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Anemia is a common clinical problem of children and is frequently first identified in the
emergency department. Usually, the presentation is nonurgent, and a thorough work-up
can be planned in consultation with a hematologist. However, some of the conditions
warrant emergent attention and the emergency department physician needs to decide the
diagnostic work-up and management before a hematologist sees the patient. This review
summarizes the mechanisms of various types of anemias that can present in an emergency

uture

Medicine fsg

setting, and provides a brief overview of the diagnostic work-up and treatment strategies.

Anemia, in postneonatal age, is defined as a
hemoglobin (Hb) concentration that is below
the set reference standards for age, sex and race,
and altitude levels. Until very recently, the diag-
nosis of anemia was based on the report of the
1958 WHO Study Group, with some later mod-
ifications, which arbitrarily defined Hb values
below which anemia would exist (Table 1). How-
ever, more recently, a revised criterion has been
proposed that defines anemia more precisely, and
also takes into account the ethnicity of the
patient [1,2].

To accurately diagnose and treat a child with
anemia, it is important to define it precisely,
understand the pathophysiologic mechanisms
underlying different types of anemia and then
plan a systematic approach towards the diagnosis
and treatment.

Critical diagnostic evaluation and the collec-
tion of samples for necessary diagnostic tests
must also occur prior to any intervention. Once
transfused, the accurate diagnosis of intrinsic red
cell abnormalities may be greatly delayed.

Pathophysiology of different types

of anemia

Anemia can be a result of decreased production
or increased loss/destruction of red blood cells.
Thus, anemia can be classified as (Box 1):

* Disorders of red cell production, in which
the production of red blood cell precursors is
shut off due to either an inherited defect
intrinsic to the red cell precursors or an
acquired insulg;

* Anemia due to ineffective erythropoiesis, where
there is an increase in red cell precursors but
they fail to achieve the normal maturation;

¢ Anemia from blood loss (acute and chronic);
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* Hemolytic anemias, in which the red cells are
destroyed in the circulation either due to an
intrinsic defect or external injuries. The bone
marrow responds to decreased Hb by increasing
the production of reticulocytes.

Anemia in bone marrow

failure syndromes

Bone marrow failure syndromes can be inherited
or acquired disorders characterized by impaired
hematopoiesis. They commonly cause pancyto-
penia in childhood, although isolated cytopenias
are not uncommon. Approximately 25% are
inherited and the rest are acquired [3].

Acquired aplastic anemia (AA) can be toxin-
/drug-induced (benzene, chloremphenicol and so
on) or idiopathic. The latter is thought to be an
immune-mediated disease where an abnormal
cytotoxic T-cell (CD8* cells) mediated injury to
hematopoietic stem cells causes marrow aplasia 4.
The pancytopenia can be mild to moderate at
presentation, but can gradually evolve into severe
AA, defined on the basis of an absolute neutrophil
count of less than 500/pl, a platelet count of less
than 20,000/pl and a reticulocyte percentage of
less than 0.5% [5]. Patients with severe AA are can-
didates for stem-cell transplant or immuno-
suppressive therapy, and transfusions should be
given sparingly while the evaluation for transplant
is in process.

Constitutional bone marrow failure syn-
dromes (Fanconi anemia, dyskeratosis congenita
and so on) should be suspected when physical
examination reveals short stature, dextrocardia or
skeletal abnormalities such as absent radius,
absent thumb, syndactily or clinodactily.

Diamond—Blackfan anemia (DBA)
inherited red cell aplasia. Patients usually

is an

present in early infancy. The exact causes are
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Table 1. Normal hemoglobin values in children.

Age group Hemoglobin (g/dl)
Children 6 months to 6 years 11
Children 6-14 years 12
Adult males 13
Adult females, nonpregnant 12

Adult females, pregnant

1

Data taken from [1].
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unknown, but mutations in the ribosomal pro-
tein gene, RPS 19 and RPS 24, have been
described and account for approximately 25%
of cases [6]. Anemia is present along with reticu-
locytopenia, and mean corpuscular volume
(MCV) is increased. On bone marrow aspirates,
erythroid precursors are absent or severely
decreased. Approximately 25% of patients
respond to steroids or immunosuppressive ther-
apy. For the rest, stem-cell transplant offers the
best chance of survival [7,8].

Transient erythroblastopenia of childhood
(TEC) is an acquired red cell aplasia, likely sec-
ondary to a preceding viral illness 9. The
patients are generally in the 14 year age groups.
Patients present with normocytic anemia and
reticulocytopenia. Most patients recover sponta-
neously in 2-3 months, but some may require
red cell transfusion due to severe anemia. It is
important to distinguish TEC, which is a self-
limiting illness, from DBA, which has a more
prolonged course [10]. The MCV, fetal Hb and
adenosine deaminase activity are elevated in
DBA, but are normal in TEC.

Aplastic crises can occur in patients with con-
genital hemolytic anemias. Patients with sickle
cell anemia, red cell enzyme deficiencies and
hereditary spherocytosis can present with sudden
and severe anemia, sometimes life threatening,
from transient suppression of erythropoiesis.
Unlike in TEC, such episodes are virtually

always due to parvo B19 virus infections [11].

Anemia due to ineffective erythropoiesis
Iron-deficiency anemia

Worldwide, iron deficiency is the most common
cause of anemia. Most of the iron requirements
are met by recycling of the body stores and only
small daily losses (1-2 mg/day) need to be
replaced in the diet. Iron is absorbed from the
duodenum and transported to the tissues bound
to transferrin in plasma. Each molecule of trans-
ferrin binds two iron molecules, and the transfer-
rin-bound iron is transported to the developing
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red blood cell precursors, where it binds to the
transferrin receptor and enters the cell by endo-
cytosis. Inside the cell, iron is used in the synthe-
sis of Hb, and excess iron is stored as ferritin and
hemosiderin. Some of the ferritin ‘leaks’ in to the
serum, and thus serum ferritin is used as a
surrogate marker of the body iron stores [12,13].

