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Breaking Down the Breakdown: 
Understanding Pediatric Hemolytic 

Anemia’s
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Objectives

• Describe the hemolytic process
• Differentiate between intrinsic and extrinsic hemolytic anemias

• Understand the  initial work up 
• Describe treatment options for warm Vs cold AIHA
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Anemia is among the most frequent laboratory abnormalities 
encountered  in the pediatric population. Anemia is caused by one of 
three broad mechanisms: 

1.Decreased production of red blood cells (RBCs)
2.Increased loss of RBCs

3.Premature destruction (hemolysis) of RBCs. A combination of these        

mechanisms can occur simultaneously in some conditions.
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Hemolytic Process

• Begins after release from the 
bone marrow, mature non-
nucleated erythrocytes

• In the steady state 1% of 
circulating erythrocytes are 
destroyed dailyare are 
replaced by equal part of new 
erythrocytes( retics) 

• Basic pathophysiology of 
hemolytic anemia is reduced 
erythrocytee lifespan due to 
premature destruction
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MECHANISMS OF RBC 
DESTRUCTION

Senescence- related to the RBC age Shearing forces 
across high pressure areas in the circulation, such as the aortic 
valve.

●Multiple deformations subsequent to passage through capillaries 
and splenic cords.

●Oxidative challenges to the RBC from transported oxygen 
molecules and circulating oxidant molecules. As an example, age-
and in vitro storage-dependent oxidation of band 3, the major 
membrane transmembrane protein, increases the affinity of 
normally circulating anti-band 3 antibodies [6,7]. Such antibodies, 
when membrane bound, lead to partial complement activation on 
the red cell surface, which may be associated with decreased red 
cell deformability . These, in turn, are recognized by complement 
receptors on macrophages and removed from the circulation.

●Multiple cycles of osmotic swelling and shrinkage when passing 
through the lung and kidneys .

●A slow decline in RBC enzyme activity with advancing age, since 
the initial endowment of a RBC cannot be replaced during its 
lifespan.

●Decreased RBC deformability and increased sphericity due to 
progressive loss of surface area (membrane) with time 

• Random RBC death — The rate of 
random or age-independent RBC destruction is 
quite low  in the range of less than 0.05 to 0.5 
percent per day; this value can be appreciably 
increased in hemolytic states, especially when 
destruction in an enlarged spleen is part of the 
hemolytic process .

• It has been estimated that, in healthy 
individuals, up to 20 percent of the RBC's 
content of hemoglobin is lost during its 
lifespan secondary to loss of membrane-bound 
hemoglobin by the process of vesiculation
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• In compensation for reduced RBC lifespan, the bone marrow 
increases production of erythrocytes, a response mediated by 
increased erythropoietin. As an example, in adults with hereditary 
spherocytosis, the bone marrow can increase its output of 
erythrocytes six- to eight-fold. With this maximal erythropoietic
response, affected patients may not manifest anemia despite the 
substantially reduced RBC lifespan (fully compensated hemolysis). 
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Erythropoiesis

• Erythropoiesis begins with the differentiation of a small 
pool of multipotent stem cells into the most primitive 
erythroid progenitors. These progenitors develop into 
recognizable erythroid precursors, which subsequently 
follow a specific differentiation program that 
culminates in the emergence of mature erythrocytes

• The production of erythrocytes is a tightly regulated 
process. During steady state hematopoiesis, 
approximately 1010 red blood cells are produced per 
hour in the bone marrow to maintain the hemoglobin 
level within fairly narrow limits. Production can be 
rapidly increased in the setting of ongoing blood loss or 
hemolysis.
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Erthropoiesis
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Physical symptoms 

• Pale
• Icteric sclera
• Fatigue 
• Tea colored urine 
• Dizzy
• Rapid heart beat 
• SOB 
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Start the Workup  

• CBC 
• Reticulocyte count 

• DAT (Direct Antibody test)
• LDH (lactate dehydrogenase) which are released from hemolyzed

RBCs

• Plasma Free Hemoglobin -which are released from hemolyzed RBCs

• Haptoglobin

• Bilirubin  (     unconjugated bilirubin).

