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A��tra�t

Back�round�� Platelets� are� essential� for� maintaining� the� integrity�
of� the� endothelium� and� for� controlling� hemorrhages� when� the�
injury�to�the�blood�vessels�occurs.�A�low�platelet�count�is�a�common�
entity� encountered� by� the�general� pediatrician.� Pediatricians� then�
encountered� with� the�problem�of� discriminating� whether� the� low�
platelet�count�is�caused�by�decreased�production�(hypoproductive�
thrombocytopenia)� or� increased� destruction� (hyper-productive�
thrombocytopenia).� �aterial� and� �ethods�� The� study� population�
consisted� of� thrombocytopenic� patients� in� the� period� between�
March�2017�and�March�2018.�A�total�of�one�hundred�eighty�patients�
(180)�both� female� and�male� were� enlisted,� with�age� ranging� from�
1-1��years.�Two�groups�were�made�to�divide�these�patients,�hyper-
productive� thrombocytopenia� group� (n�80)� and� hypo-productive�
thrombocytopenic�group�(n�100).�The�automated�cell�counter�with�
�uality�control�and�established�reference�ranges,�was�used�to�measure�
platelet�count,�mean�platelet�volume,�and�platelet�distribution�width.�
The�sensitivity�and�specificity�of�mean�platelet�volume�and�platelet�
distribution� width� were� calculated� under� various� cutoff� ranges�
for�both�thrombocytopenic�conditions.��esults��The�sensitivity�and�
specificity�of�platelet�indices�were�calculated�under�various�cut�off�
ranges.�The�MPV�with�a�cutoff�of��10.�fL�detects�90��of�the�cases�
of�ITP�while�e�cluding�8���of�the�hypo-productivesituations.��hen�
the�chosen�cutoff�for�MPV�is�greater�than�12.�fL,�detection�rate�was�
�0��of�the�ITP�cases�while�e�cluding�9���of�the�hypo-productive�
cases.��onclusion��Results�of�the�present�study�suggest�that�platelet�
indices�are�significantly�higher�in�ITP�patients�compared�to�patients�
withhypo-productive�thrombocytopenia.�Comparing�the�sensitivity�
and� specificity� between� MVP� and� PD�� for� both� groups,� PD�� is�
moresensitive�to�detect�the�ITP�patient�than�MVP�but�less�specific�in�
a�cutoff�above�the�normal�range.

Ke��ord�:�Platelet�Indices��ITP��MPV��PD�.
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Introd��tion

Platelets� are� essential� for� maintaining� the�
integrity� of� the� endothelium� and� for� controlling�
hemorrhages�when�the�injury�to� the�blood�vessels�
occurs.� They� form� a� plug� by� aggregating� and�
adhering� to� each� other� primary� hemostasis.�
�hen�the�injuries�to�the�vessels�are�very�e�tensive,�
further� participation� from� coagulation� factors�
to� produce� a� ��brin� plug� that� is� ��rmer� and�more�
stablesecondary�hemostasis.�Platelet�counts�below�
1�0��� 109L�de��ne� thrombocytopenia,� but� they� do�
not�reveal�the�underlying�pathology��1�.

A�low�platelet�count�is�a�common�entity�encountered�
by� the� general� pediatrician.� Thrombocytopenia�
should� be� suspected� in� children�with� bleeding� in�
mucous� membranes� or� petechiae� in� the� skin,� but�
fre�uently�its�discovery�is�incidental�in�a�complete�
blood�count�(CBC)�ordered�for�other�reasons��2-��.�
Pediatricians� then� encountered� with� the� problem�
of�discriminating�whether�the�low�platelet�count�is�
caused� by� decreased� production� (hypoproductive�
thrombocytopenia)�or�increased�destruction�(hyper-
productive�thrombocytopenia)����.