Iron deficiency anemia is suspected when
anemia is associated with microcytosis (low
MCV). Owing to ineffective erythropoiesis,
there is a decrease in total red cell count and ani-
socytosis, reported as red cell distribution width
(RDW) in automated blood cell counters;
RDW is typically greater than 16 in iron-defi-
ciency anemia (IDA) (normal: 12-14). The
RDW value helps in differentiation of IDA
from thalassemia trait, which also presents with
anemia and microcytosis. In thalassemia, the
red cell count is high, as there is a compensatory
increase in erythropoiesis, and RDW is normal
or minimally elevated. Hemoglobin evaluation
will show an increase in HgbA2 and or HgbF in
B-thalassemia trait and not in IDA. Serum iron
profile (serum iron, transferring iron-binding
capacity, ferritin and transferring saturation)
helps in establishing the diagnosis.

If the iron deficiency is subclinical, both Hb
and MCV may be normal. In such cases, a low
ferritin, and an elevated free erythrocytic pro-
toporphyrin, can be used as a marker of iron-
deficient erythropoiesis [14]. Free erythrocytic
protoporphyrin is normal in thalassemia trait.
Transferrin saturation is also very useful. Nor-
mally transferrin is 20-50% saturated, and a
value of less then 15% is suggestive of iron
deficiency [15].

Treatment in these situations should aim at
slow and gradual correction of Hb, and is usually
accomplished by oral iron therapy at a dose of
3—5 mg/kg/day. The reticulocyte response is visi-
ble in 72 h and Hb rise within a week. The treat-
ment should continue until at least 3 months
after the normalization of Hb for the replenish-
ment of stores. Packed red blood cell (PRBC)
transfusion is rarely indicated unless Hb values
are below 4 g/dl, the child is febrile and there is

evidence of compromised hemodynamic status.

Lead poisoning

Historically, lead poisoning is included in the
differential diagnosis of microcytic anemias;
however, anemia and microcytosis in lead poi-
soning is mostly secondary to co-existing iron
deficiency or thalassemia trait. RDW helps in
differentiating the two [16]. There is a frequent
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Box 1. Classification of anemia.

Disorders of red cell production

e Bone marrow failure syndromes

— Acquired aplastic anemia

— Inherited bone marrow failure syndromes

— Diamond-Blackfan anemia

— Transient erythroblastopenia of childhood
e Marrow replacement (malignancies, osteopetrosis and myelofibrosis)
e Impaired erythropoietin production (renal failure, inflammation

and malnutrition)

Anemia due to ineffective erythropoiesis

¢ |ron-deficiency anemia

e Sideroblastic anemias

e Vitamin B12 and folic acid deficiency (megaloblastic anemias)
e Anemia in chronic disease

Anemia due to blood loss

e Trauma

¢ Bleeding lesions in the gastrointestinal/genito—urinary tract

e Menstrual blood loss

e latrogenic postoperative; prolonged stay in neonatal intensive care
unit/pediatric intensive care unit

Hemolytic anemias

e Antibody mediated

* Red cell membrane disorders

e Defects in red cell metabolism (G6PD and other enzyme deficiencies)

¢ Hemoglobinopathies (thalassemia syndromes, sickle-cell disease, unstable
hemoglobin disorders)

¢ Infection and other external injury to red blood cells

history of ingestion of peeling paint chips
(which contain lead and taste sweet) and mud
(so-called pica/pacophagia).

Anemia of chronic disease

Anemia of chronic disease is mostly secondary
to systemic diseases, such as chronic inflamma-
tion (e.g., TB, chronic osteomyelitis), auto-
immune disorders or malignancy. The anemia is
usually mild to moderate and mostly normo-
cytic and normochromic, although sometimes it
can also be microcytic [17]. Serum ferritin is
increased, while serum iron is decreased along
with total iron-binding capacity. The serum lev-
els of soluble transferrin receptors are high, indi-
cating decreased iron supply, although they may
not be as high as in iron-deficiency anemia [18].
The mechanism appears to be related to inade-
quate release of iron from macrophages. Hepci-
din, a small peptide synthesized by the liver, can
sense iron stores and regulate iron transport.
Hepcidin production is increased in response to
inflammatory cytokines (IL-6) and prevents the
release of iron from the macrophages, causing
hypoferremia [19,20].
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Megaloblastic anemias

Although it rarely presents first in the emergency
department, vitamin B12 and folate deficiency
causing megaloblastic anemias are not uncom-
mon. They are characterized by high MCV, fre-
then 100 fl, and mild
neutropenia and thrombocytopenia. Macro-

quently greater

ovalocytes and hypersegmented neutrophils are
present on the peripheral smear. Macrocytes can
be masked by coexistent thalassemia traic [21].
The cause can be nutritional (in vegans), as a
result of short-gut syndrome or due to inherited
disorders of the B12/folate pathway. Pernicious
anemia due to intrinsic factor antibodies is
extremely rare in children.

