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1  |  INTRODUC TION

Impedance technology has previously been demonstrated to over-
estimate platelet (PLT) count in samples with microcytosis.1– 5 The 
most frequent causes of microcytosis are iron deficiency, thalas-
semia syndromes, and anemia of chronic disease. Tantanate et al3. 

demonstrated that the impedance PLT count by Sysmex XN (PLT- I) 
showed poor correlation with the International Reference method 
(IRM), due to high- positive bias and low specificity for the diagnosis of 
thrombocytopenia, while the optical and fluoresce PLT counts were 
comparable to the IRM in patients with thalassemia. Several other 
studies have also concluded that optical or fluorescence- optical 

Received:	21	September	2021  | Revised:	24	November	2021  | Accepted:	19	December	2021
DOI:	10.1002/jcla.24218		

R E S E A R C H  A R T I C L E

Alinity hq platelet count is not impacted by severe microcytosis

Gabriella Lakos1  |   Zainab Mukhtar1 |   Loredana Masi2 |   Sabatino Valente2  |   
Fabrizio Papa2

This	is	an	open	access	article	under	the	terms	of	the	Creative	Commons	Attribution-	NonCommercial-	NoDerivs	License,	which	permits	use	and	distribution	in	
any medium, provided the original work is properly cited, the use is non- commercial and no modifications or adaptations are made.
©	2022	The	Authors.	Journal of Clinical Laboratory Analysis published by Wiley Periodicals LLC

1Abbott,	Santa	Clara,	California,	USA
2Clinical	Pathology	Department,	San	
Giovanni Calibita Fatebenefratelli 
Hospital, Rome, Italy

Correspondence
Gabriella	Lakos,	Abbott,	4551	Great	
America	Parkway,	Santa	Clara,	CA,	95054	
USA.
Email: gabriella.lakos@abbott.com

Funding information
Abbott	Laboratories

Abstract
Background: Impedance technology has been shown to overestimate platelet (PLT) 
count in samples with microcytes, while the optical- fluorescence PLT count (PLT- F) by 
Sysmex	has	been	suggested	to	be	unaffected	by	microcytosis.	The	Abbott	Alinity	hq	
analyzer	employs	multi-	dimensional	optical	PLT	counting.	Our	goal	was	to	assess	the	
accuracy of this technology in microcytic samples.
Methods: Platelet	measurements	were	performed	by	Alinity	hq	and	the	impedance	
(PLT- I) and PLT- F methods on a Sysmex XN- 3000 analyzer on 464 samples. PLT con-
centration	range	was	6.56–	947	× 109/L	and	mean	cell	volume	(MCV)	40.9–	123.0	fL.	
Samples were categorized into normocytic (MCV > 80 fL), microcytic (MCV 65– 80 fL), 
and severely microcytic (MCV < 65 fL) groups.
Results: Alinity	hq	PLT	count	showed	excellent	agreement	with	PLT-	F	(r = 1.00). Sysmex 
PLT-	I	data	showed	somewhat	weaker	correlation	with	both	PLT-	F	and	Alinity	hq	(r =	0.98).	
Increasing bias between Sysmex PLT- I and PLT- F was seen with decreasing MCV values, 
with mean bias of 35.2 × 109/L	in	severe	microcytosis.	An	inverse	relationship	was	dem-
onstrated between the PLT- I versus PLT- F bias and MCV (p < 0.0001). Consistent mean 
bias	was	observed	between	Alinity	hq	and	PLT-	F	across	all	MCV	ranges.
Mean platelet volume was suppressed or flagged by Sysmex XN in 50% of the sam-
ples in the severely microcytic group, and markedly higher red cell distribution width 
(RDW)	was	reported	compared	to	Alinity	hq	(18.1%	vs	13.7%,	p < 0.0001).
Conclusion: The Sysmex PLT- I method overestimated the PLT count in samples with 
severe	microcytosis.	Alinity	hq	provided	PLT	counts	and	PLT	and	RBC	 indices	 that	
were not impacted by microcytosis.

