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BACKGROUND: Procalcitonin (PCT), the prohormone of calcitonin, has an early and highly specific increase in response to systemic bacterial infection.
The objectives of this study were to determine the natural history of PCT for patients with critical illness and trauma, the utility of
PCTas a marker of sepsis versus systemic inflammatory response syndrome (SIRS), and the association of PCT level with mortality.

METHODS: PCT assays were done on eligible patients with trauma admitted to the trauma intensive care unit (ICU) of a Level I trauma
center from June 2009 to June 2010, at hours 0, 6, 12, 24, and daily until discharge from ICU or death. Patients were ret-
rospectively diagnosed with SIRS or sepsis by researchers blinded to PCT results.

RESULTS: A total of 856 PCT levels from 102 patients were analyzed, with mean age of 49 years, 63% male, 89% blunt trauma, mean
Injury Severity Score of 21, and hospital mortality of 13%. PCT concentration for patients with sepsis, SIRS, and neither were
evaluated. Mean PCT levels were higher for patients with sepsis versus SIRS (p G 0.0001). Patients with a PCT concentration
of 5 ng/mL or higher had an increased mortality when compared with those with a PCT of less than 5 ng/mL in a univariate
analysis (odds ratio, 3.65; 95% confidence interval, 1.03Y12.9; p = 0.04). In a multivariate logistic analysis, PCTwas found
to be the only significant predictor for sepsis (odds ratio, 2.37; 95% confidence interval,1.23Y4.61, p = 0.01).

CONCLUSION: PCT levels are significantly higher in ICU patients with trauma and sepsis and may help differentiate sepsis from SIRS
in critical illness. An elevated PCT levelwas associated with increased mortality. (J Trauma Acute Care Surg. 2012;73: 413Y418.
Copyright * 2012 by Lippincott Williams & Wilkins)

LEVEL OF EVIDENCE: Prognostic study, level II.
KEY WORDS: Procalcitonin; trauma; intensive care unit; sepsis; biomarker.

Trauma care in the United States has evolved substantially
with regionalized, designated trauma centers providing care

to approximately 700,000 injured patients annually. Sepsis re-
mains a major challenge in the critically injured patient with a
recent systematic review reporting a prealence of 17%.1 Micro-
biologic culturing and clinical judgment remain the criterion
standard for the diagnosis of sepsis. However, a number of
limitations surrounding this method exist. Cultures are time
consuming, typically requiring 24 hours to 48 hours to be fi-
nalized; negative cultures do not necessarily exclude infection;
and contamination from skin microorganisms is not infre-
quent.2,3 The early recognition and treatment of septic patients
with antibiotics is one of the most effective interventions for
improved prognosis in the patient with critical illness.4Y6 Use of
a biomarker that is sensitive and specific for sepsis and whose
results are available in real time would be an appealing addition
to the clinical assessment of such patients. A biomarker would

be considered ideal if it was sensitive for early diagnosis,
specific for bacterial origin, and if clinicians would easily be
able to monitor it during the patient’s course of illness.7 Certain
biomarkers such as C-reactive protein (CRP) have been eval-
uated as indicators for infectious processes. The lack of
specificity has made them less than ideal.8 Procalcitonin
(PCT), a biomarker of bacterial infection, has been at the
forefront of sepsis research recently as a proposed tool to be
added to our clinical armamentarium.9Y11

PCT is a 116 amino acid polypeptide prohormone of
calcitonin, which is the hormone that regulates calcium home-
ostasis.12Y13 In healthy individuals, PCT is produced by C cells
in the thyroid and neuroendocrine cells in the lung.13 However,
in the presence of bacterial infection, serum PCT levels are
elevated.9 This ‘‘septic’’release of PCToccurs from awidevariety
of tissues that typically do not produce significant amounts
of PCT in healthy individuals. Animal studies have demon-
strated PCT in the following tissues: thyroid, adrenal gland,
spleen, spine, brain, lung, liver, kidney, pancreas, colon, small
intestine, muscle, visceral fat, testes, skin, and stomach.13Y15

