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Abstract

Objectives: Anemia is a severe global public health issue.
Testing practices for anemia suggest overuse of screening
laboratory tests and misinterpretation of studies even in
“easy-to-diagnose” underlying causes, leading to late di-
agnoses and missed treatment opportunities. We aimed to
develop a complete and efficient algorithm for clinical pa-
thologists and laboratory medicine physicians for the dif-
ferential diagnosis of anemia.

Methods: Comprehensive literature search encompassing
original articles, studies, reviews, gold standard books, and
other evidence.

Results: We created a complex algorithm, primarily for
clinical pathology/laboratory use, that explores all major
and several rare causes of anemia in an efficient and
evidence-based manner. The algorithm includes gold-
standard diagnostic laboratory tests available in most clin-
ical laboratories and indices that can be easily calculated to
provide an evidence-based differential diagnosis of anemia.
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Conclusions: The diagnostic strategy combines previously
available diagnostic tests and protocols in an efficient order.
Clinical pathologists following the algorithm can indepen-
dently provide valuable diagnostic support for healthcare
providers. Clinical pathologists providing complete differen-
tial diagnostic services with the proposed algorithm may
create an opportunity for an advanced diagnostic service that
supports diagnostic excellence and helps patients receive a
timely diagnosis and early treatment opportunities.
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Introduction

Anemia is a severe global public health issue, one of the more
common conditions healthcare providers (HCP) encounter
daily. Self-reported testing practices for anemia suggest
overuse of screening laboratory tests and misinterpretation
of iron studies in the evaluation of even the most common
form of anemias, the new-onset iron-deficiency anemia,
leading to misdiagnosis [1].

WHO defines anemia in adults as a blood hemoglobin
concentration of <13 g/dL or <130 g/L in men, <12 g/dL or
<120 g/L in non-pregnant women, and <11 g/dL or <110 g/L in
pregnant women. Based on WHO data published in 2008 [2],
the global prevalence of anemia is 24.8 %, but there is a wide
variation between geographical areas, age, and sex. The
global prevalence of anemia among children under five is
42.6 % worldwide, compared to 29 % among non-pregnant
women and 38.2 % among pregnant women [3].

Iron deficiency anemia (IDA) is the most common cause
of anemia (IDA) globally [4], representing half of the anemic
population [2]. However, numerous other causes may lead to
anemia, such as other nutritional deficiencies (including
folate, vitamin B12, and vitamin A deficiency), acute and
chronic inflammation, parasitic infections, and inherited or
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acquired disorders of the hemoglobin synthesis, red blood
cell production or red blood cell survival.

Hemolytic anemia is caused by a shortening in the
survival of circulating red blood cells (RBCs) to a value of less
than 100 days (normal lifespan between 110 and 120 days) [5],
while regeneration cannot replace the lost volume. Hemo-
Iytic anemias may be hereditary or acquired, corpuscular (if
the cause is a red blood cell disease) or extracorpuscular (if
the environment is the cause of hemolysis). They may be
divided into immune-retardant and non-immune-retardant
subgroups, and classified as intravascular and extravascular
hemolysis, based on the site of red cell destruction. In
intravascular hemolysis, RBCs are destroyed within the
vascular bed, while in extravascular hemolysis, RBCs with
altered structure or membrane appearance are phagocy-
tosed and degraded by macrophages in the liver and spleen.

In the case of mild hemolysis, hemoglobin concentra-
tions may still be within the reference range, so it is possible
to have a condition where hemolysis occurs without marked
anemia. The destruction of RBCs can be compensated for
some time by an increase of erythroid activity in the bone
marrow as a result of increased erythropoietin production
in the kidneys.

Laboratory tests classify anemias into microcytic (MCV
<80 fL), normocytic (MCV 80-100 fL), and macrocytic (MCV
>100 fL) groups based on the mean red blood cell volume
(MCV) [6, 71.

Diagnostic algorithms combine laboratory and clinical
data to elucidate the background of anemia. However, a
thorough guideline covering all causes of anemia has still not
been available for healthcare professionals. After several
consecutive sessions, the Working Group on Guidelines and
Algorithms of the Hungarian Society of Laboratory Medicine
created a complex laboratory algorithm that identifies
common and rare causes of anemia to advance diagnostic
excellence and support efficient diagnostic workouts.

Our algorithm for the differential diagnostics of anemia
is proposed with the mindset of the clinical pathologist. As
such, beyond aiming to advance efficient diagnostic pro-
cesses, our algorithm proposes a greater involvement of
clinical pathologists in the diagnostic process. Clinical labo-
ratories should provide an option for clinicians, family
practitioners, and other HCPs to order a full-scale evaluation
of anemia, enabling clinical pathologists to choose the
necessary tests and the order of those.

Materials and methods

In a comprehensive literature search conducted from October 1, 2022, to
May 1, 2023, we reviewed and analyzed encompassing original articles,
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studies, reviews, gold standard books, and other manuscripts or
guidelines that were published in English from PubMed, Agency for
Healthcare Research and Quality reports, education-specific books, and
other relevant databases. We also used UpToDate (www.uptodate.com)
to find relevant publications for selected diseases. Publications through
May 1, 2023 were considered.

Our inclusion criteria were the occurrence of the following key-
words: “anemia”, “differential diagnostics”, “anemia algorithm”,
“diagnostic guideline for anemia” in PubMed and Google search engines
to identify publications with algorithmic diagnostic protocol suggestions
in a scoping way. Then we looked up all the specific “end-diagnoses”
present in our algorithm (e.g., vitamin B12 deficiency, thalassemia, MDS,
infections, etc.) that account for anemia and searched on the current
diagnostic guidelines/suggestions for that specific disease with the key
words “diagnosis of ...”.

We excluded guidelines and algorithms published more than 10
years ago and diagnosis of “hyperacute bleeding” in traumatic injuries
or surgical interventions or “severe burn” cases.

We constructed the diagnostic flowchart in an iterative way to find
an efficient route for the majority of the conditions that may cause
anemia.

Results - description of the
algorithm

Our algorithm also aims to serve as one complete guideline,
and we made it available in one Figure (Supplementary
Figure 1). For printing objectives, we dissected the algorithm
into three separate Figures (Figures 1-3).

