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ABSTRACT

Introduction: Despite the advances in medical sciences, the morbidity and mortality due to sepsis in severe trauma
patients remains high; hence the need for early and accurate diagnosis. Very few prospective studies are available in a
country like India, which tried to analyze the prediction of sepsis using serum procalcitonin (PCT) in such a large scale
among trauma patients. This study explores the role of the biomarker PCT in early diagnosis of sepsis and prediction
of outcomes in severe trauma cases.

Materials and Methods: We studied the patient population prospectively in two different groups. One with acute
trauma but no clinical evidence of sepsis and the second group with clinical evidence of sepsis and are followed.
Bronchoalveolar lavage, tracheal aspirates, pus, urine, body fluids from sterile body sites, etc., were collected including
blood for culture and serum for PCT assays. Such assays were done on samples collected on days 1 and 4 and then
compared. Additionally, C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) levels were also tested.
Antimicrobial sensitivity tests were carried out for all the isolates from the clinical samples and correlated with the
clinically suspected cases of sepsis. Outcomes of the patients were noted.

Results: Patients with high initial PCT levels (>2 ng/ml) in severe trauma cases had poor outcomes and risk of developing
complications. Its correlation with severe outcomes was better marked as compared with CRP and ESR levels. The
difference in PCT levels between days 1 and 4 in group two patients was statistically significant (P = 0.006) but were not
statistically significant for CRP (P = 0.646) and ESR (P = 0.935). The study also shows that PCT levels fall in response
to appropriate antimicrobial treatment.

Conclusion: PCT is a useful biomarker for early and accurate prediction of sepsis in severe trauma patients. If used in
adjunct to clinical findings, it proves to be a good biomarker for early diagnosis, treatment and for monitoring response
to therapy in confirmed cases of sepsis. It will prove to be a good supportive indicator of sepsis in early stages for the
trauma patients in a low resource country like India.
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INTRODUCTION hospital care and are at high risk for developing sepsis.
Sepsis is defined as a host response to infection and
it is an important cause of morbidity and mortality all

y/ evere trauma, a potent cause of systemic
— around the world.” Recent data have suggested that 18

inflammatory response syndrome (SIRS),!" is

onarise due to the increasing number of vehicles plying  mjllion of new sepsis cases occur each year worldwide,

on the roads thereby leading to a surge in road traffic
associated accidents. Such patients require long-term
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with a mortality rate of almost 30%.5 The diagnosis of
sepsis is difficult, because clinical signs of sepsis often
overlap with other noninfectious causes of systemic
inflammation.!"¥ SIRS is very common in ctitically ill
patients, being found in various conditions including
trauma, surgery, and hypoxic injuties. Though SIRS
might be present in 290% of the surgical intensive
care unit (ICU) patients, its definitive diagnostic criteria
might not always be cleatly evident or absent.”) Hence,
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parameters like body temperature, heart rate, blood cell
count, and respiratory rate can be measured and noted,
but they give variable results, which causes a problem in
arriving at an early and accurate diagnosis. For such critically
ill patients, early diagnosis and treatment is the cornerstone
for the management.

In developing countries like India, trauma is a major problem,
due to a very high incidence of vehicular accidents (6%
of global vehicular accidents), other accidental injuries,
crime and violence.” Rising population, urbanization,
industrialization, and a drastic rise in vehicular transport has
contributed to an annual increase in road traffic accidents
by 3%.1%" An accident death is reported every 1.9 minutes
in India;™ in 1997, 10.1% of all deaths in India were due
to accidents and injuries.! Although India contributes to a
significant burden of global trauma morbidity, studies on
complications of trauma are very scarce.

With an increasing population of young adults being
admitted with severe trauma, studies are urgently needed
to develop and evaluate rapid diagnostic assays for sepsis,
which is one of the most important contributors of
posttrauma mortality. Rapid diagnosis of this primarily
treatable condition will be extremely beneficial for
preventing morbidity and mortality of traumatized patients.

The currently available continuously monitoring blood
culture systems make it possible to detect bacterial
growth within 2-10 hours after the blood sample has been
taken.™” Full identification and sensitivity requires time
(12-24 hours). As a result, the outcome may be worse and
the length of hospital stay longer.""! New parametets are
being explored, which will help in opening doors to an
early diagnosis and better outcomes. Serial measurements
of various biomarkers of body organ function and
inflammatory responses of the patients in conditions of
trauma or associated sepsis are being explored. Parameters,
which have been tried, ranges from procalcitonin (PCT),
C-reactive protein (CRP), interleukin-6 (IL-0), sepsis related
ot sequential organ failure assessment (SOFA) score,'! and
white blood cell (WBC) count. Abnormal levels or specific
algorithms patterns of these biomarkers often hints at the
revision of the therapeutic management.