Healthy individuals typically havePCT levels less than 0.05 ng/mL,
whereas concentrations exceeding 0.5 ng/mL are considered ab-
normal.7,16 Numerous studies have found PCT to have an early
and highly specific increase in response to systemic bacterial
infection and sepsis.17Y22 Recently, studies have also shown that
PCTmight not be as useful as initially thought in this setting.23Y25

The type of analyzer used for the PCT assay can influence
the test’s accuracy. Most of the studies have used the LUMI
test (BRAHMS Diagnostics, Hennigsdorf, Germany) that
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has a functional sensitivity of 0.5 ng/mL.26 However, levels
below this reference number might be subject to error. The
Kryptor-PCT, a newer generation analyzer used in this study,
performs an automated immunofluorescent assay with TRACE
(Time Resolved Amplified Cryptate Emission) technology
and has a much higher functional sensitivity of 0.06 ng/mL,
reaching levels seen in healthy individuals. Patients with
trauma demonstrate a transient increase in PCT levels after
injury, with some suggestion of levels being useful for this
population of patients when septic.27Y33 The severity of in-
jury seems to have a positive correlation with PCT level. The
duration of detectable levels of PCT after injury and the
impact of using PCT level as a marker for sepsis in a critically
ill trauma population has not been clearly elucidated. Using
PCT may have an impact on therapeutic decision making
and potentially result in cost reduction.34 Because sepsis is
a major determinant of outcome for patients with critical injury
in the intensive care unit (ICU), PCT levels may be used as
an early prognostic indicator for these patients.35,36 Our ob-
jectives were to determine the following for patients with
critical illness and trauma: (1) the natural history of PCT, (2)
the utility of PCT as a marker of sepsis versus systemic in-
flammatory response syndrome (SIRS), and (3) the association
of PCT level with mortality.

PATIENTS AND METHODS

This prospective observational cohort study was con-
ducted between June 2009 and June 2010 in the trauma ICU
(TICU) at Inova Fairfax Hospital, an American College of
SurgeonsYverified Level I trauma center. Burn patients are
not admitted to our trauma center. The study was approved
by the hospital institutional review board. PCT results were
not used in clinical care, and clinicians were blinded to results.

Patients
Inclusion criteria were age of 18 years or older, par-

tial or full trauma team activation (as defined by our trauma
center’s criteria consistent with American College of Sur-
geons Committee on Trauma standards), and direct admis-
sion to the TICU from the trauma bay or from the trauma
bay via the operating room. Exclusion criteria were identi-
fication of patients as a Jehovah’s Witness (to allow conser-
vation of blood), special populations (pregnancy, inmates),
transfer from an outside facility, preexisting renal failure,
TICU stay under 24 hours, and no consent after the second
blood draw. For patients who were not conscious or other-
wise unable to consent to the study and when no legally au-
thorized representative was available, permission was granted
by the institutional review board to obtain the first two blood
draws without consent. If the patient or legally authorized
representative was not able to consent before the third blood
draw or they did not want to participate in the study, the pa-
tients were immediately withdrawn from the study, and any
existing specimens were discarded.

PCT Measurements
PCT assays were done upon admission to the TICU

(0 hour), at 6 hours, 12 hours, 24 hours, and daily thereafter.
Assays were taken up to 30 days, until transfer from TICU or

death. A minimum of 1 mL of blood was drawn, with at least
50 HL needed for analysis. Specimens were immediately la-
beled and refrigerated. Specimens were centrifuged, and plas-
ma was drawn off and frozen within 24 hours of refrigeration.
PCT assays were performed in batches on a weekly basis using
the Kryptor-PCT (BRAHMS Diagnostics) analyzer. To mini-
mize measurement error throughout the study, only three of
the investigators (J.V.S., C.P.M., R.R.) performed the PCT
analysis. Before patient enrollment, a trial period of 2 weeks
was implemented in which blood samples with known
PCT values and control specimens were analyzed, to establish
quality control.

Definitions
The SIRS was defined as per the American College of

Chest Physicians and the Society of Critical Care Medicine
Consensus Conference.37 Sepsis was defined as the presence
of SIRS and a diagnosed infection. Patients were allocated to
three groups post hoc (1) SIRS, (2) sepsis, (3) neither sepsis
nor SIRS (the neither group).

