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Clinicopathological Relevance of Volume, Conductivity
and Scatter Parameters in Critically Ill Patients
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ABSTRACT
Introduction : VCS parameters are a part of research population data in automated hematology
analysers that are used to calculate differential count . The clinicopathological significance of these
parameters at different clinical settings still remain elusive. The purpose of this study was to explain
the predictive significance of VCS parameters in critical illness.
Aim and Objectives : To identify VCS parameters and their appropriate cut-off values that predict
critical illness, differentiate infectious from non-infectious patients and differentiate gram positive
from gram negative infections
Materials and Methods : A total of 556 critically ill patients and 517 controls were enrolled and
analysed retrospectively. Test group was subdivided based on primary diagnosis and culture
findings. A total of 24 VCS parameters analysed from Beckman LH 750 automated analyser were
retrieved for controls and test groups and compared. Similarly, comparison of bacterial infection
versus non infections and gram positive versus gram negative infections were done.
Results : VDW-neutrophils with a cut-off of ≥20.17 predicted critical illness with 86% sensitivity
and 70% specificity. MNV ≥137.45 highlighted critically ill patients with 83% sensitivity and 70%
specificity. VDW-neutrophils

≥ 22.24 and MMV ≥ 161.95 identified patients with bacterial

infections. SDW-neutrophils ≥10.72 differentiated patients with gram positive from gram negative
infections.
Conclusion : Clinicopathological uses of VCS parameters are multidimensional in predicting
critical illness, identifying infectious patients and in differentiating gram positive from gram
negative infections.
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INTRODUCTION:

C

omplete hemogram has become one of the
basic routine and an important laboratory
investigation perfomed irrespective of the
clinical presentation. The report not only provide
details about cellular parameters in blood, but it
also delivers clues regarding the patient's systemic

illness due to their relationship with blood cell's
morphology and function. In addition to the
diagnostic parameters, automated analysers also
provide certain research parameters which are
being studied recently. WBC Research population
data (RPD) are measured by VCS (volume,
conductivity, scatter) technology hence called VCS
parameters. When WBCs pass through the aperture
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between the electrodes it creates an impedence in
the circuit that in turn is converted into volume of
the cell which increases during cellular activation
and shift-to-left. Conductivity is measured using a
radio frequency probe that determines nuclear
shape, lobularity, density, and nuclear/cytoplasmic
ratio. Scatter is analysed by laser beam which
measures the cytoplasmic granularity of a cell.
Increase in size and number of granules increases
the mean scatter values. 1 All these three
technologies applied simultaneously to each cell
for nearly 8000 cells to determine differential count
of a given sample.2 Thus in terms of differential
count, VCS appear analogous to peripheral smear
examination but with increased accuracy, rapid
3

processing and very low interobserver variability.
Of the 24 VCS parameters, neutrophils were widely
studied about their relation with acute bacterial
infection. A few studies highlighted the utilization
of VCS lymphocytes and monocytes in dengue and
malaria patients. This study aims to seek the
clinicopathological utility of all VCS parameters in
different disease spectrum of critically ill patients.

years of age), 334 (61%,
>51years). Age
distribution in control group were 9 (2%,<20 yrs
age), 278 (54 %, 21-50 yrs of age) and 230 (44%,
>51 years). Case files of test groups were retrieved
from Medical records department (MRD) and
necessary clinical informations, culture reports and
primary clinical diagnosis were noted. From
Beckman LH750 automated hematology analyser
storage data, the VCS parameters obtained for test
and control groups were listed below. Cont 297220,
cas 354202, cont 9 278 230, cas 12 210 334
1.

Mean neutrophil volume (MNV)

2.

Volume distribution width (Std deviation) of
neutrophils (Neutrophil-VDW)

3.

Mean neutrophil conductivity (MNC)

4.

Conductivity distribution width of neutrophils
(Neutrophil-CDW)

5.

Mean neutrophil scatter (MNS)

6.

Scatter distribution width
(Neutrophil-SDW)

7.

Mean lymphocyte volume (MLV)

8.

Volume distribution width
(Lymphocytes-VDW)

9.

Mean lymphocyte conductivity (MLC)

MATERIALS AND METHODS :
The study was a retrospective analysis of 556
critically ill patients admitted in intensive care units
of a tertiary care hospital during a period of 6
months (Oct 2016-march 2017). A consecutive 517
people investigated in routine health check up
served as control group. Control group include
people who might have chronic disease but were
ambulant with no active disease or critical illness
during the period of study. Male-female ratio in
case group was 1.8 (Males:354, Females:202)
whereas in control group ratio was 1.35
(Males:297, Females 220). Age distribution in case
group were 12 ( 2%, <20yrs age), 210 (37%, 21-50

of lymphocytes

10. Conductivity distribution width
lymphocytes (Lymphocytes-CDW)

of

11. Mean lymphocyte scatter (MLS)
12. Scatter distribution width
(Lymphocytes-SDW)

of lymphocytes

13. Mean monocyte volume (MMV)
14. Volume distribution width (Std deviation) of
monocytes (Monocyte-VDW)
15. Mean monocyte conductivity (MMC)
16. Conductivity distribution width of Monocytes
(Monocyte-CDW)
17. Mean monocyte scatter(MMS)
18. Scatter distribution width

National Journal of Basic Medical Sciences | Volume 9 | Issue 1 | 2018
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of monocyte
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(Monocyte-SDW)
19. Mean eosinophil volume (MEV)
20. Volume distribution width of eosinophil
(Eosinophil -VDW)
21. Mean eosinophil conductivity (MEC)
22. Conductivity distribution width of eosinophil
(Eosinophil -CDW)
23. Mean eosinophil scatter (MES)
24. Scatter distribution width
(Eosinophil -SDW)

of eosinophil

With the clinical data obtained, test groups were
divided based on disease category and culture
findings. Primary diagnosis varied widely among
individuals, however three diseases with highest
sample load were selected which are coronary
artery disease, chronic kidney disease and diabetes
mellitus (Table:1). Based on culture findings, test
groups were categorized into infectious category
and non-infectious category. Cases with positive
blood culture report during the ICU stay were
categorized as “Infectious” and cases with negative
culture reports along with lack of clinical evidence
of infection were categorized as “Non infectious”
(Table:2). Blood culture positivity was noted in all
three disease categories (CAD, CKD and DM).
Table-1. Case distribution based on primary
diagnosis

Of the 170 cases positive for blood cultures, 133
cases were positive for gram negative bacteria and
37 were positive for gram positive bacteria. The
most common gram negative bacteria identified
was Klebsiella (46.6%) and the most common gram
positive bacteria was Staphylococcus aureus
(81%).Comparisons were made between controls
and test groups, CAD patients, CKD patients,
diabetic patients, bacterial infections, gram
positive, gram negative culture and non infectious
category. Comparison of the VCS parameters to
differentiate infectious versus non infectious, gram
positive versus gram negative were also performed.
Exclusion criteria :
1) Test groups without laboratory VCS data and
culture reports were excluded from the study
2) Control cases without laboratory VCS data and
those with critically abnormal hemogram values
were excluded from the study.
3) All pediatric patients (in test and control groups)
were excluded from the study
Statistical analysis:
Comparison of mean between the test and control
groups were done using student t test and
considered significant when p value is less than
0.05. To derive cut-off values receiver operating
characteristic analysis was performed.
OBSERVATION AND RESULTS :

Table-2. Case distribution based on culture
findings
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During the study period, WBC research population
data of 556 cases with critically illness were
compared with 517 people from control group. Of
556 patients, 170 were infectious and 386 were non
infectious patients.Of the infectious patients, 37
showed gram positive bacteria and 133 showed
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gram negative bacteria in their culture reports.
Based on the disease category, the three major
diseases evaluated were coronary artery disease
(CAD), chronic kidney disease (CKD) and diabetes
mellitus (DM).
Table-3. Comparison of VCS neutrophil
parameters in different different disease
categories against control

When VCS parameters of neutrophils were
analysed, except for mean neutrophil conductivity
in infections, all other neutrophil parameters
showed significant difference between control and
test groups and subgroups (Table : 3).

It was observed that scatter distribution width of
monocyte was significantly decreased in coronary
artery disease and in patients with gram positive
infections when compared with controls. Out of 37
gram positive cases, only two patients have
associated coronary artery disease which decreases
the influence of one disease over the other in
altering SDW of monocytes (Table :5).
Table 6.Comparison of VCS eosinophil
parameters in different disease categories
against control

Table 4.Comparison
of VCS lymphocyte
parameters in different disease categories
against control

All VCS parameters of lymphocytes showed
significant difference between controls and test
groups except mean lymphocyte scatter values in
CKD patients (Table: 4)
Table-5.Comparison of VCS monocyte
parameters in different disease categories
against control
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Eosinophils showed high variability in each
parameters among different categories. MEV and
MES showed significant decrease in all categories
when compared with controls. MEC showed
significant decrease only in diabetic patients. VDW
and SDW showed statistically significant decrease
in gram positive patients when compared with
controls.
While comparing infectious and non infectious
cases it was identified that of all the parameters,
only neutrophil-VDW and MMV showed
statistically significant difference (Table : 7). And
when the infectious case group was subdivided in
respect to culture status and compared, it was
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observed that SDW of neutrophils was
significantly higher for gram positive cases
(Mean:12.08) than gram negative individuals
(Table: 8).
Table-7. Comparison of infectious and noninfectious cases

From the cut-off points obtained it was observed
that mean scatter values of all WBC subtypes
showed high specificity in predicting critically ill
patients when compared to controls. High
sensitivity was shared by two neutrophil
parameters namely, volume distribution width of
neutrophils and mean neutrophil volume.
Comparison of infectious and non-infectious
patients showed increase in VDW-neutrophils and

Table-8.Comparison between gram positive and
gram negative cases

MMV with statistical significance (p-value for
VDW-Neutrophils 0.054 ; p-value for MMV
0.032). Cut-off values were developed for these
parameters with VDW-neutrophils ≥ 22.24 and
MMV ≥ 161.95 given a sensitivity of 72% and

Evaluation of sensitivity and specificity in
predicting critical illness.

67% respectively in detecting infectious patients.
To differentiate gram positive from gram negative
infections in critically ill patients, SDW-

The sensitivity and specificity of VCS parameters
in predicting critical illness were analysed at
designated cut-off points by ROC curve.Of 24
parameters, 8 parameters showed significant
difference between cases and control and also have
area under the curve more than 0.6. These eight
parameters were included in the analysis to
determine cut-off values. Parameters which
showed high sensitivity and specificity were listed
below (Table: 9).

regarding change in cell volume, nuclear

Table-9.Cut-off values to predict critical illness

composition and cytoplasmic granularity of WBC

neutrophils with cut-off values of ≥11.79% might
be used with a specificity of 84% and sensitivity of
51% (Table: 9)
Discussion
Being an analogue to peripheral smear
examination, VCS parameters provide datas

types in different clinical settings. Studies were
being carried out on VCS alteration mostly in
relation to infectious conditions like bacterial
infections, sepsis and malaria. Our study analysed
all VCS parameters and provided cut-off values
wherever the results are significant. The current
study has the highest case load compared to the
earlier studies done on VCS parameters and in
addition, all 24 parameters were analysed
simultaneously (Table: 10).
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Table 10. Comparison of sample size in current
study against previous
studies on VCS
parameters

Decrease in heterogeneity of monocyte
cytoplasmic granules were identified in coronary
artery disease and gram positive patients by
decreasing trend of SDW which suggested that no
increase in granule production of monocytes were
noted in response to both these conditions.
The results of eosinophils are highly variable

Except SDW-monocytes, SDW-eosinophils and
mean eosinophil scatter, the rest 21 parameters
were significant in differentiating critically ill
patients from healthy controls. Volume and scatter
parameters of neutrophils showed significant
difference in infectious conditions when compared
with controls which is similar to the studies

among the cases which might be due to low
eosinophil numbers in control samples. However,
MEC showed a remarkable decrease in diabetics
when compared with controls and other test groups.
Does MEC decrease and the tendency of
eosinophils to produce myeloperoxidase and alpha
defensins in diabetes have any direct correlation
11

4,5

needs to be analysed further. Mean scatter of all

performed by Chaves el al and Celik et al.

However
in contrast to those studies, the
neutrophil parameters were significantly altered in
non infectious patients as well. This implies that in
critically ill patients VCS neutrophil parameters
were deranged irrespective of infectious status due
9,10

to cytokine stimulation by the disease itself.
Cut-off value of ≥20.17 in VDW-neutrophils and
≥ 137.45 in MNV provided the high sensitivity
(VDW -86%, MNV 80%) and specificity (VDW
70%, MNV 70%) among all the parameters. This is
in comparison to studies perfomed by Chaves et al,
where MNV ≥ 145 provided 83% sensitivity and
54% specificity in predicting bacterial illness.4

the four WBC types showed a significant decrease
compared to controls which explains a possibility
of left shift in all critically ill patients irrespective of
etiology.
VDW-Neutrophils and MMV with cut-off values
≥ 22.24 and ≥ 161.95 will be used to distinguish
patients with bacterial infections from noninfectious patients. The results are in agreement to
earlier studies, where MMV was identified as an
12

earlier indicator of systemic infection.

Thus

VDW-neutrophils and MMV could serve as a rapid
and cost effective tool to identify patients with
bacterial infection for early management. SDW-

Lymphocyte and monocyte parameters have been

Neutrophils ≥ 10.72 differentiated gram positive

studied only in malaria patients where

from gram negative patients with a sensitivity of

heterogeneity in volume were identified. In our

62% and specificity of 50%. However exact

study, all six lymphocyte parameters have shown

mechanism is not known till date. This is in contrast

significant results in predicting critical illness

to an earlier study where high MNV and VDW-

irrespective of the disease type or status of

neutrophils were used to differentiate gram

infection. Increased MMV, MCV and decreased

negative from gram positive patients.5

MSV suggested a shift-to-left in critical illness.
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neutrophil VCS parameters in diagnosis and
treatment efficacy of neonatal sepsis.
Pediatric Research. 2012 ;71(1).

CONCLUSION :
Through our results, we conclude that VDWNeutrophils, MNV, MMV and SDW-Neutrophils
are potential cost-effective markers that could
predict critical illness, identify and subcategorise
bacterial infections. A combination of these
parameters could further increase the sensitivity
and specificity. With further works on selected
diseases, these parameters can also be used as a
prognostic marker with no extra cost or sampling.
The clinical importance of VCS in hematopoietic
neoplasms also needs to be studied which would be
a breakthrough in diagnostic hematology.
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