These biomarkers have certain short-comings while
interpreting the results and hence should be interpreted
with caution. CRP is one of the nonspecific acute phase
reactants and may increase in response to an inflammatory
reaction irrespective of its causative agent. Similarly, white

cell count also lack specificity for bacterial infection.!?
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To solve this dilemma, PCT has been evaluated with great
interest as a potential and more accurate diagnostic marker
of sepsis. PCT, a 116-amino acid peptide involved as a
precursor in calcium homeostasis, has been studied as a
marker to differentiate sepsis from other noninfectious
causes of SIRS. PCT is produced ubiquitously in response
to endotoxin or mediators released in response to bacterial
infections [i.e. IL-1b, tumor necrosis factor (TNF)-o, and
1L-6] and strongly correlates with the extent and severity
of bacterial infections.”! Since, upregulation of PCT is
attenuated by interferon (INF) v, a cytokine released in
response to viral infections; PCT is more specific for
bacterial infections and may help to distinguish bacterial
infections from viral illnesses.'*"”! The PCT plasma level
in healthy individuals is low; usually <0.1 ng/ml. The levels
have been shown to rise with the severity of sepsis. PCT
shows a favorable kinetic profile for use as a clinical marker:
It promptly increases within 6-12 hours upon stimulation
and circulating PCT levels halve daily when the infection
is controlled by the host immune system or antibiotic
therapy.”” A number of studies have signified the role of
PCT in diagnosing infections like community acquired
and ventilator associated pneumonia (VAP), pancreatitis,
neonatal infections, and septicemia. About 90% of the
studies are from developed countries, where PCT is studied
with CRP and 11.6." However, very few studies have been
done on the role of PCT in predicting sepsis and outcome
in multiple trauma patients in a low resource country like
India on a large scale prospectively.

Therefore, this study was conducted with the aim to
evaluate the utility of serum PCT levels as a diagnostic
marker for sepsis in trauma patients and to compare the
PCT assay with blood culture for prognostication of
response to treatment.

MATERIALS AND METHODS
Study design

This study was conducted prospectively for a period of
4 years from January 2008 to December 2011 at a level — 1
Apex trauma center covering most of the north Indian
population. Patients admitted with acute trauma care and
who have survived the initial 24 hours of trauma was
included consecutively in the study within the said time
period. To avoid discrepancy and confounding between the
groups, each patient was enrolled only once in the study.
Patients with existing comorbidities like diabetes mellitus,
hypertension, liver diseases, renal dysfunction, COPD,
etc., were excluded from the study. Each of the included
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patients or next of kin received written information and
gave informed consent. The study protocol was approved
by the institute’s ethics committee. The patients were
divided into two groups for studying the two objectives.

Group 1: A total of 200 patients of fresh physical trauma
due to an accident, admitted to the emergency and ICUs
of Jai Prakash Narayan Apex Trauma Centre, AIIMS were
included in this group. Out of these, 92 were from various
ICUs and 108 were from emergency department. Being
a trauma care center, participating ICUs were surgical,
orthopedic, and neurosurgery. The inclusion criteria
applied to this group were (1) a patient should be aged
more >18 years, (2) who have survived the initial 24 hours
of trauma, and (3) who had no clinical evidence of sepsis.
Patients who had suffered from chemical or burn trauma
were not included in this study group. Referred patients
of trauma who had been treated outside the JPN Apex
Trauma Center for more than 24 hours were not included.
Thus patients enrolled in group 1 of this study were those
who were 24 hours posttrauma and admitted due to severe
injuries.

Group 2: A total of 75 patients of physical trauma admitted
to the ICUs, in whom a clinical suspicion of sepsis was
present, were included in this group. Sepsis was defined
as per the recommendations of the consensus conference
committee of the American College of Chest Physician’s
criteria/Society of critical care Medicine."”" The presence
of two or more of the following in a patient suspected or
proven to have infection was taken as diagnostic of sepsis.
The criteria includes temperature >38°C or <36°C, heart
rate >90 beats/minute, respiratory rate >20 breaths/minute
or PaCO, <32 mmHg and WBC count >12,000 cells/mm’
or < 4000 cells/mm?’ or > 10% immature (band) forms.

