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Abstract

Background: Utility of biomarkers in early prediction of multiple organ dysfunction
syndrome (MODS) in suspected cases of sepsis presenting to the Emergency Department (ED).

Aim and Objectives: To correlate the biomarker values (Pro-calcitonin (PCT), C-reactive
protein (CRP), NT-pro BNP and Neutrophil gelatinase associated lipocalin (NGAL) with
multiple organ dysfunction (MOD) score and to evaluate their role in early prediction of MODS
in suspected sepsis patients presenting to ED.

Methods: This is a prospective observational study conducted on 65 patients with suspected
sepsis. Patients of 18-65 years presented in the ED with triage complaints of fever, respiratory,
urinary and abdominal infections, who were sepsis screen positive on arrival and admitted,
were enrolled in the study. They were categorized into two groups: Group 1 (MODS score
Positive at 48 or 72 hours) and Group 2 (MOD score Negative). Biomarker values in both the
groups and its correlation with MOD score was analyzed.

Results: At 48 hours, 40 (61.5%) patients were MODS positive with PCT (Sensitivity 100%,
OR-12.6, CI-0.6-255.04, p=0.098), CRP (Sensitivity 100%, OR-27.0, CI-1.44-504.0, p=0.027), NT-
pro BNP (Sensitivity 82.5%, OR-7.07, CI-2.55-22.16, p=0.0008) and NGAL (Sensitivity 77.5%,
OR-82.9, CI-9.7-698.16, p=0.0001) with PPV of NGAL (96.88%) and NT-pro BNP (76.74%) and
100% NPV for PCT and CRP.

Conclusion: This study established a good correlation of NT-pro BNP and NGAL with
positive MODS score suggestive of and highly predictive of developing MODS in suspected
cases of sepsis. The normal value of PCT and CRP on arrival in patients with suspected sepsis

rules out MODS even at 72 hours during their hospital stay.
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INTRODUCTION

Sepsis is a significant global health problem
accounts for a significant proportion of
Intensive Care Unit (ICU) admissions.! Sepsis,
when associated with multiple organ dysfunction
and shock are the major contributors to poor
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outcome.? Multiple organ dysfunction syndrome
(MODS) have a very high morbidity and mortality
rate and are the most frequent cause of death
(approx. 47%) in the ICU. As the number of organs
that failed increased from one to four, the mortality
rate progressively increased from 30% to 100%.*

Systemic inflammatory response syndrome
(SIRS) criteria in sepsis were established in 1992 as
part of the American College of Chest Physicians/
Society of Critical Care Medicine Consensus
Conference.* In Sepsis-3, the task force presents
quick sepsis related organ failure assessment
(qSOFA) score as simple bed side criteria that can
be used not only as a mortality predictor but also as
a screening tool for sepsis.’ Physicians identifying
sepsis in many Emergency Departments (EDs)
have routinely used the SIRS criteria and after
the publication of Sepsis-3, qSOFA has become an
additional screening tool.® An accurate assessment
and early identification of impending organ
dysfunction or shock may influence the outcome
since this is the major drive for mortality in sepsis.”
Emergency physicians plays a central role in early
detection of acute and severe infections as well
as in starting an appropriate treatment.® Proper
diagnosis and early prediction of severity can allow
them to do accurate and prompt interventions for
better outcomes and prognosis.

The Multiple Organ Dysfunction (MOD) Score
given by Mar shall ef al. in 1995 includes all the
six organ system parameters suggesting the
presence or absence of MODS, which can be used
as the guide for early screening using multiple
biomarkers in ED.” Biomarkers have become an
integral part of medicine, aiding in the diagnosis
and treatment of numerous conditions.®'* Pro-
calcitonin (PCT) is a useful marker for diagnosis
of systemic and local infections, and for prognostic
stratification in patients with acute infectious
diseases at their arrival in the ED. C-Reactive
protein (CRP) is a general acute phase reactant
protein that rises in concentration up to 1000-
fold in the blood in response to inflammation and
infection.”® CRP is a well established biomarker
of infection and inflammation.”* N-terminal pro
b-type natriuretic peptide (NT-proBNP) values are
frequently increased in severe sepsis and septic
shock. Values are significantly higher in non-
survivors than survivors. Increased plasma
Neutrophil gelatinase associated lipocalin (NGAL)
concentrations was seen in patients with suspected
sepsis who presented to the ED were associated
with the development of acute kidney injury."