K E Y W O R D S
impedance,	MAPSS™,	microcytosis,	optical	technology,	platelet	count

www.wileyonlinelibrary.com/journal/jcla
mailto:
https://orcid.org/0000-0003-2856-3617
https://orcid.org/0000-0002-9614-3270
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gabriella.lakos@abbott.com


2 of 5  |     LAKOS et AL.

methods are preferred for PLT counting in patients with microcytic 
anemia, due to the limitations of the impedance PLT technology.2,4,5

Impedance counting is the method most commonly used by he-
matology analyzers. It enumerates and classifies cells based on the 
momentary change in electrical resistance as they pass through an 
aperture	in	a	conductive	liquid.	As	the	change	in	impedance	is	propor-
tional to the particle's volume, this method efficiently differentiates 
PLT from other cells based on their size; it, however, may produce a 
spuriously increased count when PLT- sized interferents are present 
(eg,	WBC	 fragments,	 schistocytes,	 spherocytes,	microcytes)1,7 or a 
spuriously low count, when the sample contains PLT clumps or giant 
PLTs	that	fall	into	the	red	blood	cell	(RBC)	size	range.1,6,7

The	optical	method,	used	by	Abbott	instruments	and	available	in	re-
ticulocyte counting mode on Sysmex analyzers, discriminates cell types 
using their light scatter properties, providing better separation between 
cells	of	similar	size.	Optical	measurements	have	shown	improved	per-
formance compared with impedance in several studies.8,9 Recently, a 
comparison of nine analyzers demonstrated that optical measurements 
of PLT count had consistently better performance for carryover, func-
tional sensitivity, and imprecision compared to impedance.10

In addition to the optical technology, the Sysmex XN- series of 
analyzers also include an optical fluorescent platelet mode (PLT- F) 
that uses oxazine dye. This method has demonstrated improved ac-
curacy in low PLT ranges.11,12 In particular, it has been shown to be 
unaffected by the presence of microcytes.3,12	The	volume	of	RBC	
and PLT (MCV and MPV, respectively), however, is still determined 
by electrical impedance on Sysmex XN analyzers, using size as the 
only discriminator between them.13

The	 Abbott	 Alinity	 hq	 hematology	 analyzer	 employs	 multi-	
dimensional	 optical	 technology	 (advanced	 Multi-	Angle	 Polarized	
Scatter	 Separation,	 MAPSS™)	 for	 PLT	 enumeration	 and	 volume	
measurements.	As	cells	 flow	past	a	 laser	 light	beam	 in	a	 flow	cell,	
they generate eight unique forward, intermediate, and side scatter 
signals, including a fluorescence signal; six of those are used for sep-
arating	RBC	and	PLT	and	for	direct	PLT	measurements.	PLT	are	dif-
ferentiated	from	RBC	based	on	their	low	intermediate	and	incident	
angle light scatters, which are related to the internal composition of 
the cells. This PLT measurement mode is available as part of the rou-
tine	complete	blood	count	(CBC).14,15	The	Alinity	hq	PLT	count	has	
recently been shown to be equivalent with the IRM in thrombocyto-
penia.15 There is no published information available, however, on the 
accuracy	of	Alinity	hq	PLT	count	in	microcytic	samples.

Our	goal	was	to	assess	the	 impact	of	RBC	volume,	specifically,	
the	presence	of	microcytic	cells	on	the	Alinity	hq	PLT	count	and	re-
lated parameters.

2  |  MATERIAL S AND METHODS

2.1  |  Patients

Four	hundred	and	sixty-	four	EDTA-	anticoagulated	peripheral	blood	
samples were selected from the routine workflow of the Clinical 
Pathology	 Department	 of	 San	 Giovanni	 Calibita	 Fatebenefratelli	

Hospital,	Rome,	Italy.	All	samples	were	de-	identified	and	used	after	
routine,	 physician-	ordered	 testing	 has	 been	 completed.	 An	 ethics	
waiver statement was obtained as per the hospital policy for studies 
using de- identified remnant samples.

The cohort included a large number of anemia cases of various etiol-
ogies,	such	as	iron	deficiency,	anemia	of	chronic	disease,	folate	or	B12-	
deficiency, thalassemia trait, blood loss, etc. to target a wide MCV range.

2.2  |  Automated PLT measurements

Platelet count was generated on each sample within 6 h after phle-
botomy	as	part	of	a	complete	blood	count	with	 the	Alinity	hq	he-
matology	 analyzer	 (Abbott)	 and	with	 a	 Sysmex	XN-	3000	 (Sysmex	
Corporation), using the PLT- I and PLT- F methods.

