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Background: The need for rapid point-of-care (POC) diagnostics is now becoming more evident due to the in-
creasing need for timely results and improvement in healthcare service. With the recent COVID-19 pandemic out-
break, POC has become critical in managing the spread of disease. Applicable diagnostics should be readily de-
ployable, easy to use, portable, and accurate so that they fit mobile laboratories, pop-up treatment centers, field
hospitals, secluded wards within hospitals, or remote regions, and can be operated by staff with minimal training.
Complete blood count (CBC), however, has not been available at the POC in a simple-to-use device until recently.
The HemoScreen, which was recently cleared by the FDA for POC use, is a miniature, easy-to-use instrument that
uses disposable cartridges and may fill this gap.

Content: The HemoScreen's analysis method, in contrast to standard laboratory analyzers, is based on machine
vision (image-based analysis) and artificial intelligence (Al). We discuss the different methods currently used and
compare their results to the vision-based one. The HemoScreen is found to correlate well to laser and impedance-
based methods while emphasis is given to mean cell volume (MCV), mean cell hemoglobin (MCH), and platelets
(PLT) that demonstrate better correlation when the vision-based method is compared to itself due to the essential
differences between the underlying technologies.

Summary: The HemoScreen analyzer demonstrates lab equivalent performance, tested at different clinical
settings and sample characteristics, and might outperform standard techniques in the presence of certain inter-
ferences. This new approach to hematology testing has great potential to improve quality of care in a variety of
settings.

BACKGROUND

POC testing is becoming more common, popu-
lar, and accepted due to increasing need for
more timely results, i.e, better turnaround time
(TAT), improvement in healthcare services, and

overcrowding in areas such as the emergency de-
partment. Advances in technology play a major
role in meeting these needs (4-6). Complex tests
that were performed only in clinical laboratories a
decade ago are now becoming available at the
POC. Some prominent examples include molecu-

mitigating delays in treatment and reducing lar diagnostics, e.g., Cepheid Xpert for rapid
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A true POC hematology platform has been widely recognized as an unmet need and more so with re-

cent outbreak of COVID-19 pandemic where CBC is extensively used to monitor disease progression and

manage its treatment. The CBC, among other markers, is extensively used to manage COVID-19 patients

disease progression and clinical decision-making such as transfer to an intensive care unit (ICU), intubation,

and antibiotics regime (1-3). HemoScreen is the first established and FDA-cleared hematology analyzer in-

tegrating flow cytometry and digital imaging in a single platform. In spite of the essential differences be-

tween methods, the HemoScreen demonstrates laboratory equivalent performance, and has the potential

to improve workflow and provide timely results for efficient clinical decision-making in clinical settings, such

as primary care, oncology, ICUs, operating rooms (OR), and emergency departments (ED).

identification of specific bacteria, Cobas LIAT, and
the Alere i Influenza, which provide rapid PCR for
influenza virus detection and for comprehensive
chemistry testing, e.g., the Abaxis Picolo. These
tests and many others have received a CLIA
waiver, which is a testimonial to development of
systems that are easy to use, have laboratory-
quality clinical performance, and are robust
enough for POC use.

An unmet area of need is the complete blood
count (CBC) with a 5-part white blood cell (WBC)
differential (diff), which is the most frequently or-
dered blood test in clinical pathology (7). Although
the CBC is a standard of care for use in diagnosis,
monitoring, and guiding treatment of a diverse va-
riety of disorders, the test has been essentially
confined to laboratory settings. Benchtop hema-
tology analyzers designed for POC operation have
a rather large footprint, require substantial main-
tenance, and frequent calibration procedures that
must be performed by trained laboratory person-
nel. Furthermore, due to the more basic technol-
ogy employed by benchtop analyzers, they are
less adept in coping with pathological samples
and raise more flags indicating further review is
required.

