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Background: Sepsis is one of the main causes of mortality in severe burns. However, it is
difficult to diagnose early. Procalcitonin (PCT) has been reported as a biomarker for sepsis
with controversial results. The aim of the study is to assess the diagnostic value of serum
Keywords: PCT for sepsis in burn patients through a meta-analysis of published studies.

Biological markers Methods: A comprehensive literature search of PubMed, Embase, Web of Science and the
Burn Cochrane Library databases for studies published up to 1st March 2014 that evaluated PCT as

Diagnostic tests a marker for diagnosing sepsis in burn patients was conducted. The summary receiver
operating characteristic curves served to evaulate overall test performance. Meta-Disc 1.4
software and Stata 12.1 were used to analyze the data.

Results: A total of 566 patients (samples) from nine trials were identified and analyzed. The
pooled sensitivity and specificity were 0.74 and 0.88, respectively. No threshold effect was
found among studies. The area under the SROC curve (AUC) was 0.92.

Conclusion: The results suggest that serum PCT is a useful biomarker (AUC = 0.92) for early

diagnosis of sepsis in burn patients. However, the results should be used with caution,

Sepsis
Procalcitonin

because of obvious heterogeneity among those studies. Further large-scale research should
regard more attention to the uniform cut-off value, and laboratories test methods.
© 2014 Elsevier Ltd and ISBI. All rights reserved.

late and yield false positive or negative results [13,14].
Traditional markers such as CRP (C-reactive protein) and
WBC (white blood cell) are too weak to accurately identify

1. Introduction

Sepsis is an inflammatory response to severe infection with the
existence of organ dysfunction [1,2] and is also one of the
principal reasons of mortality in burned patients [3-7]. It is
important but difficult to diagnose sepsis early and accurately
[8-11]. However, some patients with sepsis have the similar
symptoms as those with non-infectious causes of SIRS [12].
Blood microbiological cultures can help the identification of
systematic bacterial infection, but the results often reported
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sepsis in the burned patient, because of the baseline inflam-
matory response [15] and immunopathies [16].

The 116-aminoacid polypeptide procalcitonin (PCT) has been
studied as a biomarker for sepsis. PCT assay has been used to
detect sepsis in critically ill patients and showed promising in
differentiating sepsis from other non-sepsis situations [17-27].
Procalcitonin is also elevated in certain conditions such as major
burns, trauma, surgery, and multiorgan failure as well as
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infection [28-30]. However, more recent studies have produced
conflicting results [31-38] and the studies performed in the
burned patients showed a diverse sensitivity and specificity
[20,39-47]. Mann [29] systematically reviewed the effect of PCT in
diagnosing sepsis in burn patients in 2011. Since then, some new
larger-scale studies of procalcitonin or with different designs
have been done and our understanding of procalcitonin is still
developing.

It is necessary to assess the value of serum PCT for the
diagnosis of sepsis in burned patients through a meta-analysis
of published studies. Based on Mann'’s reviews [29] and other
relative studies, we performed this meta-analysis.

2. Methods
2.1. Articles retrieval and search strategy

Four reviewers systematically reviewed PubMed, EMBASE,
Web of Science, and the Cochrane Library databases up to 1st
March 2014. The PubMed combined search term used was:
(procalcitonin OR PCT) AND (sepsis) AND burn. The search
strategy was designed for each database.

2.2.  Selection of studies

Inclusion criteria: We examined the references of published
articles, including data on serum PCT for diagnostic sepsis in
burned patients. A study was considered eligible for inclusion
if it provided both sensitivity and specificity and enough data
to construct the 2 x 2 tables (data corresponding to true
positives (TP), true negatives (TN), false positives (FP), and false
negatives (FN)). The patients in the included studies princi-
pally adults. Exclusion criteria: The studies were excluded
which did not afford enough data to construct the 2 x 2 tables
even after contacting the authors. The studies including only
pediatric patients were excluded. In order to assure the quality
of included studies and exclude the poorly designed or
executed studies, the QUADAS (quality assessment of diag-
nostic accuracy studies) tool [48] was used and the score was at
least 10. Selection of articles was conducted separately by four
researchers who have diverse educational and professional
backgrounds.

2.3. Data extraction

Characteristics such as the patients’ sample numbers, age,
Burned Surface Area, assay method, the cut-off level of PCT,
the sensitivity/specificity, and the positive/negative predictive
value (PPV/NPV) of PCT for the diagnosis of sepsis in burned
patients were extracted. In cases in which major discrepancies
between the data reported in the included studies and the data
calculated were observed, we contacted the first or last
authors of the individual studies via e-mail, requesting
clarification regarding the raw data of the patient groups.