Funding
Funding was obtained through a $15,000 Seed Grant

from the Inova Research Center. The Kryptor-PCT analyzer
manufactured by BRAHMS Diagnostics was donated to the
Inova Regional Trauma Center for exclusive use in this study
for the duration of the research period. BRAHMS Diagnostics
supplied reagents and PCT kits. BRAHMS Diagnostics had no
input in the design, execution, or analysis of the study and did
not have access to the patient data or PCT results.

Data Analysis
Demographics are presented as means with 95% confi-

dence interval (CI). Nonparametric analysis of variance (Wil-
coxon rank sum test) was used to detect differences in PCT
levels among groups. Proportions were compared using W

2

methods. The multivariate logistic regression was used to
identify independent predictors of sepsis. A receiver operating
characteristic (ROC) curve was calculated. A p G 0.05 was
considered to be statistically significant. All analyses were
performed using SAS software (version 9.2, SAS Institute,
Cary, NC).

RESULTS

There were 102 eligible patients. Most were male (63%),
and blunt mechanism (89%) predominated. Mean age was

TABLE 1. Demographics (n = 102)

Variable Mean (95% CI)

Age, y 49 (44Y53)

ISS 21 (19Y23)

GCS score 10 (9Y11)

Ventilator days 7 (4Y9)

ICU LOS, d 8 (6Y10)

Hospital LOS, d 16 (12Y20)

LOS, length of stay.
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49 years (95% CI, 44Y53 years). Mean Injury Severity Score
(ISS) was 21 (95% CI, 19Y23), whereas mortality was 13%.
Sepsis was present in 33% of the patients. Patient demographics
and study factors are shown in Table 1.

Figure 1 shows the mean PCT levels for septic versus
the SIRS/neither group in the overall population. There was a
transient increase in PCT level in both groups during the first
24 hours to 48 hours after admission. A second peak, with even
higher PCT levels, was seen in septic patients between days 9
and 13. The type of infections that were found, starting with the

most prevalent, was ventilator-associated pneumonia, blood
stream infections, urinary tract infections, and other. Elevated
PCT levels were not seen in the SIRS and the neither group.

Twenty-two patients had PCT levels measured for less
than 48 hours and were removed from the subgroup analysis
leaving a total of 80 patients. When comparing the sepsis group
with the SIRS and the neither group (Table 2), there were no
statistically significant differences in Glasgow Coma Scale
(GCS) score, body mass index, sex, and mechanism. The ISS
was slightly higher in the septic group (mean [95% CI], 25
[21Y29] vs. SIRS 20 [16Y23] and the neither 20 [17Y24]; p =
0.07). The sepsis group was younger than the SIRS or the
neither groups (39 [32Y46] vs. 55 [46Y64] vs. 51 [43Y60],
respectively; p = 0.01). Ventilator days were significantly
higher in the sepsis group versus the SIRS and the neither
group (15 [9Y20] vs. 2 [0.5Y2.0] vs. 6 [2Y10], respectively;

Figure 1. Trend of PCT in patients with critical illness and trauma: infected (n=33) versus noninfected (n=47). Both groups (n = 80).

TABLE 2. Comparison of Neither, SIRS, and Sepsis Groups
(n = 80)

Clinical Group
Neither
(n = 23) SIRS (n = 24) Sepsis (n = 33)