Sepsis was classified as microbiologically documented when
microorganisms were recovered from the infection site or
blood, and as clinically documented when objective signs
and symptoms of infection were found but cultures were
negative. The patients in this group were exclusive of those
in group 1. Patients who had suffered from chemical or
burn trauma were excluded.

Work-up of patients

Work up of patients in Group 1: A detailed history and
clinical examination were done for all the patients. Data
like age, gender, chronic conditions if any, severity of
trauma according to the injury severity score (ISS)!202!
and number and type of blood products infused within the

first 24 hours were recorded and then every day thereafter

for the duration of the ICU stay. The patients underwent
surgical interventions whenever necessary as per accepted
treatments for blood loss, wound treatment, bone fracture,
or organ damage.

Results of routine investigations like hemogram, liver
and kidney function tests, and any other test conducted
during the initial 24 hours were recorded. In this study, the
following samples were collected at 24-48 hours posttrauma
for all these patients. Two consecutive blood samples for
culture were collected on days 1 and 4 from the date of the
trauma in both the groups. Five to ten milliliter of peripheral
blood sample was collected in blood culture bottles before
the start of the antimicrobials for bacterial (Bact T Alert,
Organon Teknika, Durham, CA, USA) and fungal cultures.
Apart from this, 2 ml of peripheral blood sample was
collected in a plain vial for the PCT assay.

Sample processing: The blood sample for culture was
processed in the laboratory using standard methods? and
cultured using Bact T Alert (Organon Teknika, Durham,
CA, USA). The identification and sensitivity of bacterial/
fungal isolates in case of positive culture was done
using both conventional microbiological methods and
VITEK 2-compact (bioMérieux Inc. Durham, NC, USA)
identification and sensitivity cards.

The PCT assay was done by quantitative technique using
mini VIDAS system (bioMérieux Inc. RCS, Lyon, France).
The tests were performed and interpreted according
to manufacturer’s instructions. Serum samples from
confirmed cases of malaria and candidemia were used as
positive control.

A CRP assay was done and its concentration was measured
by the turbidometric method using SYNCHRON CX9
PRO system (Beckman Coulter Inc. Fullerton, CA, USA).

Clinical follow-up: All the patients were clinically followed up
in the ICU till 21 days or discharge, which ever was earlier and
the data was analyzed each day for 7 days and on days 14 and
21 of treatment in the ICU. Clinical evidence and laboratory
data of infection, microbiological findings and the duration of
treatment in the ICU as well as the data necessary to evaluate
the Sepsis-telated Organ Failure Assessment (SOFA)!)
were recorded in a prescribed performa. The trauma-related
complications like sepsis, blood transfusions, and organ
dysfunction as described by the SOFA score, duration of stay
in ICU, and overall outcome was recorded for each patient.*!
At the end of the study, a correlation was made between the
initial PCT level at 24-48 hours posttrauma and the clinical
course of the patients.
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Work up of patients in Group 2

The enrollment of trauma patients in this group was done
whenever there was any clinical suspicion of sepsis during
their ICU stay. A detailed clinical history, examination
findings from their day of ICU admission including
the blood products transfused, the type of surgery and
subsequent follow up, laboratory findings and results
of any microbiological culture were recorded at the
time of inclusion of the study. The time period of 1CU
admission and the first clinical suspicion of sepsis were
also noted. Using very high sensitive PCT immunoassay,
a cut of 0.06ug/1 was used to guide successful antibiotic
stewardship in lower respiratory tract infections."” Based
on these specific cut-off ranges, initiation or continuation
of antibiotics was more or less discouraged (< 0.1ug/1
or < 0.25 ug/l) or encouraged (> 0.5ug/1), respectively.'”

Five to ten milliliters of peripheral blood sample was
collected in blood cultute bottles for culture on days 1 and
4 of inclusion using standard protocols. Two milliliters of
peripheral blood sample was collected in a plain vial for PCT
assay. Other specimens (bronchoalveolar lavage [BAL]/
tracheal aspirate/pus/urine/fluids from sterile body sites/
any other sample) were sent by the treating physician for
routine diagnostic microbiological cultures at their clinical
discretion if there was a suspicion of infection at any site.
Similarly, results of other investigation like hemogram,
biochemical analysis, or any other tests, sent by the clinicians
for routine diagnostic purposes, were also recorded.