2.4. Quality assessment

Quality assessment was performed based on the QUADAS
(quality assessment of diagnostic accuracy studies) tool [48].

The criteria include 14 items covering several dimensions of
study quality: reference independent of index test, same
reference standard used, all patients verified by reference
standards, short time period between reference and index
test, adequate reference standard, selection criteria clearly
described, representative spectrum of patients, withdraw
explained, unintertable test result reports, clinical data
available, blinding for index test, adequate reference test,
adequate index description. Each item was assessed by
scoring as “low (0 score)”, “high (1 score)”, or ‘“unclear (-1
score)”’. The QUADAS score was the sum of the 14 items. The
score of each item was discussed by the four authors. The
highest score of QUADAS is 15. In order to assure the quality of
included studies, all of them should meet at least 70% of the 14
items of QUADAS (QUADAS score of >10).

2.5.  Statistical analysis

This meta-analysis was performed with the Meta-Disc 1.4 free
software to calculate the pooled sensitivity as TP/(TP + FN),
specificity as TN/(TN + FP), positive likelihood ratio (PLR) as
(TP/(TP + EN))/(FP/(TN + FP)), negative likelihood ratio (NLR) as
(FN/(TP + FN))/(TN/(TN + FP)) and diagnostic odds ratio (DOR)
as (TP/FP)/(FN/TN) along with their 95% confidence intervals
(CIs).

The summary receiver-operating characteristic (SROC)
curve was constructed and the area under the curve (AUC)
was then calculated. Analysis of heterogeneity between
studies was done using the x? test, which represents the
proportion of inter-study variation that can be contributed to
heterogeneity rather than to chance. When there was no
significant heterogeneity between studies (P > 0.1, I* < 50%),
we used fixed-effect meta-analysis. If there was statistical
heterogeneity between studies, the meta-analysis was per-
formed using the random-effects model (P < 0.1, I? > 50%). To
probe the threshold effect, the Spearman correlation coeffi-
cient with Moses’ model was calculated. A p-value less than
0.05 indicated significant threshold effect. The Deeks test [49]
was performed to detect the publication bias with the Stata
12.1 software, for which a p-value less than 0.1 was suggestive
of significant bias.

3. Results

The flow chart of selecting studies was shown as Fig. 1. Nine
eligible articles were included. The main characteristics and
relative diagnostic data are listed in Tables 1 and 2. The quality
assessment was performed strictly based on the QUADAS
criteria [48].

3.1.  The accuracy of the PCT test in the diagnosis of sepsis
in the burned patients

We also quantified the effects of heterogeneity using the I” test
(ranges from 0 to 100%), which represents the proportion of
inter-study variation that can be contributed to heterogeneity
rather than to chance. I? values of 25, 50, and 75% indicate low,
moderate, and high degrees of heterogeneity, respectively. The
heterogeneity analysis revealed less homogenity for inter-study
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Fig. 1 - Flow chart of study evaluation and inclusion in the
meta-analysis of studies.

variation (Chi-square test: sensitivity, ?=91.1%, P=0.00;
specificity, I>=51.1%, P =0.05). The meta-analysis was per-
formed using the random-effects model. The sensitivity ranged
from 0.11 to 1 (pooled sensitivity: 0.74, 95% CI 0.68-0.79),
Whereas specificity varied from 0.76 to 1 (pooled specificity:
0.88, 95% CI 0.84-0.92) (showed in Fig. 2A and B). The pooled
positive likelihood ratio is 5.75 [95% CI 3.79, 8.72], the pooled
negative likelihood ratio is 0.33 [95% CI 0.15, 0.77], and the
pooled diagnostic odds ratio (DOR) is 22.58 [95% CI 8.95, 57.01]
(showed in Fig. 3A-C). The area under the receiver operating
characteristic (ROC) curve was 0.92 (showed in Fig. 3D).

3.2.  Analysis of threshold effect

The Spearman’s correlation coefficient was 0.41 and the p
value was 0.32. It shows that no statistical threshold effect,
and the probability of heterogeneity caused by different
cutoffs was small.