Variable
Mean

(95% CI)
Mean

(95% CI)
Mean

(95% CI) p

ISS 20 (17Y24) 20 (16Y23) 25 (21Y29) 0.07

Age, y* 51 (43Y60) 55 (46Y64) 39 (32Y46) 0.01

GCS score 10 (8Y12) 11 (9Y13) 8.0 (6Y10) 0.16

Ventilator days† 6.0 (2Y10) 2.0 (0.5Y2.0) 15 (9Y20) G0.0001

Hospital days‡ 16 (9Y24) 8.0 (6Y10) 28 (18Y39) G0.0001

BMI 26 (24Y28) 27 (24Y30) 25 (23Y27) 0.48

ICU LOS‡ 8.0 (5Y11) 5.0 (4Y6) 17 (12Y22) G0.0001

PCT level, ng† 0.2 (0.1Y0.4) 0.9 (0.2Y1.5) 6.6 (2.7Y10.5) G0.0001

Male, % 74 67 61 0.32

Blunt injury, % 96 79 91 0.83

Mortality, % 9 17 12 0.83

*Sepsis G SIRS = neither.
†Sepsis 9 SIRS = neither.
‡Sepsis = neither 9 SIRS.
BMI, body mass index; LOS, length of stay. Figure 2. Comparison of groups by PCT level (n = 80).
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p G 0.0001). ICU lengths of stay (days) were also signifi-
cantly higher in the sepsis group versus the SIRS and the
neither group (17 [12Y22] vs. 5 [4Y6] vs. 8 [5Y11], respec-
tively; p G 0.0001). Hospital days demonstrated a similar
increase in the sepsis group versus the SIRS and the neither
group (28 [18Y39] vs. 8 [6Y10] vs. 16 [9Y24], respectively;
p G 0.0001).

PCT levels were significantly higher in the sepsis group
versus the SIRS and the neither group (6.6 ng/mL [2.7Y10.5]
vs. 0.9 [0.2Y1.5] vs. 0.2 [0.1Y0.4], respectively; p G 0.0001)
(Fig. 2). In a univariate analysis, patients with a PCT level of
5 ng/mL or higher had a significantly increased mortality com-
pared with that of patients with a level less than 5 ng/mL (odds
ratio [OR], 3.65; 95% CI, 1.03Y12.9; p = 0.04). In a multi-
variate logistic regression, PCT remained a significant pre-
dictor of sepsis (OR, 2.37; 95% CI, 1.23Y4.61; p = 0.01)
(Table 3). Using an ROC curve analysis, a PCT level of 0.82 ng/
mL or less was found to produce an optimal sensitivity (87%)
and specificity (82%) for sepsis with an area under the curve of
92% (Fig. 3).

DISCUSSION

This is the first study in the United States investigating
the utility of PCT in the critically ill trauma population. In this
group of patients with critical illness and trauma in the ICU,
PCT levels strongly correlated with infection, with elevated
levels occurring in patients with sepsis, whereas patients with
SIRS and those with neither had low PCT levels. The concept
of having a biomarker to help differentiate sepsis from non-
infectious systemic inflammatory response is appealing to the
clinician. Furthermore, the early recognition of sepsis may
allow the implementation of early goal-directed therapy that
has demonstrated an improvement in outcomes.4Y6

Cytokines have been evaluated in the past for the de-
tection of sepsis with the primary problem being the lack of
specificity. PCT has been compared with CRP and interleukin
6 with most of the studies finding PCT to be more useful.33,38

Although multiple studies have shown that PCT is specific
for systemic bacterial infection,17Y22 only a few studies have
evaluated the utility of PCT in the trauma population.27Y33

The present study demonstrates that PCT levels rise al-
most immediately after injury and remain elevated for ap-
proximately 2 days. These findings are consistent with other
studies that have demonstrated similar elevations.27 Given the

elevation of PCT levels that occurs in nearly all injured
patients, it is difficult to use PCT to differentiate sepsis from
SIRS in the initial period after the injury based on these re-
sults. Previous studies39 have shown that admission or
baseline PCT is not meaningful prognostically, and this fur-
ther reinforces the benefit of serial measurements as was
performed in this study. This may also argue for deferring
testing for PCT levels in the first 48 hours after injury.

In contrast to previous studies that used the older gen-
eration analyzer LUMItest,26 we used the Kryptor-PCT that
is eight times more sensitive. This provided a better detection
method and possibly a more accurate assessment when at-
tempting to differentiate sepsis versus noninfectious SIRS.
As shown in other studies,27,32 we demonstrated a statistically
significant increase in PCT level in the sepsis group compared
with both the SIRS and the neither groups. Given that PCT
level in our multivariate logistic regression was an indepen-
dent predictor of sepsis, clinicians can potentially use PCT in
the clinical workup of patients with suspected sepsis. We found
that the specificity of PCT as a predictor of sepsis was 82%.
This high specificity also has been demonstrated in numerous
nontrauma studies17Y22 and has been missing in evaluation
of other biomarkers (i.e., CRP, interleukin 6) in sepsis research.
In addition, falling PCT levels after an episode of sepsis may
indicate control of infection and the ability to discontinue
antibiotics.