Reticulocyte production index

The automated hematology analyzers measure hemoglobin
concentration as part of the complete blood count (CBC)
panel. We follow the WHO guidelines in defining anemia as
stated in the Introduction. At the same time or as a next step,
reticulocyte number should be determined (Figure 1). This is
a significant difference between our algorithm and some
other guidelines, where reticulocyte count may not or may he
considered to be measured later [8-15]. Due to the simplicity,
low cost, and importance in all further anemia subgrouping,
the absolute reticulocyte number should be assessed, and the
derived reticulocyte percentage (Ret%) — which is sometimes
wrongly referred to as reticulocyte count — and reticulocyte
production index (RPI) should be calculated at this step. Ret%
is the percentage of the absolute reticulocyte number and
the red blood cell number. RPI is a marker adjusted for the
level of anemia and is a more accurate reflection of eryth-
ropoiesis. RPI is calculated from reticulocyte percentage
(Ret %), hematocrit (Hct), and a maturation time, based on the
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Figure 1: The first step in the differential
diagnosis of anemia. Steps referring to: 1a,
[44]; 1b, [16, 17, 23].

continue with
Figure 3

Hct 0
5 < Ret%

" maturation time

equation [16], where maturation time is 1.0 day for Hct 35—
40 %, 1.5 days for Hct 25-35 %, 2.0 days for Hct 15-25 %, and
2.5 days for Hct <15 % [17].

Note, that the bone marrow response to anemia re-
quires days to two weeks to increase reticulocyte number
and RPL

Cut-off value for RPI for optimal bone marrow response
of accelerated RBC production varies in the literature be-
tween 2 and 3 %. We found two references for cut-off value of
2% [8, 9], and two other references for 2.5 % [18, 19]. Five
references suggested that optimal bone marrow response is
at RPI >3 % while inadequate response is at RPI <2 %, leaving
an undefined zone of RPI between 2 and 3% [20-24]. RPI cut-
off is suggested at 3 % by three references [25-27]. In order
for the algorithm to be sensitive for hemolysis, and to avoid
an undefined “grey zone” of RPI, we accepted the cut-off
value of 2 %. We also included a “runaway ramp” for cases of
RPI above 2 % when causes listed for cases below 2 % of RPI
should also be considered. Based on RPI, continue with
Figure 2 (<2 %) or Figure 3 (>2 %).

Anemia with RPI <2 %

If the RPI is <2 %, further classification of anemia is based on
the mean red cell volume (MCV) (Figure 2). If MCV is <80 L,
the anemia is microcytic. Since iron deficiency is the most
common cause of microcytic anemias, it is advised to
continue the investigation towards iron deficiency anemia
(IDA). IDA is likely if ferritin concentration is low, serum iron
concentration is low, transferrin concentration is high, and
transferrin saturation is low. As serum iron concentration is
influenced by several physiological factors (diurnal rhythm,

monthly cycle in women, stress, etc.), serum iron concen-
tration alone is not acceptable to confirm iron deficiency. As
the reference range of these parameters may vary according
to age, sex, race, and method, results outside the reference
range used in each laboratory are indicative. We also note
that neither low ferritin with normal transferrin saturation,
nor borderline low ferritin with low transferrin saturation
exclude IDA [1].

If iron deficiency is not confirmed, calculation of the
Mentzer index is recommended; automatic calculation can
be set up in the laboratory information system (LIS). The
Mentzer index is an easily accessible quotient of the MCV (in
fL) and RBC count (in millions per microliter or x 10'%/L). If
the Mentzer index is below 13, hemoglobin electrophoresis
or hemoglobin analysis by HPLC should be performed to
measure the HbF and HbA; ratios of total hemoglobins. If the
HbF >1% or HbA, >3.5%, beta thalassemia is likely, and a
genetic background investigation is warranted. For this
purpose, sequencing of the most frequently abnormal re-
gions of the beta globin gene in the actual population is
recommended. If HbF <1% and HbA, <3.5 %, alpha thalas-
semia and other hemoglobinopathies are considered. Ge-
netic testing is also recommended to identify these cases.

If the Mentzer index is =13, serum creatinine con-
centration should be determined. Based on serum creati-
nine, age, and gender, eGFR is calculated [28]. If eGFR
is =60 mL/min/1.73 m% chronic inflammation or other
chronic diseases (e.g., autoimmune disease, chronic
endocrine disease) or malignancy are likely to contribute
to anemia. In such cases, it is recommended to determine
the soluble transferrin receptor (sTfR) concentration in
serum, from which the sTfR/ferritin index can be calcu-
lated (automatically by the LIS) by dividing the sTfR con-
centration (mg/L) by the logarithm of the ferritin
concentration (ng/mkL). The sTfR/ferritin index is superior
to sTfR (AUC 0.87 vs. 0.74, p<0.0001) [29]. The suggested cut-
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Figure 2: Algorithm for the evaluation of anemia without reticulocytosis. eGFR, estimated glomerular filtration rate; Hb, hemoglobin; HbA2, hemoglobin
A2; HbF, fetal hemoglobin; MCV, mean red cell volume; MDS, myelodysplastic syndrome; RBC, red blood cell; RPI, reticulocyte production index. Steps
referring to: 1a, [44]; 1b, [16, 17, 23]; 2a, [45]; 2b, [46, 47]; 2c, [48]; 2d, [49-51]; 2e, [52, 53]; 2f, [10]; 29, [54]; 2h, [33, 55]; 2i, [56, 571; 2j, [46, 47, 58]; 2k,

