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Abstract

Thrombocytopenia affects up to 35% of all patients admitted to the neonatal intensive care unit
(NICU). The causes of thrombocytopenia in neonates are very diverse, and include immune and non-
immune disorders. Most cases of thrombocytopenia encountered in the NICU are non-immune, and
these will constitute the focus of this review. Specifically, we will first discuss the biological
differences between neonatal and adult megakaryocytopoiesis, which contribute to explain the
vulnerability of neonates to develop thrombocytopenia. Next, we will review new diagnostic tools
that have allowed for a better evaluation of platelet production in neonates, without having to obtain
a bone marrow sample. Finally, we will summarize our current understanding of the mechanisms
underlying the thrombocytopenia in several common neonatal conditions, such as chronic
intrauterine hypoxia, sepsis and necrotizing enterocolitis (NEC), and viral infections. A better
understanding of the mechanisms underlying these varieties of thrombocytopenia is critical to
develop disease-specific treatment protocols, and to begin to entertain the possibility of using novel
thrombopoietic growth factors to treat selected neonates with severe thrombocytopenia.

Platelet production in neonates

Platelet production, or thrombopoiesis, is a complex process that can be schematically
represented as consisting of four main steps. The first step is the production of the
thrombopoietic stimulus, which drives the generation of megakaryocytes and ultimately
platelets. Although a number of cytokines (i.e. IL-3, IL-6, IL-11, GM-CSF) and chemokines
(i.e. SDF and FGF-4) contribute to this process, thrombopoietin (Tpo) is now widely
recognized as the most potent known stimulator of platelet production. Thrombopoietin mostly
acts by promoting the proliferation of megakaryocyte progenitors (the cells that multiply and
give rise to megakaryocytes), and the maturation of the megakaryocytes.l'3 Megakaryocyte
maturation is a process characterized by a progressive increase in nuclear ploidy and
cytoplasmic maturity that leads to the generation of large polyploid (8N-64N) megakaryocytes.
Through a still poorly understood process, these mature megakaryocytes then generate and
release new platelets into the circulation.4-6
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Although, in general, the process of platelet production follows the same steps in neonates and
adults, there are important developmental differences that need to be taken into consideration
when evaluating neonates with platelet disorders (Table 1). Specifically, it is well known that
glasma thrombopoietin concentrations are higher in normal neonates than in healthy adults,”

but neonates with thrombocytopenia have in general lower Tpo concentrations than adults
with similar degrees and mechanisms of thrombocytopenia.gv1 Megakaryocyte progenitors
of neonates have a higher proliferative potential than those of adults, and give rise to
significantly larger megakaryocyte colonies when cultured in vitro.9:11,12 Furthermore,
neonatal megakaryocyte progenitors are more sensitive to Tpo in vitro and in vivo than adult
progenitors, and are present both in the bone marrow and the peripheral blood, while adult
progenitors reside almost exclusively in the bone marrow. However, neonatal megakaryocytes
are smaller and of lower ploidy than adult megakaryocytes, although they are otherwise mature
cells.13:14 Since smaller megakaryocytes produce less platelets than larger megakaryocytes,
15 it has been postulated that neonates maintain normal platelet counts on the basis of the
increased proliferative potential of their progenitors.

Neonatal response to thrombocytopenia

An important question that had remained unanswered was whether and how these
developmental differences affected the ability of neonates to respond to thrombocytopenia,
particularly secondary to increased platelet consumption. Specifically, it was unknown if
neonates could increase the number and/or size of their megakaryocytes, as adult patients with
platelet consumptive disorders do in order to up-regulate platelet production.16 It was also
unclear whether neonates could increase their megakaryocyte number, since their progenitors
are proliferating at such a high rate at baseline. Finding the answers to these questions
represented a significant challenge, mostly due to the limited availability of bone marrow
specimens from living neonates, the rarity of megakaryocytes in the fetal marrow, and the lack
of animal models of neonatal thrombocytopenia.