3.3. Publication bias

To detect publication bias, we constructed Deeks’ funnel plots
(the effective sample size funnel plots versus the log
diagnostic odds ratio) and performed a Deeks’ test (regression
test of asymmetry) [49]. The p value in the Deeks’ test less than
0.1 was suggestive of significant bias. The p value in our results
is 0.47 (as showed in Fig. 4), indicating publication bias was not
identified as a main source of this heterogeneity. However, the
number of included studies is small, so the result may be
biased.

Table 1 - Main characteristics of studies included in the meta-analysis.

Study and year Sample size (n) Age (years)

TBSA (%) burned Cut-off (ng/ml) Test method

Heimburg, 1998 27 37.3 (18-65)
Bargues, 2007 25 40 £+ 14
Lavrentieva, 2007 43 45.6 +20.1
Barati, 2008 60 31.28 +17.01°
30.90 + 16.78~
Lavrentieva, 2012 145 48.2 +18.3
Kim, 2012 175 45.0 (3-86)
Cakir, 2013 37 40 + 17
Seoane, 2014 34 52.5+17.2

51 (20-91) 3 ILMA

40+ 17 0.534 ILMA

41.4 422 15 ILMA

62.31 +20.57" 0.5 ILMA

57.87 +16.89"

38.8+18 15 ILMA

40.0 (1-100) 2 ELFA

36.1+23.4 0.759 ECLIA
37.6 +22.9 1.7 ECLIA

" Patients with sepsis.

“ Patients without infection; TBSA: total body surface area; ILMA: immunoluminometric assay, ECLIA: electrochemiluminescence

immunoassay, ELFA: enzyme linked fluorescence assay.

Table 2 - Tp, Fp, Fn, Fn, Se, Sp and QUADAS of included studies.

Study and year Tp Fp Fn Tn Se (%) Sp (%) QUADAS
Heimburg, 1998 2 0 16 9 11 100 10
Bargues, 2007 3 2 4 16 43 89 11
Lavrentieva, 2007 7 3 2 31 82 91.2 13
Barati, 2008 30 3 0 27 100 89.3 11
Lavrentieva, 2012 64 5 9 67 88.3 92.3 14
Kim, 2012 72 15 21 67 77 82 10
Cakir, 2013 13 4 4 16 75.7 78.6 11
Seoane, 2014 4 0 12 18 25 100 10

Tp: true positive; Fp: false positive; Fn: false negative; Tn: true negative; Se: sensitivity; Sp: specificity; and QUADAS: quality assessment of

diagnostic accuracy studies.
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A Sensitivity (95% CI)
L 4 Heimburg1998 0.11 (0.01-0.35)
® Bargues2007 043 (0.10-0.82)
Lavrentieva2007 0.78 (0.40-0.97)
Barati2008 1.00 (0.88-1.00)
Lavrentieva2012 088 (0.78-0.94)
kim2012 0.77 (0.68-0.85)
Cakir2013 0.75 (0.48-0.93)
@ Seoane2014 0.25 (0.07-0.52)
Pooled Sensitivity = 0.74 (0.68 to 0.79)
Chi-square = 78.51; df = 7 (p = 0.0000)
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Chi-square = 14.31; df = 7 (p = 0.0459)
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Specificity

Fig. 2 - Forest plot for pooled sensitivity (A) and specificity (B) of PCT test to diagnose sepsis in burned patients.
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Fig. 3 - Forest plot for pooled positive and negative likelihood ratio ((A) and (B)), diagnostic odds ratio (C) and the SROC (D) of
PCT for the diagnosis of sepsis in burned patients.
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Fig. 4 - Deeks test for the publication bias on the pooled
DOR of PCT for the diagnosis of sepsis in burned patients.
No significant statistical publication bias was detected in
this meta-analysis.

4, Discussion

Sepsis is the most common cause of death in burned patients
[4-7]. Delay in diagnosis and treatment often results in rapid
progression to circulatory collapse, multiple organ failure, and
eventually death [8-10]. Therefore, accurate and timely
diagnosis will limit morbidity, reduce costs, and improve
patients’ outcome [50-52]. However, patients who have
sustained a severe burn demonstrate an overwhelming hyper
metabolic and hyperinflammatory response [53]. This leads to
physiological changes, including persistent tachycardia and
tachypnea as well as resetting of the baseline temperature at a
higher level [12]. These changes mean that virtually all
patients with burns demonstrate signs of SIRS giving them
little discriminative value in the diagnosis or prognosis of
patients with burns. It is very difficult to diagnose sepsis early
because the clinical signs, and the routine laboratory tests are
always unreliable [29].

