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ABSTRACT 
Objective: To determine immature platelet fraction (IPF) in patients with thrombocytopenia and correlation with their bone
marrow findings and to determine its predictive value in differentiating peripheral (hyper destructive) thrombocytopenia from
central (hypo-productive) thrombocytopenia.
Study Design: Cross-sectional comparative study.
Place and Duration of Study: King Edward Medical University (KEMU) and Doctors Hospital Lahore, from December 2018 to
February 2019.
Methodology: Patients of both genders and all age groups with thrombocytopenia presenting for bone marrow biopsy were
included in the study. Clinical data, complete blood count (CBC) sample in EDTA, bone marrow aspirate and trephine biopsy
were obtained. Slides were prepared and reviewed. CBC sample was analysed for counts and IPF in Doctors Hospital Laboratory
within 4 hours of collection.
Results: According to bone marrow findings, patients were grouped under two categories; Group 1 with central (hypo-produc-
tive group) thrombocytopenia and Group 2 with peripheral (hyper-destructive group). Group1 (n=44) showed median interquar-
tile range (IQR) IPF 8.2 (4.6-16.7), which was significantly lower (p <0.001) than that of Group 2 (n=14) in which Median IQR IPF
was 25.5 (15.2-39.3). A significant moderate degree negative (inverse) correlation was observed between platelet counts and
IPF in thrombocytopenic patients in both groups by Pearson correlation. It was statistically significant at p <0 .001 level. IPF in
hyper-destructive group has 100% predictive value compared to 31% in hypo-productive group.
Conclusion: IPF is a useful parameter and can reliably identify patients having thrombocytopenia due to peripheral destruc-
tion. In other cases, IPF should be used in conjunction with other investigations like bone marrow biopsy etc.
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INTRODUCTION

Complete blood count (CBC) provides an insight to hemopoietic
activity. It gives details of blood cell counts (WBC count, red cell
count, and platelet count), differential types of WBCs, RBC and
platelet indices and hemoglobin values. Platelets are produced
by  megakaryocytes  and  released  into  the  peripheral  blood-
. Newly released platelets are larger in size and contain RNA
content that can be stained by new methylene blue.
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These platelets are termed as reticulated platelets.1 The imma-
ture platelet fraction (IPF) measured by Sysmex XN analyzer, is
a  variable  that  appraises  young  or  immature  platelets  in
peripheral blood as a measurable (proportional) value of the
total platelet count (%-IPF). They have a lifetime of <24 hours.
The ideal reference range for IPF varies from 1.6 - 7.1% in adults,
and 1.0 - 6.8% in children.2-4

The average platelet count in human ranges between 150 and
450 × 109/L. Thrombocytopenia (Platelet count less than 150 ×
109/L in peripheral blood) may occur due to several causes,
roughly divided into two main mechanisms: either an increased
destruction, or a decreased production. It is crucial to distin-
guish between these two mechanisms for management.5 IPF
can be considered as marker of thrombopoiesis as the percen-
tage  rises  with  adequate  megakaryocytic  activity  and  high
platelet turnover; and decreases in low megakaryocytic activity
and low platelet turnover.
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Table I: Clinical diagnosis of thrombocytopenia with summary of results of IPF p = significant.

Groups Number IPF % Median (IQR) p-value
Platelet per
microliter

(mean)
Mean age

years Male Female

Group 1 (central thrombocytopenia) 44 8.2 (4.6-16.7)
<0.001

80.8 37.9 29
(65.9%)

15
(34.1%)

Group 2 (peripheral thrombocytopenia) 14 25.5 (15.2-39.3) 43.6 44.8 5
(35.7%)

9
(64.3%)

Figure 1: Mean IPF range in two groups hypo-productive (infiltration)
= Group1; and hyper-destructive marrow (ITP, TTP, hypersplenism) =
Group 2.