Our group recently applied immunohistochemistry and image analysis to systematically
evaluate the number and size of megakaryocytes in the bone marrow of neonates and adults
with and without thrombocytopenia. Findings from this study suggested that thrombocytopenic
neonates could increase the number, but not the size, of their megakaryocytes.17 Adults with
immune thrombocytopenic purpura, in contrast, exhibited significantly higher proportions of
large megakaryocytes in their bone marrows than non-thrombocytopenic adults (Figure 1). We
hypothesized that this relative developmental deficiency in the ability of neonates to increase
their megakaryocyte size likely contributed to the predisposition of sick neonates to develop
prolonged and severe thrombocytopenia. However, the causes of thrombocytopenia were
highly diverse among the neonatal subjects, and it remained unclear whether the observed
differences between neonates and adults reflected a true developmental limitation, or were
rather explained by the different disease processes underlying neonatal and adult
thrombocytopenia. Recent data from a murine model of fetal immune thrombocytopenia
suggests that there is indeed a developmental limitation in the ability of neonates to increase
their megakaryocyte size (Unpublished).

The reasons underlying the lack of increase in megakaryocyte size in neonates are unclear.
Previous transplant studies by our group evaluating the phenotype of neonatal megakaryocytes
in an adult microenvironment demonstrated that the developmental differences between
neonatal and adult megakaryocytes are due both to cell-intrinsic and to microenvironmental
factors.18:19 Among the cell-intrinsic differences, we recently reported that the response of
human megakaryocytes to Tpo is different at various stages of development. Specifically, under
identical culture conditions, Tpo potently stimulated the maturation and polyploidization of
adult megakaryocytes, while it inhibited the nuclear maturation of neonatal megakaryocytes
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(Figure 2).20 Itis therefore tempting to hypothesize that the early rise in Tpo levels that usually
accompanies thrombocytopenia (induced by the acute drop in platelet count) at least partially
explains the differences in megakaryocyte size between thrombocytopenic neonates and adults.

In regard to the fetal vs. adult hematopoietic microenvironment, developmental differences
may exist in the expression levels of factors stimulating or suppressing megakaryocytopoiesis
(i.e. IL-6, IL-11, VEGF, PF4), or of chemokines that have been proven critical for
megakaryocyte maturation, such as SDF and/or FGF-4. Such differences in the
microenvironment could also explain the variability in megakaryocyte size and concentration
observed in different organs (i.e. bone marrow, spleen and liver), although this remains to be
determined.

New tests to evaluate platelet production in neonates

Since bone marrow studies are technically difficult in neonates (particularly in those born
prematurely), significant efforts have been aimed at developing blood tests to evaluate platelet
production that are suitable for neonates. Among those tests, plasma or serum Tpo
concentrations, circulating Mk progenitors, reticulated platelet percentages (RP%), and
glycocalicin concentrations have been used by different investigators, and have shown
promising results. Tpo concentrations are a good measure of the thrombopoietic stimulus.
Because serum Tpo levels are a reflection of both the level of Tpo production and the
availability of Tpo receptor (on progenitor cells, megakaryocytes, and platelets), elevated Tpo
levels in the presence of thrombocytopenia usually suggest inflammatory conditions leading
to upregulated gene expression (i.e. during infections), or hyporegenerative thrombocytopenias
characterized by a decreased megakaryocyte mass (such as aplastic anemia or chemotherapy-
induced thrombocytopenia). Normal to only minimally elevated Tpo concentrations have been
reported in patients with ITP2L and in patients with thrombocytopenia secondary to liver
failure22 (Table 2), in whom lack of Tpo production by the failing liver is thought to contribute
to the thrombocytopenia. In regard to neonates, several investigators have published Tpo
concentrations in healthy preterm and term neonates as well as in neonates with
thrombocytopenia secondary to different etiologies.23 Overall, Tpo levels can be helpful in
the mechanistic evaluation of thrombocytopenia, but due to the complex regulation of plasma
Tpo levels, they are difficult to interpret in the absence of other test(s) of thrombopoiesis. Tpo
concentrations are also not routinely available in the clinical setting.

