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Introduction

Sepsis is still the major cause of death in the late post
traumatic period in patients with major burns. Early diag-
nosis of sepsis is crucial for the management and outcome
of critically burned patients. Nevertheless signs of infec-
tion may be obscured by systemic dysfunction. Detection
of sepsis would be expedited if a simple, inexpensive test

could be performed routinely, with a high degree of accu-
racy in correctly differentiating sepsis from SIRS. Such an
assay should improve the ability to identify severe infec-
tion, guide treatment and reduce the duration of antibiotic
exposure. There are several helpful scores1,2 to diagnose
sepsis but some of these are not appropriate for the burned
patient. The routinely measured parameters, such as throm-
bocytes and leukocytes, are dependent upon the multiple
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operations performed on the burned patient (nutritional sta-
tus, dehydration, skin grafting, sepsis, and so on). CRP, a
good marker for infection because of its role in the acute
phase response, is very sensitive and remains elevated in
the severely burned patient over the whole ICU stay.
Changes, whether an increase or decrease, are not always
reliable.The use of biomarkers provides a novel approach
to diagnosing infection, its severity and treatment response.
Yet, due to chronic baseline inflammatory response3 and
immune dysregulation,4 the traditional markers of acute in-
fection are difficult to identify in the burn patient. In this
study, we attempted to assess whether plasma procalcitonin
(PCT) level was related to sepsis in burned patients.

Patients and methods

A prospective and observational study, approved by
our Institutional Ethics Committee, was conducted in a 20-
bed adult burn ICU at a university-affiliated teaching hos-
pital in Tunis. Informed consent was obtained from all par-
ticipants or next of kin. Participation did not modify the
therapeutic strategy. All consecutive adult burn patients ad-
mitted within the first 48h post burn from April 1st to De-
cember 31st, 2008 were included in the study. Any pa-
tients with infections prior to the burn injury, or those who
discharged or died within 48h after admission were ruled
out of the study. Smoke inhlation was suspected based on
the mechanism of burn and diagnosed by clinical exami-
nation as well as bronchoscopy. Resuscitation of these pa-
tients was undertaken according to the current standard of
care. Parkland formula based on the burn size and body
weight of the patient was applied as a first approximation
of required fluid administration rates. Thereafter, fluid re-
suscitation was adapted in order to meet a target urine out-
put of 0.5 to 1 ml/kg/h and a target mean arterial pressure
> 65 mmHg. Early excision of deep partial and full thick-
ness burns was done usually at day 2 or day 3 post burn
injury by waterjet hydrosurgery (Versajet). Every day, all
patients were evaluated to diagnosis signs of sepsis. Sep-
sis was defined according to the American Burn Associa-
tion Criteria for the presence of infection:5

– Body temperature >39°C or <36.5°C.
– Heart rate >110 beats/min.
– Respiratory rate >25/min. 
– Insulin resistance or feeding intolerance
– Thrombocytopenia: platelets <100.000/mm3.
– The presence of infection clinically or microbio-

logically documented: sepsis, urinary tract infec-
tion, lung, skin, etc.

Meeting more than 3 of these criteria should “trigger”
concern for infection.

Blood samples from patients were drawn for meas-
urement of serum procalcitonin (PCT) and routine tests in-
cluding white blood cells (WCC) within the first 24h fol-

lowing admission and daily thereafter. Serum PCT levels
were determined by immunoluminometric assay (Lumitest
PCT, Brahms Diagnostica, Berlin, Germany). The normal
serum value of PCT in a healthy individual without in-
flammation is less than 0.05 ng/mL.6 PCT levels associat-
ed with local infection, possible systemic infection, sep-
sis, or severe sepsis are: <0.5 ng/mL, 0.5-2 ng/mL, 2-10
ng/mL, and >10 ng/mL respectively.7

When an infectious process was suspected, blood cul-
tures, burn wound samples, urinary tract samples and bron-
choalveolar lavage (BAL) using fiberoptic bronchoscopy
were performed if patients had criteria for pneumonia
(fever, presence of new infiltrates on chest radiography, or
purulent tracheal secretion). Empirical antibacterial thera-
py was started, after bacterial investigation, before the
pathogen and its susceptibility pattern were known. The
choice of antibacterial therapy was largely based on the
presumed pathogens, whether the infection was acquired
in the hospital or not, and on local surveillance data on
aetiology and microbial resistance. Then, de-escalation
therapy was guided by clinical and biological parameters,
especially kinetics of PCT and also ensures patterns iso-
lated and their susceptibility. 

