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ABSTRACT

Thrombocytopenia is a hematological finding commonly encountered in daily clinical practice
from asymptomatic clinic patients to critically ill intensive care unit patients. A broad spectrum
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of etiologies and variation in clinical presentation often present a diagnostic challenge.

Furthermore, concomitant presence of thrombosis and thrombocytopenia, as in cases of
thrombotic thrombocytopenia, complicates the management. In hospitalized patients, new-
onset thrombocytopenia is an important reason for hematology consultation. Therefore, it is of
utmost importance that the etiology is diagnosed accurately. In addition, a basic understanding
of the pathophysiology and the differential diagnosis avoids delay in the diagnosis and leads to
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rapid initiation of treatment. This review will address causes of thrombocytopenia that arises in
hospitalized patients with an emphasis on the pathophysiological basis of each disorder.

1. Introduction

Normal adult platelet count ranges from 150-450 x 10°
per pl. Thrombocytopenia is defined as a platelet count
<150 x 10° per pl [1]. Because normal values are tradi-
tionally determined as 2-standard deviations above and
below the mean (approximately 95 percent), a proportion
of normal population will have platelet count < 150 x 10°
per pl In addition, there is an annual and seasonal varia-
tion in the platelet count [2]. Therefore, a platelet count
between 100-150 x 10° per pl may be normal and clini-
cally insignificant under certain circumstances. Isolated
thrombocytopenia is a common hematological finding in
hospitalized patients. A broad spectrum of etiologies and
variation in clinical presentation often present a diagnos-
tic challenge. In this review, we will elucidate causes of
isolated thrombocytopenia arising in hospitalized
patients. We will develop a diagnostic approach and
discuss each cause separately.

2. Incidence

Thrombocytopenia acquired during hospitalization is
common [3]. Even though several studies have documen-
ted incidence of thrombocytopenia from 25 to 55% in
intensive care units (ICU), no study has characterized its
incidence in all hospitalized patients [4]. The incidence
may be higher in surgical than medical ICUs. About 50%
of all ICU patients have at least one platelet reading
< 150 x 10° per pl [5]. Similarly, thrombocytopenia is
seen in cardiac, obstetrics and gynecology, oncology,

neurology, and general medical units. Up to 13% of
patients with acute coronary syndrome may develop
thrombocytopenia during their hospitalization [6].

3. Pathogenesis

Platelets are derived from fragmentation of megakaryo-
cytes, hematopoietic cells residing in the bone marrow.
A key regulator of thrombopoiesis is thrombobpoeitin
(TPO), a hormone synthesized by the liver. It functions
by promoting survival and proliferation of megakaryo-
cytes [7]. Besides TPO, cytokines such as interleukin-3
(IL-3), interleukin-6 (IL-6), interleukin-11 (1L-11), and
stem cell factor (SCF) have synergistic effects [8].
Platelets have a half-life of about eight days, after
which they undergo intrinsic programmed apoptosis
regulated by BAK/BCL-X| interaction [9]. Once senile,
platelets are removed from the bloodstream by phago-
cytes in liver and spleen. Pathophysiologically, any pro-
cess that disrupts the platelet life cycle could potentially
cause thrombocytopenia. Primarily, there are two
mechanisms involved; decreased platelet production
and increased platelet destruction (Figure 1).

Several factors influence platelet formation.
Reduction in the number of megakaryocytes due to
destruction of the stem cells or megakaryocyte apop-
tosis leads to thrombocytopenia [10]. These processes
are in part mediated by lack of TPO or auto-antibo-
dies against it. Prevention of platelet budding from
megakaryocytes by inhibition of NF-«xB is another
hypothesized mechanism [11]. Under certain
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2) Alcohol
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drugs
4) Vitamin B12 or folate
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5) Myelofibrosis
6) Leukemia, lymphoma and
other cancerous infiltration
7) Infections
8) Liver disease
9) Autoimmune processes
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Figure 1. Thrombopoiesis begins in the bone marrow milieu with the differentiation of pleuripotent stem cell to megakaryocytes.
Several key regulators (TPO, interleukins, B12, folate, NF-kB) are involved in platelet formation. Platelets have several destinations in
the peripheral circulation including self-regulated apoptosis, consumption in response to injury, splenic sequestration, and platelet
destruction. Causes of decreased platelet production (yellow box) and increased peripheral destruction (red box) are shown.
Abbreviations: MDS (myelodysplastic syndrome), TPO (thrombopoietin), IL (interleukin), SCF (stem cell factor), NF-kB (nuclear factor
kappa B), DIC (disseminated intravascular coagulation), HELLP (hemolysis, elevated liver enzymes and low platelets).

