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Abstract:

Background: Neutrophil to lymphocyte ratio calculated from white cell differential count provides
a rapid indication of the extent of an inflammatory process. The aim of the study was to evaluate the
predictive value of neutrophil to lymphocyte ratio and SOFA score in sepsis outcome. Methods:
Adult patients presenting to medicine department of CMCH with suspected sepsis by gSOFA score
were considered for the present study. Baseline gSOFA, SOFA Score and NLR were calculated.
Patients were followed until discharge or death to observe outcome. The primary outcome was in-
hospital mortality. Secondary outcomes were ICU referral and ICU stay. All data were prospectively
collected, coded and tabulated. ROC curves were constructed to evaluate the performance of NLR
and SOFA in differentiating non-survivors from survivors. Multivariate logistic regression analysis
was done to determine the independent predictors adjusted for the previously specified baseline
covariates. Results: The AUC for each indicator was compared. NLR had a modest power for
predicting unfavorable outcome (death) as suggested by AUC of 0.705 (95% CI: .556-.854), which
was greater than that of baseline gSOFA score (0.694). NLR >8.9 was proposed as the optimal cutoff
value, which provided a sensitivity of 75.0% and a specificity of 67.7% for predicting mortality in
sepsis. After adjusting for other variables NLR and SOFA remain as independent predictors of
unfavorable outcome. Baseline NLR also had a modest power for predicting need for ICU referral
than that of baseline SOFA score. Conclusion: NLR is an easily calculated, simple, cost-effective
index that could be used as a prognostic tool for clinicians when assessing sepsis patients in the
emergency department and general ward.
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Introduction:

Sepsis is one of the most common causes of multi-
organ failure and still a big challenge to both the
developed and developing world. The reported
morbidity of sepsis is constantly increasing, with

sepsis and septic shock remaining among the major
causes of death worldwide. Hospital mortality of early
septic shock in ICU patient of developed world is
18.8%! and hospital mortality in ICU patients of
Bangladesh suffering from severe sepsis is 49:2%.2
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Studies have found that one of the fundamental
principles for the appropriate management of sepsis
is early and accurate detection of the patients at high
risk for death.® This is generally dependent on the
application of scoring systems. Although various
clinical biomarkers are widely explored like CRP,
Procalcitonin, Lactate, CRP albumin ratio & IL-6,%7
only a few have been currently applied in the clinical
practice.

Neutrophil lymphocytes ratio (NLR) has been the
focus of several recent studies published as it is
accessible, cheap and readily determined. The
cause responsible for NLR elevations correlating
with poor outcome in patients with sepsis remains
unclear, although there are a variety of plausible
explanations. One of the most convincing
explanations is based primarily on the physiological
link between neutrophilia and lymphopenia with
systemic inflammation and stress. SOFA (sequential
organ failure assessment)® score is derived from
six organ system functions; two clinical
observations including GCS and mean blood
pressure and four biochemical parameters. Total
SOFA score is 24. According to SOFA calculator, if
an initial SOFA scores are 9-11, predicted mortality
is 40-50%.The SOFA score is a simple, but effective
method to describe organ dysfunction/failure in
critically ill patients. International Sepsis guideline
recommends ‘SOFA score’ as diagnostic and
monitoring tool for sepsis patient of ICU. In this
prospective observational study, we have sought
to evaluate the predictive value of NLR and SOFA
score in sepsis outcome in a consecutive series of
adult patients at medicine department of a tertiary
medical college hospital.

Methods:

This prospective observational study was conducted
at inpatient Department of Medicine, Chittagong
Medical College Hospital (CMCH) from August 2017
to May 2018. Patient who was admitted with sepsis
in medicine ward or those who developed new
episode of sepsis within the hospital was enrolled
within 12 hours. Patient was diagnosed as sepsis
on the basis of suspected or documented infection
plus (a) two of gSOFA parameters out of three and
or (b) two points increased out of twenty four points
of SOFA score. Sepsis with other known comorbidity
like; inflammatory arthritis, SLE, Sarcoidosis, CLD,
ESRD, COPD with type II respiratory failure, heart
failure, hematological malignancy, HIV infection,
pregnancy, patient with receiving steroid and other
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immunosuppressive therapy within 4 week, any
acute insult within last fourteen days; like severe
trauma, acute pancreatitis, major abdominal or
cardiothoracic surgery, acute stroke, acute coronary
syndrome, major burn were excluded from the study
after initial screening with history, clinical
examination and relevant investigations. Differential
diagnosis of sepsis like severe malaria, severe
dengue, viral meningo-encephalitis, and diabetic
emergency were excluded from history, clinical
examination and relevant investigations. From all
eligible subjects after getting consent clinical history
was taken and clinical examination was done to elicit
findings related to sepsis and its complication. With
all aseptic precaution 10 cc of venous blood was
collected and blood analyzers (Sysmex, Xn-1000,
Company- Ves- Matic) were used to give automated
counts of WBC,
monocytes, eosinophil and basophils. Finally it was