Hemolytic anemias
Immune hemolytic anemia
Immune hemolytic anemia (IHA) occurs when
antibodies (IgG or IgM) bind to red cell antigen
and cause red blood cell destruction. The antibod-
ies may be produced as a result of alloimmuna-
tion, as occurs in mismatched blood transfusion
or on an autoimmune process. Autoimmune
hemolytic anemia (AIHA) can be primary (idio-
pathic) or secondary to a systemic disease. Fur-
thermore, depending on the type and the thermal
sensitivity of the antibody, AIHA can be the warm
antibody type or the cold antibody type [22].
Warm antibody AIHA is caused by IgG anti-
bodies, which bind strongly at room tempera-
ture. These antibodies are panagglutinins — that
is, they react with all of the red cell antigens. IgG
antibodies do not generally activate the comple-
ments, and red cells are phagocytosed by the
splenic macrophages through their Fc receptors.
Cold agglutinin disease in children, although
rare, can be life-threatening. In the majority of
cases, it is transient and resolves spontaneously.
It is caused by IgM antibodies, which bind
strongly to the red blood cells at 0—4°C. These
antibodies readily activate the complement sys-
tem and can cause intravascular hemolysis [22].
The antibody is most often due to mycoplasma
or viral infections; occasionally, drugs such as
cephalosporins may also induce a cold antibody.
When AIHA is suspected, a positive direct
antiglobulin test ([DAT] or Coomb’s) would
confirm the diagnosis. A complete blood count
with a reticulocyte count, peripheral blood
smear (PBS), bilirubin and lactate dehydroge-
nase are useful in assessing the severity of hemol-
ysis. The typical blood count shows decreased
Hb with reticulocytosis. The PBS shows sphero-
cytosis, polychromasia and nucleated red blood
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cells. LDH and bilirubin are elevated. The pres-
ence of hemoglobinuria indicates intravascular
hemolysis. A positive Coomb’s can be further
‘split’ to characterize the antibody type and com-
plement fixation. In warm antibody type, DAT
is positive for IgG. In cold agglutinin disease, the
DAT with polyspecific sera may be negative, but
monospecific DAT with ant-C3 at room
temperature will be positive.

Treatment is based on the cause and the type
of AIHA. The first step is stabilization of
patients, as there can be severe volume depletion
in intravascular hemolysis. It is important to rec-
ognize that in most cases of warm antibody
AIHA, all blood units may test incompatible, as
the antibody is nonspecific. Transfusions should
not be withheld in search of the ‘least incompat-
ible unit’, especially if Hb levels are dangerously
low (e.g., 5 g/l) (231. There is a very low risk of an
allergic transfusion reaction [24]. Extended red
cell genotyping and studies of antibody specifi-
city should be undertaken prior to first transfu-
sion. In cold antibody cases, the use of a bedside
blood warmer is helpful.

Red cell membrane disorders

The red blood cell membrane disorders are a
group of inherited conditions characterized by a
defect in one of the red cell membrane proteins.
The various entities in this group are hereditary
spherocytosis  (HS), hereditary elliptocytosis
(HE), hereditary pyropoikilocytosis (HPP) and
hereditary stomatocytosis (HSt).

In HS, a defect in ankyrin and/or band three
proteins results in loss of membrane (spectrin) and
alteration in the cell surface:volume ratio. The red
blood cells assume a spherical shape and become
less deformable. These rigid cells are trapped in the
spleen and undergo further membrane loss until
they are eventually destroyed [25].

Hereditary elliptocytosis is due to a point
mutation in a-spectrin, the major red cell protein;
there is a loss of spectrin—spectrin interaction,
which causes elliptocytosis. HE is usually clini-
cally silent. HPP is a related disorder in which two
separate HE mutations are inherited, causing
molecular defects in spectrin and a partial or
severe spectrin deficiency [25. The MCV is very
low compared with HS or HE. Patients also have
severe anemia and are transfusion dependent until
splenectomy.

The clinical manifestations in red cell mem-
brane disorders vary from being asymptomatic
(HE), to severe transfusion-dependent hemolysis
(severe HS and HPP). Most patients have mild
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to moderate anemia. Some patients present with
jaundice and gallstones. Mild to moderate
splenomegaly is common. The patients are at
risk of some life-threatening complications, such
as aplastic crises and acute cholecystitis from gall
stones, the result of chronic hemolysis. In aplas-
tic crises, red cell production is suppressed sec-
ondary to a viral infection, most commonly
parvovirus B19 [26]. The patients present with
severe anemia and reticulocytopenia. Packed red
cell transfusion is required in severe cases.

The diagnosis of the membrane abnormalities
is based on classical findings on PBS. Thus, in
HS and HE, spherocytes and elliptocytes are
seen on PBS, respectively. In HPP, the classical
changes are marked poikilocytosis, elliptocytosis
and low MCV. Osmotic fragility (OF) testing is
the time-honored method of choice to confirm
the diagnosis of HS. However, OF has low sensi-
tivity and is not readily available in most labora-
tories. Thus, tests such as flow cytometry to
detect band-3 deficiency or osmotic gradient
ektacytometry are preferred in some institutions
(26], including the Children’s Hospital of Michi-
gan (MI, USA) p71.

Red cell enzyme deficiency
Glucose-6-phosphate-dehydrogenase  (G6PD)
deficiency is the most common red cell enzyme
deficiency in the world, with over 400 million
affected. The deficiency is due to a genetic defect
caused by mutations in G6PD gene, located on
the long arm of the X chromosome. A deficiency
of the enzyme causes reduced glutathione
(GSH), exposing red blood cells to free radical
injury [28].

Type A enzyme deficiency is seen in those with
sub-Saharan African ancestry and is generally
asymptomatic. The type B enzyme typically
occurs in those of European and Asian ancestry.
Patients usually have congenital nonspherocytic
hemolytic anemia, often present from birth
onwards. They can also present with exacerbations
of hemolysis after an oxidant exposure.