circumstances, changes in megakaryocyte size and
ploidy influence platelet production [12]. Ineffective
megakaryopoiesis as a result of nutrient deficiency
such as vitamin B-12 and folate is another cause.
The second major mechanism is peripheral destruc-
tion as a result of humoral or complement mediated
mechanisms.  Auto-antibody mediated platelet
destruction can be induced by drugs, infections, or
autoimmune disorders. Other pathophysiologic
mechanisms of thrombocytopenia include platelet
sequestration, hemodilution, and consumption
within thrombi. An algorithmic approach to

thrombocytopenia in hospitalized patients is pro-
vided in Figure 2.

4. Spurious thrombocytopenia

Technical errors in platelet counting can occasion-
ally cause spurious thrombocytopenia or pseudo-
thrombocytopenia (Figure 3). It is therefore
important to recognize such conditions and avoid
unnecessary testing or treatment delays. Platelet
clumping is a laboratory artifact caused by ethyle-
nediaminetetraacetic acid (EDTA) dependent auto-
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Figure 2. An algorithmic approach to hospital-induced thrombocytopenia. Abbreviations: DIC (disseminated intravascular
coagulation), TTP (thrombotic thrombocytopenic purpura), ST-HUS (Shiga toxin-mediated hemolytic uremic syndrome), aHUS
(atypical hemolytic uremic syndrome), CPB (cardiopulmonary bypass), IABP (intraaortic balloon pump), HIT (heparin-induced
thrombocytopenia), DITP (drug-induced immune thrombocytopenia), HELLP ((hemolysis, elevated liver enzymes, and low

platelets), PTP (post transfusion purpura).

antibodies directed against glycoprotein IIb/IIla
receptor. In the presence of EDTA, these antibodies
cause platelet aggregation and degranulation in vitro
[13]. Hence, automated cell counters are unable to
distinguish between individual platelets. Platelet
satellitism is a rare phenomenon caused by EDTA-
dependent IgG auto-antibodies directed against pla-
telet glycoprotein IIb/IIIa receptor and neutrophil
Fc gamma receptor III, perhaps due to cross-react-
ing epitopes [14]. This results in platelets adhering
to the surface of polymorphonuclear leukocytes in a
rosette-like fashion. Most commonly, it is seen as an
artifact in normal individuals but conditions such as
lupus, vasculitis, mantle cell lymphoma, and mar-
ginal zone lymphoma may be associated with it [14].
Platelet phagocytosis is a very rare EDTA-associated

phenomenon characterized by phagocytosis of plate-
lets by neutrophils or monocytes in vitro [15]. An
accurate platelet count in these EDTA associated
conditions can be determined by using EDTA-free,
blood sample collecting tubes such as heparin-,
citrate-, oxalate- or magnesium-containing tubes
[13-15]. Lastly, giant platelets can be miscounted
as leukocytes or erythrocytes by automated cell
counters because of their size. Flow cytometry of
immunologically stained platelets can be helpful in
such cases for true platelet count [13-15].

5. Hemodilution

Large volume fluid resuscitation and massive blood
transfusion are risk factors for dilutional
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Figure 3. Peripheral smear examination demonstrating, (a) small scattered platelet clumps; (b) platelet satellitism where
platelets are arranged in a rosette-like pattern around the neutrophils; (c) schistocytes, bite cells, and scarcity of platelets, (d)

a giant platelet almost the size of a red blood cell.

thrombocytopenia. It is the most common hemostatic
laboratory abnormality observed after massive trans-
fusion (> 15 units) [16]. Primary mechanism of
thrombocytopenia is replacement of lost blood by
platelet deficient crystalloids or packed red blood
cells [17]. Moreover, up to 75% of patients receiving
> 20 units of packed red cells can develop thrombo-
cytopenia with counts < 50 x 10° per ul [18].

A novel concept in treating trauma patients requir-
ing massive blood transfusion is balanced ratio transfu-
sion of RBC, platelets, and plasma (1:1:1). This has been
considered as a paradigm shift in treating these patients
as platelets and plasma are administered at the start of
resuscitation along with packed red cells in contrast to
traditional sequential administration of crystalloid,
RBC, and platelets or plasma in that order [19]. This
strategy has demonstrated higher platelet counts and
better mortality outcomes [20]. Because of increased
risk of bleeding and higher mortality associated throm-
bocytopenia of < 100 x 10° per pl in trauma patients,
efforts should be made to keep the platelet count
> 50-100 x 10° per pl.

