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KEY POINTS

� In autoimmune hemolytic anemia (AIHA), the presentation and severity of signs and symp-
toms depend on the acuity of the development of anemia and patients’ underlying comor-
bid conditions.

� Prophylactic utilization of folic acid 1 mg PO daily in patients with hemolytic anemia has
been used to prevent deficiency

� The presence of warm autoantibody can interfere with the screening of alloantibodies for
blood product selection in the setting of transfusions.

� Cold antibody hemolytic anemia can cause cutaneous ulceration and necrosis

� There are a plethora of infectious complications that could develop following therapeutic
interventions and clinicians should have a low threshold for diagnostic work up.
INTRODUCTION

Autoimmune hemolytic anemia (AIHA) is the group of acquired autoimmune conditions
resulting from the development of autologous antibodies, typically immunoglobulin G
(IgG) or complement proteins, directed against autologous red blood cell antigens
resulting in red cell lysis. A range of antibodies can arise, varying by immunoglobulin
subtype or specific temperature facilitating interaction between the immune system
and red blood cell antigen, leading to the terminology of warm AIHA and cold agglu-
tinin AIHA.
The incidence of AIHA is approximately 1 to 3 per 100,00 people per year1 with

potentially 40% to 50% of cases described as secondary AIHA with an underlying
condition including distinct autoimmune disorders, immunodeficiency disorders, lym-
phoproliferative disorders, or infections.2 Treatment of AIHA depends on the type of
antibody present and the severity of anemia.
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The correct diagnosis and treatment of AIHA require careful laboratory assess-
ment and clinical monitoring for response. There are a variety of complications
that patients can experience associated with AIHA. Prior studies suggest a variety
of mechanisms related to hemolysis that may lead to complications including endo-
thelial activation, inflammation, platelet activation, and red blood cell adhesion.3.4

The complications include symptoms due to the presence of anemia, existence of
the antibody impacting blood bank testing, and side effects from specific therapeu-
tic interventions. Additionally, the presence of active hemolysis and its byproducts
can lead to organ dysfunction including renal and vascular complications. The likeli-
hood of these different complications can evolve over time from diagnosis through
treatment. Clinicians must remain mindful of the potential complications of AIHA,
educating patients and families on the possibilities to facilitate open communication
throughout treatment.
COMPLICATIONS RELATED TO ACTIVE HEMOLYSIS
Anemia

The symptoms of AIHA at presentation are driven by the degree of anemia. The Na-
tional Cancer Institute characterizes anemia as mild with hemoglobin 10.0 g/dL to
lower limit of normal, moderate with hemoglobin 8.0 to 10.0 g/dL, severe with hemo-
globin 6.5 to 7.9 g/dL, and life-threatening when hemoglobin less than 6.5 g/dL.5 In
AIHA that develops slowly over months, the onset of symptoms will be protracted
over time. More commonly, AIHA develops rapidly over days to weeks, and in this
case, symptom development will be more severe and thus noticeable by the patient
and family.
Common symptoms of anemia, and thus AIHA, include fatigue, dyspnea on exer-

tion, or palpitations. Some patients may also demonstrate jaundice, dark colored
urine, or splenomegaly.
A study of 60 patients with warm AIHA revealed that 87% presented with at least

one symptom of anemia including fatigue or dyspnea. One in 4 patients in this study
reported dizziness and 1 in 3 noted signs of hemolysis including jaundice or dark urine.
Fifty-two of the patients had undergone imaging at diagnosis with 10% demonstrating
lymphadenopathy.6

Symptoms can vary depending on the patient’s age. A study of 35 children with
AIHA revealed a quarter of patients experienced jaundice, fever, or fatigue at diag-
nosis. Other symptoms included dark urine or conjunctival pallor noted in 14%, and
splenomegaly or abdominal pain in 11%.7 A larger study of 265 children with AIHA re-
ported dark urine in 80% of patients and organomegaly including splenomegaly in
31% or hepatomegaly in 19%. Importantly, 20% of cases included a concomitant
diagnosis of infection.8 As this second study represents children with all types of
AIHA the increase in dark urine reflects an increased rate of Donath–Landsteiner he-
molytic anemia, or paroxysmal nocturnal hemoglobinuria, hemolytic anemia in chil-
dren. This type of AIHA typically follows a viral infection.
On the other hand, elderly individuals who develop AIHA may suffer symptoms at a

lesser degree of anemia due to its impact on organ function when considering the
symptoms of AIHA in the elderly, a study of 10 patients over the age of 75 years
with AIHA revealed 70% experienced chest pain, tachycardia, cardiac failure, confu-
sion, or excessive fatigue.9 The potential for these cardiac or neurologic symptoms re-
flects the known increased risk of cardiovascular disease as people age.10

