 for all three groups (Figure 1). The predictive ability of PCT to differentiate
between culture positive pulmonary aspiration and culture negative pulmonary aspiration
was assessed using the receiver operator characteristic (ROC) curves on day 1 and day 3
(Figure 2). The areas under the ROC curves (AUCs) were 0.59 (95% CI 0.47-0.72) and 0.63
(95% CI1 0.5-0.75), respectively (p=0.74).

The in-hospital mortality rates for BAL culture positive and culture negative groups were
36% and 28%, respectively (p=0.85). On day 3, the median serum PCT concentrations were
significantly higher in patients whose outcomes would be unfavorable (4.20 [IQR 2.98—
5.60] ng/mL) than in those with subsequent favorable outcome (1.84 [IQR 1.10-3.79] ng/
mL) (p=0.001) (Figure 3). A procalcitonin cutoff value of 2 ng/ml on Day 1 had a sensitivity
of 77% (95% CI 62%—-89%) and a specificity of 47% (95% CI 26%-70%) in predicting
survival with an AUC of 0.62 (95% CI 0.48-0.73). A procalcitonin threshold of 2 ng/ml on
Day 3 had a sensitivity of 86% (95% CI 64%—-97%) and a specificity of 52% (95% CI 37%-
68%) with an AUC of 0.76 (95% CI 0.67-0.88) (Figure 4).

Duration of mechanical ventilation and length of ICU stay were also shorter in those who
had a drop in serum PCT levels in day 3 compared to day 1 (6.7+7.1 days and 11.1+13.5
days versus 10.3£12.6 days and 14.3+11.2 days; respectively) (p=0.03 and p=0.02). There
was also significant difference in the duration of antimicrobial therapy between those
patients who had a decline in PCT and those who did not (8.2+2.6 days versus 12.8+4.6
days; p<0.001). Logistic regression analysis identified radiographic multilobar disease on
admission (AOR 1.14; 95% CI 1.01 to 1.31; p=0.04) and a one unit increase in PCT levels
between day 1 and day 3 (AOR 5.63; 95% CI 1.56 to 20.29; p=0.008) as independent
predictor of hospital mortality.

DISCUSSION

The results of this study indicate that serum PCT was not a good indicator of bacterial
aspiration pneumonia. A drop in the serum procalcitonin levels between day 1 and day 3
predicted a favorable outcome in pulmonary aspiration syndromes.

Crit Care Med. Author manuscript; available in PMC 2012 June 1.
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This is the largest study to assess the utility of serum PCT levels in pulmonary aspiration
syndromes. Currently, the diagnosis of pulmonary aspiration is established by history and
presence of underlying factors. This approach is severely limited by the fact that the clinical
presentation and the laboratory work up would not distinguish aspiration pneumonitis from
aspiration pneumonia. Our findings reaffirm this conclusion. Nylen and colleagues (18)
were the first to study the kinetics of serum calcitonin in 12 patients with infectious
pneumonitis and 3 with witnessed episodes of aspiration more than a decade ago as a
biomarker of pulmonary infection. Following admission, total serum calcitonin increased
rapidly in all patients and progressively declined with clinical resolution. Interestingly, gel
filtration chromatography confirmed at that time that the predominant circulating forms of
calcitonin were the precursor forms including PCT. No single cutoff however could be
established that would separate the two entities from each other. Subsequently, the utility of
PCT as a diagnostic marker of gastric aspiration was investigated in 23 patients who
presented with closed head injury (19). Nine patients had evidence of aspiration of gastric
content, defined as the presence of persistent infiltrates on CXR in the first 24 hours after
admission and/or signs of aspiration on bronchoscopy. The initial serum PCT levels in these
patients were significantly higher compared to those who had no evidence of aspiration.
PCT was also significantly higher in non-survivors. However, the study did not look at the
role of PCT in differentiating bacterial aspiration pneumonia from chemical aspiration
pneumonitis.

