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ABSTRACT

Background: Data are lacking on the role of cellular components of hematological system as biomarkers for prognosis of sepsis. We planned
to identify if these parameters measured at admission to ICU and at 72 hours can be useful as prognostic marker in septic critically ill patients.
Materials and methods: In this prospective observational study, 130 adult patients with sepsis were recruited. Various hematological study
parameters (total, differential, and absolute leukocyte count, platelet count, platelet distribution width, neutrophil-to-lymphocyte ratio, and
platelet-to-lymphocyte ratio) were noted at day 1 and day 3 of admission. Primary outcome was 28-day mortality, and secondary outcomes were
duration of mechanical ventilation, vasopressor requirement, ICU length of stay, and requirement of renal replacement therapy. The variables
were compared between two groups and using binary regression model and were evaluated as prognostic markers for 28-day mortality.

Results: Data from n = 129 were analyzed. At day-28, n = 58 (44.96%) patients survived. Baseline and demographic parameters were comparable
between survivors and nonsurvivors. Admission Sequential Organ Failure Assessment score was more in nonsurvivors than survivors [8 (6-8)
Vs 6 (4-8); p = 0.002]. In nonsurvivors, monocyte, lymphocyte, basophil, eosinophil, and platelet count were significantly less at day 1 and
lymphocyte, eosinophil, basophil and platelet count were significantly less at day 3. NLR and PLR at day 3 were significantly more in nonsurvivors.
On logistic regression analysis, age, thrombocytopenia on day 1, and low eosinophil count on day 3 predicted 28-day mortality (p = 0.006,

p =0.02, and p = 0.04, respectively).

Conclusion: Thrombocytopenia on day 1 and eosinopenia on day 3 may predict 28-day mortality in sepsis.
Keywords: Critically ill adults, Mortality prediction, Sepsis, Thrombocytopenia.
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INTRODUCTION

Sepsis is defined as a life-threatening organ dysfunction caused
by a dysregulated host response to infection.! Diagnosis and
proper prognostication of sepsis are of paramount importance
as with every additional organ failure, mortality increases by
approximately 20%.2

Organ dysfunction in sepsis is indicated by an increase in the
Sequential Organ Failure Assessment (SOFA) score by two points
or more.! For hematological system, platelet count is used in SOFA
scoring, and thrombocytopenia is represents worse prognosis.
However, another prognostic ICU scoring system known as Simplified
Acute Physiology Il score uses total leukocyte count as a parameter.

Hematological system is involved early during the pathogenesis
of sepsis and is considered to play a significant role in the progression
and resolution phase of sepsis.* In the cellular component of
hematological system, the most commonly seen abnormalities
are anemia, thrombocytopenia, and leukocytosis (although
erythrocytosis, thrombocytosis, and leukopenia may also be seen)
while in the fluid phase components, dysregulated hemostasis is
commonly observed.®

A sizable amount of research has been done on the soluble
components of blood—the coagulation proteins, antithrombins,
and fibrinolytic system to establish the pathophysiology and
clinical course of coagulopathy in sepsis.” However, only recently,
studies have been performed on the cellular components of
hematological system and their role as biomarkers for early
detection and prognosis of sepsis. Kim et al. in their prospective
study found that change in red cell distribution width (RDW)
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at 72 hours with respect to RDW on admission significantly predicts
28-90-day mortality in sepsis. Hubert et al. found that immature
platelet fraction (IPF) had the highest diagnostic accuracy and
correlated significantly with sepsis severity score.’ Seok et al.
observed that the immature granulocyte fraction was able to
predict mortality in sepsis.'
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Hematological System in Sepsis

The available literature suggests the importance of conducting
further research into the cellular component of hematological
system to identify exact role of various parameters and their
prognostic value as markers in sepsis. We, therefore, performed
this prospective observational study to identify if the parameters
derived from cellular components of hematological system
[hematocrit, RDW, evidence of hemolysis in peripheral blood
smear, immature granulocytes, thrombocytopenia, IPF, platelet
distribution width (PDW)] inisolation orin combination, measured
at admission to ICU and at 72 hours can be useful prognostic
markers in septic critically ill patients. The primary outcome was
28-day mortality and secondary outcomes were length of ICU
stay, days on mechanical ventilation, vasopressor support, and
requirement of renal replacement therapy (RRT).