Three levels of quality control materials were routinely evaluated 
on	the	Alinity	hq	and	Sysmex	XN-	3000	during	the	study	period.

2.3  |  Statistical analysis

Correlation between various PLT methods was assessed by Pearson's 
correlation.	 Passing	 Bablok	 regression	 and	 Bland	 Altman	 statistics	
were	 used	 to	 evaluate	 agreement	 between	 Alinity	 hq	 PLT	 count	
and Sysmex PLT- I and PLT- F results, with Sysmex PLT- F as reference 
method.	Association	 between	PLT	 bias	 and	MCV	was	 assessed	 by	
Spearman's	correlation.	Difference	between	quantitative	measurand	
values	between	groups	was	assessed	by	the	Mann-	Whitney	U	test.

Seventeen samples were excluded due to pre- analytical error 
(inadequate	 mixing	 before	 processing).	 Additional	 data	 were	 ex-
cluded on a case by case basis. If a parameter was marked invalid by 
an analyzer or method, it was excluded from the analysis.

Statistical calculations were performed using Analyse- it for 
Microsoft Excel 5.90.

3  |  RESULTS

Platelet	concentration	in	the	cohort	ranged	from	6.56	to	947	× 109/L. 
MCV	values	spanned	from	40.9	to	123.0	fL	(as	measured	by	Alinity	
hq). Samples were categorized based on their MCV into three 
groups: normocytic (MCV > 80 fL), microcytic (MCV 65– 80 fL), and 
severely microcytic (MCV < 65 fL).

Alinity	hq	PLT	count	demonstrated	excellent	overall	correlation	
and	agreement	with	the	Sysmex	PLT-	F	results	(Figure	1A;	r = 1.00). 
Sysmex PLT- I results showed good, but somewhat weaker correla-
tion with both the PLT- F method (r =	0.98)	and	Alinity	hq	(r =	0.98;	
Figure	1B,C).

When	bias	was	assessed	on	the	total	cohort,	a	7.2	and	9.6	× 109/L 
mean	difference	was	seen	between	Alinity	hq	PLT	and	Sysmex	PLT-	F	
and between Sysmex PLT- I and PLT- F results (Table 1). When bias 
was assessed on the normocytic, microcytic and severely microcytic 
group	separately,	Bland	Altman	analysis	revealed	increasing	mean	bias	
with decreasing MCV values between Sysmex PLT- I and PLT- F, but 
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a	consistent	mean	bias	was	seen	between	Alinity	hq	PLT	and	PLT-	F	
across the three MCV ranges (Table 1). The mean bias in the severely 
microcytic group was 35.2 × 109/L between Sysmex PLT- I and PLT- F.

When PLT count bias between Sysmex PLT- I and PLT- F was plot-
ted against MCV, a highly significant inverse relationship was demon-
strated (p < 0.0001), showing that low MCV (microcytosis) strongly 
correlates with the overestimation of PLT count by the impedance 
method	(Figure	2).	There	was	no	correlation	between	Alinity	hq	PLT	
bias compared to PLT- F and MCV (data are not shown).

Mean platelet volume results are suppressed by Sysmex XN in 
case of abnormal PLT distribution, which may be caused by uncer-
tain	separation	between	RBC	and	PLT	populations.	MPV	was	sup-
pressed or flagged for review by Sysmex XN in 50% of the samples 
in the <65	fL	MCV	group,	indicating	poor	separation	between	RBC	
and PLT (Table 2). Interestingly, there was also a significant differ-
ence	 between	 Alinity	 hq	 and	 Sysmex	 red	 cell	 distribution	 width	
(RDW)	values	in	the	severely	microcytic	samples,	with	Sysmex	val-
ues	being	markedly	higher	compared	to	Alinity	hq	(18.1%	vs	13.7%,	
p < 0.0001), while good agreement has been obtained on the nor-
mocytic group (13.4% vs 13.6%; Table 3).

4  |  DISCUSSION

Our	findings	have	demonstrated	that	the	Sysmex	PLT-	I	method	has	
overestimated the PLT count in samples with severe microcytosis 
compared	to	Sysmex	PLT-	F,	while	Alinity	hq	PLT	counts	were	equiva-
lent with Sysmex PLT- F results regardless of MCV.