neutrophils, lymphocytes,
rechecked by hematologist microscopically. NLR was
calculated from differential count of WBC result.
Admission SOFA score, association between all
these parameters and NLR were done later. Data
were arranged into two groups according to survival
status or death. Sequential Organ Failure
Assessment (SOFA) score was calculated at baseline
on day 1 to assess the severity of illness. ICU referral
and nephrology referral was noted. The total duration
of hospital stay, ICU stay was recorded. All patients
of the study were monitored until discharge or death
to observe the outcome. The primary outcome was
in-hospital mortality. Secondary outcomes were ICU
referral and ICU stay.

All data were prospectively collected, coded and
tabulated. Data were analyzed using descriptive
statistical measurements; continuous variables
were reported as mean values * standard deviation
(SD) or median with interquartile range (IQR), while
categorical variables were expressed as count and
percentage. The ability of the variables to
discriminate survivors from non-survivors was
determined using receiver operating characteristic
(ROC) curves. Multivariate logistic regression
analysis to determine the independent predictors
adjusted for the previously specified baseline
covariates. Two- sided 5@CU value < 0.05 was
considered to represent a statistically significant
difference. All analyses were performed by the IBM
SPSS Statistics software version 23.0.
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Results:

Effective sample size was 51. Among them 31 patients
(60.78%) survived (Survivors Group) and the other 20
patients (39.22%) died (Non-survivors Group) in
hospital (Table-I).

Table I : Distribution of the patients by their survival
and laboratory parameters

CBC parameters Patients group P
All Survivors Non- value
patients survivors
(n=51) (n=31) (n=20)
WBC count 15000 14000 18000 .122#
(109/1) (12000- (11660-  (13000-
22000) 22220) 21000)
Neutrophil 12180 10356 15300 .024**
count (9456- (9300- (11797-
(10%/L) 18000) 17600) 20160)
Lymphocyte 1530 1568 1350 017
count (1172-2100)  (1200- (1060-1800)
(10%/L) 1568)
NLR 8.6 7.7 11.06 014
(5.71- (5.13- (8.5-
12.86) 10.77) 15.75)

Data are expressed as mean (SD), or median
(interquartile range, IQR) as appropriate. WBC: white
blood cell; NLR: neutrophil-to-lymphocyte ratio. # =
Not significant by independent sample t test or Mann-
Whitney test as appropriate. ** = Significant by Mann-
Whitney test.

Value of SOFA score and NLR in predicting
unfavorable outcome (Death):

ROC curves were constructed to evaluate the
performance of NLR and SOFA in differentiating non-
survivors from survivors, and the AUC for each
indicator was compared (Figure I).

NLR had a modest power for predicting unfavorable
outcome as suggested by AUC of 0.705 (95% CI: .556-
.854), which was greater than that of baseline SOFA
score (0.694).

NLR >8.9 was proposed as the optimal cutoff value,
which provided a sensitivity of 75.0% and a
specificity of 67.7% for predicting mortality in sepsis
(Table II).
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Fig.-1: Receiver operating characteristic (ROC) curves
for SOFA score and NLR in predicting unfavorable
outcome (mortality).

Table II : Distribution of the patients by NLR category
and survival

Patients group

Parameter: All Survi Non- OR P
NLR category patients vors survivors (95%value
(n=51) (n=31) (n=20) CI)
<8.9 30 22 8) 3.66 0.02
(58.82%) (71%)  (40% 8*
>8.9 21 9 12 (1.06-

(29%) (41.18%) (60%)  1.56)

Data are expressed as number (%); *: Significant by Chi-
square test. NLR: neutrophil- to-lymphocyte ratio; OR:
Odds ratio; CI: Confidence interval

Table II shows that sepsis patients whose baseline
NLR at admission was €”78.9 had 3.66 times
morechance to death in comparison to the patients
whose NLR was<8.9.

