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Young (immature) platelets containing residual RNA, so-called reticulated thrombocytes, 
appear in the peripheral blood after the release from bone marrow. It has been shown 
that the count of the reticulated platelet correlates with the megakaryocyte mass. As  
of late, the immature platelet fraction (IPF) may be reliably quantified with the fully 
automated blood analyzer Sysmex XE-2100. IPF may be expressed as percentage (IPF %) 
of the platelet count or as absolute number (IPF#)*. Since thrombocytopenia occurs in 
up to 30 % of all neonates admitted to intensive care, we evaluated the usefulness of IPF 
to estimate the platelet production rate in more than 1000 neonates. Our main findings 
are 1) the reference range for IPF in neonates (IPF % = 4.1 ± 1.8 %; IPF # = 9.5 ±3.8 x 109/ L) 
is higher compared to published results for adults and children, 2) a rise in IPF % anti- 
cipates increasing platelet counts, 3) IPF % inversely correlates with the platelet count, 
indicating a similar mechanism of neonatal thrombocytopenia that is mainly caused by 
platelet consumption, 4) IPF # is decreased in neonates with severe thrombocytopenia  
by approximately 50 % (IPF # 4.7 x 109/ L), indicating that a decreased megakaryopoietic 
activity contributes to the development of severe thrombocytopenia. We conclude that 
IPF can support decision-making when to monitor platelet counts in the setting of 
neonatal intensive care. Furthermore, the absolute IPF # should be taken into account 
for exact estimation of the platelet production rate. 

Malte Cremer, M. D.
Department of Neonatology
Charité – Universitätsmedizin 
Berlin. Charitéplatz 1,  
d-10117 Berlin, Germany

The immature platelet fraction (IPF)  
in neonates 

Malte Cremer, M.D. 

Diagnostic Perspectives | Volume 1 | page 36 – 42

The immature platelet fraction (IPF) in neonates

D
i

a
g

n
o

s
t

i
c

 P
e

r
s

p
e

c
t

i
v

e
s

Introduction

Recently released platelets from the bone 
marrow are reticulated and contain high 
amounts of RNA. In 1969, the first report 
on reticulated platelets was published by 
Ingram and Coppersmith [1]. After the 
induction thrombocytopenia caused by 
acute blood loss reticulated platelets 
were released into the peripheral blood 
of dogs. These reticulated platelets 
stained with methylene blue occurred in 
increased numbers after acute blood loss. 
Further development of intracellular 
RNA-staining using thiazole-orange and 
measurement by flow cytometry has been 
established by Kienast et al. [2]. These 
authors showed that reticulated platelets 
reflect the platelet production rate in 
comparison to bone marrow biopsy in 

thrombocytopenic patients. Unfortuna-
tely, previous studies on reticulated 
platelets in neonates were performed 
using different methods, gating, dyes and 
terminology such as thiazole-orange po -
sitive platelets, reticulated platelets or 
high fluorescent platelet fraction making 
the comparison of standardized results 
almost impossible [3–5]. Today, a fully- 
automated reliable quantification of 
reticulated platelets, now referred to as 
immature platelet fraction (IPF), has been 
developed. Using the Sysmex XE-2100, 
platelets and reticulocytes are stained 
with two different dyes (polymethine and 
oxazine) and quantified in the reticulo-
cytes/platelet channel [6]. IPF represents 
the immature platelet fraction and thus 
the production rate analogous to the 
reticulocytes for erythropoiesis. IPF can 

* for research use only
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acute life-threatening complications  
and/or life-long disability in more than 
15%, is difficult to assess, because it is 
closely related to the gestational and 
postnatal age of the neonate as well as 
the cause of the thrombocytopenia and 
the severity of concurrent conditions. 
Currently, only measurement of cir cu -
  lating platelet counts as well as determi-
nation of activated partial thromboplas-
tin time, prothrombin time ratio, and 
fibrinogen are standard parameters for 
estimating the risk for hemorrhage as 
well as for decision making on platelet 
transfusion or, respectively, the appli -
cation of fresh frozen plasma. Thus, a 
routine test available at a 24 /7 basis is 
required allowing the evaluation of the 
amount of platelet production as well as 
the distinction between inappropriate 
platelet production and increased plate -
let consumption. Furthermore, we aimed 
to clarify the exact pathomechanism of 
neonatal early-onset thrombocytopenia 
caused by intrauterine growth restriction 
or bacterial infection.