MATERIALS AND METHODS
Study Design
Prospective observational study.

Study Setting

The study was conducted in the ICU of Department of
Anaesthesiology and Critical Care, All India Institute of Medical
Sciences, New Delhi between January 2017 and June 2018.
Institute Ethics Committee clearance was obtained (Ref No. IECPG-
603/08.12.2016), and the study was prospectively registered in the
Clinical Trials Registry of India (www.ctri.nic.in CTRI/2017/11/010458).

Study Population

Adult patients aged 18-65 years with diagnosis of sepsis were
included in the study within 24 hours of admission after obtaining
informed written consent from patients or their legally authorized
representatives. Exclusion criteria were (i) patient’s/their relative’s
refusal to consent for study, (i) preexisting hematological disorder/
malignancy, (iii) previous history of sepsis, (iv) history of ICU stay
within last 6 months, (v) any chronic disease, which can impair
hematological system, and (vi) history of blood transfusion in
the last 2 weeks before ICU admission or within first 3 days of ICU
admission.

Sample Size

Assuming an incidence of mortality of 50% in sepsis'' and
anticipated decrease in mortality by 15% by early prediction, a
total of 113 patients would be required with an alpha error of 0.05
and power of 90%. Anticipating a drop put of 10% approximately
125 would be required.

Study Protocol
Sepsis was diagnosed on admission based on the sepsis-3 definition.’
Demographic parameters, diagnosis, SOFA and APACHE Il scores
were noted at admission. Additional parameters were observed
daily starting from day 1 of admission till day-28/death/discharge
whichever was earlier. These parameters were daily SOFA scores,
mean arterial pressure, vasopressor requirement, lactate, base
deficit, coagulation profile, urine output, electrolytes, cumulative
fluid balance, renal replacement therapy, kidney function test, liver
function test, presence of hypoglycemia, mechanical ventilation
withmode, presence of ventilator-associated pneumonia, PaO,/FiO,
ratio, Glasgow Coma Scale, sedation, type of nutritional support.
On admission and on day 3, the following parameters were be
noted—hemoglobin, hematocrit, red blood cell count, mean cell
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volume (MCV), mean cell hemoglobin (MCH), mean cell hemoglobin
concentration, RDW, total leukocyte count (TLC), differential
leukocyte count (DLC), peripheral blood smear for immature
granulocytes, band cells, schistocytes, burr cells, megakaryocytes
and immature platelets, platelet count, and PDW.

Statistical Analysis

All recorded variables including outcome data were entered in
the Microsoft Excel datasheet. Shapiro-Wilk normality test was
used to assess the distribution of all study variables. Continuous
variables following normal distribution (such as age, BMI, etc.) were
expressed as mean + standard deviation (SD). Continuous variables
not following normal distribution and categorical variables (SOFA
score, duration of ICU stay, etc.) were expressed as median with
interquartile range (IQR). Binary variables (such as survival at
28 days and requirement of RRT) were expressed as numbers and
proportions. Independent sample t-test was used to compare
normally distributed continuous variables. Mann-Whitney U test
was used for categorical variables and continuous variables not
following a normal distribution. Fisher’s exact test or chi-square
test was used for all binary variables. p-value of less than 0.05 was
considered as statistically significant for all tests.

Non-normally distributed variables (duration of ICU stay,
duration of vasopressor therapy, duration of mechanical
ventilation, platelet count, neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and differential count of all
WBC lineage) were log transformed (log10) for inclusion in the
regression model.

Hematological parameters (both at day 1 and day 3) were
compared in survivors and nonsurvivors. Parameters where a
univariate association was obtained (p <0.20) were included in the
binary logistic regression model to identify risk factors of mortality.
Adjusted odds ratio with 95% confidence interval and Z score was
reported for all variables included in the final model.

