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Clinical significance of cell population data (CPD) on Sysmex XN-
9000 in septic patients with our without liver impairment
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Background: This study evaluated the clinical significance of cell population data (CPD) parameters obtained on
Sysmex XN-9000 in septic patients admitted to intensive care unit (ICU) and stratified according to liver function.
Methods: The study population consisted in 84 patients, 44 of whom did not develop sepsis (NS), whereas the
remaining 40 developed sepsis (SE) (n=24) or septic shock (SS) (n=16). Two hundred ostensibly healthy blood
donors [healthy subjects (HS)], undergoing routine blood testing before a regular blood donation, were studied.
Results: Except for neutrophils and lymphocytes cell size (NE-FCS and LY-Z), all other CPD values were
significantly different in ICU patients compared to HS. Neutrophils and monocytes fluorescence intensity (NE-SFL
and MO-X) values were significantly higher in SS compared to sepsis and not develop sepsis patients. The value
of many parameters was also different according to liver function. Overall, MO-X and neutrophils fluorescence
intensity (NE-SFL) exhibited the best performance for diagnosing sepsis in all patients (AUC, 0.75 and 0.72), as
well as in those with (AUC, 0.95 and 0.89) or without (AUC, 0.72 for both) liver impairment. These parameters
were also significantly correlated with Sequential Organ Failure Assessment (SOFA) score.

Conclusions: This study suggested that some novel CPD parameters (namely NE-SFL and MO-X) may provide

useful information for diagnosis and management of sepsis.
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Introduction such as cancer, diabetes and cerebrovascular disorders (1).

. . - . Sepsis (also known as septicemia) is indeed the most
Infections are leading causes of morbidity and mortality psis ( T p ) ) ) ) o
severe complication in patients with infections. Sepsis is
commonly defined by the United States (US) Centers for

Disease Control and Prevention (CDC) as a generalized,

around the globe, especially in low income countries.
According to recent statistics, the burden of infectious
diseases is still so high that as many as 10 million persons
die each year for these conditions (1). Despite these
sizeable figures, the biomedical research for identifying

overwhelming and life-threatening response to infection,

which can lead to tissue damage, organ failure, up to

reliable biomarkers to help the diagnosis, prognostication
and therapeutic monitoring of infectious diseases is still
much lower than that for other less prevalent conditions
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death (2). Sepsis is typically caused by an immune response
triggered by different types of pathogens, including
bacteria, fungi, viruses and even parasites (3). Upon
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information collected for billing purposes, the CDC has
recently estimated that the number of patients hospitalized
for sepsis in the US has increased from 621,000 in the year
2000 up to 1,141,000 in 2008 (2), thus confirming the high
prevalence of this condition even in high income countries.
Even more importantly, the mortality for sepsis remains
considerably high, with nearly 30% of patients dying for
septicemia in the intensive care unit (ICU) (4).

Although an early diagnosis of sepsis is pivotal for
improving patient outcome, essentially by adoption of
appropriate therapeutic (e.g., antibiotic, antiviral or
antimycotic) and supportive measures, the diagnostic
approach and monitoring of patients with sepsis remains
challenging, even using the criteria defined by the
International Sepsis Definitions Conference (ISDC) (5).
More specifically, a number of biomarkers have been
proposed for the timely diagnosis and prognostication of
septic patients, including lactic acid, procalcitonin (PCT),
C-reactive protein (CRP), immature granulocytes (IG) and
the delta neutrophil index (DNI) (6-9). Interestingly, most
of these parameters present a number of drawbacks for
routine assessment in septic patients, such as insufficient
diagnostic performance and considerable costs (especially
PCT), whereas the clinical information still published so far
for others (e.g., IG and DNI) does not allow a widespread
introduction in clinical practice, thus paving the way for
additional research on this topic.

