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Preface

The autoimmune cytopenias are a fascinating and clinically challenging group of 
disorders characterized by the development of autoantibodies against self-antigens 
on the surface of hematopoietic cells. The pathophysiology of these disorders is 
complex and incompletely understood but is generally related to loss of self-
tolerance due to immune dysregulation. These disorders can be primary or second-
ary to underlying systemic autoimmunity or immune deficiency. The diagnosis of 
these disorders can be challenging and varies significantly according to disease and 
underlying pathology. While antibody testing is a cornerstone of diagnosis in some 
autoimmune cytopenias, it offers low sensitivity and specificity for others.

This book offers an extensive overview of immune thrombocytopenia (ITP), 
autoimmune hemolytic anemia (AIHA), Evans syndrome, thrombotic thrombocyto-
penic purpura (TTP), and autoimmune neutropenia (AIN). Each section contains 
chapters covering historical background, pathophysiology, differential diagnosis, 
diagnostic workup, and management, offering a much more in-depth review of 
these disorders than is available in most hematology or immunology textbooks. 
Readers will find many useful figures, tables, and diagnostic algorithms to comple-
ment the text.

The first part covers ITP, a condition in which autoantibodies are generated 
against platelet antigens resulting in peripheral destruction of circulating platelets 
and often profound thrombocytopenia. The trigger of the development of platelet 
antibodies is often not identified but is typically thought to result from an environ-
mental stimulus such as infection. The pathophysiology of this disorder is complex 
and involves the generation of antiplatelet antibodies, T-cell imbalance with a shift 
in the T-cell profile favoring decreased self-tolerance, and abnormal production of 
platelets. There are a variety of treatments available for both acute control of bleed-
ing symptoms and long-term management and each will be comprehensively 
reviewed in Part I.

Part II covers AIHA and Evans syndrome. Autoimmune hemolytic anemia is a 
rare but potentially life-threatening disorder resulting from antibodies against 
endogenous erythrocytes and often severe hemolytic anemia. The complications of 
hemolytic anemia can be devastating and this part highlights the importance of early 
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diagnosis and prompt treatment of the various forms of AIHA.  As each type of 
AIHA has a different pathophysiology, each requires a different management strat-
egy. Evans syndrome is historically defined as the combination of AIHA and ITP 
but currently encompasses any two (or more) autoimmune cytopenias occurring 
simultaneously or separately. The antibodies which cause the cytopenias are not 
cross-reacting but discrete antibodies, and therefore highlight a more generalized 
immune dysregulation which typically becomes a chronic disease with a number of 
important complications often requiring immunomodulatory therapy.

Thrombotic thrombocytopenic purpura (TTP) is the focus of Part III. This is a 
fascinating autoimmune cytopenia caused by autoantibodies against a disintegrin 
and metalloproteinase with a thrombospondin type 1 motif, member 13 
(ADAMTS13), resulting in microangiopathic hemolytic anemia and often severe 
thrombocytopenia due to consumptive coagulopathy. Prior to the use of plasma 
exchange, this disorder was almost universally fatal. Experts in this field provide 
the latest information available on the pathophysiology and treatment of TTP in 
this part.

Finally, Part IV covers autoimmune neutropenia (AIN), a common cause of 
severe neutropenia in childhood with a typically benign clinical course. Given the 
extensive differential diagnosis of severe neutropenia, the authors of this part pro-
vide critical information on the typical presentation and biology driving AIN, as 
well as approach to workup and treatment, if needed.

Within this book, readers are offered an in-depth and comprehensive review of 
the autoimmune cytopenias. Any hematologist, immunologist, general practitioner, 
or trainee wanting better understanding of these entities from a historical and patho-
logical perspective, or requiring relevant and up-to-date information regarding diag-
nosis and management of the immune hematologic disorders, will benefit from 
these expert contents.

Houston, TX� Jenny M. Despotovic 
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Chapter 1
Background of Immune 
Thrombocytopenia

Kristina M. Haley

�Introduction

Immune thrombocytopenia (ITP, formerly idiopathic thrombocytopenic purpura) is 
an acquired disease characterized by immune-mediated destruction of normal plate-
lets and suppression of platelet production that is associated with variable bleeding 
symptoms [1]. Primary ITP is characterized by isolated thrombocytopenia in the 
absence of any clear underlying cause or initiating factor [2]. Secondary ITP is 
defined as ITP that is associated with an underlying cause or precipitating factor [3]. 
The variable disease definitions and the heterogeneity of symptoms suggest that the 
actual incidence is not clear [1]. However, a 2009 study of published ITP literature 
estimated the incidence of ITP in adults to be 3.3 per 100,000 adults/year, while the 
incidence of ITP in children was estimated to be 1.9–6.4 per 100,000 children/year 
[4]. There is a female preponderance in young adults, but in older adults, ITP affects 
males and females equally [1]. In pediatric patients, ITP affects males more often in 
the younger years and females more often in the older years [5].

Patients with ITP present with isolated thrombocytopenia (though anemia sec-
ondary to blood loss may be present) and variable bleeding symptoms which range 
from asymptomatic to severe, life-threatening bleeding. The diagnosis of ITP is one 
of exclusion [6]. The natural history in the majority of pediatric patients with ITP is 
spontaneous resolution, and treatment is aimed at ameliorating symptoms while 
awaiting spontaneous resolution. The majority of adult patients receive some 
upfront treatment, but majority of many will not require ongoing therapy. The likeli-
hood of remission decreases as the duration of ITP increases [1].

The underlying etiology of ITP is immune dysregulation resulting in a combination 
of increased platelet destruction and impaired platelet production [5, 7]. Antiplatelet 
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antibodies, directed at platelet and megakaryocyte surface glycoproteins, develop sec-
ondary to a loss of tolerance of these self-antigens [5]. Antiplatelet antibodies bind to 
circulating platelets and result in their phagocytosis by splenic macrophages. In addi-
tion, antiplatelet antibodies bind to megakaryocytes and result in impaired mega-
karyocyte maturation and/or apoptosis [5, 7]. Dysregulation or dysfunction of T cells 
likely also plays a role in impaired self-tolerance and in development of autoimmunity 
[5, 8]. The understanding of the mechanisms at play in ITP is evolving and shaping the 
understanding of the disease and the recommendations for treatments. The patho-
physiology of ITP will be comprehensively reviewed in Chap. 2.

In this chapter, the historical understanding of ITP, the evolution of the terminology 
around ITP, and the clinical presentation including distinction between primary and 
secondary ITP as well as the development of a differential diagnosis will be discussed.

�Historical Perspective

Long before platelets were identified, clinical symptoms associated with thrombo-
cytopenia were noted and recorded. Early descriptions of otherwise healthy indi-
viduals with purpura likely fit our current definition of ITP and are recorded as early 
as 1025 [9]. The classical clinical description of ITP was first noted by Paul Gottlieb 
Werlhof in 1735, as he described a 16-year-old female with mucosal bleeding which 
developed following an infection [9, 10]. The link to thrombocytopenia was not 
made until years later, as platelets were not described until the 1800s, with the 
advent of improved microscopy techniques [11]. The first drawing of platelets 
occurred in 1841, but it was not until 1882 that the term “platelets” was used to 
describe an independent blood cell line with hemostatic function [11, 12]. The first 
report connecting thrombocytopenia and petechiae or purpura was published in 
1883 [9]. Just a few years later, it was observed that the appearance of petechiae 
correlated with thrombocytopenia and the disappearance correlated with resolution 
of thrombocytopenia [9]. Despite these observations, the underlying pathophysiol-
ogy of the thrombocytopenia remained unknown.

Two theories emerged in the early twentieth century regarding the etiology of 
thrombocytopenia: decreased platelet production vs. increased platelet destruction 
[10, 13]. In support of impaired production, Ernest Frank posited that a toxic sub-
stance produced by the spleen resulted in impaired platelet production by mega-
karyocytes [9, 10]. And, in opposition, Paul Kaznelson proposed that there was 
increased platelet destruction in the spleen [9, 10]. Though still a student, Kaznelson 
convinced his mentor to perform a splenectomy on one of his patients with chronic 
ITP, and the patient’s thrombocytopenia improved [9]. This debate over decreased 
production vs. increased destruction continued over the next few decades. In 1942, 
Troland and Lee suggested that a substance produced by the spleen, what they called 
“thrombocytopen,” caused ITP. Observations by Dameshek and Miller, published in 
1946, ultimately led to the conclusion that ITP was due to an abnormality of the 
spleen which led to impaired megakaryocyte production of platelets [10, 14].

K.M. Haley
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A series of experiments conducted by William Harrington and James Hollingsworth 
in 1951 provided evidence in support of peripheral destruction as the etiology of 
ITP. Dr. Harrington infused whole blood from a patient with known ITP into himself 
and others in order to determine the effect on circulating platelets. He became severely 
thrombocytopenic and developed bleeding symptoms soon after the infusion. Bone 
marrow examination done before and after the infusion demonstrated increased 
megakaryocytes at the time of thrombocytopenia. His platelet count recovered within 
1 week. Of note, he had a generalized seizure soon after the infusion and was hospi-
talized due to his bleeding symptoms and thrombocytopenia. He performed this 
experiment again on volunteers from his lab and non-ITP patients and found similar 
findings in a subset of those infused. This was the first study to demonstrate the 
importance of host factors in the development of ITP. He later demonstrated that the 
factor resulting in thrombocytopenia was in the gamma-globulin fraction of plasma 
[9, 10, 12]. While these series of experiments would never be approved in today’s 
research milieu, they led to a significant improvement in our understanding of the 
pathophysiology of ITP, specifically highlighting the role of decreased platelet sur-
vival secondary to a humoral factor [9]. In the same year as the Harrington and 
Hollingsworth experiments, Evans and colleagues attributed the syndrome to an anti-
platelet antibody [10]. Several years later, additional work demonstrated that the anti-
platelet antibody was associated with immunoglobulin G (IgG) [9] and directed 
against platelet glycoproteins [13].

Interestingly, the debate of increased destruction vs. decreased production con-
tinued even once antiplatelet antibodies were identified. Studies with radiolabeled 
platelets demonstrated significant heterogeneity in platelet turnover, with many 
patients producing less platelets than expected for the degree of thrombocytopenia 
[15]. These experiments revitalized the idea that decreased platelet production con-
tributed to the thrombocytopenia seen in ITP. Experiments performed evaluating the 
effect of antiplatelet antibodies on megakaryocytopoiesis confirmed impaired plate-
let production in ITP [16, 17]. Evaluation of megakaryocyte ultrastructure using 
electron microscopy has added additional data in support of impaired platelet pro-
duction in ITP [18]. However, the absence of antiplatelet antibodies in a proportion 
of patients spurred an additional hypothesis to explain the thrombocytopenia in ITP: 
cytotoxic T-lymphocyte (CTL)-mediated platelet lysis. Early experiments demon-
strated increased CTL expression of cytotoxic genes as well as increased platelet 
lysis by CTLs in patients with active ITP and no platelet lysis in patients with ITP 
in remission [19]. Further, improved understanding of the immune system as well as 
further study of chronic ITP resulted in appreciation for the importance of immune 
dysregulation in the development of ITP.

1  Background of Immune Thrombocytopenia
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�Terminology

The abbreviation ITP has been defined in a number of ways over the years, includ-
ing idiopathic thrombocytopenic purpura, immune thrombocytopenic purpura, 
and immune thrombocytopenia. In addition, other aspects of ITP, such as response 
criteria or bleeding symptoms, have been variably defined. These inconsistencies 
have resulted in difficulty in standardization of research, in applicability of research 
results to different clinical populations, and in communications regarding ITP. An 
International Working Group (IWG) was formed and convened in 2007 to address 
the inconsistencies and develop standardization in terminology.

In 2009, the culmination of the collaborative efforts of the International Working 
Group (IWG) was published and provided a reference for terminology [3]. The 
2011 American Society of Hematology (ASH) guidelines on ITP call for the utiliza-
tion of the IWG standard terminology as well as refinement of the terminology in 
areas of continued debate [20].

The IWG proposed that the acronym ITP stands for immune thrombocytopenia 
[3]. The term “idiopathic” was removed from the definition, while the term 
“immune” was kept in order to highlight the known pathophysiologic mechanisms. 
Purpura was removed due to the variability of this clinical finding. Immune throm-
bocytopenia is defined as isolated thrombocytopenia in the absence of any underly-
ing cause [2]. The threshold for diagnosis was set at a platelet count of 100 × 109/L 
[3, 19, 20]. The IWG also proposed that secondary immune thrombocytopenia be 
broadly defined as all immune-mediated thrombocytopenia that is not primary ITP 

Table 1.1  Examples of conditions associated with secondary ITP

Autoimmune and immune 
dysregulation disorders

Evans syndrome
Autoimmune lymphoproliferative syndrome (ALPS)
Systemic lupus erythematosus (SLE)
Antiphospholipid antibody syndrome (APS)
Autoimmune thyroid disease
Combined variable immunodeficiency (CVID)

Malignant 
lymphoproliferative 
disorders

Chronic lymphocytic leukemia (CLL)
Large granular T-lymphocytic leukemia
Hodgkin lymphoma

Infections Helicobacter pylori
Human immunodeficiency virus (HIV)
Hepatitis C
Cytomegalovirus (CMV)
Varicella zoster virus (VZV)

Drug effects Strong evidence for quinine, quinidine, trimethoprim/
sulfamethoxazole, vancomycin, penicillin, rifampin, carbamazepine, 
ceftriaxone, ibuprofen, mirtazapine, oxaliplatin, suramin, 
glycoprotein IIb/IIIa inhibitors (abciximab, tirofiban, eptifibatide), 
heparin

Others Vaccine side effect (MMR)
Post bone marrow or solid organ transplantation

K.M. Haley
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[3]. Further, the IWG recommended that secondary ITP should be designated by the 
terminology “secondary ITP” followed by the associated disease or drug in paren-
theses [3]. Secondary causes of ITP include medications, viral infections such as 
hepatitis C or human immunodeficiency virus, and autoimmune disorders such as 
systemic lupus erythematosus or antiphospholipid antibody syndrome (Table 1.1—
causes of secondary ITP).

ITP was previously split into two groups: acute ITP and chronic ITP. Acute ITP 
was described as a self-limited disease lasting less than 6 months, and persistent 
thrombocytopenia beyond 6 months was termed chronic ITP. A challenge to these 
definitions was that acute ITP could only truly be defined retrospectively. The IWG 
proposed three phases of ITP which can be used both prospectively and retrospec-
tively: newly diagnosed (0–3 months), persistent (3–12 months), and chronic ITP 
(>12 months) [3]. These distinctions have been widely implemented and are impor-
tant as they may help guide therapy or prognostication. For example, there is still a 
significant chance of remission in those with persistent ITP, which may help guide 
decisions regarding aggressiveness of therapy [22]. Definitions of disease severity 
are less well-defined. Historically, disease severity (mild, moderate, severe) has 
been correlated solely with degree of thrombocytopenia. The IWG recommended 
that the designation of severe ITP should be reserved for clinically significant bleed-
ing that necessitates intervention [3]. This definition may result in decreased inter-
vention in a patient with significant thrombocytopenia but no clinical bleeding [21].

Response criteria were a major focus of the IWG to facilitate comparison of 
clinical studies and to guide therapy. While they acknowledged that clinically rele-
vant endpoints would be ideal, surrogate endpoints like platelet count are objective 
and more easily compared [3]. The IWG proposed the following definitions [3]:

•	 Complete response (CR): any platelet count of at least 100 × 109/L
•	 Response (R): any platelet count between 30 and 100 × 109/L PLUS resolution 

of bleeding symptoms
•	 No response (NR): any platelet count less than 30 × 109/L or less than doubling 

of the baseline count
•	 Corticosteroid dependence: ongoing need for continuous corticosteroid or fre-

quent courses of corticosteroids beyond 2 months to maintain a platelet count at 
or above 30 × 109/L and to avoid bleeding

Notably, patients with corticosteroid dependence are considered nonresponders. 
Duration of response is measured from the achievement of CR or R to loss of CR or 
R. Patients with refractory ITP are defined as those who fulfill two criteria: (1) non-
responder to splenectomy or relapse after splenectomy and (2) severe ITP or high 
risk for bleeding [3]. The various types of therapy were also more clearly defined by 
the IWG. On-demand therapy was defined as any therapy used to temporarily 
increase the platelet count to safely perform invasive procedures or to treat major 
bleeding or in the event of trauma. Adjunctive therapy includes any therapy that is 
not ITP specific. For example, antifibrinolytics, hormonal therapy, and DDAVP are 
considered adjunctive therapies [3].

1  Background of Immune Thrombocytopenia
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The standardized terminology developed by the IWG has been incorporated into 
treatment guidelines [2, 20], facilitating communications between treating provid-
ers. In addition, the establishment of clear definitions and terms for ITP has helped 
to classify patients into subgroups, to design clinical trials, and to interpret and 
apply results [6]. The adaptability of the IWG consensus terminology was evaluated 
in a clinical population of pediatric patients in 2012 [23]. In this study, the majority 
of patients with ITP could be easily classified using the new criteria. However, the 
investigators noted a few limitations. Specifically, the authors found the exclusion 
of secondary ITP by the IWG in the application of the standardized terminology to 
result in exclusion of several patients with Evans syndrome. This population of 
patients often has symptomatic ITP that is challenging to treat and would benefit 
from inclusion in clinical studies as well as from comparison using standardized 
terminology. Further, the authors found that the duration of response criteria was 
difficult to apply retrospectively. Finally, the authors note that the IWG terminology 
is limited in its definition of refractory ITP in a pediatric patient [23].

�Presentation

ITP should be suspected in a patient presenting with an isolated thrombocytopenia, 
an otherwise unremarkable peripheral smear, and exam findings significant for 
expected bleeding for platelet count [8]. Bleeding is the most common presenting 
symptom in ITP [7] and is typically mucocutaneous, resulting in petechiae, purpura, 
and bruising. Examples of more significant bleeding include epistaxis, oral bleed-
ing, urinary bleeding, gastrointestinal bleeding, and/or heavy menstrual bleeding 
[7]. Intracranial hemorrhage is a rare but life-threatening complication. Pediatric 
patients typically have an acute onset of bleeding symptoms and are otherwise clini-
cally well. A preceding viral infection is seen in approximately two-thirds of pedi-
atric patients [25]. In contrast, ITP can be insidious in adults and more frequently 
becomes a chronic disease [26].

Severe hemorrhage is rare in patients with platelet counts >30 × 109/L [5, 22]. A 
recent systematic review analyzed the incidence of severe hemorrhage across sev-
eral prospective ITP studies [21]. Intracranial hemorrhage (ICH) occurred in 0.4% 
of newly diagnosed pediatric patients with ITP and 0.6% of adult patients with ITP 
[21]. There is a higher incidence of ICH in chronic ITP, occurring in 1.3% and 1.8% 
of pediatric and adult patients, respectively [21]. Other severe bleeding occurred in 
20.2% of pediatric patients and 9.6% of adult patients with ITP [21]. In the system-
atic review, no predictors of severe bleeding were identified, but association of 
severe bleeding with lower platelet counts (below 10–20 × 109/L) and minor bleed-
ing was observed [21]. The heterogeneous nature of ITP and the lack of prediction 
tools make application of treatment algorithms difficult.

K.M. Haley
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�Primary ITP and Secondary ITP

As stated previously, primary ITP is defined as immune-mediated thrombocytope-
nia in the absence of any identified causative factors [7]. It is a diagnosis of exclu-
sion. However, distinguishing primary ITP from secondary ITP can be difficult, as 
patients with primary ITP are sometimes found to have a positive direct antiglobulin 
test or other autoantibodies [1]. There is likely significant heterogeneity among 
patients with primary ITP, particularly between patients with self-resolving ITP and 
patients who develop chronic ITP. Further, some patients develop ITP following an 
infectious illness, while most people with the same infectious illness do not develop 
ITP.  Differences in development of cross-reactive antibodies and in immune 
response likely influence the risk of ITP development [25].

Secondary ITP is defined as immune-mediated thrombocytopenia with an asso-
ciated underlying cause (Table 1.1). Approximately 20% of ITP is secondary [8]. 
Frequently, the focus in treatment of secondary ITP is on the underlying disease, as 
optimal disease control typically results in improved thrombocytopenia. A review of 
adult patients with primary and secondary ITP noted that patients with secondary 
ITP were older and had higher platelet counts at diagnosis, suggesting a more insid-
ious onset [26]. A variety of underlying disorders and medications have been associ-
ated with ITP, with the most common underlying disorder being an autoimmune 
disease [25].

It has been proposed that each underlying cause of secondary ITP mediates 
thrombocytopenia through different mechanisms [8]. In systemic lupus erythemato-
sus (SLE), up to 25% of patients develop thrombocytopenia. The etiology of the 
thrombocytopenia is multifactorial and has been attributed to a combination of anti-
platelet antibodies, immune complexes, antiphospholipid antibodies, vasculitis, 
thrombotic microangiopathy, hemophagocytosis, bone marrow abnormalities, and 
megakaryocyte antibodies [25]. Antiphospholipid antibodies (APLA) are found in a 
wide range of patients with ITP, though it is not clear what the clinical significance 
of these antibodies are and if they are involved in clearance of platelets [8]. Evans 
syndrome is the combination of immune cytopenias, including most commonly ITP 
and autoimmune hemolytic anemia but can also include immune neutropenia. ITP 
in Evans syndrome can be difficult to treat, and refractory disease is not uncommon 
[8, 25]. Similarly, ITP in autoimmune lymphoproliferative syndrome (ALPS) is less 
responsive to standard initial ITP therapy [8, 25] (see Section “Clinical Presentation” 
Chap. 3 and Part II Chap. 7 for more information on Evans syndrome and secondary 
causes of immune cytopenias).

Infection-related ITP is most commonly associated with Helicobacter pylori, 
hepatitis C virus (HCV), cytomegalovirus (CMV), human immunodeficiency virus, 
and varicella zoster virus (VZV). While H. pylori is not an uncommon infection, H. 
pylori-associated ITP is rare. The pathogenesis is related to molecular mimicry with 
the bacteria inducing antibodies that cross-react with platelets [8]. Current American 
Society of Hematology (ASH) guidelines do not recommend testing for H. pylori in 

1  Background of Immune Thrombocytopenia
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pediatric patients with ITP and recommend testing in only those adult patients in 
whom treatment would be recommended if testing were positive [20]. 
Thrombocytopenia in HCV is likely multifactorial, a combination of immune-medi-
ated platelet destruction, impaired thrombopoietin production, and marrow suppres-
sion [8]. ASH guidelines recommend testing adult patients with ITP for HCV [20] 
ITP in HIV is also likely multifactorial, owing to immune-mediated platelet destruc-
tion and viral suppression of megakaryocyte activity. Prior to the introduction of 
highly active antiretroviral therapy, ITP was common in patients with HIV [8]. ITP 
associated with HIV is generally responsive to typical ITP therapy [8].

The variable association of different underlying diseases with the development 
of ITP lends insight into the pathophysiology of ITP and underlying immune mech-
anisms. In general, secondary ITP treatment is aimed at treating the underlying 
disease. However, depending on symptoms, ITP-directed therapy may be needed 
while awaiting improvement of the associated diagnosis.

�Differential Diagnosis

The differential diagnosis for isolated thrombocytopenia is broad and can be classi-
fied in a few different ways: (1) inherited vs. acquired, (2) consumption/destruction 
vs. production, or (3) platelet size. Historical clues, physical exam findings, and 
laboratory investigations can help narrow down the differential diagnosis. In addi-
tion, combining the classification methods can be helpful to guide historical ques-
tions, physical exam, and additional laboratory investigations. A prior normal 
platelet count can help rule out an inherited thrombocytopenia. However, a previous 
complete blood count is not always available. In the event of isolated thrombocyto-
penia without clinical bleeding, pseudothrombocytopenia must be ruled out by 
evaluation of the peripheral blood smear.

Further classifying the inherited thrombocytopenias according to platelet size 
can be a useful way to organize the differential diagnosis [27, 28] (Fig.  1.1) 
(Table 1.2). Large platelets are found in Bernard-Soulier syndrome, MYH9 disor-
ders, and gray platelet syndrome, among others. Large platelets can also be seen 
in ITP, though they are variable in size and not typically uniformly large. Small 
platelets are seen in Wiskott-Aldrich syndrome (WAS) and X-linked thrombocy-
topenia, both X-linked disorders. WAS is also associated with immune deficiency 
and eczema, which can be helpful clinical clues in a male child presenting with 
thrombocytopenia. Normal-sized platelets are seen in congenital amegakaryo-
cytic thrombocytopenia (CAMT), thrombocytopenia absent radii (TAR) syn-
drome, and familial platelet disorder with predisposition to acute myelogenous 
leukemia.

The list of acquired causes of thrombocytopenia is long [29] (Table  1.3). 
Further classifying the acquired thrombocytopenias into the categories of disor-
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ders of production, destruction, and consumption can be helpful [30]. With regard 
to decreased platelet production, disorders of the bone marrow such as myelodys-
plastic syndromes and aplastic anemia as well as marrow infiltrative processes 
such as leukemia, lymphoma, or solid metastatic malignancies must be consid-
ered. Each of these would likely be associated with other blood cell line abnor-
malities, but depending upon the presentation, physical findings, and other lab 
findings, they should be considered. Increased platelet destruction is seen in 
ITP. As above, secondary causes of ITP such as infections and autoimmune disor-
ders should be considered. Further, the patient’s medication list should be 
reviewed for drugs known to be associated with thrombocytopenia by immune 

Thrombocytopenia on CBC

Confirmed low platelets by
blood smear

MPV large MPV normal

No acute
history

BSS
Gray Platelets
MYH9-related
GATA-1
DiGeorge
Paris Trousseau

Type 2B VWD

Platelet-type
VWD

ITP

Consumption

CAMT, TAR, ATRUS
FPD/AML
FNAIT
HIT
TTP, HUS
Systemic disease
Drugs

Wiskott Aldrich Syndrome

X-linked thrombocytopenia

Acute
history

MPV small

Fig. 1.1  Algorithm to diagnose thrombocytopenia by platelet size (adapted from SickKids 
Handbook of Pediatric Thrombosis and Hemostasis 2nd, revised and extended edition, with per-
mission). CBC complete blood count, MPV mean platelet volume, ITP immune thrombocytopenia, 
HIT heparin-induced thrombocytopenia, NAIT neonatal alloimmune thrombocytopenia, TTP 
thrombotic thrombocytopenic purpura, HUS hemolytic uremic syndrome, CAMT congenital 
amegakaryocytic thrombocytopenia, ATRUS amegakaryocytic thrombocytopenia with radioulnar 
synostosis, FPD/AML familial platelet disorder and predisposition to acute myelogenous leuke-
mia, GPS gray platelet syndrome, TAR thrombocytopenia absent radii, THC2 autosomal dominant 
thrombocytopenia, WAS Wiskott-Aldrich syndrome, XLT X-linked thrombocytopenia
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Table 1.2  Inherited thrombocytopenia syndromes grouped by platelet size

Condition Inheritance pattern
Gene 
implicated

Unique clinical/lab findings (in 
addition to bleeding symptoms)

Small platelets

Wiskott-Aldrich syndrome X-linked WAS Infections secondary to 
combined immunodeficiency, 
autoimmune conditions, eczema, 
cancer predisposition

X-linked 
thrombocytopenia

X-linked WAS None

Normal size platelets

Congenital 
amegakaryocytic 
thrombocytopenia 
(CAMT)

Autosomal 
recessive

MPL Pancytopenia/bone marrow 
failure in childhood

Amegakaryocytic 
thrombocytopenia with 
radioulnar synostosis

Autosomal 
dominant

HOXA11 Proximal radioulnar 
synostosis ± other skeletal 
anomalies, some with 
sensorineural deafness

Thrombocytopenia absent 
radii (TAR)

Autosomal 
recessive

Unknown Shortened/absent radii 
bilaterally

Familial platelet disorder/
AML

AML1 Early onset myelodysplasia, 
acute myelogenous leukemia

Large platelets

MYH9-related disorders Autosomal 
dominant

MYH9 Sensorineural hearing loss, 
glomerulonephritis, cataracts

Gray platelet syndrome Autosomal 
dominant and 
recessive types

NBEAL2 Alpha-granules absent, making 
platelets appear gray in blood 
smear, some develop 
myelofibrosis

X-linked 
thrombocytopenia with 
dyserythropoiesis

X-linked GATA-1 Variable anemia ± evidence of 
hemolysis, hypercellular marrow 
with erythro- and 
myelodysplasia

Bernard-Soulier syndrome Autosomal 
recessive

GP1BA, 
GPIBB, 
GP9

Bleeding due to platelet 
dysfunction

Velocardiofacial syndrome 
(DiGeorge)

Autosomal 
dominant

22q deletion Dysmorphism, developmental 
and growth delay, cardiac 
anomalies, cleft lip/palate, 
hypoparathyroidism, 
immunodeficiencies

Paris-Trousseau/Jacobsen 
syndrome

Autosomal 
dominant

11q23 
(FLI1)

Congenital impairment, 
dysmorphic features, cardiac 
anomalies, growth issues
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mechanisms or by marrow suppression. Increased consumption associated with 
microangiopathic conditions should be considered, particularly in an ill patient 
with laboratory evidence of hemolysis or schistocytosis. If the patient has evi-
dence of autoimmune hemolytic anemia, Evans syndrome should remain high on 
the differential.

�Conclusion

The clinical syndrome of immune thrombocytopenia has been well documented for 
hundreds of years. However, until the discovery of the platelet, the connection 
between mucocutaneous bleeding and thrombocytopenia was unknown. Initial 
debates surrounding the etiology of ITP centered upon theories of increased platelet 
destruction vs. theories of decreased platelet production. However, with additional 
understanding of the immune system and autoimmunity, the two sides of the debate 
are now united and combined with an appreciation of a dysregulated immune sys-
tem to give us our current understanding of the pathophysiology of ITP. Over the 
years, the terminology used to describe and study ITP has been variable. The current 
accepted terminology has been agreed upon and published and is now being widely 
applied and integrated into clinical guidelines and research studies. ITP does remain 
a diagnosis of exclusion, and it is important to consider other causes of thrombocy-
topenia when ITP is suspected; however, there are many clues which can quickly 
help lead to an accurate diagnosis. Improved understanding of the pathophysiology 
and the development of a common language to describe the clinical course and 
treatment response is allowing for significant continued progress in the field of ITP.

Table 1.3  Acquired thrombocytopenias to include in the differential diagnosis of ITP

Production Destruction Consumption

Aplastic anemia Primary ITP Disseminated intravascular 
coagulation (DIC)

Myelodysplastic syndrome Secondary ITP Thrombotic 
thrombocytopenic purpura 
(TTP)

Bone marrow failure syndromes Drug-induced 
(including heparin)

Hemolytic uremic syndrome 
(HUS)

Bone marrow infiltration (i.e., leukemia or 
lymphoma or in pediatrics, neuroblastoma)

Infection (e.g., EBV, 
CMV, HIV)

Hypersplenism

Infection (e.g., EBV, CMV, HIV) Mechanical (e.g., 
mechanical valve)

HELLP syndrome

Nutritional deficiencies Kasabach-Merritt syndrome
Bone marrow suppression

1  Background of Immune Thrombocytopenia
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Chapter 2
Pathophysiology of Immune 
Thrombocytopenia

Taylor Olmsted Kim

�Platelet Autoantibodies

ITP is caused, at least in part, by the development of platelet autoantibodies that 
lead to platelet destruction. This mechanism was first identified by Dr. William 
Harrington through his classic experiment published in 1951 [1]. As described in 
Chap. 1, Harrington infused blood from active chronic ITP patients into himself as 
well as a set of healthy volunteers [1]. Sixty-one percent of these patients then 
developed transient thrombocytopenia [1], highlighting not only the presence of an 
antiplatelet substance leading to the development of the ITP syndrome but also the 
apparent contribution of host factors, as not everyone who received the affected 
blood developed thrombocytopenia or clinical symptoms. In the 1960s, Shulman [2] 
infused plasma from ITP patients into healthy recipients. Shulman et al. discovered 
that resulting thrombocytopenia was proportional to the plasma dose. The causative 
plasma factor was absorbed by platelets and appeared in the immunoglobulin G 
fraction on ion-exchange chromatography [2]. Harrington and Shulman both con-
cluded that thrombocytopenia in ITP was caused by platelet autoantibodies [1–3].

Subsequent studies sought to identify the causative platelet autoantibody with 
the goal of being able to diagnose ITP on the basis of positive antibody testing. 
Platelet-associated IgG assays were developed and found to be positive in the 
majority of chronic ITP patients. However, these tests lacked specificity and were 
positive in a portion of healthy patients as well, thereby limiting their utility [4]. In 
the 1980s, van Leeuwen [5] used antibody eluates from chronic ITP patients and 
found they could bind normal platelets, but not platelets from Glanzmann’s throm-
basthenia patients, who lack the GP IIb/IIIa surface receptor [5]. This finding sug-
gested that in ITP, antibodies directed against platelets are specific for GP IIb/IIIa. 
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Antigen-specific assays were later developed that identified autoantibodies against 
platelet surface proteins, primarily glycoprotein IIb/IIIa, but also glycoprotein Ib/IX 
[4]. Glycoprotein IIb/IIIa and glycoprotein Ib/IX are the most common targets of 
platelet antibodies in the setting of ITP (Fig. 2.1) [4]. Some patients have antibodies 
against multiple platelet surface antigens [4, 6]. However, even with more specific 
antigen-specific assays, only an estimated 50–60% of ITP patients have detectable 
antibodies [6, 7]. Platelet autoantibodies are derived from B cell clones, evidenced 
by highly conserved fragment antigen-binding (Fab) gene rearrangements within a 
single Ig heavy-chain variable region gene (Fig. 2.2) [8, 9].

Glycoprotein IIb/IIIa

Glycoprotein
Ib/IX

anti-GPIb/IX
antibody

anti-GPIIb/IIIa
antibody

Epitope Spreading

Platelet phagocytosis

Fcγ
receptor

Platelets

Macrophage

T cell

B cell

Fig. 2.1  Propagation of antibodies against platelet glycoproteins. Autoantibodies targeting plate-
let antigens, primarily glycoprotein IIb/IIIa. Opsonized platelets are bound by Fcγ receptors on 
macrophages and phagocytized. Platelet glycoproteins are presented by antigen-presenting cells. 
As additional platelet glycoproteins are expressed by activated antigen-presenting cells, they are 
recognized by T cells. T cells interact with B cell clones resulting in continued anti-glycoprotein 
IIb/IIIa antibody production in addition to new glycoprotein antibodies
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Senescent platelets at the end of their 8–11 day life span are removed from circu-
lation by the reticuloendothelial system in normal patients [10]. A fixed portion of 
platelets are also consumed daily in a supportive function at the endothelium [11]. 
In ITP, antibody-tagged platelets are destroyed by the reticuloendothelial tissues of 
the liver and spleen [12]. This has been demonstrated morphologically as well as in 
in vitro models assessing the uptake of 51Cr-labeled platelets [12, 13]. Opsonized 

Cytotoxic T cell

Megakaryocyte

Macrophage

B cell

CD4+ T Cell

Platelets

Cytotoxic T cell-mediated destruction

Platelet phagocytosis

Auto-antibody production
Epitope spreading

Fig. 2.2  Summary of ITP pathogenesis. Autoantibodies against platelet glycoproteins lead to 
platelet opsonization, phagocytosis, and destruction by the reticuloendothelial system. Cryptic epi-
topes from other platelet glycoproteins are then presented by antigen-presenting cells. CD4+ cells 
interact with B cells, leading to propagation of new antiplatelet autoantibodies. Antibodies are also 
produced against megakaryocytes, leading to impaired maturation and function. Cytotoxic CD8+ 
cells cause direct platelet destruction
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platelets are cleared via Fcγ receptors expressed on splenic macrophages and periph-
eral blood neutrophils. When surface FcγRIIIA expressed on macrophages engages 
anti-GPIIb/IIIa bound to a platelet, the complex is engulfed. Data suggest that low-
affinity receptors FcγRIIA and FcγRIIIA remove antibody-bound platelets from 
circulation, while high-affinity receptors are not implicated in the same way [14, 
15]. In addition to phagocytosis in the reticuloendothelial system, antibody-tagged 
platelets may also be a trigger for complement-mediated destruction [16].

This process of antibody-mediated phagocytosis is propagated when antigen-
presenting cells interact with and induce proliferation of CD4+ T cells. Antigen-
presenting cells engulf platelets bound by GPIIb/IIIa antibodies. These complexes 
are degraded and processed within the antigen-presenting cells. Activated antigen-
presenting cells then go on to express GPIIb/IIIa antigens, thereby contributing to a 
positive feedback loop. They also express cryptic epitopes from other platelet gly-
coproteins. These novel peptides are expressed and recognized by T cell clones [9]. 
Interactions between T cell clones and B cell clones result in the production of 
GPIIb/IIIa antibodies as well as new platelet glycoprotein antibodies [9].

�Balance of Platelet Destruction and Production

�Abnormal Megakaryocyte Morphology

As early as the 1940s, light microscopy showed an increased number of large, 
young megakaryocytes in ITP patients. This finding would appear consistent with 
response to thrombocytopenia, except that these megakaryocytes showed no evi-
dence of platelet production and had degenerative changes in both the nuclei and 
cytoplasm [11, 17, 18].

Electron microscopy studies done in the 1980s demonstrated evidence of apop-
totic changes in the megakaryocytes of ITP patients, remaining consistent with ear-
lier light microscopy findings [19]. In 2004, Houwerzijl et  al. [19] studied the 
ultrastructure of bone marrow in ITP patients. Seventy-eight percent of patients had 
morphologic abnormalities which were increasingly prevalent in more mature 
megakaryocytes [19]. Seen most commonly in stage III megakaryocytes, cells had 
evidence of para-apoptosis with cytoplasmic vacuolization, mitochondrial swelling, 
condensed nuclei, and distention of the demarcation membranes. Megakaryocytes 
were also seen being phagocytized by neutrophils and macrophages [19].

�Antibody Destruction of Megakaryocytes

Shortly after antibody-mediated platelet destruction was identified in ITP, evidence 
that megakaryocytes are also targeted expanded. Plasma from ITP patients infused 
into healthy donors resulted in para-apoptotic changes in megakaryocyte 
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morphology [20]. In the 1970s, Rolovic et al. [21] used a rat model to show that 
infusion of antiplatelet antibody-rich serum resulted in thrombocytopenia, but also 
decreased maturation of megakaryocytes as well as the absolute number of stage III, 
mature megakaryocytes [21]. After assays for specific antibodies against GPIIB/IIIa 
and GPIIb/IX were created, these antibodies were discovered to target megakaryo-
cytes directly. Cultured CD34+ cells from healthy human donors with serum from 
ITP patients [22]. Megakaryocyte production in culture was decreased, ranging 
from 26 to 90% reduction as compared to cells cultured in control plasma [22]. As 
with the prior rat studies carried out by Rolovic et al., in this model, megakaryocytes 
showed impaired maturation [11, 21, 22].

�Inadequate Thrombopoietin Levels

Megakaryocyte progenitor growth and maturation is impacted by multiple cyto-
kines, but most significantly by thrombopoietin (TPO). In ITP, the capacity of the 
megakaryocytes to produce new platelets is inadequate for the rate of platelet 
destruction [10, 23], and insufficient TPO levels may contribute to this inability to 
adequately respond to the thrombocytopenia.

TPO is constitutively expressed by the liver; however, it is produced to a lesser 
degree in other organs such as the bone marrow and spleen [23]. Intuitively, endog-
enous TPO levels should have a compensatory increase in the setting of thrombocy-
topenia. However, in the setting of ITP, TPO levels are not appropriately elevated. 
In 1998 Nichol et al. [23] measured TPO levels in healthy controls, aplastic anemia, 
and ITP patients [23]. Though the patients with aplastic anemia had appropriately 
high TPO levels in the setting of severe thrombocytopenia, the ITP patient popula-
tion did not [23]. Studies in mice monitoring radiolabeled TPO showed a twofold 
increase in clearance for platelet-bound TPO in ITP as opposed to mice who were 
thrombocytopenic due to sublethal radiation [23]. It is theorized that in the setting 
of ITP, platelets may have more thrombopoietin receptors (Mpl receptor), thereby 
allowing for increased TPO binding and subsequent clearance [23]. Therefore, it 
appears that in ITP, there is not inadequate production of TPO, but rather inadequate 
levels due to excessive clearance by platelets prior to their destruction.

�T Cell-Mediated ITP

�T Cell-Propagated Autoantibody Production

The production of autoantibodies against platelet surface glycoproteins requires inter-
action with CD4+ T cells. Following exposure to GPIIb/IIIa fragments by antigen-
presenting cells, CD4+ T cells stimulate antibody synthesis through interaction with 
B cells. CD4+ cells do not react in the same way to native platelet glycoproteins. The 
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reason for this is not well understood; however, it is hypothesized that epitopes which 
are not normally exposed in a self-antigen are uncovered and then recognized by the 
immune system in the setting of circumstances such as an infection [24]. There is 
evidence that autoreactive T cells directed against GPIIb/IIIa are present in healthy 
individuals without thrombocytopenia. This suggests that in ITP, there are additional 
defects in immune tolerance which play a role in pathogenesis [25].

�Helper T Cell Responses

Similar to other autoimmune diseases, there are increased pro-inflammatory T cell 
responses in ITP with increased CD4+ Th0/Th1 activation in association with 
decreased Th2 responses [6]. Showed that IL-2, IFN-γ, and IL-10 are increased in 
the sera of chronic ITP patients, consistent with the theory that ITP is mediated by 
Th1 cell activation [26]. This finding of a predominance of Th1 cytokines in ITP 
patients has been reproduced by other groups [27–30]. Mouzaki et al. [31] consis-
tent with other works, found Th0 cytokine response in acute ITP patients and Th1 
activation in chronic patients [31]. More interesting, Mouzaki et al. [31] discovered 
that ITP patients in remission or those treated with IVIG showed Th2 polarization 
[31]. These findings suggest an imbalance between Th0/Th1 and Th2 signaling as 
causative in active ITP [31, 32].

In contrast, other studies do not as clearly support the idea that Th0/Th1 responses 
are implicated in ITP. Crossly et al. studied peripheral blood mononuclear cells in 
chronic ITP. At baseline, these cells secreted low levels of IL-2 and IFN-γ (both Th1-
type cytokines), and only when stimulated by interferon-α, did these secreted cytokine 
levels increase [33]. Other groups showed IL-4, secreted by Th2 cells, to be elevated 
in chronic ITP with no appreciable increase in IFN-γ levels over controls [34]. Talaat 
et al. [35] found IFN-γ and TNF-α, both Th1-type cytokines, as well as IL-4, IL-6, and 
IL-10, Th2 cytokines, to be elevated in ITP patients as compared to healthy controls 
[35]. Another group has reported in pediatric ITP, cytokines including IL-3, IL-4, 
IL-6, and IFN-γ may be actually affected by age as opposed to disease status [36].

Collectively, these studies suggest that T-helper cell responses play some role in 
ITP pathogenesis. The consensus remains that chronic ITP is associated with Th0 
profiles, severe disease with Th1 responses, and quiescence with Th2 cytokines [32].

�Role of Th17 Cells

A distinct subset of CD4+ Th cells, Th17 cells, characterized by IL-17 secretion, 
have previously been implicated in the development of inflammatory and autoim-
mune diseases such as systemic lupus erythematosus, allergic encephalomyelitis, 
multiple sclerosis, and collagen-induced arthritis [35, 37, 38]. Though contradictory 
data on their role exists, the current consensus is that Th17 cells contribute to the 
development of ITP [38, 39]. IL-17 is elevated in serum and plasma levels in 
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pediatric patients with active disease and has increased expression from CD4+ cells 
in ITP patients [7]. Additionally, a Th17 transcription factor, retinoic acid-related 
orphan receptor gamma-t (RORγt), when overexpressed in mice was linked to the 
production of antiplatelet antibodies [37, 40]. Genetic studies have shown associa-
tions with an interleukin-17F gene polymorphism in chronic ITP as well [41].

Th17 cells may also contribute to ITP pathogenesis via production of IL-22. 
IL-22 is a pro-inflammatory cytokine in the IL-10 superfamily. Elevated IL-22 lev-
els have been demonstrated in the plasma of active ITP patients as compared to 
controls [42]. Cao et al. [43] assessed IL-22 levels as well as the number of Th1, 
Th17, and Th22 cells in ITP patient samples before and after treatment with dexa-
methasone [43]. Steroid treatment resulted in a decrease in plasma IL-22 as well as 
a decrease in the number of Th1 cells [43]. These findings suggest regulation of Th1 
responses as a mechanism for Th17 in ITP pathogenesis [43].

In vitro studies show positive correlation between Th1 and Th17 cytokines and 
the presence of cytotoxic CD3+CD8+IFN-γ+ T cells [44, 45]. Direct cytotoxic 
destruction of platelets offers an alternative process for platelet destruction indepen-
dent of autoantibody production described previously.

�Regulatory T cells

There is evidence that Th17 cells work in balance with regulatory T cells (Tregs). 
Tregs are a subset of cells that constitute approximately 5–10% of the CD4+ T cell 
population [46, 47]. Tregs promote self-tolerance via suppression of effector T cell 
and B cell function via direct cell contact or cytokine-mediated mechanisms [38, 46, 
48]. Tregs also interact with antigen-presenting cells [49–51].

There are substantial amounts of data to demonstrate decreased levels of circu-
lating Tregs in all phases of ITP [38]. With decreased numbers of Tregs, a regulatory 
mechanism on antigen-presenting cells is removed, thereby resulting in decreased 
self-tolerance and subsequent platelet destruction [38]. Tregs from ITP patients 
have demonstrated decreased ability to inhibit T cell proliferation, as compared to 
inhibition by Tregs from healthy controls. This suggests an intrinsic defect in Tregs 
in ITP patients may contribute to disease pathogenesis [48]. Murine models of ITP 
also support theories regarding Tregs. Nishimoto et al. [52] showed in a cohort of 
Treg-deficient mice that 36% developed thrombocytopenia [52]. These thrombocy-
topenic mice went on to develop IgG platelet antibodies [52]. Transfer of Tregs 
from healthy mice prevented the development of thrombocytopenia [52].

�B Cell-Mediated ITP

The role of B cells in ITP pathophysiology was initially believed to be due exclu-
sively to the production of GPIIb/IIIa and GPIb/IX autoantibodies. However, stud-
ies suggest that the role for B cells in ITP is actually more complex than inappropriate 
production of autoantibodies alone.
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TNFSF13B, a B cell-activating factor (BAFF), has been implicated in ITP devel-
opment. BAFF levels are found at increased levels in those with active ITP as com-
pared to controls [53]. Higher levels of BAFF, present in chronic ITP patients, 
correlate inversely with platelet count [54, 55].

The number of B cells present in the red pulp of the spleen is increased over 
controls [56]. Proliferating Ki67+ B cells have also been identified in prolifera-
tive lymphoid nodules (PLN) in the spleen. Unlike cells in the germinal center, 
these cells do not express Bcl6, a transcriptional regulator of germinal center 
reactions, and do not demonstrate normal polarization. T follicular and regula-
tory T cells are also reduced in the PLN. Collectively, these findings reflect aber-
rancies in normal tolerance mechanisms and lack of appropriate T cell regulation 
in ITP patients [57].

�B-Regulatory Cells

B-regulatory cells (Bregs), characterized by CD19+CD24hiCD38hi profile, inhibit T 
cell and monocyte activation. Bregs promote self-tolerance in the periphery through 
IL-10 secretion. Though their interaction is not fully understood, there is evidence 
that Bregs interact with Tregs [5]. In ITP patients, Bregs appear to have a decreased 
response to IL-10 stimulation, reduced number of Bregs, and lowered IL-10 in all B 
cell populations [38, 48].

A subset of CD19+CD24+FOXP3+ Bregs are present at increased numbers in the 
spleens of ITP patients requiring splenectomy as opposed to those splenectomized 
due to trauma [58]. Conversely, this cell population is present at lower levels in the 
peripheral blood in other autoimmune diseases [59]. These findings preliminarily 
suggest this population of Bregs is sequestered in the setting of ITP, though their 
role in the disease remains incompletely understood.

