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CASE PRESENTATION

A fifty-one year old woman presented to her internist with complaints of swveling
inthe front of her neck. Upon history and physica examination, her physcian noted that
she had aweight gain in the past year of 23 pounds, had shortness of breath, and was
eadly fatigued. Sheindicated she had attributed these symptoms to getting older. In her
family higtory, it was noted that her mother, aged 78, was living and had been taking
thyroid medication for many years for reasons unknown to the patient. The physician
ordered a complete blood count, a basic metabolic pand, thyroid Simulating hormone
(TSH) assay, and afree thyroxine (FT,) assay. All results were in reference range except
for an devation in total cholesterol, TSH, and FT4. Results are listed below.

Laboratory Results

Laboratory Parameters Results Reference Range
Tota Cholesterol mg/dL (mmoal/L) 267 (6.9) <200(<5.17)

FT4 ng/dL (pmol/L) 0.4 (5.15) 0.9-2.3 (12-30)
TSH plU/mL (uU/mL) 9.3(9.3) 0.5-5.0 (0.5-5.0)
DISCUSSION

Hashimoto thyroiditiswas first described by Dr. Hakaru Hashimoto in 1912. He
described patients with chronic endocrine gland disorder of the thyroid as having struma
lymphomatosa because of the diffuse infiltration of the gland with lymphocytes? The
disease has been referred to as Hashimoto thyroiditis or Hashimoto disease since this
origind description. Other descriptions include chronic thyroiditis, lymphocytic
thyraiditis, lymphadenoid goiter, and goitrous autoimmune thyroiditis.

Hashimoto thyroiditis is the most common cause of hypothyroidism and has been
reported to be from 5 times to up to 20 times more common in women than in men. 34° It
occurs most frequently at 40 to 60 years of age, but has been diagnosed in other age
groups and even in young children. 3#° It is considered an autoimmune disease and has
demonstrated clustering in families as an apparently inherited dominant trait.? The
incidence of Hashimoto thyroiditis in the general population is 1 out of 10,000 people.®
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Hashimoto thyroiditis begins as a gradua enlargement of the thyroid gland
followed by ausudly Sow development of hypothyroidisn.? Patients typically present
with an enlarged thyroid resulting in diffuse goiter in the anterior region of the neck. The
goiter is usudly asymptomatic, but occasiondly patients have difficulty in swalowing
and afeeling of loca pressure.

Hypothyroidism is a common late sequela of Hashimaoto thyroiditis and may
result in patient fatigue, dowing of mental and physica performance, changein
persondity; intolerance to cold; exertiond dyspnea; hoarseness; constipation; decreased
swesting, easy bruising, muscle cramps, hair loss, and unintentional weight gain.>’ The
hypothyroidism resulting in deficiency of thyroid hormones causes many metabolic
processes to dow and has been associated with increased total cholesterol and an increase
in risk of coronary heart disease.”®

Thethyroid gland follicular cells enclose an amorphous colloid materid
composed of thyroglobulin. Thyroglobulin congsts of the two hormones,
triiodothyronine (T3) and thyroxine (T4).2° Regulation of the thyroid beginswith
thyrotropin-releasing hormone (TRH) secreted by the hypothal amus and acts on the
pituitary gland to stimulate synthesis and release of TSH. It is TSH that bindsto
receptors in the thyroid gland to initiate the breakdown of thyroglobulin into free Tz and
T4. TSH synthesis and release are regulated by a negative feedback mechanism by the
leve of free T3 and Ta.

The exact mechanism for Hashimoto thyroiditis is unknown, but it has been
characterized by gradud thyroid failure because of an autoimmune destruction of the
thyroid gland>® The diseaseis characterized by cellular and humoral responses, as
demondtrated by serum antibodies to thyroid antigens and the lymphocytic infiltration of
the gland. The thyroid autoantibodies present in patients include antithyroid peroxidase
antibody (TPOAD), anti-thyroglobulin antibody (TgAb), and anti- TSH receptor
autoantibodies (TSHRAD). A high titer of at least 1 of the 3 antibodies has been found in
97% of patients with Hashimoto thyroiditis*