6. Postoperative thrombocytopenia

Postoperative thrombocytopenia is commonly seen
in cardiovascular, non-cardiac, and orthopedic sur-
geries [21]. Early-onset postoperative thrombocyto-
penia is physiological and inevitable. Surgery
results in complement activation, neutrophil degra-
nulation, and release of pro-inflammatory cytokines
such as IL-6 and tumor necrosis factor-a (TNF-a),
which cause endothelial cell dysfunction and release

of tissue factor and von Willibrand (vWB) factor
leading to platelet activation, aggregation, and con-
sumption [22]. Physiologic postoperative thrombo-
cytopenia is usually mild, not associated with
clinical bleeding, and resolves spontaneously in
three to four days [23]. If there is persistence of
thrombocytopenia beyond five days or the onset is
late (> 5 days), other causes should be considered.

7. Thrombocytopenia associated with cardiac
bypass surgery

Cardiopulmonary bypass (CPB) for open heart sur-
gery affects platelet count and function leading to
quantitative and qualitative platelet dysfunctions,
respectively. Thrombocytopenia develops because of
hemodilution, filtration, and adhesion of platelet
aggregates to synthetic surfaces. Platelet count starts
to drop within five to ten minutes of initiation of
CPB, usually stays above 100 x 10° per ul and
recovers within five to seven days [24]. Qualitative
platelet defects are caused by depletion of a-granules,
impairment of platelet aggregation to adenosine
diphosphate (ADP), and loss of platelet surface gly-
coprotein due to mechanical shear stress [25].

8. Thrombocytopenia associated with cardiac
assist devices

Intraaortic balloon pumps (IABA) cause thrombo-
cytopenia very frequently due to similar mechanisms
discussed above. Platelet drop is usually mild and
not associated with clinically significant bleeding.
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Patients on IABP frequently have concomitant
heparin use for anticoagulation but the platelet
drop is independent [26]. Continuous flow ventri-
cular assist devices cause thrombocytopenia by caus-
ing platelet activation and aggregation due to non-
pulsatile blood flow and mechanical shear
stress [27].

9. Post transfusion purpura

Post transfusion purpura (PTP) is a rare and serious
condition of acute thrombocytopenia developing after
receiving platelet-containing blood products. It is caused
by alloimmunization or sensitization to certain human
platelet antigens (HPA-1a, HPA-1b, HPA-3a, HPA-4a,
and HPA-5b) after pregnancy, transfusion, or bone mar-
row transplantation in patients who are HPA nega-
tive [28]. An anamnestic immunological response
occurs after transfusion of HLA-1a positive donor pro-
ducts that not only causes destruction of donor platelets
by anti-HLA-la alloantibody but also paradoxically
patient’s own platelets. There is a sudden drop in platelet
count (sometimes < 10 x 10° per pl) usually five to ten
days post transfusion. Clinical manifestations in PTP vary
but can potentially cause life threatening bleeding and
have 10-15% mortality. Diagnosis is based on the clinical
picture as well as demonstration of anti-HLA alloantibo-
dies in the patient’s serum [28]. Many cases will have
spontaneous remission in a few weeks. But since clinical
course cannot be predicted, aggressive treatment with
intravenous immunoglobulin administration (IVIG)
and/or steroids should be instituted early [29]. Platelet
transfusion should generally be avoided even in HPA-1a
negative platelets, and future transfusion should be from
a platelet compatible donor [30].

10. Passive alloimmune thrombocytopenia

Preformed antiplatelet antibodies (anti-HPA-la) in
immunized antigen negative donor blood products, on
rare occasions, can cause acute severe thrombocytope-
nia by passive transfer of these antibodies to the antigen
positive recipient and causing platelet destruction.
Onset is within hours of transfusion in contrast to PTP
(where it is days) and platelet counts can fall
< 10 x 10° per pl [28,31]. Spontaneous platelet count
recovery can occur in about five days. There is no treat-
ment guideline for this condition given its rarity, never-
theless, based on the prior case reports, IVIG, steroids,
and platelet transfusion have been successful [31].