For prediction of duration of ICU stay, mechanical ventilation
days, and vasopressor days, a stepwise regression model was used
with the best predictive model (on the basis of adjusted R?) was
used. A generalized regression model with Gaussian distribution
was used. The performance of the final model for mortality
prediction was analyzed by the receiver operating characteristic
(ROC) curve and goodness of fit statistics. All statistical analyzes
were conducted in STATA 12 software for Mac OS (Stata Statistical
Software: Release 12. College Station, Texas: StataCorp LP.).

REesuLTs

A total of 130 patients were recruited and data from n = 129
were analyzed (one patient had day 1 blood sample clotted and
hence excluded from analysis). At day-28, n = 58 (44.96%) patients
survived. Demographic parameters, severity of illness score, and
outcome data are provided in Table 1. Nonsurvivors had longer
ICU stay and increased requirement of RRT. Vasopressor days and
mechanical ventilation days were similar in both survivors and
nonsurvivors. Hematological parameters on day 1 and day 3 are
provided in Tables 2 and 3, respectively.

On day 1 MCV, platelets, eosinophil percentage in DLC, and
absolute counts of lymphocyte, monocyte, basophil, and eosinophil
were significantly different between survivors and nonsurvivors.
On day 3, platelets, eosinophil percentage in DLC, and absolute
counts of lymphocyte, basophil, and eosinophil and NLR and PLR
were significantly different.
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Table 1: Baseline and outcome data of all patients; data expressed as mean + SD, median (IQR) or proportions as applicable

All patients Survivors at day 28 Nonsurvivors at Significance

Variable (n=129) (n=158) day28(n=71) (p value)
Age (years) 47.49 +18.32 4527 +18.61 49.30 + 18.01 0.21
Sex

Male 72 (55.81%) 28 (48.27%) 45 (61.97%) 0.06

Female 57 (44.19%) 31 (51.73%) 26 (38.03%)
Bodyweight (kg) 58.26 +9.11 57.05+7.86 59.25+9.96 0.17
Height (cm) 157.65 + 8.07 156.92 +7.61 158.19 + 8.44 0.39
BMI (kg/m™2) 2335 +237 23.10+2.30 2358 +2.44 0.25
SOFA at admission 8(6-8) 6 (4-8) 8(6-8) 0.0002
Length of ICU stay (days) 10 (5-15.5) 6(11-20) 8.5 (4-13) 0.02
Mechanical ventilation days 7(3-12) 6.5(3-12) 8(4-12) 0.67
Vasopressor days 7(3-12) 5(3-12) 8(4-12) 0.21
Requirement of RRT (yes/no) 43/85 14/44 29/41 0.04

Table 2: Hematological parameters on day 1

Variable All patients (n = 129) Survivors at day 28 (n = 58) Nonsurvivors at day 28 (n=71)  Significance
Hemoglobin (g/dL) 9.88 +2.16 9.94 +2.07 9.82+2.25 0.75
Hematocrit (%) 30.42 +6.88 30.24 +7.00 30.56 +6.82 0.79
Mean cell volume (fL) 89.84 +7.73 88.17 +8.13 91.4+7.05 0.02
Mean cell hemoglobin (pg) 27.50 +3.35 26.90 +2.97 28.05 + 3.60 0.06
Red cell count (1 06/uL) 3.4 (2.73-4.08) 3.44 (3.12-4.16) 3.27 (2.66-3.79) 0.08
Red cell distribution width (%) 16.8 (15.25-19) 16.4 (15-18.5) 17 (15.6-19.7) 0.38
Total leukocyte count (103/dL) 12.70 (7.38-21.10) 13.35(9.26-19.12) 12.16 (5.70-22.09) 0.78
Differential leukocyte count (%)
Neutrophils 81.91 + 14.07 79.53 +14.48 84.10 +13.42 0.07
Lymphocytes (%) 10.36 + 10.81 11.25+£11.11 9.54 +10.55 0.38
Monocytes (%) 6.71 +7.68 7.67 +8.22 5.83+7.10 0.18
Basophils (%) 0.25+0.90 0.39+1.27 0.12+0.21 0.09
Eosinophils (%) 0.62 +1.07 0.868 + 1.36 0.39 + 0.64 0.01
Absolute leukocyte count (cells/dL)
Neutrophils 10531.5 10755.75 9537 0.93
Lymphocytes (6184.1-16712.5) (6600-15931) (4674-20339.2) 0.04
Monocytes 848.4 1073.2 728.9 0.04
Basophils (520.46-1579.6) (557.2-1779.4) (403.3-1376) 0.005
Eosinophils 615.96 745.2 543 0.01
(316-954) (396-1174.1) (261.82-880)
8.1 16.025 0
(0-26) (0-33.82) (0-17.3)
224 25.905 153
(0-98.8) (9.1-190.5) (0-66)
Platelet (10*/uL) 142.5 (83.5-234) 156.5 (109-282) 136.5 (53-191) 0.05
Platelet distribution width (%) 16.5 (15-18) 16.55 (15-18) 16.5 (15-18) 0.89
Neutrophil-lymphocyte ratio 17.20 (+17.67) 14.38 (+12.61) 19.80 (+21.07) 0.09
Platelet-lymphocyte ratio 37.17 (£55.30) 30.14 (+27.93) 43.63 (+71.50) 0.18