Clinical and laboratory follow up: The patients are
initially given empiric antibiotics based on the ICU
protocols. The antibiotics were appropriately changed
if the blood culture or any other cultures were positive.
The patients were followed up clinically after initiation of
specific antibiotic treatment. On the fourth day of specific
antibiotic treatment in confirmed cases of sepsis, a PCT
assay was repeated from the serum sample. Simultaneously,
a blood culture was also repeated.

In patients of group 2, the difference in PCT levels at days
1 and 4 was noted to assess the response to treatment. All
these patients were clinically followed up till their final
outcome in the hospital.

Statistical analysis

The sensitivity, specificity, positive predictive value, negative
predictive value of the rapid PCT assays was calculated
as per standard protocols. Comparison between the PCT
levels and the outcome of the sepsis was done. The level
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of significance was tested by using the P value. A value of
P < 0.5 was considered significant.

RESULTS
Patients and methods

The prospective study was conducted on acute trauma
patients, who had survived the initial 24 hours after trauma.
The patients in group 1 were admitted in ICU (z = 92, 46%)
ot the casualty (7 = 108, 54%) at the time of inclusion in the
study. Out of these, 88 (44%) had head injuries; 47 (24%)
had blunt trauma to abdomen (BTA); 16 (8%) had blunt
trauma to chest; 17 (9%) had blunt trauma to both chest
and abdomen; 7 (4%) each had spinal injury, gun-shot
injuries, and pelvic fracture; 6 (3%) had pan-facial injuries;
4 (2%) had neck injuries; and 1 patient had fracture femur
with liver laceration.

A total of 75 trauma patients with suspected sepsis were
included in the group 2 over the study period. All the
patients in this group were admitted in the ICU at the time
of the inclusion. Among these group of patients, 28 (37%)
had head injury; 15 (20%) had blunt trauma to chest with
hemothorax; 12 (16%) patients had spinal injury; 11 (15%)
patients had blunt trauma to abdomen; 4 (5%) had gunshot
injuries; 3 (4%) each were admitted with degloving injuries,
pan-facial injury with cerebrospinal fluid (CSF) rhinorrhea;
2 (3%) had perineal injury with fracture of right humerus;
and 1 patient had pelvic fracture.

The mean duration of stay of the patients of group 2 in
the ICU was 11 days (range 2-35). There was no statistical
difference in PCT levels between the specific types of
trauma (P > 0.5); however, patients with abdominal trauma
of both groups 1 and 2 presented with a little higher PCT
levels.

Demographic characteristic of patients (study
population)

There was no significant difference in the mean age of
either of the two groups but a male predominance was
seen in both the groups [Table 1].

Clinical and laboratory findings of patients

The results of thelaboratory parameters are shownin Table 1.
There was no statistically significant difference (P = 0.935)
in the mean erythrocyte sedimentation rate (ESR) levels
between the samples collected on days 1 (42 mm/h) and
4 (43 mm/h) among the patients of the group 2. Similatly,
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Table 1: Demographic characteristic, clinical
and laboratory findings of patients (study
population)

Parameters; mean (range)

Group 1 (n=200) Group 2 (n=75)

Age 34 (18-70) 33 (27-75)
Male:Female ratio 160:40 64:11
Glasgow coma scale score 12 (3-15) 12 (12-15)
SOFA score 8 (1-10) 9(0-13)
Frequency of blood transfusion 3(2-4) 6(3-8)
Surgical intervention done 4 (2-6) 7 (4-9)

Hb (g/dl) 10.9 (3.1-15.6) 9.8 (7-17)
WBC (x203 cells/ml) 11.5 (3.1-15.6) 11.5(3.8-22.8)
Creatinine 0.8 (0.3-2.4) 0.85(0.2-1.8)
ESR (mm/h) (day 1) 37(5-132) 42 (5-125)
Day 4 (group 2) - 43 (5-115)
CRP (mg/dl) (day 1) 18.37(0.6-66.2)

16.7 (0.01-32.26)

Day 4 (group 2) 12.4 (0.74-34.74)
SOFA: Sequential organ failure assessment, ESR: Erythrocyte sedimentation
rate, CRP: C-reactive protein

the difference in values between days 1 (18.37 mg/dl)
and 4 (12.4 mg/dl) mean CRP levels was not statistically
significant (P = 0.646) in patients of group 2. Both ESR
and CRP showed not much significant difference between
the 2 days, which does not provide much help in predicting
the outcome of such patients compared with the PCT
findings. However, the CRP results obtained on day 4 in
group 2 patients was lower compared with that on day
1, which is an unusual finding in absence of bacterial
sepsis. This might have given shape to more concrete and
definitive results if CRP was done on samples taken on
day 7, which we could not in this study.