11. Acute thrombosis associated
thrombocytopenia

Occasionally, platelet count will drop after an acute
episode of venous thromboembolism (VTE). Since
unfractionated heparin (UH) or low molecular weight

heparin (LMWH) are the standard initial treatment
for acute VTE, it is important to recognize this con-
dition. Platelets have a propensity to adhere to the
surfaces of fresh large clots likely due to exudation of
thromboplastic substances. This process consumes
circulating platelets and can cause acute thrombocy-
topenia. Platelet drop occurs as early as within
12 hours of thrombus formation and can continue
to drop for 24-36 hours [32]. Up to 10% of patients
with newly formed pulmonary emboli develop
thrombocytopenia of < 150 x 10° per ul [33].
Platelet drop is usually mild but there are case reports
where counts have dropped to 60 x 10° per pl.
Recovery occurs usually in three days. Therefore, it
is crucial to continue heparin as long as hemostasis
remains intact [32].

12. Thrombocytopenia associated with liver
disease

Thrombocytopenia is very common in liver disease and
present in up to 70% of cirrhotic patients because of
decreased megakaryopoiesis due to lack of TPO, splenic
sequestration, interferon alpha and autoimmune
mechanisms [34]. Thrombocytopenia due to chronic
liver disease is rather chronic and present at baseline;
however, acute worsening or new development of
thrombocytopenia due to acute fulminant liver failure
can happen in hospitalized patients. Thrombocytopenia
in acetaminophen (APAP) hepatotoxicity was reported
to be 3.4% in one study and correlated directly with the
degree of hepatic damage [35]. APAP overdose not only
impairs clotting factor synthesis but also induces coa-
gulation cascade leading to consumption of clotting
factors and platelets. Recently, platelets have been sug-
gested to play a role in APAP-related hepatic injury at
cellular and molecular level. Studies in mice have shown
increased platelet concentration in the liver linking to
APAP hepatotoxicity [36]. These results have yet to be
studied or confirmed in humans.

13. Thrombcytopenia associated with alcohol
abuse

Up to 80% of acutely ill, hospitalized alcoholic patients
develop thrombocytopenia [37]. In general, thrombo-
cytopenia is mild and self-limiting with resolution in
five to seven days of abstinence. The mechanism by
which acute alcohol abuse causes thrombocytopenia
involves direct toxic effect on megakaryocytes prevent-
ing them from maturing as well as decreased life span
of circulating platelets. Moreover, there is qualitative
platelet dysfunction resulting in impaired platelet
aggregation and prolongation of bleeding time [38].
Nutritional deficiencies (folate and vitamin B12) asso-
ciated with alcoholism do not appear to be the cause in
acute alcoholism-induced thrombocytopenia. A
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transient hematological response, rebound thrombocy-
tosis, occurs in many alcoholics after an acute episode
of thrombocytopenia where platelet count may increase
up to 600-900 x 10° per ul [37].

14. Thrombocytopenia in pregnancy

Thrombocytopenia, usually an incidental finding on rou-
tine late pregnancy-related blood work, represents
70-80% of all thrombocytopenic pregnant women [39].
However, peripartum hospital acquired thrombocytope-
nia is more serious with maternal and fetal consequences.
Preeclampsia, HELLP (hemolysis, elevated liver enzymes,
and low platelets) syndrome and acute fatty liver of
pregnancy are three pregnancy-specific causes closely
associated and often difficult to differentiate from throm-
botic microangiopathies [39]. Preeclampsia is character-
ized by hypertension and proteinuria after 20 weeks of
pregnancy. Thrombocytopenia can be the initial mani-
festation and accounts for 21% of thrombocytopenia in
pregnancy. Severe thrombocytopenia (< 50 x 10° per uL)
with intravascular hemolysis can happen in < 5% of
preeclapmtic patients [40]. HELLP syndrome, preceded
by preeclampsia in 20% of the cases, causes severe hemo-
lysis, elevation of liver enzymes (elevation of aspartate
aminotransferase > 70 U/L is a diagnostic criterion), and
thrombocytopenia [41]. Lastly, a rare life threatening
condition called acute fatty liver of pregnancy presents
with severe thrombocytopenia (less than 20 x 10° per pl)
and markedly elevated liver enzymes [39]. Therapy is
directed toward safe delivery of the fetus as early as
possible as well as supportive treatment to keep platelet
count greater than 50 x 10° per pl. There is evidence that
steroids play some role particularly in maturation of the
fetal pulmonary system [42].