In Hashimoto thyroiditis, the immunologic attack is aggressve and destructive.
TgADb are pogtive in about 60-80% of patients, and TPOAD in 95% of patients diagnosed
with the disease. The positive titers for these antibodies are consdered markers for the
disease.>® TPOAD appears to be incapable of initiating the autoimmune process ,but
rather may be the consequence of the initid immune damage. Asaresult, antibodiesto
TPO may in fact be better indicators of active thyroid inflanmation than TgAb.*°

The circulating antibodies against components of the thyroid follicles act as
thyroid blockers. Production of autoantibodies interferes with the process of TSH
binding to receptors and the release of Tz and T4 from thyroglobulin.'® TgAb are targeted
againg thyroglobulin. TSHRAb in Hashimoto disease bind to receptors and block the
binding and function of TSH and are referred to as thyroxine-binding inhibitory
immunoglobulins. TPOAD bind with the microsoma antigens associated with the
fallicular cdlslining the microsoma membrane. They are mainly 1gG and fix
complement and may be cytotoxic.® Thisimmune response progressively destroys the
thyroid gland. Progressive thyroid cell damage can change the gpparent dlinica picture
from goitrous hypothyroidism to that of primary hypothyroidism and is consdered to be
the end stage of Hashimoto thyroiditis.
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Diagnostic Testing

Increased levels of TSH are the firgt detectable abnormality seen in laboratory
testing for correctly diagnosing hypothyroidism. This may occur even before the patient
issymptomatic. As hypothyroidism progresses, the FT4 will decrease. The current
recommendation for testing has made obsolete the need for thyroid profiles or pands and
the recommendation is for the measurement of TSH complemented by FTa.

Evauation of endocrine function has been difficult as the endocrine hormones
circulate in extremdy smdl amountsin the blood (nanograms per deciliter). Detection of
the hormones requires sengtive andytica methods. The high sensitivity TSH (STSH)
assay is consdered to be the first and best [aboratory test for identification of thyroid
abnormdlities® The STSH assay is extremely useful in the detection and confirmation of
suspected primary hypothyroidism. sTSH has replaced the traditionad monoclond RIA
technique for the hormone. Whereas the traditional RIA techniques measured an antigen
antibody complex, the 3" generation STSH immunochemiluminometric assays (ICMA)
use two or three separate monoclona antibodies in the methodologies and provide a
sensitivity of 0.01-0.02mU/L.* The requirement of binding to more than one site gives the
STSH its high specificity and sengtivity. Thefirgt antibody isin excess, bound to asolid
phase support and extracts the TSH molecule from the serum and is usudly specific for
the beta subunit of the TSH molecule. The second antibody usudly attaches to the dpha
subunit of the TSH molecule®

Tota T4 (TT,) assays detect both the T, bound to protein and the free,
biologicdly active T4. Although FT, is present asavery smdl fraction of TT4
(approximately 0.02% of TT4)8, FT,4 isthetest of choice asan indicator of thyroid status.
FT,4 determinations are most often performed using direct nonisotopic immunoassay such
as microparticle erzyme immunoassay (MEIA) and chemiluminescence.

The diagnosis of autoimmune thyroiditis may be confirmed by the detection of
thyroid autoantibodies. TgAb and TPOAD are the most commonly detected thyroid
autoantibodies!® TPOAD assays are sensitive and spexific and lend themsdlves to high-
volume testing with RIA, ELISA, and most recently, chemiluminescence. TgAb can be
assayed by hemagglutination, RIA, ELISA, and ICMA.!

CASE CONCLUSION

Upon receipt of the laboratory reports of the elevated TSH and decreased FT4, the
physician requested TPOAb and TgAb testing. The results of the antibody testing
indicated a markedly increased presence. With these |aboratory findings and given the
clinical symptoms, the physician diagnosed Hashimato thyroiditis. The patient was
placed on L-thyroxine (levothyroxine) as athyroid hormone replacement therapy to
prevent further thyroid destruction.™-®
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CASE PRESENTATION

A 77-year old man from Tennessee was on vacation in Southwest Horida. He
presented to the emergency room (ER) complaining of a sudden onset of weskness,
fetigue, chest pain and shortness of bresth. Pertinent clinical history included diagnosis
and chemothergpeutic trestment of chronic lymphocytic leukemia (CLL) 10 years ago
resulting in remission. This past year, the patient had a recurring episode of CLL and
subsequent to treatment went back into remisson. The patient had a routine physica
with laboratory testing including a complete blood count (CBC) and a chemistry panel
one month previous to this ER episode with al results reported within the reference
range. The ER attending physician ordered hematology, coagulation and chemistry
laboratory tests. The results were reported to the physician with attention to the “critical
vaues’ (Tablel).