Procalcitonin levels in study population and its
diagnostic/prognostic application

Group 1: Out of the 200 patients in group 1, 78 (39%)
had negative PCT results and the remaining 122 (61%) had
positive results. The PCT levels in the 122 patients who
showed positive results exhibited varied levels [Figure 1].

Of the 78 patients who had PCT value of < 0.5 ng/ml
in group 1, 73 were discharged following treatment, without
any complications. They did not develop any infection
till their final follow-up. The remaining five developed
infections within 4-7 days of admission. Of these,
three patients had multiple infections (blood stream
infection [BSI], along with VAP and urinary tract
infection [UTI]) and two developed an episode of BSI.
Of these five patients who developed hospital-acquired
infections, one died. Although the clinical cause of death
was mentioned as cardiac arrest, he also had multiple
infections (BSI with VAP and UTI), contributing to the
fatal outcome.

45+ u Total (%)
40

35+
30+
254
20+
15
10
5
0

<0.5 ( Negative) =20.5<2 22<10
PCT level (ng/ml)

Number of patients (%)

Figure 1: PCT assay results in group 1 patients showing the distribution
of various levels

Of the 51 patients having PCT levels of 0.5-2 ng/ml, 1
developed a surgical site infection (caused by Acenitobacter
baumannii); 1 developed VAP (caused by Acinetobacter
banmanniz); 2 patients developed BSI along with VAP;
and 2 had VAP along with UTIL. Of these six infected
patients, four died (due to various causes like hypotension,
polytrauma, renal failure, cardiac arrest, and sepsis).

Of the 44 patients who had PCT levels in the range
2-10 ng/ml, 4 (9%) patients developed BSI, 2 patients
each (5%) developed VAP and BSI with VAP; 1 patient
each (2%) developed surgical site infection (SSI), BSI along
with UTL Of these 10 patients, 6 (60%) died due to severe
head injury, cardiac arrest, hypotension, and sepsis.

Of the 27 patients who had PCT levels in the range > 10,
6 (22%) developed BSI; 2 (7%) developed VAP; 3 (11%)
developed BSI with VAP, and 1 patient each (4%) developed
BSI with UTI, VAP with UTT and BSI with VAP and UTI.
Of these, five (19%) patients died due to severe head injury
and clinical sepsis [Tables 2 and 3.

Group 2: Of the 75 patients in group 2 who had clinical
evidence of sepsis, 52 (69.3%) were found to have a positive
PCT assay. The difference in mean PCT levels, between
days 1 and 4 samples in group 2 patients were statistically
significant (P = 0.000) |Figure 2].

For all the patients in group 2, a simultaneous sample for
blood culture and other relevant samples depending on
the clinical presentation were sent for microbiological
culture. Of the 75 patients, 48 (77%) had one or more
microbiologically confirmed infections. Correlation of
PCT values with microbiologically confirmed infections
in group 2 are shown in Table 4.

There was a correlation between an initial high level
of PCT (>2 ng/ml) in severe trauma cases and their
risk for development of complications, in the form
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of infections, sepsis, and consequent prolonged ICU
stay. All patients who had PCT levels >2 ng/ml had
an episode of microbiologically confirmed infection.
Individually, BSI was the most common infection. The
microbiological etiology in group 2 was varied with
Acinetobacter banmannii being the most common isolated

pathogen [Table 5].

Table 2: Correlation between PCT results and
microbiological finding in group 1

PCT BSI VAP SSI BSI+ BSI+ VAP+ BSI+ Total
(ng/ml) VAP uTl UTI  VAP+UTI N (%)
<0.5 2 o o o o [ 3 5(6)

n=78

0.5-2 [¢) 1 1 2 o 2 [¢) 6 (12)
n=51

2-10 4 2 1 2 1 [} [¢) 10 (23)
n=44

>10 6 2 o 3 1 1 1 14 (52)
n=27

Total 12(34) 5(4) 2(6) 7(20) 2(8) 3(9) 4(11) 35(18)
N (%)

n=200

BSI: Blood stream infection, VAP: Ventilator associated pneumonia, UTI: Urinary
tract infection, SSI: Surgical site infection, PCT: Procalcitonin