GOPD  deficiency was first described in
patients experiencing hemolysis while being
treated for malaria with primaquin [29]. In addi-
tion to antimalarials, sulfa drugs, infections and
ingestion of fava beans (favism) are other com-
mon causes. In the past, a common oxidant expo-
sure in children was from accidental ingestion of
naphthalene-containing moth balls ;30). With an
increasing influx of persons from Arabian coun-
tries, acute hemolysis from favism has supplanted
naphthlalene exposure as the major cause of
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GO6PD-associated acute anemia at the Children’s
Hospital of Michigan. Once exposed, patients
usually present with a severe drop in Hb and
signs of hemolysis such as anemia with reticulo-
cytosis, increase in bilirubin and hemoglobinuria.
PBS shows significant anisocytosis and poikilocy-
tosis with bite cells and helmet cells, the so-called
moth ball cells. There is also marked polychro-
masia. Heinz bodies, which are the Hb precipi-
tates in red cells, can be detected by supravital
staining with methyl violet. The definitive diag-
nosis is achieved by carrying out a quantitative
measurement of enzyme activity [31]. However,
during acute hemolysis especially, testing may
field a false-negative result because of high enzyme
activity in young red cells (reticulocytes) [321.

Hemoglobinopathies

Hemoglobinopathies are a group of disorders char-
acterized by a B- or an a-globin gene defect, which
results in quantitative and/or qualitative abnormal-
ities in Hb synthesis. Thalassemias are a quantita-
tive abnormality of Hb synthesis, and the severity
of anemia depends on the extent and type of muta-
tion. However, they rarely present in an emergency
setting, and patients are mostly managed on an
outpatient basis.

Sickle-cell anemia is a qualitative abnormality of
the globin chain, whereby valine is substituted by
glutamic acid at the sixth amino acid position in
the B-globin chain. As a result, the normal Hb
tetramer assumes a sickled shape when deoxygen-
ated. The sickle-cell Hb (HbS) thus formed results
in hemolysis and vaso-occlusion [33].

Several variants of sickle-cell genotype can occur
when a different second mutation is inherited from
the second B-globin gene. HbS-B (0) thalassemia
(no globin chain synthesis) has similar manifesta-
tion as homozygous sickle cell (SS) disease, while
HbSC and HbS-B (+) (reduced globin chain syn-
thesis) patients have a milder form of disease, with
higher mean Hb levels. Patients with sickle-cell
trait are usually asymptomatic.

Sickle-cell patients have a chronic anemia. In
the homozygous (SS) state, the mean Hb is usu-
ally between 7 and 8 g/dl and is associated with
reticulocytosis. The anemia is well compensated,
and patients are asymptomatic, even with the
low Hb. Various ‘crises’ can precipitate an acute
drop in Hb, and may lead to hemodyanamic
decompensation [34,35]. Two such crises are aplas-
tic crises and splenic sequestration crises.

Aplastic crises occur when the compensation
for chronic hemolysis and shorter red cell lifespan
by an increased hematopoietic activity is arrested.
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Due to this cessation, there is an acute drop in
Hb. Infections, particularly parvovirus B19, are
the common cause of aplastic crises [36,37]. Besides
the acute drop in Hb from their baseline levels,
patients also suffer from severe reticulocytopenia.
The treatment is an emergency transfusion of
PRBC, especially if the Hb is below 5 g/dl or
when there are signs of hemodynamic instability.
Splenic sequestration crises are due to vaso-
occlusion in the spleen, causing a pooling of
blood. As a result, there is an acute, severe drop
in Hb, associated with thrombocytopenia,
reticulocytosis and splenic enlargement, some-
times presenting as an acute shock-like condi-
tion. The crises generally occur at a younger age
before the spleen is auto-infarcted (38]. The mor-
tality is very high if the transfusion is delayed
and emergent PRBC transfusion is indicated.
The chances of recurrence are also very high.

Other hemolytic anemias

Microangiopathic hemolytic anemias (MAHA)
are a frequent cause of sudden and severe hemo-
lytic anemia, as in hemolytic uremic syndrome
(HUS). The hemolyis is the result of a shear stress
and fragmentation of red cells in the renal glomer-
uli damaged by extensive platelet-fibrin deposi-
tion — so-called microangiopathy. A related
disorder is thrombotic thrombocytopenic purpura
(T'TP), which can have similar presentation but
with minimal renal manifestations. TTP has now
been shown to be due to an acquired deficiency of
the von Willebrand protein-cleaving enzyme
ADAMTS-13. In HUS, the Shiga toxins cause a
sudden and abnormal release of ultra-large mul-
of von Willebrand factor protein
(ULVWE), exceeding the cleaving capacity of the
normal ADAMTS-13 levels in these cases. The
ULVWF attached to glomerular epithelial cells
traps platelets, which results in thrombocytopenia
(39. The simultancous presence of anemia,

timers

thrombocytopenia and renal failure should raise
the suspicion of HUS; the presence of schistocytes
on peripheral smear is confirmatory.

Another life-threatening disease to be consid-
ered in the differential diagnosis of severe anemia
is hemophagocytic lymphohistiocytosis (HLH).
HLH is characterized by hyperactivation and
uncontrolled proliferation of macrophages, histio-
cytes and CD8* T cells (40]. The disease can be
familial, due to mutation in the perforin gene, or
an acquired form, which can occur secondary to
infections (e.g., Epstein—Barr virus), malignancy
or rheumatological diseases such as juvenile
rheumartoid arthritis [41).
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The diagnosis is based on the following clinical
and laboratory features: prolonged fever, spleno-
megaly, bicytopenia, hypertriglyceridemia/hypo-
fibrinogemia/hyperferritenimia and evidence of
hemophagocytosis on bone marrow aspi-
rates/biopsy [42].

Initial treatment consists of immunosuppresion
with steroids and/or ciclosporin, and should be
started immediately, as the disease can progress
rapidly. Long-term cure in familial cases is
achieved by stem cell transplant (411.