15. Virus induced thrombocytopenia

Platelets have a far more extensive and complex inter-
action with viruses than was previously thought. As a
result, mild thrombocytopenia is often seen with
chronic viral infections. Some acute viral infections
are associated with severe thrombocytopenia and life
threatening hemorrhagic syndromes [43]. Several
mechanisms are deployed by viruses including inap-
propriate platelet activation and consumption, suppres-
sion of hematopoietic stem cells and megakaryocytes,
decreasing TPO synthesis by liver, direct interaction
with platelets leading to their premature destruction,
immune complex mediated removal of platelets, and
splenic sequestration [43,44]. Direct interaction with
viruses is mediated by several receptors on platelet cell
membranes such as integrins, Toll-like receptors (TLR),
and lectins [45]. The acuity and severity of thrombocy-
topenia depends on the type of virus involved.
Treatment is usually supportive and of the underlying
viral infection.

16. Septic thrombocytopenia and
disseminated intravascular coagulation (DIC)

Moderate degree of thrombocytopenia (50-150 x 10°
per ul) in septicemia without laboratory or clinical
evidence of DIC is poorly understood and has been
regarded as compensated or subclinical DIC [46].
Possible mechanisms involve bone marrow suppres-
sion, direct bacteria-platelet interaction and immune
mediated destruction. Platelet associated IgG antibo-
dies have been detected in a majority of patients with
septicemia [47]. In addition, hemophagocytosis of
platelets in response to infection results from elevated
levels of macrophage colony stimulating factor lead-
ing to increased proliferation and activation of mono-
cytes and macrophages. According to one study,
hemophagocytosis is present in up to 64% of critically
ill severely septic patients [48].

DIC is a dreaded complication of many disorders
(Table 1). The morbidity and mortality associated with
DIC depends on the underlying clinical disorder and the
severity of coagulation defect [49]. In DIC, there is a
widespread activation of platelets and coagulation cas-
cade with thrombotic occlusion of small vessels in several
organs. Several fold increase in fibrinogenesis is a result of
tissue factor mediated activation of extrinsic pathway,
impairment of anticoagulation system and inhibition of
endogenous fibrinolytic pathways from plasminogen
activator inhibitor 1 (PAI-1). Cytokines in particular IL-
6 play an intermediary role [50]. Recently, further eluci-
dation of the pathogenesis of DIC has identified NETosis
as a crucial step. NETosis is a form for cell death, dis-
tinctive from apoptosis and necrosis, where cellular
DNA, associated proteins (histones and high mobility
group box protein 1) and cytoplasmic proteins are
released into extracellular milieu forming web like struc-
tures called neutrophil extracellular traps (NETs). NET's
provide scaffolding for factors XII and XI leading to
activation of intrinsic coagulation pathway. In addition,
cell free DNA and histones have strong procoagulant
properties [51,52].

DIC can be acute (overt) or chronic (non-overt),
representing the inability or the ability of the liver to
synthesize consumed factors respectively. Acute DIC
most commonly presents with clinical bleeding, throm-
bocytopenia, low fibrinogen, increased D-dimers, ele-
vated prothrombin (PT) time, and activated partial
thromboplastin times (aPTT). On the contrary, in
chronic DIC, these hemostatic parameters may be nor-
mal or mildly deranged and thromboembolic phenom-
enon may be prevalent [54]. The International Society on
Thrombosis and Hemostasis (ISTH) developed a scoring
system for identification of overt DIC [54]. A cutoff score
of five or above provided very high sensitivity (91%) and
specificity (97%) for overt DIC and the higher the score,
the greater the mortality [55]. Treatment of DIC should
be tailored towards treating the underlying condition.
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Table 1. Various clinical conditions associated with DIC and their pathogenesis.

Clinical condition

Pathogenetic trigger

1 Sepsis and severe infections — gram positive and negative bacteria, viruses,

fungi, parasites
2 Crush injuries and sever trauma
3 Head injury
4 Acute severe pancreatitis
5 Solid tumors — pancreatic and prostate carcinoma
6 Hematological malignancies
7
8

Transfusion related hemolytic reactions — ABO and Rh incompatibility
Obstetrical complications — placental abruption, amniotic fluid embolism,

eclampsia, HELLP syndrome, RPOC, septic abortion, fetal demise
9 Vascular malformation - giant hemangiomas, aneurysms

10 Snake bites

11 Heat stroke, hyperthermia, and burns
12 Acute fulminant hepatic failure

13 Drugs - allergic reactions and overdoses such as amphetamines

14 Purpura fulminans

Exotoxins and endotoxins (lipopolysaccharides)

Phospholipids and fats from damaged tissues; fat embolism

Phospholipids and fats from damaged tissues

Cytokines and severe inflammatory response

Cancer procoagulant

Tissue factor; cytokines

Widespread endothelial damage

Leakage of procoagulant substances from placenta and
amniotic fluid; widespread endothelial damage