A binary logistic regression model was constructed to predict
mortality at 28 days (Table 4; Fig. 1A). Age and low platelet count
on day 1 had significant predictive value for 28-day mortality and
the model had a sensitivity of 80.7% and specificity of 72.70%.

Inabinary logistic regression model based on day 3 parameters,
age and absolute eosinophil count were found to be significant
predictors of 28-day mortality with a sensitivity and specificity of
80.7 and 72.70%, respectively (Table 4, Fig. 1B).

Similarly, logistic regression models were created to predict the
requirement of RRT, mechanical ventilation days, vasopressor days,
and length of ICU stay (Table 4). MCV was a significant predictor
of the RRT requirement. In generalized linear regression model,
hemoglobin and NLR at day 1 predicted mechanical ventilation
days; hemoglobin, red cell count, MCV, NLR, and PDW on day 1
predicted ICU length of stay and hemoglobin, red cell count, MCV,
and NLR on day 1 predicted vasopressor days (Table 4).

662 Indian Journal of Critical Care Medicine, Volume 25 Issue 6 (June 2021)




Hematological System in Sepsis

Table 3: Hematological parameters on day 3

All patients Survivors at day 28 Nonsurvivors at day 28
Variable (n=129) (n=158) (n=71) Significance
Hemoglobin (g/dL) 9.42 +1.95 9.52 +2.01 931191 0.56
Hematocrit (%) 29.09 +6.22 29.06 +6.29 29.13+6.20 0.94
Mean cell volume (fL) 91.09 + 2047 92.36 + 28.31 89.86 +7.36 0.51
Mean cell hemoglobin (g/dL) 27.02 +3.04 26.73 +£3.05 27.03 +£3.03 0.31
Red cell count (10%/uL) 3.2(2.87-3.74) 3.43 (3.08-3.74) 3.13(2.7-3.7) 0.17
Red cell distribution width (%) 16.8 (15.1-20.1) 16.45 (15.1-19.0) 17.2(15.1-21.4) 0.30
Total leukocyte count (10%/dL) 12.3 (8.69-18.30) 12.64(10.5-15.90) 10.1(7.17-18.33) 0.33
Differential leukocyte count (%)
Neutrophil 80.56 + 13.14 79.1+13.86 81.98 + 12.36 0.23
Lymphocyte 11.29 +9.04 11.79+7.29 10.80 + 10.49 0.55
Monocyte 5.99 +5.32 573 +4.04 6.24 +6.33 0.60
Basophil 0.32+1.06 0.45+1.35 0.20 + 0.66 0.20
Eosinophil 1.01+1.73 145+ 1.86 0.60 +1.50 0.00
Absolute leukocyte count (cells/dL)
Neutrophils 10428.55 10428.55 10131.35 0.61
Lymphocytes (6615-15732) (7592.4-13436.8) (5216.26-16683.44) 0.001
Monocytes 1117.3 1504.2 672.33 0.20
Basophils (507-1855.9) (858-1992.6) (329.34-1574.75) 0.03
Eosinophils 571.95 666 516.1 0.001
(314.75-929.25) (413.4-929.25) (288.5-914.25)
0 13.55 0
(0-28.9) (0-46) (0-15.03)
32.85 98.35 18.76
(0-126.5) (14-292) (0-65.4)
Platelet (10°/dL) 129 (80-223) 151 (90-262) 120 (56-188) 0.05
Platelet distribution width (%) 16.1(14.2-18.0) 16.1 (14.2-17.5) 16.35(14.15-18.2) 0.67
Neutrophil-lymphocyte ratio 14.74 +15.15 10.72+10.30 18.62 +17.94 0.004
Platelet-lymphocyte ratio 29.68 +38.63 22.54 +20.42 36.60 + 49.58 0.04
Delta red cell distribution width (%) —5.11 + 55.40 —10.46 +79.36 —-0.02 +0.17 0.30
Delta platelet distribution width (%) —-0.00 +0.12 0.00 +0.12 —-0.00 +0.12 0.62
1.00 1.00
075 0.7/
= =
= =
Z 050 3 0.50
= =
5] ()
(7] n
025 0725
0.00 0.00
0.00 0.25 0.50 0.75 1.00 0.00 0.50 1.00
“ 1-specificity E 1-specificity