In neonates, megakaryocyte progenitors (the precursors for megakaryocytes) are present both
in the blood and in the bone marrow. Several investigators have capitalized on this observation,
and have used the concentration of circulating progenitors as an indirect marker of marrow
megakaryocytopoiesis,24'26 although the correlation between blood progenitors and marrow
progenitors has never been clearly established in newborn infants. Nevertheless, the
quantification of circulating megakaryocyte progenitors has provided significant insight into
the mechanisms underlying several varieties of neonatal thrombocytopenia (see below), and
has enhanced our understanding of normal and abnormal neonatal thrombopoiesis. It is
unlikely, however, that this relatively labor-intensive test (which requires culturing the
megakaryocyte progenitors for 10 days and then quantifying the megakaryocyte colonies
formed) will ever become available for routine clinical use.

Perhaps the most promising test of platelet production to emerge in the last decade has been
the reticulated platelet (RP) percentage. RPs are newly released platelets (<24 hours old) that
contain residual RNA, which allows their detection and quantification in the blood by flow
cytometry. In adults and children, the reticulated platelet percentage (RP%) has been evaluated
as a way of classifying thrombocytopenia into hyporegerative and consumptive varieties,
similar to the way the reticulocyte count is used to evaluate anemia.27,28 Thus, a low RP%
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suggests diminished platelet production, while an elevated RP% indicates increased platelet
production. Unfortunately, RP% values reported for healthy adults and children have varied
significantly among publications, mostly because of the lack of consistent methodology. Four
prior studies measured RP% in non-thrombocytopenic term and preterm neonates, and (similar
to adult studies) the methods used and the RP% values varied significantly.zg'32 In one of
these publications, our group used a modified whole blood method to determine RP% in
preterm neonates admitted to the NICU over the first 28 days of life. We found that the RP%
in neonates increased over the first 2-5 days of life and then decreased to a stable level of 3.2
+1.1%. In addition, RP% were higher in neonates than adults, and (in the first day of life) they
were inversely related to gestational age.32

Recently, atest similar to the RP% was developed for clinical use. This RP% equivalent, termed
the “immature platelet fraction (IPF)” can be measured by a standard hematology analyzer
(XE-2100, Sysmex, Kobe, Japan) as part of a routine complete blood count.33:34 Similar to
the RP%, IPF values were shown to be elevated in thrombocytopenic conditions associated
with increased platelet destruction (i.e. ITP), and decreased in thrombocytopenias due to
decreased platelet production (i.e. aplastic anemia, chemotherapy-induced thrombocytopenia).
35,36 Only one study has evaluated IPF values in thrombocytopenic and non-
thrombocytopenic neonates.37 In this study, as in our previous RP% study, normal neonatal
IPF values were higher than those previously reported in adults, likely reflecting an increased
level of platelet turnover in neonates (necessary to maintain a normal platelet count during a
period of rapid growth). Most importantly, however, findings from this study suggested that
the IPF could be used (at least in certain varieties of thrombocytopenia) to predict recovery of
the platelet count within the next 24 hours. Thus, the IPF has the potential of becoming an
important consideration when deciding whether to give or withhold a platelet transfusion in a
thrombocytopenic neonate.

Glycocalicin concentrations, measured by ELISA, have also been used in a number of research
studies as a marker of platelet turnover. Glycocalicin is a soluble proteolytic fragment of the
a-subunit of glycoprotein Ib (GPIb), which is normally expressed on mature megakaryocytes
and platelets. Its levels are increased in patients with increased platelet destruction, and
decreased in patients with defective platelet formation.38-40 This test is currently not available
for clinical use.