• There are some caveats in assessing these tests
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Look at the Smear 

Spherocytes in patients with autoimmune hemolytic anemia or hereditary 
spherocytosis ")

●Fragmented RBC (schistocytes, helmet cells) indicating the presence of 
microangiopathic hemolytic anemia

●Bite cells and Heinz bodies  are seen in hemolytic anemia due to oxidant 
sensitivity, such as glucose-6-phosphate dehydrogenase (G6PD) deficiency
●Sickle cells, as seen in sickle cell disease

●Elliptocytes, as seen in congenital elliptocytosis

●Stomatocytes, as seen in hereditary or acquired stomatocytosis

●Target cells, as seen in the various hemoglobinopathies, including thalassemia, as 
well as in liver disease, and post-splenectomy 
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Spherocytes

• Peripheral blood smear 
shows multiple 
spherocytes, which are 
small, dark, dense 
hyperchromic red cells 
without central pallor 
(arrows). These 
findings are compatible 
with hereditary 
spherocytosis or 
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Helmet cells/Fragmented cells

• Peripheral blood smear from a 
patient with a 
microangiopathic hemolytic 
anemia with marked red cell 
fragmentation. The smear 
shows multiple helmet cells 
(arrows) and other 
fragmented red cells (small 
arrowhead); microspherocytes
are also seen (large 
arrowheads). The platelet 
number is reduced; the large 
platelet in the center (dashed 
arrow) suggests that the 
thrombocytopenia is due to 
enhanced destruction.

• Courtesy of Carola von Kapff, SH (ASCP).
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Classification of Hemolytic Anemia  

• Intrinsic hemolytic 
anemias generally result 
from inherited or congenital 
hemoglobinopathies (eg, 
sickle cell disease, 
thalassemia), erythrocyte 
membrane defects 
(hereditary spherocytosis, 
elliptocytosis, 
pyropoikilocytosis, or 
stomatocytosis) or enzyme 
deficiencies (eg, glucose-6-
phosphate dehydrogenase 
[G6PD], pyruvate kinase).

• Extrinsic hemolytic 
anemias are typically 
acquired and result from forces 
or agents that immunologically, 
chemically, or physically 
damage the erythrocyte. These 
include autoimmune hemolytic 
anemias, hypersplenism, 
thrombotic microangiopathies, 
and many drugs, including 
oxidant agents such as dapsone
and nitrites
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Intrinsic  Hemolytic Anemias 

• Hemoglobinopathies
• Erythrocyte membrane defects
• Enzyme deficicnies
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Hemoglobinopathies: Sickle Cell

• Sickle Cell disease- the sickle 
mutation in the beta globin 
gene is co-inherited with a 
mutation   on the other beta 
globin allele  reducing  or 
eliminating normal beta globin  
production-

• QUALITATIVE anemia - the 
hemoglobin is flawed by the 
amino acid substitution of 
Valine for Glutamic acid 

• Disease of Hemolysis- life span 
of  RBC is shortened from 120 
days, to 10-30 days.
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Hemoglobinopathies - Thalassemia

• Group of disorders characterized  
by reduced or absent  production 
of one or more globin chains, 
resulting in disruption of the 
tightly regulated  ratio of alpha 
and beta globin chain. 