[59-61]; 2, [58]; 2m, [62]; 2n, [63]; 20, [62, 64, 65].
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Figure 3: Algorithm for the evaluation of anemia with reticulocytosis. ANCA, antineutrophilic cytoplasmic antibody; aHUS, atypical hemolytic uremic

syndrome; CLL, chronic lymphocytic leukemia; CMV, cytomegalovirus; EBV, Epstein-Barr virus; eGFR, estimated glomerular filtration rate; GPI, glyco-

sylphosphatidylinositol; Hb, hemoglobin; HELLP, hemolysis, elevated liver enzymes and low platelets; HPLC, high performance liquid chromatography;
HUS, hemolytic uremic syndrome; IgG, immunoglobulin G; C3d, degradation product of complement 3; MCV, mean red cell volume; MDS, myelodysplastic
syndrome; RBC, red blood cell; NHL, non-Hodgkin lymphoma; RPI, reticulocyte production index; SLE, systemic lupus erythematosus; TTP, thrombotic
thrombocytopenic purpura. Steps referring to: 1a, [44]; 1b, [16, 17, 23]; 3a, [66-701; 3b, [36, 37]; 3¢, [71]; 3d, [72]; 2e, [48]; 3e, [73,74]; 3f, [75, 76]; 39, [77]; 3h,
[78, 79]; 3i, [80]; 3}, [81]; 3k, [82, 83]; 3I, [84, 85]; 3m, [86, 87]; 3n, [16, 88]; 30, [89]; 3p, [81]; 3q, [90]; 3r, [91]; 3s, [81]; 3t, [81].
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off value varies between 1.03 and 1.8 in the literature, we
suggest the average 1.5 for cut-off value [29-33]. If the sTfR/
ferritin is >1.5, iron deficiency associated with chronic
disease is likely; if it is <1.5, anemia associated with
chronic disease without iron deficiency is likely. After
excluding chronic disease, chronic inflammation and solid
tumor, bone marrow examination should be performed to
search for sideroblastic anemia [34]. In this case, a smear
of bone marrow aspirate should be stained with Prussian
blue for ring sideroblasts. Ring sideroblasts are erythro-
blasts with at least five siderotic granules in the cyto-
plasm, occupying at least one-third of the circumference
of the nucleus [34]. The presence of ring sideroblasts
confirm sideroblastic anemia. In the absence of ring
sideroblasts, anemia due to other bone marrow failure is
likely.

If eGFR is <60 mL/min/1.73 m% renal failure is possible.
Moderately decreased eGFR values are recommended to be
confirmed by cystatin-based eGFR calculation [28]. In this
case, check for iron deficiency by determining the propor-
tion of hypochromic RBCs or the reticulocyte Hgb (CHr),
depending on the type of hematology analyzer. Iron defi-
ciency anemia associated to chronic kidney disease can be
confirmed if the hypochromic RBCis >6 % (HYPO% on ADVIA
Siemens analyzer), or reticulocyte Hgb is <29 pg (all ana-
lyzers) [10], or transferrin saturation is <20 % and ferritin is
<100 ng/mL. If these conditions are not met, iron deficiency is
unlikely, and the diagnosis is simply anemia associated to
chronic kidney disease.

The first step in the investigation of normocytic anemia
(MCV 80-100 fL) is the measurement of serum creatinine
and calculation of eGFR. If eGFR is <60 mL/min/1.73 m?, the
renal anemia of the patient should be investigated. If the
patient with normocytic anemia has an eGFR =60 mL/min/
1.73m? the patient should be assessed for chronic inflam-
mation, chronic disease (e.g., autoimmune disease, chronic
endocrine disease), or malignancy. If any of them is present,
consider anemia is due to iron deficiency associated with the
chronic disease and investigate as described above. If
chronic inflammation, chronic diseases, and malignancy are
excluded, we evaluate whether iron deficiency is combined
with vitamin B12/folic acid deficiency. In combined iron and
B12/folic acid deficiency, the ferritin concentration is low,
the serum iron concentration is low, the serum transferrin
concentration is high, the transferrin saturation is low, and
the vitamin B12 or folic acid concentration is low. If this
combined deficiency cannot be confirmed, evaluate the hone
marrow smear with panoptic staining assessing for infil-
trating malignant cells (leukemias, multiple myeloma, bone
marrow metastasis of solid tumor) and hypoplasia/aplasia
(aplastic anemia, pure red cell aplasia). For a more precise
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indication of a bone marrow test, it is advised to look for
blasts in the peripheral smear, which is readily available
from the original blood sample. However, circulating tumor
cells of a solid tumor are so few that they are not detectable
by a standard peripheral blood smear analysis.

In macrocytic anemia (MCV >100 fL), serum vitamin B12
and folic acid concentrations are first to be measured. If the
folic acid concentration is close to the lower limit of the
reference range, measure the folic acid content of the red
blood cells, as this may be the only detectable sign of folic
acid deficiency. In case of borderline low vitamin B12,
measurement of homocysteine and methylmalonic acid
(MMA) may be suggested, elevation of either suggests B12
deficiency [35]. However, borderline low vitamin B12 levels
usually do not result in anemia. If vitamin B12 and folic acid
deficiencies are excluded, check for recently recommended/
administered medications of the patient that may cause
macrocytic anemia, such as antagonists of folic acid (meth-
otrexate), purine (6-mercaptopurine, azathioprine,
acyclovir) and pyrimidine (fluorouracil, zidovudine), ribo-
nucleotide reductase inhibitors (cytosine arabinoside, hy-
droxyurea), alkylating agents (cyclophosphamide) and
tyrosine kinase inhibitors (sunitinib, imatinib). In the
absence of such medications, evaluate the shape of macro-
cytes in peripheral smear. Causes of round macrocytes
include liver disease, alcoholism, or thyroid disease. If these
are ruled out, anemia is due to other bone marrow failure. If
the macrocytes in the peripheral smear are oval, bone
marrow tests, including morphological examination of the
smear and MDS-directed cytogenetic and FISH studies may
reveal and confirm MDS. If MDS is ruled out, macrocytic
anemia is associated with other bone marrow failure,
including acquired forms such as primary myelofibrosis or
inherited diseases (e.g., Fanconi anemia, Diamond-Blackfan
anemia).

Anemia with RPI >2 %

If RPI is greater than 2 % (Figure 3), check patient’s medical
history for recently administered new medication (iron,
vitamin B12, folic acid) for a previously confirmed deficiency
anemia. In these cases, peripheral reticulocytosis is a normal
bone marrow response. However, in the absence of sup-
plementation, look for signs of intravascular hemolysis.
Common markers for intravascular hemolysis are low
haptoglobin, high LDH, and elevated unconjugated bilirubin
levels; LDH and bilirubin being less specific for hemolysis.
Haptoglobin alone showed high sensitivity and specificity
(83 and 96 %, respectively) in distinguishing hemolytic and
non-hemolytic conditions, providing 87 % probability of
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predicting hemolytic disease when the serum haptoglobin
level falls below 25 mg/dL (0.25 g/L) [36]. Combining LDH and
haptoglobin only slightly increases sensitivity (92 %) and
does not increase specificity (90 %) for ruling out hemolysis
[37]. Low haptoglobin may result from hepatic insufficiency
and in the rare cases of congenital ahaptoglobinemia.
Therefore, we suggest that a combination of LDH and
haptoglobin is only necessary with a history of hepatic
insufficiency.

