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Abstract
There are numerous congenital and acquired causes of thrombocytopenia.
Thrombocytopenia could be a result of decreased bone marrow production,
increased consumption, increased destruction, splenic sequestration or a
combination of these causes. In this review, we have focused on some of the
serious acquired causes of thrombocytopenia. There have been some
significant advances in our understanding of the pathophysiology, diagnostic
testing, and treatment of immune thrombocytopenia, heparin-induced
thrombocytopenia, thrombotic thrombocytopenic purpura, and atypical
hemolytic uremic syndrome over the past five years. These advances have
resulted in a significant decrease in mortality and morbidity of patients with
these disorders. Despite these advances, we are still faced with numerous
unanswered questions in the pathophysiology and management of these
complex thrombocytopenic disorders.
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Introduction
There are numerous causes for thrombocytopenia, defined as 
a platelet count below 150 × 109/L, and they could be broadly  
classified as congenital and acquired. Acquired thrombocytopenia  
could be immune or non-immune. Thrombocytopenia could be 
a result of decreased marrow production, increased destruction 
or sequestration/consumption in the periphery, or a combination  
of decreased production and sequestration. Initial steps in the  
evaluation of thrombocytopenia include review of the peripheral 
blood smear to exclude pseudo-thrombocytopenia due to platelet  
clumping. The peripheral blood smear may also provide clues 
toward other causes of thrombocytopenia when combined with 
the complete blood count and a good patient history and physical  
examination. Platelet size and presence of schistocytes, poly-
chromasia, or spherocytes are some of the other features on the  
peripheral blood smear that help in diagnosing the etiology of 
thrombocytopenia. Thrombocytopenia could be a harbinger 
of a serious underlying medical condition such as thrombotic  
thrombocytopenic purpura (TTP) or heparin-induced thrombocy-
topenia (HIT). Therefore, it is always important for the treating  
physician to evaluate thrombocytopenia in a timely fashion so that 
the treatment for some of the serious conditions is not delayed. The 
current review will focus primarily on the recent updates in the 
pathophysiology and management of some of the serious acquired 
causes of thrombocytopenia encountered in the hospital setting 
(Table 1).

Immune thrombocytopenia
Most patients presenting with immune thrombocytopenia (ITP) 
either are asymptomatic or have minor muco-cutaneous bleeding.  
ITP remains a diagnosis of exclusion because there is no reliable 
diagnostic test to detect platelet autoantibodies1. However, a rapid 
response to intravenous immunoglobulin (IVIG) or steroids, in 
addition to being therapeutic, might also aid in the diagnosis of  
ITP. Platelet autoantibodies or T cell-mediated autoimmunity 
or both play a role in the pathophysiology of ITP resulting in  
platelet destruction and reduced platelet production2. Although 
platelet autoantibodies are not used in the diagnosis of ITP, recent 
work suggests that the lack of platelet-bound antibodies might  
predict non-responsiveness to rituximab therapy in patients with 
ITP3. The bleeding phenotype varies significantly in patients 
with similar platelet counts and may be related to factors such as  
concomitant medications, age of the patient, and platelet  
reactivity. There is some evidence to suggest that ITP patients with 
lower platelet counts and increased platelet reactivity have a lower 
risk of bleeding4. Intracranial hemorrhage is the most dreaded  
complication of ITP, and history of significant bleeding from other 
sites predicts for intracranial hemorrhage5.