Availability of a small (i.e, half the size of a
toaster), easy-to-use CBC analyzer with WBC 5-
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part differential would shorten TAT and likely ben-
efit patients in ICUs, Operating Rooms (OR), and
Emergency Departments (ED) (8). In the ICU and
OR, hemorrhage is a major concern that is con-
trolled, apart from surgical procedures, by transfu-
sion of Dblood constituents. Transfusion
management is based, in part, on a combination
of hematocrit (HCT), hemoglobin (HGB), red blood
cell (RBC), and platelet (PLT) counts, yet total labo-
ratory TAT is in most cases 60 minutes or more.
Thus, treatment is frequently administered based
on hemoglobin values only (9-11). Immediate CBC
results would substantially improve transfusion
management and allow better use of blood
resources (12). Another example of a healthcare
setting that would substantially benefit from
decentralized CBC testing is oncology outpatient
clinics. These are centers where patients are ad-
ministered treatments such as chemotherapy and
where patients in remission are monitored. Here
patients must be tested for neutropenia (usually
absolute neutrophil count, WBC, RBC, and PLT are
reviewed) prior to administering treatment to en-
sure its safety as well as adjusting dosage (13). In
most cases, the patient's wait time is largely due
to having their blood tested in a central labora-
tory. This prolongs their clinic stay and delays
treatment in the clinic (14, 15). Immediate CBC



with 5-part differential would improve workflow,
use of resources such as the pharmacy, and, most
importantly, patient experience (8, 16).

There have been several attempts to develop
miniature simple-to-use analyzers that would fit
the POC setting and standard operator profile in-
cluding the Chempaqg XBC, Ativa, Spinlt, HemoCue
WBC, and QBC Star. However, the development
has either been abolished or ended with instru-
ments that only provide a subset of the CBC
parameters. None have received a CLIA waiver,
with the exception of the Sysmex XW, which has
an intended use that is limited to normal individu-
als. The reasons that the CBC is missing from the
large variety of POC tests lie in the complexity of
this test. First, it is a cellular based measurement
in which several types of cell need to be differenti-
ated based on nuances in their size and morphol-
ogy. Moreover, cell maturity and staining vary
between blood samples; as cells mature their ap-
pearance changes, creating a continuous spec-
trum of characteristics in a single sample for the
same type of cell. Further, a major concern in ana-
lytical hematology is interference; a variety of
interferences  affect different measurement
parameters depending on the underlying tech-
nique. For example, preanalytical errors such as
hemolysis and platelet clumps may cause laser or
impedance-based techniques to confound debris/
clumps with other cells. Other known interfer-
ences include cold agglutination, microcytosis, bili-
rubin, nucleated RBC, high lipid content, etc.; all of
which arise from limitations in the measurement
method (17, 18).

To overcome these challenges, imaging-based
analysis has been introduced that reduces sus-
ceptibility to interferences and improves quality
control on the measurement by extracting far
more information from individual cells compared
to traditional techniques. This information is then
used to differentiate between cell types and sub-
types as well as detect preanalytical and analytical
errors. The first digital analysis system was the
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Cydac scanning microscope system (Cydac) that
was developed more than 50years ago (19). The
major limitation of this technology is that it was
too slow and proved to be inferior to manual mi-
croscopy examinations. Since then, dramatic
advances in machine vision and machine learning
(Al) have disrupted many fields, from facial recog-
nition and autonomous cars, to FDA-cleared
breast cancer diagnostics (QuantX), and measure-
ment of coronary artery calcification (Zebra
Medical).

Similar technology is being applied to classifica-
tion and enumeration of blood cells by emerging
products like the Spinlt (BioSurflt), OLO (SightDx),
and Athelas that capture images of stagnant cells.
These devices do not employ flow cytometry, a
well-established strategy in use since the 1960s
for characterizing and quantifying cells.

Leveraging the dynamic benefits from monitor-
ing the flow of cells through a measurement re-
gion, as is done in flow cytometry, has made a
breakthrough opportunity by offering superior
stability, repeatability, and accuracy and has be-
come the standard practice.

The HemoScreen is the first established and
FDA-cleared hematology analyzer for POC. Both
venous and capillary blood samples (K2EDTA anti-
coagulated) can be used and only 2 drops of
blood are required for testing. Its development
started in 2010 preceded by 4years of research
on microfluidics conducted at the Technion, Israel
Institute of Technology. The HemoScreen uses a
novel physical-chemical process, combined with
machine vision and Artificial Intelligence (Al),
designed for POC use. The HemoScreen is a small,
20-parameter CBC analyzer that uses single-use
cartridges. Each cartridge is comprised of a mea-
surement chamber, contains all necessary
reagents, and is factory calibrated.