Thus, more effective biomarkers are needed in early
diagnosis of sepsis in burned patients. Mann [29] systemati-
cally reviewed the effect of PCT in diagnosing sepsis in burn
patients in 2011. Since then, some new larger-scale articles
have been published. We hence performed a meta-analysis to
verify the PCT for diagnosing sepsis in burned patients.

According to our findings, the included studies were
published from 1998 to 2014. Some detailed laboratory tests
procedures of these techniques could have been modified
during this long period. The laboratory test methods for PCT
analysis include immunoluminometric assay, electrochemi-
luminescence immunoassay, and enzyme-linked fluores-
cence assay. The number of patients in these included
studies varied from 25 to 175. The larger-scale studies weigh
more than the smaller ones in those pooled data. Most of the
included patients were adults. The entire pediatric study was
excluded to assure the homogeneity.

Through the meta-analysis, the area under the SROC curve
was 0.92, and the pooled sensitivity and specificity were 0.74
and 0.88, respectively. The pooled results of these eight studies
analyzed by patients showed that the serum PCT has a

moderate level of utility in the diagnosis of sepsis in burned
patients. However, the individual studies show varied sensi-
tivities (0.11-1) and specificities (0.76-1). The specificities
seems much more stable than the sensitivities. This implies
PCT has a higher ability of differential sepsis from non-sepsis
but is not sensitive in some situations. It was found that the
stability of sensitivities increased when the patients numbers
rose (as Lavrentieva’s and Kim’s studies showed in Fig. 2A).

The pooled positive-likelihood-ratio is 5.75 and the pooled
negative-likelihood-ratio is 0.33. A likelihood ratio of greater
than 1indicates the test resultis associated with the disease. A
likelihood ratio less than 1 indicates that the result is
associated with the absence of the disease. In our results, a
positive likelihood ratio of 5.75 implies that a person with
sepsis is 5.75 times more likely to have a positive test result
than is a healthy person. The pooled likelihood-ratio shows
that PCT can differentiate sepsis from non-sepsis.

The diagnostic odds ratio (DOR) equals to (TP/FP)/(FN/TN)
and can act as an ideal independent indicator which combines
the strengths of sensitivity and specificity. The value of a DOR
could ranges from 0 to infinity. Higher values indicate better
discriminatory test performance. The value of 1 means that
the test can not differentiate patients with the disorder or
without it [54]. In our study, the pooled diagnostic odds ratio
(DOR) was 22.58, indicating a moderate level of overall
accuracy for diagnosing sepsis.

The cut-offs of PCT among the included studies vary from
0.534-3 ng/ml. We found that the cut-offs are variable even
when using the same test method [40,39]. For example, the
cut-offs in Heimburg’ (3 ng/ml) and Barati’ (0.5 ng/ml) studies
varies widely when using the same immunoluminometric
assay. The difference may result from the number of patients
and burned surface area. The sensitivities were also different
between the studies of Bargues’ (43%) and Barati’ (100%)
though the cut-offs are similar (0.534 versus 0.53). The main
difference seems also lies in the number of patients and
burned surface area. We hence infer the burned surface area
may have some potential correlation to the PCT level and the
number of patients may affect the reliability of results.

Moreover, PCT can act as not only a diagnostic tool for
sepsis but also a prognostic index for the burn patients. Kim
[55] reported that the burn patients’ procalcitonin levels at the
time of their admission to the hospital could serve as a
prognostic marker. It could be very useful to verify whether
the PCT have a prognostic effect in burned patients. However,
the data in these relative studies are not sufficient to perform a
meta-analysis on the prognostic effect of PCT, which would be
a very meaningful topic for future studies.

As our results show, PCT may not be the most ideal
biomarker for early diagnosis of sepsis in burned patients. To
our knowledge, an absolutely ideal biomarker may do not exist
because sepsis is a complex pathophysiological process and
difficult to be described by a single biomarker. In general, we
should give a relative affirmative view of PCT. It could be a
useful and one of the most promising sepsis biomarkers in
burned patients.

There were some limitations in our study, though we have
tried our best to minimize the biases by using a compound
thorough search, making an ideal criteria for inclusion and
exclusion, consulting the statistician and experts in the
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department of Clinical Laboratory, and making group discus-
sions when needed.

