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MEAN CORPUSCULAR VOLUME (MCV)
— 1ts value In clinical medicine

OVERVIEW

The Mean Corpuscular Volume (MCV) is the most important of all
the red cell indices and has been available as a reliable, directly
measured value for more than 40 years. It is measured either by
electrical impedence or light deflection. Measurements are
proportional to cell size.

In any newly diagnosed anemia the first question to ask is “what is
the MCV?”. The answer will have a profound influence on the
diagnosis and subsequent investigation. The MCV can be a useful
indicator of clinical state without anemia but, due to changes in
reference ranges and confusion over appropriate follow up testing,
it is felt that some clarification of the utility of the MCV is needed.

REFERENCE INTERVALS

Traditionally the normal reference range has been given as 80-100 fl and
clinical action plans have been based on these ranges. Now that it is
necessary for laboratories to scientifically establish a ‘reference range’,
MDS has modified the range to be 80-97 fl, which is also consistent with
several hematology texts. ** However, clinical action plans continue to
use only the old range. There is no literature guidance as to what action
to take when the MCV is between 97 and 105 fl and it would seem best
to follow traditional practice and do nothing.

CLINICAL IMPLICATIONS OF THE MCV:

1. MCVis low <80fl

Reduced production of hemoglobin whether due to low heme
synthesis, as in iron deficiency, or low globin synthesis, as in thalassemia,
results in the production of small red cells hence MICROCYTOSIS.
Appropriate action on identifying microcytosis is to look for iron
deficiency (the commonest deficiency disorder in the world) or
thalassemia (the commonest genetic disorder in the world). Appropriate
investigations have been described in previous MDS newsletters.

The anemia of chronic disease,
such as occurs in rheumatoid

IN THIS ISSUE arthritis, may also result in
MEAN CORPUSCULAR VOLUME microcytosis, although usually to
MCV) only a minor degree, and
- its value in differentiation from iron

clinical medicine .......... 1,2 deficiency may be difficult.
(See article in this issue on
Serum Transferrin Receptor)

SOLUBLE TRANSFERRIN

RECEPTOR (STfR)

- a new test for iron
deficiency

Caution: Sub-clinical iron
deficiency may be present with a
normal MCV since this is a late
change in deficiency and the
MCV will fail to detect many
hemoglobin genetic disorders
that are unassociated with red
cell size changes.

MEASUREMENT OF
ERYTHROPOIETIN (EPO)

ANTIMICROBIAL
SUSCEPTIBILITY PROFILE,
HYDROGEN BREATH TEST ....
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HYPOCHROMIC
MICROCYTE

OVAL MACROCYTE

2. MCV is elevated > 100 fl

A recent hospital based study has demonstrated varying clinical
implications based on the degree of the presenting elevation of the
MCV. 3

Level of the MCV
MCV 100 - 110 fl

Clinical Association

Alcohol, Liver Disease

(with and without Alcoholism), Drug
Therapy (HIV, Oncology and Epilepsy),
Reticulocytosis due to hemolytic
anemia

MCV > 110 fl Megaloblastic Anemia due to B12 or
Folate Deficiency, Myelodysplastic
Syndrome

These associations are by no means clear-cut but, do indicate a
direction for investigation. The hospital nature of this study
indicates a late stage in the disease process. In the outpatient or
community setting there is likely to be considerable overlap in
categories. A patient becoming Vitamin B12 deficient will clearly
have a progressively increasing MCV over time.