Although none of these tests have yet been adequately validated with concomitant bone marrow
or platelet kinetic studies in neonates, recent reports in adults and children have suggested that
the use of several tests in combination can help differentiate between disorders of increased
platelet destruction and those of decreased production (Table 2).38'42 Particularly in neonates
with severe and unexplained thrombocytopenia, this type of evaluation is likely to offer useful
information leading to the diagnosis, although at this point it is limited to research settings.
For the clinicians, it is anticipated that the IPF (as it becomes more widely available) will
become an integral part of the evaluation of thrombocytopenia, similarly to the reticulocyte
count in anemia. Bone marrow studies still provide information that cannot be obtained through
any indirect measures of platelet production (such as marrow cellularity and megakaryocyte
morphology), and should be performed in selected patients.43

Mechanisms of thrombocytopenia in specific neonatal conditions

Chronic intrauterine hypoxia

Chronic intrauterine hypoxia is the most frequent cause of early-onset thrombocytopenia
(within the first 72 hours of life) in preterm neonates.*4 Chronic intrauterine hypoxia is
commonly seen in maternal conditions associated with placental insufficiency, such as
pregnancy-induced hypertension and diabetes, % and is usually manifested in the fetus by

Semin Perinatol. Author manuscript; available in PMC 2010 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sola-Visner et al.

Page 5

intrauterine growth restriction and hematological abnormalities. The thrombocytopenia
associated with this condition is almost always mild to moderate, with platelet counts between
50 and 100 x 10%/L. In fact, if the thrombocytopenia is severe (<50 x 10%/L), other causes of
severe early onset thrombocytopenia (such as immune mediated thrombocytopenia, infections,
genetic disorders) should be considered. Since the thrombocytopenia associated with chronic
intrauterine hypoxia and intrauterine growth restriction is usually resolved by days of life 7-10,
persistence of the thrombocytopenia beyond this period should also trigger an evaluation for
other causes.

The pathophysiology of the thrombocytopenia in fetuses and neonates exposed to chronic
intrauterine hypoxia is not completely understood, but several studies have implicated
decreased platelet production as the main mechanism. Murray and Roberts observed that
preterm neonates with early-onset thrombocytopenia (associated with chronic intrauterine
hypoxia in most cases) had decreased concentrations of circulating megakaryocyte progenitors
compared to their non-thrombocytopenic counterparts, and that the number of progenitors
increased during the period of platelet recovery (Figure 3).25 Similarly, our group reported
decreased numbers of megakaryocytes in the bone marrow of three thrombocytopenic preterm
neonates born from pregnancies complicated by placental insufficiency.10 Interestingly, both
groups of investigators reported that plasma Tpo concentrations in these neonates were normal
to minimally elevated, suggesting that an inadequate up-regulation of Tpo production could
contribute to the thrombocytopenia.lo! The reasons for this are unknown.

The effects of chronic hypoxia on thrombopoiesis in vivo have been studied in several animal
models. These confirmed the pathogenic association between chronic hypoxia and
thrombocytopenia, and showed reduced megakaryocyte differentiation of hematopoietic
precursors and decreased Mk numbers in adult and newborn animals exposed to hypoxia.47’
48 Since chronic intrauterine hypoxia also causes polycythemia due to hypoxic upregulation
of erythropoietin,49 it was hypothesized that increased erythropoiesis might contribute to the
thrombocytopenia by “stealing” progenitor cells from the megakaryocytic to the erythroid
Iineage.5 Against this hypothesis, however, thrombocytopenia has not been observed in
anemic preterm infants treated with recombinant erythropoietin for up to several weeks.21,

2 Furthermore, erythropoietin displays synergistic effects with Tpo, likely due to their high
degree of structural homology.5

Saxonhouse et al. investigated the effects of chronic hypoxia on the clonogenic potential of
preterm, term and adult megakaryocyte progenitors exposed to different oxygen tensions (1,
5, or 20 % oxygen for 10-12 days). These experiments demonstrated that hypoxia had no direct
deleterious effect on megakaryocyte progenitors. However, if megakaryocyte progenitor cells
obtained from the cord blood of preterm neonates were co-cultured with non-progenitor (CD34
negative) bone marrow cells, exposure to hypoxia resulted in decreased megakaryocyte colony
formation.>4 These findings suggested that the hematopoietic microenvironment plays a
significant role in mediating chronic hypoxia-induced suppression of megakaryocytopoiesis,
and that megakaryocyte progenitors from preterm neonates are more vulnerable than
progenitors from term neonates or adults.