The patients were assigned to two groups: Group A
(non septic patients) included patients with neither infec-
tion nor SIRS and patients with SIRS without infection,
and Group B (septic patients) included patients with SIRS
and episodes of infection (sepsis, severe sepsis, septic
shock), according to the ABA sepsis guidelines.5 Ex-
ploitation of data was performed using SPSS 16.0. For sta-
tistical analysis, we used the Chi-2 test or Fisher test when
the conditions of validity of the Chi-2 test were not met.
A value of p ≤ 0.05 was considered statistically signifi-
cant for the comparison of results. The different predic-
tive values   were studied with the area under the ROC
curve. ÉcouterLire phonétiquementOptimum sensitivity,
predictive value and area under the receiver operating char-
acteristic (ROC) curve were evaluated.

results

A total of 226 burn patients were admitted to our burn
intensive care unit (ICU) during the 9-month study period
and 121 were enrolled in the study. There were 105 pa-
tients excluded from the study: 37 of whom were discharged
during the first 48 hours, 10 of whom died early in the first
3 days after admission because of severe and extensive burn
injury (TBSA >80%), 40 of whom were secondary trans-
fers and had sepsis before admission to our ICU, and 18
who refused to participate. Of the 121 patients in our study
77 were male and 44 female. The mean age was 37±17
years old. The average TBSA was 23±17 %. Patients were
assigned into two groups: Group A (non septic, n=77) and
Group B (septic, n=44). The results of a comparative study
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of the two groups are shown in Table I. Diagnosis of sep-
sis was performed in the first week of hospitalization in
90% of cases (mean: day 4). PCT was higher in patients
with sepsis compared to those without sepsis (Table II). On
day 5 post burn we found a strongly significant difference
(p=0.001) between infected and non infected patients in
terms of PCT serum concentrations, respectively 5,44 ± 6,23
ng/ml and 0,41 ± 0,64 ng/ml. There were significant dif-
ferences in PCT levels between septic and non septic pa-
tients, and peak PCT-levels were higher in septic patients
at day 5(day diagnosis sepsis) (Fig. 1). The area under the
ROC curve was 0,929 on the day of sepsis diagnostic. A
PCT cut-off value of 0,69 ng/ml was associated with the
optimal combination of sensitivity (89%), specificity (85%),
positive predictive value (82%) and negative predictive val-
ue (88%). The area under the receiver operating character-
istic curve (AUROC curves) to distinguish presence or ab-
sence of sepsis were: 0.929 for PCT. The optimum cut-off
value for PCT was 0.69 ng/ml with sensitivity and speci-
ficity of 89% and 85%, respectively (Table III). In the pres-
ent study, among septic patients there was a prominent in-
crease of the PCT level when gram-negative organisms
(5,91± 6,48 ng/ml) were identified as opposed to gram pos-
itive (2,21 ± 2 ng/ml) (Fig. 2). Microorganisms associated
with positive blood cultures are essentially staphylococcus
aureus and pseudomonas aeruginosa. In survived septic pa-
tients, the PCT value, on day sepsis diagnosis, was signif-
icantly lower than the deceased septic patients respectively
1.6 ng/ml versus 21.43 ng/ml. There were significant dif-
ferences in PCT levels throughout the course of the 2 Groups.
PCT levels correlate closely with sepsis severity and can
predict outcome (Fig. 3). In fact, PCT concentration ex-

Goup A (n=77) Group B (n=44) P
Age (years old) 35,73 ± 15,25 38,75 ±20,18
TBSA (%) 15,52 ± 10,98 38,126 ± 17,80 0,002
ABSI 5,05 ± 1,62 8,37 ± 2,77 0,001
UBS 21,55 ± 24,88 91,28 ±86,62 0,001
IGS II 10,60 ± 6,25 18,47 ± 10,34 0,002

Table I - Comparative parameters between the two groups

Group A (n=77) Group B (n=44) P
PcT ng/ml 0,41 ± 0,64 5,44 ± 6,23 0,001

Table II - Markers of inflammation in the two groups

Paramétre PcT
Area under ROC curve 0,929
Sensitivity (%) 89
Specificity (%) 85
Optimum cut off value 0,69 ng/ml

Table III - Diagnosis performance in sepsis for PCT

Fig. 1 - PCT-levels on admission and peak PCT-levels throughout
the course in  2 groups.

Fig. 2 - PCT levels throughout the course in septic patients accord-
ing to type of organisms.

Fig. 3 - Time trend of PCT levels in survivors and non-survivors
from sepsis.
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ceeded 50 ng/ml in deceased septic patients. Decreased PCT
concentrations of 27% between day of sepsis diagnosis and
3 days after empiric antimicrobial treatment have been de-
tected as a predictive tool of favorable evolution during sep-
tic episodes (Table IV), with an area under the receiver op-
erating characteristic curve (AUROC curve) of 0.812.