Table 1. Laboratory results of patient during emergency room admission

TEST RESULT REFERENCE RANGE
Hematology and Coaqulation
White blood cdll count 52.9 x 10°/m * 4.1-90x 10%m
Differentid

Granulocytes 11% 31-76%

Bands 0 0-6%

Lymphocytes 80 % 24 - 44 %

Monocytes 7% 2-14%

Eosnophils 1% 0-6%

Basophils 1% 0-2%
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(Table 1. cont.)

TEST RESULT
Red blood cell count 1.13x 10°/m *
Hemoglobin 51g/dL *
Hematocrit 141%*
Mean corpuscular volume 115.2 m
Mean corpuscular 45.0 pg
hemoglobin
Mean corpuscular 35.9 g/dL
hemoglobin concentration
Red cdl digtribution width 204 %
Platelet count 173 x 10°/m
Mean platelet volume 6.5 mmm
Prothrombin time 13.2 sec
Internationa normalized 1.09
ratio
Activated partid 25.7 sec
thromboplagtin time
Chemistry
Total bilirubin 3.2 mg/dL
Direct bilirubin 0.4 mg/dL

Aspartate aminotransferase 53 U/L
Alanineaminotransferase 25 U/L

Alkaline Phosphatase
Calcium

Total protein

Albumin

L actate dehydrogenase

*Criticd Vdue

67 U/L
8.9 mg/dL
5.5 g/dL
3.9 g/dL
381 U/L

REFERENCE RANGE
4.10 - 5.80 x 10°/mi
12.8- 17.2 g/dL
38.3-50.0%

80.0 - 100.0 m?*

26.0- 34.1pg

32.8-36.0g/dL

11.4- 14.7 %
140 - 350 x 10%/m
6.6- 9.7 mt
11.7 - 13.4 sec
0.85-1.24

23.0- 35.0sec

0.20-1.30 mg/dL
0.0- 0.5 mg/dL
9-40U/L
5-33UIL
20-120 U/L
8.4-10.2 mg/dL
6.0- 8.0 g/dL
3.2-50g/dL
85 - 200 U/L

Subsequent to the receipt of theinitid laboratory results the ER attending
physician ordered four units of packed red cells and admitted the patient to the hospital’s
intensive care unit. The results of the type and crossmatch are seenin Table 2.

Table 2. Laboratory results of patient type and crossmatch

TEST

ABO group typing

Rhtyping

Indirect Coombs
Direct Antiglobulin Test

Antibody pandl
Antibody identification

RESULTS

O

Pogtive

Pogtive

Pogtive

Pogtive

Warm autoantibody Positive anti-e

The patient had no previous transfusion history. The immediacy of need was
recognized with the resulting low red cell count and hemoglobin. Hospital transfusion
©2005 American Society for Clinical Laboratory Science All rightsreserved.



services processed severd units with no compatible units identified. A request from the
hospita transfusion services to the regiond blood bank for assstance was initiated.
Leukocyte-reduced RBCs** were obtained from the regiond blood bank supply and
adminigtered to the patient.

DISCUSSION

Chronic lymphocytic leukemia (CLL) is categorized in the generd conditions of
lymphoproliferative disorders which include acute lymphoblastic leukemia,
prolymphocytic leukemia, non-Hodgkin's lymphoma, and hairy cdl leukemia among
others.™ 2 Chronic lymphocytic leukemiais most often the malignant over-production of
B-lymphocytes and less commonly the T-lymphocytes. Chronic lymphocytic leukemiais
recognized as the most common type of leukemiain older adultsin the western
hemisphere!?