Overall, the accuracy of procalcitonin in diagnosing pneumonia in critically ill patients has
been inconsistent (20-22). In fact, Luyt and colleagues (20) showed that for a cutoff of 0.5
ng/ml, procalcitonin had a sensitivity of 72% and a specificity of 24% for the diagnosis of
VAP. Earlier, Gibot and coworkers (21) reported significant overlap in procalcitonin levels
between patients with ventilator-associated pneumonia and those without pneumonia.
Schuetz and colleagues (23) noted also in a retrospective study involving patients with
therapeutic hypothermia following cardiac arrest, that the increase in PCT was unspecific
and paralleled the intensity of inflammatory reaction rather than the underlying infection.
We found that the case for using PCT in pulmonary aspiration syndromes is no different. In
our study population, there was a significant overlap in the levels of PCT in both BAL
positive and BAL negative cultures making any distinction between the two entities
unachievable. In few cases of aspiration with negative BAL cultures, the levels of PCT were
much higher than those with documented bacterial infection. This disparity could be related
to a time lag of 24 to 48 hours which can exist between onset of bacterial infection and peak
PCT release (24). Alternatively, acid-related lung injury may result in instantaneous
extravasation of calcitonin precursor eclipsing the rise of PCT in bacterial aspiration
pneumonia.

Our study results are in line with previous investigations pointing to a significant association
between decreasing levels of PCT and favorable outcome. Seligman and coworkers (25)
showed that repeated measurement of PCT at onset and on the fourth day of treatment can
predict survival in patients with ventilator-associated pneumonia. A drop in either PCT or
CRP was indicative of lower mortality. Similarly, Luyt et al (26) established in a
comparable population that serial PCT levels may provide an early indication of unfavorable
outcome. In the absence of immediate therapeutic modality for aspiration, prognostic
biomarkers can be used as a guide in triaging patients to a lower level of care, directing
utilization of scare resources, and approaching patients for participating in clinical trials. We
should be careful however from overstating the role of PCT in prognosticating outcome of
patients with the aspiration syndromes until further validation studies are performed.

More recently, PCT has been advocated as a clinical tool to guide antimicrobial therapy in
patients presenting at the emergency department or for the treatment of lower respiratory

Crit Care Med. Author manuscript; available in PMC 2012 June 1.
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tract infection (5,6,27,28). In a randomized controlled trial, Schuetz et al. (5) demonstrated
that administration of antibiotics based on serial PCT determination with predefined cutoff
ranges for initiating or stopping antibiotics for lower respiratory tract infections reduced
antibiotic usage by 3 days. The reduction in antibiotics duration was achieved predominantly
by early discontinuation of antibiotic therapy. In contrast, Stolz et al. (6) reported a 27%
reduction in duration of antibiotics in the procalcitonin group mostly because the control
group had received 15 days of antimicrobial therapy. Using a similar design, Bouadma and
colleagues (9) extended these observations to patients with suspected infections on
admission or during their stay in intensive care units. For patients in the procalcitonin group,
there was a 23% reduction in antibiotic exposure compared to the standard approach.
However, there were several concerns about the design of the trial that pertained to the 10%
non-inferiority margin for mortality and the lack of adherence to the protocol in
discontinuing antibiotic therapy.. Whether a similar algorithm-guided intervention can be
developed for patients with suspected aspiration requires further investigations.

Some limitations of the study should be mentioned. In the absence of a “gold standard”
diagnostic tool, the distinction between bacterial aspiration pneumonia and aspiration
pneumonitis remains an arbitrary one. Even after relying on BAL cultures, the possibility of
misclassification of either type of aspiration could have still occurred. Second, we have not
measured BAL procalcitonin because previous studies have suggested that the local
production of PCT within the alveoli is limited (29,30) and hence it plays a limited role in
the diagnosis of lower respiratory tract infections. Third, the study population comprised of
patients with high acuity of disease requiring mechanical ventilation. It is plausible that the
range of PCT values in less severely ill patients may be different from the one observed in
this study. Moreover, the study is limited by the inclusion of a control group of relatively
small size with different baseline characteristics. Fourth, we have not assessed other
biomarkers in the current study; however previous investigations found CRP to be of limited
value in aspiration syndromes (14,31). Fifth, we have not determined the cost effectiveness
of routine PCT measurements. Pragmatic evidence of the comparative and cost-effectiveness
of different point-of-care strategies is needed.