Table III : Distribution of the patients by NLR category
referral to ICU

Parameter : Referred to ICU OR P
NLR category No (n=27) Yes (n=24) (95% CI) value
<8.9 2 1(77.8%) 9 (37.5%) 5.83 .004*
>8.9 6 (22.2%) 15 (62.5%) (1.71-9.90)

Data are expressed as number (%); *: Significant by Chi-
square test. NLR: neutrophil- to-lymphocyte ratio; OR:
Odds ratio; CI: Confidence interval

Table III shows that sepsis patients whose baseline
NLR at admission was >8.9 had 5.83 timesmore
chance to require ICU support in comparison to the
patients whose NLR was <8.9.
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Table IV : Independent predictors of unfavorable outcome by multivariate logistic regression analysis.

Variables Standard Odds ratio 95% CI for OR P value
B value Upper Lower
Age .058 1.060 .998 1.125 .057
Sex -.669 512 .087 3.005 458
Illness duration .190 1.209 976 1.497 .082
Interval of bloodcollection -.250 779 .566 1.072 125
DM -.057 .945 174 5.118 .947
COPD .513 1.670 .087 32.076 734
SOFA .618 1.856 1.132 3.041 .014*
Neutrophil count .000 1.000 1.000 1.000 174
Lymphocyte count .001 1.001 .999 1.002 391
NLR .305 1.357 1.017 1.810 .038*

The OR indicates the risk of obtaining unfavorable outcome. *Statistically significant.

Table IV shows that after adjusting for other variables
NLR and SOFA remain as independent predictors of
unfavorable outcome.

Discussion:

The main finding of our study was that the baseline
NLR measured at the time of admission to medicine
ward was associated with in-hospital mortality and
NLR was able to accurately stratify patients in terms
of mortality and ICU referral as like as baseline SOFA
score. These findings remained significant after
adjusting for several potential covariates, suggesting
that increased NLR was independently associated
with unfavorable outcome in patients with sepsis.
Non-survivors had significantly higher qSOFA and
SOFA score in comparison to the survivor group. This
finding was similar to finding of American study.® No
such study was found that included gSOFA and SOFA
criteria in Bangladeshi literature.

Baseline laboratory parameters were revealed that
NLR and neutrophil count were significantly higher
and lymphocyte counts were significantly lower among
non-survivors in comparison to survivors. Baseline
NLR was 8.6 (5.71-12.86) in our study with significantly
higher 11.06 (8.5-

15.75) among Non-survivors (p= 014), (Table VII). The
average value of NLR in American healthy adults was
found 2.15 (2.11- 2.19) with significant racial
difference.1® Normal NLR of Asian and Bangladeshi
healthy adult population not yet studied. NLR of
Bangladeshi type 2 DM patient was

1.56 (+.15), range was 1.23-1.74.11 NLR of Bangladeshi
sepsis patients not yet known.

The cause responsible for NLR elevations correlating
with poor outcome in patients with sepsis remains
unclear, although there are a variety of provable
explanations. One of the most convincing
explanations is based primarily on the physiological
link between neutrophilia and lymphopenia with
systemic inflammation and stress. The evolution of
these leukocyte subpopulations may differ based on
their respective role in the inflammatory response.
Increased numbers of neutrophil imply that infection
is not eradicate, which further induce depression of
lymphocyte. Neutrophilia caused by demargination
of neutrophils, delayed apoptosis of neutrophils and
stimulation of stem cells by growth factors.
Lymphocyte plays a key role in the regulation of
inflammatory response, and lymphocytopenia appears
as a consequence of lymphocyte margination and
redistribution in the lymphatic system with
accelerated apoptosis may lead to the immune system
suppression and non- resolution of inflammation. The
sustainability of infection,inflammation and the
incomplete eradication of infection are responsible
for the increase of neutrophils production by the bone
marrow and decrease lymphocytes counts by apoptosis
and others mechanisms. Therefore, the resulting
increase in NLR may identify patients who are in a
state of non-resolution of inflammation, along with
concomitant decreased survival rates.

Zahorec R.12 discovered the use of the NLR in septic
and severe septic oncological ICU patients and
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suggested that the ratio was associated with severity
of disease. Zahorec investigated the differential white
blood cell counts and the clinical course assessed by
SOFA score in oncological ICU patients. They were
found a correlation between the severity of clinical
course and the grade of neutrophilia and
lymphocytopenia was present. The author concluded
that the ratio of neutrophil and lymphocyte counts
was an easily measurable parameter which may
express the severity of infections.