�Myeloid-Derived Suppressor Cells

Myeloid-derived suppressor cells (MDSCs) have been proposed to play a role in 
ITP pathogenesis. Myeloid-derived suppressor cells are a heterogeneous popu-
lation of immature myeloid cells which suppress adaptive immunity [60]. These 
cells have been studied as a potential therapeutic target for cancer due to the role 
of MDSCs in tumor-mediated immune escape [60, 61]. MDSCs, characterized 
by CD11b+CD33+HLA-Drlow, are present in decreased numbers and also func-
tion abnormally in both the peripheral blood and spleens of ITP patients [62]. 
In the absence of MDSCs, there is immune dysregulation through decreased 
number of Tregs and through altered function of Bregs [48, 62, 63].

Recent studies have demonstrated an MDSC-mediated mechanism for high-
dose dexamethasone (HD-DXM) and intravenous immunoglobulin (IVIG) 
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response in the treatment of ITP [62, 63]. MDSC function and numbers are 
restored by exposure to HD-DXM. In vitro, cells cultured with HD-DXM dem-
onstrate expansion of the C11b+CD33+HLA-Drlow population, increased expres-
sion of MDSC-produced cytokines IL-10 and TGF-ß, as well as attenuated CD4+ 
T cell proliferation and cytotoxic T cell-mediated platelet lysis [62]. Aslam et al. 
[63] took spleen cells from refractory chronic ITP patients and those derived 
from trauma patients and cultured them in the presence of intravenous immuno-
globulin [63]. A significant increase in the C11b+CD33+HLA-Drlow population in 
the ITP group correlated directly with rising IVIG concentration applied to cul-
ture media [63].

Initial studies propose MDSCs as the lynchpin regulating both T and B cells in 
the pathogenesis of ITP. Therapies which restore MDSC functioning may alleviate 
immune dysregulation in ITP. Further research is needed, but the discovery of this 
novel cell population holds promise.

�Genetic Studies

Though our understanding of the complexities of immune derangements in ITP 
has grown, the underlying factors which predispose certain individuals to the 
development of these abnormalities and factors that drive the development of 
chronic ITP remain elusive. Gene expression differences in acute and chronic ITP 
have been proposed in small studies. Different gene expression profiles have been 
identified by DNA microarray analysis on T cells from newly diagnosed ITP 
patients and those with chronic ITP. Genome-wide expression profiles clustered 
without any overlap between the two cohorts in a dendrogram plot [64]. Differently 
expressed transcripts clustered by Gene Ontology (GO) annotations highlighted T 
cell activation, lymphocyte proliferation, and chemotaxis in newly diagnosed ITP 
patients. Chronic ITP patients showed increased transcript expression in B cell 
differentiation and CD8+ α:β T cell differentiation [64]. Another group showed 
elevated mRNA levels of vanin-1, an oxidative stress sensor in epithelial cells, in 
whole blood from chronic ITP patients as compared to acute patients [65]. These 
studies are all severely limited by sample size and the results have not been 
validated.

A number of studies have attempted to demonstrate the importance of specific 
genetic variants in ITP; however, all have been candidate gene approaches limited 
to relatively small numbers of patients, and none have held up to validation [66]. A 
few examples of these findings follow. The FCGR gene, encoding the FcY recep-
tor, has been of interest based on the antibody-mediated component of ITP patho-
genesis. Associations are weak and data mixed on which polymorphism within this 
gene carries any predictive value in ITP [67]. A single study has identified variants 
in HLA-DRB1 in ITP patients [68]. More recently, an IL-17F 7488TT polymor-
phism was found to be associated with severe thrombocytopenia at diagnosis of 
ITP [41].
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�Secondary ITP

�Helicobacter pylori-Related ITP

Helicobacter pylori (H. pylori) infection is associated with the development of ITP. 
At the molecular level, it is hypothesized that this process is driven by molecular 
mimicry [69]. CagA, a H. pylori virulence gene, has been linked to the incidence of 
ITP and the presence of anti-GPIIb/IIIa antibody-producing B cells [69]. ITP related 
to H. pylori infection resolves with eradication of the bacterium in 0–7% of US 
cases, with up to 100% resolution in a Japanese review [70].

�CMV-Related ITP

CMV has been linked to ITP [71, 72], causes delayed platelet recovery after bone 
marrow transplant, and causes thrombocytopenia in the setting of congenital infec-
tion [7, 71, 72]. Murine studies suggest that CMV virus has a direct cytotoxic effect 
on megakaryocytes and their progenitors [73].

�Varicella Zoster-Related ITP

VZV-related thrombocytopenia develops in the case of neonates born to infected 
mothers, during viral reactivation, after vaccination, and may develop prior to the 
onset of viral dissemination and purpura fulminans [74, 75]. Similar to CMV, it is 
hypothesized that varicella zoster virus (VZV) infection damages megakaryocytes 
[74]. VZV may also lead to the development of antibodies which bind to platelets; 
however, the antiplatelet antibodies generated in VZV infection are not cross-reac-
tive anti-varicella antibodies [74]. VZV specifically was reported to cause the devel-
opment of anti-GPIb-IX antibodies [7, 74, 75].

�Hepatitis C-Related ITP

The etiology of ITP secondary to hepatitis C is multifactorial. Thrombopoietin 
may be reduced in advanced hepatitis infection. Megakaryocytes may be 
infected, impairing platelet production [7]. Additionally, there is evidence of 
cross-reactive antibodies targeting platelet GPIIIa [76]. The hepatitis C virus 
structural protein E2 activates B cells via a B cell co-receptor [77, 78]. This leads 
to clonal expansion of B cell populations which may drive antiplatelet antibody 
production.
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�HIV-Related ITP

Thrombocytopenia appears to follow disease status and viral load in HIV [79, 80]. 
Treatment with HAART results in improvement in ITP [80]. Megakaryocytes 
express CD4 and co-receptors for HIV [81, 82]. Megakaryocytes are able to bind 
HIV, internalize the virus, and become infected [83]. In addition to the mechanism 
involving the megakaryocytes, the sera of HIV patients contains antiviral antibod-
ies which are also cross-reactive with portions of GPIIIa, resulting in thrombocy-
topenia [82].

�Malignancy-Related ITP

Hematologic malignancies are the most common neoplasms to be associated with 
ITP [7]. The mechanism for ITP in the case of chronic lymphocytic leukemia 
(CLL) is not entirely understood. The malignant clone does not appear to directly 
produce antiplatelet antibodies. Studies have shown an association with unmu-
tated IgVH, and ITP related to CLL appears to be the result of generalized immune 
dysregulation. Other autoimmune cytopenias develop commonly in CLL, with the 
most common being autoimmune hemolytic anemia [7, 84]. CLL cells may act as 
antigen-presenting cells, processing antigen and revealing cryptic epitopes to Th 
cells [85]. CLL-related ITP is also seen specifically following treatment with 
fludarabine and other purine analogues. These drugs specifically result in loss of 
CD4+, CD45RA+ cells, a population of autoregulatory T cells [85, 86]. ITP also 
develops in the setting of large granular T-lymphocytic leukemia (LGL). In LGL, 
a clonal population of CD8+ T cells may lead to cytotoxic effects on megakaryo-
cytes; however, it is not known if this population is constitutively or transiently 
activated [87, 88]. ITP secondary to Hodgkin disease is rare, with an estimated 
prevalence of less than 1% of patients, and the mechanism by which this occurs is 
not known [7].

�Other Autoimmune Disorders

Two to five percent of patients with ITP go on to develop systemic lupus erythe-
matosus (SLE) [7]. In this condition there are multiple antibodies which could 
play a role in the development of ITP: antibodies against CD40L (expressed on 
Th cells, when bound by activated APCs), thrombopoietin and its receptor, and 
platelet glycoproteins [89, 90]. Systemic inflammation resulting in vasculitis, 
thrombotic microangiopathy, and hemophagocytosis leads to increased plate-
let consumption. Marrow damage and amegakaryocytosis in SLE could further 
impair platelet production [90]. SLE patients may develop antiphospholipid 
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antibodies [91], also independently associated with development of ITP. 
Antiphospholipid antibodies (APLAs) bind epitopes on GPIIIa and some recog-
nize markers which become expressed during platelet activation. Activation of 
coagulation may lead to further thrombocytopenia as platelets are consumed in 
thrombus formation [7].

�Evans Syndrome

Evans syndrome is a rare disorder defined by either concurrent or sequential devel-
opment of two autoimmune cytopenias [7, 92]. Most commonly, Evans syndrome 
involves ITP and warm autoimmune hemolytic anemia (AIHA), although autoim-
mune neutropenia can also be present [7, 93]. Evans syndrome is the result of 
immune dysregulation leading to autoantibody production [7]. In Evans syndrome, 
red cell antibodies are commonly directed against the Rh-locus and are distinct 
from those generated against platelets [7]. Limited studies of Evans patients have 
shown an imbalance in CD4/CD8 ratios, with a shift toward CD8 cells [7]. Evans 
syndrome is most often chronic and poorly responsive to therapy (see Section 
“Clinical Presentation” in Chap. 3 and Part II Chap. 2 for comprehensive review of 
Evans syndrome).

�Autoimmune Lymphoproliferative Syndrome (ALPS)

ALPS is an inherited disorder, most commonly autosomal dominant, which is char-
acterized by defective apoptosis of B and T cells [7]. The majority of ALPS patients 
carry a mutation in APT1, which encodes Fas (CD95/Apo-1) [7]. Active T and B 
lymphocytes highly express Fas. When Fas binds Fas ligand on activated T cells, a 
caspase cascade is triggered, ultimately resulting in apoptosis [92]. Some patients 
may have defects in the Fas ligand, caspase-8, or caspase-10 [7]. For approximately 
24% of cases, no disease causing mutation could be identified [7, 92]. The result of 
these mutational defects is aberrant apoptosis of activated T and B lymphocytes. 
Without the ability to downregulate the immune response, ALPS patients develop 
autoimmune cytopenias, including immune thrombocytopenia, lymphadenopathy, 
hepatosplenomegaly, as well as cancer predisposition [92]. In addition to the aber-
rant Fas-mediated apoptosis and aforementioned clinical criteria, ALPS patients 
have greater than 1% double negative T cells (TCR α/ß+, CD3+, CD4−, CD8− T 
cells) [7].

ITP is a heterogeneous disorder with complex underlying pathophysiology. 
Research continues to identify immune pathways which do not function normally in 
ITP.  However, further work is needed to tease out the breakpoints that initiate 
immune dysregulation leading to destruction of platelet populations and to under-
stand what drives the host factors that lead to these changes.
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Chapter 3
Presentation and Evaluation of Immune 
Thrombocytopenia

Vicky R. Breakey

�Introduction

Thrombocytopenia is a common clinical issue in both pediatric and adult medicine. 
An assessment of the platelet count is routinely sought when there are clinical signs 
of excessive bruising or bleeding. In addition, thrombocytopenia may be diagnosed 
incidentally from a complete blood count (CBC) in an asymptomatic patient. While 
immune thrombocytopenia (ITP) is one of the most common etiologies for a low 
platelet count, the lack of a specific and sensitive confirmatory diagnostic test makes 
it a diagnosis of exclusion. This chapter will review the common clinical presenta-
tions of ITP and focus on the approach to diagnosis.

�Clinical Presentation

The clinical presentation of ITP varies based on the age of the patient and the sever-
ity of the thrombocytopenia. In children, ITP usually has an acute onset and often 
follows a viral illness that occurred in the weeks prior to presentation, resulting in 
seasonal peaks for diagnosis in the spring and fall [1]. In adulthood, ITP generally 
has a more insidious onset. The peak pediatric age is 2–6 years, but ITP can occur 
at any age. In the first year of life, ITP is atypical and is more likely to become 
chronic. Similarly, ITP in adolescents often behaves more like adult-onset ITP. In 
children, males and females are equally affected, unlike adults where the incidence 
of ITP is two- to threefold higher in females.
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In the setting of newly diagnosed ITP, the patient often presents with petechiae 
and ecchymoses. Bleeding is a less common presenting symptom of ITP, possibly a 
result of large, functional young platelets that circulate prior to antibody attack and 
removal from the circulation [2]. Many studies show that the severity of bleeding 
does not correlate consistently with the platelet count [3–5]. A recent systemic 
review of bleeding in ITP showed that intracranial hemorrhage (ICH) is a very rare 
event in both children (0.4%) and adults (0.6%) [6]. Non-ICH severe bleeding 
occurred in approximately 10% of adults and 20% of children in the acute presenta-
tion with ITP [6]. Significant bleeding is rare and generally occurs only when plate-
lets are <30 × 109/μL.

�History

On the first presentation, a detailed history can assist in determining the etiology of 
the clinical symptoms (Table 3.1). The bleeding history should document the type, 
pattern, and timing of bruising and/or bleeding. Common sites of bleeding second-
ary to abnormal primary hemostasis include predominantly skin and mucocutane-
ous bleeding (epistaxis, oral, GI bleeding, and menorrhagia). Thrombocytopenia is 
generally not associated with spontaneous muscle or joint bleeding, so the presence 
of these findings should instigate additional work-up to assess coagulation factors. 
The onset and timing of bleeding and its relation to triggers such as surgeries and 
dental extractions can help to determine the severity as well as the chronicity of the 
condition.

A review of the family history is also important for patients with thrombocytope-
nia. Although there is no known genetic cause of ITP, several clusters of ITP in 
families have been documented suggesting there may be a genetic link [7, 8]. In 
some cases, multiple family members may be affected with ITP and/or other auto-

Table 3.1  Bleeding history to differentiate causes of thrombocytopenia

Key point Newly diagnosed ITP
Inherited/genetic 
thrombocytopenia

Onset of bleeding/bruising Recent Early in life
Viral prodrome Often, especially in children No
Constitutional symptoms No No
History of bleeding with triggers 
(surgery, dental extractions, minor 
cuts/trauma)

Usually spontaneous onset of 
bleeding with no significant 
past bleeding

Yes, often significant

Evidence of congenital anomalies No Sometimes (see Table 3.2)
Consanguinity in parents No Sometimes (increased in 

recessive conditions)
Personal history of low platelet 
counts

No Yes

Family members with low platelets Rarely Often
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immune disorders suggesting an underlying immunodeficiency or autoimmune pre-
disposition. More commonly, however, a family history positive for ITP suggests an 
underlying familial thrombocytopenia that is not immune in nature. Inherited 
thrombocytopenias should be considered and ruled out in families with multiple 
people that have low platelets [9] (see Chap. 1).

A detailed review of systems may suggest an underlying condition that may have 
predisposed to ITP. Common comorbid conditions include primary immunodefi-
ciencies, rheumatologic conditions, and other autoimmune conditions (see 
Table 3.2). The presence of constitutional symptoms is not in keeping with ITP and 
may suggest a malignancy. A review of current medications is essential as drug-
induced thrombocytopenia may be misdiagnosed as primary ITP. A list of drugs that 
have been shown to cause immune thrombocytopenia can be found in Table 3.2 and 
have been reviewed in detail recently [10]. Similarly, a complete vaccination review, 
including timing of the most recent vaccinations, is important as there is evidence to 
suggest that ITP may occur subsequent to either natural infection with measles or 
rubella or after the inoculation for measles, mumps, and rubella (MMR) [11].

�Physical Examination

The physical examination serves to document the degree of petechiae and ecchymo-
ses, as well as other types of bleeding, and to ensure that the patient is otherwise 
well without other abnormalities. In typical ITP, there are no other abnormal physi-
cal findings. It is important to confirm the absence of clinically significant lymph-
adenopathy and hepatosplenomegaly. Familial thrombocytopenias may be 
associated with specific physical findings related to the causative genetic mutation 
(Table 3.3).

Table 3.2  Conditions associated with secondary ITP

Autoimmune 
disorders

Evans syndrome
Autoimmune lymphoproliferative syndrome (ALPS)
Systemic lupus erythematosus (SLE)

Immunodeficiencies Combined variable immunodeficiency (CVID)
Infections Helicobacter pylori

HIV
Hepatitis C
Cytomegalovirus
Varicella zoster

Drug effects Strong evidence for quinine, quinidine, trimethoprim/sulfamethoxazole, 
vancomycin, penicillin, rifampin, carbamazepine, ceftriaxone, ibuprofen, 
mirtazapine, oxaliplatin, suramin, glycoprotein IIb/IIIa inhibitors 
(abciximab, tirofiban, eptifibatide), heparin

Others Vaccine side effect (MMR)
Post-bone marrow or solid organ transplantation
Antiphospholipid syndrome (APS)
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�Bleeding Assessment

Together, the history and physical examination findings can be incorporated into a 
bleeding score. As the platelet number is often not well correlated with bleeding 
severity in ITP, the use of a standardized bleeding score can be helpful to quantify 

Table 3.3  Physical findings associated with inherited thrombocytopenias

Condition
Inheritance 
pattern

Gene 
implicated

Unique clinical/lab findings (in 
addition to bleeding symptoms)

Small platelets

Wiskott-Aldrich 
syndrome

X-linked WAS Infections secondary to combined 
immunodeficiency, autoimmune 
conditions, eczema, cancer 
predisposition

X-linked 
thrombocytopenia

X-linked WAS None

Normal size platelets

Congenital 
amegakaryocytic 
thrombocytopenia 
(CAMT)

Autosomal 
recessive

MPL Pancytopenia/bone marrow failure in 
childhood

Amegakaryocytic 
thrombocytopenia with 
radioulnar synostosis

Autosomal 
dominant

HOXA11 Proximal radioulnar 
synostosis ± other skeletal 
anomalies, some with sensorineural 
deafness

Thrombocytopenia absent 
radii (TAR)

Autosomal 
recessive

Unknown Shortened/absent radii bilaterally

Familial platelet disorder/
AML

AML1 Early onset myelodysplasia, acute 
myelogenous leukemia

Large platelets

MYH9-related disorders Autosomal 
dominant

MYH9 Sensorineural hearing loss, 
glomerulonephritis, cataracts

Gray platelet syndrome Autosomal 
dominant and 
recessive types

Unknown Alpha-granules absent, making 
platelets appear grey in blood smear, 
some develop myelofibrosis

X-linked 
thrombocytopenia with 
dyserythropoiesis

X-linked GATA-1 Variable anemia ± evidence of 
hemolysis, hypercellular marrow 
with erythro- and myelodysplasia

Bernard-Soulier 
syndrome

Autosomal 
recessive

GP1BA, 
GPIBB, 
GP9

Bleeding due to platelet dysfunction

Velocardiofacial 
syndrome (DiGeorge)

Autosomal 
dominant

22q deletion Dysmorphism, developmental and 
growth delay, cardiac anomalies, 
cleft lip/palate, hypoparathyroidism, 
immunodeficiencies

Paris-Trousseau/Jacobsen 
syndrome

Autosomal 
dominant

11q23 
(FLI1)

Congenital impairment, dysmorphic 
features, cardiac anomalies, growth 
issues
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bleeding symptoms at the time of diagnosis and to monitor over time. A recent sys-
tematic review identified ten ITP-specific bleeding assessment tools in the litera-
ture, two of which have been validated [6]. In clinical practice, some of these tools 
are felt to be onerous to administer, and their utility is reserved to assess response to 
therapies in research studies.

�Initial Diagnostic Investigations

The complete blood count (CBC) confirms and quantifies thrombocytopenia. 
Patients with ITP have an isolated thrombocytopenia with preservation of normal 
white and red blood cell counts. It is important to ensure that the low platelet count 
is genuine; automated counters may underestimate platelet number when platelet 
size is abnormal. The mean platelet volume (MPV) is an indicator of platelet size 
and may be inaccurate with devices that count giant platelets as red cells or in coun-
ters with settings that exclude platelets at both extremes of size from the MPV cal-
culation. Platelet size is variable to large in ITP, and MPV may help to differentiate 
ITP from inherited thrombocytopenias. The size of the platelets can be confirmed 
on a blood smear, which can rule out platelet clumping and pseudothrombocytope-
nia (Fig. 3.1). Other than fewer than expected platelets of normal-to-large size, no 
additional findings are typical on the blood smear in patients with ITP, but other 
abnormalities may give clues to inherited thrombocytopenias, such as the Dohle-
like inclusions seen in the neutrophils of patients with macrothrombocytes due to 

Fig. 3.1  Blood smear in 
ITP (Image provided by 
Dr. Jenny Despotovic)
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MYH9-related thrombocytopenia. Newer automated machines may report the 
immature platelet fraction (IPF), which is high in ITP due to high platelet turnover 
and low in thrombocytopenias due to decreased production. Early studies have sug-
gested that IPF may be useful in deciphering etiology of thrombocytopenia and may 
be predictive of the development of chronic ITP [12].

In addition to the platelet parameters, other elements of the CBC should be con-
sidered. In patients with ITP, the white cell count and differential should be within 
normal range. Anemia warrants additional consideration, as iron deficiency is prev-
alent and may be comorbid. In the setting of typical hypochromic, microcytic ane-
mia, iron indices may be sought to confirm iron deficiency anemia. A high MCV 
and moderate thrombocytopenia should raise the suspicion of possible underlying 
bone marrow dysfunction, including bone marrow aplasia/dysplasia or inherited 
bone marrow failure syndromes such as Fanconi anemia. Macrocytic anemia in the 
setting of thrombocytopenia without a clear etiology warrants bone marrow 
investigation.

�Diagnostic Approach

Taken together, the patient’s history, physical examination, and initial investigations are 
instrumental in considering the differential diagnosis of thrombocytopenia and help in 
determining if additional testing is necessary. Typical ITP is a diagnosis of exclusion. 
In addition to the inherited thrombocytopenias mentioned already, other inherited and 
acquired causes of thrombocytopenia should be considered (see Chap. 1).

�Additional Testing for Suspected ITP

The role of additional testing in asymptomatic patients with presumed ITP remains 
controversial. An International Working Group (IWG) panel of ITP experts pub-
lished their international consensus on the diagnosis and treatment of ITP in 2010 
[13]. Shortly following, the American Society of Hematology (ASH) published an 
evidence-based practice guideline that summarized the relevant literature using the 
GRADE system [14]. While these reports are generally in agreement, there are 
small differences, and their rationales are reviewed here briefly.

�The Role of Bone Marrow Testing

The ASH ITP guideline recommends that routine bone marrow examination is not 
indicated for the diagnosis of typical ITP in children or adolescents, even in those 
who do not respond to intravenous immunoglobulin (IVIG) therapy. Furthermore, 
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they suggest that bone marrow examination is not needed prior to initiating steroid 
therapy or prior to splenectomy for typical ITP in children. Similarly, the ASH 
guidelines suggest that no bone marrow testing is needed in adults with typical ITP, 
regardless of the age of the patient [14] (Table 3.4).

Conversely, the IWG panel report suggests a bone marrow examination is recom-
mended in children who show no improvement after 3–6  months with no prior 
response to therapy. For adult patients >60 years of age, a bone marrow evaluation 
is recommended at presentation of suspected ITP, based on a higher chance of sub-
clinical marrow dysplasia or malignancy.

Table 3.4  Comparison of recommendations from the ASH ITP guidelines (2011) and the 
International Consensus Panel (2010) for the investigation of suspected ITP

Investigation
International Consensus Panel 
(2010)

American Society of Hematology 
ITP Guideline (2011)

Bone marrow 
examination for 
children

• Only when atypical features (not 
just isolated thrombocytopenia in 
CBC, systemic features, 
splenomegaly)
• Consider in patients who respond 
minimally or not at all to first-line 
therapies
• Recommend testing if no 
improvement in >3–6 months

• Not for patients with typical ITP
• Not necessary in cases who fail 
to respond to IVIG therapy
• Suggest not needed prior to 
steroids or splenectomy

Bone marrow 
examination for 
adults

• >60 years and/or systemic 
symptoms/signs
• Prior to splenectomy

• Not at any age for typical ITP

H. pylori testing 
adults

• Screen with the urea breath test or 
stool antigen test

• Screen patients who would be 
treated for a positive H. pylori 
result

H. pylori 
testing—children

• May be of benefit in children with 
persistent or chronic ITP

• No evidence to test children

HIV and hepatitis C 
testing

• Recommend testing adults for 
both at diagnosis
• Test children with persistent/
chronic ITP in regions where there 
is a high prevalence

• Recommend testing adults for 
both at diagnosis

Platelet antibody 
testing

• Describe the glycoprotein-specific 
antibody testing as “potentially 
useful” but do not recommend 
routine analysis as platelet-
associated IgG is elevated in both 
immune and nonimmune 
thrombocytopenia

• Insufficient evidence for platelet 
antibody testing

Screening for 
autoimmune 
conditions

• Recommend ANA testing in 
children with persistent/chronic ITP

• No good evidence to screen all 
patients with ANA

Screening for 
immunodeficiency

• Suggest baseline Igs studies in all 
adult patients with acute ITP and 
for surveillance in children with 
persistent or chronic ITP

• Utility of screening all patients 
with baseline Igs is unclear
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�Platelet Antibody Testing

Many assays have been developed to measure the antiplatelet antibodies that cause 
platelet destruction in ITP. Unfortunately, these assays lack sensitivity and/or speci-
ficity. The IWG panel describes glycoprotein-specific antibody testing as “poten-
tially useful” but does not recommend routine analysis as platelet-associated IgG is 
elevated in both immune and nonimmune thrombocytopenia. The ASH ITP guide-
lines suggest there is insufficient evidence to support the routine use of antiplatelet 
antibodies as a diagnostic test for ITP in children and adults [14].

�Screening Tests for Associated Conditions

�Infectious Triggers for ITP: Hepatitis C, HIV, and H. pylori

There are no recommended screening tests for infections in children with acute 
ITP. In adults, both ASH and the IWG expert panel recommend screening adults 
with new-onset ITP for both hepatitis C and HIV. Treatment of these viral infections 
is recommended if they are confirmed, as it may lead to resolution of the ITP. The 
IWG suggests screening children in whom ITP persists >3–6  months in regions 
there is a high prevalence of these infections.

H. pylori has been implicated in adult ITP, and screening with the urea breath test 
or stool antigen test has been recommended by the IWG panel. The ASH group also 
supports screening in adult ITP patients who would be treated for a positive H. 
pylori result. They note that eradication is most successful in patients with less 
severe ITP and in countries where H. pylori is more prevalent. In children, ASH 
does not recommend H. pylori testing for acute or chronic ITP due to a lack of com-
pelling evidence. The IWG group suggests that testing may be of benefit in children 
with persistent or chronic ITP.

�Autoimmune Conditions

Autoimmune hemolytic anemia may occur with ITP, and together they are labeled 
as Evans syndrome [15]. One study found 22% of all ITP patients tested had a posi-
tive direct antiglobulin test (DAT), but the clinical significance of this is unclear 
[16]. The IWG recommends screening DAT in all patients with ITP. At minimum, a 
DAT is recommended in patients with anemia, reticulocytosis, and/or evidence of 
hemolysis. A DAT is also needed prior to therapy with anti-D (see Chap. 4 for more 
details).

The ASH ITP guidelines do not support screening with antinuclear antibodies 
(ANA) in children or adults with typical ITP, while the IWG panel suggests that a 
positive ANA may be a predictor of chronic ITP developing in children [17]. 
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Similarly, the IWG panel suggests screening for antithyroid antibodies/thyroid 
function as well as antiphospholipid antibodies to be of potential utility in ITP, 
while the ASH group points out the lack of evidence for the routine use of these tests 
in the absence of clinical symptoms in both children and adults with ITP.

�Immunodeficiencies

Due to an association between combined variable immunodeficiency (CVID) and 
ITP, it is common practice to check quantitative immunoglobulins in patients with 
ITP. While the IWG panel supports baseline studies in all patients with acute ITP 
and for surveillance in children with persistent/chronic ITP, the ASH guideline is 
less clear, suggesting that the utility of screening all patients is unclear. It is impor-
tant to consider an assessment of baseline immunologic function prior to embarking 
on immunosuppressive therapies for ITP.

�Summary

The diagnosis of ITP requires a thorough history, careful physical examination, and 
minimal investigations to rule out other causes of thrombocytopenia. The approach 
to diagnostic work-up should follow the evidence whenever possible to minimize 
unnecessary tests and discomfort to the patient. However, it is reasonable to con-
sider baseline screening to detect underlying causes and/or additional antibodies as 
recommended by expert consensus guidelines.
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Chapter 4
The Treatment of Immune 
Thrombocytopenia

Kandace L. Gollomp and Michele P. Lambert

�Introduction

The treatment of patients with immune thrombocytopenia (ITP) has evolved rap-
idly over the past 20 years. Many of these advances have been based on an improved 
understanding of the disease, the development of a more nuanced disease classifi-
cation system, and a recognition that patients, especially children, without signifi-
cant bleeding can often be safely observed irrespective of platelet count. Newer 
therapeutics that target platelet production or specific parts of the immune response 
have changed the landscape of treatment and allowed for increased use of steroid-
sparing treatment strategies. As our understanding of disease pathophysiology con-
tinues to improve and as more data emerges about the efficacy and safety of novel 
therapeutics, new questions arise about how to best tailor treatment strategies to 
individual patients. In 2010–2011, the American Society of Hematology (ASH) [1] 
and a report from an International Working Group (IWG) [2] sought to address 
these questions with new guidelines for the diagnosis and management of ITP. In 
the years since the publication of these seminal papers, the use of thrombopoietin 
receptor agonists (TPO-RAs) has emerged for the management of chronic disease, 
and other targeted therapies have been developed. Still, uncertainty remains with 
respect to which patients require treatment, clarifying the role of splenectomy, and 
managing children and adults with refractory disease. This chapter addresses these 
areas of uncertainty by reviewing current ITP therapy, summarizing recent treat-
ment guidelines, examining emerging therapeutic strategies, and highlighting areas 
of controversy.
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�General Treatment Considerations

Before deciding on an appropriate course of treatment, practitioners caring for 
patients with ITP need to consider numerous factors including bleeding symp-
toms, risk of future bleeding, the likelihood of spontaneous remission, patient age, 
medical comorbidities, level of activity, underlying immune function, access to 
medical care, and concerns related to quality of life. Current guidelines prioritize 
treating bleeding symptoms over achieving specific platelet thresholds. Recent 
studies suggest that observation alone is appropriate for the majority of pediatric 
patients at the time of presentation [3] and may be appropriate for select groups of 
adult patients with newly diagnosed ITP [4, 5]. When treatment is indicated, first-
line therapy for ITP currently includes corticosteroids, intravenous immunoglob-
ulin (IVIG), and intravenous anti-D immunoglobulin (IV anti-D). The list of 
standard second-line therapies addressed in guidelines include splenectomy, 
rituximab, and (for adults) TPO-RAs. Data is emerging for the use of a variety of 
oral immunosuppressants and TPO-RAs in pediatric ITP [1, 2], and new forth-
coming updated guidelines are likely to provide additional guidance on the role of 
these agents in children.

�Who Should Be Treated?

The primary goal of treatment for adults and children with ITP is to achieve ade-
quate hemostasis rather than reaching a specific platelet threshold. With this man-
agement strategy, it is critical to understand the underlying determinants of severe 
bleeding, such as intracranial hemorrhage (ICH) or visceral bleeding, in order to 
recognize patients who require pharmacologic therapy even at higher platelet 
counts.

Adults: Previous studies have suggested that low platelet counts, increased 
patient age, newly diagnosed disease, comorbidities (severe hypertension, renal 
insufficiency, gastritis or peptic ulcer disease), the use of concurrent medications 
(anticoagulants, antiplatelet agents), and male sex are associated with increased 
rates of bleeding [6, 7]. Current guidelines recommend treating newly diagnosed 
adult patients with platelet counts below 30 × 109/L irrespective of individual char-
acteristics or associated bleeding symptoms [1]. Work is being done to develop 
more nuanced risk stratification to accurately determine which patients will benefit 
from treatment. For example, preliminary studies suggest that platelet function 
measurements can be used to predict the risk of future bleeding [8]. Much research 
is also being done to define risk factors that contribute to intracranial hemorrhage 
(ICH) because it can have such devastating clinical consequences. This work is dif-
ficult as ICH in the setting of ITP is fortunately rare. In 2015, Neunert and col-
leagues conducted a systematic review, including 118 studies and 908 patients, and 
found that ICH occurs in 1.4% of adult ITP patients [9]. In 2016, Altomare et al. 
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used a large medical claims database to identify 6651 patients with primary ITP and 
found that ICH was reported in 1% of the cohort [10]. To more accurately identify 
risk factors for ICH, Melboucy-Belkhir and colleagues studied a cohort of 27 cases 
of adult patients with ITP and ICH. They found that 37% presented with ICH within 
3 months of diagnosis and 74% of these patients had received treatment prior to the 
event [11]. Compared to control ITP patients, those who developed ICH were more 
likely to have had prior bleeding symptoms, such as hematuria and visceral hemor-
rhage, and a history of head trauma [11, 12]. Older adults with ITP have also been 
found to have a significantly higher risk of bleeding. A meta-analysis of 17 clinical 
case series including 1817 patients showed that the rates of fatal hemorrhage ranged 
from 0% to 4% per year for patients younger than 40 years, to 13% per year for 
those 60 years and older [13]. These patients may also be at a greater risk of injury 
from falls and are more likely to have medical comorbidities that require treatment 
with antithrombotic agents. In light of these considerations, experts recommend 
adopting an individualized multidisciplinary treatment approach for older adults 
with platelet counts between 30 and 50 × 109/L [7].

Pediatrics: The rates of bleeding in children with ITP are extremely low, and 
published treatment guidelines recommend that children with ITP and no bleed-
ing or mild skin bleeding, such as bruising or petechiae, be managed with obser-
vation alone irrespective of platelet counts [1]. This recommendation is based on 
the fact that 70–80% of children achieve spontaneous remission within 6 months 
of diagnosis [5], and observed rates of significant hemorrhage, such as gastroin-
testinal bleeding, severe epistaxis, and ICH, are exceedingly low. In a prospective 
study that followed 505 newly diagnosed children with no bleeding symptoms 
and platelet counts less than 20 × 109/L for 28 days, severe hemorrhage was seen 
in 0.6% (n = 3) of children, all due to mucosal bleeding with no cases of ICH. No 
relationship was found between the initial mode of treatment and the risk of future 
bleeding [14]. A 2015 study summarizing data pooled from administrative data-
bases, clinical studies, and ITP registries showed that the frequency of ICH was 
0.5% in children. Interestingly, in children with platelet counts below 30 × 109/L, 
the severity of thrombocytopenia correlated poorly with the risk of bleeding, indi-
cating that thrombocytopenia is necessary but not sufficient to cause severe hem-
orrhage [15]. Other risk factors for ICH in children were found to be mucosal 
bleeding, gross hematuria, acute disease, and head trauma [15]. Due to the low 
prevalence of severe bleeding events, prior studies have not clarified whether up-
front treatment reduces the risk of subsequent hemorrhage in pediatric patients. A 
randomized trial powered to address this question would require 900 patients per 
treatment arm and is unlikely to be performed [5]. As the benefits of therapeutic 
intervention remain unclear, side effect profiles are significant, and the risk of 
significant bleeding is extremely low in minimally symptomatic children, most 
experts agree that observation alone is appropriate for these patients who do not 
have additional risk factors. There is no clear age at which the ASH guidelines 
recommend treating adolescents like adults [1]. However, it is worth noting that 
the risk of life-threatening bleeding remains close to the pediatric rate in adults 
younger than 40 [7].

4  The Treatment of Immune Thrombocytopenia
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�First-Line Management

The goal of first-line therapy for ITP is the rapid cessation of bleeding and/or bleed-
ing risk. These therapies are not designed to provide durable platelet response. 
Current first-line options for ITP include corticosteroids, IV immunoglobulin 
(IVIG), and intravenous anti-D immunoglobulin (IV anti-D). Guidelines recom-
mend treating newly diagnosed adults with platelet counts <30 × 109/L and pediatric 
or adult patients with moderate to severe bleeding symptoms including oral/muco-
sal bleeding, epistaxis, menorrhagia, visceral hemorrhage, or ICH.

�Corticosteroids

Corticosteroids have been used routinely in the treatment of ITP since the 1960s 
[16]. In fact, platelet rise following steroid exposure has been used to help confirm 
the diagnosis of ITP. Corticosteroids generally lead to elevation in platelet count 
(although onset of action may be slower than IVIG and anti-D, generally ~48–72 h 
to onset of action) and reduction in bleeding symptoms in roughly two thirds of 
patients with ITP, but these effects are usually transient, and platelet counts fall with 
discontinuation of treatment [17]. Steroids are thought to improve immune throm-
bocytopenia through multiple mechanisms. However, steroid use leads to many 
common adverse effects including weight gain, hypertension, hyperglycemia, mood 
changes, growth retardation, cataracts, osteoporosis, and immunosuppression. Even 
short-term therapy with steroids can have significant side effects including an 
impact on mood, sleep, and hypertension. Therefore, it is advisable to try to limit 
steroid exposure in all age groups.

�Mechanism of Action

It has been proposed that steroids contribute to prolonged platelet survival by sup-
pressing antibody production, leading to decreased peripheral platelet destruction 
[18]. They also suppress B- and T-cell reactivity, alter cytokine levels, lead to 
reduced antibody production, inhibit phagocytosis, and enhance microvascular 
endothelial stability [19]. However, in the late 1980s, Gernsheimer et al. performed 
studies that suggested steroid treatment may also influence ITP by increasing plate-
let production [20]. Their group measured survival time and localization of radiola-
beled autologous platelets before and after initiation of prednisone in 12 patients 
with ITP. In 11 individuals (92%) who had increased platelet counts, they found no 
changes in the length of platelet survival but did observe a marked increase in plate-
let production [19]. A 2008 study performed by Houwerzijl et al. found that rates of 
platelet production may predict responsiveness to steroid treatment in ITP. They 
examined a group of 75 patients with platelets less than 20 × 109/L and performed 
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kinetic studies that demonstrated decreased, normal, and increased platelet produc-
tion in 33%, 48%, and 19% of individuals, respectively. Sixty-four percent of 
patients with decreased platelet production responded to prednisone, whereas only 
34% of patients with normal to increased rates of platelet production responded to 
treatment [21]. While these findings could suggest that steroids directly affect 
thrombopoiesis, other studies demonstrate that they may suppress the production of 
autoantibodies that bind to megakaryocyte surface glycoproteins and lead to 
impaired maturation and reduced platelet release [22, 23].

More recent work has shown that steroids may ameliorate ITP by inducing 
immune tolerance. In 2007, Ling and colleagues examined a group of 24 patients 
with chronic ITP and found they had decreased regulatory T cells (Tregs) compared 
to healthy controls. In 2013, Li et al. observed that treatment of chronic ITP with 
high-dose dexamethasone (HDD) led to normalization of the Th1/Th2 ratio along 
with a decrease in Th17 levels and restoration of normal numbers of Tregs [24]. 
Treatment with HDD has also been found to cause a rise in numbers of tolerogenic 
myeloid dendritic cells [25]. More recently, treatment with HDD has been found to 
increase the numbers of circulating myeloid-derived suppressor cells (MDSCs) that 
regulate adaptive immunity by inhibiting T-cell proliferation [26].

Interestingly, following the initiation of corticosteroids, bleeding symptoms 
often abate before the platelet count rises. Evidence suggests this may occur 
because antiplatelet antibodies impair microvascular stability by directly activat-
ing endothelial cells [27]. Additionally, platelets play an important role in main-
taining vascular hemostasis by releasing proangiogenic cytokines and growth 
factors, and thrombocytopenia can lead to thinning of the endothelium and capil-
lary fragility [28]. Kitchens and colleagues investigated this hypothesis in a study 
of five patients with ITP, and they found that treatment with a 5-day course of 
prednisone led to a restoration of normal capillary wall thickness prior to platelet 
count recovery [29].

�Steroid Treatment Recommendations

For many years, prednisone 1 mg/kg/day for 2–4 weeks followed by a taper has 
been the standard first-line treatment for ITP [5, 30]. This recommendation is based 
on the results of a randomized controlled trial (RCT), conducted in 2002 by Godeau 
and colleagues, that examined the use of prednisolone vs. placebo following high-
dose methylprednisone or IVIG that showed higher platelet counts in the arm treated 
with a longer steroid course [31]. Since the publication of the ASH guidelines in 
2011, there has been much interest in optimizing steroid therapy. Some experts 
recommend treating with prednisone 1 mg/kg/day for 4 days followed by a 6 week 
taper to minimize steroid-related adverse effects [4]. Others report that high-dose 
short courses of steroids may lead to more durable platelet responses. For example, 
a group at Royal Manchester Children’s Hospital recently found that a 4-day pulse 
of higher-dose prednisone (4  mg/kg/day) was associated with a 6-week platelet 
response compared to a 4-week response observed following conventional 
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prednisone treatment [32]. Other groups are investigating whether dexamethasone 
may be superior to prednisone in the treatment of ITP. Dexamethasone has an anti-
inflammatory effect that is 6 times more potent than prednisone and a longer bio-
logic half-life of 36–72 h compared to 12–36 h [33]. Laboratory studies have shown 
that HDD can more effectively modulate T-cell function, correct aberrant T-cell 
subsets, and alter cytokine secretion [34]. In 2002, a randomized clinical trial com-
pared six 3-week cycles of pulsed HDD (0.6 mg/kg/day for 4 days) with standard 
prednisone therapy in 26 patients with newly diagnosed ITP. The complete response 
rate (platelet count ≥150 × 109/L) was higher in the HDD arm with 77% of patients 
achieving a “long-term” remission (median follow-up was 46 months) [30].

To determine if HDD is more likely to lead to a sustained response, a trial was 
performed with 192 adults with newly diagnosed ITP randomized to receive 
1–2 cycles of HDD or standard therapy with 4 weeks of prednisone. While those 
who received 2 cycles of HDD had a more rapid rise in platelet counts, the 6-month 
sustained response rates were equivalent in both groups at 40% in the HDD arm and 
41.2% in the prednisone arm [35] Mithoowani and colleagues added to these data 
with a systematic review and meta-analysis including nine randomized trials com-
paring different corticosteroid regimens. Five studies (n = 533) compared one to 
three cycles of HDD to standard prednisone dosing. Fourteen days after the initia-
tion of treatment, the platelet count was higher in adults treated with HDD regi-
mens, but 6-month durable response rates were found to be similar in all groups. 
Based on these results, the authors concluded that HDD might be better for treat-
ment in adults with acute bleeding who require a rapid rise in platelets counts [33]. 
This is still controversial, however, because given the increased potency of HDD, 
the side effect profile can also be significantly higher.

�Intravenous Immunoglobulin

IVIG is a serum-precipitated immunoglobulin product prepared from plasma pooled 
from several thousand healthy donors containing predominantly polyclonal IgG 
antibodies directed against several million antigens. It was initially developed in the 
1950s to treat infections in patients with underlying immunodeficiency and subse-
quently found to be effective in the treatment of various autoimmune diseases [36]. 
It was first found to be useful in the treatment of ITP in 1980 when it was adminis-
tered to a child with refractory ITP and Wiskott-Aldrich syndrome who had devel-
oped hypogammaglobulinemia and recurrent infections due to prolonged treatment 
with immunosuppressive agents. Within 24 h of the first infusion (0.4 mg/kg), a 
significant rise in his platelet count was observed [37]. Numerous studies subse-
quently confirmed that this finding was reproducible in children and adults with ITP 
and normal immunoglobulin levels [38, 39]. Responses are seen in up to 80% of 
patients, and half of those who respond achieve normal platelet counts. The platelet 
rise is rapid, occurring within 24 h in some patients with the peak typically seen 
within 2–4 days of treatment [2]. Studies suggest that IVIG leads to a more rapid 
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platelet rise compared to IV methylprednisone [40]. These characteristics make 
IVIG the first choice of many clinicians when patients present with acute bleeding 
symptoms.

Each IVIG product has unique characteristics that may affect efficacy and treat-
ment tolerability. In order to ensure the safety of the final product, donors are care-
fully selected, and measures are taken to inactivate viruses and minimize the risk of 
bacterial contamination. There is no recent evidence of IVIG transmission of HIV, 
HCV, HBV, or HTLV-1 [2]. Adverse effects occur in 24–36% of patients exposed to 
high-dose IVIG.  Most are benign infusion reactions, consisting of fever, chills, 
myalgias, mild headache, flushing, nausea, changes in blood pressure, and tachycar-
dia [41]. These events most commonly occur within 30 min of the start of treatment 
and can be curtailed by slowing the infusion rate. Pretreatment with analgesics, 
antihistamines, and IV glucocorticoids may also help to prevent infusion reactions 
[41]. True anaphylactoid reactions are very uncommon and usually occur in patients 
with IgA deficiency who react to small quantities of IgA present in some IVIG 
preparations. These patients can safely be treated with IgA-depleted IVIG [2, 42]. 
Severe toxicities such as hemolytic anemia, renal failure, and thrombosis are also 
rare, although the US FDA label carries two boxed warnings, for renal failure and 
thrombosis, for many IVIG products. Headaches are commonly reported 6–12 h 
after the administration of IVIG, and aseptic meningitis has been reported in 1% of 
patients [43]. When a severe headache occurs, it often leads to re-presentation to 
medical care, at which time it can be difficult to clinically distinguish aseptic men-
ingitis from ICH, and neuroimaging may be required.

�Mechanism of Action

Despite extensive research, the mechanism of action of IVIG is not yet completely 
understood. The rise in platelet count is thought to be due in part to the inhibition of 
peripheral immune-mediated platelet destruction [44]. In the early 1980s, Fehr et al. 
showed that IVIG treatment in non-splenectomized patients delayed the clearance 
of radiolabeled antibody-sensitized red blood cells. Based on this finding, they pro-
posed that saturation of Fc receptors on splenic macrophages and monocytes in the 
mononuclear phagocyte system (MPS) (formerly called the reticuloendothelial sys-
tem) leads to competitive downregulation of the phagocytosis of opsonized platelets 
[38]. Subsequent studies in murine models of ITP have demonstrated that Fc recep-
tor blockade reverses thrombocytopenia [45–47], and in human trials, a murine 
monoclonal anti-FcγRIII antibody was found to transiently increase platelet counts 
in patients with refractory HIV-related ITP [48]. Preliminary studies showed that a 
humanized anti-FcγRIII antibody (GMA161) increased platelet counts in patients 
who failed IVIG therapy and is now under investigation in humans (clinicaltrials.
gov; NCT00244257).

Other studies have raised questions about the contribution of Fc receptor block-
ade to the therapeutic effect of IVIG.  For example, treatment with F(ab′)2 frag-
ments, which have no Fc receptor-binding activity, was shown to improve 
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thrombocytopenia in some patients with acute and chronic ITP [49, 50]. Studies 
performed by Samuelsson et al. revealed that IVIG is ineffective in the treatment of 
ITP mice lacking the sole inhibitory Fc receptor, FcγRIIB [46], that decreases B 
lymphocyte autoantibody production [51] and reduces antigen-presenting cell func-
tion [52]. Subsequent experiments showed that FcγRIIB-deficient mice with persis-
tent thrombocytopenia following treatment with IVIG have delayed clearance of 
antibody-sensitized RBCs, indicating that MPS blockade continues to occur in 
these animals [53]. These findings have led to the theory that activation and upregu-
lation of FcγRIIB on macrophages, monocytes, and lymphocytes are central to the 
therapeutic effect of IVIG.

IVIG has also been shown to modulate many other aspects of the immune 
response. For example, it interacts with various T-cell antigens including the T-cell 
receptor and can influence maturation of T-cell subtypes leading to higher propor-
tion of suppressive Tregs and a decreased percentage of pro-inflammatory Th17 
cells [54, 55]. Several studies have also found that IVIG leads to rapid changes in 
cytokine levels including tumor necrosis factor (TNF)-α, IL-6, IL-8, and IL-10 and 
regulation of B-cell inflammatory cytokines such as IFN-γ [56]. Other groups have 
hypothesized that IVIG leads to increased antibody clearance by saturating the neo-
natal Fc receptor (FcRn). The FcRn prolongs IgG half-life by transporting endocy-
tosed antibodies out of the cell to protect them from intracellular degradation. They 
posit that IVIG outcompetes pathogenic antibodies for FcRn binding, leaving them 
more vulnerable to rapid clearance [57]. It has also been proposed that IVIG con-
tains a subset of antibodies, termed anti-idiotypic antibodies, that bind to the 
antigen-combining region of autoantibodies, thereby neutralizing them [53]. Finally, 
there are reports that IVIG can attenuate complement activation by preventing the 
generation of the C5-9a membrane attack complex, binding C3a and C5a, and 
inhibit complement-dependent platelet clearance [58, 59].