Sepsis and necrotizing enterocolitis

Sepsis and necrotizing enterocolitis (NEC) are among the most common causes of severe
thrombocytopenia in the neonatal intensive care unit (NICU). Despite their prevalence, the
mechanisms underlying the thrombocytopenia in these conditions had not been clearly
elucidated. Over the last decade, several groups evaluated thrombopoietin concentrations in
neonates with infection. These studies consistently observed that septic neonates had elevated
plasma Tpo concentrations, compared to their healthy counterparts. 5 However, it was unclear
whether these elevated Tpo levels were the result of increased Tpo production, or rather
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reflected decreased megakaryocytes and therefore sepsis-mediated suppression of
megakaryocytopoiesis.

To answer this question, we recently agplied a panel of tests to evaluate platelet production in
20 neonates with sepsis and/or NEC.56 This panel included plasma Tpo concentrations,
circulating megakaryocyte progenitors, RP% and RP counts. Findings from this study
demonstrated that, in neonates with sepsis and/or NEC, Tpo concentrations and circulating
megakaryocyte progenitors were elevated, suggesting an up-regulation of thrombopoiesis
mediated by Tpo. The RP% was also increased in neonates with thrombocytopenia. Overall,
observations from this study demonstrated that thrombopoiesis is up-regulated in neonatal
sepsis and/or NEC, although the degree of up-regulation observed in our study was relatively
modest. Interestingly, the neonates with Gram-negative sepsis did not have the highest degree
of up-regulation, despite more significant levels of thrombocytopenia and more severe illness.
This observation suggested that the magnitude of the thrombopoietic response can be down-
regulated during severe illness, and can reach a state of “relative hypoproliferation”, previously
defined as a less than two-fold increase in megakaryocyte mass in response to
thrombocytopenia.16 The mechanisms responsible for this down-regulated response are
unknown, but we hypothesized that it could be mediated by high levels of platelet factor 4
being released from activated platelets during severe sepsis. Platelet factor 4 has been recently
found to be a potent inhibitor of megakaryocyte proliferation, thus negatively regulating
megakaryocytopoiesis.

Congenital viral infections: HIV, CMV, and enterovirus

Neonates suffering from infections with viral pathogens such as human immunodeficiency
virus (HIV), cytomegalovirus (CMV), or enterovirus frequently exhibit thrombocytopenia.
The mechanisms underlying the decreased platelet counts under these conditions differ and are
incompletely understood.

Thrombocytopenia is a well-studied complication of HIV-infection in children and adults.>8
However, information regarding HIV-associated thrombocytopenia in the neonatal population
is sparse. Roux et al. showed that 47% out of 34 HIVV-exposed neonates were
thrombocytopenic, which led the authors to suggest that thrombocytopenia could serve as a
maker for HIVV-exposure in neonates.

The mechanisms responsible for the thrombocytopenia in HIV infected subg'ects are complex,
and likely involve a combination of immune-mediated thrombocytopenia,5 ,60 sequestration,
and suppression of platelet production. The most comprehensive study to date focusing on the
mechanisms underlying HIV-related thrombocytopenia in adult patients was carried out by
Cole et al. These investigators observed that subjects with HIV-associated thrombocytopenia
had splenic platelet sequestration, but also had evidence of decreased platelet production
despite a substantial increase in their megakaryocyte mass.8 This dissociation between the
platelet producing substrate (i.e. the megakaryocytes) and the actual level of platelet production
is known as “ineffective thrombopoiesis”, and was identified as the main mechanism
accounting for the thrombocytopenia in these patients. Direct HIV infection of the
megakaryocytes and their progenitors, which exgress CD4 and CXCR4, was hypothesized to
be the cause for their impaired platelet release.62,63

