
Acquired Hemolytic Anemias

Srila Gopal, MD
Elizabeth S. Allen, MD



A 56-year-old man is in the ED for a 4-week history of progressive 
fatigue, dyspnea on exertion, and chest pain with moderate 
activity. He also notes an inability to perform all his duties as a 
construction worker. Family and medical history are 
noncontributory, and he takes no medication.

Vitals notable for tachycardia. Exam reveals scleral icterus, no 
adenopathy, palpable spleen 2 cm below left costal margin

Labs:

Hemoglobin 8.1 g/dL

Leukocyte count 4900/µL, with a normal differential

Platelet count 159,000/µL 

Reticulocyte count 5.4% of erythrocytes

Direct antiglobulin (Coombs) test IgG, strongly positive; C3, 
weakly positive

Which of the following is the most likely 

diagnosis?

A. Cold agglutinin disease

B. Glucose-6-phosphate dehydrogenase 

deficiency

C. Hereditary spherocytosis

D. Thrombotic thrombocytopenic purpura

E. Warm autoimmune hemolytic anemia

Case 1



A 32-year-old woman is hospitalized with progressive 
exertional dyspnea. She has noted dark urine for the 
last week and yellowing of her skin for several days. 
Medical history is unremarkable, and she takes no 
medications.

On physical examination, vitals notable for tachycardia, 
Icteric sclera and skin. Cardiac examination reveals a 
grade 2/6 systolic flow murmur. No lymphadenopathy 
or hepatosplenomegaly is present. The remainder of 
the examination is noncontributory.

Labs reveal  Hb 4.8 g/ dL, normal leucocyte and plt
count, MCV 134, retic 12%, Tbili 6.7, Dbili 1.2, LDH 660, 
UA with 4+ blood, no leucs or RBCs

DAT positive for C3, negative for IgG

EBV and mycoplasma negative

Which of the following is the most likely diagnosis?

A. Cold agglutinin disease

B. Glucose-6-phosphate dehydrogenase deficiency

C. Hereditary spherocytosis

D. Thrombotic thrombocytopenic purpura

E. Warm autoimmune hemolytic anemia

Case 2



Case 2 continued

Which of the following is the most appropriate treatment?

A. Intravenous immune globulin

B. Prednisone

C. Rituximab

D. Splenectomy



What are hemolytic anemias?

Hemolysis
Increased RBC breakdown

Anemia (RBCs are getting 
destroyed at an increased 

rate)

Compensatory increase in 
production from the bone 

marrow



Where does the hemolysis occur?



Splenomegaly, Hepatomegaly, No free Hb in 
circulation

+ free hb, hemoglobinuria, 
methemoglobinemia



uptodate
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Auto immune hemolytic anemias

Increased extravascular (rarely intravascular) 
destruction of erythrocytes causing shortened RBC 
survival in vivo 

Evidence of host antibodies reactive against autologous 
RBCs



Epidemiology
Affects roughly 1-3/ 100,0001

80%  are caused by warm (IgG) antibodies2

Warm: majority of patients over 40 years of age,  peak 
incidence around the 7th decade

Cold- median age at diagnosis – around  72  years

1.Eaton ww et. al, J autoimmunity 2007, 2. Aladjidi et. al, Haematologica 2011



Pathophysiology- warm antibody hemolytic 
anemia

• Antibodies have highest 
affinity to RBC antigens 
at 37 degrees

• Usually polyclonal and 
igG

Berentsen S., clin lymphoma myeloma, 2009 



Berentsen S., clin lymphoma myeloma, 2009 

Intravascular 

Extravascular 

Pathophysiology- cold antibody mediated 
hemolytic anemia



Diagnosis 
Clinical features suggestive of 
anemia

PLUS 
Evidence of hemolysis
- Peripheral smear
- Increased LDH, indirect 

hyperbilirubinemia, 
increased reticulocytes

DAT



Laboratory Identification 
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Main Blood Bank Tests
DAT