Steroids are the mainstay in the first-line treatment of ITP. A  
two- to four-week course of prednisone (1 mg/kg and taper) or  
four days of pulsed high-dose (40 mg daily) dexamethasone  
given every two to four weeks are the two commonly used  
steroid regimens1. High-dose dexamethasone was found in one 
study to be more effective in inducing long-term remission  
compared with prednisone6. Multiple cycles of pulsed dexam-
ethasone may result in higher long-term remission rates compared  
with prednisone or a single cycle of dexamethasone6,7. Two other 

retrospective studies showed conflicting results when comparing  
the efficacy of dexamethasone with that of prednisone8,9. Further 
prospective studies are needed to conclusively prove the efficacy  
of one steroid over the other. Given the convenience of a  
short-course, high-dose dexamethasone regimen over a longer  
duration of prednisone, we recommend high-dose dexamethasone  
over prednisone for the initial treatment of ITP10. Treating  
physicians should be aware of the fact that a sustained response 
with high-dose dexamethasone might require multiple cycles of 
therapy, although some proportion of the patients might not achieve 
remission despite this approach. IVIG administered at a dose of  
1 g/kg for one or two days is the other first-line treatment option1. 
Given the faster platelet response to IVIG compared with steroids, 
IVIG is used in conjunction with steroids in patients with severe 
thrombocytopenia requiring urgent procedures or presenting with 
moderate to severe bleeding.

Before the advent of thrombopoietin receptor agonists (TPO-
RAs), splenectomy and rituximab were the commonly used  
second-line agents. A recent single-center cohort study compared 
83 splenectomized ITP patients with 83 non-splenectomized  
ITP patients. Splenectomy resulted in an overall response rate 
of 52% at 192 months11. There was an increase in the venous  
thromboembolic events and serious infections resulting in hospi-
talization in the splenectomized population without a decrease in 
the overall survival. A recent population-matched cohort study  
demonstrated that splenectomized patients had a 50% overall 
increased five-year stroke risk compared with the disease-matched 
cohort (absolute risk 3% versus 2.3%) but that there was no  
increase in the five-year stroke risk in ITP patients undergoing 
splenectomy12. Another recent large single-center study confirmed  
the curative nature of splenectomy in more than 50% of the patients 
undergoing the procedure, and corticosteroid dependence pre-
dicted for sustained response after splenectomy13. Taking into con-
sideration the high cure rates and the opportunity to avoid long-
term medications, we recommend considering splenectomy as the  
initial second-line treatment option in young steroid-dependent  
ITP patients.

Rituximab, an anti-CD20 monoclonal antibody, can result in 50 
to 60% initial response rates, although only about 20% of the 
patients maintain the response at five years14. A recent randomized  
control trial comparing rituximab with placebo demonstrated no 
difference in the complete remission rates between the two arms at 
18 months15. Rituximab, when combined with one to three cycles 
of high-dose dexamethasone in a first-line setting, could result in 
higher response rates than dexamethasone alone16–18.

Two TPO-RAs, romiplostim and eltrombopag, were initially used 
in the third-line setting but have rapidly moved up the ladder to 
second-line status. These agents have transformed the management 
for ITP. Long-term follow-up of these agents has demonstrated  
that they are highly effective and safe in the treatment of patients 
with ITP19–21. TPO-RA could also be used in the first-line setting, 
in conjunction with steroids and IVIG, to treat severe thrombo-
cytopenia and significant bleeding. There is small proportion of 
patients who are refractory to one of the agents but may respond 
to the other22,23. There is also some experience in combining  
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Table 1. Recent advances in understanding and management of thrombocytopenia.

Disease 
entity

Recent updates

ITP       1.   Absence of platelet-bound antibodies may predict non-response to rituximab. 
 
      2.   Patients with lower platelet counts and increased platelet reactivity have lower risk of bleeding. 
 
      3.   Multiple cycles of pulsed dexamethasone may result in higher long-term remission rates. 
 
      4.   �Rituximab combined with high-dose dexamethasone in the first-line setting could result in higher response 

rates.
 
      5.   Patients who are refractory to one of the TPO-RAs may respond to the other. 
 
      6.   Combining TPO-RA might be an option in refractory ITP. 
 
      7.   Recombinant thrombopoietin was safe and efficacious in pregnant patients.

HIT       1.   Prerequisites for an immunogenic HIT antigen have been better understood. 
 