First, the sample size in the included articles is relatively
small. Only eight studies were enrolled in the meta-analysis.
We tried to include all eligible published articles by a thorough
search of databases and remove articles which can’t meet the
criteria. Sachse C [47] reported on procalcitonin as a marker for
the diagnosis of severe infection after thermal injury.
However, the study [47] can’t provide sufficient data to
construct the 2 x 2 tables. It was finally excluded after review
of the full-text and connected with the authors.

In order to assure the quality of included studies, we
assessed the studies with QUADAS score. All included studies
should meet at least 70% of the 14 items of QUADAS (QUADAS
score of >10). However, the numbers of burn patients in most
included studies [20,44,40,39,42,41] were too small (<60) to
obtain conclusion although the QUDAS results were accept-
able. Only two studies [43,45] have relative larger patient
numbers (>60) and have similar results, including cut-offs,
sensitivities and specificities. To avoid the bias and get better
homogeneity from patients’ ages, we exclude the studies
which only include the pediatric population [46]. To our
knowledge, the physiological characteristics and body re-
sponse to burn in children are totally different from those of
the adult [56]. We finally can’t perform a subgroup analysis.
For pediatric burn patients, sepsis is the leading cause of death
[57]. So, further researches on it are needed in the future.

Second, threshold effect was one of the common causes of
heterogeneity among diagnostic accuracy studies. The cut-
offs or thresholds can define a positive or negative test result.
The cut-offs may have some correlations with the burned
surface area which affect the release of PCT. Although no
statistical significant threshold effect was found, the diverse
cut-off values (ranges from 0.5 to 3 ng/ml) potentially lead to
the heterogeneity among the studies. Three kinds of assays
were used in the eight included studies. However, a major
advantage in comparing these studies originates from the
availability of standard antibodies against procalcitonin. As
reported in each paper, procalcitonin was measured in all the
studies by using the same antibody (Brahms) and this is an
advantage for standardization of the results. In addition, such
studies were performed on a small number of patients, but on
a great number of samples and this means robust results.

To reduce the affect of threshold effect, evaluating individ-
ual PCT trends will be more important than absolute values.

Third, the time point of blood samples harvesting are also
not uniform. The PCT levels at the onset of sepsis were
different from those at a septic shock peak period or recover
period. To diagnose the sepsis earlier, the onset PCT levels
seem more meaningful than other time points. However, the
PCT may not rise as quickly as the clinical manifestation
changes. Keep tracking the changing tendency of PCT levels
could be a meaningful method to know the development of
sepsis in burned patients.

Fourth, though there are guidelines for the definition of
sepsis [25,58] and the concept of Systemic Inflammatory
Response Syndrome (SIRS), it has been criticized for being too
sensitive and nonspecific [25]. The definition criteria of sepsis
for burn patients are not uniform [25,59,60]. This has led to the
American Burn Association producing specific consensus

guidelines for the definition of infection and sepsis in patients
with burns [12]. Experts [61,62] from China also revised the
diagnostic criteria of sepsis in burned patients. However, there
was still not an ideal definition of sepsis with high sensitivity
and specificity for burned patients. So, the main problem in
the field is the lack of a uniform definition of sepsis and the
difficulty to diagnose sepsis. The results hence could be biased
by the lack of a gold standard for the definition of sepsis.
Unless a uniform definition of sepsis is available, these
limitations will continue to be inherent in the research in
this field.

Finally, we only searched the published articles in English.
Studies with positive results are more easily to be published,
which would affect the estimation of the pooled diagnostic
accuracy. The presence of a potential publication bias may
hence be existed for the lack of information on the presence of
extensive research studies or abstracts unpublished and the
studies published in other languages.

In all, although we can get the information that the PCT
could be a useful sepsis biomarker in burned patients from the
meta-analysis, the results should be interpreted with caution,
due to the substantial heterogeneity among study designs.
Procalcitonin kinetics (serial procalcitonin testing) could help
the early diagnosis of sepsis and reduce the unnecessary use
of antibiotics or selective pressure for multiresistant patho-
gens. Further multi-center larger-scale prospective studies
should be done with uniform laboratory’s methods and cutoff
values to limit the bias. In addition, more studies on PCT in
diagnosing sepsis in the pediatric populations are needed.

5. Conclusion

The findings indicate that serum PCT could be a useful sepsis
biomarker in burned patients. However, it must be used
cautiously and cannot act as the single definitive test for sepsis
diagnosis. The diagnosis should be based on integrating
ambulatory monitoring biological markers with clinical
parameters such as relative medical history, careful physical
examination, and microbiological assessment. The trace of
PCT changes during disease would be more important than
absolute values.
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