The mechanisms contributing to neonatal HIV-related thrombocytopenia have extensively
been investigated in only a single neonate. Tighe et al. applied a panel of tests consisting of
plasma Tpo concentrations, circulating megakaryocyte progenitors, and RP% to evaluate a
neonate with severe HIV infection and thrombocytopenia (Table 2). This study confirmed
ineffective platelet production as the main mechanism of the thrombocytopenia, which
resolved within 10 days of starting treatment with Zydovudine.64
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In contrast to the rather uncommon congenital HIV-infection, fetal CMV infection is frequent,
affecting 1% of all life births in the United States, 10% of which are sgm[;tomatic.65 The rate
of thrombocytopenia among those infants ranges from 50% to 77%.65,6 Despite the high
clinical relevance of CMV-induced thrombocytopenia, the pathophysiology of this condition
has only been poorly evaluated in neonates. Affected infants have been reported to exhibit
massive splenomegaly and to often require repeated transfusions, likely because of platelet
sequestration in the spleen.68v69 Furthermore, CMV might affect megakaryocytopoiesis by
directly infecting bone marrow stromal cells.”0 However, it is not known whether CMV
infection interferes with platelet release from the megakaryocytes and causes ineffective
platelet production in a manner similar to HIV.

The mechanisms underlying the thrombocytopenia associated with other viral infections (e.g.
enterovirus infection) are only speculative, but seem to involve hepatosplenomegaly causing
increased platelet sequestration, as well as increased platelet destruction associated with
disseminated intravascular coagulation.71’72

Conclusion

Thrombocytopenia is a common problem among sick neonates admitted to the NICU. Despite
its prevalence, the responsible pathophysiologic mechanisms remain unclear in the majority
of cases. Over the last decade, a mounting body of evidence has suggested that megakaryocytes
and megakaryocyte progenitors from neonates are biologically substantially different from
those of adults, and that these differences contribute to explain the predisposition of neonates
to develop thrombocytopenia. Our ability to evaluate individual neonates with
thrombocytopenia has also been enhanced by the availability of new tests to evaluate platelet
production. Among these tests, the immature platelet fraction (IPF) is already clinically
available in several institutions, and will likely become an integral part of the evaluation of
thrombocytopenia in any age group. With this and other tools in hand, we have gained a better
understanding of the mechanisms that underlie several common and some less common types
of neonatal thrombocytopenia. This improved understanding is critical to begin to explore the
potential of judiciously using thrombopoietic growth factors to treat certain groups of
thrombocytopenic neonates.
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Figure 1.

Cumulative distribution plots of megakaryocyte diameters in the bone marrow of
thrombocytopenic neonates (dark circles), non-thrombocytopenic neonates (clear circles),
thrombocytopenic adults (dark diamonds), and non-thrombocytopenic adults (clear diamonds).
The megakaryocyte diameters are displayed on the X-axis, and their cumulative distribution
on the Y-axis. Both adult curves are shifted to the right compared to the neonatal curves,
indicating the predominance of larger megakaryocytes in these samples. Furthermore, the curve
for the thrombocytopenic adults is also shifted to the right compared to that for the non-
thrombocytopenic adults, indicating a higher percentage of large megakaryocytes. In contrast,
the curves of thrombocytopenic and non-thrombocytopenic neonates are overlapping,
indicating no change in the megakaryocyte size distribution in this cohort of thrombocytopenic
neonates compared to controls. (From Sola-Visner MC, Christensen RD, Hutson AD, Rimsza
LM. Megakaryocyte size and concentration in the bone marrow of thrombocytopenic and
nonthrombocytopenic neonates. Pediatr Res. 2007;61:479-484. Repinted with permission).
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Figure 2.