The new generation of hematological analyzer has taken
advantage from a number of technological innovations,
which have allowed to expand the panel of potential
information available from the complete blood count (CBC).
In particular, novel parameters of the leukocyte count and
differential are emerging as potentially useful markers in
a number of human disorders. These basically include IG
(10,11), or the high fluorescence lymphocyte cells (HFLCs)
count, a parameter which is usually related to the presence of
activated lymphocytes, plasma cells and other blast cells (12).
Additional research parameters characterizing different
leukocyte populations [i.e., cell population data (CPD)]
such as neutrophils (NE), lymphocytes (LY) and monocytes
(MO) have recently became available, and preliminary
observations suggest that their assessment may be useful
in the diagnosis of myelodysplastic syndromes (13,14) and
sepsis (15).

The new Sysmex XN-9000 analyzer is capable to provide
an extended leukocyte differential count with as many as 22
CPD parameters that can be generated along with to the
CBC. Therefore, the aim of this study was to evaluate the
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clinical significance of novel CPD parameters as putative
biomarkers for early diagnosis of septic patients and their
follow-up in the ICU. Special focus has also been placed on
liver function, since patients with hepatic failure frequently
have an impaired inflammatory response and are more
vulnerable to worse outcomes.

Methods
Subject population

The study population included 115 adult patients admitted
to the ICU of the general hospital of Bergamo, Italy
(Papa Giovanni XXIII Hospital), between February and
March 2014. A single inclusion criterion was used (i.e.,
age >18 years), although all patients with a positive history
of hematologic disorders and/or hospitalization in the
previous 48 hours were excluded from the study. Clinical
data, including signs and sites of concomitant infection
(recognized or suspected) and presence/absence of liver
impairment classified according to Model for End-Stage
Liver Disease (MELD) score (16) were recorded upon ICU
admission.

In the day of ICU admission, patients underwent routine
laboratory testing, entailing a large panel of blood tests as
well as two daily clinical evaluations until ICU discharge.
The information collected with clinical assessment
included the presence/absence of sepsis using the ISDC
guidelines (5), as well as the degree of severity by calculation
of the Sequential Organ Failure Assessment (SOFA)
score (17). According to the presence/absence of both sepsis
and liver dysfunction, the patients were hence classified as
follows: no sepsis (NS), presence of sepsis (SE) and presence
of septic shock (SS). These three groups of patients were
further sub-classified as having or not liver dysfunction.

The study also included 200 ostensibly healthy blood
donors [healthy subjects (HS); 100 men and 100 women)]
aged between 18-70 years (average: 43.0 years; 95% CI,
41.0-45.0 years), who underwent routine blood testing
before a regular blood donation during the same period.

Sample preparation and methods

Blood samples were collected in KsEDTA evacuated plastic
tubes (Becton Dickinson, Franklin Lakes, NJ, USA) and
were then analyzed using XN-9000 (Sysmex Co., Kobe,
Japan), within 2 hours from sample collection. The main
parameters evaluated in this study included the CPD
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Table 1 Description and clinical significance of leukocytes cell population data (CPD)

Parameters Description and information related to cell type

Meaning

Increases in the presence of greater amounts of granules (e.g., toxic
granules), vacuoles and other cytoplasmic inclusions. Decreases in the
presence of lower cell complexity (e.g., granulocytes hypo-granulates)

Its increase reflects the degree of heterogeneity of neutrophils population,
respect to NE-SSC

Increases in proportion to the amount of cellular DNA and RNA, such as in
immature granulocytes, band neutrophil, etc.

Its increase reflects the degree of heterogeneity of neutrophils population,
compared to NE-SFL

Changes in the presence of abnormal sized cells

Its increase reflects the degree of heterogeneity of neutrophils population,
compared to NE-FSC

Its increases in the presence of greater amounts of granules or vacuoles (e.g.,
large granular lymphocyte)

Its increase reflects the degree of heterogeneity of lymphocytes population,
compared to LY-X

Increases in proportion to the amount of cellular DNA and RNA, such as in
activated or abnormal lymphocytes and blast cells, etc.

Its increase reflects the degree of heterogeneity of lymphocytes population,
compared to LY-Y

Changes in the presence of abnormal sized cells (e.g., could increase for
activated lymphocyte or decrease for pyknotic lymphocytes, etc.)