If the results do not suggest hemolysis, the guiding
diagnosis is acute anemia after blood loss, with a time lag of
1-2 days after hemorrhage [6].

If hemolysis is confirmed, a urinalysis with urine
dipstick and sediment examination should be performed to
detect hemoglobinuria. Hemoglobinuria is defined as
detectable hemoglobin on the urine test strip exam without
red blood cells in the urine sediment. Hemoglobinuria in-
creases the risk of acute renal failure. Rarely, hemoglobin
casts are present.

In addition to urinalysis, hemolysis necessitates further
testing including peripheral smear staining and evaluation,
and a Coombs test (direct antiglobulin test, DAT) with poly-
valent reagent. A positive Coombs test with polyvalent re-
agent confirms immune hemolysis, and the Coombs test
should also be performed with the monovalent reagent. If
IgG antibodies and C3d complement are detected by the DAT,
and spherocytes are detected in the smear, warm antibody
autoimmune hemolytic anemia (w-AIHA) is confirmed. An-
tibodies of warm AIHA may develop idiopathically (primary)
or may be secondary due to transfusion complication, drugs
(fludarabine, interferon-alpha), autoimmune disease (SLE),
lymphoproliferative diseases (CLL, NHL), allogeneic stem
cell transplantation, organ transplantation, or viral in-
fections (hepatitis, CMV). If the Coombs test with monovalent
reagent shows no IgG coverage, but C3d coverage of RBCs,
and the RBCs in the smear are agglutinated, then cold
agglutinin is the cause of hemolysis, and the cold agglutinin
titer should be determined. This phenomenon may occur in
IgM gammopathies, Waldenstréom macroglobulinemia, My-
coplasma infection, EBV, CMV, Chlamydia infection, chronic
lymphoproliferative B cell disease, lymphoma, paroxysmal
cold hemoglobinuria.

If the Coombs test with polyvalent reagent provides a
negative result, calculate the Mentzer index. If the Mentzer
index is <13, screening for thalassemia is recommended. For
Mentzer index >13, further testing is based on the dominant
pathological morphology of RBC in the peripheral smear.

In the presence of spherocytes in the smear and the pa-
tient has a history of burns or large skin deficiencies, the
diagnosis is hemolysis associated with thermal injury. If
medical history excludes thermal injury, congenital
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spherocytosis is suspected, and a flow cytometric test with
eosin-5-maleimide staining and/or an osmotic resistance test of
red blood cells is recommended. In case of a positive test result,
it is reasonable to test for mutations in the suspected genes
using molecular biology methods. If both tests are negative,
check medical history for snakebite or insect bite to confirm
hemolysis due to these causes. If medical history does not
include bites, we should consider other diseases causing
spherocytosis in addition to Coombs negativity, such as auto-
immune hemolysis (with warm or cold antibodies), hemolytic
complication after transfusion, ABO neonatal hemolytic dis-
ease, bartonellosis, C. perfringens infection, Rh-null phenotype.

In case of the high rate of elliptocytes or stomatocytes in
the smear, hereditary elliptocytosis or stomatocytosis is
considered and genetic testing is warranted. If contracted,
‘bite’ or ‘blister’ RBCs and Heinz bodies in the RBCs are
identified in the smear (with supravital staining), a glucose-
6-phosphate dehydrogenase or glutathione cycle enzyme
deficiency is likely; targeted genetic testing can confirm the
enzyme deficiency.

The presence of sickle cells in the smear suggests sickle
cell anemia and hemoglobin electrophoresis or HPLC can
determine the proportion of the abnormal variant of he-
moglobin. However, regardless the extent of the abnormal-
ity, targeted genetic testing with sequencing of the beta-
globin gene is required to detect the characteristic mutation.

If the smear shows polychromasia without other repro-
ducible morphological abnormalities, consider infection or
drug exposure-induced hemolysis; the underlying enzyme
defects (pyruvate kinase, hexokinase, or other rare enzyme
deficiencies) can be verified by targeted genetic testing.

If hemolysis was not initiated by infection or drug admin-
istration, test for the absence of the glycosylphosphatidylinositol
(GPI) anchor molecule by flow cytometry in both white blood
cells and RBCs. If the absence of the GPI anchor is confirmed, the
diagnosis is paroxysmal nocturnal hemoglobinuria. If the flow
cytometry test is negative, other causes such as liver disease,
kidney disease, hemolysis due to extreme physical activity (ex-
ercise-induced [march] hemoglobinuria) should be considered.

If unusual RBC inclusions are detected in the smear, an
infectious background is likely: most common disorders are
malaria, babesiosis, and Bartonella infection.

Coarse dense basophilic stippling in several RBCs sug-
gest lead poisoning; measure serum lead level. Zinc proto-
porphyrin levels may indicate chronic lead toxicity. If lead
poisoning is excluded, consider 5 nucleotidase enzyme
deficiency, which can be confirmed by targeted molecular
biology testing.

Ifthe proportion of fragmented cells (schistocytes) in the
smear is over 1%, consider mechanical damage to the red
blood cells by cardiac protheses or arterial grafts.
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Mechanical damage to the RBCs due to increased shear stress
is the most widely occurring etiology of cardiac prostheses-
related hemolytic anemia (CPHA) [38]. In the absence of such
implants, malignant hypertension and vasculitis should be
considered. Once these have been excluded, consider and
investigate for thrombotic microangiopathies: disseminated
intravascular coagulation (DIC), thrombotic thrombocyto-
penic purpura (TTP), hemolytic uremic syndrome (HUS),
atypical hemolytic uremic syndrome (aHUS), hemolysis,
elevated liver enzymes and low platelets (HELLP) syndrome.