◦ If positive, elution

Blood Type

Antibody Screen
◦ If positive, antibody identification



Main Blood Bank Tests
DAT

◦ If positive, elution

Blood Type

Antibody Screen
◦ If positive, antibody identification



Direct Antiglobulin Test (a.k.a. Coombs 
test)



Antibody Screen



Warm Autoantibodies
Classic pattern: pan-positive



Warm Autoantibodies
DAT: IgG positive alone or with C3

Antibody Screen: pan-positive



Warm autoantibodies 
typically bind to 
something that is 
ubiquitously present on 
everyone’s RBCs



WAAs Cause 2 Big Problems
Warm autoantibodies react with all of our testing cells, and therefore can mask the presence of 
underlying alloantibodies

◦ Special testing (adsorption) is often needed to rule out the presence of underlying alloantibodies

◦ Assess the patient.  Talk to the blood bank MD.  Is the patient stable enough to wait for this testing, or 
do you need to work on a back-up plan?

Warm autoantibodies will cause the patient to be crossmatch incompatible with ALL units in 
inventory.

◦ This is expected incompatibility.  Just monitor the patient closely during transfusion



+ DAT  ≠ WAIHA



Warm Autoantibodies vs. WAIHA

Warm 
autoantibodies

Warm autoimmune 
hemolytic anemia



Warm Autoantibodies vs. WAIHA

Warm 
autoantibodies

Warm autoimmune 
hemolytic anemia

Severity…?
Lab Findings:
DAT +
Ab screen, ID +

Interferes with laboratory 
testing

Lab Findings:
DAT +, Ab screen, ID +
Hemolytic Markers present
(Indirect Bili, LDH, 
haptoglobin, retic count)

A potentially fatal disease



Cold Autoantibodies
How do we define “cold”?

DAT: C3 positive

Antibody screen: may be pan-positive or not



Cold autoantibodies: pattern



Cold autoantibodies
Usually IgM

Usually with specificity for the I, i, or IH antigens

Anti-I is associated with mycoplasma pneumoniae infection

Anti-i is associated with infectious mononucleosis



Cold Autoantibodies vs. Cold Agglutinin Disease

Cold 
autoantibodies

Cold agglutinin 
disease

Severity…?
Lab Findings:
DAT +
Ab screen, ID +

Interferes with laboratory 
testing

Lab Findings:
DAT +, Ab screen, ID +
Signs of hemolysis and/or 
ischemia

A potentially fatal disease



Cold autoantibodies: challenges



MANAGEMENT



Don’t wait to transfuse….

• Transfusion can be life saving in the setting of AIHA with severe 
anemia or unstable clinical/cardiac status

• Do not wait for “compatible blood”

• Do not wait for underlying alloantibodies to be worked up 
(several hours) when the anemia is severe and life threatening

• “Least incompatible”?- TALK TO THE BLOOD BANK



Warm auto immune hemolytic anemia

Evaluation for an underlying disorder

How do we use steroids? 

Role for splenectomy

Treatment of relapsed/ refractory cases 



Evaluation for an underlying disorder

❑~ 40- 50 %  primary, rest secondary

❑Of secondary causes, 
❑60% lymphoproliferative disorders 

❑Rest autoimmune disorders1

❑COVID related

Consider evaluating for an LPD
◦ CT, flow cytometry peripheral blood

SPEP, immunoglobin levels

Consider bone marrow evaluation

1. Roumier et. al, AJH 2014



First line treatment

Steroids , RR of 50-80% , 
relapses common after taper1,2

About 80% will respond to 
steroids only 30-40% be in 
remission at 1 year

1.Proportions of patients with newly diagnosed warm AIHA that 
showed any response (CR + PR) or a complete response (CR) at 3, 6 
and 12 months after initiating treatment with rituximab and 
prednisolone combined (N = 32) or prednisolone alone (N = 32). CR, 
complete response; PR, partial response. 