The percentage of megakaryocytes with ploidy levels > 8N in peripheral blood (PB)- and cord
blood (CB)-derived megakaryocyte cultures differed depending on media source and rTpo
concentration. PB- and CB-CD34* cells were cultured for 14 days in serum free unconditioned
media (A) and in adult bone marrow stromal conditioned media (B), with varying rTpo
concentrations. PB-derived megakaryocytes (solid lines) cultured in unconditioned media (A)
exhibited a rTpo dose-dependent increase in ploidy levels, an effect inhibited by the presence
of conditioned media (B). CB-derived megakaryocytes (dashed lines) reached highest ploidy
levels when cultured in conditioned media with no rTpo, and effect that was reversed by rTpo
concentrations >1 ng/ml (B). Data shown represent the means and standard error of the mean
(SEM) of four separate experiments. (From Pastos KM, Slayton WB, Rimsza LM, et al.
Differential effects of recombinant thrombopoietin and bone marrow stromal-conditioned
media on neonatal versus adult megakaryocytes. Blood 2006;108:3360-3362. Reprinted with
permission).
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Figure 3.

Changes in thrombopoietin (Tpo) level, platelet count, and megakaryocyte (MK) progenitor
numbers during the first 12 d of life in control preterm babies and preterm babies with early
onset thrombocytopenia. Results expressed as mean + SEM. Despite platelet counts being
significantly lower in thrombocytopenic babies at d 1 and d 4/5 compared with control babies
(*p <0.001), Tpo levels were only significantly higher at d 4/5 (8p < 0.001) (a and b). As with
platelet counts, MK progenitors were also significantly lower at d 1 (#p < 0.001) and d 4/5 (fp
< 0.05) in thrombocytopenic babies compared with control babies (c and d). There was no
significant difference among platelet count, Tpo level, or MK progenitors between study and
control groups by d 12. (From Watts TL, Murray NA, Roberts IA. Thrombopoietin has a
primary role in the regulation of platelet production in preterm babies. Pediatr Res.
1999;46:28-32. Reprinted with permission).
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Table 1

Differences in megakaryocytopoiesis between neonates and adults.
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Adults

Neonates

Tpo concentrations

Very high in hyporegenerative thrombocytopenia

Not as high in thrombocytopenic neonates (mostly
SGA) as in thrombocytopenic adults

Megakaryocyte progenitors

Sparse in the blood
Give rise to small colonies
Less sensitive to Tpo

Abundant in the blood
Give rise to large colonies
More sensitive to Tpo

Megakaryocytes Large Small
High ploidy levels Low ploidy levels
Effects of rTpo Stimulates megakaryocyte polyploidization Inhibits megakaryocyte polyploidization

Adapted from: Sola-Visner MC. Thrombocytopenia in the NICU: New Insights into causative mechanisms and treatments. Haematologica reports
2006;2:65-69. Reprinted with permission.
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Table 2

Mechanisms of thrombocytopenia based on different tests of thrombopoiesis.
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Tpo

CMPs

RP%

RP Count

Interpretation

NL

W

Decreased platelet production secondary to low Tpo:

. Liver failure

. Some anti-Tpo neutralizing antibodies

"

W

Decreased platelet production secondary to decreased marrow
megakaryocytes:

. CAMT
. Aplastic anemia

. Chemotherapy-induced thrombocytopenia

W

Ineffective platelet production:
. HIV infection

"

JtoNL

Thrombocytopenia due to increased platelet consumption with
inflammation (Tpo up-regulation):

. Sepsis

. NEC

NL to
slightly 1

JtoNL

Thrombocytopenia due to immune-mediated platelet consumption:

< TP

NL=Normal; CAMT=Congenital Amegakaryocytic Thrombocytopenia; HI\V=Human Immunodeficiency Virus; ITP=Immune Thrombocytopenic
Purpura; NEC=Necrotizing Enterocolitis

Adapted from: Brown et al., Effects of sepsis on neonatal thrombopoiesis. Pediatric Research 2008. Reprinted with permission
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