The degree of any associated anemia and examination of the blood
film are of limited utility in defining the cause in most cases. m

Continued on pg. 2
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Continued from pg. 1

LABORATORY INVESTIGATION OF AN
ABNORMAL MCV

MCV Reading Action
MCV <80 fl Clinical History
Ferritin
Hb investigation
HbA2
HbH
Possibly
Serum Transferrin Receptor
MCV 97 —100 fl No Action
MCV 100 - 105 fl Possibly Investigate
MCV >105 fl Clinical History

Vitamin B12
Serum & Red Cell Folate
Liver function tests
Reticulocyte Count
Possibly
Bone Marrow Aspiration
Methylmalonic Acid
Homocysteine
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SOLUBLE TRANSFERRIN
RECEPTOR (sTfR)

- a hew test for iron
deficiency

OVERVIEW

Iron deficiency is the most common nutritional deficiency
worldwide affecting a quarter of the world’s population.* Several
tests are available for the detection of deficiency including the
serum ferritin and the serum iron and iron binding capacity.
However, both of these analytes are acute phase reactants and
serum levels are rendered diagnostically unreliable in inflammatory
conditions such as rheumatoid arthritis. Even iron staining of bone
marrow particles can be unreliable in such circumstances.

The soluble transferrin receptor (sTfR) in the plasma however, has

been found to be increased in iron deficiency and is not affected by
tissue inflammation.

WHAT IS THE SOLUBLE TRANSFERRIN
RECEPTOR?

Transferrin receptors are membrane glycoproteins that serve as the
gateway for circulating transferrin-bound iron to enter the interior of

/MDS$

all body cells. ? The largest proportion of transferrin receptors is on
erythroblasts in the bone marrow but receptors are also present on
other rapidly dividing cells and the placenta. Synthesis of
transferrin receptors and ferritin are carefully regulated by the
body’s need for iron.

The soluble form of the receptor is present in plasma and has been
cleaved from the membrane bound receptor. *The plasma (or
serum) level accurately reflects the tissue mass of erythroid cells or
the iron status of the body. Hence sTfR will be increased in
hemolytic anemia, where there is an increase of erythroid cells, and
in iron deficiency. A reduced level of sTfR will be seen in aplastic
anemia and renal failure when erythroid cell mass is reduced.

CLINICAL VALUE OF sTfR

This new assay appears to be of clinical value in two distinct clinical
situations.

1. Possible iron deficiency complicated by
inflammation

In the anemia of chronic disease there is suppression of red cell
production due to release of inflammatory cytokines and a
reduction of the normal production of erythropoietin. The anemia
may be microcytic and, particularly in conditions such as
rheumatoid arthritis, there could be a suspicion of bleeding due to
the therapeutic use of aspirin and non-steroidal antiinflammatories.
Ferritin will likely be elevated and the serum iron and % saturation
may be reduced due the cytokine effects. In this situation sTfR will
be elevated only if there is iron deficiency or an increased red cell
production as in hemolytic anemia. *

2. Monitoring the therapeutic response to
erythropoietin (EPO) in chronic renal disease and
malignancy

Low levels of sTIR at the start of EPO therapy, along with >20%
increment after two weeks of therapy, strongly predict a good
clinical response to EPO. In this situation the elevated sTfR reflects
the increased red cell mass rather than impending iron deficiency.
Ferritin and careful monitoring would still be necessary to identify
iron deficiency, which is the commonest cause of failure to respond
to exogeneous EPO.

FUTURE CLINICAL USE OF sTfR

Recognizing that sTR levels are dependant on both 1) iron status and
2) red cell production, there have been various attempts to improve
the sensitivity and specificity by use of calculations, the most
promising of which is log sTfR:Ferritin ratio. °* However these formulae
are not yet widely used and will not be calculated by MDS at this time.

AVAILABILITY OF sTfR

The sTfR assay is available from MDS through our affiliation with
the esoteric testing capabilities of the Toronto Medical Laboratories
(TML), a joint venture between the University Health Network and
MDS. As this test is not funded by most Provincial Health Insurance
plans, there may be a charge for the test. m
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MEASUREMENT OF
ERYTHROPOIETIN (EPO)

OVERVIEW

Erythropoietin (EPO), a glycoprotein produced primarily in the
kidney, is the growth factor responsible for the maintenance of the
red cell mass. EPO binding to a receptor on red blood cells triggers
a series of enzymatic reactions that result in increased synthesis of
globin chains, transferrin receptors and structural proteins. EPO also
increases red cell mass by inhibiting apoptosis.*

EPO synthesis is controlled by an elegant system that detects
venous oxygen saturation in the renal tubular area, which is
independent of the rate of blood flow. Production is increased in
conditions that cause hypoxia, and is suppressed by a variety of
inflammatory cytokines, which also interfere with its action. EPO
levels are low in most patients with chronic renal disease.