Chronic lymphocytic leukemiais primarily a disease of the mae adult with 90%
of patients being older than 50 years of age and men being affected more thantwice as
frequently aswomen.? Inherited or acquired immunologic defects may predispose
individuals to susceptibility to leukemogenic agents? Genetic factors may play an
important role in the etiology of CLL as there are reports of multiple incidences of CLL
infamilies* A genetic basisis highly likdy as seen in the differences in the incidence of
CLL in different countries with 40 percent of al CLL occurring in the Western
countries.

Clinical Presentation and Pathophysiology

Symptoms of CLL may develop dowly and often diagnosis is made unexpectedly
during routine |aboratory testing. Most often patients complain of fatigue, whichis
frequently attributed to age, and thus, diagnosis may be postponed. Signs and symptoms
develop gradually and the duration of areatively asymptomatic phase of CLL isvariable.
Fatigue isfollowed by neutropenia, bruising, palor, weakness, jaundice associated with
anemlleg, fever, recurrent or persstent infection, bone and muscle tenderness, and weight
loss. ™

The pathophysology of CLL is attributed to the immunologicaly dysfunctiond
lymphocytesin the peripherd blood and bone marrow. The proliferation and
accumulation of lymphocytes are unresponsive to antigenic stimuli resulting in a dormant
stage with accumulation in the periphera blood, bone marrow, lymph nodes and spleen.
According to the present data, CLL isadisorder in which avery small number of cells
cycleat anormd rate. The CLL lymphocytes dso have an increased releive cell
production rate and can be termed proliferative aswell.> As the bone marrow becomes
extengvely infiltrated by the leukemic lymphocytes, other marrow components are stifled
in production resulting in anemia, thrombocytopenia and neutropenia Organ infiltration
can lead to massive adenopathy with splenomegaly, hyperspleniam, and cytopenias. An
increased tendency for hemorrhage further contributes to anemia and compromises
hemostasis*

The disease may manifest in dermatologic findings such as nodular and diffuse
skin infiltrations, erythroderma, dermatitis, and secondary skin infections. Generdized
herpes zoster with a demonstrated rash can aso be present. Patients have significantly
impaired immunologic activity with gpproximately 50% of patients reporting
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hypogammeaglobulinemia® This deficiency in immunoglobulin leads to persistent or
recurrent infections which are accountable for much of patient morbidity and mortality.

Theclinica course of CLL shows amarked heterogeneity with an overal median
surviva ranging from 2 to 20 years® Half of patients are dive 5 years after diagnosis and
30% of patients have a 10-year surviva.! Patientswith anormal karyotype have a median
overal surviva of morethan 15 yearsin contrast to 7.7 years for patients with clona
changes.” The disease of CLL can be an inactive disease with an asymptomatic
presentation which may not require any trestment until progressive lymphocytoss of the
periphera blood and marrow occur. This may be aslate as 10 to 15 years from initia
diagnosis. In contrast to those with adow course of disease progression, gpproximately
20% of patients with CLL have avery aggressive clinica course resulting in deethin 1to
2 years.* Thewide variation of disesse progression seen among patientsis not fully
understood. Clinical and physical data have been used to try to predict the CLL patient’s
prognosis and identify various stages and risk groups.

When the signs and symptoms of progressive disease appear, thergpeutic
intervention is necessary. The god of treatment is to reduce sgns and symptoms of
disease and the prevention of complications with minima discomfort or risk to the
patient. Conventiond treatment for CLL is chemothergpy using combinations of
chemotherapeutic agents. In addition to chemotherapeutic intervention, radiation and
leukapheresis are employed. The use of high-dose intravenous gamma globulin therapy
is used to prevent mgjor bacterid infections. Experimenta thergpies are dso being
sudied which include new drugs and the use of various monoclond antibodies and
biologica mediators. Bone marrow trangplantation is being explored as apossible
curative therapy for patients with aggressive CLL.% Blood transfusions are commonly
used to aleviate the anemia. CLL isnot consdered curable with current avallable

therapy.