• Thalassemia’s are remarkable for 
their heterogeneity Alpha and 
Beta Major-most severe form

• In addition to hematolytic 
anemia, your see hypochromic 
and microcytosis

17



5/16/19

4

Hemoglobinopathies: Unstable 
Hemoglobin

Unstable hemoglobin variants are   inherited mutations 
affecting globin genes 
Denaturation of  hemoglobin leads to precipitation in the RBC, 
which causes Heinz body formation and both intravascular and 
extravascular  hemolysis 

●Hemoglobin (HBB val98met), which has been detected in 
several different pedigrees and geographic locations        
●Hemoglobin Hasharon (HBA2 asp47his), which is found 
predominantly among individuals with Ashkenazi Jewish 
ancestry, causing hemolysis in newborns 
●Hemoglobin Zurich (HBB his63arg), which has been detected 
in several different pedigrees and geographic locations and is 
susceptible to oxidant drug-induced hemolysis
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Erythrocyte Membrane Disorders: HS  

• Hereditary spherocytosis –
most common membrane 
defect

• Considered familial hemolytic  
anemia ( 30% sporadic)

• Variable severity  with 
spherocytes on the blood 
smear +/- splenomegaly

• Results  from heterogenous
alteration in 1 of 6 genes 
(usually ankyrin gene) that 
encode for proteins involved  
that tie the membrane 
skeleton to the lipid bilayer.

• These defects impair the 
elastic deformability that is 
essential to the normal RBC 
lifespan, and they are 
responsible for the 
spherocytic (rather than 
biconcave disc) shape of HS 
RBCs
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Erythrocyte membrane defects :Hereditary 
Spherocytosis 

●Mild HS (20 to 30 percent of 
cases) – Hemoglobin 11 to 15 
g/dL; reticulocytes 3 to 6 
percent; bilirubin 17 to 34 
micromol/L

●Moderate HS (60 to 75 percent 
of cases) – Hemoglobin 8 to 12 
g/dL; reticulocytes >6 percent; 
bilirubin >34 micromol/L

●Severe HS (5 percent of cases) –
Hemoglobin 6 to 8 g/dL; 
reticulocytes >10 percent; 
bilirubin >51 micromol/L
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HS

• HS is seen in all populations 
but appears to be especially 
common in people of northern 
European ancestry. In these 
individuals, HS affects as 
many as 1 in 2000 to 1 in 5000 
(prevalence, approximately 
0.02 to 0.05 percent) 

• The frequency is thought to be 
lower in individuals from 
other parts of the world such 
as Africa and Southeast Asia, 
although comprehensive 
population survey data are 
unavailable

• Osmotic Fragility –confirms dx
• Treatments varies  depending 

on level of anemia 
• Folic acid
• Blood Transfusions 
• Splenectomy 
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Hereditary Elliptocytosis: HE

• AKA hereditary ovalocytosis
• Autosomal dominant

• Oval, elliptical shaped RBC
• Hemolytic anemia ranges from 

absent to life threatening

• Pyropoikilocytosis- most 
severe type

• Fundamentally, HE is a 
morphologic diagnosis made 
by review of the peripheral 
blood smear.  

• Treatment varies depending 
on severity of anemia 
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Hereditary Stomocytosis and Xerocytosis

• Rare inherited disorders with 
altered RBC  volume caused 
by mutations affecting ion 
channels

• Aysmptomatic--> Chronic  
hemolytic anemia 

• Splenectomy has been 
associated with pulm HTN, 
and thromboembolic event

23
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Enzyme Deficiencies 

- Glucose-6-phosphate dehydrogenase (G6PD) deficiency is an 
inherited disorder caused by a genetic defect in the red blood cell 
(RBC) enzyme G6PD, which generates NADPH and protects RBCs 
from oxidative injury.

- most common erythrocyte disorder   affecting 400 million 

- X linked 
- Diagnosed by  G6PD assay – can be false negative 

- Class II and class III –(more common ) variants  typically mild – lack 
chronic anemia/reticulocytosis but can  have acute hemolytic 
episodes induced by meds/infection

- Class I  (rare) – result in severe chronic anemia 

- Treatment -transfusion may be necessary , Avoidance of known 
triggers
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G6PD Variants  

Certain variants are seen more commonly in certain populations:

●G6PD Mediterranean – The G6PD Mediterranean variant (563C>T) is the most common abnormal variant in 
Caucasians, particularly individuals from the Mediterranean region and the Middle East. It is a class II variant 
associated with severe hemolysis. The half-life of this variant is measured in hours. Thus, the majority of circulating 
RBCs have grossly deficient G6PD enzyme activity and will undergo hemolysis upon exposure to an oxidant injury. 
However, in the absence of oxidant stress, hemolysis typically does not occur and there is no anemia or 
reticulocytosis.