EPO LEVELS IN DISEASE STATES

A) Increased EPO: As EPO production is stimulated by low oxygen
saturation, levels are increased in conditions associated with
hypoxia. These include anemia caused by acute blood loss, iron
deficiency or hypoplasia; or erythrocytosis associated high altitude,
cyanotic heart disease, lung disease, sleep apnea, smoking and
high-oxygen affinity hemoglobins. In iron deficiency anemia there is
an inverse correlation between the hematocrit and the EPO level.

Abnormal production of EPO has been shown to be the cause of
erythrocytosis in a number of neoplastic conditions including renal
carcinoma, hepatocellular carcinoma, cerebellar hemangioblastoma
and uterine leiomyoma. Abnormal levels are seen in use of EPO to
enhance athletic performance.

B) Decreased EPO: Levels are inappropriately low in the anemia of
chronic renal disease, although the oxygen sensing system is
intact.' An exception is polycystic renal disease, in which
hemoglobin and EPO levels are maintained at better levels than for
other dialysis patients. EPO levels are variable in patients with
chronic infections, inflammatory conditions and malignancies, but
often are low relative to the degree of anemia, presumably due to
the presence of inflammatory cytokines.?
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DIAGNOSTIC TESTING

The ability to measure EPO reliably with the introduction of
immunoassays has increased the diagnostic uses of the test. The
reference range should be obtained from the laboratory performing
the test. Some diurnal variation has been noted and antibodies to
EPO have been detected in systemic lupus erythematosus (SLE),
which may interfere with the assay.®

1. Polycythemia

Measurement of EPO is used frequently by hematologists in the
investigation of polycythemia.* The level of EPO is normal in
Polycythemia Rubra Vera, as red cell production is EPO-
independent. In contrast, the level of EPO is increased in secondary
polycythemia, either as a physiological response to hypoxia or
resulting from inappropriate EPO production.

2. Anemia

The role of EPO measurement in the investigation of anemia is less
clear-cut. Measurement of EPO, along with serum transferrin
receptor and the reticulocyte count — markers of red cell production
- may be helpful in complex cases to understand the mechanism of
the anemia.® In straightforward cases, measurement is not justified.

PREDICTING RESPONSE TO EPO TREATMENT

Recombinant EPO (rHUEPO) is standard treatment for the anemia of
chronic renal disease and is increasingly recommended to
ameliorate moderate to severe anemia associated with a number of
chronic conditions, such as malignancy, HIV infection and
rheumatoid arthritis. It may be worthwhile measuring EPO prior to
starting treatment to determine those most likely to respond. ¢

EPO abuse

Urine EPO measurement has been used to detect the presence of
recombinant EPO as the recombinant drug has a different
carbohydrate content than native protein. However, its value is
limited in that it is expensive, time consuming and will detect only
recent use (within 3-4 days). Recently, a study has shown that
detection can be improved by analysis of serum EPO along with
markers of red cell production, including hemoglobin, reticulocyte
count and soluble transferrin receptor.”