Although	 several	 interfering	 substances	 and	 conditions	 are	
known to potentially impact PLT measurements, the most import-
ant factor that determines the accuracy of the results is the proper 
separation	between	RBC	and	PLT.1,6 This may be challenging in the 
presence of small erythrocytes (schistocytes, spherocytes, micro-
cytes) and large platelets or PLT clumps, especially for impedance 
methodologies.1–	7 Several automated analyzers employ multiple 
PLT counting technologies in addition to impedance (optical, optical 
fluorescence, or immunolabeling) to increase measurement accura-
cy.7–	9,12 These methods often require additional testing and the use 
of additional reagents. In addition, even when alternative technolo-
gies are used for PLT measurements, the volume of the cells is still 
determined with electrical impedance by most analyzers, and this 
has potential impact on related parameters that depend on accurate 
separation	of	PLT	and	RBC,	such	as	MPV	or	RDW.	A	PLT	counting	
method	 that	 is	 available	 for	 every	CBC	without	 additional	 testing	
and reagents and is not subjected to the same limitations as elec-
trical impedance would provide increased efficiency and improved 
workflow for clinical laboratories.

Alinity	hq	PLT	results	showed	high	level	of	correlation	and	agree-
ment with Sysmex PLT- F results, consistent with earlier findings.15 
The	 7.2	 × 109/L mean bias is likely attributed to calibration and 
was similar to the bias seen between Sysmex PLT- I and PLT- F data 
(9.6	× 109/L). The bias between Sysmex PLT- I and PLT- F displayed 
a strong dependency on MCV; specifically, the lower the MCV, the 
higher was the bias (p < 0.0001). This is likely caused by the high 
number of microcytes in samples with an MCV of <65 fL, causing un-
clear	separation	between	the	RBC	and	PLT	volume	histograms.	This	

F I G U R E  1 Passing	Bablok	regression	
between	Alinity	hq	PLT	and	Sysmex	PLT-	F	
(A),	Sysmex	PLT-	I	and	PLT-	F	(B),	and	Alinity	
hq PLT and Sysmex PLT- I (C). r, correlation 
coefficient
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finding aligns with the observation by Pan et al5, who has concluded 
that the PLT count produced by electrical impedance becomes unre-
liable	below	MCV	of	70	fL.	The	uncertain	separation	between	RBC	
and PLT is further supported by the finding that the Sysmex analyzer 

suppressed MPV results in 13 and flagged them for review in addi-
tional 5 out of the 36 severely microcytic samples. MCV, however, 
was	still	reported	for	all	these	samples,	as	was	RDW.	The	RDW	by	
Sysmex	was	found	to	be	significantly	increased	compared	to	Alinity	
hq. If unclear separation caused the MPV being suppressed, it is pos-
sible	that	the	overlap	between	the	RBC	and	PLT	volume	histograms	
might	have	incorrectly	increased	the	volume	distribution	of	the	RBC	
histogram,	resulting	in	higher	RDW.	This	hypothesis	is	further	sup-
ported by the findings of Tantanate et al3, who has shown that high 
RDW-	CV	was	an	independent	factor	for	overestimating	PLT-	I	count	
by Sysmex XN- 3000 in a thalassemic population.

The	 bias	 between	 Alinity	 hq	 and	 PLT-	F	 results,	 on	 the	 other	
hand, was consistent across normocytic, microcytic, and severely 
microcytic samples. There was no correlation between PLT bias 
(compared to PLT- F) and MCV. MPV values were reported for all 36 
severely	microcytic	samples,	although	were	flagged	for	review	in	9	
of	them.	Even	in	the	MCV	of	65–	80	fL	subgroup,	Alinity	hq	had	only	
two MPV results flagged for review, while the Sysmex analyzer sup-
pressed	MPV	in	four	and	flagged	it	in	another	eight	samples.	RDW	
by	Alinity	hq	was	lower	in	the	severely	microcytic	population	com-
pared	to	Sysmex.	We	have	previously	demonstrated	that	the	Alinity	
hq	 RDW	 is	 a	 good	 discriminator	 between	 iron	 deficiency	 anemia	
(IDA)	and	beta	thalassemia	trait	(BTT)	due	to	the	RDW	being	lower	in	
BTT	compared	to	IDA.16	The	Sysmex	RDW,	however,	was	unable	to	
differentiate	between	these	two	conditions,	because	BTT	patients	
showed	an	increased	RDW,	similarly	to	IDA.16 This observation may 
be	related	to	the	potential	overestimation	of	RDW	by	Sysmex	in	se-
verely microcytic samples, due to the uncertain separation between 
RBC	and	PLT	populations.