Diagnostic approach to a child

with severe anemia

When a child presents with anemia, it is impor-
tant to classify it appropriately. The automated
blood counts provide many valuable parameters
that help in the initial assessment of the cause
of anemia — Hb, hematocrit, red blood cell
count, MCV, RDW (which reflects the degree
of size variation or anisocytosis), and the reticu-
locyte count. Review of the PBS is critical for
identifying hemoglobinopathies, red blood cell
membrane disorders and leukemias. Other crit-
ical information can be gleaned from a careful
history and physical examination. Knowledge
of race, ethnicity and geographic origin provide
valuable clues. Sickle-cell disease is common in
African—Americans. In general, hemoglobin-
opathies are common in people from the
malaria belt, stretching from the Mediterranean
Sea to South East Asia. G6PD deficiency is also
common in this population. A history of blood
loss must be actively reviewed, keeping in mind
that the most common cause of iron-deficiency
anemia in adolescent females is from menstrual
blood loss. A simplified approach is described

in Figure 1.

Diagnostic work-up

It is important for the emergency physician to
recognize that samples for critical diagnostic
studies must be obtained prior to any interven-
tion, including transfusions. Contamination
with transfused red cells may interfere with the
diagnosis of inherited red cell disorders for
extended periods of time and, in some cases,
until after splenectomy [43). Most hematologic
disorders can be correctly diagnosed if samples of
blood in EDTA or heparin and a serum sample
are collected and set aside. In cases with sus-
pected MAHA, HUS/TTP and other bleeding
disorders, samples should be obtained for coagu-
lation studies including VWF multimers and

ADAMTS-13.
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Treatment

The treatment for anemia is directed by its etiol-
ogy. Emergency treatment is indicated in certain
situations and depends on the patient’s age, clin-
ical condition, type, acuity and severity of illness,
and presence of any homodynamic comprise.
Overzealous and inadvertent PRBC transfusion
may actually be detrimental (44].

Indications for blood transfusion

There are no well-defined guidelines for blood
transfusion in pediatrics. Most of the indications
are derived from adult literature 45]. The follow-
ing are the general principles used in making
such a decision:

* An acute drop in Hb below 7-8 g/dl or a
rapid blood loss of more than 30-40%
requires PRBC transfusions in most patients;

* In children with severe anemia developing over
a course of time, PRBC transfusion has been
shown to be safe and effective and results in an

increase in the hematocrit of approximately 1%
for each 1 ml/kg of PRBC transfused [46];

* In stable, critically ill children, the Hb cut off
can be safely reduced to 7 gm/dl without
increasing adverse outcomes [47];

* In hemoglobinopathies, red blood cells are trans-
fused to prevent acute or chronic complications;

* In neonates, an increase in hematocrit to
above 0.30-0.35 is required when respiratory
distress is present.

Administration

Packed red blood cells are the product of choice for
transfusion. Even in cases of emergency, whole
blood is rarely used. Special processing may be
required depending on the type of patients and the
indication for transfusion. For example, an immu-
nocompromised patient or a post-transplant
patient will require irradiated product to avoid
transfusion-related graft-versus-host disease. Leu-
koreduction is performed universally in the USA
and most European countries, and helps to prevent
alloimmunization and infection. A patient with
sickle-cell disease will need sickle-negative blood.
Transmission of viral infection, particularly
cytomegalovirus (CMV), is a major concern with
any transfusion. Leukoreduction reduces this risk,
and a leukoreduced product is considered ‘CMV
safe’. However, certain groups of patients, for exam-
ple, a CMV-seronegative post-transplant patient, or
patients with severe immunodeficiency, require
‘CMV-negative’ product, which means that the
donor has been screened to be CMV negative (48].
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Figure 1. Investigation of anemias.
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History and physical examination
(age, sex, geographic origin)

CBC with indices, RDW, retics, differential, platelets
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DBA: Diamond-Blackfan Anemia; MAHA: Microangiopathic hemolytic anemia; TEC: Transient
erythroblastopenia of childhood; Thal: Thalassemia intermedia.
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Positive Negative
Antibody Non-immune
mediated (enzymes, Hb,
(iso/auto) membrane)

Blood loss

The usual dose of transfusion is 10-12 ml/kg
of body weight. Thus, a 10-kg infant can be
given 100-120 ml of blood. Assuming that the
donor blood hematocrit is 65%, each 4 ml/kg of
this transfused blood will raise the Hb by
approximately 1 g/dl or hematocrit by 3%. This
volume is transfused slowly over 1.5-2 h at room
temperature. In cases with overt heart failure, it
is preferable to transfuse in small aliquots of
5-6 ml/kg to prevent volume overload.

Special situations

Children with malignancies

Anemia is a very common complication of chem-
otherapy. Approximately 80% of children are ane-
mic at some point in the course of their treatment,
and approximately 95% require blood transfusion
(49]. It not only has an effect on the quality of life,
but may also affect treatment outcome. The cur-
rent approach at most institutions, including ours,
is to give blood transfusion for any drop in Hb
below 8 g/dl. A mild to moderate drop in Hb is
generally managed by close follow-ups.
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Hemolytic anemia

In warm-antibody AIHA, methylprednisone is
the initial treatment of choice. It is administered
at a dose of 1-2 mg/kg every 6 h for the first
2 days, and then switched to oral prednisone. In
most cases, improvement is observed after
2-3 weeks of therapy. If cold agglutinin disease
is present, steroids are not effective, as they do
not suppress the formation of cold-reacting IgM
antibody. In childhood, cold antibody AIHA is
self-limiting, and transfusion support is all that
is needed. Intravenous immunoglobulin and
plasmapheresis have been tried, with variable
efficacy [50].