1. Birgens et. al, Br J Haematol. 2013 Nov;163(3):393-9.2.Barcellini et. al, Blood 2014 124:2930-2936



Steroids in secondary w AIHA

❑lymphoma/ underlying LPN -
poorer response to steroids in 
the first line setting

❑Increased risk for developing 
lymphoproliferative disorders1

Relapse free survival on corticosteroids for 
patients with primary or secondary AIHA (a) and 
patients with or without associated lymphoma (b). 

1.Sallah et. al, Clinical Cancer Research 2001, 1. Roumier et. al, AJH 2014



Rituximab

Daan Dierickx, Alain Kentos and André Delannoy, Blood 2015 125:3223-3229



Rituximab

Used in the first and second line setting 

2 phase 3 studies, with prednisone,  
rituximab (375 mg/ m2 weekly for 4 
doses and 1000 mg fixed dose every 2 
weeks X 2 doses) 1,2 

Responses- 50 – 75% CR, 

70% relapse free survival at 3 years

Small study (n=8) showed efficacy for 
rituximab at 100 mg/ m2 doses X 4 
doses2

Relapse‐free survival in patients with newly 
diagnosed warm AIHA - rituximab and 
prednisolone combined or prednisolone 
alone as first‐line therapy

1.Birgens et. al, Br J Haematol. 2013 Nov;163(3):393-9,  Michel M et. al Am J Hematol 2017;92:23-27.
3.Barcellini et.al, Eur J Haematol 2013



Splenectomy

▪ High RR - 60-90%, with relapses in 
30%1 ( usually early)

▪ Higher RR in primary autoimmune 
hemolytic anemia2

▪ Never been compared head to head 
with any other treatment

▪ Exact order of sequencing rituximab 
vs. splenectomy not known- based on 
preference

1. Coon W, Arch Surg. 1985 May;120(5):625-8, 2. Akpek et. al, American Journal of Hematology 61:98–102 (1999) 
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Relapsed/ Refractory disease
•No standard definition 

•Many patients will have ongoing evidence of hemolysis/ DAT 
positivity, without significant anemia or symptoms

•Considered relapsed/ refractory1 if-
•> 20 mg prednisone to maintain hemolysis control

• clinically significant relapse with ongoing hemolysis

• intolerance to effective treatment 

1. Barcellini et. al Blood. 2012;119(16):3691-3697



Rituximab in the second line setting
Second line setting- retrospective studies- RR of 70% ( 

small studies with very small sample size)1

Similar RR regardless of whether it is primary or 
secondary AIHA ( around 70%)2

Relapse rate of 30- 50% at 3 years, but most patients 
respond to retreatment with Rituximab1

1. Maung et. Al Br J Haematol. 2013 2. Reynaud et.al, Autoimmun Rev. 2015, 3. Dierickx, Blood 2015 



Second Line treatment options

Go et. al, Blood. 2017 



CLL associated warm AIHA
• Treat CLL if indicated, otherwise treat just the AIHA

•Non purine nucleoside analogues, chemo immunotherapy or ibrutinib

•AIHA and fludarabine1

•About 6% incidence

• Common in the first 3 cycles, but can occur at anytime

• Can be fatal2

• Fludarabine/ cyclophosphamide combination may be better 

• Ibrutinib has activity against AIHA, however ibrutinib may temporarily exacerbate 
immune cytopenias, usually managed with steroids3

1. Flinn et. al, J Clin Oncol. 1998, 2. Byrd JC et. al Ann. Oncol. 1995, 3. Vitale C et. al, Haematologica. 2016



Cold antibody mediated immune hemolytic 
anemia

Clinically significant disease

Evaluation for an underlying disorder

Indications for treatment

First line treatment options

Relapse/ refractory disease



Clinically significant disease
▪Diagnosis is made based on evidence of hemolytic anemia, 