We are receiving lot of sepsis patients and

an accurate assessment and early prediction
of impending organ dysfunction can influence
their outcome. In addition, there is a dearth of
Indian studies on the role of biomarkers in sepsis.
Therefore, this study planned to explore the
diagnostic utilities of PCT, CRP, NT pro-BNP and
NGAL in patients with suspected sepsis for early
screening of MODS in the ED.

Aims and Objectives

To study the correlation between multiple
organ dysfunction score and biomarker values
for early prediction of setting in of multiple organ
dysfunction syndrome in suspected cases of sepsis
in a hospital.

Study Objectives

To correlate the biomarker values (Pro-calcitonin,
C-reactive protein (CRP), NT-proBNP and NGAL)
at admission in suspected cases of sepsis presenting
to emergency department (ED) with multiple
organ dysfunction score at 48 hours and 72 hours
of admission and to evaluate their role in early
prediction of MODS.

MATERIALS AND METHODS

Study Design

The study was a prospective observational study,
conducted at a single centre at North India for a
period of one year (December 2014 to December
2015). All patients between 25 and 65 years of
age with triage complaints of fever, respiratory,
urinary and abdominal infections who were sepsis
screen positive [Systemic Inflammatory Response
Syndrome (SIRS) and qsofa positive] on arrival and
admitted were included in the study. In both, the
patients fulfill the sepsis definition if they have >
2 criteria upon admission in combination with a
suspected infection [SIRS criteria and qSOFA score
as given in (Table 1)].

Patients with age below 18 and more than 65 year,
pregnant, Immunocompromised, or with previous
history of hepato-renal, cardiac and respiratory
disease were excluded.

Approval was taken from the Institutional
ethical committee and informed written consent
was obtained before enrolment from all patients.
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For those who were unconscious surrogate consent
from a legal guardian or other duly authorized

Table 1: SIRS and qSOFA criteria

representative was taken. Fresh informed consent
from each participant was taken after they regain

International SIRS criteria originally defined by the American College of Chest Physicians/Society of Critical Care Medicine

consensus conference committee.*
SIRS criteria:

Temperature > 38 °C or < 36 °C; heart rate > 90 beats per minute; respiratory rate > 20 breaths per minute or PaCO, < 4.3 kPa;
white blood cell count >12.0 x 109/L or < 4.0 x 109/L or > 10% immature bands.

qSOFA criteria that was presented in 'Sepsis-3"°

Respiratory rate > 22 breaths per minute; altered mentation (Glasgow Coma Scale (GCS) < 15); systolic blood pressure < 100

mmHg).
consciousness. 450 ng/L) and (NGAL (Normal value < 280
Data Collection ng/L).
After enrolment, clinical characteristics of Statistical Analysis

each patient recorded including demographics,
symptoms and signs, medical history, ABG, chest
X-ray and standard blood tests including cultures.
4ml of additional blood sample was taken for
biomarkers including PCT, CRP, NT-pro BNP and
NGAL on arrival of patient in the ED.

Multiple Organ Dysfunction Syndrome Score
(MOD Score) was applied to screen all patients for
confirming Multiple Organ Dysfunction Syndrome
at 48 hours. If the MOD Score was zero at 48 hours,
cases were followed upto 72 hours to reconfirm late
setting of Multiple Organ Dysfunction Syndrome.

Study cases was categorised into two groups:
Group-1 included patients with MODS score
Positive at 48 or 72 hours and Group-2 included the
patients with MODS score Negative.

Biomarkers Measurement

For each case, 4 ml blood collected. In the ED,
point of care testing of biomarkers were done as
follows:

* Serum Procalcitonin (PCT) done using
COBAS e 411 (Roche, Siemens) machine.

* Serum CRP done using DaderxImax (Siemens)
machine.

* N-terminal B-type natriuretic peptide testing
performed on the triage platform using
a standard commercially available assay
(Triage Assay, Alere).

* The Triage NGAL Test (Alere Inc, San Diego,
CA, USA) is an immunoassay in a single-use
plastic cartridge that contains a fluorescently
labelled monoclonal antibody against NGAL
labelled with a fluorescent dye and NGAL.

e Laboratory thresholds used to determine
elevation of biomarkers as PCT (Normal
value <0.046 ng/ml), CRP (Normal value
<6 mg/ml), NT-proBNP (Normal value <

The study was designed to include 65 patients to
ensure a sample size of convenience assuming 10%
attrition. SPSS version 17 (SPSS, Inc., Chicago, IL,
USA) was used for data analysis. Continuous data
presented as mean and standard deviation (SD)
whereas categorical data were expressed in terms of
frequencies and percentages. Descriptive statistics
were calculated and differences in the mean of two
independent groups (Group-1: MODS positive at
48 or 72 hours and Group-2: MODS negative), were
compared applying Chi square test. A two-sided
p-level of < 0.05 considered statistically significant.