Sickle-cell disease

Three types of transfusions are indicated in
sickle-cell disease: simple transfusion, exchange
transfusion and chronic transfusion [51]. How-
ever, it should be remembered that sickle-cell
patients are chronically anemic and are asymp-
tomatic, and these patients do not require
transfusion.
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Executive summary

¢ Anemia is defined with respect to age, sex and race, and altitude levels.
¢ Anemia can be classified as:

— Disorders of red cell production

— Anemia due to ineffective erythropoiesis

— Anemia from blood loss (acute and chronic)

— Hemolytic anemias

Anemia in bone marrow failure syndromes

® Acquired and aplastic anemia usually present as pancytopenia.
¢ Diamond-Blackfan anemia (DBA) and transient erythroblastopenia of childhood (TEC) are important causes of anemia and
reticulocytopenia in early infancy; TEC is transient and resolves spontaneously, while DBA has a protracted course.

Anemia due to ineffective erythropoiesis

¢ Nutritional anemias are the most common form of anemia worldwide.

¢ Along with anemia and microcytosis, iron-deficiency anemia is associated with decreased ferritin, transferrin saturation and
increased iron-binding capacity.

e Other causes of microcytic anemia, such as thalassemia and anemia of chronic diseases, should be differentiated from
iron-deficiency anemia.

Hemolytic anemias

e Hemolytic anemias can be due to disorders extrinsic to red cells, or due to intrinsic abnormalities, and usually present with anemia
and jaundice.

¢ Immune hemolytic anemias are antibody-mediated and are the most common form of extrinsic hemolytic anemia. A positive

Coomb’s test is diagnostic.

Hemoglobinopathies, membrane abnormalities (spherocytosis) and enzyme (G6PD) deficiency are the most common intrinsic

causes of hemolytic anemia.

Sickle-cell disease patients have a low baseline hemoglobin. However, several crises can precipitate an acute drop, which requires

immediate intervention.

Microangiopathic hemolytic anemias and hemophagocytic lymphohistiocytosis are rapidly progressive and fatal disease that need

to be considered in the differential diagnosis of anemia.

Diagnostic approach to a child with severe anemia

A thorough history and physical examination directs further work-up as appropriate.

Inappropriate use of packed red blood cell transfusion can delay diagnosis or even be detrimental, and should be avoided. In
emergencies, a sample of anticoagulated blood (EDTA, heparin), as well as serum, should be saved for later diagnostic studies.
There are no well-defined guidelines for pediatric transfusion.

Special processing of blood is required for various conditions and should be properly ordered.

In patients with sickle-cell disease, exchange transfusion is indicated for stroke, acute chest syndrome and priapism. The goal is to
maintain the sickle hemoglobin below 30%.

Future perspective

e Erythropoietin and blood-product substitutes may replace the need for packed red blood cell transfusion in the future, and are
the areas of current research.

Simple transfusion is indicated when anemia where the estimated total blood volume is
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develops acutely secondary to aplastic crises or
sequestration of red blood cells in the spleen. The
usual dose is 12 ml/kg of sickle-negative PRBC
administered over a 4-h period. There is no recom-
mendation for a target Hb level. However, usual
practice is to keep the Hb below 10 g/dl post-
transfusion to avoid complications secondary to
altered viscosity [51].

Exchange transfusion is indicated in acute
stroke, acute chest syndrome and priapism. The
goal in all these cases is to keep HbS levels below
30% [51-53]. The amount of PRBC needed to be
exchanged is given by the formula given in Box 2,

Therapy (2008) 5(4)

80 ml/kg and the hematocrit level of the donor
PRBC is 65%.

The development of alloantibodies is a com-
mon complication of transfusion. Various studies
have reported an alloimunization rate of 20-40%
in repeatedly transfused patients (54]. Thus, multi-
ple units may have to be tested before a compati-
ble unit is found, and sometimes it may be
impossible to find a fully compatible unit.

Future perspective
The goals for the future are twofold. The first goal
is to better define the criteria for intervention in

fsg

future science group



Approach to severe anemia in children in the emergency room — REVIEW

Box 2. Equation for the amount of PRBC that needs to be

exchanged.

[(desired hematocrit — original hematocrit x total blood volume]

65 — [(desired hematocrit + original hematocrit) + 2]

pediatric patients with anemia, and the second is
to find newer strategies to reduce the amount and
risks of blood transfusion. Most of the guidelines
for pediatric transfusion are based on adult
literature and there is a lack of scientific evidence
for some of the widely adopted practices. Well-
defined pediatric studies are thus needed to strictly
define the evidence-based criteria for transfusion.

Both erythropoietin and blood substitute are
being investigated to minimize blood transfusions.
Erythropoietin has been shown to be effective in
patients with chronic renal disease, but its role in
pediatric cancer patients receiving chemotherapy
is still under investigation. Some studies have
reported a beneficial effect in terms of reduction of
PRBC and platelet transfusion, while others found
no proven benefit. More randomized controlled
trials are needed in pediatric populations to define
the dose and duration of therapy [55-571.

Blood substitutes that can replace red blood
cells as oxygen carriers are promising alterna-
tives currently being investigated. They can
meet the current blood product requirements
and are free from any disease transmission risks.
The two types currently under investigation are
the Hb-based oxygen
perfluorochemical-based

carriers and  the

compounds. How-
ever, current products have several limitations.
They have a very short half-life and thus can
only be used for short-term replacement. Some
of the agents are antigenic and can cause severe
allergic reaction. Some may be unstable prod-
ucts [58]. Further research can provide us with
more meaningful alternatives.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter
or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or
options, expert testimony, grants or patents received or
pending or royalties.

No writing assistance was utilized in the production of

this manuscript.

Bibliography

Papers of special note have been highlighted as

of interest (*) or of considerable interest (**)

to readers.

1.  Beutler E, Waalen J: The definition of
anemia: what is the lower limit of normal of
the blood hemoglobin concentration? Blood
107, 1747-1750 (2006).

2. de Leeuw NK, Lowenstein L, Hsieh YS:
Iron deficiency and hydremia in normal
pregnancy. Medicine (Baltimore) 45,
291-315 (1966).