The mortality rate in our study was 13%. We found an
increased mortality for patients with elevated PCT levels;
however, the difference was found to be marginally statistically
significant. Our sample size was likely not large enough to
demonstrate a more substantial difference.

TABLE 3. Multivariate Logistic RegressionVPredictors
of Sepsis

Variable OR (95% CI) p

ISS 0.98 (0.89Y1.07) 0.60

Age, y 0.96 (0.91Y1.00) 0.65

GCS score 0.98 (0.84Y1.13) 0.07

Ventilator days 0.98 (0.85Y1.12) 0.77

ICU LOS 1.17 (0.69Y1.99) 0.57

Hospital LOS 0.94 (0.84Y1.05) 0.29

PCT 2.37 (1.23Y4.61) 0.01

LOS, length of stay.

Figure 3. ROC curve modeling PCT for cohort of sepsis versus
SIRS and the neither group using a cutoff level of 0.82 ng/mL
or lower. AUC, area under the curve.
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Our study has some inherent limitations. As a prospec-
tive cohort study, the lack of randomization may have allowed
the influence of unmeasured confounding factors on our
results. Our study group was relatively small, and despite de-
fined inclusion criteria, selection bias cannot be excluded.

The ability to use a specific biomarker in conjunction
with clinical assessment to aid in the diagnosis of sepsis in
patients with critical illness and trauma would be an important
advance in critical care. Our study contributes to the current
body of literature showing that PCT holds promise as a bio-
marker to differentiate sepsis from noninfectious SIRS. PCT
has been shown in mixed critical care populations to effectively
guide the early discontinuation of antibiotics when infection
has resolved.40 A need also exists for larger randomized studies
of patients with critical illness and trauma evaluating antibiotic
stewardship both before and after sepsis. One might hypothe-
size that someday, the use of PCT elevation may prompt in-
vestigation for/treatment of sepsis in patients with critical
illness and trauma.

In conclusion, PCT levels of 0.82 ng/mL or higher are
significantly more common in injured ICU patients with sepsis.
An increase in PCT level is seen transiently after injury, with
levels returning to baseline within 2 days. PCT levels should be
considered as an important parameter in the clinical workup of
those patients suspected of developing sepsis. More robust and
larger scale studies are needed to determine the exact role of
PCT measurement in the care of patients with critical illness
and trauma.
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EDITORIAL CRITIQUE
The authors have addressed a problem faced daily in the

ICU, differentiating sepsis from SIRS. The reported prevalence
of SIRS in a surgical ICU is 93%, but only about 40% of those
patients will have infection as a cause. An ideal biomarker
would allow us to easily differentiate between infection and
SIRS, which would lead to more directed antibiotic use. The
authors specifically sought to determine the effect of increased
sensitivity of the procalcitonin (PCT) assay on its predictive
abilities and its ability to predict infection and mortality.

The authors showed that the critical thresholds for mor-
tality and infection were both detectable with the LUMITest, so
there was no advantage to the increased sensitivity of their PCT
assay. The PCT levels were higher in patients who died, but the
authors imply that it was not an independent predictor of mor-
tality. They also showed that septic patients had a significantly
higher PCT level, which was also an independent predictor of
sepsis. This finding has two limitations. First the authors do not
report the temporal relationship of the PCTrise and the diagnosis
of infection. The second they do not report how they defined
infections. There are many sources of criteria for diagnosing
infections, but they vary in their purpose and accuracy.

There is one other curious finding in this study. Both
groups had an elevated PCT for the first few days. On subse-
quent days the uninfected group often had means above the
0.82 ng/ml threshold for infection. Furthermore, the septic
group showed a large increase in PCT from day 9 to 13. Did all
or most of the infections occur on these 5 days?

The authors have contributed to our knowledge of PCT
in trauma patients, but have only begun to explore how it might
be useful in the trauma ICU.
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