Localized activation of platelet aggregation and coagulation;
can become widespread

Hemorrhagic metalloproteinases; thrombin-like enzymes; factor
X and prothrombin activators [53]

Tissue factor; protein alteration with temperature changes

Accelerated platelet and coagulation activation; decreased pro-
and anticoagulant synthesis complicates DIC

Severe inflammatory or immunological response; tissue
necrosis and rhabdomyolysis in case of amphetamines

Acute DIC and hemorrhagic cutaneous necrosis

Abbreviations: HELLP (hemolysis, elevated liver enzymes, and low platelets) RPOC (retained products of contraception), DIC (disseminated intravascular

coagulation).

Supportive therapy in the form of fresh frozen plasma,
cryoprecipitate and platelet transfusion may be necessary.

17. Thrombotic microangiopathies

Thrombotic microangiopathies (TMA) are a diverse
group of disorders including thrombotic thrombocyto-
penic purpura (TTP), Shiga toxin-mediated hemolytic
uremic syndrome (ST-HUS), and atypical hemolytic
uremic syndrome (aHUS). These disorders can be
genetic or acquired and present at any age. The most
important diagnostic criteria are presence of nonim-
mune microangiopathic hemolytic anemia (MAHA),
thrombocytopenia, and varying degree of multiorgan
injury [56]. Pathologically, there is a prothrombotic
state due to various factors that leads to vascular
endothelial injury, leukocyte recruitment, and platelet
activation which, in turn, leads to microthrombi forma-
tion; the end result is organ dysfunction [55]. Recently,
complement hyperactivation has been identified as a
common factor in the pathogenesis of these three dis-
orders [57]. Several secondary TMAs have been
described in association with underlying disorders such
as sepsis, autoimmune disorders and malignancies [56].
In general, thrombocytopenia is evident on presentation,
nevertheless, TMAs can develop in hospitalized patients
after surgery, sepsis, pancreatitis, and pregnancy related
conditions. TTP triggered by cardiac surgery and acute
pancreatitis has been well described [58,59]. Likewise,
infections, drugs, and pregnancy have been common
antecedents of aHUS episodes [60,61]. A summary of
TTP, ST-HUS, and aHUS is given in Table 2.

18. Heparin induced thrombocytopenia

Heparin induced thrombocytopenia (HIT), also
known as type 2 HIT, is an important differential

diagnosis of thrombocytopenia in hospitalized
patients not only because of its thrombotic complica-
tions and mortality [63], but also because it is often
over investigated requiring unnecessary interruption
in heparin therapy. HIT is often confused with a
transient heparin-associated thrombocytopenia, also
referred to as type 1 HIT; a non-immune mediated
platelet aggregation as a result of direct interaction
between heparin and platelets. Type 1 HIT is much
more common than true HIT with an incidence of
about 10-20% as compared to 1-3% of heparin-
exposed patients, respectively. Type 1 HIT is mild
(platelet count rarely < 100 x 10> per ul), non-throm-
botic, self-limiting, and occurs between one to four
days of heparin exposure [64].

HIT is a clinicopathological entity of acquired para-
doxical hypercoagulability in the setting of thrombocy-
topenia. This transient prothrombotic state is induced
by heparins (UF and LMWH). Heparin, being a poly-
anion, binds to positively-charged platelet factor 4
(PF4) causing a conformational change in PF4 forming
neoepitopes against which HIT autoantibodies (usually
IgG) are generated [65]. IgG-heparin-PF4 immune
complexes are attached to the surface of platelets, cross-
linking them via Fc gamma receptors (FcyRIIa). These
complexes also attach to and activate monocytes (via
FcyRI) and endothelial cells. The end result is platelet
activation and thrombin generation [66].

Diagnosis of HIT is often challenging due to con-
fusion with type 1 HIT and lack of a single highly
sensitive and specific diagnostic test. Nevertheless,
diagnostic accuracy can be increased with the use of
a stepwise approach. Pretest probability of HIT, com-
monly known as ‘4T or Warkentin score, should be
determined first (Table 3) [67]. A low score (< 4) has
a very high negative predictive value of 97-99% and
essentially rules out HIT, whereas intermediate and
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Table 2. Thrombotic microangiopathies.