�IVIG Treatment Recommendations

Current guidelines suggest administering IVIG as a one-time infusion of 1  g/kg 
because it is more likely to lead to a significant platelet increase within 24 h com-
pared to the historical treatment regimen of 0.4 g/kg/day for 5 days [1, 2]. The dura-
tion of response is typically 2–4 weeks but it can persist for several months. Of note, 
it is still effective in individuals who have undergone splenectomy. IVIG is often the 
preferred first-line therapy in children with bleeding symptoms because it leads to a 
more rapid platelet response than steroids [60]. It is also recommended as the first-
line therapy in any patient for whom steroids are contraindicated. When given in 
combination with a short course of prednisone, IVIG has been found to lead to a 
more rapid and more durable platelet response in adults with newly diagnosed ITP 
with platelet counts less than 20 × 109/L [61]. Nevertheless, corticosteroids are pre-
ferred as the first-line therapy in adults with new onset disease in the current guide-
lines because IVIG treatment is expensive, requires a prolonged infusion, and is 
associated with a high frequency of adverse effects. There is also concern about the 
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use of IVIG in elderly patients for whom the risk of arterial and venous thrombosis 
is particularly high [7]. IVIG is thought to be safe and effective in pregnancy because 
it does not cross the placenta and there are no reports of adverse effects in neonates. 
Of note, it has no effect on fetal or neonatal platelet counts and has not been found 
to reduce the likelihood of neonatal ITP [62, 63].

�Anti-D Immunoglobulin

Patients with ITP who are RhD antigen positive (Rh+) can be treated with Rh(D) 
immunoglobulin, also called polyclonal anti-D. Anti-D is derived from the plasma 
of RhD antigen-negative (Rh−) individuals who develop high anti-D titers follow-
ing immunization with the D antigen. It was developed in the 1960s to prevent Rh 
isoimmunization in Rh-negative mothers [41] and found to be an effective treatment 
for ITP in the early 1980s by Salama and colleagues while they were investigating 
the mechanism underlying the effect of IVIG. To prove that MPS Fc receptor satura-
tion decreases platelet destruction, they infused Rh + ITP patients with IV anti-D 
and observed a significant platelet increase in the majority of subjects [39, 64, 65]. 
These findings generated interest in the use of anti-D as a therapy for ITP and led to 
several clinical studies, the largest of which was performed in 1997 by Scaradavou 
et al. that included 261 patients treated with 50 μg/kg of anti-D [66]. The treatment 
response rate was 70% with a median duration of 21 days. Those who were Rh 
negative and splenectomized had minimal to no response.

Based on these results, anti-D was established as a first-line treatment for patients 
with ITP and received licensure in 1995. It is generally well tolerated at intravenous 
doses of 75 μg/kg and leads to a response in approximately 70–80% in Rh-positive 
patients. The effect typically lasts for 1–5 weeks and occasionally results in long-
term remission [67].

At doses of 50 μg/kg, anti-D takes slightly longer than corticosteroids and IVIG 
to achieve its full effect, but doses of 75 μg/kg have been found to work as quickly 
as IVIG in pediatric patients [68]. Furthermore, anti-D is usually less expensive 
than IVIG with an estimated 35% cost saving per episode of treatment [69]. Donor 
exposure is substantially lower than IVIG (~500 donors per dose compared to 
~20,000  in IVIG). Infusion reactions with headache, chills, fever, dizziness, and 
emesis are seen in 3% of patients [68], a significantly lower rate than that seen in 
patients treated with IVIG. These reactions can be prevented with premedication 
regimens including antihistamines, acetaminophen, and corticosteroids (predniso-
lone 50 mg). There is also a risk of anaphylaxis, usually seen in individuals with 
IgA deficiency [70].

Extravascular hemolysis is expected following anti-D administration in 
Rh + patients, and the average drop in hemoglobin of 0.5–2 g/dL is well tolerated in 
most cases [68]. However, in 2000, Gaines et al. published a report of 15 patients 
who developed life-threatening hemolysis following anti-D exposure [71]. Six 
patients required red cell transfusions, eight experienced exacerbation of renal 
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insufficiency, two required dialysis, and two died from pulmonary edema and respi-
ratory distress. Post-marketing surveillance from 1999 to 2004 revealed six cases of 
anti-D-related disseminated intravascular coagulation (DIC) with a median drop in 
hemoglobin of 7 g/dL. One pediatric patient in this group survived, but five adults 
died, and four deaths were associated with renal failure [72]. This information led 
the Food and Drug Administration (FDA) to issue a black box warning in 2010 [73] 
stating that anti-D can cause life-threatening hemolysis, clinically compromising 
anemia, organ failure, and acute respiratory distress syndrome [73]. Following the 
release of this warning, the use of anti-D declined [73, 74].

In 2012, an expert panel was convened to thoroughly investigate the adverse 
effects related to the use of anti-D. It concluded that patients at greatest risk of 
severe side effects where those over 65, those with active infections such as EBV 
and hepatitis C, those with cancer, and those with autoimmune disease. The panel 
stressed that the rate of severe hemolytic reactions was extremely low, occurring 
at a stable rate of 0.02–0.04% in exposed patients [75, 73]. It consequently 
endorsed the continued use of anti-D as a first-line treatment option for adults and 
children with ITP but recommended pretreatment with steroids, antihistamines, 
and acetaminophen. As severe hemolytic reactions occurred within 4 h of admin-
istration in 94% of cases, the panel also recommended observation for signs or 
symptoms of hemolysis for 8 h following drug administration [75]. Anti-D should 
also be avoided in patients with blood loss, evidence of preexisting hemolysis, 
cytokine storm/sepsis, or renal impairment. Nevertheless, many studies suggest it 
can be administered safely and effectively in carefully chosen pediatric and adult 
patients [76, 77].

�Mechanism of Action

Initially, anti-D was thought to act through competitive inhibition of the MPS. This 
theory is supported by the fact that anti-D is minimally effective in Rh-negative 
individuals and patients who have undergone splenectomy. A more recent study, 
performed by Barsam et al. found no increase in immature platelet fraction (IPF) 
following treatment with anti-D, indicating that it works by decreasing platelet 
destruction rather than increased platelet production [44]. Using a murine model of 
ITP, Song et al. found that treatment with anti-RBC antibodies led to improvement 
in thrombocytopenia in both WT and FcγIIb knockout mice. They also noted that 
anti-D led to downregulation of the activating Fc receptor, FcγRIIIA, on splenic 
macrophages [78]. Cooper et al. performed a study comparing changes in cytokine 
levels in patients following IVIG and anti-D and found that IL-6, TNF-α, MCP-1, 
IL-10, and transforming growth factor (TGF)-β levels were significantly higher fol-
lowing anti-D than IVIG. These changes were found to be significantly influenced 
by FcγRIIa genotype, suggesting that anti-D exerts its effect through Fc receptor 
engagement [79]. These results suggest that anti-D and IVIG act through different 
mechanisms, with IVIG upregulating the inhibitory FcγRIIb receptor and anti-D 
inhibiting the activating Fc receptors, FcγRIIA and FcγRIIIA.  Adding further 
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support to this hypothesis, Bussel et  al. have found that there is no relationship 
between clinical response to IVIG and response to anti-D. In fact, patients who are 
refractory to one treatment may be responsive to the other [80].

�Anti-D Treatment Recommendations

Current guidelines support the first-line use of anti-D in patients who are Rh posi-
tive and have not undergone a splenectomy who require treatment for their 
ITP. Anti-D has many advantages when compared to IVIG including its moderate 
cost, its lower rate of infusion reactions [77], its comparable efficacy, and its pos-
sible increased duration of action [66]. A baseline complete blood count, reticulo-
cyte count, and direct antiglobulin test (DAT) must be obtained prior to treatment 
to ensure that no patients with blood loss or hemolysis receive anti-D [75]. Patients 
over 65 and those with evidence of an acute infection should be treated with 
extreme caution, and anti-D should not be given to patients with renal disease. 
Following the infusion, clinicians should monitor all patients for evidence of 
hemolysis and obtain posttreatment complete blood counts and urinalyses [75]. 
The authors of the ASH guidelines concluded that there was insufficient evidence 
to recommend a specific dose of anti-D, and IV infusions of 50–75 μg/kg are 
acceptable. Although not a standard therapy, intramuscular and subcutaneous 
routes of administration have also been found to be effective and are associated 
with decreased severity of hemolysis [81]. Other benefits of these modes of treat-
ment include decreased cost, ease of administration, and increased availability in 
developing countries [82, 83]. Subcutaneous anti-D can also be tolerated over 
many years without loss of efficacy, making it useful as maintenance therapy for 
patients with chronic disease [84].

�Second-Line Therapy

Current guidelines for the management of ITP discuss only three strategies for 
second-line therapy for ITP—splenectomy, rituximab, and TPO-RAs. Significant 
progress in the study of TPO-RAs has been made since the publication of these 
guidelines leading to an increasing preference for medical therapy and decreased 
prevalence of splenectomy [85].

�Splenectomy

In 1916, Paul Kaznelson, then a medical student, suggested that ITP resulted from 
increased platelet destruction in the spleen. He convinced his tutor to perform a 
splenectomy on a 36-year-old woman with chronic ITP, and she had a prompt 
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rise in her platelet count from 2 to over 500 with a resolution of her purpura, 
menorrhagia, and epistaxis [16]. However, the two next patients that underwent 
splenectomy only had a temporary improvement in their platelet count, and the 
debate regarding the underlying cause of ITP remained unresolved. Nevertheless, 
by the 1920s, splenectomy had become the mainstay of therapy for severe refrac-
tory ITP [16]. After the introduction of steroids in the 1950s, splenectomy contin-
ued to be considered the gold standard for treatment because it led to a sustained 
response in the majority of patients. A study published in 2016 reported that 
approximately 25% of adults continue to undergo splenectomy as their initial 
second-line therapy. Five to ten years after surgery, 60% of the patients in this 
group continue to have a sustained platelet response and require no additional 
therapy [86, 87].

Although most patients will tolerate a splenectomy with minimal complications, 
there are risks associated with the surgery. Perioperative mortality is less than 1% 
in the hands of an experienced surgeon, and the risk of portal vein thrombosis is 
also low at 0.1–4 events per 100 patient years [7, 88]. However, the spleen is a sec-
ondary lymphoid organ that plays an important role in the immune response, and 
splenectomy leads to an increased risk of bacterial infections, with a particular 
increased susceptibility to encapsulated organisms [89]. There is a 5–30-fold 
increased risk of infection in the first 90 days following surgery and a 1–3-fold 
lifelong increased risk of invasive infection or sepsis [90]. Overall, risk of mortality 
from overwhelming postsplenectomy infection has been found to be 0.73 per 1000 
patient years [91]. The spleen also plays an important role as a filter for senescent 
platelets and red blood cells which may explain the finding that splenectomy is 
associated with a 30-fold increased risk of venous thromboembolism (VTE). There 
are also reports of increased rates of myocardial infarction, stroke, and pulmonary 
hypertension [92].

To better understand the risks related to splenectomy, Thai and colleagues pub-
lished an observational study comparing 83 patients with ITP who were at least 
10 years status post splenectomy to 83 age and gender-matched non-splenectomized 
ITP controls [85]. On average, splenectomy was performed 16 months following 
the diagnosis of ITP. There were slightly more infections in the patients who had 
undergone splenectomy, and those infections were more likely to necessitate hospi-
talization, although they were not associated with increased mortality. However, the 
most significant difference between the groups was the risk of VTE, observed in 
16% of the splenectomy patients (n = 13) compared to 2% of the control patients 
(n = 2). The risk of thrombosis was not found to be related to the platelet number, 
the severity of disease, or the patients bleeding score. The mechanism underlying 
the increased rate of thrombosis remains unclear, but laboratory work suggests it 
may involve increased endothelial activation, increased platelet reactivity, and 
decreased clearance of platelet microparticles [92, 93]. Despite these factors, 1 year 
following the surgery, patients who underwent splenectomy have a comparable to 
reduced risk of mortality compared to non-splenectomized patients [5]. These data 
support the conclusion that splenectomy is relatively safe, but not without immedi-
ate risks or potential long-term complications.
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�Mechanism of Action

The spleen is thought to be the major site of platelet phagocytosis and autoantibody 
production, and removal of the organ has been shown to lead to a reduction in plate-
let destruction [19]. Studies done in the 1970s showed that following splenectomy, 
patients had an increased platelet life span associated with decrease in rates of plate-
let production [94]. In the 1990s, Lamy and colleagues infused 111 ITP patients 
with autologous indium-labeled platelets and confirmed that platelet life span was 
reduced in most of these individuals. They also observed that the majority of their 
patients had platelet sequestration in the spleen rather than the liver and found that 
patients with splenic sequestration were significantly more likely to have normal-
ization of their platelet counts following splenectomy compared to those with 
hepatic sequestration [95]. Fujisawa and colleagues examined six ITP patients who 
underwent splenectomy and found that those who responded to the surgery had 
decreased platelet autoantibody levels while those with refractory disease had per-
sistent platelet antibody production [96]. These findings suggest that prolonged 
platelet survival following splenectomy is likely the combined result of diminished 
autoantibody production and decreased platelet clearance.

�Splenectomy Treatment Recommendations

Current guidelines recommend that splenectomy be deferred for at least 6 months 
following ITP diagnosis in adults [1]. In children, splenectomy is only recom-
mended in patients with bleeding symptoms, and attempts should be made to defer 
surgery for at least 12  months following diagnosis because of the high rate of 
delayed spontaneous remission [1]. However, it may be performed earlier in chil-
dren with severe disease that is refractory to other therapies and detrimental to qual-
ity of life [1]. Of note, splenectomy is associated with a higher risk of sepsis in 
pediatric patients, particularly those younger than 5 [97]. In all age groups, laparo-
scopic splenectomy is preferred over open splenectomy because it requires a smaller 
incision, is associated with less pain, and has a more rapid recovery time. 
Preoperatively, therapies such as corticosteroids, IVIG, and anti-D can be used to 
transiently increase platelet counts, while platelet transfusions are typically reserved 
for patients with perioperative bleeding.

Approximately 80% of patients with ITP will have a significant rise in platelet 
counts following surgery, with over 60% having a durable response [92]. As there are 
risks associated with the surgery, there is great interest in identifying the patients 
most likely to respond. Patient age, duration of illness, response to IVIG, response to 
steroids, primary site of platelet sequestration, and preoperative platelet count have 
all been proposed as predictive factors [98]. A systematic literature review performed 
by Kojouri et al. showed that younger age was most reliably associated with a good 
response but did not find consistent results regarding the other variables [87].

In order to prevent infection with encapsulated organisms, all patients undergoing 
splenectomy should receive vaccinations to Pneumococcus, Haemophilus influenzae 
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type b, and Meningococcus, ideally, at least 2  weeks prior to surgery. Patient’s 
younger than 5 should be started on penicillin prophylaxis following the surgery. 
There is not yet sufficient evidence to determine if prophylaxis is indicated in older 
patients [99], although many practitioners recommend penicillin prophylaxis for at 
least some period of time after surgery.

�Rituximab

Rituximab is a genetically engineered chimeric murine/human monoclonal anti-
body directed against the CD20 antigen, present on premature and mature B lym-
phocytes. Following administration, it leads to the rapid depletion of circulating 
premature and mature B cells with a return to normal levels within 6–12 months 
[100]. It is used in the treatment of various hematologic malignancies and autoim-
mune conditions and first found to be effective in the treatment of chronic ITP in 
adults in the early 2000s [101, 102]. Rituximab is generally well tolerated. Infusion 
reactions are common (~10%) following the first treatment, including fever, head-
ache, nausea, and pruritis [103]. Fortunately, reactions are rare following subse-
quent treatments and can be prevented in most patients by slowing the infusion rate 
and pretreating with corticosteroids, antihistamines, and acetaminophen. Rituximab 
also impairs the response to Streptococcus pneumoniae and Haemophilus influen-
zae type b vaccinations for at least 6 months [104]. This is of particular concern in 
unvaccinated patients who may require future treatment with splenectomy. The risk 
of infection following treatment with rituximab is quite low but is more significant 
in patients receiving additional immunosuppressive agents and those with underly-
ing immune dysfunction. In these patients, there is also concern for the risk of the 
reactivation of latent viruses such as hepatitis B.  Prolonged hypogammaglobu-
linemia develops in 1–2% of patients and further increases the risk of infection 
[105]. Other toxicities include serum sickness which occurs infrequently in adults 
but is seen in 5–10% of children [106] and rare complications such as prolonged 
neutropenia and progressive multifocal leukoencephalopathy, which is usually seen 
in patients with underlying immune dysregulation or rheumatologic disease [107].

Many hematologists favor rituximab as a second-line agent because it is gener-
ally well tolerated, there is a high initial overall response rate of approximately 
60%, and it is thought to offer the possibility of cure in certain patients [108]. In 
2015, Ghanima and colleagues published the first randomized placebo-controlled 
study to assess the efficacy of rituximab as a second-line treatment for adult ITP. The 
goal was to determine if rituximab monotherapy can lead to durable responses that 
may decrease the need for splenectomy. The study included 112 steroid-refractory 
patients, and while 81% of patients responded to rituximab, the duration of response 
was typically less than 12 months, with platelet counts greater than 20–30 × 109/L 
in 30–50% of patients at 1 year, in 20–40% of patients at 2 years, and in only 20% 
of patients at 5 years. Compared to placebo, there was no significant benefit observed 
at 1.5 years. However, within the first 15 months, the rituximab group were more 
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likely to maintain platelet counts above 30  ×   109/L, and these remissions were 
longer lasting compared to placebo (36 weeks vs. 7 weeks). Overall, the study iden-
tified a 10% difference in the long-term response rates between the two groups 
[109]. Although rituximab did not significantly reduce the rate of long-term treat-
ment failure, these results demonstrate that it is a good treatment option for patients 
who respond poorly to or are unable to tolerate corticosteroids.

�Mechanism of Action

The precise mechanism by which rituximab leads to clinical improvement in ITP 
remains unclear. Initially, researchers proposed that the depletion of CD20-
expressing memory cells and autoreactive B-cell clones would lead to a reduction in 
levels of antiplatelet antibodies. However, rituximab largely spares humoral immu-
nity because CD20 is not present on plasma cells, which are a main source of anti-
body production [103]. Therefore, while peripheral B-cell depletion occurs rapidly 
and consistently, mature plasma cells are unaffected. IgG and IgM depletion eventu-
ally occurs in a small subset of patients 5–11  months after therapy, presumably 
when the preexisting plasma cells expire and the patient is unable to generate new 
ones [110]. To better characterize the ability of rituximab to decrease antiplatelet 
autoantibodies, Arnold and colleagues examined a cohort of ITP patients random-
ized to receive rituximab vs. placebo and measured autoantibody levels before and 
after treatment. Forty-five percent of their patients had detectable autoantibodies 
directed against platelet surface glycoproteins GPIIbIIIa and GPIb-IX. However the 
presence of an autoantibody was not predictive of treatment response. Although 
rituximab led to a significant decrease in anti-GPIIbIIIa antibodies, with a nadir 
6 months following treatment, it did not impact levels of anti-GPIb-IX antibodies. 
Furthermore, the disappearance of platelet autoantibodies was not associated with a 
rise in platelet counts. These findings indicate that antibody depletion is not the only 
mechanism by which rituximab induces improvement in ITP [108].

There has been considerable interest in the role of T lymphocytes in the patho-
genesis of ITP, and it has been suggested that rituximab may act by indirectly regu-
lating T-cell behavior [111]. Stasi and colleagues observed that patients who respond 
to rituximab have normalization of T-cell subsets with an increase in the Th1/Th2 
ratio [112]. They also found that rituximab responders have increased numbers and 
improved function of regulatory T cells [113]. Based on these finding, they posit 
that B cells play a role in sustaining autoreactive T cells, which is why B-cell deple-
tion leads to normalization of T-cell populations.

�Rituximab Treatment Recommendations

As patients with underlying immune dysfunction are at a higher risk of hypogam-
maglobulinemia and infectious complications following rituximab administration, 
many experts recommend sending lymphocyte subsets and immunoglobulin levels 
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before starting treatment [4]. Treatment is also contraindicated in patients with 
active hepatitis B infection [114]. Most studies have examined the effect of 4 weekly 
infusions at doses of 375 mg/m2, but similar response rates have been reported in 
patients treated with 1 g/m2 × 2 doses 2 weeks apart [115]. Two clinical trials have 
examined rituximab in combination with HDD in newly diagnosed patients with 
ITP. Remission rates were higher in patients treated with combination therapy vs. 
rituximab monotherapy at 6 months (58–63% vs. 36–37% [116, 117]) and 1 year 
(53 vs. 33%) [117]. However improved remission rates occurred at the cost of 
increased grade 3 and 4 toxicity [116, 117]. In an attempt to reduce adverse effects 
and improve long-term remission rates, investigators have combined HDD with 
lower-dose rituximab (100  mg/m2  ×  4 doses) and additional immunosuppressive 
medications. One study treated 20 adults with chronic ITP with a regimen of HDD, 
oral cyclosporine, and IV low-dose rituximab. The cohort tolerated the treatment 
well, and there was a 75% rate of 12-month treatment-free survival, with 30% of 
patients demonstrating a complete response (platelet count >100  ×  109/L) for at 
least 6 months [118]. Many patients who initially respond to rituximab can respond 
to subsequent doses. However, the safety and efficacy of repeated dosing of ritux-
imab has not been systematically evaluated.

�Thrombopoietin Receptor Agonists (TPO-RAs)

The most recent clinical development that has changed second-line ITP therapy is 
the emergence of TPO-RAs. Several medications in this class have been studied and 
eltrombopag and romiplostim are FDA approved for the treatment of adults with 
chronic ITP. Eltrombopag is also approved for use in children >1  year. A recent 
meta-analysis of eltrombopag use in ITP, including 6 randomized controlled trials, 
demonstrated that eltrombopag significantly improved platelet counts (RR 3.42; 
95% CI, 2.51–4.65) and decreased incidence of bleeding (RR 0.74; 95% CI, 0.66–
0.83) [119]. In the reported clinical trials of eltrombopag and romiplostim, over 80% 
of patients had at least one platelet count >50 × 109/L, even among highly refractory 
and multiply treated patients [120]. In clinical practice, the response rate is slightly 
lower (74–94%), reflecting perhaps the increased heterogeneity of a nonclinical trial 
population [121–123]. The literature also suggests that patients who are unrespon-
sive to one TPO-RA may successfully switch to the other [124].

�Mechanism of Action

Thrombopoietin (TPO) is a cytokine produced at a constant rate by the liver and 
kidneys, which functions as the primary regulator of megakaryocyte development 
and platelet production. After it is released from hepatocytes and enters the circula-
tion, TPO binds to the c-Mpl receptor (CD110), constitutively expressed on hema-
topoietic progenitor cells, and stimulates Janus kinase (Jak)-2, signal transducer and 
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activators of transcription (STAT)-5, the mitogen-activated protein kinase pathway 
(MAPK), and anti-apoptotic pathways that lead to the production of mature mega-
karyocytes and platelets [125]. Although the concept of a hematopoietic growth 
factor that regulated platelet production was first proposed in 1958 [126], thrombo-
poietin was not discovered until 1994, when it was identified nearly simultaneously 
by five separate groups [127–131]. This breakthrough led to the synthesis of full-
length recombinant human TPO along with a truncated form of the protein still 
capable of binding to the c-Mpl receptor. Both molecules were clinically evaluated 
in the late 1990s and found to lead to a dose-dependent increase in circulating plate-
let counts accompanied by a rise in megakaryocytes. Unfortunately, some healthy 
individuals developed neutralizing antibodies directed against these drugs that 
cross-reacted with endogenous TPO, paradoxically leading to increased thrombocy-
topenia [132]. To avoid this complication, researchers subsequently developed TPO 
receptor agonists that did not share epitopes with endogenous human TPO, and this 
work led to the generation of the second-generation TPO receptor agonists.

Romiplostim is composed of two short peptides coupled to an Fc receptor domain 
that yields four c-Mpl-binding sites. Its half-life is prolonged by endothelial neona-
tal Fc receptor (FcRn) recycling, and it is administered weekly by subcutaneous 
injection [126]. A dose-dependent platelet rise is observed 5 days following treat-
ment that peaks on days 12–14 and returns to baseline levels by day 28 [133]. It is 
cleared by the MPS, and renal or hepatic dysfunction has not been shown to affect 
its half-life or function [126]. Romiplostim has no sequence homology to endoge-
nous human TPO, and although there are reports of neutralizing antibody forma-
tion, they have never been found to cross-react with endogenous TPO [134].

Eltrombopag is an orally available small organic nonpeptide that selectively 
binds to the transmembrane domain of the c-Mpl receptor and activates it through a 
different mechanism than recombinant TPO or romiplostim that also leads to 
increased platelet production [135]. As it binds to a distinct region of the c-Mpl 
receptor, it does not compete with endogenous TPO for binding. Studies suggest that 
it complements the effect of endogenous TPO and therefore remains effective in 
disease states associated with increased TPO levels and may provide additional ben-
efit when used concurrently with romiplostim [126]. Eighty-five percent of patients 
with ITP respond to eltrombopag, with median platelet counts increasing to 
>50 × 109/L after 2 weeks of therapy, with persistent elevation in approximately 
60% of patients [136]. Of note, eltrombopag has no sequence homology with endog-
enous TPO, and due to its small size, it is considered to be non-immunogenic. To 
date, there are no reports of the development of anti-eltrombopag neutralizing anti-
bodies. Enteral absorption of eltrombopag is significantly reduced by polyvalent 
cations and certain medications, and it should ideally be taken on an empty stomach 
[137].

Avatrombopag is an orally administered nonpeptide TPO-RA developed in 2008 
[138]. Like eltrombopag, it binds to the transmembrane domain of the TPO receptor 
and does not interfere with the activity of endogenous TPO. Unlike eltrombopag, it 
does not interact significantly with food and does not have to be taken on an empty 
stomach [139]. In phase 2 trials, it has been found to be well tolerated and effective 
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in the treatment of chronic ITP and of thrombocytopenia due to cirrhosis [140, 141]. 
Additional studies are underway to evaluate the efficacy and safety of avatrom-
bopag compared to the other TPO-RAs.

�TPO-RA Adverse Effects

There has been great progress in the study of TPO-RAs since the publication of the 
most recent ITP treatment guidelines in 2011. At that time, there was emerging data 
regarding drug efficacy, but there were limited results regarding adverse effects 
including thromboembolism, cataract formation, and bone marrow fibrosis. Long-
term follow-up data is now available for eltrombopag and romiplostim treatment in 
adult patients. The EXTEND trial (Eltrombopag eXTENDed dosing) has published 
data on 299 patients with chronic ITP treated with eltrombopag, 104 of whom have 
data available for ≥2 years of follow-up [136]. The long-term safety of romiplostim 
was evaluated by Cines and colleagues in an integrated analysis of 14 trials includ-
ing 924 patients with a mean study duration of 75–77 weeks [142]. Both romiplos-
tim and eltrombopag have been found to be well tolerated, and the most common 
adverse events observed with either medication are nasopharyngitis, headache, and 
fatigue [143]. Recent data from the EXTEND trial reveals that eltrombopag is asso-
ciated with hepatic enzyme elevation in 15% of patients that resolves with discon-
tinuation of treatment [144].

Epidemiologic evidence suggests that patients with ITP are at increased risk for 
venous and arterial thromboembolism despite their thrombocytopenia [145]. Based 
on preclinical data, there is concern that TPO-RA therapy may further increase the 
thrombotic risk in ITP patients by raising platelet counts and by increasing platelet 
reactivity [135, 146]. Fortunately, to date, clinical studies have not demonstrated a 
strong risk of thrombosis associated with TPO-RA use. In a meta-analysis of 924 
patients, Cines et al. observed that the rate of thrombosis was equivalent (5.5 per 
100 patient years) in patients receiving romiplostim and those receiving placebo or 
standard of care [142]. In the EXTEND trial, approximately 3% of patients with 
chronic ITP had a history of thrombosis prior to the initiation of eltrombopag, while 
6.3% of patients experienced thromboembolic events after starting the medication. 
Based on these results, the researchers were not able to determine if the increased 
risk of thrombosis was attributable to the therapy or the underlying disease state 
[136, 144]. Of note, patients at the greatest thrombotic risk, those with atheroscle-
rotic disease or a history of venous thromboembolism, have been excluded from 
many TPO-RA trials. Therefore, it is not possible to determine the true thrombotic 
risk in this population, and TPO-RAs should be used with caution in patients with 
these comorbidities.

Based on human and animal data, there is also concern that TPO-RAs may lead 
to an increase in bone marrow fibrosis. In rodent models, overexpression of endog-
enous TPO or administration of romiplostim induces dose-dependent marrow fibro-
sis [147]. In a study of 15 patients with acute myeloid leukemia, 8 out of 9 patients 
treated with recombinant human TPO developed increased marrow reticulin fibrosis 
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that resolved following drug discontinuation [148]. Romiplostim therapy has been 
associated with increased reticulin deposition in the marrow at a rate of 1.3 events 
per 100 patient years with higher rates and grades in patients who exceed the cur-
rently recommended maximum dose of 10 μg/kg [142]. Prior retrospective studies 
that have attempted to examine the risk of marrow fibrosis in ITP patients treated 
with TPO-RAs have been limited by the low rate of bone marrow examination. To 
address this concern, in 2017, Brynes et al. published a 2-year longitudinal prospec-
tive study of the effect of eltrombopag on the bone marrow of patients with chronic 
ITP that included 93 patients who received bone marrow biopsies prior to the initia-
tion of eltrombopag, followed by marrow examination after 1 and 2  years of 
TPO-RA therapy. They observed that most patients had little to no fibrosis at the 
time of diagnosis. After 2 years of therapy, 89% of patients had no increase in retic-
ulin or collagen formation, and 11% (10 patients) had minimally increased reticulin 
deposition [149]. In the EXTEND trial, bone marrow reticulin fiber was assessed in 
147 bone marrow biopsies obtained from patients treated for a median of 12 months. 
Eight percent of patients (n = 11) were found to have grade 2 reticulin fiber forma-
tion without collagen fiber formation. Bone marrow biopsies obtained over ≥2 years 
of follow-up showed 8/11 with no change in grade, 1/11 with an increase from grade 
1 to grade 2, and 2/11 with a decrease in grade [136]. A systematic investigation of 
bone marrow fibrosis has not yet been undertaken in children.

Eltrombopag is hepatically metabolized and leads to the development of liver 
function test (LFT) abnormalities in 13% of adults. Therefore, routine liver function 
testing is recommended in all patients, and reduced dosing should be considered in 
patients with preexisting liver disease [136]. In preclinical toxicology studies, high 
doses of eltrombopag were found to induce cataract formation in juvenile rodents 
[143]. In the EXTEND trial, 5% of patients (n = 15) treated with eltrombopag for 
over 6 months reported cataracts, with 4 patients developing new cataracts and 10 
patients having progression of preexisting cataracts [136]. However, these results 
are difficult to interpret because steroid use, a known risk factor for cataract forma-
tion, was reported in 13/15 of these patients. Although more data is needed to assess 
the contribution of eltrombopag to the risk of cataract formation and most experts 
recommend annual ophthalmology screening in all patients treated with eltrom-
bopag; the most recent data does not support a significant increased risk above base-
line. Finally, some biological data suggests that eltrombopag can chelate intracellular 
iron [150], and a recent retrospective case review demonstrated significant iron defi-
ciency in eltrombopag-treated patients which was not present in a romiplostim-
treated cohort (although some patients overlapped) [150].

Eltrombopag and romiplostim can both induce thrombocytosis, sometimes caus-
ing platelets to rise above 1000 × 109/L. Although this finding has not been associ-
ated with an increased risk of thrombosis [126], the prescribing information 
recommends holding treatment when platelet counts reach 400 × 109/L. This recom-
mendation should be interpreted cautiously because abrupt medication discontinua-
tion can lead to rebound thrombocytopenia in 8–10% of patients, with platelet 
counts dropping below baseline for 1–3 weeks before returning to pretreatment lev-
els, exposing patients to a significant bleeding risk [151]. It has been suggested that 
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this drop occurs because the expanded megakaryocyte population induced by 
TPO-RA therapy more rapidly clears endogenous TPO. Another contributing factor 
may be the prior discontinuation or dose reduction of concurrent ITP therapy [143]. 
Although the etiology of rebound thrombocytosis remains unclear, in order to main-
tain adequate platelet counts most experts recommend decreasing TPO-RA dose by 
25–50%, rather than stopping the medication abruptly [126].

�Treatment Recommendations

The 2011 ASH guidelines recommend that TPO-RAs only be used in patients at risk 
of bleeding who relapse after splenectomy or have contraindications to the surgery 
and have failed at least one other therapy [1]. Since that time, TPO-RA use has 
become much more common, and these agents are often used to prevent or delay 
splenectomy. The decision about which TPO-RA to use is typically based on 
patient-specific factors. Romiplostim injections are not yet approved for home 
administration, and while some patients prefer not having to take a daily medica-
tion, others find it difficult to travel to clinic for weekly treatments. On the other 
hand, patients treated with eltrombopag need to pay attention to the timing of meals 
and may require adjustments in the doses of their other medications and supple-
ments. Most practitioners will start romiplostim treatment at doses of 2–3 μg/kg and 
titrate weekly to a maximum dose of 10 μg/kg to achieve the desired platelet count. 
Eltrombopag is taken orally once a day at a starting doses of 50 mg/day and titrated 
to effect. In the East Asian population, a common polymorphism results in higher 
plasma levels due to decreased clearance and a lower starting dose of 25 mg/day is 
recommended in this population [3]. For children less than 6 years old, the recom-
mended starting dose is 25 mg/day. Eltrombopag should be taken 1 h before or 2 h 
after a meal. A 4-h interval is required between eltrombopag and calcium-rich foods 
and mineral supplements because interaction with polyvalent cations, such as iron 
and calcium, leads to decreased absorption. It also decreases the metabolism of 
certain drugs, including statins, and doses of concomitant medications may need to 
be reduced [137].

�Use of TPO-RAs in Pediatric ITP

Prior to the publication of both the IWG and ASH guidelines, none of the TPO-
RAs had been approved for use in children, and there was very little published lit-
erature regarding their safety or efficacy in pediatric patients. Since then, two 
randomized, double-blind phase III trials (PETIT and PETIT2) have been pub-
lished studying eltrombopag in pediatric patients with ITP >6  months duration 
[152, 153]. The medication was well tolerated, and approximately 50% of enrolled 
patients achieved a sustained response and were able to discontinue their baseline 
ITP medications. These results form the basis for the FDA approval of eltrom-
bopag for use in children [153]. Additionally, three smaller randomized 
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placebo-controlled trials evaluating romiplostim in children have been published, 
the largest of which reported a durable platelet response in 52% of patients with a 
single treatment-related adverse event including headache and thrombocytosis 
[154–156]. The ITP Consortium of North America (ICON) recently reported on 
the real-world use of TPO-RAs in pediatric patients with ITP [157]. In this study, 
79 children received 87 treatments (28 eltrombopag, 43 romiplostim, 8 both). Sixty 
percent had chronic ITP, 18% were newly diagnosed, and 22% had persistent dis-
ease. Most physicians started treatment because of bleeding symptoms, and all 
patients had received previous therapies, including steroids, IVIG, splenectomy, 
and rituximab. Within 3  months, 89% achieved platelet counts above 
50 × 109/L. Average response time was 6.4 weeks with romiplostim and 7 weeks 
with eltrombopag. Both romiplostim and eltrombopag were well tolerated with 
minimal adverse effects. However, only 40% of patients had a consistent response 
with stable dosing, while the remainder of patients responded intermittently and 
required dose titration. Thirteen percent had an initial response that waned over the 
course of the study. Notably, there were two thrombotic events and one patient 
developed neutralizing antibodies to romiplostim [157]. Based on the results of 
published pediatric trials, it is evident that fluctuating platelet counts are to be 
expected in patients treated with TPO-RAs, and this effect may be more pro-
nounced in children than adults.

�Use of TPO-RAs in Newly Diagnosed ITP

Two small studies have examined TPO-RA use in newly diagnosed patients with 
ITP.  The first was a 12-month study of romiplostim in 75 patients with ITP for 
<6 months. Dosing was tapered if the platelet count was ≥50 × 109/L by the end of 
the observation period [158]. Thirty-two percent of patients met the primary end-
point which was defined as a platelet count ≥50 × 109/L for 24 consecutive weeks 
following discontinuation of therapy [158]. A second study, enrolling 12 adults, 
looked at the combination of HDD × 4 days, followed by eltrombopag 50 mg/day 
for days 5–32. Nine out of twelve patients (75%) had a platelet count ≥30 × 109/L 
at 6 months and 8/12 (67%) maintained their counts for 12 months [159]. These 
preliminary data are interesting, but additional studies with more patients are needed 
to evaluate the long-term outcomes and better characterize toxicities with up-front 
TPO-RA treatment.

�Management of Life-Threatening Bleeding

In the setting of trauma, emergent surgery, or severe unprovoked hemorrhage, it is 
typically necessary to use a combination of treatments to control bleeding by induc-
ing a rapid and sustained increase in platelet counts. Most experts recommend start-
ing with IVIG with high-dose steroids because this regimen has a quick onset of 
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action, observed within hours to days [1]. However, in order to achieve more imme-
diate hemostasis, frequent platelet transfusions may be administered to overwhelm 
antibody-mediated destruction, although there is no consensus regarding the optimal 
dose. In 2008, Salama et al. treated ten refractory ITP patients with hemorrhage with 
massive platelet transfusions (1 Unit/30 min) leading to cessation of bleeding in all 
patients without any observed adverse effects including thrombosis [160]. In order 
to further suppress antibody-mediated platelet destruction, one group recommended 
concomitant infusion of continuous IVIG (1  g/kg) over 24  h. In a retrospective 
review of 40 adults with life-threatening hemorrhage treated with continuous IVIG 
and platelet transfusions every 4–8 h, all had resolution of their bleeding [161].

Alternative agents that may be considered as adjunctive therapies in patients with 
ITP and uncontrolled bleeding include recombinant factor VIIa, antifibrinolytics 
such as aminocaproic acid and tranexamic acid, and vincristine. The use of recom-
binant factor VIIa for the control of bleeding or preparation for surgery has been 
reported in 18 ITP patients. Hemorrhage was controlled in all patients, but three 
died despite cessation of bleeding [162]. Due to limited data and concerns for poten-
tial thrombosis, recombinant factor VIIa should be used with caution in 
ITP. Alternatively, antifibrinolytics are associated with a low risk of adverse effects, 
and there are reports that they may be helpful in the treatment of mucosal bleeding 
in ITP [163], but their efficacy in ITP has not been studied in any randomized con-
trolled trials [1]. Vincristine has been shown to be effective in refractory ITP [164], 
and it has been recommended as an adjunctive therapy in the management of emer-
gent bleeding [2, 165], but it does not lead to a rise in platelet counts for 5–7 days 
[164] and should only be used in conjunction with more rapidly acting therapies. 
There is emerging interest in the early initiation of TPO mimetics in patients with 
life-threatening bleeding [166], but there is scant data on their utility in this setting, 
and treatment for several days is required before platelet counts begin to rise.

Finally, emergent splenectomy may be considered in patients with truly life-
threatening hemorrhage. The surgery may be done in concert with IVIG and corti-
costeroids and is usually performed with platelet transfusions [1]. According to the 
2011 ASH treatment guidelines, emergent splenectomy should be considered heroic 
as unplanned major abdominal surgery is risky in all patients, but especially so in 
those with thrombocytopenia [1]. Furthermore, because there is no time to administer 
appropriate vaccinations against encapsulated organisms, these patients may be at 
an increased risk of bacterial infection.

�Other Agents

Several additional therapies have been used in the management of patients with 
refractory ITP requiring ongoing treatment with inadequate responses to standard 
first- and second-line therapies. Each of these agents have been studied in small 
numbers of patients and limited efficacy data is available. However, many have been 
used for other indications providing sufficient safety information. Generally, these 
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agents have limited efficacy for most patients with ITP but may be reasonable 
options for secondary ITP or refractory primary ITP patients with inadequate 
response to other therapies.

�Antimetabolites

Mycophenolate mofetil (MMF): Is a prodrug of mycophenolic acid, an inhibitor of 
purine biosynthesis. This drug causes cell cycle arrest and reduced proliferation in 
B and T lymphocytes because they cannot recycle purine nucleotides. MMF also 
impacts T-cell function by depleting guanosine triphosphate (GTP), which plays an 
important role in T-cell activation [167]. MMF was first introduced in the use of 
renal transplant patients in the 1990s and has been shown to have a favorable safety 
profile [168]. It is now licensed for prophylaxis of acute rejection in solid organ 
transplant but is also widely used as an immunomodulatory agent in the treatment 
of autoimmune disease. Although there are no RCTs of MMF in ITP [4], retrospec-
tive studies show a 50% response rate in adults with refractory ITP, although it 
appears to have minimal effect in viral-associated disease [169]. Experts recom-
mend adult starting doses of 500 mg twice a day, titrating up to 1000–1500 g twice 
a day as tolerated. Patients may require treatment for 6–8 weeks before they achieve 
a sustained response [4], and there is variability in duration of response after discon-
tinuation [167]. Side effects include headaches, gastrointestinal toxicity, LFT 
abnormalities, and increased risk of infection [4]. MMF is also a known teratogen, 
leading to abnormalities in 21–27% of pregnancies, and cannot be administered 
during pregnancy (www.toxbase.org).

Azathioprine (AZA): Is one of the first drugs shown to be effective in the treat-
ment of chronic ITP [170]. It is a prodrug whose active metabolite, 6-mercaptopurine 
(6-MP), is a purine analog that blocks purine synthesis and DNA repair, leading to 
inhibition of cellular proliferation in rapidly dividing cells such as lymphocytes 
[171]. Small studies have showed that AZA leads to an improvement in platelet 
counts in refractory ITP and the combination with corticosteroids may be synergis-
tic [172, 173]. The largest study of AZA in ITP included 53 adults with refractory 
disease and showed a complete response rate of 45% and an overall response rate of 
64%. Patients who had undergone splenectomy were just as likely to respond to 
AZA. After drug discontinuation, 42% remained in remission for a variable follow-
up of time of 7–43 months [174]. Based on the results of this study, most providers 
recommend treating patients with 150  mg per day. As the platelet rise may be 
delayed, AZA should be continued for 4 months before a patient is considered unre-
sponsive. AZA toxicities include myelosuppression, hepatotoxicity, and pancreatitis 
[3]. Although there has been no direct comparison between MMF and AZA, many 
providers believes that AZA is not as well tolerated. However, AZA may be pre-
ferred in women of childbearing age because it is not teratogenic [4].

Cyclophosphamide: Is an alkylating agent that induces apoptosis by creating 
DNA cross-linking. Although this mechanism is cell cycle independent, rapidly 
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proliferating cells are the most sensitive. Lymphocytes are particularly vulnerable to 
cyclophosphamide because they have low levels of aldehyde dehydrogenase, which 
is required for drug detoxification [175]. Although cyclophosphamide is commonly 
used to treat malignancies, it has also been used extensively in the treatment of 
autoimmune disease. It can be given orally (1–2 mg/kg once per day) or intrave-
nously (500–100 mg/m2 once every 3–4 weeks × 2–3 courses). Two studies have 
evaluated its use in the treatment of ITP, and it has been found to be effective in 
splenectomy refractory patients, leading to a complete response in 50% of patients 
and a partial response in 20% of patients [176, 177]. However, cyclophosphamide 
can be difficult to tolerate, and toxicities include hemorrhagic cystitis, myelosup-
pression, infertility, and secondary malignancy [3]. Patients taking cyclophospha-
mide should have their blood counts monitored every week and be instructed to 
drink at least 2 L of fluid a day to prevent hemorrhagic cystitis [3].

Cyclosporine A: Is a calcineurin inhibitor that suppresses T-cell function by 
selectively inhibiting antigen-induced CD4+ activation and interleukin 2-induced 
CD4+ differentiation. These effects indirectly reduce B lymphocyte growth and dif-
ferentiation [178]. Several studies have shown that it is helpful in the treatment of 
refractory ITP [179]. The largest study included 20 adult patients and reported a 
response rate of 50–60%, with efficacy observed in individuals who had undergone 
splenectomy and occasional durable remissions following drug discontinuation 
[178]. A recent retrospective review of cyclosporine treatment in 30 children with 
chronic ITP revealed a 57% response rate with a sustained response in 23% of 
patients [180]. Adverse effects include hypertension, nephrotoxicity, and immuno-
suppression that can be difficult for many patients to tolerate [178].

Rapamycin (also known as Sirolimus): Is a mammalian target of rapamycin (mTor) 
inhibitor which blocks the activation of B and T lymphocytes by inhibiting cytokine 
receptor-dependent signal transduction [181]. Some research also suggests that it 
selectively expands functional Tregs [182]. It is most commonly used to prevent 
rejection of solid organ transplants but has also been found to be effective in the treat-
ment of autoimmune lymphoproliferative syndrome (ALPS) and refractory immune 
cytopenias [183]. A retrospective study of its use in 12 patients with ITP showed that 
78% achieved a complete response [183]. A separate observational study of 43 
patients treated with a combination rapamycin and low-dose prednisone revealed an 
overall response rate of 58% associated with a significant rise in Tregs [184]. 
Rapamycin is generally well tolerated, and the main side effects include hypercholes-
terolemia, hypertension, decreased glucose tolerance, and immunosuppression.

Vinca Alkaloids: Vincristine and vinblastine are believed to disrupt phagocytosis 
of opsonized platelets by binding to tubulin and inhibiting microtubule polymeriza-
tion [185]. Vincristine was first used in 1969 for treatment of refractory disease. 
Based on evidence generated in the 1970s–1980s, it came to be recommended as a 
second-line therapy [3]. Most studies report a rapid rise in platelet counts in 50–90% 
of adult patients [164], which occurs within 5–7 days of treatment but declines rap-
idly after completion of therapy [3, 186]. Vinca alkaloids continue to be effective in 
patients who have undergone splenectomy [185]. Vincristine and vinblastine are 
administered as 4 weekly infusions at doses of 1.5 mg/m2 and 6 mg/m2, respectively. 
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Vinblastine can cause myelosuppression, and both agents can induce constipation 
and peripheral neuropathy. Vinca alkaloids may be considered in patients who do 
not respond to conventional therapy but require a rapid rise in platelet counts, espe-
cially in the setting of emergencies [2].

Danazol: Is an attenuated androgen with mild virilizing effects found to be effective 
in ITP in 1983 [187]. Its mechanism of action remains unclear, but there are reports 
that it acts by influencing Fc receptor levels on phagocytic cells [188], reducing the 
proliferation of lymphocytes [189], decreasing pro-inflammatory cytokine levels, and 
promoting Treg differentiation [190]. Response rates vary widely between studies 
from 10% to 70%, although this may reflect heterogeneity in dosing with some trials 
using low-dose danazol (50 mg daily) and others using standard dosage (400–800 mg 
divided twice a day) [3, 187]. As responses are sometimes delayed, many practitioners 
recommend treating for at least 6 months. Furthermore, danazol appears to be more 
effective at inducing a sustainable response if patients can tolerate prolonged treatment 
for at least a year [191]. Some practitioners believe that patients who are responsive to 
steroids are more likely to respond to danazol and recommend avoiding therapy in 
steroid-refractory patients [3]. Alternatively, splenectomized patients [192] and older 
adults are thought to have a high rate of response [7]. Danazol is generally well toler-
ated, although it is rarely used at full doses in younger women due to its virilizing 
effects. There are also rare reports of hepatomas and hepatic peliosis, and patients 
should be monitored for signs of liver toxicity [174]. Other toxicities include an 
increased risk of venous thrombosis and accelerated growth of prostate cancer [7].