In summary, treating clinicians need to have a high index of suspicion for the com-
plications related to the presence of anemia or ongoing hemolysis. The symptoms of
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anemia, or lack of symptoms, at diagnosis can be attributed to the duration and de-
gree of anemia present. Patient age or comorbidities can shape the type and severity
of symptoms of anemia at presentation.

Cutaneous Symptoms

Cutaneous complications are rare but possible in AIHA. Cutaneous ulceration and ne-
crosis are seen more often in the setting of cold antibody hemolytic anemia.11,12 In
cold environments, cold antibodies can cause agglutination of red cells in distal extrem-
ities. This decreased red cell flow can result in the extremity feeling numb, painful, and
cold. This can lead to acrocyanosis, a functional peripheral arterial disease resulting in
skin discoloration, and in extreme situations cutaneous necrosis.13 The demonstration
of these symptoms depend on the titer of antibodies present and the temperature range
in which they are active, meaning there is a spectrum of if, and how, patients will expe-
rience this complication. Cold autoantibodies are able to bind to red blood cells at less
than 37� Celsius, typically below 31� Celsius.14 Management of these symptoms is to
avoid cold temperatures and keep extremities, particularly the hands and feet, warm.

Folate Deficiency

Folate, or vitamin B9, is necessary for DNA synthesis and cell proliferation. This
vitamin is absorbed in the small bowel and folate deficiency occurs due to inadequate
oral intake, malabsorption, medications, or increased situations of increased demand.
Deficiency of folate impacts rapidly proliferating cells including hematopoietic cells in
the bone marrow, leading to megaloblastic anemia or pancytopenia.15 Increased
folate demand can be seen in pregnancy as well as increased red blood cell turn over.
To address the increased folate demand is seen in pregnancy and breastfeeding,

some nations fortified flour with folic acid and recommend supplementation during
pregnancy.16 This is not the only situation whereby prophylactic folate supplementa-
tion has been recommended due to increased situational demand.
Increased folate demand is seen in cases of peripheral red cell destruction and

abnormal hematopoiesis, such as hemolytic anemia.17–19 In chronic hemolysis, pro-
phylactic doses of folic acid are recommended at 1 mg oral daily.20 This supplemen-
tation either remedies, or prevents, folic acid deficiency and allows ongoing
compensatory erythropoiesis. It is imperative to also be aware of other nutritional de-
ficiencies that can limit erythropoeisis including iron deficiency in the setting of blood
loss or B12 deficiency in the setting of malabsorption. While supplementation of these
nutrients is not implemented in hemolytic anemia, it is important to remain aware of the
possible deficiencies.
In summary, the presence of ongoing hemolysis can place strain on the body with

regards to increased folic acid demands due to ongoing erythropoiesis. Supplemen-
tation has been recommended in patients with chronic hemolytic anemia, including
thalassemia and sickle cell anemia, and is typically recommended during the duration
of AIHA to facilitate ongoing erythropoiesis regardless of baseline folic acid level.

Venous Thromboembolism

The association of venous thromboembolism (VTE) in AIHA is well-documented.21–23

As hemolysis could be seen either in the intravascular or extravascular compartment,
the postulated mechanisms for the development of thromboembolism are related to
free plasma hemoglobin, depletion of nitric oxide, presence of autoantibodies
including antiphospholipid antibodies in some patients, reactive oxygen species,
increased proinflammatory cytokines and mediators, endothelial activation as well
as the need for splenectomy/postsplenectomy status.
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The rates of VTE in patients with AIHA range from 10% to 27%.1,4,6,23–30 Pulmonary
embolism is a more common presentation in this patient population. The rates of VTE
are high in patients with autoimmune disorders when they are admitted to the hospital
and have been reported to be up to 2-fold higher in patients hospitalized with
AIHA.25,31–33