AVAILABILITY
As each province has specific arrangements, please contact your
local laboratory for instructions. m

AUTHOR: Deborah Griswold MD, FRCP(C) is a Vice President and
Hematopathologist, at MDS Metro in British Columbia.
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BC NOTES

ANTIMICROBIAL SUSCEPTIBILITY PROFILE

OVERVIEW

The following is a profile of antimicrobial susceptibility testing results of commonly reported urine organisms submitted to MDS Metro
Laboratory Services from January 1 to December 31, 2003. The results are presented as the percent susceptible for each drug/organism
combination. The information in the antimicrobial susceptibility profile is to be used only as a guide, and we emphasize that culture and
susceptibility testing are required for accurate determination of etiology and antimicrobial susceptibility. For further information contact a

medical microbiologist at MDS Metro, phone 604-431-5005.

ORGANISM (number of isolates)
ANTIBIOTIC EC ENSP KP PR SS PSA SA KOX
(18975) (3022) (1607) (710) (668) (364) (455) (219)

Ampicillin 62% 99% 0% 80% 0% 0% 0% 0%
Cephalothin 78% 0% 93% 92% 96% 0% 81% 85%
Ciprofloxacin 88% 53% 97% 93% 99% 61% 54% 99%
Gentamicin 94% 99% 91% 99% 66% 85% 99%
Nalidixic Acid 84% 0% 90% 90% 0% 0% 0% 96%
Nitrofurantoin 98% 98% 35% 0% 99% 0% 99% 85%
Norfloxacin 89% 67% 97% 97% 99% 62% 73% 99%
Tetracycline 3% 27% 87% 0% 92% 0% 82% 88%
Trimethoprim/
Sulfamethoxazole 78% 91% 78% 98% 0% 85% 94%
Ceftazidime 96% (162)
Tobramycin 93% (79)
Piperacillin 94% (147)
EC Escherichia coli ENSP  Enterococcus species KP Klebsiella pneumoniae
PR Proteus species SS Staphylococcus saprophyticus PSA Pseudomonas aeruginosa
SA Staphylococcus aureus KOX Klebsiella oxytoca

HYDROGEN BREATH TEST

The hydrogen breath test for investigation of lactose intolerance is
now available in BC. Lactose Intolerance is caused by insufficient
intestinal concentration of lactase enzyme, leading to fermentation
of malabsorbed lactose by intestinal bacteria with subsequent
production of intestinal gas and various organic acids. While
lactase deficiency occurs in <15% of white adults, some degree of
deficiency has been reported in up to 80% of blacks and Hispanics,
and in up to 100% of some American Indians and Asians.
Symptoms, 30 minutes to 2 hours after lactose ingestion, vary
widely between patients depending on the degree of enzyme
deficiency and may include abdominal tenderness, cramping,
bloating, flatulence, and/or watery diarrhea. Other intestinal
pathology may need to be investigated if lactase deficiency
secondary to intestinal mucosal injury is suspected.

The Hydrogen Breath Test depends on the detection of excess
hydrogen in exhaled alveolar air resulting from colonic bacterial
fermentation of a malabsorbed lactose load. Breath samples are
collected 60 and 120 minutes after a 50g lactose drink. Breath
hydrogen <20 ppm confirms normal digestion of lactose and lactase
deficiency is ruled out. Recent oral antibiotics or high colonic enema
may cause false negative results. A value between 20 and 50 ppm
indicates lactase deficiency (possibly secondary); and >50 ppm,

lactase deficiency is present. The hydrogen breath test has been
shown to be the most sensitive and specific of the indirect methods
for detecting lactase deficiency. It is positive in 82-90% of patients
with lactose malabsorption.

TEST AVAILABILITY: The hydrogen breath test is available
at the Lynn Valley and Victoria Drive (Vancouver), Royal Oak and
Fort Street (Victoria), CML (Nanaimo) and Courtenay Patient Service
Centres (PSC). An appointment is required; phone 604-412-4495 or
the appropriate PSC. Patients are required to fast for 10 h and to
refrain from smoking for 2 hr. prior to the test. For /; hr. pretest, the
patient should be awake and not engaged in vigorous exercise.

AUTHOR: Margaret Kelly MD, FRCP (C) is a pathologist at
MDS Metro in British Columbia.
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