An association between the MODS score and
biomarker values in terms of validity was assessed
by sensitivity and specificity and its diagnostic
value was assessed by positive predictive values
(PPV), negative predictive values (NPV) and
likelihood ratio (LR). Kappa agreement ratio was
used to look for the agreement of all the biomarkers
with MODS status. (<0 as indicating no agreement
and 0-0.20 as slight, 0.21-0.40 as fair, 0.41-0.60 as
moderate, 0.61-0.80 as substantial, and 0.81-1 as
almost perfect agreement).

RESULTS

In one year, 1200 patients came to the emergency
department with triage complaints of fever,
respiratory, urinary and abdominal infections.
Total 850 cases were sepsis screen positive (quick
sequential organ Failure Assessment (qSOFA)
and systemic inflammatory response syndrome
(SIRS) positive) and after applying inclusion and
exclusion criteria, 785 patients were excluded and
65 patients were enrolled for the study as shown
in Fig. 1. After enrolment, clinical characteristics
of each patient recorded including demographics,
symptoms and signs, medical history, ABG, chest
X-ray and standard blood tests including cultures.
4ml of additional blood sample was taken for
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Fig. 1: Consort Flow Diagram for the Study
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Fig. 2: End point at 48 hours or at 72 hours (if mod score zero at 48 hours)

biomarkers including PCT, CRP, NT-proBNP and
NGAL on arrival of patient in the ED.

Patient Demography

Study cases was categorised into two groups:
Group-1 included 40 (61.53%) patients with MODS
score positive at 48 or 72 hours and Group-2
included 25 (38.47%) patients with MODS score
Negative. (Fig. 2) The baseline characteristics of the

Table 2: Baseline Characteristics of 65 enrolled patients

patients among these groups (table 2). Majority of
patients were in age group of 51-65 years of age.
There was no significant difference between gender
and age distribution in both the groups. There
was no statistically significant difference in terms
of presenting complaints including respiratory
tract infection, abdominal infections, urinary tract
infections and fever in both the groups as shown
in table 2

Group-1 Group-2 p-value OR CI
(n =40) n (%) (n = 25) n(%) (Min-Max)
Gender, n (%) Male (n = 40) 27 (67.5) 13 (52.0) 0.87 1.08 0.41-2.83
Female (n = 25) 13 (32.5) 12 (48.0)
table cont....
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Age, n (%) <50 yrs. old (n=31) 18 (45.0)
>50 yrs. old (n=34) 22 (55.0)
Presenting Respiratory tract
complainsn (%) infection (36; 55.3%) 19 (47.5)
Abdominal (14; 21.5%) 9 (22.5)
Urinary tract infection
7 (17.5)
(9;13.8%)
Fever (6; 9.2%) 5 (12.5)

13 (52.0) 0.58 0.75 0.2-2.1

12 (48.0)

17 (42.5) 0.71 0.81 0.26-2.49

5 (20.0) 0.81 1.16 0.34-3.97
2(8.0) 0.29 2.43 0.46-12.81

1(0.48) 0.27 3.4 0.37-31.22

Biomarker Testing

Biomarkers including PCT, CRP, NT pro BNP,
NGAL were done in all the patients on arrival in
ED. PCT came out positive in 62 patients (95.4%),
CRP was positive in 59 patients (90.8%), NT pro
BNP was positive in 43 patients (66.2%) and NGAL
was positive in 46 patients (70.76%).

The magnitudes of association of MODS score
with biomarkers (NT-proBNP, C-reactive protein
(CRP), Pro-calcitonin and NGAL) as shown in
Table 3 and 4. At 48 hours, 40 (61.5%) were MODS

positive patients with PCT (Sensitivity 100%,
OR-2.6, CI-0.6-255.04, p=0.098), CRP (Sensitivity
100%, OR-27.0, CI-1.44-504.0, p=0.098), NT-
proBNP (Sensitivity 82.5%, OR-7.07, CI-2.55-22.16,
p=0.0008) and NGAL (Sensitivity 77.5%, OR-82.9,
CI-9.7-698.16, p=0.0001). The chance of MODS in
patients with high pro-calcitonin values was 12.6;
high C-reactive protein (CRP) was 27 times; high
Pro-calcitonin values was 7.07 times and with
high NGAL values was 82.6 times as compared to
those patients who had normal biomarkers values
respectively as shown in table 3.