Table 3: Microbiological etiology of culture
positive patients of group 1

Type of infection Group 1 Causative microorganisms
(n=200) (%) N=56
Blood stream infection 25 (45) Klebsiella pneumoniae (n=6)
(alone and in combination Acinetobacter baumannii (n=15)
with other infections) i
Pseudomonas aeruginosa (n=5)
Burkholderia cepacia (n=1)
Escherichia coli (n=3)
Enterobacter cloacae (n=1)
Ventilator-associated 19 (35) Acinetobacter baumannii (n=13)
pneumonia (alone and in Klebsiella pneumoniae (n=4)
combination with other d .
infections) Pseudomonas aeruginosa (n=¢)
Escherichia coli (n=2)
Surgical site infection 2 (4) Acinetobacter baumannii (n=1)
Staphylococcus aureus (n=1)
Urinary tract infection 9 (16) Candida albicans (n=8)

(alone and in combination

Escherichia coli (n=4)
with other infections)

Klebsiella pneumoniae (n=1)

?Includes polymicrobial infections

It was seen that, those patients in which a PCT level of
2-10 pug/dl was more likely to develop BSIs or BSIs in
combination with other hospital-acquired infections like
VAP, UTI, SSIs, etc., within 5-7 days of the achieved
level, however, those patients in whom PCT >10 pg/
ml were seen to develop infection after 1 week on
admission or measurement of PCT level, whichever
is earlier.

The initial ESR and CRP concentrations (days 1-4)
did not significantly differ in patients developing a
microbiologically proven infection versus others. Although
a high PCT level was associated with a higher likelihood of
developing sepsis, the initial PCT and CRP concentration
did not correlate with the severity of organ dysfunction,
measured as maximum SOFA score values during the
study period.

Appropriateness of antibiotic therapy and PCT levels

Appropriate antibiotic therapy administered according
to antimicrobial susceptibility profile of the isolated
pathogen resulted in a significant decrease in PCT
between days 1 and 4 in 54 of the 56 cases with
microbiological evidence of infection. One patient (who
had septicemia due to Klebsiella pneumoniae) died after
2 days of initiating treatment and another succumbed to

M Day1 ¥ Day2

25 24.95

10.47

Total parameters

0

Group 1 Group 2
PCT levels on day 1 and 4 (ng/ml)

Figure 2: The difference of PCT levels (ng/ml) taken on days 1 and 4
between groups 1 and 2 and the changes seen over days in relation
to the patient’s condition

Table 4: Correlation between PCT results and microbiological findings in group 2

PCT BSI* SSI® VAP# BSI+VAP BSI+SSI BSI+UTIA VAP+UTI BSI+UTI+VAP BSI+VAP+UTI+SSI Total N=75  Duration of hospital stay after
(ng/ml) n (%) which infection developed (days)
<0.5 0 o 1 2 o 1 o 1 o 5(33) 5-20

n=15

0.5-2 1 o o 3 2 1 2 o o 9(56) 4-15

n=16

2-10 6 2 2 3 1 1 1 4 2 22 (96) 3-10

n=23

>10 8 1 1 2 o 2 1 3 2 20 (95) 3-8

n=21

Total 15(27) 3(5) 4(7) 10(18) 3(s5) 5(9) 4(7) 8 (15) 4(7) 56 (75)

N=75

n (%)

*BSI: Blood stream infection, *VAP: Ventilator associated pneumonia, UTI: AUrinary tract infection, @SSI: Surgical site infection, PCT: Procalcitonin
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Table 5: Microbiological etiology of culture
positive patients of group 2

Type of infection Group2 Causative microorganisms

(n=75) (%) N=124°

Septicemia/BSlI 45(43)  Klebsiella pneumoniae (n=14)*
Acinetobacter baumannii (n=18)
Pseudomonas aeruginosa (n=5)

Candida spp. (n=3)

Staphylococcus aureus (n=8)

Serratia spp. (n=1)

Coagulase negative Staphylococcus (n=7)
Burkholderia cepacia (n=1)

Escherichia coli (n=3)

Enterobacter spp. (n=2)

Ventilator-associated
pneumonia

30(28)  Acinetobacter baumannii (n=26)
Klebsiella pneumoniae (n=5)
Pseudomonas aeruginosa (n=9)
Enterobacter spp. (n=2)

Surgical site infection 10(9) Acinetobacter baumannii (n=7)
Pseudomonas aeruginosa (n=3)
Enterobacter spp. (n=2)
Staphylococcus aureus (n=2)

Urinary tract infection 21(20)

(alone and in combination
with other infections)

Candida albicans (n=20)
Klebsiella pneumoniae (n=5)

Enterococcus feacium (n=3)

*In two patients, blood culture was positive twice at an interval of 6 days,
calculated as two episodes of bacteremia. @Includes polymicrobial infections

polymicrobial infections. Thus, the PCT kinetics within
the first 48 hours of management of sepsis could be
significantly different according to the appropriateness
of the antibiotic therapy.

Final outcome

Of the 200 patients in group 1, 6% (12) died, whereas
in group 2, out of 75 patients, 20% (15) died. All the
patients who had a fatal outcome in group 2 had positive
PCT result. The highest mortality rates were seen in
patients having PCT >10 ng/ml. In group 1, mortality
rates were same in patients having PCT in the range of
0.5-2 and 2-10 ng/ml. Of the 78 patients having a PCT
level <0.5 ng/ml in group 1, there was only one case
of fatal outcome; this patient died due to cardiac arrest
and mixed infection (BSI along with VAP and UTI). In
group 2, of the 15 patients who had a fatal outcome, 7
had PCT levels >10 ng/ml and 4 each had PCT levels
between 0.5-2 ng/ml and 2-10 ng/ml, respectively. All
these patients died due to polytrauma with signs of clinical
sepsis [Figure 3].

Sensitivity and specificity of the assay

The sensitivity and specificity of the PCT assay was 91%
and 66%, respectively. The positive predictive value of PCT
was 81% and negative predictive value is 83%.

106

g 50 ——Group 1 Group 2

S 59

< 45, 46.6

& 40-

~ 35, 33.3 33.3

a 30.

>

2 25

5 2 26.6 ZGM’

£ 20

S 151

S 10

zs| 8

€ ol o

E0 <0.05 20.05-<2 22-<10 >10
PCT levels (ng/ml)

Figure 3: The mortality ratio between groups 1 and 2 in relation to
the difference in PCT levels, which clearly shows that mortality rate is
higher in the group with PCT > 10 ng/ml especially in group 2 patients

DISCUSSION

Sepsis is a major complication in trauma patients
requiring long in-patient stay. Almost 1.5 million people
in northern America and another 1.5 people in northern
Europe present annually with severe sepsis and/or septic
shock with an estimated mortality of 35-50%. So, an
early and reliable method of diagnosis as well having a
prognostic capability is the need of the hour. The answer
lies in using a biomarker produced by the body, which
correlates well with the body’s changing response to
traumatic condition and well as serves as a diagnostic
marker. Hence PCT was used as a predictive biomarker
in our prospective study.

The present study showed that there was a correlation
between an initial high level of PCT (>2 ng/ml) in
severe trauma cases and their risk for development of
complications, in the form of infections, sepsis, and
consequent prolonged ICU stay. This findings was
supported by another study in trauma patients where
complications such as sepsis, infection, blood transfusion,
prolonged ICU treatment, and poor outcome were more
frequent in patients with initially high PCT (>1 ng/ml),
whereas CRP shows no positive correlation.”**’l Favorable
outcome was seen in patients with low PCT levels. This
finding is consistent with the result seen in another study
where decrease of serum PCT within the first 48 hours by
30% or its persistence at levels lower than 0.25 ng/ml was
an indicator of favorable outcome. On the contrary, any
increase of serum PCT or any decrease lower than 30%
should alarm about the need for a change of therapeutic
strategy.” In patients with multiple trauma due to an
accident, the PCT level provides more information than
the CRP level since only moderate amounts of PCT
are induced, and higher concentrations correlate with
more severe trauma and a higher frequency of various
complications, including sepsis and infection.?**” This is
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highlighted by our study done in trauma patients, where
not many studies are available to observe the role of PCT
in the Indian context.

Our findings also show that PCT levels fall in response
to appropriate antimicrobial treatment and thus could be
used as a marker of treatment response in blood-stream
and other infections. In a previous study, PCT of day 1
greater than 1 ng/ml is an alert signal of bad outcome.
In patients with PCT of day 1 lower than 1 ng/ml, a steady
increase during the follow up was associated with bad
prognosis and reverse with good prognosis.”” This finding
was similar to what is observed in our study.

In our patients with clinical sepsis, 75% of cases had
microbiological evidence of infection. A predominance of
Gram-negative pathogens was observed over Gram-positive
bacteria with A. baumannii as the most common isolate in
both the groups. In our study, blood cultures were positive
in 41 (85%) of the 48 cases having a high PCT levels.
A detailed microbiological investigation revealed other
foci of infection in patients having a high PCT, in the
presence of sterile blood cultures. Thus, a good correlation
between elevated PCT levels and sepsis was observed. This
finding is also supported by other studies, which showed
similar elevated PCT levels in patients who later developed
sepsis.?*! Table 6 summarizes some of the studies done
by various workers on PCT.

Along with the clinical findings, the predictive value of PCT
can be used to guide the clinicians regarding their decision
making, especially with regard to their antibiotic therapy.

However, the PCT values should not be a substitute to
clinical examinations or findings; but should be used as
supportive evidence in decision making.

Strengths

The population was from a heterogeneous group of
patients coming with various traumas. Our study is a
prospective study done on a large scale in trauma patients
for which few studies are available in India and hence its
increased significance as most of the studies were from
developed countries. Patients with coexisting morbidities,
referred patients or patients with less than 24 hours trauma
were not included to prevent the confounding factors.

Limitations

Though, control serum samples from confirmed cases
of malaria and candidemia were used for positive control
to rule out nonspecificity, other diseases like visceral
leishmaniasis, viral fevers, tuberculosis, enteric fever, and
dengue could not incorporated. Further tests are required
with patients coming with minor or trivial trauma to see
the PCT profile in such patients and whether it mirrors the
findings seen in severe trauma patients.

CONCLUSION

Based on our data, PCT can be used as a surrogate marker
of early diagnosis of sepsis and outcome after major
trauma. It can also be used as a marker for monitoring

Table 6: A review of various studies done on procalcitonin in various patients

Reference, design Patients (n) PCT study and analysis

Interpretation

Remarks

Georgopoulou et al.?®¥ multicenter 289
prospective observational study

29.9% deaths in patients
where PCT>0.25 ng/ml on
day 3

PCT>o0.5 ng/ml on day 1,
predictive of bacterial sepsis

Bele et al.?! prospective 119
observational
(immunocompromized patients)

Jensen et al.*¥ prospective 472
observational cohort,

(ICU patients)

Friederichs et al.5* prospective 38
observational, (surgical patients,

necrotizing fascitis)

High maximum PCT levels
and PCT increase for day 1
predictive

Ratio of PCT levels on days 1
and 2 were calculated

Cohorts were used for
derivation or validation to
study the association of PCT
change over the first 72 critical
care hours and mortality

Scheutz et al.B multicenter 256
retrospective cohort,
(ICU patients)

Hoeboer et al.5? prospective 72
observational, (ICU patients)

PCT levels serially measured
ondayso, 1, 2, and 7 along
with CRP

Predictive of the outcomes within 48 hours

Predictive within 48 hours

Serial measurement is
recommended

Helps rule out bacterial infections
but not much correlation with
hospital mortality

Early independent predictors of all cause
mortality in go days follow-up

Successful surgical interventions were seen in
those patients with high PCT levels (1.666 vs
0.9, P<0.001)

A 72-hour PCT decrease>80% had a negative
predictive value of around 9o%; conversely, no
decrease or an increase in PCT over 72 hours
had a positive predictive value around 50%

PCT decreased when septic shock resolved;
increased when a new bloodstream infection
or septic shock supervened. Increased or
unchanged SOFA scores were best predicted
by PCT increases and day 7 PCT, in turn, was
predictive for 28-day outcome

Useful for early prediction of
mortality in ICU patients, CRP and
WBC count not much useful

Ratio higher than the cut-off of 1.14
was indicative of successful surgery

In septic patients, PCT kinetics

over the first 72 critical care hours
provides prognostic information
beyond that from clinical risk scores

PCT may better indicate the risk of
complications, such as bloodstream
infection, septic shock, organ
failure and mortality, and therefore
might help deciding on safe
discontinuation of antibiotics

ICU: Intensive care unit, PCT: Procalcitonin, CRP: C-reactive protein
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response to treatment in confirmed cases of BSIs. PCT
is superior to other biomarkers like CRP. So, it should be
considered for inclusion in the diagnostic work-up for
sepsis and in clinical practices in trauma care ICUs along
with the support of clinical findings.
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