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FIGURE126-4 Suppression of erythropoiesis by inflammatory
cytokines. Through the release of tumor necrosis factor (TNF) and
interferon y (IFN-y), neoplasms and bacterial infections suppress
erythropoietin (EPO) production and the proliferation of erythroid
progenitors (erythroid burst-forming units and erythroid colony-
forming units [BFU/CFU-E]). The mediators in patients with vasculitis
and rheumatoid arthritis include interleukin 1 (IL-1) and IFN-y. The red
arrows indicate sites of inflammatory cytokine inhibitory effects. RBC,
red blood cell.

in the face of inflammation. These changes are due to the effects of
inflammatory cytokines and hepcidin, the key iron regulatory hor-
mone, acting at several levels of erythropoiesis (Fig. 126-4).

Interleukin 1 (IL-1) directly decreases EPO production in response
to anemia. IL-1, acting through accessory cell release of interferon y
(IFN-y), suppresses the response of the erythroid marrow to EPO—an
effect that can be overcome by EPO administration in vitro and in vivo.
In addition, tumor necrosis factor (TNF), acting through the release
of IFN-y by marrow stromal cells, also suppresses the response to
EPO. Hepcidin, made by the liver, is increased in inflammation via an
IL-6 mediated pathway, and acts to suppress iron absorption and iron
release from storage sites. The overall result is a chronic hypoprolifera-
tive anemia with classic changes in iron metabolism. The anemia is fur-
ther compounded by a mild to moderate shortening in red cell survival.

With chronic inflammation, the primary disease will determine
the severity and characteristics of the anemia. For example, many
patients with cancer also have anemia that is typically normocytic and
normochromic. In contrast, patients with long-standing active rheu-
matoid arthritis or chronic infections such as tuberculosis will have a
microcytic, hypochromic anemia. In both cases, the bone marrow is
hypoproliferative, but the differences in red cell indices reflect differ-
ences in the availability of iron for hemoglobin synthesis. Occasionally,
conditions associated with chronic inflammation are also associated
with chronic blood loss. Under these circumstances, a bone marrow
aspirate stained for iron may be necessary to rule out absolute iron
deficiency. However, the administration of iron in this case will correct
the iron deficiency component of the anemia and leave the inflamma-
tory component unaffected.

The anemia associated with acute infection or inflammation is typi-
cally mild but becomes more pronounced over time. Acute infection
can produce a decrease in hemoglobin
levels of 2-3 g/dL within 1 or 2 days;

with angina, exercise intolerance, and shortness of breath. The eryth-
ropoietic profile that distinguishes the anemia of inflammation from
the other causes of hypoproliferative anemias is shown in Table 126-6.

ANEMIA OF CHRONIC KIDNEY DISEASE (CKD)

Progressive CKD is usually associated with a moderate to
severe hypoproliferative anemia; the level of the anemia corre-
lates with the stage of CKD. Red cells are typically normocytic
and normochromic, and reticulocytes are decreased. The anemia
is primarily due to a failure of EPO production by the diseased
kidney and a reduction in red cell survival. In certain forms of acute
renal failure, the correlation between the anemia and renal function is
weaker. Patients with the hemolytic-uremic syndrome increase eryth-
ropoiesis in response to the hemolysis, despite renal failure requiring
dialysis. Polycystic kidney disease also shows a smaller degree of EPO
deficiency for a given level of renal failure. By contrast, patients with
diabetes or myeloma have more severe EPO deficiency for a given level
of renal failure.

Assessment of iron status provides information to distinguish the
anemia of CKD from the other forms of hypoproliferative anemia
(Table 126-6) and to guide management. Patients with the anemia of
CKD usually present with normal serum iron, TIBC, and ferritin lev-
els. However, those maintained on chronic hemodialysis may develop
iron deficiency from blood loss through the dialysis procedure. Iron
must be replenished in these patients to ensure an adequate response
to EPO therapy (see below).

ANEMIA IN HYPOMETABOLIC STATES

Patients who are starving, particularly for protein, and those with a
variety of endocrine disorders that produce lower metabolic rates, may
develop a mild to moderate hypoproliferative anemia. The release of
EPO from the kidney is sensitive to the need for O,, not just O, levels.
Thus, EPO production is triggered at lower levels of blood O, content
in disease states (such as hypothyroidism and starvation) where meta-
bolic activity, and thus O, demand, is decreased.

Endocrine Deficiency States  The difference in the levels of hemoglobin
between men and women is related to the effects of androgen and
estrogen on erythropoiesis. Testosterone and anabolic steroids aug-
ment erythropoiesis; castration and estrogen administration to males
decrease erythropoiesis. Patients who are hypothyroid or have deficits
in pituitary hormones also may develop a mild anemia. Pathogenesis
may be complicated by other nutritional deficiencies because iron and
folic acid absorption can be affected by these disorders. Usually, cor-
rection of the hormone deficiency reverses the anemia.

Anemia may be more severe in Addison’s disease, depending on the
level of thyroid and androgen hormone dysfunction; however, anemia
may be masked by decreases in plasma volume. Once such patients are
given cortisol and volume replacement, the hemoglobin level may fall
rapidly. Mild anemia complicating hyperparathyroidism may be due
to decreased EPO production as a consequence of the renal effects of
hypercalcemia or to impaired proliferation of erythroid progenitors.

Protein Starvation Decreased dietary intake of protein may lead to
mild to moderate hypoproliferative anemia; this form of anemia may
be prevalent in the elderly. The anemia can be more severe in patients
with a greater degree of starvation. In marasmus, where patients are

o . (LR PIFY DIAGNOSIS OF HYPOPROLIFERATIVE ANEMIAS
this is largely related to the hemolysis of - - - -
red cells near the end of their natural life Tests Iron Deficiency Inflammation  Renal Disease Hypometabolic States
span. The fever and cytokines released Anemia Mild to severe Mild Mild to severe Mild
exert a selective pressure against cells ~ MCV (fl) 60-90 80-90 90 90
with more limited capacity to maintain ~ Morphology Normo-microcytic ~ Normocytic Normocytic Normocytic
the red cell membrane. In most individu- 5| (4g/dL) <30 <50 Normal Normal
alsl, thedmllddanemla is re_:;sonably well TIBC (ug/dL) 5360 <300 Normal Normal
to era.te > ang symptoms, 1 Preser}t, are Saturation (%) <10 10-20 Normal Normal
associated with the underlying disease. -
Occasionally, in patients with preexisting Serum ferritin (ug/L) <15 30-200 115-150 Normal
Iron stores 0 2-4+ 1-4+ Normal

cardiac disease, moderate anemia (hemo-
globin 10-11 g/dL) may be associated

Abbreviations: MCV, mean corpuscular volume; S, serum iron; TIBC, total iron-binding capacity.