Its increase reflects the degree of heterogeneity of lymphocytes population,
compared to LY-Z

Increases in the presence of greater amounts of granules, vacuoles and
other cytoplasmic inclusions. Decreases in the presence of a lower cell
complexity

Its increase reflects the degree of heterogeneity of monocytes population,
compared to MO-X

Increases in proportion to the amount of cellular DNA and RNA (e.g.,
activated monocytes and monoblasts)

Monocytes fluorescence intensity and the width Its increase reflects the degree of heterogeneity of monocytes population,

NE-SSC Neutrophils cell complexity

NE-WX Neutrophils complexity and width of dispersion
of the events measured

NE-SFL Neutrophils fluorescence intensity

NE-WY Neutrophils fluorescence intensity and the
width of dispersion

NE-FSC Neutrophils cell size

NE-WZ Neutrophils cell size and the width of dispersion

LY-X Lymphocytes cell complexity

LY-WX Lymphocytes complexity and width of
dispersion of the events measured

LY-Y Lymphocytes fluorescence intensity

LY-WY Lymphocytes fluorescence intensity and the
width of dispersion

Ly-z Lymphocytes cell size

LY-wz Lymphocytes cell size and the width of
dispersion

MO-X Monocytes cells complexity

MO-WX Monocytes complexity and width of dispersion
of the events measured

MO-Y Monocytes fluorescence intensity

MO-WY
of dispersion

MO-Z Monocytes cell size

MO-Wz Monocytes cell size and the width of dispersion

compared to MO-Y
Changes in the presence of abnormal sized cells

Its increase reflects the degree of heterogeneity of monocytes population,
compared to MO-Z

of NE, LY and MO leukocyte parameters populations,
which provide information related to cell complexity,
fluorescence intensity, cell size and width of dispersion of
the events measured on the three axis of WDF channel.
A brief explanation on the morphological and functional
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significance of these CPD parameters is summarized in
Table 1. The following parameters are reported on the x-axis:
neutrophils cell complexity (NE-SSC), lymphocytes cell
complexity (LY-X), monocytes cells complexity (MO-X),
neutrophils complexity and width of dispersion of the events
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measured (NE-WX), lymphocytes complexity and width of
dispersion of the events measured (LY-WX) and monocytes
complexity and width of dispersion of the events measured
(MO-WX) (see Table 1); the following parameters are
reported on the y-axis: neutrophils fluorescence intensity
(NE-SFL), lymphocytes fluorescence intensity (LY-Y),
monocytes fluorescence intensity (MO-Y), neutrophils
fluorescence intensity and the width of dispersion (NE-
WY), lymphocytes fluorescence intensity and the width of
dispersion (LY-WY) and MO-WY (see Tuble 1); whereas
the following parameters are reported on the z-axis:
neutrophils cell size (NE-FSC), lymphocytes cell size (LY-
Z), monocytes cell size (MO-Z), neutrophils cell size and
the width of dispersion (NE-WZ), lymphocytes cell size
and the width of dispersion (LY-WZ) and monocytes cell
size and the width of dispersion (MO-WZ) (see Table 1).
The within-run imprecision of CPD on XN-9000 was
also preliminary assessed using ten replicates of five fresh
whole blood routine samples, displaying a coefficient of
variation (CV) always lower than 10% for all parameters.

Statistical analysis

For each patient were considered for CPD data analysis
only single blood samples. For NS the second day of
patients admission in ICU, for SE and SS the first day of
sepsis/septic shock condition of the patient.

The distribution of values of the three different classes of
patients (i.e., NS, SE, SS) was assessed with Shapiro-Wilk
test. The preliminary analysis of data revealed a non-normal
distribution of values, so that results were reported as
median for each class of subjects. The statistical difference
was then evaluated with the nonparametric Kruskal-Wallis
and Steel-Dwass-Critchlow-Fligner (pair comparison) tests.