Technology Overview

The HemoScreen incorporates 3 technological
innovations:
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Fig. 1. Standard hydrodynamic focusing technique (left) vs viscoelastic focusing (right). Hydrodynamic
focusing employs sheath fluid to “push” cells toward the center whereas viscoelastic focusing requires
no additional fluid or complex geometries, the cells migrate away from the walls toward the center.

1. Microfluidic viscoelastic focusing
2. Lab-on-a-Cartridge
3. Machine vision and Al

Viscoelastic focusing (VEF) is a unique physical
phenomenon that occurs in microfluidics with cer-
tain fluids (20). Briefly, during flow of a suspension
of particles (or cells) through a microfluidic cham-
ber, the particles are suspended in a non-
Newtonian fluid, migrate toward the center of flow
and do not follow the streamlines as would par-
ticles in a Newtonian fluid. This phenomenon is
termed lateral migration and it causes particles to
sharply focus at the center of flow until reaching
a steady state (20) (see Fig. 1). In a sense, a similar
phenomenon occurs in  vivo where blood
cells concentrate at the center of small blood ves-
sels due to the Fahraeus-Lindgvist effect (21).
Focusing of cells is critical in flow cytometry and is
attained using the traditional hydrodynamic focus-
ing technique. Hydrodynamic focusing requires
complex geometries, constant flow of sheath fluid
(saline), and is sensitive to changes in flow rates
and clogging. On the other hand, VEF is simple, ro-
bust, and requires no sheath fluid thus using 20-
fold less reagent than sheath-based methods. The
HemoScreen cartridge uses VEF to induce a single
cell layer that can subsequently be analyzed, and
this is the key to its simple design.
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The HemoScreen cartridge is comprised of
sealed reagent chambers, valves, and a microflui-
dic measurement chamber (see Fig. 1 in the on-
line Data Supplement). lts function is to
automatically prepare the sample for analysis by
replicating a laboratory protocol. This protocol
includes accurate sampling of blood, infusion of
blood into first reagent and mixing it with a sec-
ond reagent, and then actuating flow of the result-
ing suspension into the analysis microfluidic
chamber. The cartridge prepares 2 blood samples
in parallel, one for absolute count and hemoglo-
bin, and one for WBC differentials, by performing
several operations sequentially in each measure-
ment. The use of a disposable reagent cartridge
ensures that the reader does not come in contact
with the sample or reagents, which makes it virtu-
ally maintenance free and less complex.

For analysis, the technology uses machine vision
(digital image processing and analysis), rather
than conventional laser scattering or impedance
measurements. In this way, thousands of images
of the flowing cells are analyzed on-the-fly while
each cell's morphological and staining properties
are inspected in what is a basically a “flowing
blood smear.” Hundreds of features are extracted
from each cell and these serve for classifying cells
by the Al algorithms. Machine vision offers advan-
tages over the indirect measurements. The high
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resolution and high number of measurements en-
able differentiation between subtypes of cell as
well as enumeration of abnormal cells. Moreover,
machine vision facilitates detection of a variety of
interferences and potential failures, thereby pre-
venting a display of erroneous results. In each
measurement, hundreds of thousands of RBCs
and thousands of WBCs are counted.

Inherent Variance of the Measurement
Techniques

Apart from classifying and enumerating cells,
the HemoScreen employs a different technique
for measuring mean cell hemoglobin (MCH), mean
cell volume (MCV), and mean platelet volume
(MPV). The MCV and MPV are directly measured
from the geometry of the cell captured in the im-
age. In contrast, electric impedance-based ana-
lyzers such as the Sysmex XN and Beckman DXH
assess the cell volume through its correlation to
electric properties, while laser scattering-based
methods assess the cell volume from the diffrac-
tion of light through the cell (22). All 3 methods
correlate well, yet there is an inherent sample-
dependent difference between them, as they do
not measure the exact same property. HCT is cal-
culated from the RBC and MCV and thus the same
variance is seen between the methods (see Fig. 2).

MCH is also measured differently in the
HemoScreen; it is measured per individual cell im-
age by testing the absorption by the cell at several
wavelengths. In most analyzers, the MCH is calcu-
lated from the RBC and HGB, where HGB concen-
tration is measured spectrophotometrically in a
suspension of hemolyzed blood. The MCH has no
reference method and this is the first time, to our
knowledge, that it is being measured directly and
thus, some variability between methods exists.