In conclusion, serum PCT may not be useful as a diagnostic marker of bacterial pulmonary
aspiration. However, serial serum procalcitonin may provide an early indication of outcome
in pulmonary aspiration syndromes.
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Figure 1.
Serial serum procalcitonin in patients with pulmonary aspiration. Box plots represent the

25t and 75t centiles. The internal horizontal line shows the median and whiskers show the
10 and 90 centiles. Circles represent outliers.
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Figure 2.

Receiver operating characteristic (ROC) curves of procalcitonin concentration obtained from
patients with pulmonary aspiration on day 1 (continuous line) and day 3 (broken line) from
admission with respective areas under the curves of 0.59 (95% CI 0.47-0.72) and 0.63 (95%
Cl1 0.5-0.75).
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Figure 3.

Box plots of serial serum procalcitonin levels on day 1 and day 3 post admission in
survivors and nonsurvivors of pulmonary aspiration (p=0.001 for survivors and p=0.04 for
nonsurvivors). The box represents the values from the lower to the upper quartile. The
middle line represents the median. The open circles indicate outlier values.
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Figure 4.

Receiver operating characteristic (ROC) curves of procalcitonin concentration obtained on
day 1 (continuous line) and day 3 (broken line) in predicting outcome with respective areas
under the curves of 0.67 (95% CI 0.54-0.78) and 0.76 (95% CI 0.63-0.85) (p=0.07).
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Table 1
Characteristics of the study population
Variable Control ~ Aspiration P value
syndromes
(n=7) (n=65)

Age, years 48.2+12.6  57.3+20.7 0.15
Gender, no. (%) 1.0

Male 3(43) 26 (40)

Female 4 (57) 39 (60)
Nursing home residents, no. (%) 0 35 (54) 0.012
Charlson Index, no. (%) 0.039

0-1 3(43) 7(11)

2-3 3(43) 25 (38)

>4 1(14) 33 (51)
APACHE Il score 21.1+3.8 28.0£5.7 <0.001
Glasgow Coma Scale 12.4+1.8 10.3+2.5 0.02
Body temperature, (°F) 97.8+1.3 99.0£3.7 0.053
Leukocyte count, 10° cells/L 11.543.7 16.1+6.3 0.007
Radiographic pattern, no. (%)

Unilobar infiltrates 0 45 (69)

Multilobar infiltrates 0 20 (31)
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Table 2

Microbial etiology of pulmonary aspiration

Pathogens N

Streptococcus pneumoniae
Staphylococcus aureus
Streptococcus species
Hemophilus influenzae

Serratia species

1

6

5

2

1
Escherichia coli 6
Klebsiella pneumoniae 3
Enterobacter sp. 2
Prevotella species 5
Fusobacterium species 1
4

Peptostreptococcus species
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Table 3

Comparison of clinical characteristics of patients with bronchoalveolar lavage (BAL) culture positive and
culture negative pulmonary aspiration

Variable BAL positive BAL negative P value
(n=32) (n=33)
Age, years 61.2+17.7 55.2+19.6 0.26
APACHE Il score 29.0+4.7 26.916.4 0.12
Glasgow Coma Scale 12.142.4 10.3+3.9 0.14
Body temperature, (°F) 100.1+3.2 98.1+3.8 0.02
Leukocyte count, 10° cells/L 16.6+7.3 15.8+5.2 0.23
PaO2/FI02 219.1455.9 206.8+53.9 0.37

Radiographic pattern, no. (%)
Unilobar infiltrates 23 (72) 15 (45) 0.06
Multilobar infiltrates 9 (28) 18 (55)
Procalcitonin IeveIsT, ng/ml 2.4 (1.7-4.6) 2.9(2.2-4.9) 0.17

Tmedian (Interquartile range)
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