3. Shimamura A: Inherited bone marrow
failure syndromes: molecular features.
Hematology Am. Soc. Hematol. Educ.
Program, 63-71 (2000).

4. Young NS: Pathophysiologic mechanisms in
acquired aplastic anemia. Hematology Am.
Soc. Hematol. Educ. Program, 72-77 (2006).

5. Marsh JC: Treatment of acquired aplastic
anemia. Haematologica 92, 2-5 (2007).

6. Flygare ], Aspesi A, Bailey JC ez al.:

Human RPS19, the gene mutated in
Diamond-Blackfan anemia, encodes a
ribosomal protein required for the
maturation of 40S ribosomal subunits.
Blood 109, 980-986 (2007).

7. Flygare ], Karlsson S: Diamond-Blackfan
anemia: erythropoiesis lost in translation.

Blood 109, 3152-3154 (2007).

fsg

future science group

iron deficiency anemia. Am. J. Med. 37,
62-70 (1964).

www.futuremedicine.com

8. Alter BP: Diagnosis, genetics, and *¢  Provides a comprehensive overview of the
management of inherited bone marrow clinical stages and laboratory diagnosis of
failure syndromes. Hematology Am. Soc. iron-deficiency anemia.

Hematol. Educ. Program. 29-39 (2007). 16.  Bhambhani K, Aronow R: Lead poisoning

9.  Skeppner G, Kreuger A, Elinder G: and thalassemia trait or iron deficiency. The
Transient erythroblastopenia of childhood: value of the red blood cell distribution width.
prospective study of 10 patients with Am. J. Dis. Child. 144, 1231-1233 (1990).
special reference to viral infections. 17.  Cartwright GE, Lee GR: The anaemia of
J. Pediatr. Hematol. Oncol. 24, 294-298 chronic disorders. Br. J. Haematol. 21,
(2002). 147-152 (1971).

10.  Glader BE: Diagnosis and management of 18.  Brugnara C: Iron deficiency and
red cell aplasia in children. Hematol. Oncol. erythropoiesis: new diagnostic approaches.
Clin. North Am. 1, 431-447 (1987). Clin. Chem. 49, 1573-1578 (2003).

11.  Bhambhani K, Inoue S, Sarnaik SA, *  Highlights the pitfalls of various tests in
Mertline J: Transient erythroblastopenia of diagnosing iron-deficiency anemia and the
childhood not associated with human role of soluble transferrin receptors.
parvovirus infection. Lancet 1, 509 (1986). 19. Nemeth E, Rivera S, Gabayan V ez al.:

12.  Ganz T: Hepcidin and its role in regulating IL-6 mediates hypoferremia of
systemic iron metabolism. Hematology Am. inflammation by inducing the synthesis of
Soc. Hematol. Educ. Program, 29-35, 507 the iron regulatory hormone hepcidin.
(2006). J. Clin. Invest. 113, 1271-1276 (2004).

13.  Ganz T: Molecular control of iron transport. ~ 20. Ganz T: Molecular pathogenesis of anemia
J. Am. Soc. Nephrol. 18, 394-400 (2007). of chronic disease. Pediatr. Blood Cancer 46,

14. Hastka J, Lasserre JJ, Schwarzbeck A, 554-557 (2006).

Reiter A, Hehlmann R: Laboratory tests of 21.  Carmel R, Ravindranath Y: Congenital
iron status: correlation or common sense? transcobalamin II deficiency presenting
Clin. Chem. 42, 718-724 (1996). atypically with a low serum cobalamin level:

15.  Bainton DE Finch CA: The diagnosis of studies demonstrating the coexistence of a

circulating transcobalamin I (R binder)

complex. Blood 63, 598-605 (1984).

483



REVIEW — Nahar & Ravindranath

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

484

Gehrs BC, Friedberg RC: Autoimmune
hemolytic anemia. Am. J. Hematol. 69,
258-271 (2002).

Excellent overview on the pathophysiology
and management of autoimmune
hemolytic anemias.

Petz LD: A physician’s guide to transfusion
in autoimmune haemolytic anaemia. Br. /.
Haematol. 124, 712-716 (2004).

Reviews transfusion guidelines in

warm and cold antibody autoimmune
hemolytic anemia (ATHA).

Salama A, Berghofer H, Mueller-

Eckhardt C: Red blood cell transfusion in
warm-type autoimmune haemolytic
anaemia. Lancet 340, 1515-1517 (1992).
Delaunay J: Molecular basis of red cell
membrane disorders. Acta Haematol. 108,
210-218 (2002).

Gallagher PG: Red cell membrane disorders.
Hematology Am. Soc. Hematol. Educ.
Program, 13-18 (2005).

Johnson RM, Ravindranath Y: Osmotic scan
ektacytometry in clinical diagnosis. /. Pediatr.
Hematol. Oncol. 18, 122-129 (1996).
Cappellini MD, Fiorelli G. Glucose-6-
phosphate dehydrogenase deficiency. Lancet
371, 64-74 (2008).

Reviews genetic mutations in

G6PD deficiency.

Beutler E: Study of glucose-6-phosphate
dehydrogenase: history and molecular
biology. Am. J. Hematol. 42, 53-58 (1993).
Zuelzer WW, Apt L: Acute hemolytic
anemia due to naphthalene poisoning;

a clinical and experimental study. /. Am.
Med. Assoc. 141, 185-190 (1949).

Fan YH, Lazenbery L, Foster E, Duelm F,
Grant E Jr: Improved quantitative method
for G6PD deficiency detection. /. Clin. Lab.
Anal. 21, 107-113 (2007).

Ringelhahn B: A simple laboratory
procedure for the recognition of A - (African
type) G-6PD deficiency in acute haemolytic

crisis. Clin. Chim. Acta 36, 272-274 (1972).