Figs 1A and B: ROC curves of binary logistic regression model for predicting 28-day mortality: (A) Model based on day 1 parameters; (B) Model

based on day 3 parameters

Discussion

In this prospective observational study, we identified age,
thrombocytopenia at day 1, and decreased absolute eosinophil
count at day 3 as the most important prognostic factors for 28-day

mortality in sepsis patients.

Martin et al.'?in a retrospective longitudinal study of 10,422,301
adults hospitalized for sepsis over 24 years, found that age could
independently predict mortality and case fatality rate increased
linearly with age. Moreover, the elderly nonsurvivors of sepsis had
a lesser duration of ICU stay implying that they die earlier during
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Table 4: Predictors of 28-day mortality and other secondary outcomes (binary/generalized logistic regression model)

Variables Adjusted odds ratio (95% Cl) Zscore  pvalue
Predictors of 28-day mortality at day 1

Age (years) 1.04 (1.01-1.07) 2.74 0.006
Platelet (10%/dL) 0.99 (0.99-0.99) -2.22 0.02
Predictors of 28-day mortality at day 3

Age (years) 1.02 (1.00-1.05) 2.30 0.02
Absolute eosinophil count (cells/dL) 0.99 (0.98-0.99) -1.99 0.04
Predictor of need for renal replacement therapy

Mean cell volume (fL) 1.07 (1.00-1.15) 2.11 0.03
Predictor of mechanical ventilation days

Hemoglobin (g/dL) 0.91 (0.83-0.99) -2.01 0.04
Neutrophil-lymphocyte ratio 1.00 (1.00-1.01) 2.86 0.004
Predictor of ICU length of stay

Mean cell volume (fL) 1.01 (1.00-1.02) 2.13 0.03
Red cell count (10%/dL) 1.36 (1.10-1.68) 291 0.004
Hemoglobin (g/dL) 0.88 (0.82-0.95) -3.11 0.002
Platelet distribution width (%) 0.97 (0.95-0.99) -2.27 0.02
Neutrophil-lymphocyte ratio 1.00 (1.00-1.00) 2.36 0.018
Predictor of vasopressor days

Mean cell volume (fL) 1.01 (0.99-1.02) 1.89 0.05
Red cell count (10%/uL) 1.27 (1.00-1.60) 2.03 0.04
Hemoglobin (g/dL) 0.90 (0.82-0.97) -2.44 0.015
Neutrophil-lymphocyte ratio 1.00 (1.00-1.01) 2.95 0.003

their hospital stay. Cohen et al.”* in their study on the effect of age
on outcomes of mechanical ventilation in 41,848 patients, observed
that elderly population had a poorer outcome of mechanical
ventilation when compared to patients <65 years. Yang et al.,'*
in a retrospective observational study of 6,929 patients admitted
with critical illness, found that patients aged above 65 years had
increased mortality and 1.5 times longer hospital stay compared
to patients aged 18-54 years. In this study, age was found to be a
predictor of 28-day mortality. However, the mean age was 47 years
and age did not predict other secondary outcomes.