Dapsone: Is an antibiotic with anti-inflammatory and immunomodulatory effects 
that was first used in the treatment of ITP in the 1990s [193]. Its mechanism of action 
remains unclear, although it has been proposed that drug-induced hemolysis limits the 
phagocytosis of opsonized platelets [193]. This hypothesis is indirectly supported by 
the fact that there is a greater degree of hemolysis in patients who respond to treatment 
and a lower response rate in those who have undergone splenectomy [194]. There are 
no RCTs evaluating the efficacy of dapsone, and treatment recommendations are based 
on prospective and retrospective cohort studies [194, 195]. In the literature, the overall 
response rates range from 40% to 75%, and the typical time to response is 6–8 weeks 
[196]. Dapsone is an attractive treatment option because it is inexpensive, orally 
administered (100 mg daily), and generally well tolerated [197]. Toxicities include 
methemoglobinemia, cutaneous hypersensitivity, agranulocytosis, anemia, gastroin-
testinal complications, and hemolysis. Most individuals experience a 1–2 g/dL drop in 
hemoglobin, but the drop can be severe in patients with G6PD deficiency. Males 
should therefore be screened for G6PD deficiency before treatment initiation [3].

�Novel Therapies

Several novel agents are on the horizon for the management of ITP in patients who 
fail conventional first- and second-line treatment [198]. These therapies include 
antibodies targeting the interaction between CD40 and CD154 that block 
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communication between antigen-presenting cells and T cells [199, 200], treatments 
targeting Fc receptor binding [201], Syk kinase inhibitors that modify downstream 
signaling following Fc receptor activation [202], medications that decrease patho-
logic IgG half-life by blocking the neonatal Fc receptor [198], and novel agents that 
increase platelet production, including new TPO-RAs such as avatrombopag and 
the cytoprotective agent amifostine [203]. Hopefully, therapies designed based on 
our evolving understanding of this complex and heterogeneous disease will lead to 
a reduction in treatment-related morbidities and an overall improvement in patient 
health outcomes.
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Chapter 5
Background, Presentation and 
Pathophysiology of Autoimmune 
Hemolytic Anemia

Shawki Qasim

�History of Immune Hemolysis

The earliest described constellation of symptoms suggestive of AIHA dates back to 
1769, when Morgagni reported a priest presenting with red urine, fatigue, a pallid 
color, and an enlarged spleen [1]; however, this could have been consistent with a 
then more common illness, such as malaria [2]. Another report by Andral in 1843 
described a spontaneous anemia, arising without any prior blood loss that he attrib-
uted to altered structure of the corpuscles and their “true” destruction [2, 3]. In 
1852, Vogel thought that the coloring matter in the urine was the same as that in the 
blood, suggesting it consisted of a “decomposition of blood discs.” He also recorded 
a connection between fevers, colored urine, decomposition of the blood, and ane-
mia, recognizing an anemia secondary to infection [2].

The association between cold exposure and certain forms of AIHA was first 
reported in 1854 by Dressler, who described a 10-year-old boy who, after exposure 
to cold, passed red urine that gradually paled to a natural color; microscopic exami-
nation of the urine showed a “dirty brown pigment” and no blood cells [4]. Similar 
cases were described in the literature in the following years with no major advances 
in the understanding of AIHA until 1871, when Vanlair and Masius concluded that 
premature destruction of RBCs leads to jaundice. They described a patient with 
anemia, splenomegaly, reddish brown urine, and spherical dwarf cells in the periph-
eral blood they referred to as “microcytes” (likely spherocytes), hence, the name 
they gave the condition, “microcythemia” [5]. In 1879, Stephen Mackenzie reported 
a case of paroxysmal cold hemoglobinuria (PCH) with anemia without history of 
blood loss, dark urine that was negative for red blood cells (RBCs) and demonstra-
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tion of clinical improvement upon rewarming. He hypothesized that the “proteid” 
(hemoglobin) was the reason for the dark color of the urine. He hypothesized that 
the chills and rigors heralding the hemolysis were actually responsible for breaking 
the RBCs and forcing them through the kidneys [6]. In the late nineteenth century, 
Hayem and Minkowski contributed to the understanding of the distinction between 
acquired and congenital forms of hemolysis and differentiated hemolytic from hep-
atobiliary jaundice [7, 8]. In 1901 Landsteiner discovered the ABO blood group 
system, leading to an understanding of RBC antigens; then in 1904, along with 
Donath, they suggested a then novel mechanism for hemolysis, implicating a serum 
“hemolytic substance” in the development of PCH. This is considered the first study 
to describe the role of autoantibodies in autoimmune diseases. They later demon-
strated that this hemolytic substance (hemolysin) causes RBC agglutination at low 
temperatures and again upon rewarming in the presence of complement, establish-
ing the basis for the current diagnostic testing for PCH (Donath-Landsteiner 
Antibody test, see Chap. 6) [9, 10].

Splenectomy then became a standard treatment for AIHA with most other sug-
gested therapeutic measures being less effective.

In 1907, Chauffard introduced the term acute hemolytic icterus to describe 
patients with AIHA and suggested that hemolysins are endogenous. He demon-
strated that affected patients’ sera are capable of lysing other RBCs. His group also 
standardized the osmotic fragility test and described reticulocytosis in congenital 
hemolytic anemias [11–13].

In 1911 Micheli performed the first splenectomy for acquired hemolytic anemia, 
while Banti introduced the term hemolytic splenomegaly in 1912, after noticing 
splenic enlargement and congestion in research animals with hemolysis, which he 
observed to be milder in splenectomized animals. Banti suggested a role for the 
splenic endothelium in destroying RBCs, that is shared by their hepatic counterparts 
(Kupffer cells), but only in severe hemolysis, paving the way for the current under-
standing of the reticuloendothelial system involvement in extravascular hemolysis 
[14, 15].

In 1936, Witts recognized that hemoglobinuria is most always the result of intra-
vascular hemolysis and follows hemoglobinemia [16]. Around the same time, 
Dameshek and Schwartz described patients with splenectomy-responsive acute 
hemolytic anemia whose sera were able to lyse allogeneic and autologous RBCs 
with the degree of spherocytosis being proportional to the hemolysin titer [17].

In 1944, Race and Weiner separately suggested that there were two types of Rh 
antibody, one bound to the RBC surface which drove agglutination (the “complete” 
antibody; IgM) and one that also adsorbed to the RBC surface but did not cause 
agglutination (the “incomplete” antibody; IgG) [18, 19]. This conclusion provided 
the basis for the current distinction between warm and cold AIHA types as described 
in the following sections.

In 1945, Coombs, Mourant, and Race submitted their landmark paper titled “A 
New Test for The Detection of Weak and ‘Incomplete’ Rh Agglutinins,” the first 
described direct antiglobulin test (DAT) using rabbit antihuman sera to detect 
incomplete antibodies bound to human RBCs [20].
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From 1948 to 1950, Evans and Duane proposed that the spleen was the primary 
production site of the hemolysin, given reduction in RBC sensitization after 
splenectomy, but suggested there might also be a role for other hemolymphatic 
organs in the pathogenesis. No evidence was available to suggest a role for comple-
ment fixation in hemolysis at that time [21].

Studies in the 1950s supported the theory of autoimmunization as basis for 
immune hemolysis [22, 23]; therefore, by the 1960s, immunosuppressive ther-
apy became widely used for the treatment of AIHA based on the concept of 
immune overactivity and failure of immune surveillance. Studies in the 1960s 
and early 1970s focused on further characterizing the autoantibodies, their sub-
types, thermodynamic properties, and their targets [24–26]. In 1972, the mecha-
nisms of complement-mediated hemolysis were described by Schreiber and 
Frank [27].

By the 1980s, quantitative studies of autoantibodies and complement compo-
nents were conducted and used to assess the severity of AIHA. In the subsequent 
years, more studies were performed on the pathogenesis of AIHA, role of antigen-
presenting cells, other types of immune cells, major histocompatibility complexes, 
and opsonization-phagocytosis [28, 29].

�Definitions and Classification

AIHA has been classically divided into warm and cold types based on the thermo-
dynamics of antibody-antigen interaction. The term “warm AIHA” has historically 
been used to describe IgG-mediated hemolysis with optimal antibody-antigen inter-
action at core body temperature, while “cold AIHA” usually 	 refers to IgM-
mediated hemolysis with optimal antibody-antigen interaction at sub-core 
temperature.

With better understanding of AIHA pathophysiology and the availability of more 
sensitive assays, the disorder can be divided into four distinct serologic forms [30–
36], as detailed in Table 5.1.

The essential laboratory test for diagnosis and differentiation of AIHA is the 
DAT, formerly known as the Coombs test.

The initial screening DAT is done by the addition of a reagent containing poly-
specific antiglobulin antibodies to washed, suspended patient red blood cells 
(RBCs). This screening antiglobulin reacts to both IgG and C3d (a component of the 
complement fragment C3b). If agglutination happens after sample centrifugation, 
this would be consistent with RBC cross-linking, and the test would be considered 
positive. Furthermore, the positivity of DAT can be graded based on the titer 
(strength of agglutination) and typically ranges between 0 and 3+; correlation 
between the strength of DAT positivity and the severity of clinical hemolysis has 
been demonstrated in a few studies [33, 37].

If the screening test is positive, then more specific antiglobulins are used to dif-
ferentiate between IgG- and C3d-coated RBCs in a similar manner. Further charac-
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Table 5.1  Summary of different serologic forms of AIHA

Type Incidence
Antibodies-
antigens

Optimal 
reaction 
temperature

Mechanism of 
hemolysis Serology

Warm AIHA 65–70% Polyclonal IgG 
targeting Rh 
polypeptides or 
less commonly 
glycophorins

37 °C Major: 
Extravascular 
hemolysis of 
IgG-coated 
RBCs, mostly in 
the spleen (to a 
lesser extent in 
the liver and 
bone marrow)
Minor: 
Intravascular 
hemolysis due to 
complement 
activation
Minor: 
Extravascular 
hemolysis of 
C3b-coated 
RBCs mostly in 
the liver

IgG-positive 
+/− C3d-
positive DAT
IAT positive 
for pan-
agglutinating 
IgG

Cold AIHA 20–25% Mono- or 
oligoclonal IgM 
pentamers 
targeting 
polysaccharide 
antigens (I, i, Pr, 
and others)

0–5 °C Acutely: 
Intravascular 
hemolysis due to 
complement 
activation
Chronically: 
Extravascular 
hemolysis of 
C3b-coated 
RBCs mostly in 
the liver

C3d-positive 
DAT
High-cold 
agglutinin titer

Paroxysmal 
cold 
hemoglobinuria

1–3%
(30–40% 
in 
children)

IgG (Donath-
Landsteiner 
antibodies) 
directed against 
P-antigen

0–5 °C Cold exposure: 
IgG attaches to 
RBC with 
incomplete 
fixation of 
complement
Rewarming: 
detachment of 
antibody and 
completion of 
complement 
activation 
causing 
intravascular 
hemolysis

C3b-positive 
DAT

(continued)
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terization of the antibody type can be done by performing an indirect antiglobulin 
test (IAT or indirect Coombs test) in which the patient’s serum or RBC eluate is 
incubated with a panel of donor RBCs with known surface antigenic characteristics. 
After incubation, a DAT is performed to identify which particular RBCs in the stan-
dardized panel attracted the autoantibody [38].

�Warm AIHA

Warm agglutinin immune hemolytic anemia is the most common form of immune 
hemolysis, accounting for 65–70% of cases [32]. While warm AIHA remains the 
dominant form in children, its contribution to the etiology of immune hemolytic 
anemia is lower than that in adults [39]. It is characterized by the production of high 
concentrations of polyclonal IgG autoantibodies, typically directed against a com-
ponent of the Rhesus (Rh) protein complex with optimal antibody-antigen interac-
tion at 37 °C (core body temperature).

�Pathophysiology

The process of antibody production in warm AIHA is not fully understood, but an 
interplay of multiple complex mechanisms is suggested, including:

•	 Molecular mimicry due to cross-reactivity of endogenous RBC and exogenous/
environmental antigens which could be heteroimmune in nature as in viral infec-
tions or alloimmune in nature as in blood product transfusion reactions [32, 40].

Table 5.1  (continued)

Type Incidence
Antibodies-
antigens

Optimal 
reaction 
temperature

Mechanism of 
hemolysis Serology

Mixed AIHA 8% IgG and IgM A combination 
of the above 
mechanisms

Positive direct 
anti-globulin 
test for IgG 
and C3b

DAT-negative 
warm AIHA

~5% Low-affinity or 
titer IgG, IgA, or 
monomeric IgM

37 °C Extravascular 
hemolysis of 
IgG, monoclonal 
IgM, or 
IgA-coated 
RBCs

Negative 
standard 
DAT—micro-
column DAT 
is needed to 
confirm 
diagnosis

AIHA autoimmune hemolytic anemia, DAT direct antiglobulin test, IAT indirect antiglobulin 
test, RBC red blood cell
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•	 Dysregulated processing of autoantigens influenced by acquired factors (infec-
tion, malignancy, drugs, etc.), which reduces self-tolerance [32, 33, 41–43].

•	 B and T cell dysfunction including reduced numbers of regulatory T cells [44] 
and other T cell abnormalities, commonly among patients with immunodefi-
ciency (as in common variable immunodeficiency [CVID], human immunodefi-
ciency virus [HIV], and other infections) or other immune dysregulation, 
including lymphoproliferative disorders like chronic lymphocytic leukemia 
(CLL) and autoimmune lymphoproliferative syndrome (ALPS), which are 
known to be associated with a higher risk of AIHA and DAT positivity [45, 46].

The majority of warm agglutinin immune hemolysis is extravascular with no 
evidence of complement activation owing to the nature of their most common tar-
get, the Rh protein complex. Rh complexes are far apart on the RBC surface and 
cannot move laterally given their attachment to the cytoskeleton; therefore, the Fc 
portions of the attached IgG autoantibodies cannot be brought close enough to each 
other to activate complement, since two IgG molecules are needed to activate C1q 
and initiate the classical complement pathway cascade [47]. Furthermore, IgG mol-
ecules attached to two neighboring RBCs cannot be approximated due to the repel-
ling negative charges on the RBC surface, known as the zeta potential.

However, IgG-sensitized RBCs traveling through the spleen, liver, and bone 
marrow are recognized by Fc receptors on tissue macrophages with IgG acting as an 
opsonin and facilitating receptor-mediated phagocytosis. RBCs are typically par-
tially engulfed and digested by lysosomal enzymes, leaving a red cell with decreased 
surface area to volume ratio, adopting microspherocyte form that is less deformable 
and easily entrapped, then destroyed in reticuloendothelial organs, especially 
splenic sinuses. Less commonly, full erythrophagocytosis is seen [48].

Rarely and only with IgG1 and IgG3 subclasses, reactive to glycophorin antigens 
(epitopes of which are close enough to each other on RBC surface), the classical 
pathway of complement is activated with formation of C5b-9 membrane attack 
complex (MAC) resulting in intravascular hemolysis. If complement is activated, 
C3b-sensitized (opsonized) RBCs are recognized by C3b receptors on tissue mac-
rophages then destroyed through receptor-mediated phagocytosis [49, 50].

The typical serologic picture in warm AIHA shows a DAT that is IgG positive 
either with or without C3d positivity and an IAT that is usually positive for pan-
agglutinating IgG autoantibodies reacting to all panel RBCs.

While the above describes the serology of the majority of warm AIHA patients, 
about 3–5% of patients with a clinical and laboratory picture consistent with warm 
AIHA have a negative standard DAT (Coombs-negative warm AIHA). Most of 
these patients either have a low-titer and/or lower-affinity pan-agglutinating IgG, 
monoclonal IgM, or rarely IgA autoantibodies that are not detected by standard 
DAT.  A micro-column DAT or flow cytometry can be helpful in confirming the 
diagnosis if suspicion is high [51].
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Confirmation of the diagnosis of AIHA requires the presence of clinical and 
laboratory evidence of hemolysis along with the positive serology, as 0.1% of 
blood donors and up to 8% of hospitalized patients may have a positive DAT with-
out clinical or laboratory evidence of hemolysis. Also, it is not uncommon for 
patients to develop DAT positivity after packed red blood cell (PRBC) transfu-
sions or intravenous immunoglobulin (IVIG) administration with or without sig-
nificant hemolysis [52].

Etiologically, warm AIHA can be divided into primary (idiopathic) and second-
ary categories, with the latter being a component or a presenting feature of an under-
lying disorder to which the immune dysregulation is attributed. These disorders 
usually fall into the categories of autoimmunity, immunodeficiency, malignancy, 
infection, and/or drug exposure [32].

Autoimmune diseases, especially systemic lupus erythematosus (SLE), are 
commonly associated with warm AIHA. Up to 10% of patients with SLE have a 
clinically significant warm AIHA with moderate-to-severe anemia, reticulocyto-
sis, hyperbilirubinemia, and elevated lactate dehydrogenase (LDH) [53]. The 
presence of overt hemolytic anemia is typically associated with a subset of SLE 
patients characterized by a younger age of disease onset and a more severe disease 
with a higher likelihood of renal involvement, seizures, serositis, and other cyto-
penias [54].

Conditions with immune dysregulation like HIV infection, ALPS, and CVID 
are also commonly associated with warm AIHA. Although HIV-related immune 
hemolysis is usually ascribed to concurrent Epstein-Barr virus (EBV) and/or 
cytomegalovirus (CMV) infections that are typically associated with cold agglu-
tinins, occasionally warm agglutinins are detected [55]. More commonly, DAT 
positivity without overt hemolysis is observed in patients with HIV infection; one 
study reports 18% DAT-positivity rate in patients with HIV [56]. Up to 11% of 
patients with CVID are reported to have some form of autoimmune cytopenia, in 
whom 50% present prior to or at CVID diagnosis [57]. Also, nearly 50–70% of 
patients with ALPS have autoimmune cytopenias, usually a combination of AIHA 
and immune thrombocytopenia (ITP) that is referred to as Evans syndrome [58] 
(see Chap. 3).

Among malignancies, CLL is one of the most frequently associated with 
warm AIHA in adults, with approximately 4–10% of CLL cases being compli-
cated by AIHA. This is usually compounded by the added AIHA risk attributed 
to CLL chemotherapeutics, especially purine analogs such as fludarabine. About 
90% of AIHA occurrences in CLL are due to polyclonal high-affinity IgG auto-
antibodies produced by nonmalignant B cell clones directed against RBC anti-
gens [45, 59]. Other mechanisms include direct cytokine-mediated inhibition of 
erythropoiesis by cytotoxic T cells and natural killer (NK) cells in a dysregu-
lated immune microenvironment induced by soluble factors secreted by the 
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malignant CLL clone [60]. Additionally, subclinical DAT positivity is seen in up 
to 35% of patients with CLL [45].

Medications can cause AIHA with or without underlying immune dysregulation. 
The number of drugs implicated in causing drug-induced immune hemolytic ane-
mia (DIIHA) has increased over the past few decades to ~125 according to one 
report [43]. Three groups of drugs predominated: 42% were antimicrobials, 15% 
were anti-inflammatory, and 11% were antineoplastics. In the 1970s, the most com-
mon drug by far to cause DIIHA was alpha-methyldopa, accounting for 67% of all 
DIIHA cases at some point. High-dose intravenous penicillin accounted for 25% of 
DIIHA. As these therapies are less commonly used in recent years, the most com-
mon causative group of drugs has become the cephalosporins, which account for 
70% of the DIIHA encountered since the ~1990s. Among the cephalosporins, cefo-
tetan is the most commonly implicated agent in DIIHA [43, 61]. Mechanisms and 
examples of DIIHA are outlined below and in Table 5.2.

Table 5.2  Common underlying disorders in secondary warm AIHA

Category Example

Autoimmunity Systemic lupus erythematosus (SLE)
Rheumatoid arthritis (RA)
Antiphospholipid syndrome (APS)
Autoimmune thyroiditis
Evans syndrome
Inflammatory bowel disease (IBD)
Primary biliary cirrhosis (PBC)

Immunodeficiency Common variable immunodeficiency (CVID)
Autoimmune lymphoproliferative syndrome (ALPS)
IgA deficiency
Post-transplant

Malignancy Chronic lymphocytic leukemia (CLL)
Non-Hodgkin lymphoma (NHL)
Hodgkin lymphoma

Infection Mostly with EBV and HIV
Drug-induced immune 
hemolytic anemia 
(DIIHA)

Mechanisms Examples
Antigen alteration (drug-
independent autoantibodies)

Alpha-methyldopa
Fludarabine
Oxaliplatinum

Haptenization 
(drug-dependent 
autoantibodies)

Firmly 
attached 
haptens

Penicillin, cefotetan

Loosely 
attached 
haptens

2nd–3rd-generation 
cephalosporin, piperacillin

Non-immune protein adsorption 
(NIPA)

1st generation cephalosporins, 
b-lactamase inhibitors 
(clavulanate, sulbactam, 
tazobactam)

AIHA autoimmune hemolytic anemia, EBV Epstein-Barr virus, HIV human immunodeficiency virus
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There are three general mechanisms proposed to explain different forms of 
DIIHA:

•	 Antigen alteration: in this case, the culprit drug interacts with a particular target 
protein on the RBC surface changing its structure, so circulating lymphocytes 
would consider it foreign and generate antibodies against it. These antibodies in 
turn would interact with the unaltered, normally expressed copies of the protein 
on the RBC surface with subsequent RBC destruction. Note that the culprit drug 
here is neither a part of the antigen epitope nor is it needed for subsequent anti-
body production (drug-independent autoantibodies), therefore drug discontinua-
tion does not guarantee resolution of AIHA in these patients.

	 The classic example from the group of drugs acting via this mechanism is alpha-
methyldopa, which is known to induce autoantibody formation in ~ 15% of 
patients, while 0.5–1% develop clinically significant DIIHA. Alpha-methyldopa 
is thought to interact and alter one of the components of the Rh protein complex 
rendering it antigenic [62]. In this case the typical autoantibody response is 
mediated by IgG; therefore, most of the hemolysis is extravascular. Although 
IgG1 and IgG3 subclasses are able to activate complement, this is not observed 
with alpha-methyldopa DIIHA as the target protein complexes are far apart on 
the RBC surface hindering attached IgG molecules from activating complement 
[43, 62, 63]. The typical serologic picture here is a DAT that is positive for IgG, 
negative for C3d, and pan-agglutinating IgG-positive IAT.

•	 Haptenization: A hapten is a small molecule that is not antigenic in itself, but 
when attached to a particular target protein, it increases the immunogenicity of 
that protein, such that circulating lymphocytes would consider it foreign. Note 
that a hapten is an essential component of the antigenic epitope, unlike the alpha-
methyldopa example above.

	 This mechanism can be further subdivided into two different categories:

–– Firmly (covalently) attached haptens: with the classical example being peni-
cillin, especially when administered in large IV doses. In those who develop 
DIIHA following penicillin administration, it is thought that the drug firmly 
attaches to a component in the Rh protein complex rendering the penicillin-
Rh combination antigenic. Specific IgG autoantibodies target the haptenized 
Rh protein complex and tag RBCs for extravascular hemolysis. Again, com-
plement is not activated in this case. Given the inclusion of the culprit drug in 
the epitope, the autoantibodies only react to the haptenized proteins; therefore 
drug discontinuation is often successful in resolving the hemolysis within a 
few days. The typical serologic picture would be an IgG-positive, C3d-
negative DAT, while standard IAT is only positive if the panel RBCs are pre-
treated with high concentrations of the offending drug [42, 43].

–– Loosely attached haptens: until recently, drugs in this category were thought 
to provoke an autoantibody response without associating with RBCs, with 
antibody-antigen complexes formed being deposited on nearby RBCs, 
causing complement activation and intravascular hemolysis; however, recent 
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evidence suggests that these drugs loosely associate with RBC surface anti-
gens, forming an epitope which contains both drug and RBC protein—with 
autoantibodies reacting to both the haptenized protein and the separate drug at 
times. These reactions are typically IgM mediated, with complement activa-
tion and intravascular hemolysis. The typical serologic picture would be a 
C3d-positive DAT (rarely IgG positive as well) and a negative IAT that only 
becomes positive if both the drug and a source of complement are added to the 
reaction [43, 64, 65].

•	 Nonimmune protein adsorption (NIPA): in this proposed mechanism, the 
offending drug is thought to induce morphological changes in the RBC sur-
face protein structure in a way which attracts several plasma proteins in a 
nonimmunologic manner, including IgG, albumin, C3, fibrinogen, and others. 
Attachment of polyclonal IgG to the surface of RBCs reduces their life-span 
and can mediate opsonization-phagocytosis, resulting in extravascular hemo-
lysis. Typically, there is no complement activation here, as the antibodies are 
not immunologically attached but rather adsorbed to the RBC surface. Classic 
examples of drugs associated with NIPA include first-generation cephalospo-
rins and beta-lactamase inhibitors. Serologically, these patients would have an 
IgG-positive or IgG-negative, C3d-positive DAT, while IAT is essentially 
negative [43].

�Clinical Features

The clinical manifestations associated with warm AIHA are generally nonspecific 
and commonly correlate with the severity of anemia. Patients with subclinical DAT 
positivity are essentially asymptomatic, while most patients with a clear diagnosis 
of warm AIHA tend to have moderate-to-severe anemia presenting in fatigue, exer-
cise intolerance, palpitations, exertional dyspnea, postural dizziness, and/or head-
aches. Signs include pallor, jaundice, wide pulse pressure, bounding pulses, 
tachycardia, hyperdynamic precordium, and/or mild to moderate splenomegaly. 
Signs of high-output heart failure, like resting tachycardia, bibasilar pulmonary 
crackles, peripheral edema, and/or jugular venous distension, can be seen in patients 
with severe anemia, especially those with underlying congenital or acquired heart 
disease. Additionally, many patients with secondary AIHA would present with 
symptoms and signs related to the underlying disorder; therefore it is crucial for 
health-care providers to look for the stigmata of a potential underlying autoimmu-
nity, immunodeficiency, malignancy, and/or infection [32].

Laboratory findings in patients with warm AIHA include:

•	 Anemia: Low hemoglobin with an average of 7–10 g/dL.
•	 Macrocytosis: Increased mean corpuscular volume (MCV) mostly secondary to 

reticulocytosis.
•	 Spherocytosis and increased mean corpuscular hemoglobin concentration 

(MCHC) due to partial RBC phagocytosis reducing the surface area to volume 
ratio.
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•	 Reticulocytosis: This is observed in 70–80% of patients with warm AIHA, with 
reticulocyte percentages that are mostly above 5% and a reticulocyte production 
index >2–3%. Less commonly, 20–30% of patients have inappropriately normal 
or slightly reduced reticulocyte counts, with explanations including myelosup-
pression due to drugs or concurrent viral infection or antibodies that are reactive 
to RBC precursors and reticulocytes causing early destruction in the bone mar-
row before release [66].

•	 Elevated LDH and depleted haptoglobin is observed in the overwhelming major-
ity of patients. A small group of patients (up to 7%) have normal or high hapto-
globin levels, especially those in whom AIHA is secondary to an underlying 
autoimmunity, infection, and/or malignancy, in which baseline haptoglobin lev-
els can be elevated, as an acute phase reactant. On the other hand, absent or low 
haptoglobin levels are common in full term and premature newborns (up to 
3 months of age) [67, 68]. Despite these exceptions, a combination of high LDH 
and low haptoglobin has a 90% specificity for diagnosing hemolysis [69].

•	 Indirect hyperbilirubinemia.
•	 Positive DAT (IgG-positive, C3d-positive or negative) in the overwhelming 

majority of patients. As mentioned above, only 3–5% of patients with a clinical 
picture of warm AIHA are DAT negative, owing to low-titer/low-affinity IgG, 
IgM monomers, or IgA-mediated hemolysis.

•	 Positive IAT for pan-agglutinating IgG autoantibodies reacting to all panel RBCs 
with exceptions as detailed above, especially in drug-induced immune hemolytic 
anemia.

•	 Laboratory manifestations of intravascular hemolysis including hemoglobine-
mia, hemoglobinuria, hemosiderinuria, and/or hypocomplementemia are rare in 
warm AIHA as the overwhelming majority of RBC destruction is extravascular, 
but rarely complement activation and intravascular hemolysis do happen with 
warm AIHA, especially when IgG is reactive to RBC surface glycophorins or in 
cases of drug-induced IgM-mediated warm AIHA.

•	 Thrombocytopenia or neutropenia in patients with acute infection or AIHA as 
part of Evans syndrome.

•	 Elevated inflammatory markers like erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP), especially with underlying autoimmunity, infection, or 
malignancy.

�Cold AIHA (Cold Agglutinin Disease)

Cold agglutinin disease accounts for 20–25% of AIHA cases [41]. It is almost 
always caused by the production of pathologic amounts of IgM autoantibodies, 
directed at a variety of polysaccharide RBC surface antigens. Cold agglutinins, like 
most IgM molecules, exist in a homopentamer state which allows them to attach to 
multiple RBCs at the same time, evading the repelling negative charges—zeta 
potential—and maximizing their ability to agglutinate RBCs [70]. Unlike the Fc 
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portions of IgG autoantibodies, IgM Fc fragments are attached to each other by the 
“J” peptide, and phagocytes do not express receptors for them; therefore, 
opsonization-phagocytosis does not contribute to hemolysis in acute cold AIHA. On 
the other hand, IgM pentamers are very potent complement activators, capable of 
inducing severe and sometimes life-threatening forms of intravascular hemolysis. 
The severity of hemolysis depends on the autoantibody concentration, the highest 
temperature at which it reacts with antigen, the degree of inhibition by regulatory 
complement components on RBC surface, and the specificity of the autoantibody. 
Most cold agglutinins are optimally reactive at 0–5 °C, but the ones that remain 
reactive at higher temperatures are more pathogenic since they are more likely to be 
active at extremity temperature, especially in a cold environment [30, 41].

�Pathophysiology

Cold agglutinins loosely attach to RBC surface polysaccharides when their requisite 
temperature range is reached, but in many instances the duration of time that circu-
lating blood spends in that particular temperature range is very short, so the anti-
body detaches without complement activation. Sometimes this short-lived 
attachment results in agglutinating a few RBCs (without hemolysis) at the tips of 
the digits causing acrocyanosis. In instances where the thermal amplitude of the 
cold agglutinin is high enough, it is still capable of attaching to RBC surface poly-
saccharides in sub-core but not necessarily very low temperatures. The duration of 
that attachment is long enough to allow for complement activation and formation of 
membrane attack complexes, which create perforations in the RBC membrane and 
ultimately result in intravascular hemolysis [30, 41, 71].

Given the presence of RBC surface complement inhibitors such as CD55 and 
CD59, clinically significant intravascular hemolysis is only encountered with large-
scale complement activation. Therefore, significant hemolysis is typically seen only 
during the acute presentation or exacerbation of chronic disease, while most of the 
hemolysis in the stable chronic form of cold agglutinin disease results from attach-
ment of earlier components of the classical complement pathway, particularly 
C3b—to a lesser extent C4b—that act as opsonins, mediating RBC phagocytosis by 
reticuloendothelial macrophages, especially Kupffer cells in the liver  (extravascu-
lar hemolysis). Notably, complement-mediated opsonization-phagocytosis results 
in complete RBC engulfment; therefore, unlike warm AIHA, microspherocytosis is 
not seen [30, 41, 71].

Cold agglutinins are typically divided into four major types based on their in 
vitro reactivity to different RBC surface polysaccharides [72, 73]:

•	 Anti-I autoantibodies: these react to branched aminyllactose polymers present 
on almost all adult RBCs and account for the majority of pathogenic cold 
agglutinins.

•	 Anti-i autoantibodies: these react to linear aminyllactose polymers present on 
fetal or cord RBCs.
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•	 Anti-J autoantibodies: these have equal reactivity to linear and branched aminyl-
lactose polymers.

•	 Anti-Pr autoantibodies: these are uncommon, and they react to glycoprotein 
associated polysaccharides treated with proteases in vitro.

�Clinical Features

Cold AIHA commonly develops secondary to an underlying infectious, paraneo-
plastic, and/or neoplastic process, as shown in Table  5.3, but can also adopt an 
idiopathic chronic form known as chronic cold agglutinin syndrome.

Infection-related cold AIHA most commonly develops after mycoplasma pneu-
moniae or EBV infection.

Oligoclonal cold agglutinins form in 50–75% of patients within 1–2 weeks of 
mycoplasma pneumoniae infection. The incidence is higher in children and 
gradually declines with age. It is thought that molecular mimicry between 
mycoplasma surface antigens and RBC surface polysaccharides is the primary 
mechanism, with most patients developing anti-I type antibodies. Most patients 
do not develop clinically significant hemolysis given the low autoantibody titers 
and the presence of strong complement inhibitory mechanisms, but a minority 
will present with severe hemolysis requiring hospitalization and blood product 
transfusion [30, 74]. Alternatively, up to 60% of patients with infectious mono-
nucleosis due to EBV develop anti-i antibodies, but only very few develop 
clinically significant hemolysis,; hence, only 1% of AIHA cases are attributed to 
EBV infection. Other less common infections associated with cold agglutinin 

Table 5.3  Common underlying disorders in secondary cold AIHA

Infection Oligoclonal Anti-I Mycoplasma pneumonia
Listeria monocytogenes

Anti-i EBV
CMV
Influenza
Varicella
Legionella
Citrobacter

Neoplastic 
process

Monoclonal Anti-I Chronic lymphocytic leukemia (CLL)
Small lymphocytic lymphoma (SLL)
Well-differentiated lymphocytic lymphoma
Waldenström macroglobulinemia
Monoclonal gammopathy of undetermined significance 
(MGUS)
Adenocarcinoma

Anti-i Poorly differentiated/aggressive lymphoma

AIHA autoimmune hemolytic anemia, EBV Epstein-Barr virus, CMV cytomegalovirus
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formation include CMV, legionella, citrobacter, influenza, and varicella 
[30, 75, 76].

Infection-related cold AIHA usually presents 1–2 weeks after the onset of pri-
mary infection and resolves within 2–4  weeks of primary infection resolution. 
Antibody titers decline gradually, returning to normal levels within 3–4 months of 
infection. Unlike the acute, occasionally life-threatening, but ultimately self-
limiting nature of infection-related cold AIHA, malignancy-associated cold agglu-
tinin disease adopts a more chronic form with stable pathologic concentrations of 
monoclonal autoantibodies.

Generally, patients with well-differentiated lymphoid malignancies (as in chronic 
lymphocytic leukemia and small lymphocytic lymphoma) and those with plasma 
cell dyscrasias (gammopathies) have a tendency to produce anti-I, while patients 
with poorly differentiated and aggressive forms of lymphoma tend to produce anti-i 
cold agglutinins. Although there are some exceptions to this generalization, a patient 
with persistent anti-i cold agglutinins and no evidence of an underlying infection is 
very likely to have a poorly differentiated lymphoma [30]. It is thought that 
malignancy-related cold agglutinin production is due to stimulation of a neoplastic 
lymphocytic clone, and so their titers tend to correspond with disease activity and 
can potentially be used as tumor markers or indicators of relapse.

Patients with chronic cold agglutinin syndrome are thought to have a benign 
monoclonal IgM gammopathy, typically diagnosed in older individuals with persis-
tent anti-I antibodies. These patients may have stable disease for many years, but in 
up to 10%, the presumed benign lymphoid clone responsible for cold agglutinin 
production transforms into a malignant gammopathy, presenting with fever, leuko-
cytosis, hypergammaglobulinemia, increased cold agglutinin titer, lymphadenopa-
thy, and/or hepatosplenomegaly [30, 77].

As in warm AIHA, patients with cold agglutinin disease present with some gen-
eral nonspecific symptoms of anemia like fatigue, exercise intolerance, palpitations, 
headache, postural dizziness, pallor, and/or jaundice. Unlike warm AIHA though, 
many patients develop more specific symptoms related to RBC agglutination and 
intravascular hemolysis, including [30, 77]:

•	 Acrocyanosis which results from non-hemolytic RBC agglutination by IgM 
pentamers at the tips of the digits, nose, and/or ears when exposed to a cold 
environment. The purple/gray discoloration and associated pain resolves with 
rewarming, with minimal reactive hyperemia. Generally, the antibody-antigen 
interaction is long enough to allow for agglutination, but not complement acti-
vation. Other cutaneous manifestations of RBC agglutination include full-
blown Raynaud phenomena, livedo reticularis, urticaria, or very early skin 
necrosis/ulceration.

•	 Dark urine resulting from hemoglobinuria due to intravascular hemolysis fol-
lowed by glomerular filtration of hemoglobin and eventually formation of 
hemosiderin.

•	 Episodic worsening of disease manifestations upon cold exposure (including 
cold water drinking), stress, trauma, surgery, and/or fever. These conditions are 
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known to induce complement production, fueling the intravascular hemolytic 
process.

•	 Clinical manifestations of associated disorders, including lymphadenopathy and 
hepatosplenomegaly with malignancy, or fever and respiratory symptoms with 
infection, among others.

Laboratory findings in patients with cold agglutinin disease include [30, 77]:

•	 Anemia: most patients with chronic cold agglutinin production have a moderate 
degree of anemia that is essentially ascribed to extravascular hemolysis through 
C3b opsonization, given the lower titers of circulating cold agglutinins that are 
not enough to produce frank intravascular hemolysis in the presence of normal 
levels of surface RBC complement inhibitors. On the other hand, patients with 
infection-related cold agglutinins and those with exacerbations of chronic dis-
ease due to cold exposure or other stressors can have severe forms of anemia 
ascribed to frank intravascular hemolysis in the presence of overwhelmingly 
high cold agglutinin titers capable of saturating normal complement inhibitory 
measures.

•	 Inaccurate measurement of RBC count and indices due to agglutination, result-
ing in underestimation of count and overestimation of volume due to clumps of 
RBCs passing through automated counters. Therefore, blood samples should be 
warmed, hand delivered to the lab and processed immediately, to avoid 
agglutination.

•	 Reticulocytosis is seen in most patients, although just as in warm AIHA, some 
patients may have antibodies targeting reticulocytes, or viral or drug-induced 
myelosuppression, resulting in reticulocytopenia.

•	 RBC clumping and rouleaux formation is typically seen on peripheral blood 
smear, while unlike warm AIHA, microspherocytosis is not typically encountered.

•	 Elevated LDH, low haptoglobin, hemoglobinemia, hemoglobinuria, hemosider-
inuria, and hyperbilirubinemia are variably seen, especially in acute or exacer-
bated chronic disease.

•	 C3d-positive and IgG-negative DAT.
•	 IAT is usually positive for mono- or oligoclonal IgM reactive to polysaccharide 

antigens (I, i, Pr, and Others) at temperatures ranging from 0 to 5 °C.
•	 High titers of cold agglutinins are seen in most patients with cold AIHA, with 

levels ranging from 1 in 2000 to 50,000.
•	 Hypocomplementemia (low C3 and C4) is seen in many patients with cold 

agglutinin disease due to constant consumption in intravascular hemolysis.
•	 Hypergammaglobulinemia is seen in many patients with monoclonal 

gammopathy-related cold agglutinin disease.
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�Paroxysmal Cold Hemoglobinuria

Paroxysmal cold hemoglobinuria (PCH) is a rare form of hemolytic anemia that 
accounts for 1–3% of AIHA cases. Although PCH accounts for only few cases of 
AIHA in adults, it is a common cause of childhood AIHA, accounting for as many as 
30–40% of cases in some studies [78, 79]. PCH was first described in association with 
secondary or tertiary syphilis but is now more commonly reported as a post-infectious 
complication or, more rarely, within the context of autoimmunity or malignancy.

�Pathophysiology

PCH is characterized by the production of a cold-reactive polyclonal IgG autoanti-
body, known as Donath-Landsteiner antibody, typically directed at a very common 
RBC surface polysaccharide known as the P antigen. The antibody attaches to the 
RBC surface upon cold exposure, usually in extremities, followed by activation of 
C1q, then subsequent fixation of C2 and C4, but the process is typically halted until 
the blood attains core temperature (37 °C) again, when the antibody detaches and 
the remainder of the classical complement pathway cascade is completed, resulting 
in MAC formation and intravascular hemolysis [35, 41, 80].

�Clinical Features

Most patients with PCH are children who develop symptoms within 1–2 weeks of 
the onset of a viral infection, most commonly with varicella, but also reported with 
measles, mumps, EBV, CMV, adenovirus, and influenza A. The illness is typically 
acute, with moderate-to-severe anemia, jaundice, dark urine (hemoglobinuria), and 
rarely Raynaud phenomena and/or urticaria. Symptoms usually start within a few 
minutes of cold exposure and start to improve soon after rewarming. Antibodies are 
usually persistent for up to 12 weeks, but hemolysis typically subsides within a few 
weeks to a month [35, 41, 80]. Alternatively, adults with PCH usually have an 
underlying autoimmune disorder or a lymphoid malignancy (like CLL) and display 
a more chronic form of the disease.

Laboratory manifestations in PCH include [35]:

•	 Anemia: this is usually moderate to severe in acute post-infectious PCH seen in 
children while mild to moderate with intermittent exacerbations in adults with 
more chronic forms of the disease.

•	 Reticulocytosis and rarely microspherocytosis.
•	 Elevated LDH, low haptoglobin, hemoglobinemia, hemoglobinuria, hemosider-

inuria, and hyperbilirubinemia.
•	 Hypocomplementemia.
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•	 C3d-positive and IgG-negative DAT (DAT may be negative depending on pro-
cessing and temperature excursions).

•	 Positive Donath-Landsteiner antibody test, in which the patient’s serum is incu-
bated with donor RBCs and a source of complement at 4 °C, allowing for anti-
body attachment and early complement fixation, then warmed back to 37 °C and 
observed for hemolysis. This test can be challenging to perform, but its sensitiv-
ity can be improved if donor RBCs lacking surface complement inhibitors are 
used instead. These are usually obtained from patients with paroxysmal noctur-
nal hemoglobinuria (PNH).

�Mixed AIHA

A mixed serologic picture with both warm and cold agglutinins is identified in ~8% 
of patients with AIHA.  In many of these patients, the driver of hemolysis is the 
warm component, as the cold agglutinins are typically of low-thermal amplitude, 
being only reactive at low temperatures (0–20 °C) and in many instances of low 
titers. Nevertheless, there are case reports of true mixed AIHA with pathologic titers 
of both warm and high-thermal amplitude cold agglutinins. Most of these patients 
have an underlying autoimmune disorder [36, 41, 81].
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Chapter 6
Treatment of Autoimmune Hemolytic 
Anemia

Omar Niss and Russell E. Ware

�Introduction

Autoimmune hemolytic anemia (AIHA) is a rare disorder that features red blood 
cell (RBC) destruction caused by self-recognizing immunoglobulin molecules 
(autoantibodies) directed against endogenous RBC antigens. AIHA is a rare con-
dition, with an estimated incidence of 0.8–3 cases/100,000 adults annually and 
only 0.2–0.4 cases/100,000 per year for infants and children. It is a serious and 
often life-threatening disorder, however, with a mortality that reaches up to 11% 
in adults [1, 2].

�Diagnosis and Classification

AIHA is most commonly diagnosed in the setting of characteristic laboratory fea-
tures of hemolytic anemia (decreased hemoglobin concentration, reticulocytosis, 
indirect hyperbilirubinemia, elevated serum lactate dehydrogenase, low haptoglo-
bin levels, and hemoglobinuria) plus the presence of anti-RBC antibodies that are 
detected by a positive direct antiglobulin test (DAT). AIHA can be classified in 
several ways, but the immunoglobulin class and optimal thermal binding of the 
autoantibodies provide a useful mechanistic description: warm AIHA, cold aggluti-
nin disease (CAD), paroxysmal cold hemoglobinuria (PCH), and mixed forms (see 
Chapter on Pathophysiology, for further details).
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When the classical signs of hemolytic anemia are absent or difficult to interpret, 
and especially when the DAT is weakly positive or even negative, the diagnosis of 
AIHA can be challenging and often delayed. Reticulocytosis can be absent in 20% 
of adult cases and up to 39% of pediatric cases, especially early in the disease or 
when the autoantibodies also attack erythroid progenitors [3, 4]. The DAT can be 
negative in up to 10% of AIHA due to several possible mechanisms. First, the num-
ber of RBC-bound antibodies may be below the level of detection using visual 
agglutination; second, the causative autoantibodies may be “warm-reacting” IgM or 
IgA antibodies that are not detected by conventional anti-IgG reagents; and third, 
the RBC-bound antibodies may be lost during the DAT procedure due to low-
affinity binding [5, 6]. If the suspicion for AIHA is high despite a negative DAT, 
alternative and enhanced DAT assays can be performed in reference laboratories in 
order to overcome the technical limitations of routine DAT testing, including the use 
of low ionic strength washing solutions, anti-IgA antisera, and more sensitive flow-
based DAT assays [7]. Patients with “DAT-negative” AIHA appear to have a more 
severe course and higher mortality; [4] however, it is not clear if this is due to a 
delay in establishing the correct diagnosis and starting therapy or due to inherent 
characteristics of these cases.

�Etiology

AIHA is idiopathic or primary in ~50% of adult and ~30% of pediatric cases. 
Lymphoproliferative diseases, autoimmune diseases, and malignancies are the 
most common causes of secondary AIHA in adults, while infections, autoim-
mune disorders, and immune dysregulation disorders are the most common 
underlying causes in pediatrics [1, 8]. As more disorders of immune dysregula-
tion are recognized and explained at the genetic level, the proportion of second-
ary AIHA is expanding, especially in young patients and those with multilineage 
cytopenias such as Evans syndrome. Table  6.1 summarizes the most common 
causes of secondary AIHA, based on the characteristics of the autoantibodies 
and age of the patient.

A thorough personal and family history, coupled with a careful physical exami-
nation, should guide the investigations for an underlying cause of AIHA.  Early 
identification of these secondary forms is prudent because secondary AIHA is fre-
quently difficult to treat without treating the underlying cause. Drug-induced 
immune hemolytic anemia should also be considered early, since stopping exposure 
to the offending agent is often sufficient to ameliorate the problem [9, 10].

As discussed in detail in the previous chapter, several mechanisms involving 
multiple arms of the immune system are involved in the pathogenesis of AIHA, 
including autoantibody formation, autoreactive B and T lymphocytes, complement 
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activation, macrophages, NK cells, regulatory T cells, and abnormal cytokines [11]. 
The contribution of each of these cells and mechanisms to AIHA underlies the het-
erogeneity in disease presentation, severity, and responses to treatment (Fig. 6.1). 
Further understanding of the specific mechanisms underlying different forms of 
AIHA in different patients may lead to “targeted” treatment approaches that are 
more precise and effective, while also being less toxic. Treatment of AIHA to date 
is mostly based on historical experience and a very limited number of randomized 
studies. The treatment of AIHA is guided by the type of AIHA and the acuity of 
presentation, rather than solid clinical evidence.