The diagnostic accuracy of the CPD parameters was
evaluated against the criteria defined by the ISDC (5) by
means of receiver operating characteristics (ROC) curves, in
which data of SE and SS patients were compared with those
of the NS population.

The correlation between the CPD parameters and SOFA
score was evaluated on data collected through all time
period of admission and evaluated by Spearman correlation,
a P<0.05 was considered positive. The statistical analysis
was performed with Analyse-it (Analyse-it Software Ltd.,
Leeds, UK). This study was carried out in accordance
with the Declaration of Helsinki, and under the terms of
all relevant local legislation. The investigation was based
on pre-existing samples, so that ethical permission and
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informed consent were unnecessary.

Results
Population characteristics

Thirty one (27%) out of 115 patients originally included
in the study ought to be excluded for the presence of
hematologic diseases (15 patients), or because of the overall
period of ICU stay was lower than 48 hours (16 patients),
so impeding complete collection of data. The final study
population thus included 84 patients, 44 (52%) of whom
did not develop sepsis, whereas the remaining 40 (48%)
developed sepsis (n=24) or SS (n=16). According to the
MELD score, 18 (21.4%) ICU patients were classified
as having liver impairment. No significant difference of
gender, age and body mass index were observed in septic
patients with or without liver impairment (data not shown),
whereas the SOFA score was significantly higher in patients
with liver dysfunction (11.0; 95% CI, 9.0-12.0) than in
those without (4.0; 95% CI, 4.0-4.0; P<0.001).

CPD parameters for diagnosing sepsis in patients with or
without liver dysfunction

With the exception of NE-FCS and LY-Z, the values of
all CPD were found to be significantly different in ICU
patients compared to HS (Table 2).

The values of NE-SFL and MO-X were also significantly
higher in the SS group compared to SE and NS (7able 2).
Interestingly, the values of many parameters were also
found to be different in patients with or without liver
impairment (7zble 3). This was especially evident for the
values of MO-Y and monocytes fluorescence intensity and
the width of dispersion (MO-WY), whereas the CPD of
the LY population (especially LY-X, LY-WX, LY-Z and LY-
WZ) did not display a clear trend (7able 3). The trend of
LY-Y was paradigmatic when separately analyzed in patients
with or without liver impairment. In patients without liver
impairment, the value in the SS group was considerably
lower than in the NS and SE groups. Conversely, in patients
with liver impairment the value was considerably higher in
the SS group compared to the NS and SE groups.

As regards the diagnostic performance of CPD
parameters, the ROC curves for diagnosing sepsis in ICU
patients were characterized by a rather heterogeneous
efficiency (1able 4). Overall, MO-X and NE-SFL exhibited
the best diagnostic performance in all ICU patients as well
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Table 2 Median (and 95% confidence interval) of leukocyte cell population data (CPD) in healthy subjects and patients admitted to the intensive

care unit (ICU) with or without sepsis
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All patients admitted to ICU

Sepsis

Septic shock

Parameters Healthy subjects
No sepsis

NE-SSC 151.2" (150.6-152.0) 151.4% (150.9-152.0)
NE-WX 312.5"(310.0-316.0) 325.0% (323.0-328.0)
NE-SFL 49.7" (49.4-50.3) 55.7% (55.1-56.3)
NE-WY 577.5" (572.0-586.0) 653.0°% (648.0-660.0)
NE-FSC 88.3 (87.9-89.0) 87.9 (87.4-88.8)
NE-WZ 770.5° (751.0-786.0) 743.5* (726.0-759.0)
LY-X 80.1%(79.6-80.4) 83.0% (82.7-83.3)
LY-WX 465.0° (461.0-471.0) 474.0° (467.0-480.0)
LY-y 72.8" (72.3-73.5) 77.3 (76.7-78.0)
LY-wy 865.0" (853.0-873.0) 902.0°* (889.0-921.0)
LY-Z 60.6 (59.8-60.9) 59.3 (59.0-59.7)
LY-wz 610.0" (600.0-620.0) 600.0%(591.0-607.0)
MO-X 118.4" (117.7-118.7) 123.5%(123.2-123.9)
MO-WX 261.0" (258.0-264.0) 258.0° (254.0-261.0)
MO-Y 115.0" (113.6-115.8) 120.2°% (119.4-121.3)
MO-WY 682.5" (663.0-694.0) 722.0% (710.0-731.0)
MO-Z 65.7" (64.6-66.7) 61.6 (61.1-62.0)
MO-WZz 727.0" (712.0-748.0) 717.5% (702.0-733.0)