TTP

ST-HUS aHUS

6.1 cases per 100 000 children under five

2 cases per million [62]

Overall 1-2 cases per 100 000

Epidemiology 4-11 cases per million
Age Predominantly adults; rarely
children
Hereditary or Both Acquired
acquired

Pathogenesis Severe deficiency of ADAMTS13
resulting in UL-vWF multimers
leading to microvascular

occlusive thrombi formation

Potential triggers
sepsis, pregnancy

50% patients with neurological
problems, fever is uncommon,
acute renal failure rare

MAHA, thrombocytopenia, < 5%
ADAMTS13 activity (48-90% of
patients)

thrombocytopenia

Clinical
presentation

Laboratory
features

Acuity and degree

Moderate to thrombocytopenia, Less

severe commonly insidious onset with
fluctuating thrombocytopenia
for weeks to months
Treatment Plasma exchange therapy, steroids, Supportive, dialysis
immunosuppressive therapy
Prognosis Relapse is rare except when there is Good if survive the acute episode

severe deficiency of ADAMTS13
(50%)

Shiga toxin mediated injury to renal
endothelial cells; Shiga toxin binds to Gb3
on the target cells and stimulates them
leading to increased secretion of IL-1, IL-8,
TNF-a, UL-vWF

Sporadic, surgery, acute pancreatitis, Eschericia coli serotypes, Shigella dysentreae

Prodrome of abdominal pain and bloody
diarrhea, acute renal failure

MAHA, thrombocytopenia, marked
derangements of renal function, Shiga
toxin identification in stool

Rapid onset of severe thrombocytopenia,

of direct correlation of degree of ADAMTS13

deficiency and thrombocytopenia

Predominantly children; less commonly adults Predominantly children; 30% middle-

aged; less common adults
Both

Selective activation of alternative
complement pathway due to
congenital or rarely acquired defects in
CFH, CHI, MCP, TM, and C3; result is
complement mediated endothelial and
platelet activation with thrombus
formation

Sporadic, infection, drugs, pregnancy

Acute kidney injury, hypertension, can
have neurological symptoms

MAHA, thrombocytopenia, Decreased C3
but normal C4 level, specific hereditary
defects

Generally slower than TTP, moderate to
severe thrombocytopenia

Eculizumab, immunosuppressive therapy

Response to therapy, risk of relapse and
progression to ESRD depend on specific
mutations

Abbreviations: TTP (thrombotic thrombocytopenic purpura), ST-HUS (Shiga toxin-mediated hemolytic uremic syndrome), aHUS (atypical hemolytic uremic
syndrome), UL-vWF (ultra large von Willibrand Factor), IL (interleukin), TNF (tumor necrosis factor), CFH (complement factor H), CHI (complement factor I),
MCP (membrane cofactor protein), TM (thrombomodulin), MAHA (microangiopathic hemolytic anemia), ESRD (end stage renal disease).

Table 3. The “4-T" score.

Score

Variable 0

1 2

Thrombocytopenia < 30% decrease or nadir <
10 x 10% per pl

< 4 days without any recent
exposure to heparin

Thrombosis No

Alternative cause  Yes

Onset

Doubtful
Doubtful

30-50% decrease or nadir 10-19 x 10° per ul > 50% decrease or nadir = 20 x 10° per pl

> 10 days, or < 1 day if exposure to heparin 5-10 days, or < 1 day if exposure to
30-100 days prior

heparin within 30 days
Yes
No

Adapted from Lo et al. [67]. High score: 6-8, Intermediate score: 5-6, Low score: < 4.

high scores are not conclusive because of poor posi-
tive predictive values [67,68]. Therefore, detection of
HIT IgG antibodies should follow intermediate or
high probability scores. Furthermore, strength of
reactivity on immunoassay should be taken into
account since greater optical density (> 1.5) correlates
strongly with HIT [69]. A negative test rules out HIT
because of a very high negative predictive value of
99% [67]. A positive test should be followed by a
functional assay such as serotonin release assays.
Treatment should promptly be initiated if clinical
suspicion is high or there is evidence of thromboem-
bolism. Generally, argatroban, a direct thrombin
inhibitor, is the first choice. Danapiroid, fondapari-
nux, and bivalirudin are also utilized. Platelet transfu-
sions should be avoided. It is important to realize that
warfarin is contraindicated in HIT because of
increased risk of gangrene until the platelet count

has normalized. Refractory or high risk cases may
require IVIG, but the data is very limited [65].