●G6PD A- – The G6PD A- variant (202G>A/376A>G) is the most common variant in individuals of African ancestry. It is 
a class III variant associated with mild to moderate hemolysis as well as sensitivity to the antimalarial drug 
primaquine. The enzymatic activity of this variant is normal in reticulocytes, but it declines more rapidly than the 
normal enzyme (half-life, 13 days, compared with 62 days for the normal enzyme).  As a result, only the oldest RBCs 
undergo hemolysis upon exposure to oxidant stress.

•In China, three major variants are recognized. The most common is G6PD Canton (1376G>T), which is usually 
reported to be a class II variant, although sometimes it is considered to be in class III. Another common variant is 
G6PD Kaiping (1388G>A), which is usually classified as a class III variant although occasionally considered to be in 
class II. A third variant is G6PD Gaohe (95A>G), which is almost always considered to be a class II variant. These 
three variants account for over 70 percent of G6PD deficiency cases in China.

•The most common variant in Southeast Asia is G6PD Mahidol (487G>A), a class III variant.
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G6PD Smear

• Blister cells
• Heinz Bodies
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PKU Deficiency 

• Pyruvate Kinase Deficiency-most 
common glycolytic enzyme deficiency

• Hemolysis  highly variable from mild 
to txn dependent 

• Extravascular hemolyisis w/ 
reticulocytosis

• DX PK enxyme activity 

• Treatment- Folic acid 
• No treament if compensated 

hemolysis
• Chronic tranfusions

• Chelation

• Splenectomy 
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Extrinsic Hemolytic Anemia 

Caused by conditions that damage normal erythrocytes 
and lead to premature  destruction
• AIHA ( warm and Cold) 
• Paroxisomal cold  hemoglobinuria
• HUS
• TTP
• DIC 
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AIHA

• Relatively uncommon disorder
• Immune hemolytic anemia (IHA) is the clinical condition in which 

antibodies of immunoglobulin G (IgG) and/or immunoglobulin M 
(IgM) bind to red cell surface antigens and initiate red cell 
destruction via the complement system and the reticulo-
endothelial system. 

• Incidence 1 in 80,000/year

• 70% of cases seen in persons >40years

• 40:60 female predominance 
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Making the Diagnosis  of AIHA

• Presence of pathologic 
antibodies that  bind  to the 
pts own erythrocytes, leading 
to hemolysis

• Anemia occurs when the BM 
can’t keep up

DX evidence of hemolysis 

LDH

Indirect bili
Plasma free hemoglobin 

• direct antiglobulin test ( DAT) 

• Primary- idiopathic

• Secondary –underlying disease

• Variable degree of hemolysis
• Categorized as either “warm 

or cold” based on thermal 
reactivity of the 
autoantibodies
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AIHA- Warm 

• Most common cause of AIHA in 
children (80%) 

• Pallor/jaundice/fatigued

• DAT positive  Warm reactive 
antibodies that bind to the 
RBC at 37°C 

• Immunoglobin G( IgG); 

• Does not spontaneously 
resolve-can be life 
threatening 

• Treatment- first line 
Glucocorticoids  ( IV at first, 
Dc on PO prednisone)

• Second line –Rituximab

• Alternative immunosupression

• Splenectomy 
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AIHA-Cold 

• Less common in children (20%) 
• May occur post Mycoplasma 

PNA or EBV
• DAT + 

• Immunoglobin M (IgM) 

• Autoantibodies antigens at 
colder temps and fix 
complement

• Complement mediated 
intravascular hemolysis  or 
immune mediated  
extravascular clearance 