151.4% (150.6-152.4)
329.0 (325.0-333.0)
56.8° (55.7-57.6)
671.0° (654.0-694.0)
87.4 (87.0-88.4)
772.0 (717.0-798.0)
83.8 (83.3-84.2)
481.0% (470.0-490.0)
76.3 (75.2-77.7)
995.0 (963.0-1,022.0)
59.3 (58.8-60.3)
630.0 (608.0-650.0)
124.6° (124.0-125.1)
264.0 (261.0-270.0)
118.5% (117.5-120.6)
762.0 (747.0-777.0)
60.8 (59.9-61.3)
754.0 (727.0-777.0)

153.7 (152.8-154.9)
329.0 (321.0-340.0)
61.7 (59.5-65.2)
764.0 (729.0-812.0)
88.4 (87.1-90.1)
784.0 (751.0-815.0)
84.7 (83.8-85.5)
510.0 (492.0-553.0)
81.6 (73.5-86.0)
991.0 (938.0-1,041.0)
59.4 (57.6-60.2)
652.0 (610.0-742.0)
127.4 (126.6-127.8)
267.0 (260.0-280.0)
125.1 (122.0-129.3)
759.0 (734.0-778.0)
60.2 (59.1-62.1)
785.0 (746.0-807.0)

Statistically significant differences by Steel-Dwass-Critchlow-Fligner and by Kruskal-Wallis test with P<0.01. %, healthy subjects versus no
sepsis, sepsis and septic shock; *, healthy subjects versus sepsis and septic shock; 7, healthy subjects versus septic shock; &, no sepsis
versus sepsis and septic shock; ¥, no sepsis versus septic shock; %, sepsis versus septic shock. The full name of parameters are described

in Table 1.

as in those with or without liver impairment, whereas the
AUCG:s of all the other parameters were definitely lower and
often not reaching statistical significance.

CPD parameters for predicting severity of sepsis in patients
with or without liver dysfunction

The SOFA score assessment enabled the classification of
ICU patients in four main classes (i.e., <5, from 6 to 10,
from 11 to 15 and >15). The values of the various CPD
parameters were significantly different across the different
SOFA scores (data not show), interestingly in patients
admitted in ICU, NE-SFL and MO-X parameters showed
a positive correlation with the SOFA score see Table 5. The
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correlation improve in patient with liver impairment (i.e., rs
=0.30 for NE-SFL and rs =0.35 for MO-X with P<0.0001)
and in sepsis and SS patients (rs =0.35 for NE-SFL and 0.40
for MO-X with P<0.0001) (Tible 5).

The LY-Y parameter showed a particular trend with
negative correlation respect to SOFA score in patients
without liver impairment (rs =-0.37; P<0.0001) conversely
in patients with liver impairment the correlation was
positive (rs =0.27; P<0.0001).

Conclusions

Despite remarkable efforts made over the past decade
to identify reliable biomarkers that may allow a timely
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Table 4 Receiver operating characteristics (ROC) curve analysis of leukocyte cell population data (CPD) in intensive care unit (ICU) patients
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with sepsis and shock septic versus patients with no sepsis, further stratified according to the presence/absence of liver dysfunction

SE* and SS°® versus NS' [AUC (95% ClI)]

Parameters
All patients Patients without liver dysfunction Patients with liver dysfunction