Table 3: Association of MODS score with biomarkers (Pro-calcitonin, C-reactive protein (CRP), NT-proBNP and NGAL

Biomarkers Group-1 MODS  Group-2 MODS p-value OR CI Kappa
score positive score negative
N=40; n (%) N=25; n (%)
Pro-calcitonin (n=62) 40 (100.0) 22 (88.0) 0.098 12.6 0.6-255.04 0.144
C reactive protein (n=59) 40 (100.0) 19 (76.0) 0.027 27 1.44-504.0 0.28
NT-proBNP (n=43) 33 (82.5) 10 (40.0) 0.0008 7.07 2.25-22.16 0.43
NGAL (n=46) 31 (77.5) 15 (60.0) 0.0001 82.6 9.7-698.16 0.69

All biomarkers showed good sensitivity for
MODS at 48 hours. The validity, diagnostic value
and accuracy of biomarkers (Pro-calcitonin,
C-reactive protein (CRP), NT-pro BNP and NGAL)
with MODS at 48 hours shown in table 4 and at 72
hours shown in table 5. PCT, CRP showed poor
specificity and NT-proBNP, NGAL showed fair
and good specificity respectively. Positive and
Negative Likelihood ratios of biomarkers at 48
hours suggests that NT-pro BNP and NGAL has
good association with the disease and negative
Likelihood ratio of all biomarkers reassure the
absence of the disease. NGAL and NT-pro BNP
both have good positive predictive value and PCT
and CRP showed excellent negative predictive
value for MODS at 48 hours in suspected patients
of sepsis.

Cohen kappa showed slight agreement while
using PCT in MODS positive and MODS negative
patients (kappa=0.144), while CRP showed fair
agreement (kappa=0.28). NT - pro BNP and NGAL

showed moderate and substantial agreement
respectively (kappa=0.43; 0.69 respectively) for
MODS in suspected sepsis patients.

All MODS negative patients followed again at
72 hours to look for late setting in of MODS using
MODS scoring. Out of 25 patients, only one patient
(4%) becomes MODS positive at 72 hours. Validity,
Diagnostic value and Accuracy of biomarkers (Pro-
calcitonin, C-reactive protein (CRP), NT-pro BNP
and NGAL) with MODS at 72 hours showed almost
similar results as at 48 hours as shown in table 5.

To summarize, NT-proBNP and NGAL showed
moderate and substantial agreement for MODS
respectively and both biomarkers showed good
specificity, positive predictive value and positive
likelihood ratio. PCT and CRP showed good
sensitivity, negative likelihood ratio and negative
predictive value for MODS in suspected sepsis
patients.
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Table 4: Validity, Diagnostic value and Accuracy of biomarkers (Pro-calcitonin, C-reactive protein (CRP), NT-proBNP and

NGAL) with MODS at 48 hours.

Pro-calcitonin CRP NT-proBNP NGAL
Statistical tools Value 95% CI  Value  95% CI Value 95% CI Value 95% CI
(%) (%) (%) (%)

Validity Sensitivity 100 91.19-100.0 100  91.19-100.0 825  67.22-92.66 775  61.55-89.16
Specificity 12 255-31.22 24 936-04513 60 38.67-78.87 966  79.65-99.90
Diagnostic values PPV 6452 51347626 678  5436-79.38 7674  61.37-8824  96.88  83.78-99.92
NPV 100 29.24-100.00 100  54.07-100.00 6818  4513-86.14 7273  54.48-86.70
Diagnostic accuracy LR+ 1.14 0.98-1.31 132 1.06-1.64 2,06 125340 1937  2.82-133.17

LR- 0.01 - 0.01 - 0.29 0.14-0.61 0.23 0.13-0.42

Table 5: Validity, Diagnostic value and Accuracy of biomarkers (Pro-calcitonin, C-reactive protein (CRP), NT-proBNP and

NGAL) with MODS at 72 hours

Pro-calcitonin CRP NT-proBNP NGAL
Statistical tools Value  95%CI  Value  95%CI  Value  95%CI  Value  95%CI
(%) (%) (%) (%)

Validity Sensitivity 100 91.19-100.0 100  91.19-1000 825  67.22-92.66 775  61.55-89.16
Specificity 12 2553122 24  936:04513 60  38.67-7887 966  79.65-99.90
Diagnostic values PPV 6452 51347626 678 54367938 7674  6137-8824 9688  83.78-99.92
NPV 100 29.24-100.00 100  54.07-100.00 68.18  4513-86.14 7273  54.48-86.70
Diagnostic accuracy LR+ 114 098131 132 106164 206 125340 1937 2.82-133.17

LR- 0.01 - 0.01 - 029 014061 023  013-042

DISCUSSION

Sepsis is a significant health problem with high
rates of morbidity and mortality and sepsis when
associated with organ dysfunction and shock are
major contributors to poor outcome.?