• Anemia tends to be mild
• TX- keep them warm avoid 

cold fluids
• Treat underlying cause ( ABX 

for PNA)
• Severe cases 

immunosuppression-may help
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Alloimmune Hemolytic Anemia 

• Requires exposure  to 
allogenic  red cells via  
pregnancy, TXN or 
transplant

• Usually happens during 
the TXN or up to 6 
hours post 

• HX of repeated TXN in 
the past 
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Alloimmune Hemolytic Anemia 

• Transfusion related acute lung 
injury-TRALI most often 
occurs with plasma 
transfusions but can occur 
with other blood components 
that contain plasma

• – Symptoms include: dyspnea, 
cough, tachycardia, and 
hypertension.

• Transfusion associated 
circulatory overload-TACO can 
occur with any blood 
component– Symptoms 
include: dyspnea, cough, 
tachycardia, and hypertension
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Treatment 

• Stop the blood
• Confirm blood type/pt
• Stat cbc, LDH, DAT, 
• UA- hematuria 

• •Supportive fluids can be given to maintain blood pressure and maintain 
adequate renal perfusion, unless TACO is suspected

•Antipyretics can be given to treat fevers and meperidine can be used to 
treat rigors

•Antihistamines can be used to treat mild-moderate allergic reactions, 
corticosteroids can be used to treat severe allergic reactions, and 
epinephrine can be administered for anaphylactic reactions

•If hypoxia or dyspnea is present, then oxygen should be administered

•If TACO is suspected, the patient should sit upright, be given diuretics, 
and intravenous fluid administration should be minimized

•If TRALI is suspected, the patient should be given oxygen as needed

•If hypotension develops, as can happen with TRALI, acute hemolytic, and 
septic reactions, pressor should be given

•If a substantial fever and possible rigors or hypotension is associated with 
the reaction, broad spectrum antimicrobials can be administered
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Paroxysmal Cold Hemoglobinuria

• PCH is an AIHA seen exclusively in children- usually after viral 
illness

• Characterized by IgG autoantibodies that bind  at colder temps
• Fix complement

• Cause  intravascular hemolysis, anemia and  hemoglobinuria

• Abrupt – but self limiting 

• TX keep the pt warm avoid exposure to cold fluids

• Transfusion may be needed  in severe/symptomatic anemia 
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Drug Related Immune Hemolysis 

• The first example of 
immune hemolytic anemia 
related to the ingestion of 
a drug was described in 
1954. The patients 
developed severe hemolytic 
anemia within a short 
period of time after taking 
the drug. The direct 
Coombs test was positive 

• A 2015 report of 73 patients 
with drug-induced immune 
hemolysis identified the 
following as major 
causative agents :

• Diclofenac – 32 percent

• Piperacillin – 18 percent

• Ceftriaxone – 16 percent

• Oxaliplatin – 14 percent
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Drug Related Immune Hemolysis 

• TX Stop the Drug 
• Supportive therapy 
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Two types of reaction appear to 
be responsible:

●The drug may alter antigens on 
the red cell, resulting in the 
production of antibodies that 
cross-react with the unaltered 
antigen.

●The drug may associate with 
structures on the red cell and 
thus be part of the antigen in a 
haptenic reaction. This 
association with membrane 
structure may be more or less 
strong, resulting in somewhat 
different findings.

Hemolytic Uremic syndrome 

• HUS defined  as 
microangiopathic hemolytic 
anemia, thrombocytopenia 
and acute kidney injury

• Main cause of acute kidney  
injury in children

• Primary   Complement 
mediated due to mutations in 
the genes for complement 
proteins C3, CD46 

• Secondary  Infectious 

• 90% caused by ingestion of 
Shiga toxin –producing  E Coli

• Nausea, cramping, watery 
diarrhea àbloody diarrhea in 
70%/case
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Secondary ( infection induced)     
HUS

• Relatively rare 2-3/100,000 in the US 

• Shiga toxin-producing E. coli (STEC) hemolytic uremic syndrome 
accounts for over 90 percent of cases of HUS in children.