NE-SSC 0.54 (0.50-0.58); P=0.1430 0.53 (0.48-0.57); P=0.2408 0.58 (0.50-0.66); P=0.0642
NE-WX 0.60 (0.56-0.64); P<0.0001 0.60 (0.55-0.64); P<0.0001 0.72 (0.67-0.78); P<0.0001
NE-SFL 0.72 (0.70-0.76); P<0.0001 0.72 (0.68-0.76); P<0.0001 0.89 (0.85-0.93); P<0.0001
NE-WY 0.71 (0.68-0.75); P<0.0001 0.71 (0.67-0.74); P<0.0001 0.86 (0.83-0.90); P<0.0001
NE-FSC 0.53 (0.49-0.57); P=0.1350 0.56 (0.52-0.61); P=0.0039 0.56 (0.47-0.64); P=0.1882
NE-WZ 0.59 (0.55-0.63); P<0.0001 0.59 (0.55-0.60); P<0.0001 0.57 (0.50-0.65); P=0.0435
LY-X 0.66 (0.62-0.70); P<0.0001 0.63 (0.59-0.68); P<0.0001 0.83 (0.80-0.89); P<0.0001
LY-WX 0.59 (0.55-0.63); P<0.0001 0.61 (0.56-0.66); P<0.0001 0.54 (0.46-0.63); P=0.316
LY-Y 0.54 (0.49-0.58); P=0.0842 0.51 (0.46-0.56); P=0.7160 0.69 (0.61-0.78); P<0.0001
LY-wy 0.67 (0.63-0.71); P<0.0001 0.65 (0.61-0.70); P<0.0001 0.77 (0.69-0.84); P<0.0001
LY-z 0.51 (0.47-0.55); P=0.6473 0.52 (0.47-0.56); P=0.5478 0.50 (0.43-0.57); P=0.9802
LY-wz 0.64 (0.60-0.68); P<0.0001 0.65 (0.60-0.69); P<0.0001 0.63 (0.60-0.71); P=0.0021
MO-X 0.75 (0.72-0.78); P<0.0001 0.72 (0.69-0.76); P<0.0001 0.95 (0.92-0.97); P<0.0001
MO-WX 0.58 (0.54-0.62); P<0.0001 0.57 (0.53-0.62); P=0.0018 0.58 (0.51-0.65); P=0.0334
MO-Y 0.57 (0.53-0.61); P=0.0005 0.52 (0.48-0.57); P=0.3396 0.79 (0.73-0.85); P<0.0001
MO-WY 0.61 (0.57-0.65); P<0.0001 0.57 (0.52-0.62); P=0.0033 0.78 (0.72-0.84); P<0.0001
MO-Z 0.63 (0.59-0.67); P<0.0001 0.60 (0.55-0.64); P<0.0001 0.82 (0.77-0.87); P<0.0001
MO-Wz 0.59 (0.55-0.63); P<0.0001 0.58 (0.54-0.63); P=0.0003 0.61 (0.53-0.68); P=0.0040

T, no sepsis patients; ¥, sepsis patients; ¥, shock septic patients. NS, no sepsis; SE, sepsis; SS, septic shock. The full name of parameters
are described in Table 1.

Table 5 Spearman’s correlation of cell population data (CPD) parameters respect to the Sequential Organ Failure Assessment (SOFA) score in
different classes of patients admitted to the intensive care unit (ICU) with or without liver impairment

Spearman correlation (rs) (95% Cl)

Classes patients

NE-SFL vs. SOFA score MO-X vs. SOFA score LY-Y vs. SOFA score

ICU patients 0.27 (0.20 to 1.00); P<0.0001  0.15 (0.08 to 1.00); P<0.0001 ~0.25 (~1.00 to —0.18); P<0.0001

ICU patients with liver impairment 0.30 (0.16 to 1.00); P<0.0001 0.35 (0.20 to 1.00); P<0.0001 0.27 (0.12 to 1.00); P=0.0014

ICU patients without liver

) . 0.19 (0.116 to 1.00); P<0.0001  0.035 (-0.060 to 0.130); P=0.4658 -0.37 (-1.00 to —0.30); P<0.0001
impairment