The assessment of risk stratification and
prognosis in sepsis is based on the clinical scoring
systems. However, they are inefficient to provide
definite clues on organ dysfunctions or failures.’’'®
The potential clinical usefulness of some innovative
biomarkers has been discussed in the diagnosis,
staging, and monitoring of sepsis and these
biomarker guided strategies may allow more
refined risk stratification and lead to improved
patient care and outcomes.¢18

In the present study, prevalence of sepsis was
more in male as compared to females; this was
in concordance with the study done by Yi-Ling
Chan et al. and Mina Hur et al. which showed
higher prevalence of sepsis among males.'*** The

median age of patient was 53 years in this study
and majority of patients were in age group of 51-65
years of age. Mina Hur et al. reported median age
of 67.5 years in their study." Difference in median
age might be due to the selection criteria as there
was no age limit in their study and this study have
limited the age group from 18 to 65 years of age to
avoid bias.

Disease categorization was done in this study to
correlate it with biomarker values to understand
MODS in suspected sepsis. In this study, majority
of patients with suspected sepsis had respiratory
complaints (55.3%) which was in concordance
with study done by Bouza et al. (50.5%)*, Magrini
et al. (50.1%)*> and Wester et al. also found that
respiratory complaints were comparatively more
in patients with sepsis who were below 65 years
of age.”* The clinical manifestations of sepsis are
highly variable, depending on the initial site of
infection, the causative organism, the pattern of
acute organ dysfunction, the underlying health
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status of the patient, and the interval before
initiation of treatment. Acute organ dysfunction
most commonly affects the respiratory and
cardiovascular systems.>*!

Pro-Calcitonin (PCT)

In this study, PCT was positive in 95.4% of SIRS
patients on arrival in ED that was in concordance
with the study done by Mina Hur ef al. who
reported positive PCT values above 0.05ng/ml in
91.7% of suspected sepsis patients."

Study done by Junyan Qu et al. showed positive
results for PCT in all their patients (100%) with
PCT value >0.06ng/ml as reference in their study.?
Although study done by Nanda et al. showed 74%
patients with positive PCT values which may be
because reference for positive PCT result in their
study was value >0.5ng/ml.%

In the present study, PCT at arrival showed a
sensitivity of 100%, OR-12.6, CI-0.6-255.04, p=0.098,
for early detection of MODS at 48 hours and kappa
= 0.144, suggesting poor prediction of PCT for the
possibility of development of MODS as PCT was
positive in MODS negative patients also. In this
study, PCT has a good NPV value that signifies that
the normal value of PCT rules out the possibility of
MODS in SIRS-positive patients. Studies done by
Magrini et al. (Sensitivity 71%, Specificity 22%, PPV
30% and NPV 61%) and Nanda et al. (Sensitivity
85.7%, Specificity 85.7%, PPV 11.7% and NPV
93.9%) also showed near similar results in their
studies.>®

C-Reactive Protein (CRP)

In present study, on arrival screen positive
suspected sepsis showed elevated CRP in 90.8%
patients. Study done by Pavare Jane et al. showed
similar results with elevated CRP in 100% patients
of SIRS with sepsis and in 71% patients with SIRS
without sepsis.” Study done by Castelli ef al. also
showed that all 157 patients (100%) of SIRS with
sepsis were showing positive CRP values.”

In present study, CRP which was done on arrival
showed (Sensitivity 100%, OR-27.0, CI-1.44-504.0,
p=0.027), Cohen kappa showed fair agreement
(kappa= 0.28), suddesting that CRP cannot predict
development of MODS as it can be positive in
MODS negative patients also due to underlying
infection and inflammatory response. Magrini et al.
studied CRP and showed significant results when it
was done on day 5 of admission (p<0.02) but when
CRP was done on arrival, it was not significant
(p=0.74)2

CRP has a high NPV, which means that the
normal value of CRP in suspected sepsis patients
almost rules out the disease. Studies done by
Magrini et al. (Sensitivity 100%, PPV 67.8%,
NPV 100%), Hong-Xiang Li et al. (Sensitivity
90%, Specificity 68%, PPV 81% and NPV 83%),
Hisamuddin et al. (Sensitivity 76.92%, Specificity
53.49%, PPV 80% and NPV 48.94%) and Sierra et
al. (Sensitivity 94.3%, Specificity 87.3%, PPV 90.4%
and NPV 92.3%) showed near similar results which
were in concordance with this study.>*

N-Terminal pro-B-Type Natriuretic Peptide (NT-
proBNP).