▪ reticulocytosis ,hyperbilirubinemia, elevated LDH

▪ Additional symptoms include livedo, Raynaud disease, acrocyanosis
and possible cutaneous necrosis

▪ + presence of antibody in significant titers



Cold antibodies
Thermal amplitude :

•highest temperature at which agglutination can be detected

•cold agglutinins with a thermal amplitude higher than 28 to 30°C are 
pathogenic

Titer : should be atleast 64

•Inverse of the highest plasma or serum dilution at which agglutination can be 
seen at a given temperature

•Titer of 512 usually clinically significant, large proportion of cold agglutinins 
may be clinically insignificant. 

Berentsen and Barcellini, N Engl J Med 2021; 385:1407-1419



CAD vs CAS
“primary” or idiopathic CAD with a clonal 
lymphoproliferative disorder that can be 
difficult to recognize

Described as low-grade non-Hodgkin’s 
lymphoma, such as lympho plasmacytic or 
marginal-zone lymphoma, but a relatively 
uniform disease, cold agglutinin–associated 
lymphoproliferative bone marrow disorder
The MYD88 L265P mutation, seen in LPL is 
absent in this entity

1. Chandesris MO et.al, Rev Med Interne 2004, 2. Swiecicki PL et. al, Blood , 2013, Berentsen and Barcellini, N Engl J Med 2021; 385:1407-1419



CAD vs. CAS
IgM, monoclonal, produced by clonal lymphocytes in the marrow

About 50% will have raynauds

Hemolysis is complement mediated

Should consider bone marrow evaluation and SPEP upfront

CAS:

Secondary

Infections : mycoplasma, EBV, CMV, SARS – COV2

Cancers- aggressive B cell lymphoma



Who should we treat?
Supportive measures suggested to all- avoid cold regardless of 

symptoms

Adequate clothing in cold weather, set thermostat high, avoid icy 
drinks and cold showers

Infection associated CAS usually does not need treatment

Systemic therapy if significant hemolysis or symptomatic



Rituximab

First line of therapy in CAD OR 45-54% , response duration about 8-
11 months in 2 studies

CRs uncommon ( < 5%)- 60- 90% relapse

Both standard ( 375 mg/ m2 weekly) and low dose (100 mg/ m2) 
are effective

Rituximab + steroids ( small study – 19 patients), showed shorter 
time to response, few relapses ( 33% at 12 months)

Lee et. al, Blood. 1998, Cohen et.al, Leuk Lymphoma, 2001, Berentsen et. al , Blood 2017, 130: 537-541



Rituximab combination therapies

Hill A and Hill QA, Hematology Am Soc Hematol Educ Program. 2018 



Roth et al., NEJM (2021)

ORR = 54%



Role of steroids and splenectomy
When used alone, may not be as effective ( unlike warm AIHA) 

However, these are commonly used, OR of about 30%

Doses may have to be higher than warm AIHA

May have a role in IgG cold agglutinin disease ( which itself is 
very rare)

Splenectomy- not recommended



Relapsed/ Refractory disease
•Very little data

• If response to rituximab, can be considered again

•Case reports-bortezomib, eculizumab, rituximab/ 
bendamustine, rituximab/ cyclophosphamide



Peri-operative management
Concern particularly hypothermic circulatory arrest and hemolysis 

during rewarming

Antibody titer-

If low titer/ low thermal amplitude- no Rx

High titer or high thermal amplitude:
◦ peri- op plasma exchange with FFP or IgG1

◦ warmed products - bypass fluids, blood products, anesthesia and body 
blankets

Pecsi et. al, Ann Thoracic Surgery, 2009



MIXED AIHA
Both cold and warm antibodies

IgG plus IgM, cold antibodies in high titer

More severe anemia and difficult to treat

Usually first line would be high dose steroids+rituximab

Berentsen and Barcellini, N Engl J Med 2021; 385:1407-1419



Paroxysmal cold hemoglobinuria
Very rare in adults

Post viral in children, tertiary syphilis and cancer in adults

Non agglutinating anti P antibodies of igG isotype “ Donath Landsteiner” antibody