Table 6.1  Causes of secondary autoimmune hemolytic anemia

Type of AIHA Children Adults

Warm AIHA •  Evans syndromea

•  Infectionsb (EBV, parvovirus, mycoplasma, 
CMV)
•  Primary immune deficiencies and/or 
immune dysregulation syndromes (CVID, 
ALPS, DiGeorge syndrome, CTLA-4, LRBA, 
IPEX, STAT3-GOF, STAT1-GOF, WAS, CID, 
posttransplant)
•  Autoimmune diseases (SLE, hepatitis, 
thyroiditis, APS)
•  Infantile giant cell hepatitis

•  Malignancies (CLL, 
NHL, HL)
•  Autoimmune disease 
(SLE, IBD, RA, APS)
•  Infections (hepatitis C, 
HIV, CMV, tuberculosis)
•  Primary immune 
deficiencies (CVID, ALPS)

Cold agglutinin 
disease

•  Infections (mycoplasma, viral infections 
including EBV)
•  Posttransplantation

•  MGUS
•  Lymphoproliferative 
disease
•  Macroglobulinemia
•  CLL
•  Solid tumors
•  Autoimmune disease
•  Posttransplant

Paroxysmal cold 
hemoglobinuria

•  Infections (adenovirus, influenza A, syphilis, CMV, EBV, VZV, measles, 
mumps, mycoplasma, E. coli)

The causes of AIHA in each category are listed in order of frequency
EBV Ebstein-Barr virus, CMV cytomegalovirus, CVID common variable immune deficiency, 
ALPS autoimmune lymphoproliferative syndrome, CTLA-4 cytotoxic T-lymphocyte-associated 
protein 4 haploinsufficiency, LRBA lipopolysaccharide-responsive and beige-like anchor protein 
deficiency, IPEX immunodysregulation polyendocrinopathy enteropathy X-linked, GOF gain-of-
function mutations, WAS Wiskott-Aldrich syndrome, CID combined immune deficiency, SLE sys-
temic lupus erythematosus, APS antiphospholipid syndrome, CLL chronic lymphocytic leukemia, 
NHL non-Hodgkin lymphoma, HL Hodgkin lymphoma, IBD inflammatory bowel disease, RA 
rheumatoid arthritis, MGUS monoclonal gammopathy of undetermined significance
aThe diagnosis of Evans syndrome may overlap with autoimmune diseases and primary immune 

deficiencies—see Chap. 7 for further details regarding Evans syndrome
bInfections can be a cause of AIHA by itself or a trigger for AIHA in other settings (e.g., autoim-
mune disease)
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Fig. 6.1  Mechanisms and sites of action of AIHA therapies. Several immunosuppressive medica-
tions including MMF, sirolimus, and alemtuzumab inhibit both T and B lymphocytes. T cells regu-
late self-tolerance of B lymphocytes positively (helper T cells: Th1, Th2, and Th17) and negatively 
(regulatory T cells). Rituximab is a monoclonal antibody directed against CD20 that is expressed 
on immature, mature, and memory B cells but not on plasma cells. The proteasome inhibitor, bort-
ezomib, preferentially targets the antibody-producing plasma cells. Antibodies can be temporarily 
removed from the circulation by plasmapheresis. IgG-coated erythrocytes in warm AIHA are 
destroyed primarily in the spleen by antibody-dependent cell-mediated cytotoxicity (ADCC) 
mediated by cytotoxic T cells and natural killer cells expressing receptors for the Fc portion of IgG, 
or phagocytosed by splenic macrophages carrying Fcγ receptors (FcγR). Corticosteroids decrease 
antibody production and inhibit extravascular hemolysis by inhibiting FcγR expression on splenic 
macrophages*, while IVIG directly blocks the uptake of antibody-coated red cells by FcγR. In 
cold AIHA, the pentameric IgM autoantibody has the ability to bind C1 and activate the comple-
ment system, culminating in the formation of the membrane attack complex (C5b-C9) causing 
intravascular hemolysis. A portion of the C3b-bound erythrocytes are also sequestered and 
destroyed in the liver. The complement system can also be activated by IgG molecules that have 
high affinity to complement or by high concentrations of IgG. Anticomplement agents, eculizumab 
and C1-esterase inhibitor, directly inhibit the complement cascade and decrease intravascular 
hemolysis in some cases of AIHA. *Corticosteroids exert their effect by different mechanisms that 
are not completely understood; only the main mechanisms are highlighted in this figure. 
Abbreviations: ADCC antibody-dependent cell-mediated cytotoxicity, C3b-R C3b receptor, CsA 
cyclosporin A, FcγR Fcγ receptor, IVIG intravenous immunoglobulins, MMF mycophenolate 
mofetil, Th helper T lymphocytes, Treg regulatory T lymphocytes
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�Frontline Treatment

The proper treatment of AIHA depends on the type of autoantibody, the clinical 
severity, additional or underlying conditions, and the age of the patient. Warm AIHA 
is the most common form and has a prolonged relapsing course in both children and 
adults. In the acute setting with a severe clinical presentation, blood transfusions 
should be utilized as a life-saving intervention, but are not generally recommended 
as an ongoing treatment option. Corticosteroids are the traditional first line of ther-
apy for patients with warm AIHA.

�Blood Transfusions

The onset of warm AIHA is typically abrupt and acute. Although most adult patients 
require inpatient management in the acute phase, some pediatric patients can be 
managed in the outpatient setting if their symptoms and anemia are not severe. The 
decision for blood transfusion is guided by the acuity of presentation and the pres-
ence of cardiovascular compromise or medical comorbidities, rather than the hemo-
globin concentration alone. Because warm autoantibodies in AIHA are directed 
against RBC surface antigens and are usually pan-reactive, fully cross-matched 
blood is often not possible. However, transfusions should not be withheld from 
patients with severe, life-threatening anemia or those with severe hemolysis and a 
rapidly evolving presentation [12]. Transfusions can be life-saving for severe AIHA, 
and fear of transfusing incompatible erythrocytes should not prevent the procedure. 
Early communication between clinicians and the transfusion service is essential to 
minimize any delay in blood transfusion and to identify the optimal units of blood 
for transfusion.

Alloantibodies can form after exposure to transfused blood, but are masked by 
the presence of warm autoantibodies. Alloantibodies that complicate transfusions 
have been reported in 32% of AIHA, causing worsening hemolysis [13]. In urgent 
cases and when the presence of alloantibodies is unlikely (no history of prior trans-
fusions, pregnancy, or organ transplantation), any ABO and RhD-compatible packed 
RBC unit can be administered safely [2]. In less emergent cases, ruling out the pres-
ence of alloantibodies by warm autoadsorption or allogeneic adsorption techniques, 
or when possible, transfusing phenotypically matched PRBCs, is advisable in order 
to minimize the risk of worsening hemolysis after transfusions [14].

When transfusion is given, packed RBC units should be leukocyte-depleted to 
decrease the risk of febrile reactions that result from anti-leukocyte antibodies. 
Blood should be transfused relatively slowly and the transfused volume is limited to 
the goal of ameliorating life-threatening anemia, manifested by neurological com-
promise or cardiovascular collapse, and not necessarily achieving a normal hemo-
globin concentration [2]. Over-transfusing can be associated with increased 
hemolysis due to an increased RBC mass, which can be mistaken for alloimmuniza-
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tion. Some authors suggest “in vivo compatibility test” by infusing a small volume 
of 20 mL of packed RBC, followed by 20 min of observation for reactions before 
proceeding with the rest of the transfusion [8].

�Corticosteroids

Despite the lack of systematic studies, there is general consensus that corticoste-
roids are the most effective “first-line” therapy for patients with warm AIHA. For 
severe clinical presentations, IV methylprednisolone should be administered at 
1–4 mg/kg/day, divided every 6–8 h. Transitioning to oral prednisone or predniso-
lone is then accomplished at 1–2 mg/kg/day, usually divided into two or three doses, 
which is maintained for 2–3  weeks until a hemoglobin concentration of at least 
10–11 g/dL is achieved without transfusion support. Additional labs should show a 
reduced reticulocytosis, but the DAT may still be positive. Higher doses of steroids, 
up to 1000 mg of methylprednisolone daily or 30 mg/kg/day in pediatrics for 3 days, 
have been used in several adult and pediatric case series, typically in the acute set-
ting [1, 15]. For less severe clinical presentations, oral corticosteroids can be the 
initial treatment choice.

If a stable hemoglobin concentration can be maintained without transfusions, 
the oral corticosteroids can be tapered fairly rapidly in the first 1–2 months, aiming 
for a single daily dosing regimen that maintains stable counts followed by a slower 
tapering over several months. Despite high rates of initial response to steroids 
approaching 80% historically, relapse is very common during steroid tapering [4]. 
In a recent randomized trial (N = 64), 50% of newly diagnosed adults with AIHA 
treated with prednisolone alone achieved complete or partial response at 3 months, 
while only 36% remained in remission at 12  months [16]. A short duration of 
maintenance dosing and rapid tapering of corticosteroids are associated with 
increased risk of relapse, while the risk of recurrence is lower in patients receiving 
corticosteroids for longer than 6 months [17]. Therefore, subsequent tapering of 
corticosteroid dose after the first 1–2 months should occur more slowly over the 
following 4–6  months with close monitoring of hemoglobin concentration and 
reticulocyte count. Discontinuation of steroids should only be considered in 
patients who are stable on a low dose (≤10 mg/day) after at least 4 months of cor-
ticosteroid treatment, and the final taper should be extended over at least 
1–2 months.

Although there is no consensus on the definition of treatment responses among 
various studies, patients who fail to achieve any improvement in hemoglobin 
concentration after 3 weeks of corticosteroids or cannot discontinue transfusion 
support are generally considered refractory. Diagnostic reevaluation and addi-
tional therapies should be considered in these patients. In addition, patients who 
need high doses of corticosteroids to maintain remission or do not tolerate corti-
costeroids should be considered candidates for second-line treatment options due 
to the concerns about long-term medication effects, especially on growth and 
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bone health. Among patients who respond to initial therapy, only ~50% of 
patients can be maintained in remission on an “acceptable” dose of steroid, 
defined as a prednisone dose <15  mg/day in adults or <0.1–0.2  mg/kg/day in 
pediatrics [8].

�Second-Line Treatments

The decision to proceed to a second-line therapy for AIHA is determined by the 
balance between steroid efficacy and side effects. For patients who require high 
doses of steroids, experience significant side effects irrespective of the dose, or suf-
fer frequent relapses requiring multiple dose escalations, a steroid-sparing strategy 
is needed. The two second-line therapies with proven short-term benefit are the anti-
CD20 monoclonal antibody rituximab and splenectomy. There is controversy on the 
best order of these two therapies, with splenectomy used first for adults while ritux-
imab is generally preferred before splenectomy in most pediatric centers [15]. 
Recently, promising results have also been achieved with the immunosuppressive 
medications mycophenolate mofetil (MMF) and sirolimus, which has prompted 
their addition to the list of second-line therapies.

�Rituximab

This chimeric monoclonal antibody, developed for treatment of B-lymphocyte 
malignancies with specificity against the CD20 B-cell surface marker, is the pre-
ferred second-line therapy for children with AIHA, although this is not an FDA-
approved clinical indication [1, 15]. Younger age and warm-type AIHA are the 
factors most predictive of response to rituximab [18]. Treatment is administered 
intravenously as per standard oncological indications, which is 375 mg/m2 for four 
weekly doses. The overall short-term response rate with rituximab, based on the 
available small retrospective studies, ranges between 64 and 100%, with a complete 
response rate of 27–73% [19]. The median response duration is ~1 year, and 30% 
may have a sustained response up to 3 years; however, durable long-term responses 
are not confirmed [20]. In one of the few available phase III randomized trials in 
AIHA, the combination of rituximab and prednisolone was compared to predniso-
lone alone as a frontline therapy in adults with primary AIHA [16]. The combina-
tion therapy was associated with a higher rate of remission at 36 months compared 
to steroids alone (70% vs. 45%) without increased toxicity [16]. The time to 
response after rituximab is variable and ranges from a median of 1 month to several 
months in some patients [20]. A four-dose course of rituximab may be repeated in 
cases of relapse with good success. Although rituximab is an effective treatment for 
both primary and secondary warm AIHA, [2] the immunological background of the 
patient should be taken into consideration, as rituximab should be used with caution 
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in primary immune deficiencies (discussed further below). Rituximab is generally 
well-tolerated with the exception of a few mild infusion-related side effects and 
rarely more severe anaphylactoid reactions [21]. Infectious complications following 
rituximab can occur in ~5% of patients, including hepatitis B reactivation and a rare 
progressive multifocal encephalopathy in immune-compromised patients. These 
encouraging data with rituximab have led some adult centers to adopt rituximab as 
the second-line therapy of choice, instead of the traditional splenectomy [4, 19]. In 
a recent study, a smaller dose of rituximab (100 mg/m2/dose weekly×4) had a simi-
lar efficacy rate to the standard dose; however, the relapse rate after low-dose ritux-
imab was higher [22].

�Splenectomy

Surgical total splenectomy has long been the main second-line therapy for AIHA in 
adults, after corticosteroids. Although splenectomy and rituximab have never been 
compared head to head, they both appear to have similar short-term efficacy rates 
[2]. Splenectomy is effective in ~67% of patients with primary warm AIHA, with an 
estimated cure rate of ~20% [2, 23]. Even those who do not have a complete 
response to splenectomy have decreased steroid requirements after splenectomy 
[8]. Unlike rituximab, splenectomy is less effective in secondary warm AIHA com-
pared to primary cases (response rate of 19% compared to 82%) [24]. In patients 
with secondary AIHA or in patients with underlying medical conditions who are not 
candidates for splenectomy, rituximab may be the better option.

Although the complications of splenectomy have diminished over the years, 
some risks should be regarded when splenectomy is considered. Surgical advances 
and laparoscopic techniques have led to a reduction in perioperative complications, 
but the most feared complication remains the risk of postsplenectomy sepsis by 
encapsulated bacteria. Patients undergoing splenectomy should be vaccinated, prior 
to surgery, against encapsulated organisms like S. pneumoniae according to the rec-
ommended guidelines [25]. Splenectomy should be delayed in children younger 
than 5 years whenever possible, to allow development of the immune repertoire. 
Children who undergo splenectomy should receive postoperative antibiotic prophy-
laxis, typically penicillin, and should be instructed to seek immediate medical eval-
uation if they develop fever. The role of antibiotic prophylaxis in adults 
postsplenectomy is debatable, but our experience includes a case of fatal sepsis 
several decades after splenectomy. Patients with an underlying immune deficiency 
are at particularly high risk for postsplenectomy sepsis and death [26]. Therefore, an 
underlying immune disorder leading to secondary AIHA should be excluded before 
considering splenectomy. Finally, there is an increased risk of postsplenectomy 
thrombosis and a small risk of late-onset pulmonary hypertension, mainly in adults. 
The role of thromboprophylaxis in this setting is unclear; most adults who undergo 
splenectomy receive thromboprophylaxis postoperatively, while some receive it 
beyond hospital discharge [2].
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�Immunosuppressive Therapies

Although splenectomy and rituximab are the only established second-line therapies 
for warm AIHA, several immunosuppressive agents have been used with variable 
responses, especially before rituximab became available. Recently, MMF and siro-
limus have emerged as possible steroid-sparing agents with promising results. MMF 
inhibits de novo purine synthesis by selectively inhibiting inosine monophosphate 
dehydrogenase present in proliferating T and B lymphocytes. MMF was initially 
developed as an antirejection medication but has also been useful in treating refrac-
tory cytopenias in children with autoimmune lymphoproliferative syndrome (ALPS) 
[27]. The effectiveness of MMF for AIHA is not fully elucidated, but the majority 
of treated adult and pediatric patients had refractory AIHA with heavy pretreatment 
including splenectomy, yet had a complete or good partial response [28–30]. MMF 
is generally well-tolerated but its long-term effects are not known. Although these 
encouraging results are based mostly on small observational studies, MMF is mov-
ing toward the front line in pediatric AIHA as a steroid-sparing agent and has also 
been included in the treatment arsenal for refractory AIHA in adults [1, 2, 29].

Sirolimus is a mammalian target of rapamycin (mTOR) inhibitor that inhibits 
cell proliferation and enhances apoptosis. Early case reports suggested a role for 
sirolimus in the treatment of immune cytopenia in posttransplant patients [31, 32]. 
In children, sirolimus can be an effective therapy even for refractory immune cyto-
penia, with complete response achieved in 75–100% of patients, including those 
who failed MMF [30, 33]. ALPS-related cytopenias also respond to sirolimus; how-
ever, sirolimus use has now been expanded to other cases of refractory primary and 
secondary cytopenia with comparable responses [34, 35]. Sirolimus is also well-
tolerated with no reported infectious or metabolic complications in small studies, 
but its long-term side effects have not been determined. The most common reported 
side effect of sirolimus is mild stomatitis that resolves without intervention [34]. 
However, sirolimus is known to alter lipid metabolism so may have a different 
safety profile when other populations are treated, including older individuals with 
lipid abnormalities.

It is important to note that both MMF and sirolimus typically have a delayed 
response. Therefore, their use should be overlapped with a tapering course of cortico-
steroids over several weeks to months for initial control, until the desired blood levels 
(1–3.5 μg/mL for MMF and 4–12 ng/mL for sirolimus) and clinical effects of these 
medications are reached [1]. MMF and sirolimus can also serve as maintenance ther-
apy after a rituximab response, to reduce the need for repeated rituximab dosing.

The available published evidence on these therapies in AIHA is limited which 
prompts cautious interpretation of these results and reduces the strength of the rec-
ommendations. Until stronger evidence is generated from larger studies and differ-
ent second-line therapies are compared directly, the choice of a second-line treatment 
option is usually determined by the physician/institutional experience, patient 
preference, and an individualized benefit/risk balance in each patient. A treatment 
algorithm for warm AIHA is shown in Fig. 6.2.
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�Additional Treatment Options

The optimal treatment of AIHA in patients with severe or refractory disease, who 
fail to respond to the conventional therapies mentioned, is not known. Several 
agents have been used over the years with variable efficacy and toxicity results. 
Here, we present a brief overview of additional agents that have been used for the 
treatment of warm AIHA and their potential role.

Warm AIHA

No

Yes

No

No
No

Start oral Prednisone
1-2 mg/kg/day for 3 weeks

Good
response

Yes

Yes

YesSlow taper over 6-12 months

Start a second line
treatment

Adult
patient

Rituximab or MMF
Splenectomy or

Rituximab

NR

NR

NR NR

NRSirolimus

Splenectomy or 3rd line
option (CsA, 6MP,

Azathioprine)

Last resort options or
novel agents

MMF, sirolimus or
other third line option

Steroids
successfully
tapered; no

relapse

Discontinue steroids

Rapid
hemolysis;

severe
anemia

Methyprednisolone IV 4 mg/kg/day
Consider blood transfusion

Consider IVIG

Evaluate for a secondary cause Treating underlying disease

Fig. 6.2  Treatment algorithm for warm AIHA. NR no response, IVIG intravenous Immunoglobulin, 
MMF mycophenolate mofetil, CsA cyclosporin A, 6-MP 6-mercaptopurine
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�Acute Temporizing Therapy

IVIG is much less effective for the treatment of AIHA than immune thrombocyto-
penia (ITP). At best, IVIG is associated with a 40% short-term response rate in 
adults and up to 55% in children with AIHA [36]. IVIG use in AIHA is usually 
reserved for severe cases as a complementary agent or when ITP is present concur-
rently with AIHA (see Chap. 7 for discussion of Evans syndrome). Plasmapheresis 
has been reported for a small number of severe cases as a temporizing measure dur-
ing acute hemolysis, but with variable results [2]. Plasmapheresis is less effective in 
warm AIHA compared to cold AIHA, presumably because IgG-mediated hemolysis 
occurs outside of the intravascular space, and is therefore generally reserved for 
patients who fail several other therapies.

�Third-Line Therapies

In the era before rituximab became available, several other immunosuppressive 
agents have been reported for refractory AIHA including azathioprine, cyclo-
phosphamide, cyclosporin A, vincristine, and 6-mercaptopurine [2, 8, 15]. 
However, because of their limited effectiveness (<30% response rate) and much 
higher risk profile, these agents are now generally reserved for severe and life-
threatening cases. Cyclosporin A has better results in combination with cortico-
steroids or other immunosuppressive agents. Danazol, a synthetic anabolic steroid 
with mild androgenic effects, also can be used in combination with steroids, but 
its utility in the modern era is limited since more effective alternatives have 
become available [37].

�“Last-Resort” Options

The humanized anti-CD52 antibody, alemtuzumab, which targets B and T lym-
phocytes, has some effect in refractory AIHA cases in children and adults [23]. 
Also, high-dose cyclophosphamide (50 mg/kg/day for 4 days) has been used in 
refractory cases [38]. However, these therapies are reserved as last options 
because of their high toxicity. Very few data exist about the role of hematopoietic 
stem cell transplantation in AIHA, and it should probably be considered the last 
option for severe refractory cases. The overall complete remission rate is 50–60%, 
but with remission maintained in only 1/7 and 3/7 patients who underwent autolo-
gous and allogeneic transplantation, respectively, with a transplant-related 
mortality of 15% [39, 40].
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�Emerging Novel Therapies

Recently the proteasome inhibitor, bortezomib, which targets the long-lived plasma 
cells that are not targeted by rituximab, has shown promise for treating refractory 
cytopenias in posttransplant patients who previously failed multiple therapies [41]. 
Additional novel alternative B-lymphocyte therapies include ofatumumab, a fully 
human monoclonal anti-CD20 antibody that has a superior complement-mediated 
cytotoxicity compared to rituximab. Ofatumumab was effective in treating two 
cases of warm AIHA associated with CLL and systemic lupus erythematosus that 
were refractory to multiple therapies including rituximab [42, 43]. Finally, the anti-
C5 terminal complement inhibitor eculizumab was used to treat a case of refractory 
AIHA [44].

�Treatment of Secondary AIHA

The immune mechanisms underlying secondary AIHA are heterogeneous and often 
mixed, which leads to a variable response to standard therapies. Treatment of the 
underlying disease is important to achieve disease control in secondary AIHA. The 
general treatment guidelines of primary AIHA are applicable in secondary AIHA; 
however, certain differences and considerations should be regarded. The following 
are examples of specific treatment considerations in selected secondary forms of 
AIHA.

�Evans Syndrome

This eponymous disorder was identified over 60 years ago and has been historically 
defined by the presence of AIHA and ITP together without a known cause [45]. The 
definition has expanded over the years to include any immune-mediated cytopenia 
involving more than one cell lineage, and the cytopenias do not have to be concur-
rent. As new immune deficiencies and immune dysregulation disorders have been 
recognized and characterized, the proportion of patients with Evans syndrome (idio-
pathic cytopenia) has been shrinking. For example, almost half of patients diag-
nosed with Evans syndrome were found to have ALPS, after this disorder was 
characterized [46]. The diagnosis of Evans syndrome should only occur after a care-
ful and thorough evaluation for an underlying immune deficiency or a broad autoim-
mune disease has been performed.

Although patients with Evans syndrome have similar initial response to cortico-
steroids, relapse and steroid dependency are common, and second-line therapies are 
often necessary [1]. Because most patients have ITP on presentation, IVIG is fre-
quently given among the first-line therapies. The optimal dose and the efficacy rate 
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of IVIG in this setting are not known, but the majority of patients who initially 
respond to IVIG will relapse and require additional therapies. IVIG is preferred 
over steroids in very young patients, due to steroid side effects on the growing child 
[47]. Rituximab, either alone or in combination with corticosteroids, has an efficacy 
rate approaching 75–82% in children and adults with Evans syndrome [48, 49]. In 
the setting of an underlying immune deficiency or immune dysregulation like ALPS, 
rituximab has lower efficacy and higher toxicity. Both MMF and sirolimus have 
also been successful; MMF was associated with complete response in 81% of 
patients with Evans syndrome or ALPS-related cytopenia, without toxicity [30, 50]. 
Similarly, the majority of patients treated with sirolimus had a complete or good 
partial response, although patients without ALPS had a slower response compared 
to those with ALPS [35, 51]. Splenectomy has lower efficacy in Evans syndrome 
compared to isolated AIHA, with reported short-term efficacy of only a few months 
[52]. Splenectomy should be reserved for patients who fail other therapies. Other 
immune suppressive agents similar to those used in primary AIHA have also been 
used with variable results [47].

�ALPS

Autoimmune lymphoproliferative syndrome (ALPS) is a genetic disorder of defec-
tive lymphocyte apoptosis that is characterized by chronic nonmalignant lymphop-
roliferation, autoimmune diseases, and increased risk of malignancy. Abnormal 
TCRαβ+CD4−CD8− (double-negative) T lymphocytes are the signature of the dis-
ease, and their detection in peripheral blood is essential to establish the diagnosis 
[53]. Chronic, recurrent, multilineage cytopenia is the most common autoimmune 
manifestation of ALPS and the most common indication for treatment. Treatment of 
autoimmune cytopenia is needed in 59% of patients, but the need for treatment 
appears to decline with age [54]. ALPS-associated immune cytopenia is chronic, 
and a steroid-sparing agent should be considered early.

High-dose steroid pulses (5–10  mg/kg of intravenous methylprednisolone for 
7–10 days) followed by a slow taper, with or without IVIG, is the recommended 
starting therapy [55]. MMF and sirolimus are the most studied steroid-sparing 
agents for ALPS.  The majority of ALPS patients (60/64) treated with MMF for 
chronic cytopenia achieved an initial response lasting for at least 1 year, although 
one third (20 patients) relapsed and required other therapies [55]. Based on these 
results, MMF is considered the next treatment option after the acute presentation 
[55]. Sirolimus also led to a complete and durable response in 12 ALPS patients 
with cytopenia, including 7 patients who failed MMF [34]. Sirolimus is considered 
a secondary maintenance treatment for ALPS, especially in patients who fail MMF 
or have severe disease. Both MMF and sirolimus are well-tolerated in ALPS. 
Sirolimus has the unique benefit of directly targeting the double-negative T cells 
and lymphoproliferation in ALPS patients [34].
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Second-line therapies for AIHA, namely, rituximab and splenectomy, should be 
avoided in ALPS. Rituximab is less effective in ALPS-related AIHA compared to 
primary AIHA and more toxic. In 12 ALPS patients treated with rituximab, 6/9 with 
ITP and 0/3 with AIHA had a clinical response. Importantly, three patients experi-
enced prolonged hypogammaglobulinemia due to irreversible B-cell depletion 
which lasted several years [56]. Therefore, rituximab is not recommended for ALPS 
patients unless other treatment options are exhausted. Finally, splenectomy is asso-
ciated with increased risk of mortality in ALPS. In a large cohort of ALPS patients, 
40% underwent splenectomy, mostly before effective therapies or the diagnosis of 
ALPS were available. The likelihood of cytopenia relapse postsplenectomy was 
30% by 4 years and >70% by 20 years. Importantly, 41% of splenectomized patients 
experienced at least one episode of sepsis and 9% died of overwhelming sepsis 
[54]. These poor results of splenectomy in ALPS, likely related to defective B-cell 
function, [26] indicate that splenectomy should be avoided in ALPS.  Targeting 
T-cell pathology with MMF and sirolimus in ALPS, a primary disorder of T-cell 
dysregulation, is an example of a mechanism-based treatment approach that has 
proved to be more successful than conventional B-cell therapies, despite the appar-
ent similarities between ALPS-related cytopenia and primary immune-mediated 
cytopenia [57].

�Other Primary Immune Deficiencies

Similar to ALPS, cytopenias in primary immune deficiencies tend to be chronic and 
refractory, and a steroid-sparing strategy is often needed. AIHA can be the present-
ing feature of an underlying immune deficiency in 13% of patients [3]. Immune 
cytopenia can be the predominant feature of immune dysregulation or a first sign 
preceding other classic features. The presence of multilineage, refractory, or chronic 
cytopenias should prompt the clinician to investigate for an underlying primary 
immune deficiency. In addition, the presence of systemic autoimmune involvement, 
recurrent or opportunistic infections, and poor growth in children should raise the 
index of suspicion. The mechanisms of immune cytopenia are heterogeneous in this 
setting, but likely involve a failure to suppress autoreactive lymphocytes. Recently, 
a more targeted, mechanism-based second-line treatment approach has been used in 
this setting, resulting in better outcomes for this historically difficult-to-treat sub-
group [57].

Common variable immune deficiency (CVID) is a heterogeneous group of disor-
ders characterized by hypogammaglobulinemia, poor specific antibody titers, 
increased infections, and propensity to both autoimmune diseases and malignancy. 
Isolated AIHA can be diagnosed in 3–7% and Evans syndrome in 4% of CVID 
cases [57]. Notably, autoimmunity is diagnosed before the diagnosis of CVID is 
made in 49% of patients [58, 59]. Classical CVID is considered a primary B-cell 
disorder; however, true combined cases also exist. Rituximab provides a reasonable 
durable response in 59% of patients with resistant cytopenia. However, 24% of 
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patients receiving rituximab developed severe bacterial infections, although most 
had previous splenectomy or were not receiving IVIG replacement therapy [60]. 
Patients with CVID or underlying immune deficiencies, who are considered for 
rituximab, should be counseled on the infectious risks, and immunoglobulin levels 
should be monitored routinely for possible replacement.

The cytotoxic T-lymphocyte antigen-4 haploinsufficiency (CTLA-4) and the 
lipopolysaccharide-responsive beige-like anchor (LRBA) deficiency are two 
recently described genetic immune deficiencies that cause regulatory T-cell defects 
leading to lymphoproliferation, variable immune deficiency, and immune cytope-
nia. AIHA is diagnosed in up to 28% and 57% of CTLA-4- and LRBA-deficient 
patients, respectively [61, 62]. Since immune dysregulation in both conditions is 
caused by CTLA-4 protein loss, the CTLA-4 agonist immunoglobulin abatacept has 
resulted in improvement of lymphoproliferation and autoimmune features in few 
patients who were resistant to several immunosuppressive therapies [63, 64]. An 
additional example of a successful targeted approach is the successful use of the 
JAK/STAT inhibitor ruxolitinib in controlling life-threatening autoimmune cytope-
nia in a patient with a STAT1-gain-of-function mutation [65].

�Systemic Lupus Erythematosus

A diagnosis of systemic lupus erythematosus (SLE) underlies 4–10% of warm 
AIHA cases [66, 67]. A positive DAT is part of the diagnostic criteria for SLE, but 
does not always cause hemolytic anemia or require specific treatment for 
AIHA. When needed, corticosteroids are the preferred first-line therapy in SLE-
related AIHA.  Despite an excellent initial response, about one third of patients 
relapse, [68] so higher doses or prolonged courses of corticosteroids are commonly 
needed to treat SLE-related AIHA.

Second-line therapies used in primary AIHA have all been used in SLE. Rituximab 
was effective in treatment of refractory AIHA in childhood-onset SLE in two stud-
ies [69, 70]. Despite the risk of prolonged B-cell depletion, especially in patients 
with baseline hypogammaglobulinemia, the infection risk was low [70]. Splenectomy 
appears to have only short-term efficacy [68]. In a recent prospective study of siro-
limus in refractory autoimmune cytopenia, two patients with SLE-related cytopenia 
had a durable complete response within 3 and 12 months of starting therapy [34]. 
MMF was also successful in treating SLE-related AIHA in case reports [71, 72].

�Cold AIHA

Cold AIHA, characterized by the presence of RBC autoantibodies that bind prefer-
entially at cold temperatures, is typically a secondary disease. The most common 
form, Cold Agglutinin Disease (CAD), is a chronic disease of adults caused by 
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monoclonal IgM antibodies against erythrocyte carbohydrate antigens, most com-
monly associated with IgM monoclonal gammopathy of undetermined clinical sig-
nificance (MGUS) or other lymphoproliferative diseases [73]. Other malignancies 
and autoimmune diseases have also been associated with CAD. In general, CAD is 
a long-term disease that affects the elderly (median age 72 years) and is often resis-
tant to therapy. Conversely, CAD in children is caused by polyclonal IgM antibodies 
that are almost always post-infectious or para-infectious and spontaneously resolve, 
although treatment of the infection may speed resolution [3]. Mycoplasma and 
Epstein-Barr virus are the most common infections associated with CAD, but other 
bacteria and viruses have also been implicated.

Pharmacologic treatment of CAD is not always necessary. Supportive measures 
focused on avoiding cold exposure and pre-warming of blood products and fluids 
are the cornerstone of acute management to avoid exacerbation of hemolysis [73]. 
Blood transfusions can be given safely in CAD.  Because of the nature of cold-
reacting antibodies, blood compatibility should be performed strictly at 37 °C to 
exclude alloantibodies [14]. The use of in-line blood warmer may decrease autoan-
tibody binding to the transfused erythrocytes.

Additional therapy is typically reserved for patients with symptomatic anemia 
who are transfusion-dependent or have circulatory compromise. In contrast to warm 
AIHA, CAD is not responsive to corticosteroids or splenectomy, since it is not IgG-
mediated. Steroid use is discouraged in CAD [2]. Corticosteroids have a partial 
effect in 14–35% of cases; however, the need for unacceptably high doses of ste-
roids to maintain remission in CAD has restricted their use [73, 74]. Because the 
clearance of complement-opsonized RBC occurs primarily in the liver, splenectomy 
is not effective and should not be performed in CAD. Eighty percent of patients who 
underwent splenectomy required further therapy [73]. Monotherapy with chloram-
bucil or cyclophosphamide has shown limited effect in small series [8, 74].

Rituximab has become the standard first-line therapy for adults with CAD. In 
this setting, targeting the pathogenic B-cell clone with rituximab is associated with 
a partial response rate of 45–80%, with a median duration of 11 months to 2 years 
[73, 75]. Although a large proportion eventually relapse, similar responses were 
observed when rituximab was repeated. In addition, the combination of rituximab 
with either fludarabine or bendamustine seems to have better and more durable 
response than rituximab alone. In 29 patients treated with fludarabine and ritux-
imab, 76% responded including a complete response in 27%, with an estimated 
median response duration >66 months. Among 10 patients who failed rituximab 
monotherapy initially, this combination therapy was associated with a response rate 
of 70% [76]. Because of higher toxicity associated with this regimen, combination 
therapy is usually reserved for patients who fail multiple rounds of rituximab. 
Recently, the combination of rituximab and the antineoplastic bendamustine was 
reported to have a response rate of 71% in adults with CAD, including a 50% 
response rate in patients who were previously treated with fludarabine and ritux-
imab [77].

Plasmapheresis has a salutary but limited effect in CAD management, primarily 
during acute hemolysis or during preoperative preparation in patients with high cold 
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agglutinin titers, to minimize hypothermia-exacerbated hemolysis [2, 73]. 
Bortezomib led to transfusion independence in a severe case refractory to rituximab 
[78]. Finally, because of the role of complement activation in CAD, theoretically, 
targeting the complement system itself could be a successful strategy in manage-
ment. Anticomplement agents eculizumab and C1-esterase inhibitor were success-
ful in two cases of severe disease refractory to rituximab [79, 80].

Paroxysmal cold hemoglobinuria (PCH) is a rare form of AIHA that features cold-
reactive IgG antibodies, typically against the erythrocyte P antigen, which fix com-
plement avidly and lead to acute hemolytic anemia. PCH is frequently identified after 
a bacterial or viral infection and is usually self-limiting. Depending on the amount of 
intravascular hemolysis and degree of anemia, blood transfusion may be necessary at 
the time of clinical presentation. In severe PCH cases, corticosteroids may be addi-
tionally required, although their effectiveness has not been tested rigorously [2].

�Conclusions

The treatment of AIHA is based primarily on historical clinical experience and few 
trials to provide evidence-based guidelines. Corticosteroids are the preferred first-
line treatment in all forms of warm AIHA. Rituximab, splenectomy (in adults), and 
MMF/sirolimus (in children) are often used as second-line therapies (Fig.  6.2). 
Comparative studies are needed to establish the best second-line therapy. Diagnosing 
a primary immune deficiency in children with AIHA has significant therapeutic 
implications. Understanding the immune mechanisms underlying different forms of 
AIHA leads to better directed therapies that are more effective and less toxic. Cold 
AIHA in children is usually postinfectious and self-resolving. Rituximab is now the 
first-line therapy in adults with monoclonal cold agglutinin disease. Large-scale 
international studies are needed to generate evidence that changes the management 
of AIHA from opinion-based, currently, to evidence-based.
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Chapter 7
Evans Syndrome: Background, Clinical 
Presentation, Pathophysiology, 
and Management

Amanda B. Grimes

�Introduction

Evans syndrome (ES) is defined as the presence of autoimmune cytopenias affect-
ing two or more blood cell lines, either simultaneously or sequentially. Most often, 
this refers to the combination of autoimmune hemolytic anemia (AIHA) and 
immune thrombocytopenia (ITP) but can include autoimmune neutropenia (AIN) as 
well. The etiology of ES has historically been attributed to pathologic autoantibody 
production against the blood cells, with the true underlying cause remaining 
unknown. However, recent advances in our understanding of this complex disorder 
have revealed frequent association with more well-described underlying disorders 
of immune regulation. Nevertheless, “idiopathic” ES still precedes the diagnosis of 
an underlying autoimmune disorder or immunodeficiency in the majority of cases 
[1]. Improved insight into the pathology behind ES over the recent years highlights 
the importance of thorough investigation for underlying immune disorders when 
applying this “diagnosis of exclusion.” This chapter will thoroughly review the 
background, clinical features, pathophysiology, and management of ES.

�Background

�History

Observations of leukopenia, thrombocytopenia, and hemolytic anemia co-occur-
ring in the same patient were first reported in the 1940s [2–5], and most com-
monly noted are thrombocytopenia and hemolytic anemia [6]. However, it was 

A. B. Grimes, MD 
Baylor College of Medicine, Texas Children’s Hospital, Houston, TX, USA
e-mail: abgrimes@txch.org

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-73269-5_7&domain=pdf
mailto:abgrimes@txch.org


126

Evans and Duane who first discussed the implications of this finding in 1949 
[6], postulating that the neutropenia and thrombocytopenia in these patients with 
acquired hemolytic anemia were “due to the presence of an immune body with 
a broader range of activity than the red cells or to a separate immune substance 
or substances more specific for platelet and white cell tissue.” It was also at this 
time that the etiologies of “splenic neutropenia” and “classic thrombocytopenic 
purpura” were called into question, with Evans and Duane noting that “abnor-
mal immune mechanisms could account for both excessive destruction…and 
deficient formation” [6]. Furthermore, in 1951, they suggested that the terms 
“hypersplenism and splenic panhematopenia should be supplanted, since it is evi-
dent that the spleen alone is not at fault in these diseases” [7]. In the subsequent 
years, the pathologic immune function driving both ITP (see Section “Platelet 
Autoantibodies” in Chap. 2) and AIHA (see Section “Historical Perspective” in 
Chap. 5) has been better elucidated; and unifying underlying disorders of immune 
regulation, such as common variable immunodeficiency (CVID) or autoimmune 
lymphoproliferative syndrome (ALPS), have been identified as drivers of ES more 
and more frequently [8].

Canale and Smith first described an ALPS-like phenotype in 1967, reporting five 
pediatric cases with a constellation of findings including generalized lymphade-
nopathy, hepatosplenomegaly, and immunological aberrations (autoimmune mani-
festations and/or abnormal immunoglobulin levels), causing them to postulate that 
the pathology driving these collection of symptoms was a “primary immunological 
disorder” [9]. Further studies of “Canale-Smith syndrome” throughout the follow-
ing years led to the discovery of impaired lymphocyte apoptosis in the 1990s, spe-
cifically via defects in the Fas receptor, which transduces the intracellular signals 
necessary to initiate apoptosis [10], finally yielding an explanation for the autoim-
munity and lymphoproliferation seen in this disease. With a unifying pathology and 
clinical phenotype, the syndrome was termed autoimmune lymphoproliferative syn-
drome (ALPS) moving forward; and subsequent investigations have identified sev-
eral associated mutations in the FAS gene pathway, resulting in known genetic 
etiologies in >70% of patients with ALPS currently [11].

�Definitions/Terminology

As noted previously, ES is a descriptive terminology, with classical definitions 
evolving over the years. Whereas the syndrome was previously defined strictly as a 
direct antiglobulin test (DAT)-positive hemolytic anemia plus ITP occurring simul-
taneously or in succession in the absence of a clear underlying diagnosis, it is now 
defined as autoimmune destruction of at least two hematologic cell lines, in which 
other diagnoses have been excluded [7, 12–15]. However, given that several years 
may elapse before underlying diagnoses are identified, the term “primary ES” refers 
to true idiopathic ES, and the term “secondary ES” refers to ES that is secondary to 
an identifiable well-defined disorder of immune regulation.
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The changing definition of ES over the years affects the way in which studies can 
be compared, and the rarity of the disease and exclusionary nature of the diagnosis 
have made formal study of ES somewhat challenging. However, uniform definitions 
and inclusion criteria, as well as better understanding of the underlying pathology, 
have helped to make ongoing investigation in ES more productive.

�Clinical Presentation

�Epidemiology

The true incidence of ES in children and adults is unknown, given the relative rarity 
of this syndrome, as well as the varying and evolving definitions over the years. 
Recently, there are few larger series reported in children [16] and adults [17] with 
ES, but most of the literature is limited to case reports (<100 in the last 30 years) [16] 
and retrospective series, with inconsistent definitions and little long-term follow-up. 
However, the incidences of ITP and AIHA individually have been better established; 
and ES reported within the ITP and AIHA literature therefore allows for some esti-
mation of ES incidence. ITP is diagnosed in 5–10 per 100,000 children per year 
[18–20] and ~3.5 per 100,000 adults per year [18, 21], while AIHA is diagnosed in 
1–3 per 100,000 children and adults per year [22–24]. Most available data place the 
occurrence of ES among ITP patients at ~1%; [20, 21, 25] while the incidence of ES 
reported among those with AIHA is more variable, but consistently higher than in 
ITP, ranging from 13 to 73% [12–15, 26]. It should also be noted that the incidence 
of ES among chronic ITP patients is significantly higher than that among the gener-
alized ITP population, cited at 6.7% in one large series of patients with chronic ITP 
[27]. Overall, most recent incidence data for ES [15, 16] remains consistent with 
older data from the 1960s to 1980s [28], reporting diagnosis of ES in 0.8 to 3.9% of 
all patients with either ITP or AIHA as the initial presentation. The average age at 
presentation among pediatric patients diagnosed with ES is around 5 years [1, 16]. 
No specific ethnic or gender predilection is noted among patients diagnosed with ES 
[12–14, 28], although there appears to be a tendency for male predominance in 
younger ES patients and female predominance in older ES patients [16, 17, 21].

�Clinical Features

In both children and adults, the largest series of ES patients to date have shown 
AIHA and ITP to occur simultaneously upon initial presentation about half of the 
time (~48% of children and 55% of adults) [15–17]. However, many patients ulti-
mately diagnosed with ES will present initially with only one autoimmune cytope-
nia—ITP first in ~29% and AIHA first in ~24% of children and 16% of adults 
[15–17]. AIN is present in 20% of children [16] and ~15% of adults with ES [17]. 
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Clinically, patients with ES will present with symptoms related to the autoimmune 
cytopenia/s of which their syndrome is comprised (i.e., symptomatic anemia, jaun-
dice, evidence of hemolysis in AIHA, or petechiae, bruising, and bleeding in ITP); 
and the clinical features of these entities are discussed in detail within their respec-
tive sections of this book. As opposed to the acutely presenting single lineage auto-
immune cytopenias ITP, AIHA, and AIN, however, ES is often a chronic, relapsing, 
and treatment-refractory disease [13, 14, 16, 26]—especially ES which is deter-
mined to be secondary to an underlying disorder of immune regulation [16, 29]. 
Therefore, the diagnosis of ES should be considered even at the onset of a single 
lineage autoimmune cytopenia such as ITP or AIHA, as sequential autoimmune 
cytopenias occur an average of 2.4–4.2 years following diagnosis of the initial auto-
immune cytopenia [15–17] but may still be more symptomatically severe at presen-
tation [8, 16, 26].

Notably, mortality among patients with ES is reported to be as high as 10% in 
children [16] and as high as 24% in adults [17]—a mortality rate which is signifi-
cantly increased above that seen among patients with ITP, AIHA, or AIN alone. For 
example, among a French cohort of 265 prospectively enrolled children diagnosed 
with AIHA from 2004 to 2007, overall mortality among children with AIHA was 
4%, but among the subset of children with both AIHA and ITP (defined as ES), 
mortality was 10% [15]. Although the mortality is not clearly linked to cytopenia-
related complications in all cases, it is notable that ES-related morbidity and mortal-
ity is consistently higher than that in any other autoimmune cytopenia alone.

�Etiology

Although ES is traditionally known as an “idiopathic” condition, well-defined 
immune disorders are now being ultimately identified as the etiology of disease in 
~50% of ES cases [1, 17]. The most commonly identified diseases driving ES are 
ALPS [30, 31], CVID [1, 15, 17, 32], and systemic autoimmune disease, most often 
systemic lupus erythematosus (SLE) [1, 16, 17]. With rapidly improving diagnostic 
capabilities, including increased access to genomic data, it is expected that inher-
ited immunologic diseases responsible for driving the autoimmunity of ES will be 
increasingly identified [33]. Even as recently as 2015 though, the French reported 
that among a cohort of 156 children with Evans syndrome, a definitive underlying 
immune disorder was identified in only 10% of patients—2% with ALPS and 8% 
with SLE. However, 60% were noted to have more non-specific immune abnor-
malities such as lymphoproliferation, other autoimmune diseases, and hypogamma-
globulinemia, which did not immediately meet diagnostic criteria for any formally 
recognized lymphoproliferative, autoimmune, or immunodeficiency syndrome, but 
for whom further immunologic investigation is ongoing [16]. Many similar cases are 
reported in the literature, with clear immunological aberrancies, including lymph-
adenopathy and/or hepatosplenomegaly, hypogammaglobulinemia, and autoim-
mune cytopenias, but still not meeting criteria for a unifying immune dysregulation 
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diagnosis [34]. Importantly though, these unclassified cases appear to behave clini-
cally similarly to secondary ES, requiring second-line therapies significantly more 
frequently (72%) than primary (or idiopathic) ES (55%) [16]. This highlights the 
importance of ongoing investigation in these cases with unclassified underlying 
immunopathology, as novel diagnostics and better defined immune disorders are 
continually emerging [33] and may uncover better targets for directed therapies.

The three most common etiologies underlying the clinical manifestations of 
ES—ALPS, CVID, and systemic autoimmune disease, most commonly SLE—will 
be further discussed here.

�ALPS

Following the characterization of ALPS during the 1990s [10, 35–40], Teachey and 
colleagues first reported the association of ALPS with idiopathic ES, finding diag-
nostic evidence of underlying ALPS as defined by chronic nonmalignant lymphop-
roliferation, defective in  vitro Fas-mediated lymphocyte apoptosis, and elevated 
TCRα/β+CD3+CD4−CD8− double-negative T (DNT) cells in peripheral blood or 
lymphoid tissue, in 50% of idiopathic ES patients followed at their institution over 
a 5-year period [30]. A follow-up multi-institutional study in 2010 confirmed prior 
findings, with 21 of 45 pediatric ES patients (47%) meeting diagnostic criteria for 
ALPS [31]. Although the largest pediatric ES cohort recently published did not cor-
roborate these findings, reporting a known diagnosis of ALPS in only 3 of the 156 
children with ES, there were no ALPS-directed investigations deliberately con-
ducted among this population, offering a likely explanation for this inconsistency; 
and further immunologic investigations are now ongoing among that cohort [16]. In 
another recent pediatric ES series including 23 patients, 30% were identified as hav-
ing features of ALPS [1]. In order to streamline ongoing investigations within the 
field, revised diagnostic criteria and classification for ALPS were released following 
the NIH international workshop in 2009, with hopes of standardizing the diagnosis 
of ALPS and modernizing the classification to rely less heavily on outdated and 
cumbersome testing techniques such as Fas-mediated apoptosis assays and more 
heavily on the highly sensitive and specific DNT cell testing, as well as the newer 
mutation-specific variations of disease [41]. Regardless of these nuances, however, 
the strong association between ALPS and ES is clear and will likely be further clari-
fied in the years ahead.

�CVID

The prevalence of autoimmune cytopenias in CVID is ~10–20% [42–47], with one 
large series of 990 CVID patients specifically reporting ES in 3.8% of patients [47] 
and a smaller series of 326 CVID patients corroborating these findings, with a 3.4% 
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incidence of ES reported [42]. Importantly, the autoimmune cytopenias appear to 
precede the diagnosis of CVID more than 50% of the time [42, 48]; and the inci-
dence of CVID among pediatric ES patients is reported at ~10% on average [1, 15], 
although some smaller series report CVID incidence up to 83% in pediatric ES 
patients [32]. The incidence of CVID among adults with ES is consistently lower 
than that seen in pediatric ES, reported at 6% in the largest adult ES cohort to date 
[17]. As a rule, ES is strongly and frequently associated with CVID, and all ES 
patients should be screened for this condition.

�Systemic Autoimmunity

Autoimmune cytopenias may also be a presenting manifestation of systemic auto-
immune disease; and systemic autoimmunity is in fact diagnosed in ~8% of pediat-
ric ES patients [1, 16] and 21% of adult ES patients [17]. However, patients meeting 
diagnostic criteria for a systemic autoimmune disease such as SLE are no longer 
classified with the diagnosis of ES or secondary ES, as their autoimmune cytopenias 
are considered part of their primary autoimmune diagnosis and should be treated 
accordingly. As noted, SLE is the most common autoimmune disease diagnosed in 
patients with ES [16, 17], but other primary autoimmune diseases may be associated 
with ES as well, including Hashimoto’s thyroiditis, type 1 diabetes [1], antiphos-
pholipid antibody syndrome, and Sjögren syndrome [17]. At a minimum, however, 
ES patients should be screened for SLE [29].