      2.   The atomic structure of the PF4-heparin complex has been defined. 
 
      3.   �PF4 released from platelets during a bacterial infection can bind to the bacterial cell wall, resulting in a 

priming step for HIT.
 
      4.   �PF4-heparin complexes can activate, complement, and bind to the complement receptor 2 (CD21) on  

B cells to enhance antibody production.
 
      5.   �Spontaneous HIT developments in the absence of heparin exposure can occur after orthopedic 

procedures.
 
      6.   Dynamic mechanical thromboprophylaxis may increase the incidence of HIT antibody formation. 
 
      7.   �Low-molecular-weight heparin use instead of heparin results in significant cost savings due to the reduced 

incidence of HIT.
 
      8.   Fondaparinux is safe and effective in the treatment of acute HIT. 
 
      9.   Accumulating evidence suggests safety and efficacy of direct oral anticoagulants in HIT. 
 
      10. Refractory HIT with prolonged thrombocytopenia may benefit from intravenous immunoglobulin.

TTP       1.   �Hyperbilirubinemia and plasma-free hemoglobin can falsely decrease ADAMTS13 activity in fluorescence 
resonance energy transfer (FRET) assay.

 
      2.   �Persistent ADAMTS13 activity of less than 10% within seven days of daily PLEX could be associated with 

worse outcomes.
 
      3.   �Upfront use of rituximab reduces exacerbation, refractoriness, number of PLEX sessions, and possibly 

hospital stay.
 
      4.   Bortezomib is very promising in rituximab-refractory/relapsed TTP. 
 
      5.   Caplacizumab reverses pathophysiology instantly with a potential to reduce early mortality. 
 
      6.   ADAMTS13 activity of less than 10% alone is not sufficient for TTP relapse and requires another trigger. 
 
      7.   Cardiac and mesenteric ischemia is common. 
 
      8.   Delayed neurocognitive defects occur in some patients.

aHUS       1.   Only about 60% of the patients have an identifiable genetic mutation. 
 
      2.   A modified Ham test can distinguish aHUS from TTP. 
 
      3.   The duration of eculizumab therapy is not clearly defined at the present time.

ADAMTS13, a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13; aHUS, atypical hemolytic uremic syndrome; HIT, 
heparin induced thrombocytopenia; ITP, immune thrombocytopenia; PF4, platelet factor 4; PLEX, plasma exchange; TPO-RA, thrombopoietin 
receptor agonist; TTP, thrombotic thrombocytopenic purpura.
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the two agents, given their different target sites on the throm-
bopoietin receptor, in patients refractory to single-agent,  
second-line therapy23. TPO-RA could also be used in combination 
with other immunosuppressive therapies to improve the response 
rates in refractory ITP patients24.

Although ITP in pregnancy can generally be treated with steroids 
and IVIG, there is an occasional need for other effective therapies  
when the patients do not respond to the first-line agents. A recent 
study showed that recombinant thrombopoietin was safe and  
efficacious in increasing the platelet count in 31 pregnant  
women with ITP25. Unlike the previously studied pegylated  
human recombinant megakaryocytic growth and development 
factor (PEG-rHuMGDF), which resulted in the formation of  
anti-thrombopoietin antibodies26,27, the new recombinant and gly-
cosylated form of thrombopoietin was similar to endogenous 
thrombopoietin, and anti-thrombopoietin antibodies were not 
detected in the limited sample size of patients. These pregnant 
females with ITP were refractory to the first-line therapy of ster-
oids or IVIG (or both) with some signs and symptoms of bleeding 
and platelet counts of less than 30 × 109/L. About 75% of patients 
responded with platelet counts increasing to 30–100 × 109/L or  
more than 100 × 109/L. TPO-RA and recombinant thrombopoietin  
might have an important role in the management of pregnant  
refractory ITP patients.