Subjects

In this review the results of different 
prospective studies on neonates with 
thrombocytopenia are briefly presented 
and described. The respective number of 
patients is given in the results section.  
An unselected population of all neonates 
admitted to our neonatal intensive care 
unit was included. Over a 12-month 
period, each infant admitted had a full 
blood count. Serial repetition of blood 
sampling was performed in sick neonates. 
The patients were divided into two 
groups according to their lowest platelet 
count during the first week of life. If the 
patient permanently had platelet counts  
> 150 x 109/L, he was assigned to the 
control group. Neonates who displayed 
at least once a platelet count < 150 x 109/L 
were included into the thrombocytopenia 
group. At admission, concentrations of 
interleukin-6 and/or C-reactive protein 
were determined to approve or rule  
out bacterial infection by immunoassay 

be expressed as percentage (IPF%) of the 
platelet counts or as absolute number 
(IPF#), e.g. per nanoliter. It has been shown 
that IPF distinguishes between increased 
and decreased platelet production [6]. 
With this new technology we achieved 
the evaluation of the diagnostic relevance 
of IPF in different settings in neonatal in- 
tensive care.  

Thrombocytopenia in healthy newborn is 
rare; only 2% of healthy neonates have  
a platelet count < 150 x 109/L [7]. However, 
thrombocytopenia is one of the most 
common hematologic problems in pre -
term and term neonates admitted to 
neonatal intensive care units, because it 
affects 18 to 35% of all admitted patients 
[8, 9]. It could be demonstrated, that in 
premature infants with a birth weight 
below 1000g the incidence of thrombo-
cytopenia is nearly 60% [10]. Among 
thrombocytopenic extremely low birth 
weight infants, almost 40% suffer from 
severe thrombocytopenia as defined by 
platelet counts < 50 x 109/L. Neonatal 
thrombocytopenia occurring within 72 h 
after birth is defined as ‘early-onset’ 
thrombocytopenia. Early-onset thrombo-
cytopenia is often caused by connatal 
bacterial infection or by chronic intra-
uterine hypoxia (associated with placental 
insufficiency, intrauterine growth re- 
striction etc.) and often resulting in ‘small 
for gestational age’ infants. In thrombo-
cytopenic neonates platelet counts 
typically decrease over the first days of 
life and starts to increase at the end of 
the first week [11]. This phenomenon is 
poorly understood, however a consump-
tion of platelets seems likely. As a con- 
sequence, repeated blood sampling in 
order to determine the platelet count is  
a very common procedure during the first 
days of life. Monitoring of the platelet 
count is also important, since thrombo-
cytes contribute to the postnatal occlu- 
sion of the ductus arteriosus; further-
more, the incidence of thrombocyto- 
penia is an independent predictor for  
the persistent ductus arteriosus [12]. 
Another point is that the risk for intra- 
cranial hemorrhage, which may cause 
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(IMMULITE 2000, Siemens, Erlangen, 
Germany; COBAS, Roche, Mannheim, 
Germany). Bacterial infection was dia g -
 nosed and treated if either the inter-
leukin-6 or C-reactive protein concen-
tration exceeded 100 pg/mL or 1mg / dL, 
respectively. Infants were classified as 
‘small for gestational age’ (SGA) accor  -
ding to their birth weight below the 10th 
percentile or ‘appropriate for gestational 
age’ if the birth weight was between the 
10th and 90th percentile. A control group 
was defined consisting of ‘appropriate  
for gestational age’ infants without in fec -
tion. Written parental informed consent 
and organisational approval were ob -
tained.