Although significant advances have been made with regard to understanding the 
underlying pathogenesis of disease in ES, etiology remains unknown in ~50% of 
cases [1, 17]. However, “idiopathic” ES remains a diagnosis of exclusion, and thor-
ough investigation for an underlying etiology should be completed in these cases. 
Given the above well-established associations, both children and adults should be 
screened for ALPS, CVID, and SLE, while screening in adults should also likely 
be expanded to include infectious etiologies such as human immunodeficiency 
virus (HIV) and hepatitis C virus (HCV), in addition to malignancies, as leuke-
mias and lymphomas are reported in ~10% of adults with ES (compared to 0% 
in children with ES) [17, 29]. Beyond these routine recommendations, however, 
investigation should be conducted as clinically indicated, given the wide array of 
clinical entities capable of driving ES, including infections, drugs, vaccinations, 
immunodeficiencies (combined immunodeficiencies, DiGeorge syndrome, selec-
tive IgA deficiency), autoimmune diseases, lymphoproliferative diseases, hemo-
phagocytic disorders, malignancies, and disorders of immune regulation, both 
well-established (immunodysregulation polyendocrinopathy enteropathy X-linked 
[IPEX] syndrome) and novel (cytotoxic T-lymphocyte antigen-4 [CTLA] defi-
ciency, lipopolysaccharide-responsive beige-like anchor [LRBA] deficiency, acti-
vated phosphoinositide 3-kinase delta [PI3KD] syndrome, MonoMAC syndrome, 
and others) [26].
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�Pathophysiology

�Evans Syndrome

The pathophysiology in ES is largely attributed to that of its individual compo-
nents, ITP, AIHA, or AIN, which is described in detail within each respective sec-
tion of this book. Traditionally, autoimmune cytopenias in ES have been ascribed 
to aberrant autoantibody production and the cascade of downstream events that 
follows, with more recent delineation of the role of cell-mediated immunity in the 
pathogenesis of disease as well. However, ES is unique in that a unifying underly-
ing immune pathology has now been identified in ~50% of cases [1, 17], which 
allows for better understanding of the true mechanisms of pathogenesis in these 
cases of secondary ES.

The pathophysiology behind the most common underlying etiologies in ES, as 
well as some of the rarer and/or novel associated disorders of immune dysregula-
tion, will be discussed briefly here.

�ALPS

ALPS is a syndrome in which lymphocyte homeostasis is disrupted due to muta-
tions affecting the FAS apoptotic pathway, resulting in aberrant lymphocyte sur-
vival, chronic lymphoproliferation, dysregulated immune tolerance, and 
autoimmunity [11, 29, 30, 49]. Fas expressed on the surface of activated B and T 
lymphocytes and Fas ligand expressed on activated T lymphocytes normally inter-
act to trigger activation of the intracellular caspase cascade, leading to cellular 
apoptosis (Fig. 7.1) [29]. This apoptotic pathway typically functions to downregu-
late the immune response by eliminating excess activated and autoreactive lympho-
cytes but is rendered dysfunctional via mutations in FAS (60–70%), FASL (<1%), 
and CASP10 genes (2–3%) in patients with ALPS [11]. This results in the persis-
tence of TCRα/β+CD3+CD4−CD8− double-negative T (DNT) cells characteristic of 
this condition, as well as the characteristic clinical phenotype of chronic lymphop-
roliferation and autoimmunity.

Although the result of defective Fas-mediated apoptosis is best described as a 
disruption in lymphocyte homeostasis, there are many other downstream disrup-
tions of immunologic balance which account for both the cell-mediated and humoral 
autoimmunity seen in ALPS. There is a B and T cell lymphocytosis, comprised of 
abnormally persistent and abnormally activated lymphocyte populations, both in the 
peripheral blood and in the tissues. These appear to promote an immune milieu 
which downregulates T-helper 1 (Th1) responses and upregulates T-helper 2 (Th2) 
responses, as evidenced by the significantly increased levels of interleukin-10 (IL-
10) seen in ALPS patients as compared to controls and other diseases states, and the 
decreased levels of Th1 cytokines [49]. The source of IL-10 production is not 
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entirely clear, though monocytes and macrophages from patients with ALPS have 
been demonstrated to produce ~5-fold more IL-10 than controls [49]; and evidence 
of potentially constitutive IL-10 expression by the DNT cell population in patients 
with ALPS has also been demonstrated [50]. IL-10 not only drives T cell 
differentiation toward a Th2 phenotype but also induces the anti-apoptotic protein 
Bcl-2  in both B cells and T cells, leading to further pathologic persistence and 
expansion of autoreactive lymphocytes. Th2 cytokines also stimulate T and B cell 
interactions necessary for autoantibody production, which could explain the exces-
sive autoantibody production seen in ALPS [49].

Predictably, clinical and immunobiological phenotypes vary somewhat within 
ALPS, as explained by the variable genetics of the disease. Given our evolving 
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understanding of the genetic pathogenesis, a gene-based classification system for 
ALPS was instituted following an international consensus conference at the NIH in 
2009 [41]. The largest category, “ALPS-FAS,” encompasses disease caused by 
germline mutations in FAS, which are generally inherited in an autosomal dominant 
fashion [51] and occur in 60–70% of patients affected by ALPS [11]. These are 
generally heterozygous, dominant negative mutations (i.e., producing a dominant or 
semidominant phenotype by acting antagonistically to the wild-type allele), which 
affect the intracellular domain of the fas-activating death domain [11]. However, 
~30% of FAS mutations affect the extracellular domain of the fas-activating death 
domain and result in haploinsufficiency instead [52]. As opposed to dominant nega-
tive intracellular FAS mutations, which generally result in absence of fas activity 
and higher disease penetrance, these haploinsufficient extracellular mutations gen-
erally lead only to a decrease in Fas activity, which results in less disease penetrance 
[11, 52]. Somatic FAS mutations occur in ~10% of patients with ALPS and are cat-
egorized under “ALPS-sFAS” [11]. These somatic mutations are predominantly 
limited to the DNT cell compartment but produce a similar clinical phenotype to 
that of germline FAS-mutated patients, except that patients with germline mutations 
generally present with ALPS at a younger age [11]. Some crossover between the 
two categories of FAS mutations (ALPS-FAS and ALPS-sFAS) may still occur, as 
FAS mutations have variable penetrance, and some mutations require a second “hit” 
to result in clinically evident disease [11]. As an example, a small subset of ALPS 
patients with multiple FAS mutations have been identified, in whom a primary het-
erozygous germline FAS mutation results in no clinical evidence of disease but a 
somatic FAS mutation affecting the second allele produces clinical disease [53]. 
Furthermore, ALPS phenotypes have been described, in which both a FAS gene 
mutation and a second mutation in the PRF1 (perforin) gene [54] or the CASP10 
gene [55] were identified, and family members carrying only one of the mutations 
had no clinical features of disease. The remaining categories used to classify ALPS 
are “ALPS-FASL,” encompassing <1% of patients with germline FASL mutations; 
“ALPS-CASP10,” encompassing 2–3% of patients with germline CASP10 muta-
tions; and “ALPS-U,” which includes the remaining 20–30% of patients, in whom 
no mutation has yet been identified [11].

�CVID

In contrast to ALPS, CVID is thought to be the result of multiple genetic, envi-
ronmental, and immunologic factors, as no single causative mutation or pathway 
of mutations has been identified [56]. The defining features of the disease—hypo-
gammaglobulinemia and impaired antibody responses [57]—provide clear ratio-
nale for the infectious complications common to this condition. However, as 
immunoglobulin replacement therapy has become standard practice, infectious 
complications have been surpassed by the autoimmune and lymphoproliferative 
complications of disease. Interestingly, the co-occurrence of autoimmune cytopenias, 
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lymphoproliferation, and granulomatous disease is common within CVID [46, 58]. 
In a large cohort of 990 patients with CVID in the US Immunodeficiency Network, 
noninfectious CVID complications, such as lymphoproliferation, granulomatous 
disease, lymphoma, hepatic disease, enteropathy, and interstitial, granular, or nodu-
lar lung disease, occurred at a significantly increased rate among CVID patients 
with autoimmune cytopenias (69.4%) compared to those without autoimmune 
cytopenias (43.5%) [47]. This shared phenotype of autoimmunity and lymphop-
roliferative complications among this subset of CVID patients suggests a common 
underlying immunopathology.

While the immune dysregulation in CVID is classically thought to result from 
impaired B cell maturation [33], there are many complex immune mechanisms at play 
in the pathology of this diverse and multifaceted disease. For example, decreased 
levels of regulatory T cells have been noted in CVID complicated by autoimmunity 
[59, 60]. However, B-lymphocyte development certainly remains key to the pathology 
of disease, as impaired B cell maturation may result in altered B cell receptor signal-
ing pathways, ultimately resulting in failure of central tolerance checkpoints. When 
central tolerance induction fails, autoreactive B cells normally selected for receptor 
editing or blocked development will evade detection and escape to the periphery 
unchecked [61, 62]. Decreased levels of isotype-switched memory B cells, suggesting 
defective germinal center development [58], and greater preservation of IgM produc-
tion, suggesting potential defects in T cell involvement in immunoglobulin switching 
[43], have been associated with the development of autoimmunity in CVID as well. 
These associations have been further strengthened by the discovery of mutations in 
the TNFRSF13B gene encoding tumor necrosis factor receptor family member TACI 
(transmembrane activator and calcium-modulator and cyclophilin ligand receptor), 
which mediates isotype switching in B cells. These mutations are linked to the devel-
opment of CVID, with a high association of autoimmune and lymphoproliferative 
complications [63, 64]. Furthermore, expansion of certain B cell populations have 
been identified in CVID-related autoimmunity, namely, CD19hiCD21lo/neg B cells [65], 
which appear to express germline autoreactive antibodies [66].

�Systemic Autoimmunity

Autoimmune cytopenias are a common feature of systemic autoimmune diseases 
and, as such, are included in the classification and diagnostic criteria for these dis-
eases, rather than being considered as a “secondary” phenomenon of a separate 
underlying pathology. However, these autoimmune cytopenias may be an initial 
presentation of disease and therefore considered idiopathic until the underlying 
autoimmune disease is ultimately diagnosed. Among patients with SLE compli-
cated by ES, for example, ~50% may be diagnosed with hematologic abnormalities 
(i.e., AIHA and/or ITP) months to years before developing full-blown clinical mani-
festations of SLE [67]. As expected, the pathophysiology of ES in the spectrum of 
these autoimmune diseases is quite diverse but also specific to the individual disease 
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complex with which it is associated—a scope which is too broad to be covered here. 
However, one of the most prominent and unifying pathologic features of systemic 
autoimmunity is the failure to induce lymphocyte tolerance. Defective apoptosis in 
immature B cells, unbalanced pro-survival signals (i.e., as provided by BAFF [B 
cell activating factor]), and altered B cell receptor signaling are all cited as contrib-
uting to the failure of central and peripheral B cell tolerance induction in systemic 
autoimmunity [61, 62, 68]. Defective T cell tolerance may result from the failure to 
generate regulatory T cells or to anergize immature T cells which express autoreac-
tive T cell receptors [62].

In SLE, humoral autoimmunity is largely implicated in the generation of autoim-
mune cytopenias, with immunological changes including increased plasma cell pre-
cursors [65], expansion of CD19hiCD21lo/neg B cells [65] which appear to be anergic 
but express germline autoreactive antibodies [66], and several hematologic-specific 
autoantibodies identified. These include autoantibodies to the c-Mpl, or thrombo-
poietin receptor [69, 70], and antiplatelet glycoprotein antibodies (anti-GPIIb/IIIa) 
[70, 71] in patients with SLE-related ITP, as well as anti-CD40L autoantibodies, 
which have been identified in patients with both ITP and AIHA in the setting of 
SLE, but do not appear to be expressed in SLE without autoimmune cytopenias 
[71]. CD40L is expressed on the surface of activated CD4+ T cells, as well as acti-
vated platelets, and these autoantibodies are thought to play a role in the dysregula-
tion of lymphocyte tolerance and immune complex pathology, as well as potential 
augmentation of antiplatelet activity [71]. Additionally, the complement deficiency 
which is well-described in SLE [33], most notably involving C4, is significantly 
more pronounced in patients with ITP related to SLE [72] and ES related to SLE 
[67] as compared to patients with “primary” ITP or ES or SLE not complicated by 
autoimmune cytopenias [67].

�Novel and Miscellaneous Disorders of Immune Dysregulation

In addition to these more well-defined entities, several ALPS-like syndromes and 
ALPS-CVID overlap syndromes have been described, in which clinical phenotypes 
including multilineage autoimmune cytopenias that may be initially identified as ES 
indicate similar underlying immune dysregulation. These syndromes are now being 
better defined and increasingly recognized among this population of patients. The 
most recently revised classification system for ALPS not only provides subclassifi-
cations for ALPS but also provides a classification system for ALPS-related disor-
ders [41]. This includes RAS-associated autoimmune leukoproliferative disease 
(RALD), associated with somatic mutations in the NRAS or KRAS genes [41, 73, 
74]; Dianzani autoimmune lymphoproliferative disease (DALD), in which an asso-
ciated gene mutation has not yet been identified; and other classes in which lympho-
proliferation and immunodeficiency, rather than autoimmunity, are more prominent 
features, including caspase 8 deficiency state (CEDS) [55, 75] and X-linked lym-
phoproliferative syndrome (XLP1) [41].
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RALD is defined clinically by autoimmune cytopenias, monocytosis, and lym-
phoproliferation but may or may not fulfill all the diagnostic criteria for ALPS or 
exhibit typical elevation of IL-10, soluble FASL, or vitamin B12 levels, although 
the typical ALPS features such as elevated DNT cell population appear to be present 
more frequently in the NRAS-mutated variant [73, 76] than in the KRAS-mutated 
variant [74]. Importantly, there is no FAS pathway mutation, and the defective apop-
tosis noted in RALD is not Fas-mediated. RAS genes (including NRAS and KRAS) 
encode small GTP-binding intracellular signaling proteins which function in a vari-
ety of roles, including cell proliferation, growth, and apoptosis [77]. Germline acti-
vating mutations in NRAS augment RAF/MEK/ERK signaling, which decreases the 
pro-apoptotic protein Bcl-2-interacting mediator of cell death (BIM) and mitigates 
cytokine withdrawal-induced intrinsic apoptosis [73]. Similarly, activating KRAS 
mutations result in impaired intrinsic T cell apoptosis via the suppression of BIM 
and also appear to expedite cell proliferation via repression of the cell cycle inhibi-
tor protein p27kip1 [74]. DALD is also defined clinically by the autoimmunity and 
immunodeficiency typical of ALPS but distinct in that DNT cell populations are 
often not elevated, and despite evidence of defective Fas-mediated apoptosis, there 
are no identifiable FAS gene mutations. The defective apoptosis appears at least in 
part due to impaired ceramide-induced cell death, which indicates that DALD may 
be caused by downstream alterations in the Fas signaling pathway [55, 78, 79].

In today’s genomic landscape, with next-generation and ever-advancing sequenc-
ing techniques, novel immune dysregulation disorders are being identified and bet-
ter understood all the time. Some of the recently described ALPS-like syndromes 
with prominent autoimmune features are cytotoxic T-lymphocyte-associated pro-
tein 4 (CTLA-4) haploinsufficiency [80–82], lipopolysaccharide-responsive beige-
like anchor (LRBA) protein deficiency [83–85], activated phosphoinositide 3-kinase 
δ (PI3KD) syndrome [86, 87], and signal transducer and activator of transcription 
(STAT) gain-of-function mutations [88], which will be described briefly here.

CTLA-4 is an important negative regulator of immune responses [80], and 
CTLA-4 mutations which result in impaired ligand binding or CTLA-4 haploinsuf-
ficiency result in dysregulated FoxP3+ regulatory T cells, hyperactivation of effector 
T cells, progressive loss of circulating B cells (with an increase of predominantly 
autoreactive CD21lo/neg B cells), both T- and B-lymphocytic infiltrations of organs, 
and generalized disruption of lymphocyte homeostasis [81]. Clinically, CTLA-4 
haploinsufficiency is characterized by lymphoproliferation, lymphocytic infiltration 
of nonlymphoid organs, autoimmune cytopenias, hypogammaglobulinemia, and 
recurrent infections [80–82].

LRBA deficiency is characterized by a severe clinical phenotype, with early-
onset hypogammaglobulinemia and autoimmunity—with AIHA and ITP in >50% 
of cases [84] and one report of a child with LRBA deficiency and Evans syndrome 
suffering fatal complications of ITP at 8.5 months of age [89]—and a strong asso-
ciation with inflammatory bowel disease as well [84, 85, 90]. Homozygous and 
compound heterozygous LRBA mutations result in clinically relevant disease, while 
heterozygous LRBA mutation carriers appear to remain clinically unaffected [83, 
84]. Although the function of LRBA in immune function is not entirely clear, there 
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is definite evidence of disrupted B cell development, with defects in B cell differen-
tiation, defective autophagy, decreased switched memory B cells, decreased plas-
mablasts, impaired antibody responses, and hypogammaglobulinemia in LRBA 
deficiency [83, 84]; with some evidence of disrupted T cell homeostasis as well, 
given the decreased T regulatory cells also noted in these patients [84]. Recently, 
findings have led investigators to believe that LRBA may regulate the potent inhibi-
tory immune regulator CTLA-4, which explains the similar immune phenotype of 
disease seen in CTLA-4 haploinsufficiency and LRBA deficiency [91]. Further 
investigations into the true pathogenesis underlying LRBA deficiency are ongoing, 
but the significant disruption in lymphocyte homeostasis and B cell development 
clearly drives a clinically severe disease, which should be suspected and diagnosed 
early in its course.

PI3KD syndrome results from dominant-activating germline gain-of-function 
mutations in the gene encoding the PI(3)K catalytic subunit p110δ. This catalytic 
subunit is selectively expressed in leukocytes; and again, although the understand-
ing of its function in immune biology is not entirely clear, it is known to play an 
important role in adaptive immunity, at least in part via its role in mammalian target 
of rapamycin (mTOR) kinase activation [86]. In addition to activating mTOR, PI3K 
activates Akt (protein kinase B), which promotes translation of proteins including 
ribosomal s6 protein—all combining to promote differentiation of naïve T cells into 
effector T cells [86, 92–94]. The constitutively activated PI3K-Akt-mTOR pathway 
in PI3KD syndrome appears to result in a deficiency of naïve T cells and skewed 
differentiation of CD8+ T cells to short-lived then senescent effector T cells, with 
severely impaired memory T- and B cell development [86]. The resultant immune 
dysregulation is clinically characterized most commonly by lymphoproliferative 
and infectious complications (including recurrent sinopulmonary infections and 
CMV and EBV viremia), but >1/3 of patients exhibit autoimmunity as well, includ-
ing multilineage autoimmune cytopenias [87].

Gain-of-function mutations in signal transducer and activator of transcription 
(STAT) genes, in both STAT1 and STAT3, result in clinical phenotypes character-
ized by immunodeficiency, infectious susceptibility, and autoimmunity [88]. 
Sustained phosphorylation of STAT1 in STAT1 gain-of-function mutations results 
in impaired TH17 cell differentiation and exaggerated responses to interferon stimu-
lation [95]. These dysregulated T-helper cell responses generally result in a diverse 
phenotype of immune deficiency (including chronic mucocutaneous candidiasis) 
and autoimmunity [95, 96]. Similarly, STAT3 gain-of-function mutations (including 
both somatic and germline mutations) can produce diverse autoimmune and lym-
phoproliferative phenotypes [97–100], but germline mutations specifically result in 
an ALPS-like syndrome with lymphoproliferation, immunodeficiency, and autoim-
munity—with hematologic autoimmunity as a major component [99, 101]. Notably, 
ALPS-like features including elevated DNT cell populations and defective Fas-
mediated apoptosis have been identified in these disorders, with impairment of 
intrinsic apoptosis noted as well, likely via increased Bcl-2 anti-apoptotic proteins 
[101]. Upregulation of STAT3 transcriptional activity appears to produce other 
downstream signaling effects as well, with decreased phosphorylation of STAT1 
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and STAT5 in response to IFN-γ and IL-2, respectively, and decreased regulatory T 
cell populations [99].

Lastly, syndromes in which the features of ALPS and CVID overlap are now 
being increasingly identified [33, 55, 102]. While hypergammaglobulinemia is 
reported in the majority of ALPS patients [103], as opposed to the hypogamma-
globulinemia definitive of CVID, there are many overlapping immunopathological 
features occurring in these two syndromes. Namely, similar disturbances of B cell 
differentiation, most notably reduced levels of CD27+ memory B cells, are seen in 
both syndromes [102–104]. More recently, the elevated DNT cell population and 
the defective Fas-mediated apoptosis that is typical of ALPS have been identified in 
several cases of CVID [55, 102, 105]; and there is clear evidence that Fas plays a 
significant role in proper B cell maturation [102]. At the same time, hypogamma-
globulinemia much more typical of CVID has been identified in a subset of patients 
with ALPS, too [55, 102]. These “overlap” cases are complicated by autoimmune 
cytopenias, often multilineage, in >85% of cases [55]. Although few FAS gene 
mutations have been identified among these cases [102], the majority remain geneti-
cally unclassified but clinically and immunophenotypically distinct, prompting the 
hypothesis that these ALPS-CVID overlap syndromes likely result from variable 
combinations of mutations involving two or more genes, albeit potentially Fas-
mediated in some way [55].

�Management

�General Principles

ES is managed in accordance with the particular autoimmune cytopenias and 
accompanying symptoms with which a patient presents; and management of AIHA, 
ITP, and AIN are discussed in detail within their respective sections of this book. 
However, ES does tend to be a more refractory and chronic disease, often less 
responsive to frontline therapies used in the single lineage autoimmune cytopenias 
ITP, AIHA, and AIN [13, 14, 26, 29, 106, 107]. Furthermore, ES which is secondary 
to an underlying disorder of immune dysregulation such as ALPS warrants a man-
agement strategy targeting the primary problem, as well as consideration of the 
other nuances of therapeutic options, i.e., toxicities or contraindications, in the con-
text of the underlying disease. Additionally, as understanding of the pathophysiol-
ogy of ES continues to improve, targeted immune therapies are replacing the more 
non-specific immune modulation strategies of the past.

Frontline management of ES does not differ from that of frontline ITP or AIHA 
management presenting alone, with the goal of controlling acute symptoms of 
bleeding or anemia, generally with corticosteroids or with intravenous immuno-
globulin (IVIG) in the case of ITP. Children [26] and adults [17] with ES achieve at 
least partial response to corticosteroid therapy ~80% of the time. These response 
rates appear to be maintained with repeat steroid courses for relapsed autoimmune 
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cytopenias; however, the chronic relapsing course of autoimmune cytopenias in ES, 
not to mention longer treatment duration requirements in ES, necessitates consider-
ation of alternate treatment strategies in order to avoid prolonged corticosteroid 
therapy and accompanying side effects, both short- and long-term [108]. Similarly, 
the majority of ES patients who respond to frontline IVIG will have short-lived 
responses, may lose response to these therapies more quickly on repeat treatments 
[14], and will more than likely have persistent and/or relapsing disease, necessitat-
ing second-line therapies [26]. There are many “secondary” immunomodulating 
treatment options from which to choose, including azathioprine, cyclosporine, dan-
azol, 6-thioguanine (6-TG), tacrolimus, vincristine, cyclophosphamide, splenec-
tomy, alemtuzumab (anti-CD52 antibody), mycophenolate mofetil (MMF), 
rituximab (anti-CD20 antibody), and more recently rapamycin (sirolimus), and 
thrombopoietin receptor agonists (TPO-RAs) eltrombopag and romiplostim, among 
others [28, 109–111], but current advances in the understanding of ES have helped 
to narrow treatment strategies in the recent years.

�Primary Evans Syndrome

For primary ES, with no apparent underlying disorder of immune dysregulation, the 
most well-studied and efficacious therapies include rituximab, MMF, and other 
immunomodulatory agents—with an aim toward targeting the global immune dys-
regulation of ES. Rituximab, an anti-CD20 antibody which causes rapid and tar-
geted B cell depletion, results in a 75–80% initial response rate in children [112, 
113] and adults [17] with ES, with a long-term relapse-free response rate ~60% in 
adults followed for 1–3.5 years [17] and a relapse-free response rate in children 
varying from 65% [112] down to 36% in those children followed for 6 years [113]. 
Interestingly, the complete response (CR) rate was significantly higher in children 
with AIHA alone treated with rituximab (74%) compared to those with ES treated 
with rituximab (46%); and a 6-year relapse-free survival for children with ES treated 
with rituximab was significantly lower (36%) than that for children with AIHA 
alone (53%) [113]. As with all monoclonal antibodies, rituximab carries a risk of 
infusion reaction. However, infusion reactions are generally mild, with grade 3 or 4 
reactions occurring <1–9% of the time [114]. Other concerns related to the use of 
rituximab include prolonged hypogammaglobulinemia and infection risk following 
therapy. This is of particular concern in patients with known underlying ALPS, 
CVID, or other immunodeficiencies (see “Secondary Evans Syndrome” section) but 
should also be used with appropriate caution and counseling in all ES patients, 
given that some underlying disorders may take years to evolve.

MMF inactivates inosine monophosphate, a key enzyme in purine synthesis, 
inhibiting proliferation of T and B lymphocytes, and has been proven very effective 
in the treatment of ES, resulting in ~80% response rate in all patients with ES [115]. 
Importantly, the response seen with MMF is sustainable, allowing for the avoidance 
of less desirable treatment strategies or prolonged steroid exposure in many ES 
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patients [106, 115, 116]. MMF is well-tolerated in general, although the most com-
mon treatment-limiting toxicities are cytopenias (leukopenia, neutropenia, anemia) 
and GI toxicities (diarrhea, abdominal pain, and transaminitis).

In the case of chronic or refractory ITP not controlled with systemic immuno-
modulation, TPO-RAs eltrombopag and romiplostim may be used, although ideal 
therapeutic options in the setting of ES are directed at the underlying immuno-
pathology. Both eltrombopag [110, 117–120] and romiplostim [111, 121, 122] 
have shown excellent efficacy in the treatment of chronic and/or refractory ITP, 
with response rates ~80%, decreased bleeding events, improved health-related 
quality of life, and favorable adverse event profiles. However, patients receiving 
TPO-RA therapy should still be closely monitored for development of adverse 
events, including thrombosis (with both agents), transaminitis and potential cata-
ract formation (with eltrombopag), and development of neutralizing antibodies 
(with romiplostim).

�Secondary Evans Syndrome

Evans syndrome which is identified to be secondary to ALPS, an ALPS-related 
disorder, CVID, systemic autoimmune disease, or another disorder of immune dys-
regulation, requires careful strategization when considering treatment options. For 
example, while rituximab is generally an excellent treatment option for patients 
with refractory autoimmune cytopenias in ES, the response rate in patients with 
ALPS is 58%, as compared to a response rate of 76% in patients with primary ES 
[106, 112]. Furthermore, the risk of clinically significant hypogammaglobulinemia 
following rituximab therapy may be disproportionately high in patients with under-
lying immunodeficiency, including those with ALPS, given that a subset of ALPS 
patients are predisposed to develop CVID [51]. In one series, complications among 
ALPS patients treated with rituximab for refractory autoimmune cytopenias 
included prolonged hypogammaglobulinemia, prolonged impairment and/or 
absence of antibody responses, and prolonged neutropenia [106]. Therefore, ritux-
imab therapy should generally be avoided in patients with ALPS. Similarly, sple-
nectomy should be avoided in patients with ALPS, as responses in this population 
are generally short-lived and post-splenectomy toxicities are significantly more pro-
nounced [106, 123–125]. More than 70% of patients with ES related to ALPS will 
ultimately relapse following splenectomy [125], with median time to relapse of 
~1 month in one series but potentially occurring up to several years following sple-
nectomy [14, 125]. More importantly, severe invasive bacterial infections are noted 
in up to 50% of splenectomized ALPS patients, with higher risk related to a younger 
age at the time of splenectomy, overall resulting in a bacteremia-related mortality 
rate ranging from 12–22% in splenectomized ALPS patients [123–125]. This 
increased susceptibility to invasive bacterial infection among splenectomized ALPS 
patients appears to correlate with lymphoproliferation and is thought to be caused 
by accumulation of DNT cells in the spleens of these patients, which interferes with 
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correct localization of marginal zone B cells and results in an anti-polysaccharide 
IgM antibody production-specific defect [124].

On the other hand, responses to MMF are even better in patients with ALPS-
related ES than those obtained in patients with primary ES [115], with 92% sus-
tained response rate documented in ALPS patients treated with MMF for refractory 
autoimmune cytopenias [106, 116]. Additionally, Teachey and colleagues recently 
demonstrated that the mTOR inhibitor sirolimus is an effective and safe treatment 
for autoimmune cytopenias in highly refractory ES patients. Moreover, this medica-
tion is effective when used alone, thereby sparing the effects of additional steroid 
therapy. Significantly, the treatment effect was better among ES patients treated 
with sirolimus than among those with single lineage autoimmune cytopenias, with 
particularly excellent activity in ALPS [107]. The cohort of ALPS patients had rapid 
response in autoimmune cytopenias, durable CR, improvement in lymphoprolifera-
tive symptoms, and disappearance of DNT cell populations (with sparing of other 
lymphocyte populations) as well [107, 109]. The most common adverse effects 
associated with sirolimus therapy were grade 1–2 mucositis and elevations of 
triglyceride and cholesterol levels, with rarer events including hypertension, head-
ache, acne, sun sensitivity, and exacerbation of gastroesophageal reflux; but with an 
overall good safety and tolerability profile [107]. Given these findings, sirolimus is 
now considered as an earlier treatment option in ALPS patients who require chronic 
therapy [107].

Even as ES therapies are evolving toward more mechanistically driven approaches 
(i.e., targeting lymphocyte dysregulation with MMF and sirolimus in ALPS) and 
away from the broader empiric immunosuppressive approaches, work remains 
ongoing toward further honing more targeted approaches to therapy. Some of the 
genetically novel ALPS-related disorders now being described provide good exam-
ples for targeted therapeutic possibilities. For example, in the ALPS-like syndrome 
driven by NRAS mutations (RALD), RAS-inactivating drugs such as farnesyltrans-
ferase inhibitors [73] or other therapeutics directed at blocking ERK or RAS which 
are currently under development could be useful in the future [74]. For CTLA-4 
haploinsufficiency, the immunoglobulin-CTLA-4 fusion protein abatacept is avail-
able for use in restoring the immunosuppressive activity of CTLA-4. This drug has 
been reported to improve autoimmune manifestations and restore regulatory T cell 
function, as evidenced by an increase in FoxP3 expression in one case of CTLA-4 
haploinsufficiency [126]. Furthermore, Lo et al. recently reported excellent clinical 
response to abatacept in LRBA-deficient patients, corroborating the hypothesis that 
LRBA is necessary to regulate the potent inhibitory immune regulator CTLA-4, and 
highlighting the potential for CTLA-4 restorative therapy in both of these condi-
tions [91]. Another excellent example for the potential use of targeted therapies is 
PI3KD syndrome, given that hyperactivation of the PI3K-Akt-mTOR pathway is 
implicated in the pathology of this disease, and there is a readily available and safe 
medication which targets mTOR inhibition—rapamycin or sirolimus. When trialed 
in vivo, rapamycin was not only shown to decrease ribosomal protein s6 phosphory-
lation [127] but was also shown to restore naïve T cell percentages, decrease CD8+ 
T cell levels, and restore normal proliferative responses of the T cells, essentially 
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restoring a more normal balance of naïve, effector, and memory CD8+ T cell popula-
tions [86]. Additionally, clinical improvement as demonstrated by amelioration of 
lymphoproliferative symptoms was demonstrated in these patients [86]. Furthermore, 
in vitro studies utilizing the newer selective PI3Kδ inhibitor leniolisib, or CDZ173, 
resulted in decreased Akt and s6 phosphorylation [127]; and early clinical trials 
have shown similarly encouraging results, demonstrating a dose-dependent sup-
pression of PI3Kδ pathway hyperactivation as measured by decreased phosphoryla-
tion of Akt and s6 in patient cells, along with improvement in immunophenotypical 
and clinical features among patients with PI3KD syndrome [128]. Theoretically, 
STAT1 gain-of-function mutations and resultant excess STAT1 activation could be 
reduced by blocking the upstream IFN-γ receptor-associated JAK1 and JAK2; and 
in actuality, use of the JAK1/2 inhibitor ruxolitinib did in fact decrease hyperre-
sponsiveness to IFN, normalize TH1 and follicular T-helper cell responses, improve 
TH17 differentiation, and ultimately result in resolution of clinical mucocutaneous 
candidiasis and life-threatening autoimmune cytopenias in a patient with STAT1 
gain-of-function mutation [96]. In a patient with STAT3 gain-of-function mutation, 
the use of a small molecule Bcl-2 inhibitor, ABT-737, which targets the Bcl-2 
homology 3 (BH3) domain of Bcl-2, resulted in restoration of apoptosis in patient 
cells with constitutively activated STAT3 [101]. Meanwhile, given the IL-6 eleva-
tion in STAT3 gain-of-function mutations, which prolongs STAT3 phosphorylation, 
the anti-IL-6 antibody tocilizumab was also trialed in a similar patient, resulting in 
TH17 cell normalization and clinical improvement in the patient’s RA and AIHA 
[99]. These are a collection of examples in which targeted therapies may result in 
improved outcomes for these secondary ES patients in the future.

An ancillary consideration in secondary ES pertains to the increased risk for 
secondary malignancy and the need for careful surveillance in this population of 
patients. Although the increased risk for lymphoma in ALPS is not definitively 
established [11], most data suggest ~5–10% risk for secondary lymphomas in ALPS 
patients [29]. These lymphomas are most common in patients with FAS mutations 
[29], especially dominant negative intracellular mutations [52], with a lifetime risk 
of developing non-Hodgkin lymphoma cited at 14 times greater than that expected 
in the general population and for Hodgkin lymphoma, 51 times greater than that 
expected in the general population among patients with germline FAS mutations 
[129]. Additionally, CVID patients carry a higher risk of developing lymphomas as 
well [56], particularly when CVID is complicated by lymphoproliferation [43]. 
CVID-associated lymphomas are most commonly non-Hodgkin’s B cell lympho-
mas [43]; and the risk is higher when TACI mutations are involved [64].

ES therapy must be individualized, as some patients may need chronic therapy 
for recalcitrant symptomatic disease, while some patients may require only inter-
mittent therapy for occasional symptomatic disease flares [28, 29]. For example, 
patients with CVID receiving replacement doses of IVIG may respond to treatment 
doses of IVIG when complications related to autoimmune cytopenias arise [29]. 
Meanwhile, patients with systemic autoimmune disease are not expected to respond 
like either the primary or secondary ES populations described here, as their autoim-
mune cytopenias fall within the constellation of findings related to their systemic 
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disease, and treatment should be aimed toward the driving disease pathology, fol-
lowing which autoimmune cytopenias will generally respond alongside the other 
autoimmune manifestations of disease. In general, invasive therapies such as sple-
nectomy, and certainly hematopoietic stem cell transplant, should be reserved for 
multi-treatment-refractory and severely symptomatic ES patients.

�Conclusion

ES is a descriptive diagnosis, defining a condition in which two or more autoim-
mune cytopenias occur in one patient, either simultaneously or sequentially. Disease 
course is generally more chronic, severe, and treatment-refractory in ES than in 
isolated autoimmune cytopenias, likely due to the complex underlying immune dys-
regulation. Immunopathology in ES can generally be ascribed to a disturbance in 
lymphocyte development or function, such that the immune balance is tipped toward 
autoreactivity; and the genetic and biological drivers of immune dysregulation are 
now being identified in ~50% of ES cases. At this time, however, ES remains a 
diagnosis of exclusion, and a thorough investigation for underlying etiologies 
should be completed prior to making this diagnosis, especially given that treatment 
strategies may differ significantly for secondary ES.
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Chapter 8
Background and Presentation 
of Thrombotic Thrombocytopenic 
Purpura

Clay Cohen

�Historical Perspective

The first case of TTP was described in 1924 by Eli Moschcowitz in a 16-year-old 
female who presented with upper extremity weakness, fever, and pallor. She eventu-
ally succumbed to heart failure; and autopsy revealed platelet-rich thrombi in the 
terminal arterioles and capillaries of various organs [1]. Prior to universal accep-
tance of the term TTP, the disease process had many different names, including 
Moschcowitz’s disease, thrombocytic acro-angiothrombosis, and platelet thrombo-
sis syndrome. A 1950 review described a rapidly progressive fatal syndrome char-
acterized clinically by vague non-localizing symptoms, fever, purpura, and anemia, 
with prominent neurological changes. Histologically, widespread occlusive platelet-
rich thrombi in arterioles and capillaries with endothelial proliferation were noted 
as common features [2]. A review of the 271-then reported cases of TTP in 1966 
documented the natural history of TTP, including the characteristic pentad of TTP 
(thrombocytopenic purpura, hemolytic anemia, fever, neurologic manifestations, 
and renal disease) [3].

A platelet-aggregating factor was inferred in 1979 by Lian et al. as the cause of 
TTP after noting decreased platelet-aggregating activity when plasma of patients 
with TTP was incubated with plasma of normal patients [4, 5]. This factor was dis-
covered and described by Moake and associates in 1982 as “unusually large” com-
plexes containing factor VIII (FVIII) and von Willebrand factor (VWF) multimers 
accumulating in the plasma of patients with chronic relapsing forms of TTP capable 
of aggregating circulating platelets in a shear-induced manner [6, 7]. Currently 
referred to as ultra-large (UL)VWF, these endothelial cell secreted multimers were 
correctly hypothesized to have defective processing resulting in increased platelet 

C. Cohen, MD 
Department of Pediatric Hematology and Oncology, Baylor College of Medicine,  
Houston, TX, USA
e-mail: ctcohen@texaschildrens.org

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-73269-5_8&domain=pdf
mailto:ctcohen@texaschildrens.org


154

agglutination with subsequent vascular ischemia and tissue damage. Moake and 
colleagues also hypothesized that the defective processing was possibly due to 
“missing large VIII-vWF depolymerase activity” during clinical relapses. Proteolysis 
of the VWF polypeptide was later found to be induced when the complexes were 
exposed to normal plasma in a shear-dependent manner [8]. The protease responsi-
ble for processing the large VWF polymers into smaller VWF multimers was dis-
covered in 1996 by two groups and was described as a novel metalloprotease [9, 
10]. Nonfamilial TTP was found to be due to an inhibitor of the VWF-cleaving 
protease by the same two groups in 1998 [11, 12]. A genome-wide analysis per-
formed on four pedigrees affected by familial TTP mapped the genetic locus of this 
protease to chromosome 9q34, representing the 13th member of the ADAMTS (a 
disintegrin and metalloproteinase with thrombospondin-1 motifs) family of zinc 
metalloproteinase genes [13], explaining the enzyme name of ADAMTS13.

Decreased activity of ADAMTS13 can be caused by either a congenital absence 
or acquired inhibition of the protease. The congenital deficiency of ADAMTS13, 
referred to as Upshaw-Schulman syndrome (USS) (OMIM #274150), was described 
by Upshaw and Schulman in two individuals with recurrent episodes of microangio-
pathic hemolysis and thrombocytopenia that were reversed by the administration of 
normal plasma [14, 15]. Acquired antibodies that inhibit ADAMTS13 were sus-
pected in cases of TTP in which remission was achieved by immunosuppressive 
therapy [16, 17].

Prior to the development of therapy, TTP was universally fatal. As understanding 
of the disease has evolved over time, so has treatment. In 1959, when the majority 
of patients with TTP were dying within 8  weeks of disease onset and survival 
beyond 1  year was exceedingly rare, prolonged remission was first achieved by 
using high-dose corticosteroids [18]. Later in that same year, a case of remission 
achieved following fresh whole blood transfusion was published [19]. Plasma was 
identified as the beneficial component of whole blood in 1977 after relapses in 
chronic TTP were able to be reversed or prevented by fresh frozen plasma transfu-
sions [20]. Plasma exchange was also found to be beneficial in that same year [21]. 
A randomized controlled trial comparing plasma infusion and plasma exchange, 
published in 1991, demonstrated a higher and more prolonged survival in the group 
that received plasma exchange [22].

�Incidence

The annual incidence of acquired TTP is greater in adults compared to children 
under 18 years of age. In adults, TTP with severe, acquired ADAMTS13 deficiency 
(<10% activity) occurs in 2.17 per 100,000 people per year. Studies have found a 
sevenfold increased incidence of TTP in black patients compared to non-blacks and 
a two- to threefold higher incidence in women compared to men [23]. Thrombotic 
thrombocytopenic purpura is seen in all ages throughout adulthood, with the highest 
incidence occurring in patients 18–49 years of age. In children under 18 years, the 
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incidence is 0.09 per 100,000 children per year [23]. The age and gender distribu-
tion in children is difficult to assess due to the small number of reported cases. 
There does, however, appear to be a similar gender pattern as seen in adults, with 
females being affected more than males. In an epidemiologic study, while death 
from the initial TTP episode was less in children, other characteristics between chil-
dren and adults were similar, including incidence of TTP relapse following the 
acute episode (33% of children compared to 36% of adult patients) [23].

The hereditary TTP registry estimates 0.5 to 4 cases of USS per million people 
in Europe [24]. In patients with a severe constitutional ADAMTS13 deficiency, the 
age of first acute TTP episode varies. Approximately half of USS patients will have 
an episode in the first 5 years of their life, considered early onset. The other half 
may remain asymptomatic until adulthood [25], often with their first TTP event 
being triggered by pregnancy [26, 27]. Pregnancy is also a risk factor for acquired 
TTP in addition to unmasking the hereditary form. A cross-sectional analysis of the 
French national registry for thrombotic microangiopathy evaluated 772 patients 
with TMA episodes and ADAMTS13 activity less than 10%. Of these patients, 21 
(3%) were determined to have the inherited form of TTP, and 565 (73%) were anti-
ADAMTS13 IgG positive and determined to have autoimmune acquired TTP. In the 
186 remaining patients, no antibody was detected although ADAMTS13 increased 
to detectable levels in remission, indicating an autoimmune cause of their TTP epi-
sodes as opposed to a congenital absence of the protease [28]. The congenital form 
of TTP is inherited in an autosomal dominant manner with over 75 ADAMTS13 
mutations currently reported [29].

�Differential Diagnosis

Thrombotic thrombocytopenic purpura (both acquired and hereditary) is a TMA 
syndrome, a term used to describe a group of disorders characterized by small ves-
sel occlusion by platelet- and fibrin-rich thrombi, resulting in thrombocytopenia, 
microangiopathic hemolytic anemia, and elevated serum levels of lactate dehydro-
genase. The anemia is a result of erythrocyte fragmentation within the microcircula-
tion by partially occlusive platelet aggregates, while the elevated serum lactate 
dehydrogenase is due to the resulting tissue ischemia and necrosis [30]. The discus-
sion of the differential diagnosis for TTP begins with a description of other syn-
dromes of TMA (Table 8.1).

�Shiga Toxin-Mediated Hemolytic-Uremic Syndrome

The hemolytic-uremic syndrome (HUS) is often used to describe two separate syn-
dromes, the Shiga toxin-mediated hemolytic-uremic syndrome (ST-HUS) and 
complement-mediated TMA (often referred to as “atypical HUS”); and these two 
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disorders will be discussed separately. Escherichia coli O157 is the most common 
member of the Shiga toxin-producing organisms, associated with ST-HUS in Europe 
and the Americas [31]. The term enterohemorrhagic E. coli (EHEC) refers to the 
ability of the organism to induce bloody diarrhea, with or without the development 
of HUS. Invasive Streptococcus pneumoniae infections may also lead to HUS, and 
Shigella dysenteriae type 1 remains a cause of ST-HUS in other countries [32]. The 
main source of E. coli O157 is cattle [33] although other animals including sheep 
and pigs [34] have been found to act as carriers of the organism as well.

Shiga toxin-producing E. coli (STEC) adhere to the mucosal surfaces of colonic 
epithelial cells, damaging underlying tissue and vasculature via the Shiga exotoxin, 
leading to bloody diarrhea [30]. Further pro-inflammatory and pro-thrombotic 
action by Shiga toxin includes inducing VWF secretion from endothelial cells [35]. 
This promotes platelet adhesion and aggregation to the large VWF multimers, ulti-
mately leading to platelet consumption and thrombocytopenia. Anemia is marked 
and develops rapidly secondary to intravascular hemolysis. Unlike TTP, ST-HUS is 
not associated with reduction of plasma ADAMTS13 activity. After entering the 
intestinal circulation, Shiga toxins attach to glomerular capillary endothelial cells, 
mesangial cells, and tubular epithelial cells, initiating a sequence of events leading 
to fibrin thrombi [36–39]. The result is renal injury and often acute renal failure.

The most common age of presentation of ST-HUS in Europe and North America 
is between ages 1 and 5 years. The time from exposure, often from contaminated 
foods, water, vegetables, or other food sources, to the onset of bloody diarrhea 
(which occurs in about 90% of cases) is less than 1 week, frequently 3–4 days. 
While massive HUS outbreaks have occurred [40], most cases occur sporadically or 
in small clusters [41]. When HUS develops, the mean length of time from the onset 
of diarrhea is 4 days, with a range of 1–10 days [32]. In children affected by the 

Table 8.1  Differential 
diagnosis of thrombotic 
thrombocytopenic purpura

Syndromes of thrombotic microangiopathy (TMA)
 – Shiga toxin-mediated hemolytic-uremic syndrome (HUS)
 – Complement-mediated TMA (atypical HUS)
 – Drug-mediated TMA
 – Coagulation-mediated TMA
 � •  Diacylglycerol kinase ε (DGKE) deficiency
 � •  Thrombomodulin dysfunction
Disseminated intravascular coagulation (DIC)
Severe hypertension
Systemic rheumatologic disorders
 – Systemic lupus erythematosus
 – Antiphospholipid syndrome
 – Systemic sclerosis
Evans syndrome
Pregnancy-related conditions
 – Preeclampsia/eclampsia
 – �Hemolysis, elevated liver enzymes, and low platelet (HELLP) 

syndrome
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EHEC-associated gastroenteritis, characterized by abdominal pain, fever, and vom-
iting, in addition to bloody diarrhea, about 85% will have spontaneous resolution 
without the development of HUS [41].

Management of ST-HUS is mainly supportive. As azotemia develops, maintain-
ing renal perfusion while avoiding fluid overload and electrolyte disturbances is 
crucial. Hypertension is common, with vasodilators being the preferred agents of 
treatment due to the potential development of oliguria or anuria with HUS [41]. 
Dialysis is often indicated due to complications of acute renal failure. While neuro-
logical manifestations are part of the clinical pentad of TTP, CNS complications are 
also key contributors to morbidity and mortality of ST-HUS, as up to 20% of chil-
dren with STEC-induced HUS may have CNS involvement [42]. Cerebral micro-
vascular thrombi may cause tissue ischemia, with manifestations ranging from 
confusion and irritability to seizures and coma [43]. Moreover, the combination of 
thrombocytopenia, hypertension, and azotemia may predispose to intracranial 
bleeding.

�Complement-Mediated TMA

Complement-mediated TMA, also referred to as atypical HUS, is a result of uncon-
trolled activation of the alternative complement pathway. The cause is defective 
regulation of the complement system from inhibition of regulatory proteins and 
complement components including factor H (CFH), factor I (CFI), or membrane 
cofactor protein (MCP; CD46) due to inherited defects or acquired antibodies [44–
48]. Gain-of-function mutations in the genes coding C3 and factor B produce simi-
lar effects [46, 49]. The result is enhanced formation of the C3 convertase (C3bBb), 
increasing the formation of the C5b-9 terminal complement complex (or membrane 
attack complex). The effect of complement activation is uncontrolled platelet and 
neutrophil activation, endothelial cell injury, and the development of glomerular 
capillary and arteriole thrombi. The damage to renal microcirculation and glomeru-
lar endothelial cells leads to acute kidney injury [50, 51].