In the current study, various indices of red blood cells had
significance in the prognosis of sepsis. In 815 sepsis patients,
Muady et al.” found that initial hemoglobin at presentation
correlated with in-hospital mortality. In the current study, however,
presenting hemoglobin was as good as 9.8 g/dL and it did not
correlate with mortality at 28 days. However, low hemoglobin
on day 1 significantly correlated with the duration of mechanical
ventilation, ICU stay, and vasopressor days. In patients with acute
respiratory failure, Khamiees et al.'® observed that patients with
anemia (Hb <10 g/dL) were five times more likely to be reintubated
after initial successful extubation. Anemia is multifactorial
in sepsis with various causes being inflammation, reduced
erythropoietin production, decreased response of bone marrow
to erythropoietin and decreased red cell survival, repeated blood
sampling, blood loss due to surgery/trauma, new-onset liver and
kidney disease, disseminated intravascular coagulation, hemolysis,
hypoadrenalism, hemodilution, and nutritional deficiencies.®

In our study, nonsurvivors had significantly higher MCV
compared to the survivors,and MCV was associated with longer ICU
stay, RRT requirement, and vasopressor days. No such correlation
with mortality was found. On the contrary, Meynaar et al. found
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that MCV and MCH had no significant correlation with mortality or
longer ICU stay or longer mechanical ventilation in 2,915 critically
ill patients. Aging RBCs in normal patients shrink due to exposure
to oxygen radicals and shear stress'” and an increased MCV may
indicate increased reticulocytosis from bleed or hemolysis, vitamin
B12 or folate deficiency or liver disease.® Probably oxidative stress-
induced RBC membrane changes leading to loss of deformability
and early RBC death in sepsis,'® lead to increased average volume
of RBCs. However, further research may be needed to substantiate
this rationale. Moreover, survivors had higher red cell count on both
day 1 and day 3 and in linear regression models; low red cell count
significantly predicted prolonged ICU stay and number of days of
vasopressors. As per hemoglobin concentration studies, low red
cell count is expected to have poorer prognostication in sepsis.
RDW is an objective measure of the spectrum of RBC sizes and
higher RDW reflects more variation of RBC sizes (anisocytosis).
RDW is expected to increase in sepsis due to oxidative stress and
inflammation-induced changes in RBC characteristics like inhibition
of maturation, reduced survival, altered membrane function,
and nucleated cells releasing into circulation.'® Moreover, arterial
underfilling in sepsis may activate the sympathetic nervous system
and renin-angiotensin-aldosterone system, which accelerate
erythropoiesis leading to skipped cell division and release of
macrocytes.”” Small erythrocytes may reflect shredded red cell
vesicles in the deranged microcirculation while the large cells
are actually the nucleated early RBCs that have been driven into
circulation to compromise for anemia. Bazick et al.,'” in a multicenter
study of 51,413 critically ill patients, observed that RDW was a
robust predictor of all-cause 30-day mortality, and the mortality
risk increased with increasing RDW values in a graded manner
above 13.3% with the highest risk observed above 15.8% (OR, 2.61;
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95% Cl, 2.37-2.86; p <0.001). Kim and colleagues in a prospective
observational study on 329 patients of sepsis found that the 28-and
90-day mortality were highest in the subgroup with delta RDW
>0.2% at 72 hours.8 In our study, RDW at day 1 and day 3 and delta
RDW did not predict mortality or any other outcome. However,
RDW values in both the groups were high (16-17%); nonsurvivors
had nonsignificantly higher median RDW values as compared to
survivors on both day 1 and day 3. Moreover, delta RDW was 0.2%
in nonsurvivors (compared to 0.05% in survivors) but failed to reach
any predictive power. Similarly, Fontana et al. in a retrospective
study of 122 septic patients did not find any association of RDW
with microcirculatory dysfunction or prognosis in sepsis.2° Probably
alarger dataset is required to establish the prognostic significance
of RDW in sepsis.