ICU patients with septic or septic

Shook 0.40 (0.31 to 1.00); P<0.0001

0.35 (0.25 to 1.00); P<0.0001 —0.39 (-1.00 to —0.28); P<0.0001

NE-SFL, neutrophils fluorescence intensity; MO-X, monocytes cells complexity, LY-Y, lymphocytes fluorescence intensity.
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and accurate diagnosis of sepsis, the identification and
prognostication of this condition still challenges the
mind of many clinicians (3). As for biomarkers of other
human disorders (18), the various biochemical parameters
that have been proposed so far are characterized by a
number of limitations, including an insufficient diagnostic
performance, high cost and even a longer turnaround time
that would make them unsuitable for urgent management
of patients in the ICU. Therefore, the use of innovative,
easy and virtually inexpensive parameters represents an
appealing perspective for improving the clinical outcome in
septic patients.

The results of our study first show that patients admitted
to the ICU without a diagnosis of sepsis display rather
different values of all CPD parameters compared to a healthy
control population. A notable exception was represented
by NE-FSC and LY-Z, since the value distribution of these
parameters exhibits a large dispersion a consistent overlap
with healthy subjects (Tzbles 2,3). Another interesting finding
emerged from our study, is that the presence or absence of
liver impairment in ICU patients has a considerable influence
on the vast majority of CPD parameters. Nevertheless, an
interesting trend was observed for the parameters NE-SFL
and MO-X, wherein their values were found to be gradually
increased by comparing NS patients with both the SE and SS
populations (Zables 2,3). Interestingly, although these findings
are substantially in accord with data previously published by
Park ez al. (15), the diagnostic performance obtained in our
study appeared to be much better than those earlier shown
(Tables 2-4). Indeed, the main difference with the previous
study is attributable to the fact that we used a different
approach for ROC curve analysis, wherein the reference
population for estimating the diagnostic performance of
CPD in our investigation was represented by a population of
ICU patients without sepsis rather than a healthy population.
According to a genuine clinical perspective, this strategy
seems hence to more closely mirror the everyday challenge of
diagnosing sepsis in the ICU.

At variance with previous studies, we also evaluated the
clinical significance of CPD parameters in ICU patients
with or without liver dysfunction. Interestingly, both LY and
MO data displayed peculiar trends in ICU patients without
or with liver impairment (7ubles 2-4), exhibiting diagnostic
performances that were rather different in each of these
two populations (Zable 4). Such trend could be explained by
the different inflammatory response in hepatopathic septic
patients, as currently reported in the scientific literature (19).
Taken together, this data highlights the need of additional

© Annals of Translational Medicine. All rights reserved.
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research aimed to verify the diagnostic performance of all
quantitative and qualitative leukocyte parameters in septic
patients according to the presence or absence of liver
dysfunction, wherein this condition may have a remarkable
influence on leukocyte biology (e.g., by impairing
production, survivor or both) (20).

An additional important information emerging from
this study is that the convincing association between some
CPD parameters (i.e., NE-SFL and MO-X) and the SOFA
score discloses a potential and interesting application for
prognostication of septic patients in the ICU, since these
indices would apparently reflect a clinical worsening.
Interestingly, NE-SFL displayed similar trends in both
patients with or without liver dysfunction, so that they
may be potentially used interchangeably for predicting
clinical worsening. On the other hand, data emerged with
measurement of LY-Y in the same patient population
suggest that this parameter should only be used when
a sub-classification according to the liver function is
available (Table 5). This paradigmatic trend may also be
explained by the different immune response that has been
convincingly demonstrated in patients with or without
liver impairment (21,22).

The results of this study suggest that some novel CPD
parameters generated by Sysmex XN-9000 (namely NE-
SFL and MO-X) may provide clinically useful information
for diagnosis and management of sepsis in the ICU.
Importantly, their diagnostic performance seems to be at
least in part related to the liver function of such patients, so
that their use should always take into consideration whether
liver dysfunction is present or not. It is also noteworthy that
CPD parameters are automatically generated along with
the CBC on Sysmex XN-9000, so that their measurement
would enable to obtain rapid and virtually inexpensive
information to the clinicians.
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