Discussion

Anemia is a frequent condition, and the range of underlying
diseases is wide, presenting a diagnostic challenge. Available
guidelines either focus on a particular segment of the
possible underlying causes, such as gastrointestinal evalua-
tion of iron deficiency anemia [12, 39, 40] or on the man-
agement of anemia and blood transfusion recommendations
[41]. Guidelines developed for HCP specialists focus on
testing relevant to their specialty.

We propose a complex algorithm for the differential
diagnostics of anemia in adults from the clinical patholo-
gist’s perspective. In comparing of our algorithm with other
current guidelines or approaches, we highlight the impor-
tance of the reticulocyte production index, a powerful and
underrepresented marker in the differential diagnostics of
anemia. Some guidelines include reticulocyte-related pa-
rameters, of which some start with reticulocyte count [13,
42], others use reticulocyte count or RPI at a later step
[13-15]. There are guidelines that do not include such pa-
rameters [12, 43]. We suggest the use of the reticulocyte
production index and we bring that to the start of our al-
gorithm (Figure 1).

Guidelines often start with MCV in the algorithmic steps
[14]; we suggest discrimination based on MCV only if retic-
ulocytosis is not present.

Clinical diagnosticians following current guidelines
must schedule multiple patient visits with phlebotomy at
each visit. This approach is not convenient for the patient,
poses a healthcare risk, and dramatically increases the time
for diagnosis. We suggest an “anemia-directed laboratory
investigation” lab order with one phlebotomy, allowing
clinical pathologist to perform all the necessary tests to
evaluate the underlying cause of anemia.

Clearly, there are disadvantages to the proposed diag-
nostic workflow. First, the laboratories’ ordering options
and the financing structure may need to be modified to
implement the proposed diagnostic process.
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The guideline prerequisites that the clinical pathologists
have access to a detailed medical history of the patient. That
may not be available in certain laboratory service struc-
tures. Private laboratory services may easily solve the
challenge of direct communication with the patient via
telecommunication technologies. In inpatient setting, the
clinical pathologist can have access to the health information
system of the hospital.

Our algorithm is unsuitable for cases with hyperacute
bleeding, e.g., in traumatic injuries or surgical interventions,
asit may take 1-2 weeks for a normal bone marrow response
to increase the reticulocyte production index. However,
those cases do not require a complex laboratory evaluation.
Furthermore, several steps in the evaluation of anemia may
be confounded by blood transfusion in a posttransfusion
period; however, this is not unique to our algorithm.

The advantages of the anemia-oriented investigation
panel overcome the challenges in numerous scenarios.
Deeper involvement the clinical pathologist in the diagnostic
process is beneficial when HCPs require the special expertise
with advanced testing opportunities. Requiring fewer
patient-physician encounters, the new diagnostic workflow
may be more time-efficient than previous diagnostic work-
flows. An earlier diagnosis may spare unnecessary treatments
(e.g., multiple blood transfusions spared for patients having
spherocytosis with an early splenectomy; anti-complement
therapy started in PNH, etc.). The decreasing rate of unnec-
essary treatments save further costs, along with several
other beneficial effects (e.g., better health outcomes, less
malpractice issues).

Clinical pathologists and laboratory medicine physi-
cians offering advice for their healthcare provider col-
leagues can now enjoy the help of a complex algorithm. The
algorithm can also be used by healthcare providers for cases
that are not covered by their previously used guidelines.

Acknowledgments: We are grateful for Professor Barna
Vasarhelyi for sharing his valuable thoughts and profes-
sional experiences in diagnostics and management. We are
thankful for Dr. Kristen E. Miller for her valuable insights on
medical decision making and advice in international
implementation strategies.

Research ethics: Not applicable.

Informed consent: Not applicable.

Author contributions: EA led the Working Group on
Guidelines and Algorithms of the Hungarian Society of
Laboratory Medicine, ZH created the study design, and
participated in creating the algorithm. ZH and GT wrote the
manuscript. GT participated in the comprehensive literature
research and the review of current guidelines and fostered



418 —— Hevessy et al.: Diagnostic algorithm of anemia

its publication for international use. PA-SZ, MT-F, JK, BK, and
EA participated in developing the algorithm and reviewing
and editing the publication draft. All authors have read and
agreed to the published version of the manuscript.
Competing interests: The authors state no conflict of
interest.

Research funding: The work was supported by the project
EFOP-2.2.0-16-2016-00007 ‘Improving the infrastructural
conditions of the diagnostic and medical laboratory
network’ and has been used with the permission of the
Hungarian National General Hospital Directorate. Dr. Toth
received funding through the Society to Improve Diagnosis
in Medicine’s fellowship program, which is financially
supported by the generosity of the Gordon and Betty
Moore Foundation.

Data availability: Not applicable.

References

1. Read AJ, Waljee AK, Sussman JB, Singh H, Chen GY, Vijan S, et al. Testing
practices, interpretation, and diagnostic evaluation of iron deficiency
anemia by US primary care physicians. JAMA Netw Open 2021;4:
€2127827.

2. De Benoist Bruno, World Health Organization., Centers for Disease
Control and Prevention (U.S.). Worldwide prevalence of anaemia 1993-
2005 of: WHO Global Database of anaemia. Geneva: World Health
Organization; 2008.

3. WHO. The global prevalence of anaemia in 2011 [Internet]. Geneva:
World Health Organization; 2015. Available from www.who.int.

4. Killip S, Bennett JM, Chambers MD. Iron deficiency anemia. Am Fam
Physician 2007;75:671-8.

5. Coller BS, Kipps TJ, Seligsohn U. Beutler E, Lichtman MA, editors.
Williams hematology, 6th ed. New York: McGraw-Hill Professional;
2000.

6. Wintrobe MM. Anemia: classification and treatment on the bases of
differences in the average volume and hemoglobin content of the red
corpuscles. Arch Intern Med 1934;54:256-80.

7. Buttarello M. Laboratory diagnosis of anemia: are the old and new red
cell parameters useful in classification and treatment, how? Int J Lab
Hematol 2016;38:123-32.

8. Elghetany MT, Schexneider KI, Banki K. Laboratory investigations of
anemia. In: McPherson R, Pincus MR, editors. Henry’s clinical diagnosis
and management by laboratory methods, 23rd ed. St. Louis, MO:
Elsevier; 2017:600 p.