Anisopoikilocytosis on day 3 was almost a significant predictor
of mortality [OR 9.70 (0.99-95.01); p = 0.05] in the current study.
Anisopoikilocytosis in a peripheral smear is suggestive of varied
RBC shapes in addition to varied RBC sizes and this could be
suggestive of ongoing insults in microcirculation or oxidative
membrane stress® and decreased erythrocyte deformability as a
result of anisopoikilocytosis in sepsis may be associated with organ
dysfunction and patient outcome.'®

Thrombocytopenia may occur in as many as 35 to 59% of
patients in sepsis and as per SOFA score denotes deterioration
of the function of the overall hematological system.*> Primary
cause of thrombocytopenia in sepsis is nonimmune destruction
and other causes like increased adhesiveness, hemodilution,
consumption, sequestration, phagocytosis of platelet precursors
in bone marrow by reticuloendothelial cells (hemophagocytic
histiocytes), antibodies to platelet antigens like Gpllb/llla or Gp
Ib/1X, hypoproliferative bone marrow due to cytokines/drugs/
pre-existing disease may contribute.* Initially in sepsis, platelet
production increases to keep up with the destruction leading
to the release of younger but larger platelets in the circulation,
but subsequently, bone marrow repression occurs leading to
thrombocytopenia.?' This is reflected by the increase of IPF and
giant platelets in peripheral smears. In this study, nonsurvivors
had a lower platelet count on presentation and on day 3, and
thrombocytopenia on presentation predicted 28-day mortality.
Similarly, in a prospective, multicenter study of 1,486 patients of
septic shock,?' platelet count at day 1 predicted 28-day mortality
and the risk of mortality progressively increased with severity
of thrombocytopenia (hazard ratio, 1.65; 95% Cl, 1.31-2.08 for
platelet count <50 x 10%/dL vs platelet count >1.50 x 10%/dL;
p <0.0001).

In theinitial stage of sepsis, platelets may change from discoid
shape to a spherical shape and form pseudopodia leading larger
surface area and thus PDW may increase.?? Moreover, platelet
destruction and increased IPF contribute to raised PDW. Guclu
et al. found that PDW was more in sepsis than controls and more
in nonsurvivors than survivors in a retrospective cohort study and
concluded that PDW >18% predicted mortality.??

In our study, PDW on day 1 and day 3 in both survivors and
nonsurvivors were within a normal range (10-17.9%) and did not
predict mortality. The reason could be the different degrees of
thrombocytopenia, the difference in the severity of sepsis (SOFA)
score, or the type of patients. In the generalized linear model,
however, PDW predicted length of ICU stay, implying the fact
that higher PDW reflects a higher degree of inflammation, organ
damage, and thereby prolonged ICU stay. In our study, the only day
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3 PLR was significantly higher in nonsurvivors, and PLR at neither
day 1 nor day 3 was predictive of mortality or other secondary
outcomes. Similarly, Biyikli et al. found day 1 PLR was not different
between survivors and nonsurvivors in elderly patients with
sepsis.??

In our study, the NLR was significantly higher in nonsurvivors
on day 3 but not on day 1. Moreover, NLR did not predict mortality
but was a significant predictor of duration of mechanical ventilation,
vasopressor requirement, and length of ICU stay. In previous studies
also, NLR either did not predict®* or was a moderate predictor
(AUROC = 0.695) of mortality in sepsis.?> However, NLR predicted
weaning failure, increased ventilation days,?® prolonged ICU stay,
and persistent organ failure similar to the current study.”’