Due to the complex pathophysiology involved in the autoimmune hemolytic pro-
cess, patients suffering from AIHA are at heightened risk for VTE complications.
Despite the awareness of increased risk, it is not easy to ascertain which group of pa-
tients would benefit from thromboprophylaxis. There is a paucity of literature to sup-
port the use of serum biomarkers such as hemoglobin, LDH, leukocyte count, bilirubin,
antiphospholipid antibody, and D-dimer as the predictor for VTE.1,4,23

Multiple pathophysiological mechanisms have been proposed. These include im-
mune mechanisms such as systemic inflammation leading to cytokine-induced tissue
factor expression, endothelial dysfunction and inhibition of Protein C and fibrinolysis
systems, NET release and increased levels of VWF, fibrinogen and factor 8., and
non -immune mechanisms such as endothelial cell damage leading to the activation
of the Virchow’s triad by microvesicular shedding, release of plasma free hemoglobin
and heme leading to the release of nitric oxide scavenger.34

This situation is further complicated by the fact that a proportion of patients might
have concurrent autoimmune thrombocytopenia which would make prophylactic anti-
coagulation a high-risk intervention. Thus, routine anticoagulation prophylaxis is not a
standard of care for patients with AIHA unless there are other considerations for
thromboprophylaxis such as cancer, hormonal exposure, pregnancy, recent postop
status particularly splenectomy, and use of high dose steroids.
In the event of the development of a venous thromboembolic event, the duration of

anticoagulation depend on the nature of the event. If the thrombus was provoked by
other risk factors as described above, finite anticoagulation should be considered as
per the Chest Guidelines.35 Also, the degree of ongoing hemolysis along with platelet
count would guide the decisions, carefully balancing the risks versus benefits of
ongoing anticoagulation. There is no data comparing different anticoagulants in the
setting and the presence of AIHA does not impact the choice of anticoagulant used.
Although arterial events are less frequently described, complications such as

myocardial infarction and stroke are seen in the setting of AIHA particularly with severe
anemia.36,37 The underlying pathophysiological mechanisms are not well understood,
perhaps these are precipitated by the degree of anemia leading to poor perfusion
hence ischemic complications.
In summary, VTE is one of the more frequent complications of autoimmune he-

molytic disease but currently there are no standard guidelines in terms of preven-
tative strategy both in the inpatient as well as outpatient clinical setting.
Thromboprophylaxis in the inpatient setting should be considered for patients
with AIHA, as in other cases of medically complicated hospitalized patients, when-
ever the risk of bleeding is low. In the setting of the development of a thromboem-
bolic event, the duration of anticoagulation in patients with ongoing hemolysis is
not clear at this point and is at the discretion of the treating provider after 3 months
of therapy.

Renal Dysfunction

Ongoing uncontrolled brisk hemolysis over time can lead to acute kidney injury. This
can be caused by renal tubular obstruction by hemoglobin cast precipitation, cytotox-
icity to proximal tubular epithelium, and intrarenal vasoconstriction due to the deple-
tion of nitric oxide.38,39
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Several cases of patients with Evans syndrome, a syndrome of AIHA and immune-
mediated thrombocytopenia, who developed acute kidney injury with renal biopsy
have been reported. Evoked mechanisms included direct cytotoxicity to the proximal
tubular epithelium as well as the demonstration of hemosiderin deposition within the
renal tubules leading to chronic renal dysfunction40 due to cast nephropathy. In a pe-
diatric patient with Evans Syndrome and no associated underlying autoimmune con-
dition, the biopsy revealed hemoglobin casts in renal biopsy attributed to intravascular
hemolysis.41 Lastly IgG4-related kidney disease has been recently described. This
fibroinflammatory condition whereby IgG4 positive plasma cells infiltrate the tissue
with storiform fibrosis, may or may not be associated with elevated IgG4 levels.42

Ongoing hemolysis, particularly intravascular hemolysis can, rarely, impact renal
function through a variety of mechanisms. Other causes of hemolysis besides autoim-
mune hemolysis, such as thrombotic microangiopathy (TMA) can more commonly
impact renal function. In the setting of hemolytic anemia with renal dysfunction,
once TMA is ruled out, AIHAmust be considered and a renal biopsy may be necessary
to distinguish the cause of renal injury.
COMPLICATIONS RELATED TO HEMOLYTIC ANEMIA MANAGEMENT
Treatment-Associated Complications