For�a�long�time�Bone�marrow�aspiration�remained�
the�gold�standard�method�for�evaluating�the�cause�
of�thrombocytopenia.�But�this�procedure�is�invasive,�
time-consuming� as�well� as� carry� an� overt� risk� of�
bleeding� diathesis� in� critical� thrombocytopenia�
cases.and� it� is� not� recommended� as� a� ��rst� line�
diagnostic�procedure�and�instead�set�aside�for�older�
patients,� or� patients� with� atypical� features� �1-��.
Also�it�a�dif��cult�test�to�obtain�for�patients�who�do�
not� live�near� an�academic� center�as�bone�marrow�
sampling� also� re�uires� a� trained� hematologist� to�
perform�and�interpret�the�results����.

Nonpersistent� and� cost-effective� diagnostic�
advancement�for�the�assessment�of�thrombocytopenia�
are� needed� to� better� assess� pediatric� patients� in�
the� community.� Thrombocytopenia� is� a� decline�
in� a� platelet� count� of� �1�0� �� 109/L,� which� can�
occur� due� to� a� reduction� in� platelet� syntheses�
such� as� in� aplastic� anemia� and� acute� leukemia�
�2�.� As� a� result� of� the� increased� destruction� of�
normally� produced� platelets,� other� disorderssuch�
as� immune� thrombocytopenia� purpura� occurs� ���.
The�discrimination�between�these�disorders�is�very�
important� as� the� treatment� plans� differ.� A� group�
of� parameters,� like� Platelet� volume� indices,� are�
reasonably�priced�to�measure�and�are�derived�from�
routine�blood�counts.��ighly�developed�technology�
in� automated� blood� cell� analyzers� has� made� it�
possible� to�measure� different� platelet� indices� that�
are,� mean� platelet� volume� (MPV)� and� platelet�

distribution� width� (PD�).� Mean� platelet� volume�
de��ned� as� a� measurement� of� the� average� size� of�
platelets� in� the� blood,� and� platelet� distribution�
width�re��ects�the�variability�in�the�platelet�size�and�
raises�in�the�presence�of�platelet�anisocytosis����.

Less� is� known� about� the� usefulness� of� platelet�
indices� in� differentiating� thrombocytopenia� in�
children,�and�whether�these�indices�are�satisfactory�
tests� for� thrombocytopenia.� Therefore,� this�
study� attempted� to� ��nd� the� usefulness� of� mean�
platelet� volume� and� platelet� distribution� width�
in� discriminating� among� hyper-destructive�
thrombocytopenia� and� hypo-productive�
thrombocytopenia,� evaluate� the� sensitivity� and�
speci��city� of� mean� platelet� volume� and� platelet�
distribution� width� and� ��nd� cut� off� values� in� an�
attempt� to� consider� the� use� of� these� indices� in�
the� initial� evaluation� of� thrombocytopenia� in�
pediatric�patients.

�aterial�and��ethod�

The� study� population� consisted� of�
thrombocytopenic� patients� in� the� period� between�
March� 201�� and� March� 2018.� This� observational�
study� was� conducted� in� a� tertiary� care� center�
during� the� period� of�March� 2017� to�March� 2018.�
According� to� Performaa� detailed� history� and�
physical�e�amination�was�performed.�A�mechanical�
Complete� blood� count� including� platelet� count,�
Mean� platelet� volume,� and� platelet� distribution�
width� was� documented,� in� addition� to� a� bone�
marrow�aspirate�was�done�on�each�patient�included�
in� the� study.� Using� peripheral� blood� smear� and�
bone�marrow�aspiration/�biopsy�the�differentiation�
between�hyper-productive� thrombocytopenia� and�
hypo-thrombocytopenia�was�con��rmed.�A�total�of�
one�hundred�eighty�patients�(180)�bothfemale�and�
male�were�enlisted,�with�age�ranging�from�1-1��years.�
Two� groups�were� made� to� divide� these� patients,�
hyper-productive� thrombocytopenia�group�(n�80)�
and� hypo-productive� thrombocytopenic� group�
(n�100).� Thrombocytopenia� of� other� causes� or�
unknown� origin� was� e�cluded� from� this� study.�
The�automated�cell�counter�with��uality�control�and�
established�reference�ranges,�was�used�to�measure�
platelet�count,�mean�platelet�volume,� and�platelet�
distribution�width.� The� sensitivity� and� speci��city�
of�mean�platelet� volume� and�platelet� distribution�
width�were�calculated�under�various�cutoff�ranges�
for�both�thrombocytopenic�conditions.�The�receiver�
operating�characteristic�(R�C)�curves�were�obtained�
by�plotting�sensitivity�against�1-�speci��city�for�the�
complete�range�of�decision�thresholds.
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The�presentation�of� each� test�was�evaluated�by�
the� area� below� the� R�C� curves.� This� area� gives�
the� probability� that� a� patient� with� the� idiopathic�
thrombocytopenic� purpura� disease� has� a� higher�
value� of� mean� platelet� volume� and� platelet�
distribution�width� in�comparison� to�patients�with�
other�causes�of�thrombocytopenia.�A�test�that�entirely�
discriminate�between�the�two�long-suffering�groups�
would�begin�in�the�lower�left�corner,�go�straight�up�
to�the�upper�left�corner,�and�then�to�the�upper�right�
corner�of�the�plot.�The�Data�collected�were�analyzed�
using� the� software� Statistical� Package� for� Social�
Sciences�(SPSS)�program�version�20�(IBN.�Chicago,�
USA).� Measurements� of� laboratory� data� platelet�
parameters� of� patients� with� thrombocytopenia�
in� the� two� different� hyperproductive� and� hyper-
destructive� group� were� statistically� tested� by�
unpaired� t-test.� A� p-value� of� less� than� 0.0�� was�
considered�statistically�signi��cant

Ta�le��:�MPV�ranges�and�patients�distribution.

�P��Categor�

Thro��o��topenia�aetiolog�

p��al�e
Gro�p�I��ITP�

Gro�p�II��A��te�le��e�ia�or�
apla�ti��anae�ia�

Low���.9�fL 2 �0 �0.001

�igh���10.��fL 72 1� �0.001

Normal�(�.9���10.��fL) � �� �0.001

Total 80 100 �0.001

Ta�le��:�PD��ranges�and�patients�distribution

PD��Categor�

Thro��o��topenia�aetiolog�

p��al�e
ITP

A��te�le��e�ia�or�apla�ti��
anae�ia

Low��11�fL 00 10 �0.001

�igh���1��fL 7� 28 �0.001

Normal�(11���1��fL) � �2 �0.001

Total 80 100 �0.001

Fig.��:�Platelet�count�in�both�groups.

Re��lt�

Table�1�shows�that�there�was�signi��cant�difference�
MPV�low,�high�and�normal�between�both�groups.�
ITP�patients�were�highly� sensitive� for�MPV�more�
than�10.��fL.

Table�2�shows�that�there�was�signi��cant�difference�
PD��low,�high�and�normal�between�both�groups.�
ITP�patients�were�highly�sensitive� for�PD��more�
than�1��fL.

The� platelet� count� and� platelet� indices� were�
compared� between� hyper-productive� and� hypo-
productive� thrombocytopenia� as� shown� in�
Figure� 1.� It� is� evident� from� ��gure� 1� that� platelet�
count� was� signi��cantly� high� low� in� hyper-�
productivethrombocytopeniacompare� to� hypo-
productivethrombocytopenia� (�1.2�28.�� �� 10�� ml�
Vs�2�.��28.����10��ml,�p�0.001)�(Figure�1).
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Figure� 2� shows� that� MPV� fL� was� signi��cantly�

low� in� hyper-productive� thrombocytopenia� in�

comparison�of�hypo-productive�thrombocytopenia.�

(7.9�2.2�fL�V�s12.8�2.��fL,�p�0.001)

It� is� evident� from� ��gure� �� that� PD�� fL�

was� signi��cantly� low� in� hyper-productive�

thrombocytopenia� in� comparison� of� hypo-

productive� thrombocytopenia.� (1�.����.2� fL� Vs�

20.12��.8�fL,�p�0.001)

The�sensitivity�and�speci��city�of�platelet�indices�

were�calculated�under�various�cut�off�ranges.�The�

MPVwith� a� cutoff� of� �10.�� fL� detects� 90�� of� the�

cases� of� ITP� while� e�cluding� 8��� of� the� hypo-

Aetiolog��of�thro��o��topenia �P���al�e Sn� Sp� PP� NP�

�yper-productive�Thrombocytopenia�(ITP) �12.8 �0 9� 88 72.�

�11.8 �0 9� 89.� 77

�10.8 90 8� 8�.7 91.�

�ypo-productive�Thrombocytopenia�(AA�or�AML) ��10.8 8� 90 91.� 8�.7

�8.8 �� 92.� 91.� �2.7

��.8 28 97.� 9�.� �8

Ta�le��:�Sensitivity�and�specificity�for�diagnosis�of�ITP�and�AA�or�AL�under�various�cutoff�ranges�of�PD�.

Aetiolog��of�thro��o��topenia PD���al�e Sn� Sp� PP� NP�

�yper-productive�Thrombocytopenia�(ITP) �22 �0 98 9� ��.�

�20 7� 92 88.� 82

�18 98 80 80.� 9�.�

�ypo-productive�Thrombocytopenia�(AA�or�AML) ��18 80 9� 9�.� 78.8

�1� �� 97.� 9�.8 �8.8

�12 �8 100 100 �0.�

Ta�le��:�Sensitivity�and�specificity�for�diagnosis�of�ITP�and�AA�or�AL�under�various�cutoff�ranges�of�MPV

productive� situations.��hen� the� chosen�cutoff� for�
MPV�is�greater�than�12.�fL,�detection�rate�was��0��
of� the� ITPcases�while�e�cluding�9���of� the�hypo-
productive�cases.�(Table��).

The� PD�� with� a� cutoff� of� 1�fL� detects� 9���
of� the� cases�of� ITP�while� e�cluding� 80��of� hypo-
productive� thrombocytopenic� patients.� �hen�
the� chosen� cutoff� for� PD�� is� greater� than� 20fL,�
detection�rate�is�only��0��of�the�cases�of�ITP�while�
e�cluding�97��of� the�hypo-productive�conditions.
The�selected�ranges� for�MPV�and�PD��were�10.��
and� 1�� respectively.� Under� these� cut-off� ranges,�
plateletindices�especially�PD��showed�favourable�
sensitivity�and�speci��city�(Table��).

Fig.��:�comparison�of�MPV�in�both�groups.
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Fig.��:�Comparison�of�PD��in�both�groups.

Di�����ion

Clinical� ��ndings� may� be� helpful� in� evaluating�
thrombocytopenia� is� not� solely� to� be� sensitive�
enough� to� the� vast� majority� of� hyper-productive�
state� as� in� ITP�� moreover,� it� should� be� precise�
enough�to�fundamentally�rule�out�hypo-productive�
cases,� such� as� acute� leukemia� or� aplastic� anemia.�
Further,� it� is� one� of� the� important� aspects� to�
e�plore� whether� the� thrombocytopenia� is� caused�
by� increased� platelet� destruction� or� decreased�
production.

�ia�nosis�of�a�lastic�anemia�

Bone� marrow� test� is� used� for� the� diagnosis� of�
aplastic�anemia��however,�no�consensus�agreement�
has�been�made�for�its�inevitability�for�ITP�diagnosis�
as� it� is� an� invasive� and� cost� affecting� test� ���.�
Therefore,�a�non-invasive,�easier�approach�and�cost�
effective�test�is�needed�for�the�assessment�of�platelet�
disorders� in� thrombocytopenia�patients� especially�
children����.

Findings� of� the� present� study� showed� that�
platelet� indices� were� signi��cantly� higher� in�
ITP� patients� in� comparison� of� hypo-productive�
thrombocytopenia� patients.� Moreover,� results�
revealed�that�calculated�MPV�with�a�cutoff�of��10fL�
detects� 90�� of� the� patients� of� ITP� and� e�cluding�
8���of�the�hypo-productive�situations.��hile�PD��
with�acutoff�of��1�fL�was�able�to�detect�9���of�the�
ITP� conditions� and� e�cluding� 80�� of� the� hypo-
productive�patients.�That�is�why�these�indices�may�
be� effective� in� differentiating� between� these� two�
types� of� thrombocytopenia.� These� ��ndings� are�
consistent�with�the�previous���ndings�of�Borkataky�

et�al.��7��and�Katio�et�al.��8��as�they�reported�similar�
effective� use� of� platelet� indices� in� differentiating�
diagnosis�of�hyper-productive�and�hyp-productive�
thrombocytopenia.