In this study, NT-proBNP was positive in 66%
of patients with suspected sepsis at the time of
admission (Sensitivity 82.5%, OR-7.07, CI-2.55-
2216, p=0.0008), PPV for MODS and Cohen
kappa showed moderate agreement (kappa= 0.43)
suggestive of high possibility of developing MODS
during hospital stay. Mina Hur et al. grouped sepsis
patients into survivors and non-survivors and they
found that BNP concentrations were significantly
higher in the non-survivors than in the survivors
(p=0.0002)." Mina Hur et al. also used SOFA score
and they found that elevated levels of NT pro BNP
were associated with the cardiovascular subscore
of SOFA score. They concluded that multimarker
strategy including BNP, NGAL and PCT seems
to be an objective and useful approach for the
diagnosis, staging, assessing organ dysfunction or
failures along with establishing sepsis severity."

NTpro-BNPlevelrepresentsarapid and relatively
inexpensive method and proves to be a powerful
predictor of mortality in patients with sepsis.’® % In
this study, NTpro-BNP results was in concordance
with study done by Fei Wang et al. (Sensitivity 79%,
Specificity 60%, LR+ 2.06, LR- 0.32) and Mokart D
et al. (Sensitivity 86 %, Specificity 77%, PPV 79% and
NPV 85%).7%

Neutrophil
(NGAL).

NGAL values were positive in 49% of patients of
suspected sepsis on arrival in ED. A study done by
Angeletti et al. also showed positive NGAL value
in 36.3% of suspected sepsis patients at the time of
admission.” NGAL was positive in 77.5% (31 out
of 40) MODS positive patients at 48 hours and in
4% MODS negative patients, suggestive of it’s
high specificity and positive predictive value for
MODS. NGAL values was statistically significant
at 48 hours for early MODS detection in suspected
sepsis patients (p=0.001) and Cohen kappa showed

gelatinaseassociated  lipocalin
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substantial agreement while in MODS positive
and MODS negative patients (kappa= 0.69) which
suggests that patients with NGAL positive values
are highly predictive of developing MODS during
the illness. In this study, NGAL showed good
specificity, Positive predictive value and Positive
likelihood ratio, which was in concordance with
studies done by Shapiro et al.” Among 25 (38.5%)
MODS negative patients at 48 hours, only one
patient (4%) became MODS positive at 72 hours of
hospital admission. Similar results of Chi square
and Cohen kappa were found in this study at 72
hours of hospital admission for all the biomarkers.
One sepsis screenpositive patient who became
MODS positive at 72 hour was diagnosed with
dengue fever and hematological sub score of MODS
score was raised leading to MODS positivity due
to low platelet count because of the disease. Later
on, this patient were recovered without any need of
platelet transfusion and was discharged.

Taken together, these findings imply the clinical
usefulness of these innovative biomarkers to assess
the organ dysfunctions or failure in suspected
sepsis patients on their arrival in ER. Poor prognosis
of the disease can be anticipated and management
accordingly by predicting MODS early.

CONCLUSION

This study established good correlation,
moderate and substantial agreement of NT-
pro BNP and NGAL with positive MODS score
suggesting that these biomarkers can be used to
screen and early predictive of developing MODS
in suspected cases of sepsisin the ED atarrival. The
normal value of PCT and CRP on arrival in patients
with suspected sepsis rules out MODS even at 72
hours during their hospital stay.

Recommendation

* All suspected sepsis cases (SIRS and qSOFA
positive patients) should under go multiple
biomarker tests on arrival in ED.

* Consider that MODS will be less likely if PCT
and CRP are normal on arrival.

*  NTproBNP and NGAL needs serial testing at
48 or at 72 hours to diagnose MODS.

* Patients with positive NT pro BNP and NGAL
should be admitted under monitored care
due to high likelihood of developing MODS.
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Limitation
Limitations of our study includes that, it is a

small cohort from a single center more sample size
gives better results.

Statement of Equal Authors' Contribution

All authors have contributed equally in preparing
the manuscript.

Acknowledgement

We wish to acknowledge the assistance of the
doctors, nursing and paramedical staff of the
emergency department and intensive care unit
of the Fortis Hospital, Noida, patients who have
participated in the study and my family for the
unfailing supportand courtesy.