Receiver operating characteristic (ROC) curves for
SOFA score and NLR in predicting unfavorable
outcome (mortality) had shown that baseline NLR
has higher sensitivity and specificity than baseline
SOFA (AUC 0.705 Vs. 0.694 respectively). NLR e” 8.9
was proposed as the optimal cutoff value, which
provided a sensitivity of 75.0% and a specificity of
67.7% for predicting mortality in sepsis, (Figure 3).
Sepsis patients (n=21) of our study whose baseline
NLR at admission was €”8.9 had 3.66 times more
chance to death in comparison to the patients whose
NLR was<8.9, (Table VII). Independent predictors of
unfavorable outcome by multivariate logistic
regression analysis had shown that both baseline
NLR and baseline SOFA had significant predictive
value. Varsha S. et al.!3 were compared neutrophil
to lymphocyte count ratio and SOFA score as
prognostic markers in the setting of emergency
medicine in a prospective observational cohort study.
On comparing NLR with SOFA score, NLR has 100%
sensitivity and 67.24% specificity. A more recent
study!# showed that an initial value of NLR over ten
could be correlated with an unfavourable prognosis,
as assessed by the number of SIRS criteria, the
presence of organ failures at admission. Xuan Liu et
al.15 prospectively enrolled adult patients with sepsis
admitted to the ICU of the department of emergency,
xinhua hospital, Shanghai; was found increased NLR
(5@CU = 0.000) in the non-survivors compared to
patients that survived.

Moreover, a retrospective study!® concluded that a
value of NLR over seven on admission represented
an independent increased mortality rate risk factor.
Moreover, NLR was considered to be superior to other
biomarkers such as CRP, leukocytes count or
neutrophils count, as a predictor for bacteremia in
patients admitted to emergency or intensive care
units.1” Other studies attempted to establish
threshold values for NLR to predict the severity and
outcome of the disease. In a large study by Hwang et
al.!8; with severe sepsis and septic shock, NLR
measured at emergency department admission was
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independently associated with 28-day mortality. NLR
was considered to be superior to other biomarkers
such as CRP, leukocytes count or neutrophils count,
as a predictor for bacteremia in patients admitted to
emergency or intensive care units. 19

Another prospective observational study?? was
conducted in the emergency department of the
university hospital of Patras, Greece, based on
consecutively enrolled patients suffering from sepsis
of multiple origin. They found that NLR was positively
correlated with the sepsis severity prognostic score
on admission (SOFA, rs=0.497, p<0.001). In an
Egyptian study; Okashah A et al.2! highlighted NLR
superiority regarding sensitivity, specificity to other
parameters like lactate, CRP, neutrophils count,
lymphocytes count, or leucocytes count. The same
study showed the usefulness of NLR in prognostic
evaluation by highlighting the statistically significant
correlation with severity score SOFA (p=0.01). Bozkurt
D et al.?2?2 performed a retrospective study
investigating whether NLR has prognostic significance
in patients suffered from AKI. To predict mortality,
they showed that, level of 9.90 point for final NLR
has 73% sensitivity and 87% specificity as compared
to value below in ROC curve analysis (HR: 7.31, CI
3.36-15.91; p < 0.001).Sepsis patients of our study
whose baseline NLR at admission was €”’8.9 had 5.83
times more chance to require ICU support in
comparison to the patients whose NLR was <8.9.NLR
was also superior to SOFA score in predicting need
for ICU referral for the sepsis patient as suggested
by area under the curve. There was no similar study
that NLR can predict ICU referral because most of
the study done at ICU.

We observed, both baseline NLR and SOFA score
remained statistically significant predictors of the
severity of sepsis upon presentation of the patient
to the hospital. Patients with NLR e” 8.9 had
statistically significant (OR 3.66) in-hospital mortality
(p<0.028) compared with those in NLR <8.9. After
adjusted for other variables NLR and SOFA were
remain as independent predictors of unfavorable
outcome. However, in ROC curve analysis, NLR was
superior to SOFA score to predict in-hospital mortality
and ICU referral. Similar results were also found in
the previous studies. In our study we demonstrated
statistically significant relationship between baseline
NLR and the sepsis prognostic scores SOFA upon
medicine department presentation.

Conclusion:

The NLR is a biomarker easy to integrate in everyday
clinical practice, as it is cost effective and easily
calculated. The NLR could be a promising tool in the
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initial assessment of patients with sepsis as we
found significant relation between baseline NLR and
SOFA score, the commonly used score of severity and
prognosis of sepsis. In our opinion, the strength of
the NLR is the possibility of implementing this
parameter simply by using already available routine
hematology count.

Limitations of the study:

Small sample size and selection of the cases from a
tertiary level hospital might limit the generalize ability
of the study results. Sepsis bundle management was
not uniformly implemented in our setting that could
have affected our result.
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