IPF is judged to be low/normal, if less than or equal to 7.7%,
and increased if >7.7%. Raised IPF levels are seen in condi-
tions with high platelet turnover (hyper-destructive group)
like disseminated intravascular  coagulation (DIC),  throm-
botic  thrombocytopenic  purpura  (TTP)/hemolytic  uremic
syndrome (HUS), immune thrombocytopenic purpura (ITP),
and blood loss. Whereas, low levels such as 0.9-2.3% are
observed  in  individuals  with  bone  marrow  suppression
(hypo-productive group) such as aplastic anemia and other
bone marrow failure syndromes, nutritional deficiencies and
drug induced myelosuppression.2  It  is found to be highly
variable among patients with neoplastic marrow infiltration
multiple  myeloma,  acute  leukemia  and  medullary  infiltra-
tion by solid tumours.6

Immature platelet fraction can also be an early predictor of
bone marrow recovery after chemotherapy and stem cell
transplantation. IPF values are also helpful in avoiding unne-
cessary platelet transfusions as the values increase several
days prior to a rise in the platelet count.3 It has also been
studied as  prognostic  marker  in  cardiovascular  diseases.7

Diabetes mellitus8 and pregnancy-induced hypertension.9 IPF
values are also found to be helpful in determining etiology of
thrombocytopenia in liver cirrhosis patients.10

IPF is  a relatively new marker in our setup and there is
limited data available on the importance of IPF as a diag-
nostic marker in hypo productive thrombocytopenia.

The objective of this study was to determine IPF in patients
presenting with thrombocytopenia and correlation of bone
marrow findings in  hematological  disease and to determine
predictive  value  of  immature  platelet  fraction  (IPF  %)  in
differentiating  hyper-destructive/consumptive  thrombocy-
topenia  from  hypo-productive  thrombocytopenia.

METHODOLOGY

It  was  a  cross-sectional  comparative  study  conducted  at
King Edward Medical University (KEMU), Hospital Laboratory
from December 2018 to February 2019.  Inclusion criteria
were patients of all ages and both genders presenting to the
Hematology Department for bone marrow biopsy for hemato-
logical diseases, and with platelet counts less than 100 x
109/L, confirmed after peripheral blood film review. Exclusion
criteria  were  pseudo  thrombocytopenia  after  peripheral
blood film review and patients receiving prior treatment for
their hematological disease.

After  taking  informed  consent,  a  detailed  personal  and
medical  history  was  taken.  Bone  marrow  aspirate  and
trephine biopsy were done from posterior iliac crest. Bone
marrow aspirate slides were stained with Giemsa stain. The
trephine biopsy was processed in standardised manner and
stained  with  Hematoxylin  and  Eosin.  Peripheral  venous
sample (taken as routine in bone marrow procedure) was
drawn and stored in EDTA vial and was analysed for CBC on
Sysmex kx 21 and IPF in Doctors Hospital  Laboratory on
Sysmex XN 550 within four hours of collection.

The data was statistically analysed by SPSS version 20. The
descriptive parameters were described in terms of frequen-
cies and percentages; whereas, inferential  parameters for
Group  1,  Group  2  were  statistically  analysed  by  median
(IQR). Normality of data distribution is checked by Shapiro-
Wilk test and was found to be non-parametric (asymmet-
rical, Figure 1); it was tested by Man-Whitney U-test at signifi-
cance level 95% and p value <0.05.

RESULTS

The study was carried out over a period of three months .A
comparative  cross-sectional  study  was  carried  out  on  58
thrombocytopenic patients (platelet <150 x109 /L) based on
clinical history and laboratory tests for bone marrow aspira-
tion and biopsy. There were 34 (58.6%) men and 24 (41.4%)
women (Table I). Age and gender for both Groups with IPF%
range in each Group was determined (Table I). Patients with
the  diagnosis  of  lymphoma,  leukemia,  aplastic  anemia,
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megaloblastic anemia and leishmaniasis were categorised as
Group 1; whereas, patients with ITP, TTP, hypersplenism and
DIC were placed in Group 2. There were 44 (75.9%) patients
in Group 1 (central thrombocytopenia) including 12(27.3%)
patients  with  leukemia,  17  (38.6%)  with  infiltration  by
lymphoma, 8 (18.2%) with aplastic anemia, 6 (13.6%) with
megaloblastic  anemia,  and  1  (2.3%)  had  Leishmaniasis.
There were 14 (24.1%) patients in Group 2 (peripheral throm-
bocytopenia) and among them 5 (35.7%) patients each had
ITP and hypersplenism, 3 (21.4%) had DIC and one (7.1%)
was suffering from TTP (Figure 1).