Rodgers GP: Overview of pathophysiology
and rationale for treatment of sickle cell
anemia. Semin. Hematol. 34, 27 (1997).
Hoppe C, Styles L, Vichinsky E: The
natural history of sickle cell disease. Curr.
Opin. Pediarr. 10, 49-52 (1998).

Claster S, Vichinsky EP: Managing sickle
cell disease. BMJ 327, 1151-1155 (2003).
Good review on the management of
sickle-cell disease.

Goldstein AR, Anderson MJ, Serjeant GR:
Parvovirus associated aplastic crisis in
homozygous sickle cell disease. Arch. Dis.

Child. 62, 585-588 (1987).

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Rao SP, Miller ST, Cohen BJ: Transient
aplastic crisis in patients with sickle cell
disease. B19 parvovirus studies during a
7-year period. Am. J. Dis. Child. 146,
1328-1330 (1992).

Powell RW, Levine GL, Yang YM,

Mankad VN: Acute splenic sequestration
crisis in sickle cell disease: early detection
and treatment. /. Pediatr. Surg. 27,
215-218; discussion 218-219 (1992).
Moake JL, McPherson PD: Abnormalities of
von Willebrand factor multimers in
thrombotic thrombocytopenic purpura and
the hemolytic—uremic syndrome. Am. J.
Med. 87, N9-N15 (1989).

Egeler RM, Shapiro R, Loechelt B,
Filipovich A: Characteristic immune
abnormalities in hemophagocytic
lymphohistiocytosis. /. Pediatr. Hematol.
Oncol. 18, 340-345 (1996).

Filipovich AH: Hemophagocytic
lymphohistiocytosis and related disorders.
Curr. Opin. Allergy Clin. Immunol. 6,
410-415 (2006).

Henter JI, Horne A, Arico M et al.:

HLH- 2004: diagnostic and therapeutic
guidelines for hemophagocytic
lymphohistiocytosis. Pediatr. Blood Cancer
48, 124-131 (2007).

Ravindranath Y, Paglia DE, Warrier I,
Valentine W, Nakatani M, Brockway RA:
Glucose phosphate isomerase deficiency as a
cause of hydrops fetalis. V. Engl. . Med.
316, 258-261 (1987).

Goodman AM, Pollack MM, Patel KM,
Luban NL: Pediatric red blood cell
transfusions increase resource use. /. Pediatr.
142, 123-127 (2003).

Gibson BE, Todd A, Roberts I ez al.:
Transfusion guidelines for neonates and
older children. Br. /. Haematol. 124,
433-453 (2004).

Updated guidelines for the administration
of blood products in infants and neonates.
Jayabose S, Tugal O, Ruddy R, Wuest D,
Ciavarella D: Transfusion therapy for severe
anemia. Am. J. Pediatr. Hematol. Oncol. 15,
324-327 (1993).

Lacroix J, Hebert PC, Hutchison JS ez al.:
Transfusion strategies for patients in
pediatric intensive care units. V. Engl. J.
Med. 356, 1609-1619 (2007).

Nichols WG, Price TH, Gooley T, Corey L,
Boeckh M: Transfusion-transmitted
cytomegalovirus infection after receipt of
leukoreduced blood products. Blood 101,
4195-4200 (2003).

Therapy (2008) 5(4)

50.

51.

53.

54.

55.

56.

57.

58.

Michon J: Incidence of anemia in pediatric
cancer patients in Europe: results of a large,
international survey. Med. Pediatr. Oncol.
39, 448-450 (2002).

Flores G, Cunningham-Rundles C,
Newland AC, Bussel ]B: Efficacy of
intravenous immunoglobulin in the
treatment of autoimmune hemolytic
anemia: results in 73 patients. Am. /.
Hematol. 44, 237-242 (1993).

Josephson CD, Su LL, Hillyer KL,

Hillyer CD: Transfusion in the patient with
sickle cell disease: a critical review of the
literature and transfusion guidelines.
Transfus. Med. Rev. 21, 118-133 (2007).
Excellent overview of the indications

and type of transfusions needed in
sickle-cell crises.

Hulbert ML, Scothorn DJ, Panepinto JA
et al.: Exchange blood transfusion compared
with simple transfusion for first overt stroke
is associated with a lower risk of subsequent
stroke: a retrospective cohort study of 137
children with sickle cell anemia. /. Pediatr.
149, 710-712 (2006).

Sarnaik S, Soorya D, Kim J,

Ravindranath Y, Lusher J: Periodic
transfusions for sickle cell anemia and CNS
infarction. Am. J. Dis. Child. 133,
1254-1257 (1979).

Vichinsky ED, Earles A, Johnson RA,

Hoag MS, Williams A, Lubin B:
Alloimmunization in sickle cell anemia and
transfusion of racially unmatched blood.

N. Engl. ]. Med. 322, 1617-1621 (1990).
Varan A, Buyukpamukcu M, Kutluk T,
Akyuz C: Recombinant human
erythropoietin treatment for chemotherapy-
related anemia in children. Pediatrics 103,
E16 (1999).

Porter JC, Leahey A, Polise K, Bunin G,
Manno CS: Recombinant human
erythropoietin reduces the need for
erythrocyte and platelet transfusions in
pediatric patients with sarcoma:

a randomized, double-blind, placebo-
controlled trial. /. Pediatr. 129, 656660
(1996).

Bolonaki I, Stiakaki E, Lydaki E ez a/.:
Treatment with recombinant human
erythropoietin in children with
malignancies. Pediatr. Hematol. Oncol. 13,
111-121 (1996).

Ness PM, Cushing MM: Oxygen
therapeutics: pursuit of an alternative to the
donor red blood cell. Arch. Pathol. Lab. Med.
131, 734-741 (2007).

fsg

future science group




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice


