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TABLE 77-5 Normal Marrow Response to Anemia
Hemoglobin
15 g/dL
11 g/dL
8 g/dL

Production Index
1
2.0–2.5
3.0–4.0

Reticulocyte Count
50,000/μL
100–150,000/μL
300–400,000/μL

Bone Marrow Examination A bone marrow aspirate and smear or
a needle biopsy can be useful in the evaluation of some patients
with anemia. In patients with hypoproliferative anemia and normal
iron status, a bone marrow is indicated. Marrow examination can
diagnose primary marrow disorders such as myelofibrosis, a red cell
maturation defect, or an infiltrative disease (Figs. 77-14 to 77-16).
The increase or decrease of one cell lineage (myeloid vs erythroid)
compared to another is obtained by a differential count of nucleated cells in a bone marrow smear (the myeloid/erythroid [M/E]
ratio). A patient with a hypoproliferative anemia (see below) and a
reticulocyte production index <2 will demonstrate an M/E ratio of 2
or 3:1. In contrast, patients with hemolytic disease and a production
index >3 will have an M/E ratio of at least 1:1. Maturation disorders
are identified from the discrepancy between the M/E ratio and the
reticulocyte production index (see below). Either the marrow smear
or biopsy can be stained for the presence of iron stores or iron in
developing red cells. The storage iron is in the form of ferritin or
hemosiderin. On carefully prepared bone marrow smears, small ferritin granules can normally be seen under oil immersion in 20–40%
of developing erythroblasts. Such cells are called sideroblasts.
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Tests of Iron Supply and Storage The laboratory measurements that
reflect the availability of iron for hemoglobin synthesis include the
serum iron, the TIBC, and the percent transferrin saturation. The
percent transferrin saturation is derived by dividing the serum iron
level (× 100) by the TIBC. The normal serum iron ranges from 9
to 27 μmol/L (50–150 μg/dL), whereas the normal TIBC is 54–64
μmol/L (300–360 μg/dL); the normal transferrin saturation ranges
from 25 to 50%. A diurnal variation in the serum iron leads to a
variation in the percent transferrin saturation. The serum ferritin
is used to evaluate total body iron stores. Adult males have serum
ferritin levels that average ∼100 μg/L, corresponding to iron stores
of ∼1 g. Adult females have lower serum ferritin levels averaging 30
μg/L, reflecting lower iron stores (∼300 mg). A serum ferritin level
of 10–15 μg/L indicates depletion of body iron stores. However, ferritin is also an acute-phase reactant and, in the presence of acute or
chronic inflammation, may rise several-fold above baseline levels.
As a rule, a serum ferritin >200 μg/L means there is at least some
iron in tissue stores.

Figure 77-14 Normal bone marrow. This is a low-power view of a
section of a normal bone marrow biopsy stained with hematoxylin
and eosin (H&E). Note that the nucleated cellular elements account
for ∼40–50% and the fat (clear areas) accounts for ∼50–60% of the
area. (From RS Hillman et al: Hematology in Clinical Practice, 5th ed.
New York, McGraw-Hill, 2010.)
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corrected reticulocyte count is the reticulocyte production index, and
it provides an estimate of marrow production relative to normal. In
many hospital laboratories, the reticulocyte count is reported not
only as a percentage but also in absolute numbers. If so, no correction for dilution is required. A summary of the appropriate marrow
response to varying degrees of anemia is shown in Table 77-5.
Premature release of reticulocytes is normally due to increased
EPO stimulation. However, if the integrity of the bone marrow
release process is lost through tumor infiltration, fibrosis, or other
disorders, the appearance of nucleated red cells or polychromatophilic macrocytes should still invoke the second reticulocyte
correction. The shift correction should always be applied to a
patient with anemia and a very high reticulocyte count to provide
a true index of effective red cell production. Patients with severe
chronic hemolytic anemia may increase red cell production as
much as six- to sevenfold. This measure alone confirms the fact
that the patient has an appropriate EPO response, a normally
functioning bone marrow, and sufficient iron available to meet
the demands for new red cell formation. If the reticulocyte production index is <2 in the face of established anemia, a defect in
erythroid marrow proliferation or maturation must be present.

Figure 77-15 Erythroid hyperplasia. This marrow shows an
increase in the fraction of cells in the erythroid lineage as might be
seen when a normal marrow compensates for acute blood loss or
hemolysis. The myeloid/erythroid (M/E) ratio is about 1:1. (From RS
Hillman et al: Hematology in Clinical Practice, 5th ed. New York, McGrawHill, 2010.)

Figure 77-16 Myeloid hyperplasia. This marrow shows an increase
in the fraction of cells in the myeloid or granulocytic lineage as might
be seen in a normal marrow responding to infection. The myeloid/
erythroid (M/E) ratio is >3:1. (From RS Hillman et al: Hematology in
Clinical Practice, 5th ed. New York, McGraw-Hill, 2010.)
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