Unlike TTP, there is no specific laboratory test that can diagnose complement-
mediated TMA at this time, as normal plasma levels of complement factors H, 
B, I, C3, and C4 do not exclude the diagnosis [52]. Genetic mutations in 
complement-regulating factors are found in 40–60% of patients with comple-
ment-mediated TMA [53, 54]. Genetic variations, when found, may be clini-
cally relevant as patients with MCP mutations have a better prognosis and 
outcome with kidney transplantation in comparison to patients with CFH and 
CFI mutations [55]. Many of the complement mutations causing TMA are het-
erozygous, having variable penetrance as many affected family members are 
asymptomatic. Point mutations in the gene coding complement CFH occur in 
25–30% of complement-mediated TMA with over 80 different mutations identi-
fied [56]. These mutations may result in rapid progression to renal failure with 
a high risk of relapse after renal transplant [57]. Autoantibodies to CFH occur 
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in 6–10% of atypical HUS cases, often presenting before 16 years of age with a 
clinical course characterized by clinical relapses [56, 58].

Acute kidney injury and hypertension are the prominent clinical manifestations 
of complement-mediated TMA. The clinical characteristics used in a prospective 
phase 2 trial evaluating the C5 monoclonal antibody eculizumab in patients with 
atypical hemolytic-uremic syndrome included thrombocytopenia, impaired renal 
function (elevated creatinine), ADAMTS13 activity >5%, and evidence of hemoly-
sis (elevated LDH, decreased haptoglobin, or schistocytes), excluding those patients 
with evidence of a Shiga toxin-producing E. coli infection [59]. Morbidity and mor-
tality of complement-mediated TMA are high, with a 25% mortality rate during the 
acute phase and up to 50% progressing to end-stage renal failure [55].

Previously the approach to treatment of TMA included plasma exchange. Those 
patients with complement-mediated TMA, as opposed to TTP, respond poorly to 
this treatment, frequently progressing to end-stage renal failure (although there may 
be efficacy in FH deficiency) [60, 61]. Currently treatment is centered on eculi-
zumab, a humanized monoclonal antibody that binds to C5, preventing the forma-
tion of C5a and C5b, thereby decreasing the production of the membrane attack 
complex, C5b-9 [59, 60]. Those with genetic variants in C5 may not respond to 
eculizumab [62]. Widespread use of this therapy is currently limited due to high 
cost, and moreover, pretreatment meningococcal vaccination is important due to the 
increased risk of infection with eculizumab [63].

�Drug-Mediated TMA

Drugs can cause a picture of TMA via immunologic reactions or in a toxic dose-
related manner [52]. The first drug to be associated with TMA was quinine, initially 
described in 1980 [64]. Quinine was found to induce TMA through the development 
of platelet-reactive antibodies, red blood cell and granulocyte antibodies were also 
found [65]. These antibodies are thought to cause TMA through endothelial cell 
activation, capable of causing clinical relapses upon reexposure to the drug [66, 67]. 
The US Food and Drug Administration issued a ban on over-the-counter use for 
quinine, previously commonly used for treatment or prevention of nocturnal leg 
cramps, in 1994. Quetiapine [68] and gemcitabine [69] have also been demonstrated 
to cause TMA with repeated exposure. The antiplatelet drugs ticlopidine [70] and 
clopidogrel [71] have both been connected to the development of TTP. The majority 
of episodes of TTP developed within 2 weeks of clopidogrel initiation, while events 
with ticlopidine were delayed in comparison. In kidney transplant patients, use of 
sirolimus, in association with decreased vascular endothelial growth factor, is caus-
ative of TMA [72]. Other medications that have been implicated in episodes of 
TMA include mitomycin; pre-bone marrow therapy conditioning regimens includ-
ing combinations of cyclosporine, etoposide, teniposide, cytarabine, and carmus-
tine; and total body irradiation [73, 74]. Episodes of TMA have been demonstrated 
after solid-organ and small-bowel transplantation as well [75, 76]. Recently 
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intravenous use of the oral long-acting opioid oxymorphone hydrochloride has been 
associated with episodes of microangiopathic hemolytic anemia and acute kidney 
injury [77–79].

�Disorders of Vitamin B12 Metabolism

Cobalamin (Cb1) , also known as vitamin B12, is an essential water-soluble com-
pound [80]. The most common disorder of vitamin B12 metabolism is methylmalo-
nic aciduria and homocystinuria, cobalamin C (Cb1C) complementation type 
(MMACHC) disease, accounting for about 80% of cases [52, 80]. Cobalamin is a 
cofactor for two enzymes: methionine synthase (converting homocysteine to methi-
onine) and methylmalonyl-CoA mutase (converting methylmalonyl-CoA to 
succinyl-CoA) [81]. Cobalamin C disease results in elevated homocysteine and 
methylmalonic acid, with a decrease in methionine. Elevated homocysteine levels 
lead to endothelial cell injury, increased platelet activation and consumption, and 
coagulation via increased expression of tissue factor, coagulation factors V and XII, 
with decreased expression of thrombomodulin and antithrombin III [82]. Renal 
TMA may be seen as a result. A review of 36 patients with Cb1C defects and renal 
disease revealed common features of intravascular hemolysis, hematuria, and pro-
teinuria; biopsies when available were consistent with TMA (demonstrating endo-
thelial damage and glomerular fibrin thrombi). The age of presentation varied, 
although infantile onset occurred in 44% of patients. Neurological and neurocogni-
tive manifestations are commonly seen, including failure to thrive, developmental 
delay, and hypotonia. Treatment with parenteral hydroxycobalamin has been dem-
onstrated to improve renal function [83], although chronic kidney disease with 
hypertension and proteinuria is seen [80].

�Coagulation-Mediated TMA

Autosomal recessive mutations in the gene coding for diacylglycerol kinase ε 
(DGKE) have been linked to episodes of TMA [84, 85]. Unlike cases of complement-
mediated TMA, DGKE encodes an intracellular enzyme with no known effect on 
the complement system. Rather, it is involved in the activation of protein kinase C 
(PKC), which has roles in production of both pro- and anti-thrombotic factors in 
endothelial cells [86–91]. Activation of PKC also leads to the downregulation of the 
VEGF receptor in podocytes, which has been associated with TMA [92, 93]. DGKE 
has been located in endothelial cells, platelets, and podocytes; and loss of function 
results in a pro-thrombotic state due to increased production of VWF, plasminogen 
activator inhibitor-1, platelet-activating factor, and tissue factor [84]. Patients com-
monly presented within the first year of life with microangiopathic hemolytic ane-
mia, thrombocytopenia, and acute renal failure. Biopsies were consistent with 
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chronic TMA. Complement-regulatory treatments are ineffective, and renal trans-
plantation may be an option for affected patients [94].

Defects in the thrombomodulin gene (THBD) have been found to cause atypical 
hemolytic-uremic syndrome. Thrombomodulin is a ubiquitous transmembrane 
endothelial cell glycoprotein that accelerates the activation of protein C, which sup-
presses thrombin generation [95, 96]. Thrombomodulin also acts as a negative regu-
lator of the complement system via CFI-mediated inactivation of C3b and through 
accelerated C3a and C5a inactivation. One study identified mutations in the gene 
encoding thrombomodulin in approximately 5% of 152 studied cases of atypical 
hemolytic-uremic syndrome [95].

Other non-TMA disorders share characteristics and therefore may be confused 
with TTP. Specifically, the combination of thrombocytopenia and microangiopathic 
hemolytic anemia (evidence of hemolysis with schistocytosis) can be seen in dis-
seminated intravascular coagulation (DIC), the pregnancy complications of pre-
eclampsia/eclampsia and HELLP syndrome (hemolysis, elevated liver enzymes, 
and low platelets), severe hypertension, systemic rheumatologic disorders (includ-
ing systemic lupus erythematosus, antiphospholipid syndrome, systemic sclerosis), 
and Evans syndrome (combination of autoimmune thrombocytopenia and autoim-
mune hemolysis).

�Clinical Presentation

Thrombotic thrombocytopenic purpura has classically been defined by a pentad of 
clinical signs and symptoms: thrombocytopenia, microangiopathic hemolytic ane-
mia, neurologic abnormalities, renal failure, and fever. In reality, however, TTP 
does not often manifest with the “classic pentad,” as only 5% of the Oklahoma TTP-
HUS registry presented in this way [97]. The laboratory triad of thrombocytopenia, 
schistocytosis, and elevated lactate dehydrogenase is enough to suggest TTP [22, 
30, 98]. The thrombocytopenia may be severe, frequently below 20,000 cells/μL, 
and may parallel the reduction in ADAMTS13 activity at the time of presentation, 
as ADAMTS13 activity <10% is often associated with a lower platelet count [99]. 
Plasma ADAMTS13 activity in healthy adults typically ranges from 50 to 178% of 
normal [30]. Intravascular erythrocyte fragmentation is a result of the inability of 
erythrocytes to traverse through the platelet-adhering ULVWF strings in microcir-
culation. This fragmentation is represented by schistocytes on the peripheral blood 
smear. Reticulocytosis and nucleated red blood cells are also frequently seen in the 
peripheral blood as the bone marrow responds to the brisk hemolysis. The elevation 
of serum lactate dehydrogenase is largely the result of subsequent ischemic or 
necrotic tissue rather than erythrocyte lysis, and 64% of patients have evidence of 
organ ischemia at the time of diagnosis [30, 100]. Coagulation studies are typically 
normal at acute presentation, although may become abnormal with increased tissue 
necrosis, tissue factor exposure, and DIC development [30]. In the neonatal period, 
patients with congenital TTP may present with severe hyperbilirubinemia [101].
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In addition to the Oklahoma TTP-HUS registry, the French national registry for 
thrombotic microangiopathy [100] has added to the understanding of the natural 
history of TTP. Between the two patient cohorts, features of the initial TTP episode 
included fever in 23–36%, neurological abnormalities (including headache, confu-
sion, coma, seizures, stroke, or transient neurological defects) in 40–66%, gastro-
intestinal symptoms in 69%, impaired renal function in 42%, and cardiac disorder 
in 7%. Many of the symptoms of acute TTP are likely secondary to tissue isch-
emia. Patients who do not present with neurological changes at the time of diagno-
sis may go on to develop new symptoms during the course of their treatment. In 
rare cases, TTP may initially manifest as thrombotic episodes such as cardiac 
thrombosis or cerebral vascular accident prior to the development of hematologi-
cal manifestations [102]. Acute pancreatitis has been reported as a precipitating 
event for episodes of TTP, implicating the marked inflammation caused by pancre-
atitis as a triggering event for TTP [103]. The thrombocytopenia of TTP results in 
bleeding symptoms in about half of acute cases [97]. The risk of tissue ischemia 
and damage as a result of microthrombi, however, are far greater than the risk of 
hemorrhagic complications. Jaundice may develop as a result of the microangio-
pathic hemolytic anemia.

Cardiac consequences of TTP may be under-reported. One retrospective review 
of 41 patients with TTP found 22 patients with troponin- T levels above 0.05 μg/L, 
indicating myocardial necrosis associated with microvascular thrombi. Only 12 of 
the 22 patients reported cardiac symptoms, while 8 complained of chest pain [104]. 
Microvascular occlusions affecting the cardiac conducting system may result in 
rhythm abnormalities and sudden death [105–107]. One autopsy study revealed that 
the most common immediate cause of death in TTP was cardiac in origin, due to a 
combination of myocardial ischemia, infarction, or microvascular occlusion [108]. 
The 2001–2010 Nationwide Inpatient Sample database of adult patients (≥18 years) 
revealed an in-hospital mortality rate of 11.1%, with a 5.7% acute myocardial 
infarction rate [109]. Pulmonary involvement in acute TTP has been rarely described 
and, if present, may suggest an alternative diagnosis [110].

Both congenital and acquired TTP may present with the initial episode during 
pregnancy, with an incidence of 1  in every 25,000 pregnancies [111]. The UK 
Thrombotic Thrombocytopenic Purpura Registry described the largest cohort of 
women with congenital and acquired TTP relating to pregnancy [112]. In this group 
of patients, 66% of women that presented with TTP during pregnancy or immedi-
ately postpartum had previously undiagnosed congenital TTP. The majority of pre-
sentations were after 30  weeks gestational age, differing from previous data 
suggesting that the second trimester was the most common time period for presenta-
tion [113]. The outcome of pregnancy in women presenting with either congenital 
or acquired TTP is dependent on the gestational age at presentation, with pregnancy 
loss occurring more often in the second trimester compared to the third [112]. The 
most common symptoms in pregnancy-associated congenital TTP were proteinuria, 
elevated blood pressure, headache, transient ischemic attacks, and blurred vision. In 
acquired episodes, acute collapse, pulmonary embolism, and abdominal and chest 
pain were additional presenting symptoms. The presentation of TTP during preg-
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nancy may lead to a delay in diagnosis and treatment due to the overlap in symp-
toms seen in TTP, preeclampsia, and HELLP syndrome [111].

�Initial Evaluation/Workup

Due to the high morbidity and mortality of TTP, early recognition of the disorder is 
critical for patient outcome. Patients presenting with their first acute episode of TTP 
are often previously healthy and may complain of nonspecific systemic symptoms 
as previously discussed. In cases of thrombocytopenia with anemia, evaluation of 
the peripheral smear is essential. With evidence of microangiopathic hemolytic ane-
mia, specifically schistocytosis (having at least one fragmented red blood cell per 
high powered field) [56], TTP should be at the top of the differential diagnosis. In a 
study of six patients with TTP, the mean schistocyte count was 8.3% of red blood 
cells with a range of 1.0–18.4% of red cells [114]. The median platelet count is typi-
cally 10,000–30,000 cells/μL, although mild to severe cases may present with plate-
let levels from 80,000 to 1,000 cells/μL, respectively. Median hemoglobin levels at 
presentation are typically 8–10 g/dL [56, 98]. Beyond the complete blood count 
(CBC), laboratory evaluation (Table 8.2) should include reticulocyte count, coagu-
lation studies, including d-dimers, fibrin degradation products, prothrombin time 
(PT), partial thromboplastin time (PTT), and fibrinogen levels to differentiate TTP 
from DIC.  Acute TTP should have a normal coagulation profile, which will be 
markedly abnormal in DIC.  Direct antiglobulin, or Coombs, testing is typically 
negative. Decreased serum haptoglobin along with an elevated reticulocyte count 
and bilirubin in the setting of anemia is also consistent with the intravascular hemo-
lysis of TTP. Lactate dehydrogenase levels will be elevated representing ischemic or 
necrotic tissue cells.

While determining the ADAMTS13 level is an important step in confirming the 
diagnosis, initiation of treatment for presumed TTP should not wait on the labora-
tory result, as results of ADAMTS13 activity assays are often not readily available. 
Inhibitors to ADAMTS13 may be detected by mixing the patient plasma with nor-
mal plasma and determining the resultant ADAMTS13 activity [115]. ADAMTS13 

Table 8.2  Laboratory workup and findings in acute TTP

Complete blood count (CBC) Thrombocytopenia and anemia

ADAMTS13 activity Decreased (often below 10% of normal)
Lactate dehydrogenase Elevated
Serum creatinine Normal to elevated
Coagulation studies (PT, PTT, fibrinogen, 
D-dimers, fibrin degradation products)

Normal (may be abnormal with development 
of secondary DIC)

Peripheral blood smear Schistocytosis, reticulocytosis, nucleated red 
blood cells, helmet cells

Haptoglobin Decreased
Bilirubin Elevated (specifically indirect bilirubin)
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activity assays are reported as the protease percent activity compared to normal 
individuals. Severe deficiency is defined as an ADAMTS13 activity of <10% and is 
typically confirmatory of the diagnosis [116]. Normal levels of ADAMTS13 activ-
ity are ≥50%; levels between 10 and 50% are considered low and may occur in 
systemic inflammatory disorders (such as malignancy [117, 118], sepsis [119, 120], 
or HELLP syndrome [121]). Levels above 10% may be possible for patients with 
TTP who have been transfused plasma containing blood products, which contain 
ADAMTS13. One study that used ADAMTS13 activity >11% as criteria to either 
not initiate or to discontinue plasma exchange did not demonstrate a difference in 
mortality between the two groups [122]. This is consistent with the previous obser-
vations that platelet consumption does not occur when ADAMTS13 activity is 
greater than 10% in TTP [123].

Head imaging, computed tomography (CT) or magnetic resonance imaging 
(MRI), may be warranted as patients are at an increased risk for intracranial hemor-
rhage and infarction. The most common abnormality in a series of TTP patients who 
underwent brain imaging was posterior reversible encephalopathy syndrome 
(PRES), with many of the brain imaging findings being reversible with treatment of 
TTP [124]. Obtaining serum chemistries and creatinine is important as acute kidney 
injury is common, although progression to anuria and acute renal failure is rare 
compared to other TMA syndromes [52]. An infectious workup, including blood 
cultures, is warranted in patients exhibiting signs of a systemic infection. Similarly, 
in patients with diarrhea, especially bloody diarrhea, stool cultures and testing for 
Shiga toxin and Shiga toxin-producing organisms are important to rule out 
HUS. Serologic testing for systemic lupus erythematosus and other autoimmune 
disease may be indicated in certain cases (i.e., acquired TTP), especially prior to the 
initiation of plasma exchange.

�Conclusion

As our understanding of TTP has improved, so have treatments and patient out-
comes. It remains critical for physicians to have a high index of suspicion for TTP 
in cases of thrombocytopenia and hemolytic anemia even without the presence of 
the clinical pentad of TTP. If TTP is high on the differential diagnosis, efforts should 
be made toward initiating therapy in order to avoid devastating consequences of 
delayed treatment.
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Chapter 9
Pathophysiology of Thrombotic 
Thrombocytopenic Purpura

Sarah E. Sartain

�Introduction

The pathophysiologic abnormalities observed in thrombotic thrombocytopenic pur-
pura (TTP) are the result of decreased concentrations of the von Willebrand factor 
(VWF)-cleaving protease ADAMTS13 (a disintegrin and metalloproteinase with a 
thrombospondin type 1 motif, member 13) [1–3]. Deficiencies of ADAMTS 13 are 
secondary to congenital production defects or are acquired secondary to develop-
ment of an inhibitor antibody directed against the protease [2] and result in micro-
vascular thrombosis and endothelial injury, microangiopathic hemolytic anemia 
(MAHA), thrombocytopenia, and end-organ damage. This chapter will review the 
normal function of VWF and ADAMTS13, focus on the mechanisms of TTP patho-
genesis, and conclude with review of new concepts in immune-mediated TTP 
pathophysiology.

�Normal Pathophysiology of VWF and ADAMTS13

�VWF

VWF is synthesized and stored in endothelial cells and platelets [4–6]. Within the 
endothelial cell, VWF is packaged into secretory granules, known as Weibel-Palade 
bodies (WPBs) [7], as multimeric forms called ultra-large VWF (ULVWF); within 
the platelet, ULVWF is packaged into alpha granules [8]. These multimers are 
secreted from endothelial cells and platelets in response to a variety of physiologic 
agonists, including epinephrine, histamine, thrombin, inflammatory cytokines, and 
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hormones [9–15]. The VWF protein is composed of several repetitive domains, 
each with different functional properties [16–18] and containing the binding sites 
for FVIII, platelet glycoproteins, heparin, collagen, and ristocetin [19–23], as well 
as the cleavage site for ADAMTS13 [1].

At the site of vascular injury, ULVWF multimers are secreted from WPBs, 
become anchored to the endothelial cell surface, and bind platelets [24], thereby 
initiating primary hemostasis (Fig. 9.1). Platelets bind more efficiently to ULVWF 
multimers than to smaller circulating VWF forms, likely because the binding sites 
for platelets are more effectively exposed on ULVWF during high shear stress [25–
27]. Platelets bind to the first A-domain (A1) of ULVWF [21, 22, 28] via the glyco-
protein (GP) Ib component of the GP Ib/IX/V receptor (Fig. 9.1) [25, 29]. Upon 
binding, the platelets become activated and expose their GP IIb/IIIa complex, lead-
ing to platelet aggregation on the multimeric strings and the subendothelium [30].

In circulation, VWF plays an indirect role in secondary hemostasis as a carrier 
for the factor VIII (FVIII) coagulation protein [31]. It prolongs FVIII half-life by 
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Fig. 9.1  Normal proteolysis of ULVWF multimers by ADAMTS13 in a microvessel (arteriole-
capillary). At the site of vascular injury, ULVWF multimers are secreted from WPBs and become 
anchored to microvascular endothelial cells. Platelets bind to the A1 domain of ULVWF via the 
GPIb component of the GP Ib/IX/V receptor (see insert). Upon binding, the platelets become acti-
vated, leading to platelet aggregation. In normal individuals, periods of shear stress lead to the 
partial unfolding of endothelial cell-anchored ULVWF multimers, allowing ADAMTS13 cleavage 
at the Tyr-Met (1605–1606) bond in the A2 domain of VWF, resulting in the release of varying sizes 
of soluble VWF into the plasma. ADAMTS13: a disintegrin and metalloproteinase with a thrombo-
spondin type 1 motif, member 13; ULVWF: ultra-large von Willebrand factor; WPB: Weibel-Palade 
body; n: number of VWF multimers. Platelets (purple): round = not activated, spiny = activated.
Figure provided by Nancy A. Turner, used with permission.

S. E. Sartain



173

protecting it from proteolytic inactivation by activated protein C and protein S 
[32–34]. FVIII is synthesized in endothelial cells and packaged within the WPBs 
along with VWF [35]; it travels in the circulation bound to VWF at the D’D3 
domain [20]. FVIII becomes activated (FVIIIa) upon cleavage by thrombin, 
wherein it is released from VWF and becomes a fully functional cofactor in 
thrombin generation [33].

�ADAMTS13

ADAMTS13 is produced and secreted by endothelial cells, megakaryocytes, and 
hepatic stellate cells [36–39] and is responsible for cleaving ULVWF multimers 
anchored to the endothelium. Periods of shear stress lead to the partial unfolding of 
endothelial cell-anchored ULVWF multimers, allowing ADAMTS13 cleavage at 
the Tyr-Met (tyrosine 1605–1606 methionine) bond in the second A-domain (A2) of 
VWF [1, 3, 40, 41], resulting in the release of varying sizes of VWF into the circula-
tion (Fig. 9.1). Soluble VWF coils into a conformation that buries the A2 domain, 
thereby preventing further VWF cleavage by ADAMTS13 [42, 43].

After secretion from endothelial cells, ADAMTS13 cleaves newly secreted 
ULVWF multimers within seconds to minutes [44]; however, ULVWF proteolysis 
is dependent upon the amount of ULVWF and ADAMTS13 secreted by endothelial 
cells and the processing capacity of ADAMTS13, and alterations in this balance can 
lead to excessive bleeding or clotting [9].

�Pathogenesis of TTP

�Endothelial Injury, Microvascular Thrombosis, and Organ 
Dysfunction

Severe ADAMTS13 deficiency is caused by congenital homozygous or double-
heterozygous ADAMTS13 gene mutations [45] or by acquired production of poly-
clonal autoantibodies directed against the metalloprotease [2, 46, 47]. With 
deficiencies in ADAMTS13 to less than 10% of normal plasma levels [2, 46–48], 
ULVWF multimers are not cleaved sufficiently, leading to their accumulation on 
the endothelium [44, 49]. Endothelial cell injury in the microcirculation of patients 
with TTP is well described. Tissue biopsy from TTP patients reveals endothelial 
proliferation, endothelial swelling and detachment, and subendothelial hyaline 
deposits [50, 51]. Early in vitro studies demonstrated that addition of plasma from 
TTP patients to human umbilical vein endothelial cells (HUVECs) in culture 
resulted in progressive cytoplasmic and nuclear degeneration [50]. More recent 
studies have found that during acute TTP episodes, markers of endothelial 
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damage such as thrombomodulin, tissue plasminogen activator (TPA), intracel-
lular adhesion molecule-1 (ICAM-1), vascular adhesion molecule-1 (VCAM-1), 
and endothelial microparticles (EMPs) are released [52–54]. The pathophysio-
logic mechanisms of this endothelial injury have been difficult to elucidate, and 
there is continued debate as to whether microthrombi formation is a result or the 
cause of endothelial injury. Investigators have suggested multiple other mecha-
nisms for the etiology of endothelial damage, including direct endothelial injury 
by antibodies against endothelial cells [55–58], nitric oxide [59], oxidative stress 
[60], neutrophil activation [59, 61], and activation of the Fas pathway leading to 
endothelial cell apoptosis [62, 63].

Disruption of the endothelium secondary to injury results in a high shear stress 
environment, as well as release of ULVWF multimers from endothelial cell WPBs. 
ULVWF is more active than normal plasma VWF in promoting platelet adhesion 
and aggregation secondary to high shear stress [64, 65]. With the excess ULVWF 
multimeric forms present in TTP, pathologic platelet aggregation occurs (Fig. 9.2). 
Due to their small size, the microvessels have higher shear stress than larger size 
vessels, and therefore platelet-VWF microthrombi have a propensity to form in the 
smaller arterioles and capillaries [66]. While fibrin may be present in small amounts, 
the microvascular thromboses characteristic of TTP are composed primarily of 
platelets and VWF [44, 67, 68].

Endothelial injury and microvascular thrombosis lead to impaired organ perfu-
sion and can result in multi-organ failure, likely the most devastating consequence 
of TTP. The organs most commonly involved are the central nervous system [49, 
69–73], kidney [49, 70, 74, 75], heart [76–82], and gastrointestinal tract [69], 
although autopsies of deceased TTP patients demonstrate microvascular thrombi in 
almost all organs [69].

Blood

Flow

WPB ULVWF
String

RBC Microthrombus Schistocyte

Fig. 9.2  Pathogenesis of TTP in a microvessel. When ADAMTS13 levels are below ~10% of 
normal in hereditary or autoantibody-mediated TTP, microvascular endothelial cell-anchored 
ULVWF string cleavage is severely reduced. This results in excessive platelet adherence, activa-
tion, and aggregation on the ULVWF multimeric strings, ultimately resulting in formation of 
platelet-VWF microthrombi. The RBCs are sheared as they flow through the microvessels partially 
occluded by platelet clumps, producing schistocytes and hemolysis WPB: Weibel-Palade body; 
ULVWF: ultra-large von Willebrand factor; RBC: red blood cell. Platelets (purple): round = not 
activated, spiny = activated. Figure provided by Nancy A Turner, used with permission
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�Hematologic Findings

The development of systemic microvascular thrombosis leads to MAHA and throm-
bocytopenia. The proposed mechanism of MAHA is mechanical fragmentation as 
the red blood cells (RBCs) cross the platelet thrombi (Fig. 9.2) [83]. The presence 
and degree of MAHA can be assessed by review of the peripheral blood smear, 
which will demonstrate schistocytes—fragmented RBCs that are irregularly shaped 
or jagged—reflecting intravascular destruction. Thrombocytopenia is thought to be 
secondary to platelet activation and consumption by systemic microthrombi forma-
tion on ULVWF multimers (Fig. 9.2) .

�Antibodies in Acquired TTP

In many cases, the etiology for inhibitory antibody production against ADAMTS13 
is unknown. In some patients, infections may trigger autoantibody development, 
while in others, immune system dysregulation may be the cause [84]. Many auto-
immune disorders have been associated with TTP, including systemic lupus erythe-
matosus (SLE), antiphospholipid antibody syndrome, autoimmune vasculitides, 
Sjogren syndrome, connective tissue disorders, scleroderma, type 1 diabetes mel-
litus, inflammatory bowel disease, Raynaud syndrome, sarcoidosis, psoriasis, mul-
tiple sclerosis, autoimmune hemolytic anemia, autoimmune thyroiditis, primary 
biliary cirrhosis, and ankylosing spondylitis [85–93], with SLE being most com-
monly associated [85, 94–97]. The onset of autoimmunity can occur before, dur-
ing, or after the diagnosis of TTP.  A study by Roriz et  al. [85] found that the 
presence of anti-dsDNA antibodies and anti-SSA antibodies at TTP diagnosis was 
significantly associated with later development of autoimmunity. One case series at 
Texas Children’s Hospital describes the development of SLE in seven out of eight 
patients initially diagnosed with TTP, leading the authors to conclude that TTP may 
be an initial manifestation of SLE [98]. During an episode of antibody-mediated 
acquired TTP, ADAMTS13 levels usually fall to less than 5–10% of normal sec-
ondary to plasma IgG antibodies that inhibit the normal function of the enzyme; 
ADAMTS13 levels most often return to normal after recovery from an acquired 
TTP episode, but the inhibitory antibodies may persist, leading to relapses or 
refractory disease [2, 46, 47, 99].

Epitope mapping has determined that most acquired TTP patients possess mul-
tiple autoantibodies against ADAMTS13 that bind to several different domains 
[100–103]; the most frequent epitope region is present within the spacer domain of 
the protease [101, 102, 104–110]. Not all ADAMTS13 autoantibodies neutralize the 
protease activity of ADAMTS13 but are thought to alter the function by some other 
means, i.e., by prohibiting ADAMTS13 binding to various receptors or ligands or 
by accelerating clearance of ADAMTS13 from the circulation [111, 112]. The anti-
ADAMTS13 antibodies that do disrupt the cleavage of VWF do not always cause 
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TTP [100]; additionally, these antibodies have been detected in up to 18% of patients 
with non-TTP thrombocytopenia [113]. These observations suggest that TTP onset 
is multifactorial.

�Other Etiologies of Acquired TTP

While autoimmunity is the prevailing cause of TTP, the disorder can be triggered by 
other entities, including sepsis, liver failure, pancreatitis, pregnancy, infections, HIV, 
cancer, organ transplant, and drugs. ADAMTS13 levels can be decreased in sepsis, 
disseminated intravascular coagulation (DIC), and liver disease [66, 114–117]. It is 
postulated that the acute release of cytokines during an episode of pancreatitis can 
lead to abundant release of ULVWF multimers from endothelial cells, overwhelm-
ing the cleavage capacity of ADAMTS13 [118, 119]. It is also hypothesized that 
ADAMTS13 may be degraded by pancreatic enzymes [118]. TTP patients with pan-
creatitis often have ADAMTS13 levels below normal, but rarely to less than 10%, 
and the presence of inhibitory antibodies is rare [118]. TTP in pregnancy is likely 
secondary to a combination of increased ULVWF multimer output and decreased 
ADAMTS13 production that occurs in pregnancy [114, 120], as well as ADAMTS13 
autoantibody development. Surprisingly, up to 24% of pregnancy-induced TTP may 
be secondary to previously undiagnosed congenital ADAMTS13 deficiency [121]. 
Infections are a well-described trigger for initiation or relapse of TTP [122, 123], 
possibly secondary to the effect of cytokines or other endothelial cell stimulants 
present during infection that lead to a surge in the release of ULVWF multimers 
from endothelial cells [124]. HIV infection is thought to cause TTP through direct 
infection of the endothelial cells and consumption of ADAMTS13; however, severe 
ADAMTS13 deficiency has not been commonly identified in HIV patients with TTP 
[125]. TTP can be the first manifestation of cancer or can be secondary to the che-
motherapy given as treatment [126]. A host of drugs have been implicated in the 
development of TTP, including mitomycin C, cyclosporine and other immunosup-
presants, quinine, ticlopidine, clopidogrel, and micafungin [127–132]. The patho-
genesis of drug-induced TTP is usually secondary to antibody development to 
ADAMTS13 or to direct endothelial toxicity by the drug [130, 132].

�Newer Concepts in the Pathogenesis of TTP: The Alternative 
Complement Pathway

Over-activation of the alternative complement pathway (AP) is a pathophysiologic 
mechanism of atypical hemolytic uremic syndrome (aHUS), another thrombotic 
microangiopathic disorder with clinical features nearly indistinguishable from 
TTP. Because of the two distinct mechanisms of disease, aHUS and TTP have been 
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considered distinct entities; however, recent in vitro studies have demonstrated a 
molecular linkage between ULVWF multimers and AP activation, and case reports 
have documented complement activation in patients with TTP. These findings sug-
gest a possible role for the AP in the pathogenesis of TTP.

�The Alternative Complement Pathway (Fig. 9.3)

The complement system is composed of three pathways—the classical, lectin, and 
alternative pathways—important in innate immunity and responsible for ridding 
the body of foreign invaders or damaged tissue. The AP is initiated when comple-
ment component C3 is cleaved to C3b upon contact with an activating surface. C3b 
attaches to the surface [133, 134], factor B (FB) then binds to C3b to form C3bB 
[135, 136], and factor D (FD) cleaves FB in this complex to form C3bBb, which is 
known as the C3 convertase [137]. The C3 convertase is stabilized by the binding of 
factor P (FP, properdin) [138–140]. The Bb in the C3 convertase cleaves C3 to gen-
erate additional C3b by an amplification loop; as the ratio of C3b to Bb increases, 
C3bBbC3b (the C5 convertase) forms and cleaves C5 to C5b [137, 141]. C5b then 
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Fig. 9.3  The alternative complement pathway. The AP is initiated when C3b is cleaved from C3 
and attaches to an activating surface, releasing a soluble C3a fragment in the process. FB then 
combines with C3b to form C3bB, and FD cleaves FB in this complex to form C3bBb (C3 conver-
tase), releasing the activation product Ba. The C3 convertase is stabilized by FP. The Bb in C3bBb 
cleaves C3 to generate additional C3b as part of an amplification loop; as the ratio of C3b to Bb 
increases, C3bBbC3b (C5 convertase) forms and cleaves C5 to C5b, releasing the C5a fragment. 
C5b then enters into the terminal complement pathway. AP: alternative complement pathway; FB: 
factor B, FD; factor D; FP: factor P (properdin); TP: terminal complement pathway
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enters into the terminal complement pathway (TP), where ultimately the membrane 
attack complex (MAC), capable of inserting into the membranes of foreign invad-
ers, is formed. The AP is regulated by both soluble and cell surface-bound proteins: 
factor H (FH) and factor I (FI) are soluble inhibitory regulators of the AP, while 
CD46, CD55, and CD141 are cell surface membrane regulatory proteins [142–149].

�AP Activation on ULVWF Strings and the Implications in TTP

In 2013 it was discovered by several groups that AP components bind to ULVWF 
strings in vitro [150–152]. Experiments performed by Turner et al. [150] demon-
strated that ULVWF strings secreted from, and anchored to, HUVECs in culture 
serve as activating surfaces for the AP. In these experiments, addition of purified 
proteins to HUVECs was not required because HUVECs, and other endothelial 
cells, express mRNA for all complement components. They found that C3, FB, FD, 
FP, and C5 bind to endothelial cell secreted/anchored ULVWF strings in patterns 
consistent with the assembly of the AP C3 and C5 convertases, resulting in activa-
tion of the AP (Fig. 9.4) [150]. Because TTP patients have an abundance of ULVWF 
multimers secondary to the severe decrease in ADAMTS13, it is conceivable that 
patients with TTP may also have over-activation of the AP. Further activation of the 
terminal complement pathway and formation of the MAC in these patients may lead 
to endothelial injury, and perhaps, microangiopathic hemolytic anemia and schisto-
cyte formation, providing an additional pathophysiologic mechanism for the dis-
ease [153]. This pathophysiologic mechanism may explain the conundrum of 
TTP-like syndromes in patients who have only mild or modest reductions in plasma 
ADAMTS13 (20–60% of normal): some of these patients may have a heterozygous 
defect of the ADAMTS13 gene, resulting in decreased cleavage of ULVWF not suf-
ficient enough to cause the degree of platelet adhesion/aggregation observed in TTP, 
but adequate enough to cause excessive activation of the AP [153].

�Clinical Evidence of AP Activation in TTP

While it is not common practice to evaluate complement parameters in patients with 
TTP, there is growing evidence that the AP may be over-activated in these patients. 
In one small series, eight patients with TTP demonstrated evidence of AP activation 
[154]. A subsequent larger report found that 23 patients with antibody-mediated 
TTP had evidence of increased activation of all three complement pathways [155]. 
A larger retrospective study found that 38 patients with acquired TTP had elevations 
in Bb and C5b-9 (MAC), consistent with AP activation [156]. In a recent study 
comparing 52 patients with acquired TTP to 30 normal controls, plasma levels of 
the AP activation product Bb were significantly higher in the TTP patients [157]. 
There are also case reports of patients with two distinct abnormalities: mutations in, 
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or autoantibodies to, AP components or regulators with concomitant presence of 
inhibitory autoantibodies to ADAMTS13 [158, 159]. Evidence for successful thera-
peutic complement inhibition in TTP is demonstrated by a case report of a patient 
with ADAMTS13-deficient (<5%) TTP refractory to standard TTP treatment regi-
mens, who was treated with the monoclonal antibody eculizumab [160]. This drug 
functions by inhibiting cleavage of complement component C5, thereby preventing 
initiation of the terminal complement pathway and formation of the MAC. While 
this patient did not have abnormalities in plasma levels of complement components 
or regulators, he was found to have endothelial deposition of C5b-9 on skin biopsy, 

Microvascular endothelial
cell-anchored ULVWF String

C3b
C3b C5bBb

C5

C3bBb

FH

FI

FB FD C3 FB C5 FH
FI FP FD

C3bBbC3
FP ic3b

Stimulated Microvascular Endothelial Cell

Fig. 9.4  Assembly and activation of the AP on ULVWF multimeric strings secreted by, and 
anchored to, microvascular endothelial cells. Endothelial cells produce and release AP components 
and regulators constitutively. Upon stimulation, ULVWF strings are secreted from, and anchor to, 
microvascular endothelial cells. C3 (as C3b), FB (as Bb), and C5 (as C5b) bind to the anchored 
ULVWF strings in patterns consistent with the assembly of the C3 and C5 convertases of the 
AP. FH and FI control AP activation on ULVWF strings by inactivating C3b bound to the strings. 
AP: alternative complement pathway; FB: factor B; ULVWF: ultra-large von Willebrand factor; 
FH: factor H; FI: factor I. Figure provided by Nancy A Turner, used with permission
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prompting use of the anti-complement agent. The patient’s platelet count, creati-
nine, and LDH normalized by day 29, with continued normalization of ADAMTS13 
activity by day 54, after eculizumab initiation. These reviews and case reports sug-
gest additional immune-mediated mechanisms for the pathogenesis of TTP, allow-
ing for alternative therapeutic interventions.

�Conclusion

In summary, TTP is a devastating disorder characterized by endothelial injury and 
systemic thrombosis of the microvasculature, ultimately resulting in MAHA, throm-
bocytopenia, and end-organ failure. The disorder is caused by a severe deficiency of 
the ADAMTS13 protease, which functions normally to cleave ULVWF multimers 
attached to microvascular endothelial surfaces. Deficiencies in ADAMTS13 are most 
commonly secondary to acquired inhibitory autoantibodies to ADAMTS13, although 
inheritance of ADAMTS13 gene mutations occurs as well. TTP is generally consid-
ered an autoimmune disorder but can also develop secondary to other entities. More 
recently, evidence has suggested an association between AP activation and TTP 
pathophysiology, improving the understanding of the pathogenesis of TTP and pro-
viding another possible target for therapeutic intervention in immune-mediated TTP.
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Chapter 10
Evaluation and Treatment of Thrombotic 
Thrombocytopenic Purpura

Satheesh Chonat

�Clinical Presentation

The classic pentad of clinical presentation described in TTP includes microangio-
pathic hemolytic anemia (MAHA), thrombocytopenia, fever, and neurological and 
renal dysfunction. While MAHA and thrombocytopenia are almost always seen at 
presentation in TTP, other signs are not always present at the time of diagnosis. 
Table 10.1 lists some of the presenting clinical features seen in TTP. Most centers 
now rely on the combination of clinical features (MAHA and low platelets) and 
severe deficiency of ADAMTS13 activity. Since the laboratory evaluation of 
ADAMTS13 activity might not be readily available, empiric therapy should be 
instituted if microangiopathic hemolytic anemia and thrombocytopenia are present 
without an obvious underlying cause.

�Laboratory Diagnosis

Laboratory testing is vital in distinguishing acquired TTP from congenital TTP and 
other TMA syndromes. Laboratory diagnosis of acquired TTP is typically made 
using a combination of the measurement of plasma ADAMTS13 activity and detec-
tion of anti-ADAMTS13 autoantibodies. Determination of the ADAMTS13 antigen 
level is infrequently needed. Please also refer to Table 10.2 for additional testing 
and Fig. 10.1 for a diagnostic algorithm in any suspected patient with TTP.
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In most laboratories, the activity assay is initially performed to measure the abil-
ity of the ADAMTS13 enzyme to cleave vWF multimers (patient’s plasma added to 
a mixture containing normal vWF peptide). The split products are then commonly 
detected either using immunoassay (ELISA) or fluorescence resonance energy 
transfer (FRET). In the former, a recombinant fusion protein (GST-VWF73-His) is 
used as a substrate for Y1605-M1606 peptide bond in the vWF. This is cleaved by 
ADAMTS13 present in the patient’s plasma, and the resulting Y1605 residue is 
recognized by the enzyme-linked mouse monoclonal antibody conjugated to horse-
radish peroxidase [1]. In the FRET assay, a synthetic 73-amino acid peptide (FRET-
VWF730) containing the Y1605-M1606 cleavage site is cleaved by ADAMTS13 
enzyme, and the quantitative release of the fluorescence is directly proportional to 
the concentration of the enzyme activity. This is essentially a simple assay with 

Table 10.1  Spectrum of clinical features in TTP

Organ system Clinical features

Hematological Microangiopathic hemolytic anemia (schistocytes on peripheral smear), 
symptoms of anemia, jaundice, thrombocytopenia, and associated bleeding 
manifestations

Renal Hematuria, proteinuria, acute kidney injury, hypertension
Neurological Headache, confusion, visual disturbances, focal neurological signs (aphasia, 

motor, or sensory abnormalities), coma, stroke, seizure
Cardiac Chest pain, arrhythmias, myocardial infarction (ST and non-ST elevation), 

raised serum troponin, congestive heart failure, cardiac arrest, cardiogenic 
shock

Gastrointestinal Abdominal pain, nausea, vomiting, diarrhea
Eye Pain, blurred vision, ocular hemorrhage, retinal vessel occlusion
Miscellaneous/
systemic

Fever, fatigue, arthralgia, myalgia, venous thromboembolism, multiple 
organ failure, early death

Table 10.2  Suggested laboratory testing

Hematological ADAMTS13 activity and anti-ADAMTS13 IgG assay
Complete blood count, peripheral blood smear, reticulocyte count, 
haptoglobin, free plasma hemoglobin, LDH, bilirubin
Prothrombin time, activated partial thromboplastin time, fibrinogen
Blood group, antibody screen, direct antiglobulin test

Renal and 
metabolic

BUN, creatinine, calcium, thyroid function test

Gastrointestinal Liver function test
Cardiac Serum troponin, electrocardiogram, echocardiogram
Infection HIV, hepatitis, CMV, and EBV serology
Urine, stool Urine pregnancy testing, urinalysis, urine protein/creatinine ratio, Shiga 

toxin in stool
Autoimmune 
testing

Erythrocyte sedimentation rate, antinuclear antibodies, dsDNA, rheumatoid 
factor, lupus anticoagulant testing panel

Imaging Cranial imaging (CT or MRI) and other appropriate imaging if malignancy 
is suspected
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many advantages including being highly reproducible between multiple runs, which 
take about 4–6 h per run and is able to detect even <5% activity [2].

When there is a severe decrease in the activity of ADAMTS13 to less than 30%, 
the presence of functional anti-ADAMTS13 autoantibodies is assessed. These anti-
bodies can be detected quantitatively using a Bethesda-like assay (used to detect 
inhibitors to Factor VIII in Hemophilia patients). This is a mixing study performed 
by adding patient’s plasma (presumably with inhibitory antibodies) to a plasma pool 
from healthy controls. The result is reported as “inhibitor units,” where one inhibitor 
unit reduces the ADAMTS13 activity in control plasma by 50%. Another method 
used is enzyme-linked immunosorbent assay (ELISA) to detect these autoantibod-
ies (IgG or rarely IgM) in plasma of patients with deficient ADAMTS13 activity.

The plasma antigen level of ADAMTS13 can be measured using ELISA but is 
not routinely used for initial testing or considered pertinent in the diagnosis of 
acquired TTP.

Treating clinicians should be aware of some of the limitations and nuances with 
these assays. Most centers use local reference laboratories for these tests. Therefore, 
the results are not immediately available, and initial treatment is instituted prior to 
the availability of ADAMTS13 activity data. It is also important to recognize that 
recent red cell transfusion, platelet transfusion, plasma exchange, or plasma infu-
sion can affect the level of the ADAMTS13 activity as well as the level of any 
inhibitors present. An ADAMTS13 ELISA-based antibody assay is less specific 
than a functional inhibitor assay. A mild to moderate reduction of ADAMTS13 

Microangiopathic Hemolytic
Anemia AND

Thrombocytopenia

Identify associated TMA syndrome
1. ADAMTS13 activity

2. Stool for Shiga toxin

3. Laboratory work-up

Pregnancy
HIV infection
Drug-associated TMA
Malignancy/ Transplant-associated TMA

Organ failure

> 10% ADAMTS13
activity

< 10% ADAMTS13 activity > 10% ADAMTS13
activity

aHUS suspected
Platelets > 30,000 mm3

Creatinine > 2.26 mg/dL

Anti-ADAMTS13 auto-antibody

Suspect Congenital TTP if ADAMTS13 activity
persistently < 10% and Anti-ADAMTS13
antibody persistently negative during remission.
Send for ADAMTS13 genetic analysis for
confirmation

Immune mediated TTP
< 10% ADAMTS13 activity and

positive anti-ADAMTS13 antibody

TTP suspected
Platelets < 30,000 mm3

Creatinine < 2.26 mg/dL

STEC-HUS
Shiga toxin positive

+/-

Fig. 10.1  Diagnostic algorithm for TTP
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activity (>10%) with or without the presence of anti-ADAMTS13 antibodies can 
also be seen in other medical conditions such as atypical hemolytic uremic syn-
drome (aHUS), systemic lupus erythematosus (SLE), antiphospholipid syndrome, 
disseminated intravascular coagulation, and sepsis, among others [3]. The dilution 
of plasma to run some of these tests can further affect the sensitivity of enzyme 
activity and inhibitor levels. One important limitation of FRET assay is that hemo-
lysis with resulting free hemoglobin and hyperbilirubinemia can interfere with flo-
rescence detection leading to falsely lower ADAMTS13 activity. Therefore, these 
diagnostic tests should ideally be sent to laboratories that analyze them on a regular 
basis and have the expertise to interpret the results appropriately.

�Initial Management of Acquired TTP

Upon suspicion of TTP, one should promptly send laboratory workup as outlined in 
the previous section. However, given the high likelihood of sudden deterioration 
and associated complications, a patient with presumed TTP should be treated expe-
ditiously as a medical emergency, without waiting for confirmatory testing. Initial 
steps should focus on stabilization of a critical patient as well as consideration of 
transfer to a center with expertise in managing patients with TTP. Plasma exchange 
(see below) requires a central venous catheter (CVC) to be inserted by experienced 
critical care or surgical team member under ultrasound guidance in a compressible 
vein such as the femoral or jugular vein. Transfusion of platelets is generally contra-
indicated in TTP except in the setting of refractory life-threatening bleeding. These 
CVCs can be safely inserted by experienced personnel even with a lower platelet 
count [4], but this risk should be discussed among the treating physicians, as bleed-
ing from the insertion site and pulmonary hemorrhage and retroperitoneal hemor-
rhage related to plasma exchange in patient with TTP have been reported [5]. Packed 
red cells can be safely administered to maintain blood volume in patients with 
TTP. Delays in providing immediate care to patients with TTP can be prevented by 
consulting a multidisciplinary team from intensive care unit, hematology, nephrol-
ogy, surgery, and apheresis. Please refer to Table 10.3 for a summary of available 
treatment modalities and Fig. 10.2 for treatment algorithm.

�Plasma Therapy

Plasma therapy includes simple plasma infusion (PI) and plasma exchange (PEX). 
While the former is preferred in cTTP, ADAMTS13 testing results are usually not 
available promptly enough to definitively differentiate cTTP from iTTP. Furthermore, 
delay in obtaining ADAMTS13 activity data often precludes definitive differentia-
tion of TTP from other TMAs as well. Therefore, PEX is often started prior to a 
definitive diagnosis of TTP is made. PEX is superior to PI for acquired TTP since it 
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replenishes ADAMTS13 and removes anti-ADAMTS13 autoantibodies, as well as 
ULVWF multimers. Plasma exchange should be initiated as early as possible in any 
patient with suspected TTP, as delay in starting this therapy is associated with sig-
nificantly increased mortality and morbidity [6–9]. If delays in initiating PEX are 
expected, PI should be initiated as a temporizing measure, especially if there is high 
clinical suspicion for cTTP.

