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The evaluation of the patient with anemia requires a careful history and physical examination. Nutritional history related to drugs
or alcohol intake and family history of anemia should always be
assessed. Certain geographic backgrounds and ethnic origins are
associated with an increased likelihood of an inherited disorder of
the hemoglobin molecule or intermediary metabolism. Glucose-6phosphate dehydrogenase (G6PD) deficiency and certain hemoglobinopathies are seen more commonly in those of Middle Eastern
or African origin, including African Americans who have a high
frequency of G6PD deficiency. Other information that may be useful includes exposure to certain toxic agents or drugs and symptoms
related to other disorders commonly associated with anemia. These
include symptoms and signs such as bleeding, fatigue, malaise,
fever, weight loss, night sweats, and other systemic symptoms.
Clues to the mechanisms of anemia may be provided on physical
examination by findings of infection, blood in the stool, lymphadenopathy, splenomegaly, or petechiae. Splenomegaly and lymphadenopathy suggest an underlying lymphoproliferative disease,
whereas petechiae suggest platelet dysfunction. Past laboratory
measurements are helpful to determine a time of onset.
In the anemic patient, physical examination may demonstrate
a forceful heartbeat, strong peripheral pulses, and a systolic “flow”
murmur. The skin and mucous membranes may be pale if the
hemoglobin is <80–100 g/L (8–10 g/dL). This part of the physical examination should focus on areas where vessels are close to
the surface such as the mucous membranes, nail beds, and palmar
creases. If the palmar creases are lighter in color than the surrounding skin when the hand is hyperextended, the hemoglobin level is
usually <80 g/L (8 g/dL).
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Anemia and Polycythemia

CLINICAL PRESENTATION OF ANEMIA
Signs and Symptoms Anemia is most often recognized by abnormal
screening laboratory tests. Patients less commonly present with
advanced anemia and its attendant signs and symptoms. Acute anemia
is due to blood loss or hemolysis. If blood loss is mild, enhanced O2
delivery is achieved through changes in the O2–hemoglobin dissociation curve mediated by a decreased pH or increased CO2 (Bohr effect).
With acute blood loss, hypovolemia dominates the clinical picture,
and the hematocrit and hemoglobin levels do not reflect the volume
of blood lost. Signs of vascular instability appear with acute losses of
10–15% of the total blood volume. In such patients, the issue is not
anemia but hypotension and decreased organ perfusion. When >30%
of the blood volume is lost suddenly, patients are unable to compensate with the usual mechanisms of vascular contraction and changes
in regional blood flow. The patient prefers to remain supine and will
show postural hypotension and tachycardia. If the volume of blood
lost is >40% (i.e., >2 L in the average-sized adult), signs of hypovolemic shock including confusion, dyspnea, diaphoresis, hypotension,
and tachycardia appear (Chap. 129). Such patients have significant
deficits in vital organ perfusion and require immediate volume
replacement.
With acute hemolysis, the signs and symptoms depend on the
mechanism that leads to red cell destruction. Intravascular hemolysis with release of free hemoglobin may be associated with acute
back pain, free hemoglobin in the plasma and urine, and renal failure. Symptoms associated with more chronic or progressive anemia
depend on the age of the patient and the adequacy of blood supply to
critical organs. Symptoms associated with moderate anemia include
fatigue, loss of stamina, breathlessness, and tachycardia (particularly
with physical exertion). However, because of the intrinsic compensatory mechanisms that govern the O2–hemoglobin dissociation curve,
the gradual onset of anemia—particularly in young patients—may
not be associated with signs or symptoms until the anemia is severe
(hemoglobin <70–80 g/L [7–8 g/dL]). When anemia develops over a
period of days or weeks, the total blood volume is normal to slightly
increased, and changes in cardiac output and regional blood flow help
compensate for the overall loss in O2-carrying capacity. Changes in the
position of the O2–hemoglobin dissociation curve account for some of
the compensatory response to anemia. With chronic anemia, intracellular levels of 2,3-bisphosphoglycerate rise, shifting the dissociation
curve to the right and facilitating O2 unloading. This compensatory
mechanism can only maintain normal tissue O2 delivery in the face of
a 20–30 g/L (2–3 g/dL) deficit in hemoglobin concentration. Finally,
further protection of O2 delivery to vital organs is achieved by the
shunting of blood away from organs that are relatively rich in blood
supply, particularly the kidney, gut, and skin.
Certain disorders are commonly associated with anemia. Chronic
inflammatory states (e.g., infection, rheumatoid arthritis, cancer) are
associated with mild to moderate anemia, whereas lymphoproliferative
disorders, such as chronic lymphocytic leukemia and certain other B
cell neoplasms, may be associated with autoimmune hemolysis.

APPROACH TO THE PATIENT:
Anemia

CHAPTER 77

mean hematocrit value for adult males is 47% (standard deviation,
±7%) and that for adult females is 42% (±5%). Any single hematocrit
or hemoglobin value carries with it a likelihood of associated anemia.
Thus, a hematocrit of <39% in an adult male or <35% in an adult female
has only about a 25% chance of being normal. Hematocrit levels are
less useful than hemoglobin levels in assessing anemia because they are
calculated rather than measured directly. Suspected low hemoglobin
or hematocrit values are more easily interpreted if previous values
for the same patient are known for comparison. The World Health
Organization (WHO) defines anemia as a hemoglobin level <130 g/L
(13 g/dL) in men and <120 g/L (12 g/dL) in women.
The critical elements of erythropoiesis—EPO production, iron
availability, the proliferative capacity of the bone marrow, and effective
maturation of red cell precursors—are used for the initial classification
of anemia (see below).

LABORATORY EVALUATION
Table 77-1 lists the tests used in the initial workup of anemia. A
routine complete blood count (CBC) is required as part of the
evaluation and includes the hemoglobin, hematocrit, and red cell
indices: the mean cell volume (MCV) in femtoliters, mean cell
hemoglobin (MCH) in picograms per cell, and mean concentration
of hemoglobin per volume of red cells (MCHC) in grams per liter
(non-SI: grams per deciliter). The red cell indices are calculated as
shown in Table 77-2, and the normal variations in the hemoglobin
and hematocrit with age are shown in Table 77-3. A number of
physiologic factors affect the CBC, including age, sex, pregnancy,
smoking, and altitude. High-normal hemoglobin values may be
seen in men and women who live at altitude or smoke heavily.
Hemoglobin elevations due to smoking reflect normal compensation due to the displacement of O2 by CO in hemoglobin binding.
Other important information is provided by the reticulocyte count
and measurements of iron supply including serum iron, total ironbinding capacity (TIBC; an indirect measure of serum transferrin),
and serum ferritin. Marked alterations in the red cell indices usually
reflect disorders of maturation or iron deficiency. A careful evaluation of the peripheral blood smear is important, and clinical laboratories often provide a description of both the red and white cells,
a white cell differential count, and the platelet count. In patients
with severe anemia and abnormalities in red blood cell morphology
and/or low reticulocyte counts, a bone marrow aspirate or biopsy
can assist in the diagnosis. Other tests of value in the diagnosis of
specific anemias are discussed in chapters on specific disease states.
The components of the CBC also help in the classification of
anemia. Microcytosis is reflected by a lower than normal MCV
(<80), whereas high values (>100) reflect macrocytosis. The MCH
and MCHC reflect defects in hemoglobin synthesis (hypochromia).
Automated cell counters describe the red cell volume distribution
width (RDW). The MCV (representing the peak of the distribution curve) is insensitive to the appearance of small populations of
macrocytes or microcytes. An experienced laboratory technician
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