9. Brandow AM. Pallor and anemia. In: Nelson pediatric symptom-based
diagnosis. Amsterdam: Elsevier; 2018:661-81.e2 p.

10. National Institute for Health and Care Excellence. Chronic kidney
disease: assessment and management - NG203 [Internet]. In: NICE
guidelines; London, UK, 2021. Available from: https://www.nice.org.uk/
guidance/ng203 [Accessed 27 Jul 2023].

11. Zaiden R. BM] best practice - evaluation of anemia [Internet]. Available
from: https://bestpractice.bmj.com/topics/en-us/93 [Accessed 27 Jul 2023].

12. Fletcher A, Forbes A, Svenson N, Wayne Thomas D. Guideline for the
laboratory diagnosis of iron deficiency in adults (excluding pregnancy)
and children. Br ] Haematol 2022;196:523-9.

13.

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

DE GRUYTER

Freeman AM, Rai MMD. Anemia screening [Internet]. Treasure Island
(FL): StatPearls Publishing; 2022. Available from: https://www.ncbi.
nim.nih.gov/books/NBK499905/ [Accessed 27 Jul 2023].

. Ianni CM, McDowall MP, Zuska IA. Differential diagnosis of low

hemoglobin. Dimens Crit Care Nurs 2021;40:204-9.

. Cascio MJ, DeLoughery TG. Anemia. Med Clin 2017;101:263-84.
. McPherson RA, Pincus MR. Henry’s clinical diagnosis and management

by laboratory methods, 24th ed. Amsterdam: Elsevier; 2021.

. Hillman RS, Finch CA. Red cell manual, 7th ed. Philadelphia: FA Davis;

1996.

. Fauci A, Braunwald E, Weiner C, Kasper D, Hauser S, Longo D, et al.

Harrison’s principles of internal medicine, 17th ed. New York: McGraw-
Hill Professional; 2008.

. Labpedia.net. Reticulocyte count (retic count), and interpretations.

Available from: https://labpedia.net/reticulocyte-count-retic-count-
and-interpretations/.

Manuals M. Reticulocyte production index. Available from: https://
www.merckmanuals.com/medical-calculators/ReticProdIndex.htm.
Koepke JF, Koepke JA. Reticulocytes. Clin Lab Haematol 1986;8:169-79.
Nader R. In: Rifai N, editor. Tietz textbook of laboratory medicine, 7th
ed. St. Louis, Missouri: Elsevier; 2023.

Gaur M, Sehgal T. Reticulocyte count: a simple test but tricky
interpretation. Pan Afr Med ] 2021;40:3.

Aird W. What is a reticulocyte production (RPI) index? [Internet].
Available from: https://www.thebloodproject.com/ufag/what-is-a-
reticulocyte-production-maturation-index/ [Accessed 27 Jul 2023].
Lanzkowsky P. Classification and diagnosis of anemia in children. In:
Manual of pediatric hematology and oncology. Amsterdam: Elsevier;
2011:1-13 pp.

Hillman R, Ault K, Rinder H. Hillman RS, Ault K, Rinder H, editors.
Hematology in clinical practice, 4th ed. New York: McGraw Hill
Professional; 2005.

Piva E, Brugnara C, Spolaore F, Plebani M. Clinical utility of reticulocyte
parameters. Clin Lab Med 2015;35:133-63.

Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang Y, et al.
New creatinine- and cystatin C-based equations to estimate GFR
without race. N Engl ] Med 2021;385:1737-49.

Skikne BS, Punnonen K, Caldron PH, Bennett MT, Rehu M, Gasior GH,
et al. Improved differential diagnosis of anemia of chronic disease and
iron deficiency anemia: a prospective multicenter evaluation of soluble
transferrin receptor and the sTfR/log ferritin index. Am | Hematol 2011;
86:923-7.

Al-Rubaie HA, Al-Bayaa IM, Al-Amiri YA. The value of soluble transferrin
receptor and soluble transferrin receptor-ferritin index in
discriminating iron deficiency anaemia from anaemia of chronic
disease in patients with rheumatoid arthritis. Open Rheumatol ] 2019;
13:9-14.

Suominen P, Punnonen K, Rajamaki A, Irjala K. Serum transferrin
receptor and transferrin receptor-ferritin index identify healthy
subjects with subclinical iron deficits. Blood 1998;92:2934-9.
Oustamanolakis P, Koutroubakis IE. Soluble transferrin receptor-
ferritin index is the most efficient marker for the diagnosis of iron
deficiency anemia in patients with IBD. Inflamm Bowel Dis 2011;17:
E158-9.

Rimon E, Levy S, Sapir A, Gelzer G, Peled R, Ergas D, et al. Diagnosis of
iron deficiency anemia in the elderly by transferrin receptor-ferritin
index. Arch Intern Med 2002;162:445-9.

Mufti GJ, Bennett JM, Goasguen J, Bain BJ, Baumann [, Brunning R, et al.
Diagnosis and classification of myelodysplastic syndrome:
international Working Group on Morphology of myelodysplastic


http://www.who.int
https://www.nice.org.uk/guidance/ng203
https://www.nice.org.uk/guidance/ng203
https://bestpractice.bmj.com/topics/en-us/93
https://www.ncbi.nlm.nih.gov/books/NBK499905/
https://www.ncbi.nlm.nih.gov/books/NBK499905/
https://labpedia.net/reticulocyte-count-retic-count-and-interpretations/
https://labpedia.net/reticulocyte-count-retic-count-and-interpretations/
https://www.merckmanuals.com/medical-calculators/ReticProdIndex.htm
https://www.merckmanuals.com/medical-calculators/ReticProdIndex.htm
https://www.thebloodproject.com/ufaq/what-is-a-reticulocyte-production-maturation-index/
https://www.thebloodproject.com/ufaq/what-is-a-reticulocyte-production-maturation-index/

DE GRUYTER

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

syndrome (IWGM-MDS) consensus proposals for the definition and
enumeration of myeloblasts and ring sideroblasts. Haematologica
2008;93:1712-7.

Oh R, Brown DL. Vitamin B12 deficiency. Am Fam Physician 2003;67:
979-86.