• Pneumococcal-associated hemolytic uremic syndrome (HUS) has 
been reported in 5 to 15 percent of all childhood cases of HUS, and 
in 40 percent of non-STEC HUS cases 
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Treatment: STEC HUS 

• Red blood cell transfusions for anemia when clinically indicated (eg, 
hemoglobin level reaches 6 to 7 g/dL or hematocrit <18 percent).

• Platelet transfusion for patients who have significant clinical bleeding.

• Appropriate fluid and electrolyte management to maintain adequate 
intravascular volume and correct/avoid electrolyte abnormalities.

• Stopping nephrotoxic drugs or those that are implicated in the etiology of 
HUS.

• Initiation of dialysis therapy in patients with symptomatic uremia, 
azotemia (defined as a blood urea nitrogen >80 mg/dL [29 mmol/L]), 
severe fluid overload, or electrolyte abnormality that is refractory to 
medical therapy.

• Provision of adequate nutrition

41
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Treatment: Complement mediated 
HUS 

• In addition to supportive care measures, the 
management of complement-mediated HUS may 
include the following :

• Plasma exchange or infusion

• Eculizumab, a monoclonal antibody to C5 that 
blocks the terminal complement cascade

• Renal or combination renal-hepatic transplantation
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TTP

• Thrombotic thromboctytopenia purpura and hemolytic uremic 
syndrome are 2 related syndromes characterized by 

• Fever
• Thrombocytopenia

• Microangeopathic hemolytic anemia

• Transient neurological  deficits  (TTP)

• Renal failure ( HUS)

• Incidence 1:10,000,000 Children  

• Female predominance

• Increased in person of African American descent 
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TTP 

• TTP is caused by autoantibodies to 
the von Willebrand factor protease 
ADAMTS13

• TTP is defined by a severe deficiency 
of ADAMTS13 

• TTP typically has more severe 
thrombocytopenia and more systemic 
manifestations of organ injury

• You see abnormalities of the central 
nervous system, heart, pancreas, 
thyroid, adrenal glands, intestinal 
mucosa

• However, some patients have minimal 
symptoms and TTP is suspected only 
when anemia and thrombocytopenia 
are discovered

Laboratory evaluation

• Adamts13-assay (takes 3 days )
• Complete blood count (CBC) 

with platelet count, to assess 
the degree of anemia and 
thrombocytopenia

• Lactate dehydrogenase (LDH), 
to follow the intensity of 
hemolysis or organ injury

• Serum creatinine
• Urinalysis 
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TTP: smear 

• Peripheral blood smear from a 
patient with a 
microangiopathic hemolytic 
anemia with marked red cell 
fragmentation. The smear 
shows multiple helmet cells 
(arrows) and other 
fragmented red cells (small 
arrowhead); microspherocytes
are also seen (large 
arrowheads). The platelet 
number is reduced; the large 
platelet in the center (dashed 
arrow) suggests that the 
thrombocytopenia is due to 
enhanced destruction
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TTP Treatment 

• Plasma exchange 
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Thank you

tpeterson@chla.usc.edu
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Save the Date!!!
Friday, September 27, 2019

8th Annual West Coast Sickle Cell 
Nursing Conference

Topics Include:
New Therapies

Challenges in Adult Care
Psychosocial Considerations.

Location:
Children’s Hospital Los Angeles

4661 Sunset Blvd, Los Angeles, CA 90027

RNs $65/Students $50
Registration opens August 5, 2019

For more information, contact Trish 
Peterson at tpeterson@chla.usc.edu or 
Debbie Harris at dharris@chla.usc.edu

6.0 Continuing Education Hours

https://www.tandfonline.com/doi/abs/10.1586/17474086.2016.1152885