19. Drug induced immune thrombocytopenia

The term ‘drug induced immune thrombocytopenia’
(DITP) refers only to immune mediated destruction of
platelets rather than myelosuppression [70]. DITP is
an important yet under-recognized cause of thrombo-
cytopenia in hospitalized patients and true incidence is
unknown, predominantly because many cases are
often misdiagnosed as ITP [71]. DITP is an idiosyn-
cratic immune mediated reaction to a wide spectrum
of drugs. Investigators have proposed several mechan-
isms for this reaction. In one model, antibodies only
react with platelets in the presence of sensitizing drug.
In the absence of drug, the binding affinity of these
antibodies is too low to cause significant
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Table 4. Drugs implicated in DITP on various medical floors.

Drugs implicated in DITP on various medical floors

Hematology &

Cardiology Neurology oncology Infectious disease General medicine Psychiatry ~ Miscellaneous
Aspirin/Clopidogrel Aspirin/ Bortezomib Acyclovir acetaminophen Clonazepam  Methyldopa
Clopidogrel
Gp lib/llla blockers Butobarbital Allopurinol/ Ampicillin/amoxicillin ~ Cimetidine/ Haloperidol Gold
(abciximab, tirofiban, colchicine Famotidine/
eptifibatide) Deferoxamine pantoprazole
/ranitidine
Atorvastatin/simvastatin Carbamazepine Ferrous sulfate  Cephalosporins Desmopressin Amitryptyline  INF-alpha
and (Ceftriaxone,
gluconate cefotetan, cefazolin)
Amlodipine Diazepam Filgastrim Ciprofloxacin/ Diclofenac Lithium Danazol
levofloxacin
Amiodarone Lamotrigine Oxaliplatin Azithromycin/ Glucagon Mirtazepine Infliximab
clarithromycin
Bumetanide/furosemide Levetiracetam Protamine Fluconazole Glyburide Oxcarbezepine Hepatitis B
sulfate vaccine
Captopril/Enalapril Phenytoin Rituxumab Isoniazid/rifampin/ Ibuprofen/ Olanzapine MMR
ethambutol indomethacin/ vaccine
naproxen
Carvedilol Valproic acid Transtuzomab Linezolid Lidocaine Prednisone
Chlorothiazide/ Acetazolamide Bleomycin Penecillin Morphine Salfasalazine
Hydrochlorothiazide
Digoxin/Cardizem Bromocriptine Fludarabine Piperacillin- Ondansetron
tazobactum

Hydralazine
Nadolol

Procainamide

Quinidine/quinine
Sulfamethoxazole-
trimethoprim

Vancomycin

Drugs in bold letters are more commonly implicated.

thrombocytopenia. When the drug is present, the anti-
body-drug-platelet interaction is enhanced culminat-
ing in severe thrombocytopenia [72,73]. Other
pathogenetic models include induction of a conforma-
tional change in native platelet proteins such as GP
IIb-IIIa or GP Ib-V-IX by the drug and hapten-depen-
dent antibodies [73].

Typically, DITP occurs in one to weeks following
the exposure to the drug. However, onset can occur
within one day of exposure if the drug was previously
taken, indicating that drug-induced antibodies can
remain inside the body for many months. Nadir
platelet count can drop < 20 x 10° per pl with the
potential to cause severe bleeding and death [70].
Platelet count begins to rise in one to two days after
stopping the drug. It is often challenging to identify
the implicated drug as patients may be receiving
multiple drugs with the potential to cause DITP.
Some of the common drugs known to cause DITP
are summarized in Table 4.

20. Idiopathic thrombocytopenic purpura

Idiopathic thrombocytopenic purpura (ITP) is a diag-
nosis of exclusion which is characterized by immune
mediated destruction of platelets or inhibition of their
production in the bone marrow. Most cases are idio-
pathic but some secondary conditions (for example
infections such as Helicobacter pylori, cytomegalo-
virus, varicella zoster virus etc.) have been associated
with it [74]. In most cases, ITP is managed in the
outpatient setting. However, when the platelet count

drops significantly, for example < 20 x 10 per pl,
hospitalization and acute intervention are warranted.
Typically, intravenous steroid is effective first line
therapy, but in resistant cases, IVIG, immune sup-
pression, and rituximab are needed. Detailed discus-
sion on ITP is described elsewhere [74].

21. Conclusion

Thrombocytopenia is a commonly encountered
hematological abnormality in hospitalized patients.
It is important to recognize that the differential diag-
nosis of thrombocytopenia is distinctive from those
encountered in the outpatient setting. Therefore, an
understanding of the pathophysiology and a stepwise
approach will avoid delays in accurate diagnosis and
allow rapid initiation of treatment.
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