The recommended volume for initial therapy with PEX is 1.0 to 1.5 times the 
plasma volume [8, 10, 11]. This is typically continued daily until platelet count 

Table 10.3  Treatment modalities

Replaces 
ADAMTS13 
enzyme

Reduces anti-
ADAMTS13 
autoantibodies

Immune 
suppression

Blocks vWF 
binding to 
platelet 
GP1b

Plasma infusion Yes – – –
Plasma exchange Yes Yes – –
Steroids – – Yes –
Rituximab and immune-
modulating agents

– Yes Yes –

Splenectomy – Yes – –
vWF A1 domain therapy 
(ALX-0081, ALX-0681) 
and N-acetylcysteine

– – – Yes

Recombinant ADAMTS13 Yes – – –

Immune mediated TTP diagnosis is confirmed

Responsive: Platelet count > 150,000mm3

for 2 consecutive days with clinical
improvement

PEX (1.0 × plasma volume) once daily

Look for other TMA syndromes
PEX: increase to 1.5 × plasma volume
Rituximab 375 mg/m2 weekly × 4 doses
For neurological or cardiac dysfunction-
consider PEX every 12 hours and early
Rituximab therapy

Refractory: Thrombocytopenia
unresponsive to 5 PEX episodes and
steroid treatment with raised LDH

Prednisone 1 to 2 mg/kg/day or Methyl Prednisone 10 mg/kg/day

Stop PEX
Continue steroids
Monitor platelet count for 1-2 weeks
before tapering steroids

Remission: sustained normal platelet
count with clinical response for 30 days
after last PEX

Exacerbation: Recurrence of
thrombocytopenia +/- clinical
manifestations, increased LDH within 30
days of last PEX

•
•

• •
•
•
•

•
•

Fig. 10.2  Treatment algorithm for Acute iTTP
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normalization (150,000/mm3) is achieved for two consecutive days along with sta-
bilization of hemolysis and organ dysfunction (clinical response). PEX is performed 
every 12 h in some centers for refractory acquired TTP or TTP with severe symp-
toms of cardiac or neurological dysfunction. Fresh frozen plasma or solvent-based 
plasma can be used as the replacement fluid in PEX. Most centers prefer to use 
centrifugation-based blood component separation over membrane-based system for 
PEX, as the former is more efficient in plasma removal and treatment time is shorter.

Complications of PEX are usually catheter related (bleeding, infection, thrombo-
sis, pneumothorax, death), plasma related (anaphylaxis, hypotension, arrhythmias, 
serum sickness, death), or citrate related (hypocalcemia) [12, 13]. While PEX is 
ongoing, initiation of immune-modulation therapies should be strongly considered. 
Dosing and timing of these medications during PEX is critical to ensure adequate 
effect.

�Corticosteroids

Among the immune-modulation therapies, initiation of corticosteroids along with 
PEX therapy is the standard of care for the initial management of acquired 
TTP. Methylprednisolone at 1 g (or 10 mg/kg/day) should be given intravenously 
daily for 3 days along with PEX therapy, as oral therapy can be a challenge in criti-
cally ill patients. High-dose methylprednisolone (MP) administered intravenously 
in combination with PEX was shown to achieve remission in 77% of patients com-
pared to 47% of patients using a lower dose [14]. The mechanism of corticosteroid 
effect is not completely clear but likely involves suppression of antibody production 
and/or downregulation of the cytokine storm involved in endothelial activation [15]. 
Concurrent use of steroids with PEX has been shown to reduce the duration of PEX 
and its related complications [5]. This initial high dose of methylprednisolone is 
typically transitioned to oral prednisone 1–2 mg/kg/day for the next several weeks 
[10, 11, 16].

�Rituximab

Rituximab is a monoclonal antibody against CD20 and has been used in the man-
agement of various hematological malignancies and autoimmune conditions such as 
immune thrombocytopenic purpura and rheumatoid diseases. This antibody binds 
to B lymphocytes expressing CD20 and eliminates these B cells through a variety of 
mechanisms. In a prospective trial involving patients with relapsed/refractory 
acquired TTP, patients who received rituximab (375 mg/m2 intravenously weekly 
for 4 weeks) had a complete hematological and clinical remission within 1–3 weeks 
of the first dose. This was coupled with fall in IgG antibody levels and rise in 
ADAMTS13 activity [17].
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Since rituximab is removed from the circulation by PEX therapy, doses should 
be delivered immediately after PEX.  The time to B cell depletion is not altered 
when given in combination with PEX therapy [18]. A prospective open-label French 
study looked at rituximab clearance by PEX with dosing on days 1, 3, 7, and 14. 
This regimen resulted in significant B cell depletion lasting for 9 months, with no 
severe side effects [19]. This frequent dosing schedule can be potentially used in 
those who are slow to respond with persistence of anti-ADAMTS13 autoantibodies 
and low ADAMTS13 activity. There have not been any reports of specific safety 
issues with use of rituximab in acquired TTP. Recovery of B cells has been found to 
occur between 6 and 15 months following therapy [18, 19].

While there are no robust data from randomized controlled trials, the use of 
rituximab along with PEX has resulted in reduced duration of PEX and fewer 
relapses. In a prospective trial of 40 patients who received rituximab in England, 
only 4 of them relapsed (10%) at a median duration of 27 months. This was sig-
nificantly better in comparison to their historical controls (57% relapse rate at a 
median duration of 18  months) [20]. The Oklahoma registry reported on their 
experience in 16 adults who had received rituximab; only two relapsed at 2.5 and 
9.9 years (12.5% relapse rate compared to 42% in controls) [21]. In the above-
mentioned open-label French study, of the 19 patients who received rituximab and 
were available for follow-up, none relapsed within the first year (compared to 
9.4% in the control group) [19]. These results and other retrospective case reports 
that have been nicely compiled in the recent review article [11] encourage the use 
of rituximab, in conjunction with PEX and steroids, as frontline therapy in adults 
with acquired TTP [13, 19, 20, 22].

�Monitoring After Initial Management of Acquired TTP

With prompt initiation of PEX, the mortality has decreased from over 90% [6, 23] 
to less than 20% [8, 24]. Once a patient with acquired TTP is in clinical remission 
(clinical response for over 30 days from cessation of PEX), close monitoring with 
routine blood counts, LDH and ADAMTS13 activity level for several months, and 
during acute illnesses and/or pregnancy is essential. It is advisable that the patient is 
treated and followed up at least for the initial period by a hematologist with experi-
ence in managing patients with acquired TTP. It is also important to monitor for any 
clinical or laboratory signs of connective tissue disorders (such as SLE, Sjögren 
syndrome, rheumatoid arthritis, etc.), as these patients can present either before, at 
the time of, or during follow-up for acquired TTP [25]. One systematic review 
revealed that 19% of children and 11% of adults with SLE had acquired TMA [26]. 
These patients can either present as connective tissue disease-related TMA with 
mild to moderate decrease in ADAMTS13 activity or significant decrease in 
ADAMTS13 activity levels with presence of anti-ADAMTS13 autoantibodies 
indicative of acquired TTP. For more detailed information, please refer to Chap. 2 
on pathophysiology of TTP.
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�Risk Factors and Prevention of Relapse

Relapse of acquired TTP occurs in about 40% of patients, the majority of which 
occur in the first year [27]. Some of the important risk factors for such relapse 
include older age, persistently severely decreased ADAMTS13 activity levels dur-
ing remission, and organ damage reflected by increased LDH, elevated troponin, 
and neurological features [28, 29]. Among these, the only biomarker that is predic-
tive of iTTP relapse is a persistently severely low ADAMTS13 activity during clini-
cal remission. Among the Oklahoma TTP registry patients in remission who had 
severely decreased ADAMTS13 activity (<10%), up to 60% experienced at least 
one relapse [30]. These and other similar data from the French registry encourages 
one to consider prophylactic rituximab in patients with severe ADAMTS13 defi-
ciency during remission [31]. While there are no other drugs that have been for-
mally studied to prevent relapsing or recurrent acquired TTP, splenectomy has been 
shown to significantly decrease relapses [32].

�Management of Refractory/Relapsing Acquired TTP

Refractory TTP is defined by lack of clinical response to more than five episodes of 
PEX (1–1.5 × plasma volume) every 12–24 h and steroid treatment, with persistent 
thrombocytopenia (<30,000 to 50,000 mm3) and elevated LDH (>1.5 × ULN). Often 
clinical response is noted within 10–15 days of starting PEX. Patients who had an 
initial response and then deteriorated within a short time frame (15 days) are included 
in this definition of refractory TTP. This is different than “exacerbation” where there 
is recurrence of thrombocytopenia (<150,000 mm3) and increased LDH necessitat-
ing PEX therapy within 30 days from an initial treatment response. Exacerbation 
occurring after 30 days to initial response is termed “relapsing” TTP [29].

Currently, there is no consensus in the management of refractory/relapsing TTP. If 
response to PEX therapy and steroids is suboptimal, intensification of PEX therapy 
(increase to 1.5 × plasma volume) should be tried and/or be given every 12 h. Rituximab 
should be promptly administered if not part of the initial management. Immunomodulatory 
agents outlined below and splenectomy are some of the salvage therapy options, but 
newer treatment options are being trialed and used with varying frequency [13, 33].

�Immunomodulatory Agents

�Cyclosporine A

There are reports of cyclosporine A (CSA) being effective in increasing the 
ADAMTS13 activity and in preventing relapses of acquired TTP [34]. However, a 
recent prospective randomized clinical trial comparing CSA to corticosteroids as 
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adjunctive therapy to PEX showed no significant difference in the relapse rate 
between the two groups; however, corticosteroids were superior to CSA in sup-
pressing autoantibody levels and improving the ADAMTS13 activity [35].

�Vincristine

Vincristine has had some success in its use for refractory/relapsing acquired TTP 
patients in spite of its side effect profile, but since the emergence of rituximab, it is 
seldom used prior to a trial of rituximab and steroids [16, 36].

�Cyclophosphamide

Cyclophosphamide is one of the immunomodulatory options in refractory acquired 
TTP. It has been used as a salvage therapy when PEX, steroids, rituximab, and vincris-
tine have failed. Its use can help with recovery of platelet count and ADAMTS13 activ-
ity. Given the associated adverse effects of cyclophosphamide such as bone marrow 
suppression, infections, and decreased fertility, it is not used in up-front therapy [37].

�Mycophenolate Mofetil

This immunosuppressive agent is widely used to prevent acute rejection after solid 
organ transplants and in various other autoimmune diseases. Experience with its use 
in acquired TTP is limited to a few case reports in patients with autoimmune and 
connective tissue disorders and often in conjunction with other immunomodulatory 
agents such as steroids and rituximab [38].

�Bortezomib

Bortezomib, a proteasome inhibitor, has been in use for multiple myeloma and 
antibody-mediated rejection of transplanted solid organs for some time, among 
other emerging uses. Bortezomib was initially trialed in a patient with acquired TTP 
refractory to PEX and immunosuppression, with a depleted B cell compartment but 
thought to have autoantibodies originating from plasma cells, and resulted in a 
prompt response. Per report, four doses of bortezomib (1.3 mg/m2/dose) resulted in 
recovery of platelet count and neurological function [39]. Since then, multiple case 
reports regarding its use in refractory acquired TTP have emerged [40], and it is 
currently considered an adjunct therapy option in relapsed/refractory acquired TTP.
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�Splenectomy

While splenectomy was in use for the treatment of acquired TTP before PEX came 
into use as frontline therapy, its role in the era of PEX, steroids, and rituximab is 
minimal, as it is now generally reserved for a salvage option. A retrospective study 
which included 33 patients who underwent splenectomy for plasma refractory or 
recurrent TTP demonstrated a 10-year relapse-free survival of 70% [32]. In another 
literature review of 74 cases involving 15 studies of refractory TTP, only 8% of 
patients failed to respond to splenectomy [41]. Similar to immune thrombocytope-
nia, it has a limited use in patients in whom the autoantibodies are thought to be 
produced by B cells that have escaped the rituximab treatment.

�Newer Agents

�N-acetylcysteine

N-acetylcysteine (NAC) has been in use for acetaminophen poisoning and as a 
mucolytic agent in pulmonary diseases. In the latter, it works by breaking the disul-
fide bonds in mucoproteins, which lowers the viscosity of mucus. In a similar fash-
ion, NAC has been shown in vitro and in animal models, to reduce the disulfide 
bond present in the A1 domain of vWF that interacts with platelet glycoprotein 1b. 
This reduces the size of ULVWF multimers and inhibits platelet adherence and 
aggregation [42].

Animal data also suggest that NAC is effective in preventing thrombus formation 
and MAHA when given along with PEX, but not in resolution of already formed 
thrombi [43], again emphasizing that it can be a useful adjunct with PEX therapy. 
Its benefit in refractory TTP in conjunction with PEX and steroids has been demon-
strated via evidence of platelet count recovery [44, 45]. Easy availability in most 
emergency departments, low cost, and acceptable safety profile has increased its 
appeal within the treatment options for TTP. Its potential for up-front therapy along 
with PEX is being studied in a pilot trial at a dose of 150 mg/kg loading dose over 
60 min followed by 150 mg/kg over 17 h (NCT01808521).

�Targeted Therapy in TTP

The vWF A1 domain-platelet glycoprotein 1b has been targeted using small mole-
cule technology.

ARC1779 is a small oligonucleotide aptamer that binds to A1 domain of vWF 
and blocks vWF-dependent platelet function. In a Phase II trial, this aptamer along 
with PEX also demonstrated benefit as evidenced by increased platelet counts [46].
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GBR600 is a humanized anti-vWF monoclonal antibody that has been studied in 
baboons. This inhibitory antibody given during acute TTP resulted in platelet recov-
ery and was also noted to protect baboons from acquired TTP [47].

ALX-0081 and ALX-0681 are humanized bivalent single-chained nanobodies 
which bind to the N-terminus of the vWF A1 domain and block the interaction of any 
sizes of vWF to the platelet glycoprotein Ib. ALX-0081 is an intravenous active drug, 
while ALX-0681 is given subcutaneously. These two agents were studied in vitro and 
in preclinical animal models (baboon) and showed efficacy as an adjunct with PEX 
with no signs of excessive bleeding [48, 49]. Subsequently, a multicenter, single-
blind, randomized, placebo-controlled study (TITAN) assessed the use of caplaci-
zumab (ALX-0081) along with PEX in 75 patients (36 received caplacizumab and 39 
received placebo). There was a 39% reduction in median time to recovery of platelet 
count in the caplacizumab group compared to the placebo group. Exacerbation of 
acquired TTP was also greater in the placebo group (11 patients) compared to capla-
cizumab group (3 patients). Mild to moderate bleeding-related adverse events were 
more common in the caplacizumab group compared to the placebo group (54% vs. 
38%), but these did not require any intervention. The study group had eight patients 
relapse within 10 days of withdrawal of the study drug, while the placebo group had 
none. Seven of those eight patients who relapsed had persistent ADAMTS13 activity 
of <10%, indicating the continual presence of anti-ADAMTS13 autoantibodies. 
There were two deaths in the placebo group in patients who were refractory to treat-
ment, and no deaths were reported in the study group [50]. A multinational, double-
blind, placebo-controlled Phase III study utilizing caplacizumab (HERCULES) was 
recently closed after recruiting 145 patients (NCT02553317), with data forthcoming. 
In addition, investigation regarding the long-term safety and efficacy of caplaci-
zumab (Post-HERCULES) is in progress (NCT02878603).

These agents are very promising for the initial management of acquired 
TTP. While PEX and immunosuppressive therapy help to remove anti-ADAMTS13 
autoantibodies and restore ADAMTS13 activity in the acute phase of disease, the 
vWF A1 domain inhibitors prevent the microangiopathy which occurs during the 
acute phase of disease, in addition to preventing subsequent thrombocytopenia, 
organ ischemia, and morbidity/mortality.

�Recombinant ADAMTS13

Recombinant ADAMTS13 (rADAMTS13) was developed as a replacement product for 
use in cTTP, anticipating potential replacement of chronic plasma infusion therapy. 
Additionally, a recombinant product may have potential use in the treatment of acquired 
TTP [51]. This product was initially studied in vitro, where addition of rADAMTS13 to 
the plasma from two brothers with cTTP resulted in normalization of vWF multimer 
processing activity [52]. Further in  vitro experiments in 36 plasma samples from 
acquired TTP patients showed that the concentration of rADAMTS13 required for vWF 
processing activity was in linear relationship to the inhibitor titers of those samples [53]. 
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This effect in iTTP was confirmed in rat models; inhibitor titer-adjusted rADAMTS13 
concentrations were given to rats who were treated with goat anti-ADAMTS13 IgG, and 
reconstitution of ADAMTS13 activity in the plasma of these rats was achieved [54]. 
Preclinical studies were conducted in ADAMTS13 knockout animal models using a 
new rADAMTS13 product (BAX930), and platelet counts stabilized with no severe 
adverse effects. However, formation of anti-ADAMTS13 antibodies was noted. This 
may not be clinically significant in humans, however, as most cTTP results from com-
pound heterozygous defects [55]. rADAMTS13 is currently being trialed in a Phase I 
study in patients with cTTP (NCT02216084).

�Long-Term Outcomes

A significant number of TTP survivors have varying degrees of neuropsychological 
deficits affecting their quality of life. These include difficulties with memory, cogni-
tion, concentration, and processing of information. The deficits are sometimes sub-
tle and do not appear to improve over time. These changes do not correlate with the 
neurological symptoms at the presentation of acute acquired TTP [12, 56, 57]. 
Screening performed on 52 patients within the Oklahoma TTP-HUS registry 
revealed that 29% report being severely depressed at least once. Eighty-nine percent 
of these had further psychiatric evaluation and were confirmed to have major depres-
sive disorder. This finding did not correlate with relapses or ADAMTS13 activity 
levels [58]. Another significant finding among long-term survivors of acquired TTP 
is the presence of arterial hypertension in up to 40% [59].

�Conclusion

There have been considerable advances in the diagnosis and management of 
acquired TTP in the past decade, resulting in a dramatic decline in morbidity and 
mortality. Newer adjuvant therapies and up-front rituximab could continue to 
improve outcomes. A high clinical suspicion, early initiation of plasma exchange, 
and prompt diagnosis remain critical. Additionally, these patients require ongoing 
long-term close follow-up for early detection of relapse, diagnosis of comorbid 
autoimmune disorders, and neuropsychological sequelae. Ongoing research is 
needed to continue improving the outcome for patients affected with acquired TTP.
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Chapter 11
Background and Pathophysiology 
of Autoimmune Neutropenia

Jacquelyn M. Powers

�Overview of Neutropenia

Neutropenia is defined as a decrease in the absolute neutrophil count (ANC) in the 
peripheral blood. The normal ANC range is dependent on an individual’s racial and 
ethnic background and age. For Caucasian children 1 year of age and older, neutro-
penia is defined as an ANC less than 1500 cell/μL. For infants less than 1 year, 
1000 cell/μL is considered the lower limit of normal. Most Caucasian and Asian 
populations have ANCs in the range of 1500–7000 cell/μL [1]. In persons of African 
descent, approximately 5% have ANCs less than 1500 cell/μL, which is associated 
with the Duffy negative blood group and sometimes referred to as “ethnic pseudo-
neutropenia.” Clinically significant or severe neutropenia is considered when the 
ANC is under 500 cell/μL [2].

Neutropenia, as with other decreased hematopoietic cell lines, can be considered 
in terms of decreased production, margination from the circulating pool, or increased 
utilization and/or destruction. Classification can also be made based on the etiology. 
For neutropenia, broad underlying categories include infectious, drug-related, 
malignancy, congenital, or autoimmune. Transient neutropenia, enduring less than 
3  months, may occur frequently in association with acute viral infections. 
Autoimmune neutropenia is considered a chronic condition lasting a minimum of 
3  months. The primary focus of this chapter will be primary autoimmune 
neutropenia.

Autoimmune neutropenia and chronic benign neutropenia of infancy and child-
hood are often described together due to the challenges in distinguishing the two 
conditions. Many children diagnosed with chronic idiopathic neutropenia are now 
thought to be secondary to autoimmunity against neutrophils as well. These 
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conditions share characteristics of a benign overall course and a good clinical out-
come for most affected patients. In contrast to congenital neutropenia related to 
decreased or absent bone marrow production, patients with increased destruction of 
neutrophils, as in autoimmune neutropenia, have much lower rates of infection and 
morbidity and rarely develop severe infections. An appropriate rise in neutrophil 
count during an acute infection is supportive of the diagnosis. Relatively benign and 
common childhood infections such as upper respiratory infections, acute otitis 
media, or skin infections may be present, and in cases of severe neutropenia, mouth 
sores may occur [3].

�Epidemiology of Autoimmune Neutropenia

Autoimmune neutropenia is the most common chronic neutropenia of childhood 
[4]. Its historically cited prevalence was 1  in 100,000 children per year [5, 6]. 
However, analysis of data from the Italian Neutropenia Registry estimated an inci-
dence as high as 1 out of 6300 live births [6]. The neutropenia is often detected 
during an acute febrile illness, which persists upon follow-up testing after resolution 
of the infection. However, up to 30% of cases are identified incidentally outside the 
context of an acute infection [7]. Given that most children experience a benign 
course and may never have a complete blood count assessed, the true incidence is 
likely underreported.

Autoimmune neutropenia typically presents within the first 2 years of life [7]. 
There is no clear difference in prevalence based on gender. A Japanese cohort of 18 
patients found the average age of onset between 7 and 8 (+/− 3) months of age [8]. 
Data from the Italian Neutropenia Registry on 157 patients also found that the 
majority experienced the disease within the first year of life (median age of onset 
8–9 months), though the diagnosis was often not confirmed until 3–4 months from 
the time of onset [4, 6]. All patients presented before the age of 5, with 82% present-
ing before 18 months of age. Three children presented within the first month of life 
after having alloimmune neutropenia ruled out. The condition spontaneously 
resolves in the majority of children (>95%) by age 5, with remission occurring 
within 18–24 months from the time of diagnosis [8, 9]. Children beyond 5 years of 
age with chronic autoimmune neutropenia are more likely to be secondary to other 
immune or autoimmune conditions [1].

Six percent of patients within the Italian Registry had an elevated immunoglobu-
lin (Ig) G at the time of diagnosis, and IgA deficiency was found in 3% [6]. Two-
thirds of patients who recovered had a sudden resolution with no subsequent 
neutropenia. One-third had a transient, intermittent neutropenia phase lasting up to 
2 years prior to complete resolution. A favorable outcome (earlier recovery) was 
associated with early age at onset and a lack of monocytosis at diagnosis. However, 
remission can occur in patients even after prolonged time courses and beyond the 
age of 5 [6].

J. M. Powers



209

�Pathophysiology of Immune Neutropenia

�Neonatal Immune Neutropenia

Immune neutropenia in the neonatal period can be alloimmune or autoimmune. The 
former occurs from alloimmunization against fetal neutrophil-specific antigens that 
are not present on maternal white blood cells [9]. The neutropenia can be severe and 
result in life-threatening infections to the newborn including omphalitis, cellulitis, 
or sepsis. While the immune destruction typically remits within 6 weeks, neutrope-
nia may persist for up to 6 months. Neonates can also develop autoimmune neutro-
penia from maternal antineutrophil IgG autoantibodies that cross the placenta in a 
mother affected with autoimmune neutropenia. Though rare, this form of neutrope-
nia may also result in severe infections in the newborn.

�Primary Autoimmune Neutropenia

Outside the neonatal period, many, but not all children with presumptive autoim-
mune neutropenia have autoantibodies directed against neutrophil surface antigens. 
The resulting neutropenia is due to peripheral destruction of antibody-coated neu-
trophils, and phagocytosis of neutrophils in the spleens of autoimmune neutropenia 
patients has been observed [10]. The precise mechanism for autoantibody produc-
tion is unknown. Potentially, antibodies to foreign antigens such as viruses cross-
react with self-antigens [11]. No specific viral antigens have been associated with 
the development of autoimmune neutropenia, including one study of 240 affected 
infants and children, which found no significant association with parvovirus B19 
infection [3]. In a healthy functioning immune system, this cross-reactivity is 
self-limited.

The relatively longer duration of autoimmune neutropenia (typically 18 months) 
may be due to the lack of full suppressor T-cell function development during the 
first years of life, which could allow autoantibody production as a consequence of a 
“surveillance escape event” [12]. The Italian Neutropenia Registry demonstrated 
that 13% of children had been born premature, which would support this notion of 
an immature suppressor system playing a role in the pathophysiology [6]. The even-
tual remission from autoimmune neutropenia would then relate to the maturation of 
suppressor T-cell function. A similar but alternative mechanism in secondary auto-
immune neutropenia would be the loss of suppression of a clone of cells that are 
able to react with self-antigens due to immune dysregulation, rather than an imma-
ture immune system.

In 2015, 11 human neutrophil antigens (HNAs) had been described [7]. HNA-1 
is the most immunogenic glycoprotein, located on the immunoglobulin membrane 
receptor FcγRIIIb (CD16), which is only expressed by neutrophils [2, 7]. The most 
commonly involved alleles are HNA-1a, HNA-1b, and HNA-1c, with the first two 
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being the principal antigens implicated in autoimmune neutropenia of infancy [1]. 
Additional antigens include HNA-2a (glycoprotein 58–64, CD177), HNA-3a and 
3b (choline transporter-like protein 2), HNA-4a and HNA-4bw (CD11b), and 
HNA5a and HNA-5bw (CD11a) [7]. The antibodies directed against the neutrophil 
cell surface membrane have no relationship with antineutrophil cytoplasmic anti-
bodies (ANCA).

Bruin et al. found that early in the disease course of autoimmune neutropenia, 
pan-FcγRIIIb antibodies were detected in most patients [4]. Later, HNA-1a- and 
HNA-1b-specific antibodies developed in those with primary autoimmune neutro-
penia. Sera from patients with secondary autoimmune neutropenia, however, dem-
onstrated persistent pan-FcγRIIIb antibodies [11]. The disappearance of antibody 
over time precedes eventual ANC recovery, but no specific predictors of time to 
recovery have been identified [4]. This group hypothesized that at the onset of pri-
mary autoimmune neutropenia, nonselective antibody production exists initially 
followed by selection toward antibodies with a higher affinity over time, similar to 
autoantibodies produced in celiac disease and systemic lupus erythematosus. Or, at 
the onset of disease, there may be a loss of tolerance in which naïve, autoreactive B 
cells receive inappropriate costimulatory signals. This phenomenon is sometimes 
referred to as bystander activation and occurs in the setting of posttransfusion pur-
pura, in which B cells receive inappropriate costimulatory signals from memory 
alloreactive T cells [4].

HNA phenotype varies across racial and ethnic groups. On average, 4% of indi-
viduals express HNA-1a, HNA-1b, and HNA-1c [7]. Less than 2% are HNA-1a-
1b-1c null. Within the United States, HNA-1a is expressed in approximately 37% of 
Caucasians, 31% of African Americans, 53% of persons of Hispanic/Latino ethnic-
ity, and 55% of Native Americans [7]. HNA-1b is found in 63% of Caucasians, 69% 
of African Americans, 47% of persons of Hispanic/Latino ethnicity, and 45% of 
Native Americans. Due to this variability, the specific autoantibodies and expression 
level are dependent not only on the phase of the disease but also on an individuals’ 
racial and ethnic background [11]. The labile nature of granulocytes makes it diffi-
cult to detect autoantibodies in persons with presumptive autoimmune neutropenia. 
However, antineutrophil antibodies can be detected in many patients when combin-
ing both agglutination and immunofluorescence assays, though repeat testing is 
often necessary (see Chapter 12 on Evaluation and Management of Autoimmune 
Neutropenia) [10].

More than half of patients with autoimmune neutropenia present with severe 
neutropenia. Leukopenia may be present, but in up to half of cases, the total white 
blood cell count is normal; monocytosis may also be present [6]. Most bone marrow 
examinations performed in patients with primary autoimmune neutropenia have 
normal to increased cellularity with an increased myeloid to erythroid ratio and 
without a relative decrease in mature granulocyte precursors [6, 13]. In one series of 
240 patients with confirmed autoimmune neutropenia in whom 133 evaluable bone 
marrow examinations were performed, only 3% had hypocellular marrow [3]. In 
such cases, antibodies are thought to bind to granulocyte precursors in the marrow, 
in addition to binding the mature neutrophils found in the peripheral blood. This 
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antibody-mediated destruction for segmented neutrophils and base forms may 
mimic maturation arrest in the myelocyte and metamyelocyte stage [3].

�Secondary Autoimmune Neutropenia

As with children with other immune-mediated cytopenias, such as immune throm-
bocytopenia purpura or autoimmune hemolytic anemia, patients with chronic auto-
immune neutropenia persisting beyond age 5  years are more likely to have a 
secondary form related to other chronic disease or immune-mediated processes [9]. 
Secondary autoimmune neutropenia can present at any age and has a variable clini-
cal course. In older children and adolescents, there is a higher frequency in females, 
increased association with other autoimmune disorders, and less likelihood of a 
spontaneous remission [7]. As mentioned previously, autoantibody formation dif-
fers from that of primary autoimmune neutropenia in that affinity maturation to 
specific HNAs does not occur. Alternatively, regulation of self-recognition is too 
disturbed to correct the loss of tolerance, which leads to antibodies with pan-
FcγRIIIb specificity [4]. Thus, patients who develop autoimmune neutropenia 
beyond a very young age have disease persistent for more than 3  years or who 
develop additional cell lineage abnormalities should be assessed for secondary 
forms [12].
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Chapter 12
Evaluation and Management 
of Autoimmune Neutropenia

Alicia K. Chang

�Evaluation and Workup

When a child presents with neutropenia, the most pressing emphasis remains on 
ascertaining his or her risk for infection and addressing that risk. Defining the 
underlying pathology, however, plays a significant role in estimating infection risk 
in childhood neutropenia. A thorough medical history, physical examination, and 
family history can often narrow the differential diagnoses in a child presenting with 
neutropenia. Further laboratory investigation and bone marrow evaluation are usu-
ally not indicated for a child whose history strongly suggests AIN [1]. Antineutrophil 
antibodies in the peripheral blood can help to diagnose AIN; however, this test is 
limited by low sensitivity, as will be discussed in detail in the following section. 
Onset and age of presentation, history of prior infections, drug exposures and mater-
nal history can be helpful. A careful physical exam documenting growth retardation, 
dysmorphic features, organomegaly, or lab data documenting other cytopenias or 
organ dysfunction can also be useful in delineating etiologies of neutropenia.

Autoimmune neutropenia is most common in the first 2 years of life and usually 
presents in an otherwise well child [1]. Physical exam is often non-specific in chil-
dren with AIN, with possible findings of aphthous stomatitis or mild infections of 
otitis media or upper respiratory infections [2, 3], but generally no severe infections 
despite typically severe peripheral neutropenia. Occasionally, these children can 
present with a preceding viral illness, although interestingly, a case report of 240 
infants with AIN failed to find a correlation with parvovirus infection and AIN [3]. 

A. K. Chang, MD
Section of Hematology-Oncology, Department of Pediatrics,  
Baylor College of Medicine, Texas Children’s Hospital, Houston, TX, USA
e-mail: akchang@txch.org 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-73269-5_12&domain=pdf
mailto:akchang@txch.org


214

In contrast, congenital causes of neutropenia may present with recurrent fevers and 
infections at an early age [1], as well as a strong family history of infections and/or 
neutropenia. An investigation into the underlying cause of neutropenia is important, 
as this may predict clinical severity and guide both medical intervention and antici-
patory guidance for families.

Secondary causes of AIN are more common in older children and adults [1]. A 
non-exhaustive list of secondary causes include connective tissue and autoimmune 
systemic diseases, medications, and malignancy [2]. The cause of neutropenia in 
secondary forms is often multifactorial; antineutrophil antibodies, other mecha-
nisms of neutrophil peripheral destruction, and decreased granulopoiesis from the 
bone marrow may all contribute to the neutropenia seen in these secondary forms 
[4]. Splenomegaly and other concerning physical findings along with additional 
cytopenias should prompt bone marrow examination for underlying malignancy or 
myelodysplasia [5].

Both Felty syndrome (classically comprised of rheumatoid arthritis, splenomeg-
aly, and neutropenia) and systemic lupus erythematosus (SLE) have been the sys-
temic autoimmune diseases most commonly associated with neutropenia in the 
adult population [4]. Neutropenia in the setting of SLE has been well described, 
with a 47% incidence of neutropenia in patients with SLE reported in one prospec-
tive study [6]. This may be due to a similarity between a neutrophil surface antigen 
and Ro/SSA in SLE patients who have anti-Ro/SSA antibodies [2]. Interestingly, 
anti-neutrophil antibodies have been detected in patients with SLE with or without 
the presence of neutropenia [7].

Neutropenia seen in Felty syndrome may be caused by both immune complexes 
and antineutrophil antibodies adherent to neutrophil antigens [4] and by inflamma-
tory cytokines (TNF-alpha, interferon-gamma) that may stall neutrophil bone mar-
row production [2, 4]. Secondary AIN in the setting of Felty syndrome can also be 
caused by large granular lymphocytic (LGL) leukemia, a clonal malignancy of CD8+ 
T cells [2]. Typically, anti-neutrophil antibody testing, which will be discussed in the 
following sections, has less clinical utility given its low sensitivity and specificity [5].

�Differential Diagnosis of Isolated Childhood Neutropenia

�Cyclic Neutropenia

Cyclic neutropenia is a rare, autosomal dominant disorder caused by mutations in the 
neutrophil elastase gene (ELANE). Mutations in this enzyme are thought to acceler-
ate myeloid cell death; however, the exact cyclic mechanism of neutropenia has yet 
to be completely elucidated [1]. These patients often initially present with severe 
neutropenia in the setting of mouth sores and bacterial infection. Bone marrow eval-
uation shows periods of normal tri-lineage hematopoiesis and times of myelocyte 
maturational arrest in predictable intervals. These “cycles” often occur in 21-day 
intervals and consist of a 3–5-day period of severe neutropenia with a rapid recovery 
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to neutrophil counts greater than 1.5 × 109/L [1, 8]. Often at ANC nadir, patients suf-
fer from stomatitis, abscesses, and severe infections [1]. Because of the cyclical 
nature, diagnosis can be elusive and requires serial blood counts three times a week 
for 6 weeks documenting regularly the occurring periods of neutropenia [1, 8].

�Severe Congenital Neutropenia (SCN)

SCN, also known as Kostmann syndrome, is a rare, heterogeneous group of diseases 
often associated with severe neutropenia and life-threatening infections early in life 
[9]. The severe neutropenia is constant, and patients develop deep tissue infections, 
pneumonias, and overwhelming sepsis [1]. Genetic mutations, such as ELANE and 
HAX1 mutations, have been described in patients with SCN [1]. These patients may 
have accompanying dysmorphic features and metabolic derangements [1, 9, 10]. 
Bone marrow typically shows a maturational arrest at the promyelocyte phase [9]. 
Twenty to thirty percent of these patients are at risk for developing myelodysplastic 
syndrome and leukemias [1, 11]. Other bone marrow failure syndromes should also 
be considered for a patient with significant infections, chronic neutropenia, or other 
supportive clinical and/or laboratory findings.

�Neutropenia Secondary to Drug Administration and Nutrient 
Deficiencies

The causative drugs are beyond the scope of this review; however, antiepileptic and 
antibiotic medications are most frequently described in cases of non-chemotherapy 
drug-induced agranulocytosis. The exact mechanism of neutropenia is debatable, 
but the findings of antineutrophil antibodies in some patients suggest a possible 
immune-mediated process [12]. Onset after exposure can be variable, and it may 
take between 1  week and 1  month for counts to normalize after removal of the 
offending agent. Vitamin B12, folate, or copper deficiencies have also been impli-
cated as causes for neutropenia, and this resolves once these nutrient stores have 
been replenished [9].

�AIN Associated With Other Autoimmune Diseases

Evans syndrome (the presence of two or more immune cytopenias, most classically 
autoimmune hemolytic anemia and ITP) and autoimmune thrombocytopenia are the 
most common autoimmune entities associated with neutropenia in the pediatric 
population, but can also be seen in SLE and other autoimmune disorders [9]. 
Typically, children with secondary autoimmune disease tend to be older and female. 

12  Evaluation and Management of Autoimmune Neutropenia



216

Because it may be difficult to distinguish at initial presentation, one study suggests 
the characterization of antineutrophil antibodies may help discriminate between pri-
mary and secondary AIN [13], as HNA-1a- and HNA-1b-specific antibodies were 
found in patients with primary AIN compared to pan-FcyRIIIb specificity in sec-
ondary AIN [13].

�Diagnosis

The history and physical exam findings are the most important aspects of the initial 
evaluation of a child with neutropenia. If a detailed review of the child’s personal 
and family history are non-revealing, the physical exam is normal, and the sus-
pected cause is autoimmune neutropenia; limited laboratory evaluation is recom-
mended. A complete blood count and review of the peripheral blood smear to 
document neutropenia and to rule out other cytopenias or morphological abnormali-
ties suggestive of other disorders should be done in all cases. Anti-neutrophil anti-
body testing can be performed, although as previously mentioned the sensitivity and 
specificity for AIN are low. Further testing should be considered for patients with 
history of more significant infections, growth or development abnormalities, or 
other atypical features. Bone marrow evaluation is not indicated for classic AIN but 
can be helpful if a production defect is suspected.

�Neutrophil Antibody Detection Methods

Boxer and colleagues in 1975 first detected circulating antineutrophil antibodies 
that caused accelerated reticuloendothelial system-induced neutrophil destruction 
in three out of five hospitalized patients [4, 14]. This was corroborated by Hadley 
and colleagues in 1986, who published detection of increased anti-granulocyte 
opsonic activity in more than half of their patients with neutropenia, suggesting a 
possible immune basis [15]. Earlier animal studies had already demonstrated infu-
sion of antineutrophil antibodies could lead to neutropenia by similar mechanisms 
of opsonization and enhanced phagocytosis [16]. However, case studies of patients 
with AIN have reported variable levels of circulating antineutrophil antibodies in 
patients strongly suspected of AIN, possibly due to circulating titers lower than the 
detectable limit. Moreover, a lack of relationship between the levels of circulating 
autoantibodies and the severity of neutropenia has also been observed in patients 
strongly suspected of AIN [4].

The diagnosis of AIN remains clinical, as accurate detection of antineutrophil 
antibodies is challenging, and the sensitivity and specificity is low. The International 
Granulocyte Serology Workshops have sought to establish a standardized method 
of detecting antineutrophil antibodies as accurate diagnostic tools to identify anti-
neutrophil antibodies are needed for other disease entities such as febrile transfu-
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sion reactions, immune neutropenias after stem cell transplant, and 
transfusion-related acute lung injury (TRALI) as well [17]. Their second interna-
tional workshop recommended that at least two methods, the indirect granulocyte 
agglutination test (GAT) and the granulocyte immunofluorescence test (GIFT), be 
used to detect anti-neutrophil antibodies [18]. However, each of these tests has its 
own limitations. It has been recognized that the GAT test can lead to false positives 
since neutrophils can agglutinate spontaneously [4, 19]; however, it has the capa-
bility to detect aggregated antibodies, such as anti-HNA-3a [20]. The direct GIFT 
test detects neutrophil autoantibodies using fluoresceinated human anti-immuno-
globulin antibodies, whereas the indirect GIFT exposes patient serum to control 
neutrophils and detects autoantibodies using fluoresceinated anti-immunoglobulin 
antiserum [4]. The monoclonal antibody-specific immobilization of granulocyte 
antigen (MAIGA) assay can overcome some of these false positives, since specific 
monoclonal antibodies bind neutrophil antigens bound to human antibodies; how-
ever, this assay is not routinely available [4, 19], and as of yet, cannot detect anti-
HNA-3a antibodies, which are most commonly implicated in fatal TRALI reactions 
[20]. Recently, a flow cytometric white blood cell immunofluorescence test (Flow-
WIFT) has been developed to aid in the precision of this diagnosis. A recent study 
found this test to detect more granulocyte reactive antibodies than the GIFT, sug-
gesting it may play a role as a screening tool in the future [20].

�Human Neutrophil Alloantigens

Lalezari and Bernard in 1966 were the first to describe antineutrophil antibodies 
found in two infants with alloimmune neutropenia. Since then, 11 antigens have 
been characterized on five human proteins on the granulocyte membrane [9]. These 
five proteins make up the human neutrophil antigen (HNA) systems, and their 
revised nomenclature established in 1998 by an International Society of Blood 
Transfusion (ISBT) group [21] is the main classification system used today. The 
grouping is based on the unique surface glycoprotein location of each antigen, and 
polymorphisms of each antigen are labeled alphabetically and in sequential order of 
discovery [21, 22].

�HNA-1

The most well-described component of the HNA system is HNA-1, comprised of 
three polymorphisms HNA-1a, HNA-1b, and HNA-1c (formerly known as NA1, 
NA2, and SH antigens, respectively). Approximately 35% of neutrophil autoanti-
bodies are specific for HNA-1a and HNA-1b in patients with primary AIN of infancy 
[3, 9, 22]. All are located on the human neutrophil Fc gamma receptor IIIb (FcγRIIIb), 
a highly glycosylated protein only expressed on the surface of neutrophils and 
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encoded by the FCGR3B gene located on the long arm of chromosome 1 [21, 22]. 
FcγRIIIb protein consists of 184 amino acids and is bound to the neutrophil mem-
brane via a 16-amino acid peptide [23]. This protein functions to enhance both clear-
ance of immune complexes and phagocytosis of opsonized pathogens [23].

FcγRIIIb contains two IgG-like domains, one of which has a high affinity for 
ligand binding and the other whose function remains unclear [22, 23]. Each anti-
genic polymorphism, characterized by three alleles, alters the FcγIIIb function [22]. 
Clinically, HNA-1a individuals have higher affinity for IgG1 and IgG3, lending to 
increased phagocytosis of opsonized antigens. HNA-1b individuals haves a lower 
affinity for phagocytosis of opsonized bacteria; thus they are more likely to develop 
periodontal diseases [23].

The polymorphisms have different ethnic predilections, with HNA-1a seen 
mainly in native American, Chinese, and Japanese populations; and HNA-1b 
expressed largely in Caucasian and African populations [22]. Few individuals do 
not express FCγRIIIb on their neutrophil membranes due to a FCGR3B gene defi-
ciency and are called the HNA-1 null phenotype [22, 23]. Pregnant women with this 
gene defect have risk of forming specific alloantibodies which subsequently cause 
alloimmune neutropenia in their infants, while they themselves do not suffer from 
autoimmune diseases [21, 23]. Moreover, FCγRIIIb has been implicated as the tar-
get for antibodies in drug-induced immune neutropenia as well [22, 23].

�HNA-2

HNA-2 was first described by Lalezari’s group in 1971 and is also exclusively found 
on neutrophils [21]. HNA-2 has been found to be expressed on the neutrophils of 
97% of Caucasians and approximately 90% of Japanese individuals [22]. HNA-2 is 
found on CD177 and located on chromosome 19. HNA-2 positive individuals 
express two neutrophil populations: one which expresses CD177 and another lack-
ing CD177 caused by a lack of gene transcription [23]. CD177 is involved in the 
adhesion and migration of neutrophils into tissues by binding platelet endothelial 
cell adhesion molecule-1 (PECAM-1) [21, 23]. Clinically, antibodies directed 
against HNA-2 and HNA-3a have been detected in patients with transfusion-related 
acute lung injury (TRALI) [23].

�HNA-3

HNA-3 is found on choline transporter-like protein 2 (CTL2), and unlike HNA-1 
and HNA-2, it lacks specificity for neutrophils. It can be found in the inner ear, 
B- and T-lymphocytes, and platelets [23]. CTL2 is encoded by SLC44A2 located 
on chromosome 19; and CTL2 antibodies induce autoimmune hearing loss. 
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Additionally, HNA-3a antibodies have been reported in severe TRALI cases and 
febrile transfusion reactions [23].

�HNA-4a and HNA-5a

HNA-4a and HNA-5a are polymorphisms caused by single-point mutations in the 
CD11a and CD11b subunits of the leukocyte adhesion molecules (B2 integrins) found 
on neutrophils, monocytes, and natural killer cells (Bux 2002). HNA-4a is found on 
the CD11b/αM subunit of αMβ2-integrin. CD11b is encoded by the ITGAM gene 
locus on chromosome 16 and functions as a transmembrane protein. The αMβ2-
integrin is involved in cell transmigration, phagocytosis, and oxidative burst [23]. It is 
unclear if the polymorphism affects these functions [23]. Two types of HNA-4a allo-
antibodies exist—one is asymptomatic and the other has been reported in neonatal 
alloimmune neutropenia. HNA-5a is located on a leukocyte-specific adhesion mole-
cule CD11a, and antibodies may also act to inhibit leukocyte interactions [23].

�Treatment

Typically, primary AIN in children is self-limiting, and severe infection is exceed-
ingly rare due to preservation of the bone marrow storage pool of mature neutro-
phils. There is no clear consensus on the approach to fever workup in a child with 
classic AIN. Numerous treatment modalities, such as corticosteroids, intravenous 
immunoglobulin, and granulocyte-colony stimulating factor (G-CSF), have been 
trialled and reported in the literature, but only G-CSF was found to be effective at 
raising the neutrophil count [2]. Rituximab, an anti-CD20 monoclonal antibody, 
was used to treat six patients with AIN in one case report, with little efficacy [24].

Recombinant human granulocyte-colony stimulating factor (G-CSF) stimulates 
granulopoiesis and demargination of neutrophils from tissue and decreases neutro-
phil apoptosis [2]. It is generally effective in raising neutrophil counts to greater 
than 1 × 109/L and preventing infections [1]. In patients with cyclic neutropenia or 
severe congenital neutropenia, fatal bacterial infections have been documented [1], 
and treatment with G-CSF is therefore recommended in these conditions [1].

In 2011, the Neutropenia Committee of the Marrow Failure Syndrome Group of 
the Associazione Italiana di Emato-Oncologia Pediatrica (AIEOP) assembled a 
group of international experts to make recommendations on AIN treatment in the 
setting of acute infection or surgery and timing of follow-up. G-CSF dosing was 
based on underlying disease state and target ANC range was set as >1.0 × 109/L and 
≤5.0 × 109/L. For rare cases of infection in AIN, a starting dose of 1–2 μg/kg/day for 
1 week was suggested, with allowance to increase by 1–2 μg/kg/day every 5–7 days 
if ANC remained <1.0 × 109/L [25]. In general, patients with AIN show a quick and 
robust response to G-CSF due to adequate marrow stores, and G-CSF therapy (espe-
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cially high doses) may lead to significant bone pain [5]. If treatment is clinically 
indicated in AIN, the experts recommended monthly follow-up to document neutro-
penia resolution. If neutropenia persists, repeat testing for indirect autoantibodies 
against neutrophils is recommended. Of note, this same body of experts does not 
recommend routine use of prophylactic antibiotics for patients with AIN [25].

Use of prophylactic antibiotics such as cotrimoxazole is generally not indicated 
for classic AIN and is usually reserved for patients with recurrent moderate infec-
tions typical of other disorders. In the same retrospective study of 240 cases of 
infants with primary AIN discussed previously, 90% of cases were associated with 
benign infections that resolved with systemic antibiotics despite severe peripheral 
neutropenia [3]. Eighty-nine percent of these patients received prophylaxis with 
cotrimoxazole, and prophylaxis was started only after recurrent infection events. 
Fioredda et al. reported an infection incidence of 40% in their patients with AIN, 
with the most common being skin and soft tissue infections [26].

�Conclusions

Autoimmune neutropenia is caused by autoantibodies against neutrophil membrane 
proteins, leading to enhanced peripheral clearance. Though the degree of neutrope-
nia can be peripheral neutropenia may be severe, the bone marrow storage pool and 
response to bacterial challenge is generally normal. The clinical course of AIN is 
usually benign and the majority will resolve within 1–3 years. The diagnosis remains 
clinical, as neutrophil autoantibodies remain difficult to detect with current meth-
ods, even in the setting of optimal testing utilization which combines agglutination 
and immunofluorescence assays. The characterization of neutrophil surface anti-
gens continues to progress and will provide further insight into the pathophysiology 
of immune neutropenia. Routine treatment with prophylactic antibiotics and/or 
G-CSF is generally not indicated and may be used for rare patients with recurrent 
infections or other clinical indications on an individualized but infrequent basis.
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