Heparin-induced thrombocytopenia
Despite the widespread use of direct oral anticoagulants (DOACs) 
and other parenteral anticoagulants, unfractionated heparin  
(UFH) still plays an important role in the management of  
hospitalized patients. Hence, understanding the pathophysiology  
and management of HIT is still very relevant to the treating  
physician28. HIT is a disease of multiple paradoxes. It is a  
disease in which an anticoagulant causes thrombosis and throm-
bocytopenia is associated with thrombosis rather than bleeding. 
In HIT, unlike in other thrombocytopenias, platelet transfusions 
increase the risk of clotting. Simply stopping the offending agent 
(heparin) is not adequate treatment unlike other drug-induced  
thrombocytopenias and vitamin K antagonists anticoagulant is  
contraindicated in the treatment of acute HIT.

HIT antibodies are induced by platelet factor 4 (PF4)-heparin or 
endogenous glycosaminoglycan complexes. A subset of these IgG 
antibodies can cross-link Fcγ receptor IIA (FcRγIIA), causing  
platelet and monocyte activation that results in consumptive  
thrombocytopenia and venous and/or arterial thrombosis29. There 
are multiple prerequisites for an immunogenic HIT antigen. The 
immunogenicity depends on distinct stoichiometric ratios of  
PF4-heparin complexes, and the complexes reach a size of more 
than 670 kDa by charge neutralization. Immunogenic polyanions  
with anti-parallel beta-sheet content of more than 30% and 
an energy release of more than 4,000 calories per molPF4 for  
effective antibody binding are the other prerequisites30,31. The 
atomic structure of the PF4-heparin complex was worked out 
in 2015, although the synthetic pentasaccharide, fondaparinux, 
was used in the complex instead of heparin32. PF4 released from  
platelets during a bacterial infection can bind to the bacterial  
cell wall, resulting in a priming step that could result in the  

formation of antibodies against PF4-heparin complex when  
exposed to heparin at a later time33. PF4-heparin complexes can  
activate complement and bind to the complement receptor 2  
(CD21) on B cells, enhancing the antibody production34. A better  
understanding of the HIT pathophysiology would lead to the  
development of better diagnostic tests and effective anticoagulants 
to treat the condition.

Spontaneous HIT develops in the absence of exposure to any  
heparin and is common in patients undergoing orthopedic  
procedures35. The tissue damage as a result of total hip or knee 
arthroplasty can lead to platelet activation, polyanion release, and 
formation of PF4-polyanion complexes. Dynamic mechanical  
thromboprophylaxis might add to the tissue damage, platelet  
activation, and polyanion release, increasing the incidence of HIT 
antibody formation36. In the setting of total knee arthroplasty, 
the incidence of HIT antibody formation was similar in patients  
receiving dynamic mechanical thromboprophylaxis with or  
without heparin/fondaparinux. Since they were identified by 
enzyme-linked immunosorbent assay (ELISA), it is not clear 
whether these antibodies are platelet-activating.

Reducing the incidence of HIT with the use of low-molecular-
weight heparins (LMWHs) instead of UFH results in significant 
cost savings with an ‘avoid heparin’ protocol37. Although the  
pharmacy-and-therapeutics committee of many hospitals prefers 
UFH over LMWH for venous thromboembolism prophylaxis 
because of the cost differential between the two drugs, a single  
case of complicated HIT with thrombosis can wipe out all the 
upfront cost savings.

Fondaparinux is safe and effective in the treatment of acute  
HIT38,39. The time taken to achieve therapeutic levels, less risk  
of bleeding, and shorter hospital stay resulting in cost savings 
are some of the advantages of fondaparinux over argatroban. We  
recommend fondaparinux over parenteral direct thrombin  
inhibitors in the treatment of acute HIT in patients who are not  
critically ill and have good renal function. There is accumulating 
evidence for the safety and efficacy of DOACs in the treatment  
of HIT40,41. These medications, like fondaparinux, would  
definitely help with reducing the length of hospital stay and patient 
convenience. Until there are more data, we do not recommend 
DOACs in the initial treatment of acute HIT, but they could be  
used in patients after platelet recovery.