Marchand A, Galen RS, Van Lente F. The predictive value of serum
haptoglobin in hemolytic disease. JAMA 1980;243:1909-11.

Galen RS. Application of the predictive value model in the analysis of
test effectiveness. Clin Lab Med 1982;2:685-99.

Alkhouli M, Farooq A, Go RS, Sudarshan B, Chalak B, Virginia W. Cardiac
prostheses-related hemolytic anemia; 2019. Available from https://
onlinelibrary.wiley.com/doi/10.1002/clc.23191.

Ko CW, Siddique SM, Patel A, Harris A, Sultan S, Altayar O, et al. AGA
clinical practice guidelines on the gastrointestinal evaluation of iron
deficiency anemia. Gastroenterology 2020;159:1085-94.

Snook J, Bhala N, Beales ILP, Cannings D, Kightley C, Logan RP, et al.
British Society of gastroenterology guidelines for the management of
iron deficiency anaemia in adults. Gut 2021;70:2030-51.

Aapro M, Beguin Y, Bokemeyer C, Dicato M, Gascén P, Glaspy J, et al.
Management of anaemia and iron deficiency in patients with cancer:
ESMO clinical practice guidelines. Ann Oncol 2018;29:iv96-110.

Merlo, Wuillemin. Diagnostik und Therapie der Andmie in der Praxis.
Praxis 2009;98:191-9.

Sonoda K. Iron deficiency anemia: guidelines from the American
Gastroenterological Association. Am Fam Physician 2021;104:211-2.
WHO. Haemoglobin concentrations for the diagnosis of anaemia and
assessment of severity [Internet]. Geneva; 2011. Available from:
https://apps.who.int/iris/handle/10665/85839.

Maner BS, Moosavi L. Mean corpuscular volume [Internet]. StatPearls
[Internet]; 2023. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK545275/ [Accessed 27 Jul 2023].

Ogun AS, Adeyinka A. Biochemistry, transferrin [Internet]. StatPearls
[Internet]; 2023. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK532928/ [Accessed 27 Jul 2023].

Goddard AF, James MW, McIntyre AS, Scott BB, British Society of
Gastroenterology. Guidelines for the management of iron deficiency
anaemia. Gut 2011;60:1309-16.

Hoffmann JJML, Urrechaga E, Aguirre U. Discriminant indices for
distinguishing thalassemia and iron deficiency in patients with microcytic
anemia: a meta-analysis. Clin Chem Lab Med 2015;53:1883-94.

Shash H. Non-transfusion-dependent thalassemia: a panoramic
review. Medicina 2022;58:1-20.

Origa R. B-Thalassemia. Genet Med 2017;19:609-19.

Schroter W, Nafz C. Diagnostic significance of hemoglobin F and A2
levels in homo- and heterozygous beta-thalassemia during infancy.
Helv Paediatr Acta 1981;36:519-25.

Denic S, Agarwal MM, Al Dabbagh B, El Essa A, Takala M, Showqi S, et al.
Hemoglobin A2 lowered by iron deficiency and a -thalassemia: should
screening recommendation for B-thalassemia change? ISRN Hematol
2013;2013:858294.

Akhavan-Niaki H, Youssefi Kamangari R, Banihashemi A,

Kholghi Oskooei V, Azizi M, Tamaddoni A, et al. Hematologic features of
alpha thalassemia carriers. Int ] Mol Cell Med 2012;1:162-7.

Cazzola M, Invernizzi R. Ring sideroblasts and sideroblastic anemias.
Haematologica 2011;96:789-92.

Goyal R, Das R, Bambery P, Garewal G. Serum transferrin receptor-
ferritin index shows concomitant iron deficiency anemia and anemia of
chronic disease is common in patients with rheumatoid arthritis in
north India. Indian ) Pathol Microbiol 2008;51:102-4.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

Hevessy et al.: Diagnostic algorithm of anemia —— 419

Bermejo F, Garcia-Lopez S. A guide to diagnosis of iron deficiency and
iron deficiency anemia in digestive diseases. World ] Gastroenterol
2009;15:4638-43.

Stoffman N, Brugnara C, Woods ER. An algorithm using reticulocyte
hemoglobin content (CHr) measurement in screening adolescents for
iron deficiency. ] Adolesc Health 2005;36:529.

Green R. Indicators for assessing folate and vitamin B-12 status and for
monitoring the efficacy of intervention strategies. Am ] Clin Nutr 2011;
94:6665-72S.

Bain BJ. In: Foucar K, Chabot-Richards D, Czuchlewski DR, Karner KH,
Reichard KK, Vasef MA, Wilson CS, Zhang Q-Y, Culbreath K, editors.
Diagnostic pathology blood and bone marrow, 2nd ed. Philadelphia:
Elsevier; 2018, ISBN 978-0-323-39254-9. Br ] Haematol. 2020;190:946-
946.

Dolberg O, Levy Y. Idiopathic aplastic anemia: diagnosis and
classification. Autoimmun Rev 2014;13:569-73.

Reddy VVB, Prchal JT. Anemia associated with marrow infiltration. In:
Kaushansky K, Lichtman MA, Prchal JT, Levi MM, Press OW, Burns LJ,
et al. editors. Williams hematology, 9e [Internet]. New York, NY:
McGraw-Hill Education; 2015. Available from: accessmedicine.
mhmedical.com/content.aspx?aid=1121092966.

Nagao T, Hirokawa M. Diagnosis and treatment of macrocytic anemias
in adults. ] Gen Fam Med 2017;18:200-4.

Erber W. Investigation and classification of anemia. In: Blood and bone
marrow pathology. Amsterdam: Elsevier; 2011:105-13 pp.

Wang E, Boswell E, Siddiqi I, Lu CM, Sebastian S, Rehder C, et al.
Pseudo-Pelger-Huét anomaly induced by medications: a
clinicopathologic study in comparison with myelodysplastic syndrome-
related pseudo-Pelger-Huét anomaly. Am J Clin Pathol 2011;135:
291-303.

Kuriyama K, Tomonaga M, Matsuo T, Ginnai I, Ichimaru M. Diagnostic
significance of detecting pseudo-Pelger-Huét anomalies and micro-
megakaryocytes in myelodysplastic syndrome. Br ] Haematol 1986;63:
665-9.