Platelet count in the thrombocytopenic ranges has important 
clinical significance for assessing bleeding risk and the need for PLT 
transfusion. It has recently been suggested that the threshold for 
prophylactic PLT transfusion could be further reduced to as low as 
5.0 × 109/L in patients without risk factors17; it was, however, noted 
that the analytical performance and lack of harmonization of auto-
mated PLT counts are posing challenges for this goal.17 Microcytic 
anemia is a frequent condition; therefore, additional studies, con-
firming our findings and raising awareness about methodological 
limitations would be important for the prevention of reporting in-
accurate PLT result and for ensuring proper management of throm-
bocytopenia	 in	 this	patient	group.	Our	 study	has	also	described	a	
previously	 unrecognized	 potential	 impact	 of	 unreliable	 RBC	 and	
PLT	 separation	 on	 MPV	 and	 RDW,	 which	 may	 contribute	 to	 the	

TA B L E  1 Mean	PLT	concentration	bias	between	Alinity	hq	and	
Sysmex PLT- F and between PLT- I and PLT- F according to MCV

MCV n

Mean bias (×109/L; 95% CI)

PLT- I vs PLT- F
Alinity hq 
vs PLT- F

All	(40.9–	123	fL) 447 9.6	(8.1–	11.2) 7.2	
(6.3– 8.1)

<65 fL 36 35.2 (25.0– 45.3) 9.2	
(4.9–	13.5)

65– 80 fL 79 14.4	(10.0–	18.7) 7.1	(4.3–	9.8)

>80 fL 332 6.0	(4.8–	7.3) 7.0	(6.1–	8.0)

Abbreviations:	CI,	Confidence	interval;	fL,	femtoliter;	MCV,	Mean	
corpuscular volume; PLT- F, Fluorescence platelet count; PLT- I, 
Impedance platelet count.

F I G U R E  2 Spearman's	correlation	between	PLT	count	bias	
(Sysmex PLT- I vs PLT- F) and the MCV of the samples. rs, Spearman's 
rank correlation coefficient

MCV n

Suppressed or invalid result Flagged result

Alinity hq 
MPV Sysmex MPV

Alinity hq 
MPV Sysmex MPV

<65 fL 36 0 13 9 5

65– 80 fL 79 0 4 2 8

>80 fL 332 0 6 6 15

Abbreviations:	fL,	femtoliter;	MCV,	Mean	corpuscular	volume;	MPV,	Mean	platelet	volume.

TA B L E  2 Number	of	suppressed	(by	
Sysmex),	invalid	(by	Alinity	hq),	flagged	for	
review (by Sysmex), or flagged as Suspect 
(by	Alinity	hq)	MPV	results	according	to	
MCV
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well- published technology-  and platform- specific differences for 
these measurands.

Alinity	hq	employs	only	optical	and	fluorescence	flow	cytome-
try principles for generating all measurands. The use of various light 
scatter	signals	allows	for	the	differentiation	between	RBC	and	PLT	
based on their internal structure, in addition to size. Therefore, this 
technology has the potential to provide accurate separation be-
tween	RBC	and	PLT.	Our	results	have	demonstrated	that	Alinity	hq	
provides accurate PLT count in samples regardless of MCV and pro-
vides	PLT	and	RBC	indices	that	are	not	impacted	by	microcytosis.
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MCV N

RDW median and interquartile ranges (%)
p (Alinity hq vs 
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>80 fL 332 13.4 (12.8 –  14.6) 13.6	(12.9	–		14.9) N.S

Abbreviations:	fL,	femtoliter;	MCV,	Mean	corpuscular	volume;	MPV,	Mean	platelet	volume;	N.S.,	
Not	significant;	RDW,	Red	cell	distribution	width.

TA B L E  3 RDW	(median	and	
interquartile	ranges)	by	Alinity	hq	and	
Sysmex XN according to MCV
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