The present paper surveys several studies that
were done in an operating room, intensive care,
emergency department, and oncology clinic to
demonstrate the clinical benefits and consistent
performance of the HemoScreen. The manuscript

also discusses the differences in underlying mea-
surement techniques, their effect on results, and
clinical significance.

Content

Measurement of MCV is fundamentally different
in the HemoScreen and although methods corre-
late well there is some sample-dependent vari-
ance between them. This can be seen in Fig. 3, A
in which MCV measured by the HemoScreen is
compared to either MCV measured by the Sysmex
XN or to another HemoScreen instrument. When
2 different methods are compared, the bias may
be very small yet the regression MAPE (mean ab-
solute percentage error) is significantly higher:
2.54% and 0.51% for HemoScreen vs Sysmex XN
and HemoScreen vs HemoScreen, respectively
(see Fig. 3, A). As each method has a relatively low
imprecision [0.6% for HemoScreen and Sysmex
XN, normal level control (23, 24)], the variance can
only be explained by the inherent difference be-
tween them.

The same increase in MAPE is seen in MCH:
2.3% and 0.95% for HemoScreen vs Sysmex XN
and HemoScreen vs HemoScreen, respectively
(see Fig. 3, B). Here again, the imprecision of each
method is very low [1.4% and 0.89% for
HemoScreen and Sysmex XN, respectively, normal
level control (23, 24)] and therefore the increased
error originates from the difference in analysis
methods. It should be noted that if some level of
hemolysis is present in a sample, the HGB mea-
sured by a spectrophotometric method would not
change but the calculated MCH would decrease.
In the HemoScreen, as the MCH is measured di-
rectly, hemolysis would not affect its measure-
ment and this might explain some of variation
between methods. Moreover, the HemoScreen
detects the level of hemoalysis by identifying eryth-
rocytes’ membranes or fragments and can still
provide accurate results to a certain level of he-
molysis above which results are not shown.
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Reference method (Spun HCT)

The sample is centrifuged and the
ratio of packed cells’ volume to
whole blood volume is calculated

HCTwer= X/(X+Y) XY - lengths

Result depends on cell volume
distribution and not only on
distribution mean.

Sysmex XN

Direct Current, electric pulse:

cell volume is measured based
on electric impedance divided
by estimated serum volume.

MCVXN= kz?ﬂ%
P — pulse height
n — number of cells
k — empiric factor
HCTxn= kZfL, 2

v — est. volume

Indirect measurement, depends
on cell electric properties and
other factors

HemoScreen

Cell volume is directly
measurement from image. HCT is
attained from MCV and RBC
product

MCVus= X1, %
V — cell volume
n — number of cells

HCTus =MCVus*RBC

®
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Direct measurement of MCV
from image. HCT is based on the
actual volume of cells without

empty spaces in between cells

Fig. 2. MCV and HCT measurement methods.

As HGB and HCT are calculated from MCH and
MCV, respectively, they would also show a larger
random error when compared to a different
method. For these parameters, however, the im-
precision in RBC contributes more to the variance
than the difference between methods.

These differences do not necessarily imply that
one method is more accurate than the other but
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rather that they measure slightly different cell
properties. These properties correlate well but
may be affected by different interferences. For ex-
ample, the reference method for HCT is microhe-
matocrit in which the packed cell volume is
measured versus the whole blood volume.
Modern hematology analyzers measure the net
cell volume divided by whole blood rather than
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packed cell volume (as shown in Fig. 2, column 1).
The difference between the microhematocrit and
net volume measurements will depend on the
RBC volume distribution of the sample.

Another example is platelet count. The current
reference method is a manual phase contrast mi-
croscope chamber count that exhibits a high in-
ter-operator imprecision on the order of 10-25%
(25-27). Impedance counters, on the other hand,
exhibit good precision yet are prone to interfer-
ence from non-platelet particulate matter and
cannot adequately resolve small RBCs or RBC
fragments from normal platelets and normal-
sized RBCs from large platelets (27, 28). Due to re-
cent trends toward lower platelet count levels for
platelet transfusions (less than 20 x 10% /uL), it is
more important to re-evaluate the reference
method as well as other standard methods. The
ISLH is actually working toward replacing the ref-
erence method with a more accurate method that
includes flow cytometry and labeling of the plate-
lets with a specific monoclonal antibody (FITC).

Both examples given above demonstrate how
one method could correlate very well to itself yet
exhibit larger sample-dependent variation when
compared to another method. For example, the
existence of small RBC or fragments would affect
the impedance method in the same way (i.e., re-
producibility may be very good), yet correlation to
the HemoScreen will be compromised as imaging
distinguishes between cell fragments and whole
cells and is not affected by such interference.

Figure 3, C shows platelet count measured by
the Sysmex XN and HemoScreen versus the
HemoScreen. Here the MAPE is 10.7% and 4.9%
for the Sysmex XN and HemoScreen, respectively,
demonstrating a marked improvement when
comparing the same method. The deviation may
be explained by platelet clumps or RBC fragments,
which either adds or subtracts from the XN
impedance-based count because it cannot clearly
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differentiate between fragments and platelets or
between clumps and other cells. In contrast, the
imaging-based analysis can easily differentiate be-
tween clumps, fragments, platelets, and other
cells based on their colors and shape, which are
not available to the other methods. As with the
MCH and MCV, if a sample with fragments would
be analyzed by 2 instruments employing the same
method (impedance or laser) it would yield the
same result with high precision and accuracy but
it may not exactly reflect the actual platelet count.

When the first flow cytometers were developed,
correlation was demonstrated to the reference
method, yet as they evolved and improved it
made sense to compare each new version to its
predecessor that used the same measurement
technique. Naturally, each method continued to
evolve in parallel to the others. Another example
where a new method performance surpasses the
reference method and gradually becomes the ref-
erence method is leukocyte differential. The gold
standard for the differential is a manual micro-
scopic inspection of a stained blood film. Yet a
manual count is subjective to technician, is based
on a few hundreds of cells, and is thus prone to
sampling and reading error. Modern hematology
analyzers count thousands of leukocytes and are
significantly more precise in counting normal WBC
than manual smears. As a consequence, auto-
mated counters are gradually becoming the com-
parative method for WBC differential in clinical
studies.

In essence, the HemoScreen represents a dif-
ferent way to enumerate cells and measure their
properties. The differences in MCV and MCH
measurements are the most obvious; however,
the identification of erythrocytes, platelets, and
different WBC is also different. In contrast to gat-
ing cells with similar scattering/fluorescent/electric
characteristics, the HemoScreen processes the
image of the cell and calculates numerous
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Table 1. Correlation coefficients for RBC, MCV, HCT, MCH, HGB, and PLT obtained from comparisons
done for the HemoScreen vs Sysmex XN, Abbott CellDyn, and Siemens Advia at different clinical

settings.
Comparative Sample
Clinical setting method size (n)
Primary Care, Gimo Primary Sysmex XN 160
Care Health Center, county
of Uppsala, Sweden
Emergency Department, CellDyn 150
Norrképing and Linkoping, Sapphire
Region Ostergdtland
Sweden
Operating Room, University of Sysmex XN 145
Uppsala, Uppsala, Sweden
ICU (cardiothoracic, neuro and Sysmex XN 104
general ICU), University of
Uppsala, Uppsala, Sweden
Unilabs AB, Sweden Advia 2120i 139

RBC Mcv HCT MCH HGB PLT
(n n (n (n (n (n

0.969 0.927 0.950 0.927 0.963 0.983

0.994 0.965 0.987 0.935 0.983 0.987

0.986 0.935 0.960 0.934 0.971 0.983

0.993 0.938 0.981 0.944 0.980 0.994

0.984 0.958 0.973 0.943 0.980 0.980

mathematical expressions representing morpho-
logical and staining characteristics. Machine learn-
ing algorithms identify the cell by matching these
characteristics to prior “knowledge”. It is thus clear
that differences between methods in cell classifi-
cation are also expected and that these will be
more pronounced in cell types that differ only by
small nuances such as giant platelets, microcytic
erythrocytes, immature granulocytes, etc.

To demonstrate that the HemoScreen's new
analysis method is accurate and precise in real
time operation across a variety of blood samples,
several clinical studies have been performed in
different settings using different comparator
methods (12, 29). Deidentified venous whole
blood samples were used in all studies. Deming
linear regression analyses was employed and the
correlation coefficients (r) for the discussed
parameters obtained in several studies, using dif-
ferent comperator methods, are presented in
Table 1.

In Linkoping (Akutkliniken, Universitetssjukhuset
i Linkdping, Sweden) and Norrképing (Vrinnevisju-
khuset i Norrkodping, Norrképing, Sweden) venous
whole blood samples from the ED were tested on

the HemoScreen and on the Abbott CellDyn
Sapphire. Comparison between the 2 instruments
was done using 150 results for complete blood
count parameters (CBC) and in total 195 results
for the 5-part differential count. The CellDyn uses
MAPSS™ technology, which is based on multi-an-
gle scattering and fluorescence. For platelet count,
it uses dual angle scattering, and, to minimize in-
terference from small erythrocytes and fragments,
it employs an impedance-based confirmatory
mechanism. In cases where a more accurate enu-
meration is required with less interference, a
CD61-immunoplatelet analysis can be performed.
The hemoglobin is measured using spectrophoto-
metric absorption and the MCV using impedance
(30). The mean TAT for the HemoScreen, including
sample collection and testing, was 8 minutes com-
pared to 33 minutes with the CellDyn Sapphire.

In UniLabs AB, Eskilstuna, Sweden, the
HemoScreen was compared to Siemens Advia
2120i using a mixture of patient samples from dif-
ferent settings including oncology, intensive care,
emergency department, and primary care.
Comparison between the 2 instruments was done
using 139 results for the CBC parameters and in
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total 89 results for a 5-part differential count. The
Advia measures all parameters, including platelets,
MCH, and MCV, by light scattering and hemoglo-
bin is calculated (31).

At the Gimo Health Center, Uppsala, Sweden,
160 samples were obtained from patients in the
primary care. At Uppsala university hospital,
Sweden, 145 samples from the OR and 104 sam-
ples from the ICU were tested on the HemoScreen.
The results obtained from the HemoScreen in the
primary care, OR, and ICU were compared to
results obtained by the Sysmex XN. The Sysmex XN
employs a sheath-focused impedance-based
method (DC electric pulse) to enumerate RBC and
platelets as well as MCV. A more accurate platelet
count may be achieved using a PLT dedicated fluo-
rescence channel. The hemoglobin is measured us-
ing spectrophotometric absorption after reacting
the sample with sodium lauryl sulfate, which is sup-
posed to minimize turbidity interference.

As seen in Table 1, a high level of correlation
was demonstrated for RBC and its indices, as well
as for PLT, in all studies. Mean relative bias for the
HemoScreen versus the Sysmex ranged from 0.08
to —4.2%. Bland-Altman plots of the comparison
with  the Sysmex XN are presented in
Supplemental Fig. 2. High correlation and agree-
ment were also demonstrated for WBC and the 5-
differentials parameters (data not shown).

SUMMARY

In spite of the essential differences between
methods, excellent correlation was observed be-
tween the HemoScreen and the other technolo-
gies in highly heterogenous sample populations.
Nonetheless, the HemoScreen demonstrated a
better correlation when compared to itself in
parameters such as MCH, MCV, PLT, and HGB
than when compared to a different measurement
method.

The HemoScreen's performance was not com-
promised in the presence of abnormal cells, such
as nucleated RBCs, immature granulocytes, atypi-
cal lymphocytes, or blasts, in samples obtained
from the oncology clinic. The HemoScreen gener-
ates equivalent results to central laboratory
instruments while shortening the TAT significantly.
This new approach to hematology testing allows
for simplifying instrumentation and miniaturiza-
tion, and thereby has the potential to improve
workflow, and, in some cases, patient outcome, in
a variety of settings.

SUPPLEMENTAL MATERIAL

Supplemental material is available at The journal
of Applied Laboratory Medicine online.

Author Contributions: All authors confirmed they have contributed to the intellectual content of this paper and have met the follow-
ing 4 requirements: (a) significant contributions to the conception and design, acquisition of data, or analysis and interpretation of
data; (b) drafting or revising the article for intellectual content; (c) final approval of the published article; and (d) agreement to be ac-
countable for all aspects of the article thus ensuring that questions related to the accuracy or integrity of any part of the article are ap-
propriately investigated and resolved.

A. Bransky, preparation of manuscript administrative support; A. Larsson, provision of study material or patients; E. Aardal, sta-
tistical analysis, provision of study material or patients; Y. Ben-Yosef, preparation of manuscript, administrative support.