Rossler J, Hegemann I, Schoenrath F, Seifert B, Kaserer A, Spahn GH,
et al. Efficacy of quadruple treatment on different types of pre-
operative anaemia: secondary analysis of a randomised controlled
trial. Anaesthesia 2020;75:1039-49.

van Santen S, de Mast Q, Oosting JD, van Ede A, Swinkels DW,

van der Ven AJAM. Hematologic parameters predicting a response to
oral iron therapy in chronic inflammation. Haematologica 2014;99:
e171-3.

Haiden N, Klebermass K, Cardona F, Schwindt J, Berger A, Kohlhauser-
Vollmuth G, et al. Arandomized, controlled trial of the effects of adding
vitamin B12 and folate to erythropoietin for the treatment of anemia of
prematurity. Pediatrics 2006;118:180-8.

Tay HS, Soiza RL. Systematic review and meta-analysis: what is the
evidence for oral iron supplementation in treating anaemia in elderly
people? Drugs Aging 2015;32:149-58.

Koury MJ, Ponka P. New insights into erythropoiesis: the roles of folate,
vitamin By,, and iron. Annu Rev Nutr 2004;24:105-31.

Packman CH. The clinical pictures of autoimmune hemolytic anemia.
Transfus Med Hemotherapy 2015;42:317-24.

Schafer Al Goldman L, editors. Goldman’s Cecil medicine. Amsterdam:
Elsevier; 2012.

Baar S, Arrowsmith D). Thermal damage to red cells. | Clin Pathol 1970;
23:572-6.

Thomson RB, Easom LE, Bell WN. Acquired spherocytosis associated
with thermal injury. ] Miss State Med Assoc 1965;6:205-9.


https://onlinelibrary.wiley.com/doi/10.1002/clc.23191
https://onlinelibrary.wiley.com/doi/10.1002/clc.23191
https://apps.who.int/iris/handle/10665/85839
https://www.ncbi.nlm.nih.gov/books/NBK545275/
https://www.ncbi.nlm.nih.gov/books/NBK545275/
https://www.ncbi.nlm.nih.gov/books/NBK532928/
https://www.ncbi.nlm.nih.gov/books/NBK532928/
http://accessmedicine.mhmedical.com/content.aspx?aid=1121092966
http://accessmedicine.mhmedical.com/content.aspx?aid=1121092966

420 —— Hevessy et al.: Diagnostic algorithm of anemia

75.

76.

78.

79.

80.

81.

82.

83.

Park SH, Park C-J, Lee B-R, Kim Y}, Cho Y-U, Jang S, et al. Screening for
hereditary spherocytosis: EMA binding test and flow cytometric
osmotic fragility test are recommended, but cryohemolysis test is not
recommended. Blood 2013;122:3425.

Glenthgj A, Sharfo A, Brieghel C, Nardo-Marino A, Birgens H,
Petersen JB. Improving the EMA binding test by using commercially
available fluorescent beads. Front Physiol 2020;11:1-7.

. Noutsos T, Currie BJ, Isbister GK. Snakebite associated thrombotic

microangiopathy: a protocol for the systematic review of clinical
features, outcomes, and role of interventions. Syst Rev 2019;8:212.
Jha SK, Vaqgar S. Hereditary elliptocytosis. Treasure Island (FL):
StatPearls Publishing; 2023.

Sharmila P, LNU K, Paul M. Hereditary elliptocytosis. ] Med Sci 2015;1:
41-3.

Flatt JF, Bruce LJ. The hereditary stomatocytoses. Haematologica 2009;
94:1039-41.

Zini G, d’Onofrio G, Briggs C, Erber W, Jou JM, Lee SH, et al. ICSH
recommendations for identification, diagnostic value, and quantitation
of schistocytes. Int | Lab Hematol 2012;34:107-16.

Wajcman H, Moradkhani K. Abnormal haemoglobins: detection &
characterization. Indian ] Med Res 2011;134:538-46.

Michlitsch J, Azimi M, Hoppe C, Walters MC, Lubin B, Lorey F, et al.
Newborn screening for hemoglobinopathies in California. Pediatr
Blood Cancer 2009;52:486-90.

86.

87.

88.

89.

90.

91.

DE GRUYTER

. Mitchell Lewis S, Bain B, Bates I. Dacie and Lewis practical

haematology, 10th ed. Amsterdam: Elsevier; 2006.

. Gérard D, Ben Brahim S, Lesesve JF, Perrin ). Are mushroom-shaped

erythrocytes an indicator of COVID-19? Br | Haematol 2021;192:230.
Hall SE, Rosse WF. The use of monoclonal antibodies and flow
cytometry in the diagnosis of paroxysmal nocturnal hemoglobinuria.
Blood 1996;87:5332-40.

Kwong YL, Lee CP, Chan TK, Chan LC. Flow cytometric measurement of
glycosylphosphatidyl-inositol-linked surface proteins on blood cells of
patients with paroxysmal nocturnal hemoglobinuria. Am ] Clin Pathol
1994;102:30-5.

Akel T, Mobarakai N. Hematologic manifestations of babesiosis. Ann
Clin Microbiol Antimicrob 2017;16:6.

Sanchez JR, Lynch DT. Histology, basophilic stippling. StatPearls
[Internet]. Treasure Island, FL: StatPearls Publishing; 2023.

Marsh GW, Lewis SM. Cardiac haemolytic anaemia. Semin Hematol
1969;6:133-49.

Khanal N, Dahal S, Upadhyay S, Bhatt VR, Bierman P). Differentiating
malignant hypertension-induced thrombotic microangiopathy from
thrombotic thrombocytopenic purpura. Ther Adv Hematol 2015;6:97-102.

Supplementary Material: This article contains supplementary material

(https://doi.org/10.1515/cclm-2023-0807).


https://doi.org/10.1515/cclm-2023-0807

	Algorithm of differential diagnosis of anemia involving laboratory medicine specialists to advance diagnostic excellence
	Introduction
	Materials and methods
	Results – description of the algorithm
	Reticulocyte production index
	Anemia with RPI ≤ 2 ?
	Anemia with RPI ?2 ?

	Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