Platelet count and immature 
platelet fraction

Approximately 200 µL blood were col- 
lected in EDTA-containing tubes (Becton 
Dickinson, Franklin Lakes, NJ, USA), 
incubated and measured with polyme-
thine and oxazine dye (Retsearch (II), 

Sysmex) in the reticulocytes channel  
of the fully-automated hematological 
Sysmex XE-2100 analyzer (Sysmex, Kobe, 
Japan) equipped with the XE-IPF-Master 
software. Blood specimens were passed 
through a laser diode beam, and the 
resulting forward scatter light and side- 
ward fluorescence intensity was mea-
sured. The forward scatter light reflects 
the cell volume (y-axis), and the fluore-
scence intensity (RNA-content) is 
depicted on the x-axis. A pre-set gate 
discriminates between mature and 
immature platelets. IPF is expressed as 
absolute number (IPF#) or percentage 
(IPF%). An example of two original 
scattergrams is provided in Figure 1. 
Platelet counts of the same specimen 
were measured by the electric impedance 
method, as the primary measurement, 
and optically by the scattering light 
method. In abnormal samples, such as 
those with large platelets or small  
red blood cells, a computer algorithm is 
applied and the result is switched to  
the result produced by the scattered  
light [13].

Figure 1 Original scattergrams of blood cell analysis including immature platelet fraction (IPF)  
in healthy (A) and thrombocytopenic neonates (B) performed with the Sysmex XE-2100 automatic 
analyzer equipped with the software XE-IPF-Master. Panel A: Analysis in a preterm neonate with 
normal platelet count (249 x 109/L) and normal IPF. Panel B: Scattergram from a blood specimen of 
a thrombocytopenic neonate (49 x 109/L) with high IPF value. Mature platelets appear as turquoise 
dots, and green dots represent immature platelets characterized by an increased cell volume and  
higher fluorescence intensity compared to mature platelets. 

BA
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Statistical analysis

Data are given as mean and standard de- 
viation or percentages unless stated 
otherwise. Statistical analysis of platelet 
counts and IPF was performed using 
ANOVA. Pearsons’ correlation coefficient 
was calculated to investigate the rela- 
tionship between gestational age and 
platelet count, IPF% or IPF#. For statistical 
analysis, we used the ‘PASW statistics’ 
software (Version 18, SPSS Inc., Chicago, 
Illinois, USA). Statistical significance was 
defined by a p value < 0.05. 
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Normal IPF values

In total we included 1447 newborn infants 
who were admitted over a time period of 
12 month. In total, 2856 blood samples 
from these patients were analyzed and 
the platelet count was determined. In 
2562 of these samples the IPF could be 
measured. The median gestational age of 
these infants was 37.0 weeks (range: 
23–42). The median birth weight was 
2610g (range: 400–5125 g). Gestational 
age and platelet counts showed a sta- 
tistically significant but low correlation  
(r = 0.13, p < 0.001). However, we found no 
correlation between the gestational age 
or the birth weight and IPF. Based on 
infants without thrombocytopenia we 
calculated the normal range for IPF at the 
first day of life. The mean IPF percen- 
tage was 4.1±1.8 % and absolute IPF#  
was 9.5±3.8 x 109/L (Table 1). We could 
demonstrate a significant negative 
correlation between the platelet count 
and the IPF% with an exponential decay  
(r = – 0.62, p < 0.001 /Figure 2).

Figure 2 Regression analysis between platelet count and IPF% in neonatal blood specimens at the 
first day of life (n = 347).

Platelets (*109/L)
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F 
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The course of platelet counts 
and IPF 

Patients with severe disease and /or low 
platelet counts had repeated blood 
sampling to monitor platelet counts. If 
the platelet counts dropped below 150 x 
109/L during the first week, the patient 
was categorized into the thrombocytope-
nia group (n = 156). As shown in Figure 3, 
platelet counts continuously decreased  
in these patients until day five of life.  
On day six and seven, platelet counts in- 
creased and returned to a platelet count  
> 150 x 109/L. In patients without thrombo-
cytopenia platelet counts remained stable 
over the first four days of life and then 
increased rapidly. In the thrombocytope-
nia group as well as in controls increasing 
platelet counts were anticipated by an 
increase of IPF% (Figure 3). Based on 
these findings, we calculated the risk for a 
severe decrease of platelets on the follow-
ing day and tried to predict the course  
of the platelet count. In only 5 out of 76 
patients the platelet count dropped more 
than 50 x 109/L even though the IPF 
exceeded 8% [14]. 

Neonatal infection and ‘small 
for gestational age’ infants 

To elucidate the platelet production rate 
in neonates with connatal bacterial 
infection (n = 134) we analyzed neonates 
with elevated proinflammatory cytokine 
concentration and compared them with 
controls (n  =  656) [11]. In general, neo- 
nates with infection had significantly 
lower platelet counts but displayed 
similar IPF. The same was true for SGA 
infants. SGA infants suffered more 
frequently from thrombocytopenia. 
However, the platelet production rate, 
reflected by the IPF, was similar com-
pared to controls. 

Absolute versus relative IPF

In neonates with thrombocytopenia  
we found a strong inverse correlation 
between the platelet counts and the 
percentage of immature platelets (IPF%). 
Especially in patients with severe 
thrombocytopenia (platelet counts < 50 x 
109/L) IPF% was constantly increased. 
Since the percentage of IPF depends on 
the absolute platelet count, it may be 
reasonable to calculate the absolute IPF 
values by multiplication of the platelet 
count with the IPF%. The absolute IPF  

Figure 3 Longitudinal analysis of platelet count (mean ± standard error of mean) and IPF percent-
ages (mean ± SEM) during first seven days of life. Patients with thrombocytopenia are presented 
(platelet count once < 150 x 109/L). Triangles represent IPF%, circles represent platelet counts. The 
dashed line indicates the lower limit for normal platelet count (< 150 x 109/L).
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is independent of the platelet count. 
Severely thrombocytopenic neonates  
(n = 24) with platelet counts < 50 x 109/L 
had significantly lower IPF# (4.7 x 109/L) 
compared to controls (9.5 x 109/L, p < 
0.001). 

Discussion

The immature platelet fraction is an 
innovative tool to assess the platelet 
production rate ad hoc. The fully auto -
mated measurement of IPF by flow 
cytometry has been increasingly used 
since it is reliable and reproducible [15]. 
Interpreting IPF in neonates involves 
comparing their measured values with 
‘normal ranges’. We established such 
ranges by drawing blood on large num -
bers of neonates admitted to inten- 
sive care (because of ethical concerns, 
blood samples are not taken from healthy 
neonates). Hence, these IPF values have 
to be interpreted carefully. Interestingly, 
we found a higher platelet production 
rate in neonates compared to children 
between the age of six month and 18 
years [16] and adults [6] (Table 1). These 
findings are in line with previous studies 
showing that neonates have a higher 
proliferation rate of megakaryocytes than 
adults [17]. However, thrombocytopenia 
on the neonatal intensive care unit is 
frequent and the mechanisms leading to 
thrombocytopenia are not entirely clear. 
We were able to demonstrate, that IPF  
is a useful tool to estimate the platelet 
production rate. However, IPF measure-

ments are not suitable to determine the 
level of platelet consumption. It seems 
that the drop of platelet count on the 
first days of life is due to platelet con- 
sumption which is not compensated by 
an adequate increase of platelet produc- 
tion. This fact becomes evident in the 
case of severe thrombocytopenia: The 
significantly lower IPF# value in neonates 
with severe thrombocytopenia compared 
to neonates with platelet counts > 50 x 
109/L reflects a decreased megakaryopoi-
etic activity. Brown et al. evaluated re- 
ticulated platelets and thrombopoietin 
concentrations in twenty neonates with 
sepsis. They found reduced absolute 
counts of reticulated platelets in thrombo- 
cytopenic neonates [18]. Although 
thrombopoietin concentrations in neo- 
nates are increased in the early phase of 
infection and inversely correlate with 
the platelet count, this stimulus is ob- 
viously not sufficient enough to main- 
tain normal platelet counts [18, 19]. Since 
normalisation of platelet count can be 
anticipated by rising IPF values, serial 
measurements of IPF might be helpful for 
decision-making if a neonate with severe 
thrombocytopenia requires platelet 
transfusion. In the case of constant 
platelet degradation IPF can predict the 
course of the platelet count. Therefore, 
the determination of the moment in 
which to repeat blood analysis may be 
supported by the evaluation of the plate- 
let production rate in the peripheral blood 
by means of IPF. Thus, IPF may provide 
guidance to improve the management of 
neonatal thrombocytopenia. 

Table 1  Immature platelet fraction in non-thrombocytopenic neonates, children [16] and adults [6]. 
Data are given as mean and standard deviation or range.

Neonates Children Adults

Number of patients 682 100 50

Immature platelet fraction (%) 4.1 ± 1.8 2.7 ± 1.3 3.4 (1.1–6.1) 

Immature platelets (x 109/L) 9.5 ± 3.8 7.2 ± 3.4 8.6 (3.1–16.4)
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