REFERENCES

1. Dellinger RP, Levy MM, Carlet JM, Bion ],
Parker MM, Jaeschke R, Reinhart K, Angus DC,
Brun-Buisson C, Beale R, Calandra T. Surviving
Sepsis Campaign: international guidelines for
management of severe sepsis and septic shock:
2008. Intensive care medicine. 2008 Jan;34(1):17-
60.

2. Angus DC, Van der Poll T. Severe sepsis
and septic shock. N Engl ] Med. 2013 Aug
29;369:840-51.

3. Magrini L, Travaglino F, Marino R, Ferri E, De
Berardinis B, Cardelli P, Salerno G, Di Somma
S. Procalcitonin variations after Emergency
Department admission are highly predictive
of hospital mortality in patients with acute
infectious diseases. Age (yrs). 2013;72(15.1):72-
6.

4.  Bone RC, Balk RA, Cerra FB, Dellinger RP,
Fein AM, Knaus WA, Schein RM, Sibbald W]J.
Definitions for sepsis and organ failure and
guidelines for the use of innovative therapies
in sepsis. Chest. 1992 Jun 1;101(6):1644-55.

5. Singer M, Deutschman CS, Seymour CW,
Shankar-Hari M, Annane D, Bauer M, Bellomo
R, Bernard GR, Chiche JD, Coopersmith
CM, Hotchkiss RS. The third international
consensus definitions for sepsis and septic
shock (Sepsis-3). Jama. 2016 Feb 23;315(8):801-
10.

6. Raith EP, Udy AA, Bailey M, McGloughlin S,
Maclsaac C, Bellomo R, Pilcher DV. Prognostic
accuracy of the SOFA score, SIRS criteria, and
qSOFA score for in-hospital mortality among
adults with suspected infection admitted to the
intensive care unit. Jama. 2017 Jan 17;317(3):290-
300.

7. BAUE AE. Multiple, progressive, or sequential

Indian Journal of Emergency Medicine / Vol. 9 No. 4 / October - December 2023



10.

11.

12.

13.

14.

15.

16.

17.

Madhur Kalra, Dina ] Shah, Nalini Bala Pandey, ef al./ To Study Correlation between MOD Score and 179
Biomarker Values for Early Prediction of MODS in Suspected Cases of Sepsis Cases in Hospital

systems failure: a syndrome of the 1970s.
Archives of Surgery. 1975 Jul 1;110(7):779-81.

Pierrakos C, Vincent JL. Sepsis biomarkers: a
review. Critical care. 2010 Feb;14(1):1-8.

LMarshall JC, Cook DJ, Christou NV, Bernard
GR, Sprung CL, Sibbald WJ. Multiple organ
dysfunction score: a reliable descriptor of
a complex clinical outcome. Critical care
medicine. 1995 Oct 1;23(10):1638-52.

Assicot M, Bohuon C, Gendrel D, Raymond
J, Carsin H, Guilbaud ]J. High serum
procalcitonin concentrations in patients with
sepsis and infection. The Lancet. 1993 Feb
27;341(8844):515-8.

Hur M, Kim H, Lee S, Cristofano F, Magrini
L, Marino R, Gori CS, Bongiovanni C, Zancla
B, Cardelli P, Di Somma S. Diagnostic and
prognostic utilities of multimarkers approach
using procalcitonin, B-type natriuretic peptide,
and neutrophil gelatinase-associated lipocalin
in critically ill patients with suspected sepsis.
BMC infectious diseases. 2014 Dec;14(1):1-8.

Pandey NB, Shah DJ, Arora P, Mathur AK. Role
of N-Terminal Pro B-Type Natriuretic Peptide
(NT-proBNP) for Diagnosing Underlying
Cardiac and Extra-cardiac Diseases in Patients
presenting with Acute Breathlessness in the
Emergency Department. Journal of Advanced
Research in Medicine (E-ISSN: 2349-7181 &
P-ISSN: 2394-7047). 2021 Dec 30;8(4):1-1.

Varpula M, Pulkki K, Karlsson S, Ruokonen E,
Pettild V, FINNSEPSIS Study Group. Predictive
value of N-terminal pro-brain natriuretic
peptide in severe sepsis and septic shock.
Critical care medicine. 2007 May 1;35(5):1277-
83.

Chiriboga DE, Ma Y, Li W, Stanek III EJ, Hébert
JR,MerriamPA, Rawson ES, Ockene IS. Seasonal
and sex variation of high-sensitivity C-reactive
protein in healthy adults: a longitudinal study.
Clinical chemistry. 2009 Feb 1;55(2):313-21.

Shapiro NI, Trzeciak S, Hollander JE et al.: The
Diagnostic Accuracy of Plasma Neutrophil
Gelatinase  Associated Lipocalin in the
Prediction of Acute Kidney Injury in Emergency
Department Patients with Suspected Sepsis.
Ann Emerg Med. 2010; 56:52-59.

Pandey NB, Shah DJ, Arora P, Mathur AK.
Role Of N-terminal Pro-b-type Natriuretic
Peptide (NT-proBNP) as a prognostic marker
for the patients of acute breathlessness in the
Emergency Department (ED), International
Journal of Scientific Research(IJSR), 2021;10(3).

Nush MM, Ashok VK, Sarma RI, Pillai SK.
Role of C-reactive protein as an indicator for
determining the outcome of sepsis. Indian
Journal of Critical Care Medicine: Peer-
reviewed, Official Publication of Indian Society

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

of Critical Care Medicine. 2019 Jan;23(1):11.

Vincent JL, Moreno R, Takala J, Willatts S, De
Mendonga A, Bruining H, Reinhart CK, Suter
P, Thijs LG. The SOFA (Sepsis - related Organ
Failure Assessment) score to describe organ
dysfunction/failure.

Chan YL, Tseng CP, Tsay PK, Chang SS,
Chiu TF, Chen JC. Procalcitonin as a marker
of bacterial infection in the emergency
department: an observational study. Critical
Care. 2003 Feb;8(1):1-9.

Bouza C, Lopez-Cuadrado T, Saz-Parkinson
Z, Amate-Blanco JM. Epidemiology and recent
trends of severe sepsis in Spain: a nationwide
population-based analysis (2006-2011). BMC
infectious diseases. 2014 Dec;14(1):1-3.

Wester AL, Dunlop O, Melby KK, Dahle
UR, Wyller TB. Age-related differences
in symptoms, diagnosis and prognosis of
bacteremia. BMC infectious diseases. 2013
Dec;13(1):1-2.

Qu J, Lu X, Liu Y, Wang X. Evaluation of
procalcitonin, C-reactive protein, interleukin-6
& serum amyloid A as diagnostic biomarkers
of bacterial infection in febrile patients. The

Indian journal of medical research. 2015
Mar;141(3):315.

Nanda SK, Dinakaran A, Bhat K, Kanungo R.
Diagnostic and prognostic role of Procalcitonin
in sepsis in a tertiary care hospital. Biomedical
Research (0970-938X). 2016 Jan 1;27(1).

Pavare J, Grope I, Eihvalde L, Gardovska D.
Diagnostic markers for identifying sepsis in
patients with systemic inflammatory response
syndrome (SIRS): a prospective Study. The
Open Pediatric Medicine Journal. 2009 Jan 6.

Castelli GP, Pognani C, Meisner M, Stuani

A, Bellomi D, Sgarbi L. Procalcitonin
and C-reactive protein during systemic
inflammatory response syndrome, sepsis

and organ dysfunction. Critical care. 2004
Aug;8(4):1-9.

Li HX, Liu ZM, Zhao SJ, Zhang D, Wang SJ,
Wang YS. Measuring both procalcitonin and
C-reactive protein for a diagnosis of sepsis in
critically ill patients. Journal of international
medical research. 2014 Aug;42(4):1050-9.

Wang F, Wu Y, Tang L, Zhu W, Chen F, Xu T,
Bo L, Li], Deng X. Brain natriuretic peptide for
prediction of mortality in patients with sepsis:
a systematic review and meta-analysis. Critical
care. 2012 Jun;16(3):1-2.

Mokart D, Sannini A, Brun JP, Faucher M,
Blaise D, Blache JL, Faucher C. N-terminal pro-
brain natriuretic peptide as an early prognostic
factor in cancer patients developing septic
shock. Critical Care. 2007 Apr;11(2):1-0.

Indian Journal of Emergency Medicine / Vol. 9 No. 4 / October - December 2023



180

29.

Madhur Kalra, Dina J Shah, Nalini Bala Pandey, et al./ To Study Correlation between MOD Score and
Biomarker Values for Early Prediction of MODS in Suspected Cases of Sepsis Cases in Hospital

Angeletti S, Fogolari M, Capone F, Morolla D,
Costantino S, Spoto S, De Cesari M, De Florio
L, Lo Presti A, Ciccozzi M, Dicuonzo G. Plasma
neutrophil  gelatinase-associated  lipocalin
(NGAL) in combination with procalcitonin

(PCT) and MR-proadrenomedullin (MR-
proADM) in the diagnosis and prognosis of
sepsis and sepsis associated acute kidney
injury.

Indian Journal of Emergency Medicine / Vol. 9 No. 4 / October - December 2023