A small proportion of patients with HIT might have refractory  
disease with prolonged thrombocytopenia despite therapeutic  
anticoagulation. IVIG could be used in conjunction with  
anticoagulation to help with platelet recovery42.

Thrombotic thrombocytopenic purpura
Microangiopathic hemolytic anemia (MAHA) and thrombocy-
topenia are a common denominator in multiple disease states. 
Of these, TTP is the easiest to diagnose since it is caused by a 
severe ADAMTS13 (a disintegrin and metalloproteinase with a  
thrombospondin type 1 motif, member 13 or von Willebrand cleav-
ing protease) deficiency (<10%)43. TTP could be acquired due  
to autoantibodies to ADAMTS13 or congenital due to severe  
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deficiency of ADAMTS13. We recommend testing for ADAMTS13  
in every patient with MAHA and thrombocytopenia when TTP  
is part of the differential diagnosis, although treatment of TTP  
should not be delayed while awaiting the results44. Sepsis and  
cirrhosis can decrease ADAMTS13 activity but generally not less 
than 10%43. Hyperbilirubinemia (>10 mg/dL) and free plasma  
hemoglobin, however, could give falsely deficient levels (<10%) 
due to interference in the fluorescence resonance energy transfer 
(FRET) assay43,45. IgG antibodies against ADAMTS13 are detected 
in 75–80% of the patients by the functional Bethesda method 
in acquired TTP; however, remaining patients may have non- 
neutralizing antibodies often detected by an ELISA46. Because 
ADAMTS13 assay is often sent to a reference laboratory, most 
patients with unexplained MAHA and thrombocytopenia are  
started on plasma exchange (PLEX). If the ADMTS13 is more 
than 10%, PLEX should be discontinued and other causes of 
MAHA and thrombocytopenia should be investigated for appro-
priate treatment such as metastatic malignancy, malignant  
hypertension, and atypical hemolytic uremic syndrome (aHUS)44.  
The blood for ADAMTS13 testing should preferably be drawn 
prior to instituting PLEX, although levels are often low in 
acquired TTP even after a couple of days of PLEX47. Not 
achieving ADAMTS13 activity levels of more than 10% within  
seven days of instituting daily PLEX could be associated with 
worse outcomes47.

PLEX should be started as soon as the clinical diagnosis of TTP 
is made. The currently available plasma preparations are all  
equivalent in terms of their outcomes in TTP48. Glucocorticoids  
are often started simultaneously. Once the diagnosis is confirmed  
to be autoimmune TTP, rituximab is routinely used in the  
treatment of relapsed or refractory TTP patients. However, there is  
evidence to support upfront use of rituximab in acute TTP to 
reduce exacerbation, refractoriness, number of PLEX sessions, and  
possibly hospital stay46. Although this approach might result in 
overtreatment of half of the patients with TTP, the decreased  
morbidity and mortality in patients with refractory or relapsed 
TTP would outweigh the overtreatment issue. Most physicians  
use rituximab 375 mg/m2 weekly for four doses, although our  
personal experience with a lower dose of rituximab at 100 mg 
weekly for four doses appears promising. There is a clinical  
trial under way to study the efficacy of low-dose rituximab  
(ClinicalTrials.gov Identifier: NCT01554514). Bortezomib is very 
promising as an adjunct to PLEX in the treatment of refractory  
or relapsed acquired TTP or both49,50. We recommend using  
bortezomib in refractory and/or relapsed TTP patients who do 
not respond to rituximab. Daily subcutaneous caplacizumab, a  
nanobody against von Willebrand factor (VWF) A-1 domain  
preventing its interaction with GPIb on platelets, resulted in faster 
platelet responses in acute TTP compared with a placebo when 
used along with PLEX51. This nanobody is not a cure; however, by  
preventing the interaction between VWF and platelets, it causes 
rapid reversal of the underlying pathogenetic mechanism, resulting 
in a potential to reduce early mortality. The drug is being studied 
further in a phase 3 trial.