Using Mann-Whitney test, the Group1 (n=44) with hypo-pro-
ductive  thrombocytopenia  showed  median  (IQR)  IPF  8.2
(4.6-16.7),  which  was  significantly  lower  (p  <0.001)  than
that of Group 2 (n=14) hyper-productive thrombocytopenia
in which median IPF (IQR) was 25.5 (15.2-39.3). A significant
negative (inverse, -0.532) correlation was observed between
platelet counts and IPF in thrombocytopenic patients in both
Groups by Pearson correlation (p<0.001). Predictive value
was determined and found to be 100% in hyper-destructive
group and was 31% in hypo-productive group.

DISCUSSION

Platelets circulate in the peripheral blood and act as an inte-
gral element of homeostasis. The average platelet count in
human  beings  ranges  between  150  and  350  ×  109/L  .1

Severe and very severe thrombocytopenia due to any cause
have serious clinical implications and can be life-threatening.
Immature platelet fraction is useful parameter for differenti-
ating various causes of  thrombocytopenia.  Since IPF is  a
marker of platelet reactivity, it is also helpful in monitoring
of numerous systemic diseases with impending danger of
thrombosis.7-10

The patients included in this study had thrombocytopenia
and they presented for the workup. Diagnosis of etiology of
thrombocytopenia  was  made  on  examination  of  bone
marrow biopsy;  and IPF  levels  were correlated with  finding.
In Group 1 (central thrombocytopenia) patients of leukemia,
lymphoma, megaloblastic anemia, aplastic anemia and leish-
maniasis  were  included;  whereas,  in  Group 2  (peripheral
thrombocytopenia),  cases  of  ITP,  TTP  and  hypersplenism
were included. According to latest guidelines, bone marrow
biopsy is  not  indicated for  the diagnosis  management of
primary ITP; however, biopsy can be performed in certain
situations and on physician’s request.11

There were 44 patients in Group 1 and out of these, 29 (66%)
were males and 15 (34%) were females. Fourteen patients in
Group 2 included 5 (36%) males and 9 (64%) females. Median
age in Group1 was 32.5 years and in Group 2 was 45 years. In
similar study conducted by Arshi et al., males and females
were 30 and 32 in ITP group; and 100 and 69 in non-ITP
group. The median age for hypo-productive group was 32
years; and 23 years in hyper-destructive group.12

The platelets counts were analysed by CBC (complete blood
counts)  and  confirmed  on  smear.  Mean  platelets  counts  in
group1 (N=44) were 80.8 x109/L and 43.6 x 109/L in group
2(N=14). In the study conducted by Arshi et al., the mean
platelet count in hypo- productive group was 54 and in hyper-
-destructive group were 61. In that study, only CBC and IPF
was done and cases of ITP were of primary type; whereas, in
our study bone marrow was performed on these ITP patients
which were either resistant to therapy or had secondary ITP;
that is why mean platelet count was lower in this study.12

Mean platelet count was higher in Group 1 (hypo-productive
group); whereas, was lower in Group 2 (hyper-destructive
group). This is similar to the results of study by Lee et al.
who also observed lower levels in the second group.13

IPF levels were measured and mean was calculated. Median
(IQR) IPF of Group 1 showing decreased platelet production
was 8.2 (4.6-16.7) and that of group 2 showing increased
peripheral destruction were 25.5 (15.2-39.3). These results
verify that IPF is markedly increased in peripheral destruc-
tion. Statistical analysis showed significantly lower values in
hypo-productive  group  as  compared  to  hyper-productive
group;  and  negative  correlation  was  also  found between
platelet  count  and  IPF  thrombocytopenia.  This  finding  has
been  shown  in  different  studies;  and  IPF  has  always  been
shown to be a reliable diagnostic marker of ITP.3,13-15

Normal range of IPF is 1-7.7% and in Group 1, mean IPF was
found to be above normal. Mean IPF in 12 patients of acute
leukemia was 16.2 %, which was much higher than normal.
This finding has also been observed by Strauβ et al. who anal-
ysed IPF levels in children presented with thrombocytopenia;
and IPF levels were raised in acute lymphoblastic leukemia.16

In the study by Psaila et al., platelet function were compared
between AML/MDS and ITP patients.  They found lower IPF
levels in AML/MDS (11.2%) patients than ITP patients (25.4%).
However,  the  mean  IPF  was  higher  than  normal.  These
findings are exactly in accordance with this study.17

Mean IPF was calculated in 16 patients with lymphoma. Out
of these, 13 had bone marrow infiltration and 3 had no infil-
tration; but the marrow was hypo cellular, so the mean IPF
was 6.5%. In a study conducted by Vaughan et al., IPF was
decreased in hypo- cellular patients and increased in malig-
nant  marrow  infiltration.  The  discrepancy  between  the  two
values  can  be  due  to  inclusion  of  hypo-cellular  marrow
patients in calculation of mean in this group in our study.18

In eight patients with aplastic anemia, mean IPF was found
to be raised (14.7%). This finding has also been seen by Abe
et al. in their study, who observed normal levels in aplastic
anemia.19  In  study  by  Jung  et  al.,  IPF  levels  were  lower
(3.5%) in aplastic anemia. However, the range was variable
(range,  0.6-12.9%).  So  the  levels  are  variable  in  different
patients of aplastic anemia and are perhaps to difference in
stage of presentation.20
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In the six patients of megaloblastic anemia, IPF value was
8.6% in this study. Monteagudo et al. included megaloblastic
anemia patients in the group with central thrombocytopenia
(decreased production) and the mean IPF and the range were
7.5  and  2-9.7%,  respectively.6  These  findings  are  in  accor-
dance  with  the  present  study.

Total mean IPF in hypo-productive group in our study was
11.3%. A study has been conducted by Cybulsaka et al. in
2017,  and  they  compared  efficacy  of  Sysmex  analyser  and
CD Sapphire by Abbott  in  determining and comparing IPF
levels in bone marrow failure and ITP patients.21 They also
noted increased level (10.9%) in bone marrow failure patients
when samples run on CD sapphire and observed inverse corre-
lation between low platelet count and increased IPF due to
thrombocytopenia  of  any  cause.  The  reason  behind  this
phenomenon  as  described  by  the  author  is  accelerated
release of  immature platelets into the circulation which is
driven by a state of low platelet count in blood similar to retic-
ulocyte shift. They have suggested this as immature platelet
(imPLT).

Comparative analysis between both thrombocytopenic groups
showed  statistically  significant  differences  in  IPF  percentage
(p < 0.001,  Table I).  There was inverse correlation found
between level of IPF% and platelet count in all patients irre-
spective of diagnosis. The results of the studies by Arshi et al.
and study by Lee et al. inverse correlation was found only in
group with increased destruction. The reason of this discrep-
ancy  can  be  due  to  patient  selection  in  hypo-productive
group.  We  included  the  patients  who  presented  for  the
workup and were not getting treatment; whereas, in study by
Lee et al., patients receiving chemotherapy were included.12,13

Similarly,  a  recent  study  by  Lee  et  al.  showed  platelet
indices including IPF% were measured in 31 patients with
hyper-destructive/consumptive  thrombocytopenia  (14  with
immune thrombocytopenic purpura and 17 with liver cirrho-
sis),  and  34  patients  with  hypo-  productive  thrombocy-
topenia (4 with aplastic  anemia and 30 with cancer who
were undergoing chemotherapy). The platelet number in the
hyper-destructive/consumptive thrombocytopenia group was
significantly lower than that in the hypo-productive thrombo-
cytopenia  group  (p  <0.001).  The  IPF%  was  significantly
higher  in  the  hyper-  destructive/consumptive  thrombocy-
topenia  group  (median:  6.2%  [IQR  4.3-10.3%])  than  the
hypo-productive thrombocytopenia group (1.8% [0.9-2.3%])
(all p-values <0.001).13

Arshi  et  al.  also  determined  that  there  was  significant
inverse correlation of platelet count with IPF%; the lower the
platelet  counts,  the  higher  the  IPF%.  The  IPF%  value
reflected  the  severity  of  platelet  destruction.  With  a  poor
sensitivity of  about 41.76% for  non-ITP thrombocytopenia
IPF% may not be considered as a good biomarker for these
cases.  Further  studies  are  indeed required to  justify  this
conclusion.12,22

CONCLUSION

Immature platelet fraction is a useful parameter and it can
reliably identify  patients having thrombocytopenia due to
peripheral destruction or utilisation. However, in cases with
thrombocytopenia due to bone marrow diseases, IPF should
be  used  in  conjunction  with  other  investigations  like
peripheral blood examination and bone marrow biopsy etc.
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