While the presence of hemolysis or anemia can cause complications at diagnosis
and during treatment, there are also considerations for adverse effects of the treat-
ment itself. As this is an autoimmune process, many of the therapeutics are immu-
nosuppressive. This increases the likelihood, and atypical nature, of infections.
Patients on long-term immunosuppressive therapy should be covered with prophy-
lactic antimicrobials to prevent the development of opportunistic infections. In
addition to the general increased infectious risk of pharmaceutical complications,
each agent carries distinct complication risks including psychosis (steroids), cardi-
otoxicity (cyclophosphamide), nephrotoxicity (cyclosporine), anaphylaxis (plasma
exchange), or neutropenia (mycophenolate). The variety of potential adverse events
from therapeutic interventions prompts the need to review common, and uncom-
mon, side effect profiles at initiation and during treatment, especially if the agent
is not commonly used in a clinician’s practice.
Table 1 provides a summary of the most common side effects associated with ther-

apeutic interventions for AIHA, many of which focus on immunosuppressive therapy.43

Complications of each therapy are specific to that particular pharmacologic or surgical
intervention.

Transfusion Considerations

In the setting of AIHA, occasionally red blood cell transfusions may be necessary for
significant anemia while awaiting a response from immunosuppressive therapy. Iden-
tifying the ideal red blood cell unit for transfusion can prove difficult in the setting of
AIHA due to disruption in the alloantibody screening process by the presence of a
warm autoantibody.
The initial test to identify the presence of AIHA is the direct antiglobulin test, detect-

ing the presence of either immunoglobulin or complement bound to the patient’s red
blood cells. When the DAT is positive, the next step is a process of elution followed by
exposure to reagent red blood cells with known antigen expression. In some cases,
this elution and reagent red blood cell exposure lead to panagglutination, and only
rarely in this situation does an autoantibody react strongly with a specific antigen
informing donor red blood cell unit selection.55 Thus, detecting a clinically significant
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Table 1
Common Side Effects associated with Therapeutic Interventions for Autoimmune Hemolytic
Anemia

Therapy Common Side Effects

Steroids44 immunosuppression, infection, endocrine abnormalities with
hyperglycemia, psychosis and neurotoxicity, myopathy,
osteoporosis, aseptic necrosis of bone

Intravenous
immunoglobulin45

hypersensitivity reaction, increase the risk for thrombosis,
hemolysis, asthenia, GI upset with pain and diarrhea,
injection site ecchymosis, and pruritus

Rituxan44,46 anaphylactic reaction, hematological toxicity, and
hypogammaglobulinemia, GI upset, antibody development,
increased risk for infections. Rare cases progressive
multifocal leukoencephalopathy (PML)

Cyclophosphamide47 hematological toxicity, nausea and vomiting, hemorrhagic
cystitis, pulmonary toxicity, secondary malignancy,
cardiotoxicity

Mycophenolate mofetil48 hematological toxicity particularly neutropenia,
gastrointestinal toxicity, opportunistic infections,
progressive multifocal leukoencephalopathy

Azathioprine49 hematological toxicity particularly leukopenia, hepatotoxicity
with increased liver enzymes and bilirubin, susceptibility to
infections, Sweet syndrome, and PML

Danazol50 Asthenia, erythrocytosis, hepatic toxicity, fatigue and
depression, interstitial pneumonitis, Steven–Johnson
syndrome, increased thrombosis

Cyclosporine51 gastrointestinal toxicity, nephrotoxicity

Sirolimus52 gastrointestinal toxicity, elevation of liver function tests,
hypertriglyceridemia, blood pressure changes, headaches,
mucous membrane irritation, hematological toxicity,
sinusoidal obstruction syndrome

Plasma exchange53 coagulation factor depletion, anaphylactic reactions,
transfusion-related acute lung injury, infectious risk,
hypokalemia, hypocalcemia, hematin globulin depletion,
ACE-inhibitor-related complications (flushing, hypotension,
abdominal cramping), vascular catheter complication,
citrate induced metabolic alkalosis

Eculizumab46 hypertension, peripheral edema, headache and fatigue, skin
rash, gastrointestinal upset, hypokalemia, leukopenia,
infection with meningococcus, respiratory complication