Discussion

Sepsis, clinically defined as the systemic inflammato-
ry response syndrome (SIRS) secondary to infection, is a
common complication in Burn Intensive Care Units and de-
layed diagnosis is associated with increased morbidity, mor-
tality and cost in the ICU. For these reasons, recognizing
sepsis early is therefore of the utmost importance. Clinical
and laboratory signs of systemic inflammation including
changes in body temperature, leucocytosis and tachycardia
are used for diagnosis of sepsis. However, they are neither
specific nor sensitive for sepsis, and can be misleading be-
cause critically ill burn patients often manifest a systemic
inflammatory response syndrome (SIRS) without infection.8

This phenomenon might be in part responsible for with-
holding, delaying, or overutilizing antimicrobial treatment
in critically ill burn patients.9 Thus, diagnosis of sepsis is

frequently difficult. A marker that is able to distinguish in-
flammatory response to infection from other types of in-
flammation would be useful in clinical practice. The rou-
tinely measured parameters, such as white cell count (WCC),
neutrophils, body temperature and CRP could help differ-
entiate patients with either non-systemic inflammatory re-
sponse syndrome (SIRS), non-infected SIRS, or infected
SIRS. Changes, whether increase or decrease, are not al-
ways reliable. The ideal parameter for early sepsis diagno-
sis should be sensitive, specific, reliable and easy to meas-
ure. Procalcitonin shows some of these characteristics.
While both procalcitonin site production and physiological
role remain unclear, its interest has been evaluated in nu-
merous studies including critically-ill patients with infec-
tion, shock, pancreatitis, major trauma, surgery and burns.
PCT appeared to be a useful sepsis marker in heteroge-
neous population of adults in ICU.10,11 It increases earlier in
patients with sepsis.12-15There was a significant increase of
PCT serum concentration during episodes of sepsis in
burned patients16-18 (Table V). In our study, PCT cut-off val-
ue for prediction of sepsis was 0,69ng/ml with a good sen-
sitivity (89%) and specificity (85%).This result was found
in other studies (Table VI). In many studies, PCT was pro-
posed as a new marker of systemic inflammatory response
to bacterial infection. Literature data seem to confirm that
procalcitonin is a better marker of inflammation than C-re-
active protein or cytokines, both as prognosis and diagno-
sis aid. Repeated measurements are more useful than sin-
gle values.19Neely and al. compared PCT with CRP and
platelet count in paediatric burns,18 and found that sensi-
tivity and specificity of PCT for diagnosis of sepsis (de-
fined as daily PCT increasement of 5 ng/ml or greater) were

Survivors Non-survivors Total
Decrease of PCT≥27% PCTi* 53% 47% 100%
Decrease of PCT<27% PCTi 90% 10% 100%
* PCTi: PCT concentrations at day of sepsis diagnosis

Table IV - Assessment of prognostic value of PCT at day 3 after
empiric antimicrobial treatment

Septic patients No septic patient P
our study 7.26 +/- 7 ng/ml 0.9 +/- 0.48 ng/ml 0.01
D. Von Heimburg16 49.8 +/- 76.9 ng/ml 2.3 +/- 3.7 ng/ml <0.005
Lavrentieva13 11.5 +/- 7.6 ng/ml 0.63 +/- 0.4 ng/ml <0.05
Barati18 8.45 +/- 7.8 ng/ml 0.5 +/- 1ng/ml <0,001

Table V - Levels of PCT in sepsis

Authors our study Barati18 Lavrentieva13 Bargues. L19

(2008) (2007) (2007)
Number 121 60 43 28
roc curve 0.929 0.97 0.975 0.655
PcT cut-off 0.69 ng/ml 0.5 ng/ml 1.5 ng/ml 0.534 ng/ml
Sensitivity 89% 100% 82% 42.4%
Specificity 85% 89.3% 91.2% 88.8%
PPV* 82% – 71% 57.3%
NPV** 88% – – 81.4%
* Negative predictive value ; ** Positive predictive value

Table VI - PCT cut-off value in different studies
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42% and 67%, respectively. Procalcitonin correlates to the
clinical outcome in sepsis. Zeni et al. found that PCT lev-
els average 37 ng/ml (n=145) in severe sepsis [14], and
Gramm and al. showed levels over 10 ng/ml (n=43).20 Our
data suggest that PCT cut off value of 0,69 ng/ml predicts
sepsis and that, in septic patients, peak PCT levels of 50
ng/ml was noted in deceased septic patients.The same re-
sult was found by many studies such as Heimberg et al.14Al-
so, elevated PCT levels without decrease, in the present
study, revealed a complicated course and indicated a worse
prognosis. This phenomenon has been suggested in other
studies.17,20In our study, even though prospectively con-
ducted, there are many factors associated with sepsis and
worse prognosis of burned patients that are not complete-
ly controlled, and it would be interesting to explore whether
PCT has the potential of affecting diagnosis and prognosis

of sepsis in burned patients favourably. Early diagnosis of
sepsis is essential in severely burned patients (TBSA >20%).
PCT seems to have valuable characteristics to be a reliable
marker for systemic infection and sepsis in these patients. 

conclusion

PCT assay can be a helpful adjunct to clinical diag-
nosis of sepsis and holds promise as a method for reduc-
ing antibiotic exposure in the critically ill patient. Procal-
citonin appears to be a powerful marker of sepsis in burn
patients. It is sensitive, specific, reliable and easy to meas-
ure. PCT determination offers an opportunity to burn in-
tensive care specialists to make an early decision of any
changes in the antimicrobial regimen as well as in moni-
toring of the response to therapy.
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