Similarly,�Alsweedan�et�al.� �9�,��oong�et�al�10��
and�Ntaios�et�al.�11��observed�in�their�studies�that�
platelet� indices� were� effective� in� distinguishing�
thehypo-productive� thrombocytopenia� from�
hyper-productive�stage�in�adult�patients.

Results� of� the� current� study� suggest� that� the�
speci��city� and� sensitivity� of� platelet� indices�
signi��cantly� enabled� the� diagnosis� hyper-
producing�thrombocytopenia�stage�of�ITP.

Further,� it� has� been� recorded� in� the� present�
study� that� R�C� curves� of� MPV� and� PD�� were�
shifted�to�the�upper�left�which�indicate�the�prompt�
diagnosis� of� ITP� as� the�area�under� the� curve�was�
large� which� specify� ITP� disorder.� Therefore,� it�
correctly�classi��ed�both�types�of�thrombocytopenia.�
These���ndings�are�in�agreement�with�the���ndings�of�
the�earlier�study�of�Kaito�et�al.��7��as�they�reported�
deviation�from�the�mean�size�and�mean�volume�of�
platelet�have�great�sensitivity�and�speci��city�which�
effectively� establish� the� diagnosis� of� immune�
thrombocytopenia�and�PD�.�Moreover,� these�are�
trustworthy� marker� for� the� differential� diagnosis�
of�hyper-productive�thrombocytopenia�from�hypo-
productive�thrombocytopenia�in�adult�patients.

Findings� of� the� present� study� have� shown�
sensitivity� and� speci��city� of� PD�� were�
signi��cantly� sensitive� for� detecting� ITP� in�
comparison� of� sensitivity� and� speci��city� of�MPV�
in� thrombocytopenia� patients.� �owever,� this�
speci��city�was�lesser�in�a�cut�off�more�than�normal�
range�(�1�).�Moreover,�determination�of�differential�
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diagnosis� can� be� stratify� by� clinician� as� ITP� is�
unlikely�to�be�found�in�thrombocytopenia�patients�
having�sensitivity�and�speci��city�of�PD��in�normal�
range�(11-1�):�whereas,�highly�decreased�incidence�
may� be� found� with� sensitivity� and� speci��city� of�
PD��below�normal�range�(�11).

This� can� be� valuable� tool� for� the� general�
pediatrician� in� stratifying� the� severity� of� disease�
in�thrombocytopenic�patients�and�more�ef��ciently�
referring�patients�for�further�work-up.

It�is�important�to�be�aware�that�some�limitations�
are� encountered� in� our� study.� 1)� In� severe�
thrombocytopenia� and� in� the� presence� of� red�
cell� fragmentation,� a� platelet� histogram� cannot�
be� ade�uately� drawn,� and� the� indices� cannot� be�
recorded�2)�Although�automated�cell�counters�are�
fairly� accurate� in� determining� platelet� count,� the�
possibility�of�instrumental�artifacts�at� low�platelet�
count�cannot�be�ruled�out.

Con�l��ion

Results�of�the�present�study�suggest�that�platelet�
indices� are� signi��cantly� higher� in� ITP� patients�
compared� to� patients� with� hypo-productive�
thrombocytopenia.� Comparing� the� sensitivity�
and� speci��city� between�MVP� and� PD�� for� both�
groups,� PD�� is� more� sensitive� to� detect� the� ITP�
patient�than�MVP�but�less�speci��c�in�a�cutoff�above�
the�normal�range.

Platelet� volume� indices� can� differentiate� with�
some� certainty� ITP� from�AL� and�AA�which�may�
help� pediatricians� to� avoid� the� invasive� bone�
marrow� aspiration,� which� needs� the� assistance�
of� a� haematologist� for� diagnosis� and� result�
interpretation.
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