C3d positive

Antibody binds to antigen at temperatures below central body temperature, but 
activation of the classical complement pathway, beyond the initial steps, occurs after 
warming to 37°C in the central circulation

More intravascular hemolysis due to terminal complement activation

No clear treatment strategy identified, but complement inhibition therapy has been 
effective in children

Berentsen and Barcellini, N Engl J Med 2021; 385:1407-1419



Clinical trials 

Fostamatinib SYK inhibitor Phase 2 (UCSD was a 
site) , phase 3 
completed 
enrollment

Around 50% RR

Parsaclisib Pi3k delta inhibitor Phase 2 study, 
relapsed

Enrolling 

Ibrutinib BTK inhibitor Phase 2, steroid 
refractory AIHA

Non US

KZR 616 Immunoproteosome 
inhibitor

Phase 2 AIHA and 
chronic ITP

Enrolling

SYNT001 FcRn inhibitor Phase 2 AIHA



A 56-year-old man is in the ED for a 4-week history of progressive 
fatigue, dyspnea on exertion, and chest pain with moderate 
activity. He also notes an inability to perform all his duties as a 
construction worker. Family and medical history are 
noncontributory, and he takes no medication.

Vitals notable for tachycardia, Exam reveals scleral icterus, no 
adenopathy, palpable spleen 2 cm below left costal margin

Labs:

Hemoglobin 8.1 g/dL

Leukocyte count 4900/µL, with a normal differential

Platelet count 159,000/µL 

Reticulocyte count 5.4% of erythrocytes

Direct antiglobulin (Coombs) test IgG, strongly positive; C3, 
weakly positive

Which of the following is the most likely 

diagnosis?

A. Cold agglutinin disease

B. Glucose-6-phosphate dehydrogenase 

deficiency

C. Hereditary spherocytosis

D. Thrombotic thrombocytopenic purpura

E. Warm autoimmune hemolytic anemia

Case 1



A 32-year-old woman is hospitalized with progressive 
exertional dyspnea. She has noted dark urine for the last 
week and yellowing of her skin for several days. Medical 
history is unremarkable, and she takes no medications.

On physical examination, vitals notable for tachycardia, 
Icteric sclera and skin. Cardiac examination reveals a grade 
2/6 systolic flow murmur. No lymphadenopathy or 
hepatosplenomegaly is present. The remainder of the 
examination is noncontributory.

Labs reveal  Hb 4.8 g/ dL, normal leucocyte and plt count, 
MCV 134, retic 12%, Tbili 6.7, Dbili 1.2, LDH 660, UA with 
4+ blood, no leucs or RBCs

DAT positive for C3, negative for IgG

EBV and mycoplasma negative

Which of the following is the most likely diagnosis?

A. Cold agglutinin disease

B. Glucose-6-phosphate dehydrogenase deficiency

C. Hereditary spherocytosis

D. Thrombotic thrombocytopenic purpura

E. Warm autoimmune hemolytic anemia

Case 2



Case 2: part 2

Which of the following is the most appropriate treatment?

A. Intravenous immune globulin

B. Prednisone

C. Rituximab

D. Splenectomy



Take Home
•Identify hemolytic anemia – anemia with increased LDH, increased retic

•Look for signs of intravascular vs. extra vascular hemolysis

•If thinking hemolytic anemia→ COOMBS test/ Direct Antiglobin test

•DAT+ : IgG +, C3 +/- warm AIHA. DAT IgG-, C3+- cold AIHA

•DAT – think other causes / non immune mediated hemolysis

•Treat both if symptoms 

•wAIHA: steroids +/- rituximab

•CAD: rituximab first line