Authors’ Disclosures or Potential Conflicts of Interest: Upon manuscript submission, all authors completed the author disclosure
form. Disclosures and/or potential conflicts of interest: Employment or Leadership: R.H. Christenson, The Journal of Applied
Laboratory Medicine, AACC. Consultant or Advisory Role: None declared. Stock Ownership: None declared. Honoraria: None
declared. Research Funding: None declared. Expert Testimony: None declared. Patents: None declared.

Role of Sponsor: No sponsor was declared.

10 JALM | 1-11 | 00:0 | 2020


https://academic.oup.com/jalmarticle-lookup/doi/10.1093/jalm/jfaa186#supplementary-data
https://academic.oup.com/jalmarticle-lookup/doi/10.1093/jalm/jfaa186#supplementary-data

A Novel Approach to Hematology Testing at the Point of Care

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al.
Dysregulation of immune response in patients with
COVID-19 in Wuhan, China. Clin Infect Dis 2020;71:762-8.
https://academic.oup.com/cid/advance-article/doi/10.
1093/cid/ciaa248/5803306.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical
characteristics of 138 hospitalized patients with 2019
novel coronavirus-infected pneumonia in Wuhan, China.
JAMA 2020;323:1061-9.

ZhangJ, Zhou L, Yang Y, Peng W, Wang W, Chen X.
Therapeutic and triage strategies for 2019 novel
coronavirus disease in fever clinics. Lancet Respir Med
2020;8:e11-2-e12.

Lewandrowski EL, Lewandrowski K. Implementing point-of-
care testing to improve outcomes. ] Hosp Adm 2013;2:125.
Lee-Lewandrowski E, Lewandrowski K. Perspectives on
cost and outcomes for point-of-care testing. Clin Lab
Med 2009;29:479-89.

Lee-Lewandrowski E, Corboy D, Lewandrowski K, Sinclair
J, McDermot S, Benzer Tl. Implementation of a point-of-
care satellite laboratory in the emergency department of
an academic medical center. Impact on test turnaround
time and patient emergency department length of stay.
Arch Pathol Lab Med 2003;127:456-60.

Find A Lab Test. Top 10 Blood Tests Ordered by Doctors.
Find Lab Tests Online. [cited 2020 Mar 3]. https://www.
findlabtest.com/article/top-10-blood-tests-ordered-by-
doctors/

Larsson A, Greig-Pylypczuk R, Huisman A. The state of
point-of-care testing: a European perspective. Ups | Med
Sci 2015;120:1-10.

Liumbruno G, Bennardello F, Lattanzio A, Piccoli P,
Rossetti G. Recommendations for the transfusion of red
blood cells. Blood Transfus 2009;7:49-64.

Blumberg N, Heal JM, Phillips GL. Platelet transfusions:

trigger, dose, benefits, and risks. F1000 Med Rep 2010; 2:

1-5. https://www.ncbi.nlm.nih.gov/pmc/articles/
PM(C2874899/ [Mismatch ]

Agnihotri N, Agnihotri A. Turnaround time for red blood
cell transfusion in the hospitalized patient: a single-
center “Blood Ordering, Requisitioning, Blood Bank, Issue
(of Blood), and Transfusion Delay” Study. Indian J Crit
Care Med 2018;22:825-30.

Larsson A, Smekal D, Lipcsey M. Rapid testing of red
blood cells, white blood cells and platelets in intensive
care patients using the HemoScreen™ point-of-care
analyzer. Platelets 2019;30:1013-6.

Lustberg MB. Management of neutropenia in cancer
patients. Clin Adv Hematol Oncol 2012;10:825-6.

Gjolaj LN, Gari GA, Olier-Pino Al, Garcia JD, Fernandez GL.
Decreasing laboratory turnaround time and patient wait
time by implementing process improvement
methodologies in an outpatient oncology infusion unit. J
Oncol Pract 2014;10:380-2.

Kallen MA, Terrell JA, Lewis-Patterson P, Hwang JP. Improving
wait time for chemotherapy in an outpatient clinic at a
comprehensive cancer center. J Oncol Pract 2012;8:e1-7-e7.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Rao LV, Ekberg BA, Connor D, Jakubiak F, Vallaro GM,
Snyder M. Evaluation of a new point of care automated
complete blood count (CBC) analyzer in various clinical
settings. Clin Chim Acta 2008;389:120-5.