The explanation for this alteration in NLR is that neutrophils,
which are the cells of the innate immune system and the first
cellular line of defense, usually undergo apoptosis after killing the
pathogen. However, if the infection persists, this apoptosis might
not occur and simultaneously, the production of neutrophils
continues. On the other hand, lymphocytes are involved in the
adaptive immune response. Systemic catecholamines and cortisol
cause more and more of lymphocytes to undergo apoptosis
or migrate to the reticuloendothelial system while increasing
the production of neutrophils to clear out pathogens, overall
increasing NLR in sepsis.?* Persistently increased NLR, therefore,
reflects ongoing sepsis and organ damage thereby increasing ICU
morbidity.

TLC more than 12,000/dL or less than 4,000/dL or with >10%
immature granulocytes, for long has been a part of diagnostic
criteria for systemic inflammatory response syndrome (SIRS).
Sepsis used to be diagnosed based on the fulfillment of the
SIRS criteria along with a source of infection.?® Gardner et al.
observed that leukocyte count <6,000 or >25,000 was predicted
7-day mortality in pneumococcal pneumonia.?’ Sepsis in itself
can cause bone marrow suppression resulting in leucopenia,
which is a poor prognostic sign.?’ In another study by Bermejo-
Martin et al., level on circulating neutrophil count (CNC) was
studied in 195 patients with sepsis.3° They found that patients
with CNC <7,226 cells/dL had almost two-fold risk of death.
Neutrophils in sepsis may be both harmful (by causing mediators
related organ damage) and protective (by defending against
pathogens) and lower circulating neutrophils in sepsis could be
duetoincreased adhesion to vascular endothelium. In our study,
neither total leukocyte count nor neutrophil count (differential or
absolute count) could discriminate survivors from nonsurvivors.
On multivariate analysis, the number of total leukocytes and
neutrophils did not appear to prognosticate any of the worse
outcomes.

In aretrospective observational studyin 2,311 patients, Terradas
et al. found that persistent eosinophil count below 45 cells/dL was
an independent risk factor for mortality, and mean eosinophil
count in survivors showed an increasing pattern over 2-3 days.>'
Several other studies have also suggested that low eosinophil are
suggestive of bacterial infection, even more reliable than CRP.3"3?
Abidi et al., in their study of 200 critically ill patients, found that
eosinopenia in the first week of admission predicted 28-day
mortality and 7th day eosinophil count was significantly less in
nonsurvivors.>2 In another study in patients with acute exacerbation
of COPD, Mat Holland et al. found that eosinopenia was a marker
of prolonged ICU stay.>® In the current study, eosinophil count
was significantly less in nonsurvivors in day 1 and day 3 and in the
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binary regression model, day 3 absolute eosinophil count predicted
28-day mortality. It appears that eosinophil count is a promising
prognostic variable in sepsis. The pathophysiology of eosinopenia
in sepsisincludesits sequestration in extravascular tissues and stress
hormone influenced migration.>

The role of basophils in sepsis is causing histamine-mediated
dilation of capillaries that promotes phagocyte migration to the
site of infection.>* In our study, however, survivors had significantly
more basophils on both day 1 and day 3. The rationale could be
a stronger inflammatory response to fend off infection in sepsis
survivors.

In the current study, a significantly higher SOFA score (median
score of 8) at presentation was observed in nonsurvivors. In a
prospective, observational study in 352 critically ill patients, Ferreira
etal.found that the initial or highest score of more than 11 or mean
score of more than five corresponded to mortality of more than
80%.% Both mean and highest SOFA score predicted outcome
while an increase in SOFA score during the first 2 days of ICU stay
predicted mortality rate of 50% or more.

Strengths and Limitations

All the cellular components of the hematological system were
analyzed extensively in the current study and sizable number of
patients was studied with almost no data loss in follow-up. Absolute
counts of various leukocytes were recorded and analyzed.

Our study had certain limitations. The study population was
heterogeneous with a case mix of medical and surgical cases from
a single center. Timing of first blood sampling could be anytime
within first 24 hours and could not be kept uniform. Some patients
would have received antibiotics and fluid resuscitation before
sampling. However, the extent of the effect of such intervention
on hematological parameters remains uncertain.

CONCLUSION

Age, thrombocytopenia on day 1, and decreased eosinophil count
on day 3 can predict 28-day mortality in adult patients with sepsis.
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