Splenectomy54 encapsulated organism infection such as pneumococcus and
meningitis, venous thromboembolism, secondary
malignancies, cardiovascular immense and pulmonary
hypertension, bleeding at the time of surgery
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red blood cell alloantibody proves difficult in the setting of a broadly reactive autoan-
tibody which can mask an antigen-specific alloantibody. Additional laboratory testing
is necessary as an alloantibody can be capable of causing hemolytic transfusion reac-
tions if not identified and managed by antigen-negative red cell transfusions.56 It has
been reported that up to 20% to 40% of patients with AIHA may have alloantibodies
present in their sera.57 Additional laboratory testing can be performed to detect allo-
antibodies in the presence of broadly reactive warm autoantibody is referred to as
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autoadsorption. In situations when autoadsorption is not effective, alloadsorption
technique is performed.56

There are reports that concern for masked alloantibodies in the setting of AIHA may
be overestimated, leading to detrimental outcomes for patients if necessary red cell
transfusions are withheld.58 In this study of 36 patients with AIHA, 3 were found to
have alloantibodies through traditional testing and only one alloantibody required
alloadsorption for detection. Therefore, while alloantibody screening may be difficult
in the setting of AIHA additional laboratory techniques may be necessary and prove
beneficial for comprehensive management of AIHA. Close communication with blood
bank colleagues and acknowledgment that additional techniques will require time
before resulting is essential.

SPECIAL CONSIDERATIONS
COVID-19

The pandemic has also brought forward a unique presentation and perspective to the
patients infected with SARS-CoV-2 (severe acute respiratory syndrome coronavirus
2), particularly those with underlying B cell lymphoid malignancies. There have been
several case reports of patients presenting with AIHA either as a presenting symptom
or one that developed during the illness.59–63 Vice versa, there has been some report-
ing on the outcomes of the patient with AIHAwho developed COVID-19 and it does not
seem that patients have worse outcomes.63–68 One study of 7 patients diagnosed with
AIHA associated with COVID-19 infection, revealed that 4 of the 7 individuals were
found to have an indolent B lymphoid malignancy, indicating an immune dysfunction
whichmay have predisposed the patient to the infection and/or hemolysis.69 However,
in the era of COVID-19 there is published literature suggesting increased severity of
disease for patients who have been treated with Rituxan for their underlying rheuma-
tological or hematological conditions.70,71 The concern is perhaps there is a reduced
ability to mount an immunologic response to active COVID-19 infection, or an appro-
priate immunologic response to the COVID-19 vaccine, following CD-20 lymphocyte
modification. Lastly, there have been case reports of the development of AIHA in
the setting of COVID-19 mRNA vaccination which was rather responsive to steroids.72

CONCLUSION

AIHA is a collection of conditions requiring accurate laboratory diagnosis and careful
consideration for management strategies. In addition to the management of anemia,
AIHA can be associated with a spectrum of complications that requires the treating
clinician to remain vigilant both at presentation and after treatment initiation. These
AIHA complications are not only related to the underlying triggering disease or the pro-
cess of hemolysis but also complications related to medical therapy. Special consid-
erations related to the COVID-19 pandemic include not only the disease associated
with the SARS-CoV-2 virus but also the vaccination process and choice of therapy
for AIHA.

SUMMARY

AIHAis a group of acquired autoimmune conditions resulting from the development of
autologous antibodies directed against autologous red blood cell antigens resulting in
red cell lysis. Beyond the presence, severity and duration of hemolysis which can lead
to symptomatic anemia, additional complications at presentation and during treat-
ment require a high degree of clinical vigilance. These include cutaneous, thrombotic,
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renal disorders, and infectious disorders. Complications can be due to the presence of
the pathologic antibody itself, the process of hemolysis, or attributed to treatment.
Comprehensive management of AIHA requires awareness and assessment of compli-
cations at diagnosis, during, and following treatment.

CLINICS CARE POINTS

� The presence of warm autoantibody can interfere with the screening of alloantibodies for
blood product selection in the setting of transfusions.

� Working closely with Blood Bank colleagues and appreciating that blood product unit
selection may take additional time and testing is essential to facilitate safe transfusions
when necessary.

� Cold antibody hemolytic anemia can cause cutaneous ulceration and necrosis.

� Ongoing hemolysis can contribute to renal dysfunction through a variety of mechanisms.

� Venous thromboembolism is a widely recognized complication associated with AIHA but
there is no consensus about prophylactic management for this complication.
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