Boulassel M-R, Al-Farsi R, Al-Hashmi S, Al-Riyami H, Khan
H, Al-Kindi S. Accuracy of platelet counting by optical and
impedance methods in patients with thrombocytopaenia
and microcytosis. Sultan Qaboos Univ Med J2015;15:
e463-8-e468.

Szoke D, Braga F, Valente C, Panteghini M. Hemoglobin,
bilirubin, and lipid interference on Roche Cobas 6000
assays. Clin Chim Acta 2012;413:339-41. Author reply
342-343.

Prewitt J]M, Mendelsohn ML. The analysis of cell images.
Ann N Y Acad Sci 2006;128:1035-53.

Leshansky AM, Bransky A, Korin N, Dinnar U. Tunable
nonlinear viscoelastic “focusing” in a microfluidic device.
Phys Rev Lett 2007;98: 234501-1 - 234501-4.

Fahrzeus R, Lindgvist T. The viscosity of the blood in
narrow capillary tubes. Am J Physiol Legacy Content
1931,96:562-8.

Tan BT, Nava AJ, George TI. Evaluation of the Beckman
Coulter UniCel DxH 800, Beckman Coulter LH 780, and
Abbott Diagnostics Cell-Dyn Sapphire hematology
analyzers on adult specimens in a tertiary care hospital.
Am | Clin Pathol 2011;135:939-51.

FDA. 510(k) SUMMARY, K180020. Available from: http://
www.accessdata.fda.gov/cdrh_docs/pdf18/K180020.pdf/
(Accessed April 2020).

FDA. Sysmex XN 510(K), k112605. Available from: https://
www.accessdata.fda.gov/cdrh_docs/reviews/K112605.pdf
(Accessed April 2020).

Harrison P, Ault KA, Chapman S, Charie L, Davis B,
Fujimoto K, et al. An interlaboratory study of a candidate
reference method for platelet counting. Am J Clin Pathol
2001;115:448-59.

Harrison P, Horton A, Grant D, Briggs C, MacHin S.
Immunoplatelet counting: a proposed new reference
procedure. Br ] Haematol 2000;108:228-35.

Davis B. Indirect immunoplatelet counting by flow
cytometry as a reference method for platelet count
calibration. Lab Hematol 1999;5:15-21.

Hammerstregm J. Spurious platelet counts in acute
leukaemia with DIC due to cell fragmentation. Clin Lab
Haematol 2008;14:239-43.

Larsson A, Carlsson L, Karlsson B, Lipcsey M. Rapid
testing of red blood cell parameters in primary care
patients using HemoScreen™ point of care instrument.
BMC Fam Pract 2019;20:77.

Abbott Core Laboratory. CELL-DYN Sapphire hematology
analyzer. [cited 2020 Apr 8]. Available from: https://www.
corelaboratory.abbott/int/en/offerings/brands/cell-dyn/
cell-dyn-sapphire (Accessed April 2020).

31. Harris N, Jou JM, Devoto G, Lotz J, Pappas J, Wranovics D,
et al. Performance evaluation of the ADVIA 2120
hematology analyzer: an international multicenter clinical
trial. Lab Hematol 2005;11:62-70.

2020 | 00:0 | 1-11 | JALM 11


https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa248/5803306
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa248/5803306
https://www.findlabtest.com/article/top-10-blood-tests-ordered-by-doctors/
https://www.findlabtest.com/article/top-10-blood-tests-ordered-by-doctors/
https://www.findlabtest.com/article/top-10-blood-tests-ordered-by-doctors/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2874899/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2874899/
http://www.accessdata.fda.gov/cdrh_docs/pdf18/K180020.pdf/
http://www.accessdata.fda.gov/cdrh_docs/pdf18/K180020.pdf/
https://www.accessdata.fda.gov/cdrh_docs/reviews/K112605.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/K112605.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/K112605.pdf
https://www.corelaboratory.abbott/int/en/offerings/brands/cell-dyn/cell-dyn-sapphire
https://www.corelaboratory.abbott/int/en/offerings/brands/cell-dyn/cell-dyn-sapphire
https://www.corelaboratory.abbott/int/en/offerings/brands/cell-dyn/cell-dyn-sapphire