Some patients achieving clinical remission may have ADAMTS13 
activity of less than 10%. Nonetheless, ADAMTS13 activity of 

less than 10% alone is not sufficient for TTP relapse and requires a  
trigger such as infection, pregnancy, or concomitant inflammatory  
conditions increasing VWF levels52. Although measuring 
ADAMTS13 activity during remission and preemptively treating  
with rituximab for moderately to severely low ADAMTS13  
activity is a commonly used approach at some institutions, this 
practice needs further evaluation. We recommend following these 
patients carefully because of the higher rate of TTP recurrence in 
this population. Since this is a very episodic disease, education 
of patients for signs and symptoms of relapse is a crucial part of 
the management plan. In addition to the neurological and renal  
manifestations, TTP could result in cardiac and mesenteric 
ischemia53,54. Patients could commonly have elevated cardiac  
troponin without any clinical cardiac abnormalities53. Similarly, 
long-term neurocognitive defects are recognized in patients with 
TTP55,56.

Atypical hemolytic uremic syndrome
aHUS results from a dysregulated complement system, leading to 
cell and tissue damage57. Although MAHA, thrombocytopenia, and 
oliguric renal failure are the three common presenting features, 
aHUS is a systemic disease that can involve any organ system.  
aHUS, unlike Shiga toxin-producing Escherichia coli HUS, does 
not present with the prodrome of bloody diarrhea and often is  
recurrent. Mutations in the genes encoding for complement  
proteins, complement regulatory factors, or autoantibodies to 
complement factors, when combined with another stressor such 
as infection or surgery, often result in the development of aHUS. 
Only about 60% of patients with aHUS have an identifiable  
genetic mutation58. Mutations in the gene encoding for factor H  
are the most common among patients with aHUS. The other  
defects involve mutations in CD46, factor I, C3, factor B,  
thrombomodulin, diacylglycerol kinase ε, and CFHR1/3 deficiency 
with anti-factor H autoantibodies. Since mutation testing and 
screening for antibodies to complement proteins are not available 
readily, diagnosis of aHUS is usually made on the basis of clinical 
features and an ADAMTS13 activity of more than 10%. A modi-
fied Ham test has shown some promise in distinguishing aHUS and  
TTP serum samples59. Genetic mutations or the autoantibodies 
in aHUS result in the activation of alternate pathway (AP); when  
PIGA null TF-1 cells (PNH-like cells) are added to the serum 
samples, aHUS serum samples result in a positive test (cell death) 
because of the activated AP compared with the TTP samples.

If TTP is in the differential diagnosis, PLEX is started until 
ADAMTS13 activity results. But if the presenting features are  
classic for aHUS or if the ADAMTS13 activity is more than 10%, 
the appropriate management would be to start eculizumab, an  
anti-C5 antibody, immediately. Eculizumab is effective in improv-
ing renal function and platelet count and halting tissue damage  
from the AP activation60. The optimal duration of eculizumab  
therapy in aHUS is not clearly defined at the present time61.

Conclusions
In summary, acute thrombocytopenia is a common clinical  
presenting feature in many serious hematological conditions. 
There have been some significant advances in our understanding 
of the pathophysiology, diagnostic testing, and treatment of these  
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disorders over the past five years (Table 1). Unfortunately, ITP 
remains a diagnosis of exclusion; however, there are many newer 
treatment options available for ITP, drastically improving the  
outcome of patients with ITP. Similarly, we have a better  
understanding of HIT pathophysiology, and this is paving the 
way for development of better diagnostic and therapeutic options 
for HIT, including IVIG. Availability of drugs such as caplacizu-
mab would help in preventing early deaths due to rapid reversal 
of pathophysiology of TTP. B lymphocyte- and plasma cell-
directed therapies have improved the response rates in refractory 
TTP and decreased the relapses. Finally, the use of eculizumab in  

complement-mediated aHUS has significantly decreased morbidity 
and mortality.
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