Laboratory Findings

Chronic lymphocytic leukemiais commonly diagnosed by the finding of a
lymphocytosisin the periphera blood. Absolute lymphocyte counts may be between 10
and 150 x 10%/L, but may be as high as 1000 x 10%/L.? The lymphocytes vary from small
to dightly larger than the norma lymphocyte. These lymphocytes gppear with a
relatively mature morphology with a clumped or condensed nuclear chromatin often
creating a " soccer-bdl" appearing pattern.' 2 The lymphocytes are more fragile than
norma and peripherd smears often contain “smudge cdls’ asadigtinguishing
characterigtic of CLL. Although CLL lymphocytes differ morphologicaly in patients,
they are usudly sSimilar in any given patient attesting to the clonal origin of the disease?

The lymphocytos's causes neutropenia, anemia and thrombocytopenia as the
lymphoid tissue fills 50% or more of the bone marrow space preventing other cel lines
from reproducing.™? As the disease progressss, infiltration of the marrow occurs. Thirty
percent or more lymphocytes in the marrow, when accompanied by a sustained
lymphocytossin the peripherd blood, is considered diagnostic of CLL. Lymphocytes
increase in number until norma marrow cedlls are crowded out.

Anemia occurs because of decreased red cell production, as the result of splenic
sequedtration of red cdls, shortened red cell survivd, or autoimmune hemolysis. The
patients with CLL have dtered humora immunity that suppresses dl immunoglobulin
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classes. They may aso develop autoimmune disease with the production of
autoantibodies. These autoantibodies may lead to autoimmune hemolytic anemia’®
Anemiamay occur as a normochromic and normocytic with anormal or low reticulocyte
count.! However, macrocytosis may be present when acute blood loss is indicated.
Autoimmune responses leading to autoimmune hemolytic anemiamay precede,
accompany or follow CLL and be characterized by a bone marrow erythroid hyperplasia,
secondary reticulocytoss, positive direct antiglobulin test and an elevated indirect serum
bilirubin level.? A decreased platelet count is not uncommon.

Chromaosoma abnormdlities are detected in more than 50% of patients with CLL.
The most common abnormalities are seen in trisomy 12 and sructurd abnormalities of
chromosomes 13 and 14.”

Challengesin Transfusion Services and the Blood Bank

Many patients develop a warm autoimmune hemolytic anemia (WAIHA)
secondary to the CLL. WAIHA is characterized by an abnormdity within the immune
system whereby the ability for slf-recognition of an individud’s own red cdll antigensis
lost. WAIHA autoantibodies serologic reactivity is optimal at 37°C.° The onset of
WAIHA isusudly inddious and can be precipitated by many factors, such astrauma,
infection, stress or surgery. ® Symptoms of WAIHA do not usualy develop until the
patient has Sgnificant anemia. Symptoms include pallor, weakness, dizziness, jaundice
and unexplained fever.

Petients with WAIHA usualy demondirate evidence of free autoantibody at low
titer of 1gG aone or with IgA, IgM, or C3. 1n 80 percent of cases of WAIHA, the
antibody causing the hemolysisis an 1gG immunoglobulin.2 Complement proteins act
synergidicdly with immunoglobulins to cause red cdll hemolyss Tedting with a
polyspecific antiglobulin reagent revedls a positive direct antiglobulin test (DAT).° As
autoantibody is produced, it adsorbs onto the associated antigens present on the patient’s
own RBCs. A peripherd blood smear can demondtrate the signs of extravascular
hemolysis, induding red cell fragments and polychromasia.” Other indications of
extravascular hemolysis are demongtrated in the [aboratory data such as devated bilirubin
and | actate dehydrogenase (LDH).®

Petients presenting with WAIHA presert a perplexing problem for the blood bank
because anemia of sufficient severity to require transfusion is not uncommon.

Transfuson is avoided when possible because it has the potentid of increasing the
hemolysis® ° Transfusionis reserved for situations that are life-threstening.

The serum of a patient with warm autoagglutinins may contain just autoantibody
or amixture of autoantibody and aloantibody if the patient has had a previous
transfuson. If the patient is determined by history not to have dloantibody, testing may
proceed to determine the specificity of the autoantibody. The specificity of awarm
autoantibody is directed to the Rh system, especidly to the e antigen. The patient serum
appears to be anti-e, dthough the patient’s RBCs are e-positive and have a positive DAT.
To identify the specificity of awarm:-reactive autoantibody, an eluate prepared from the
patient’ s RBCsistested againgt a pand of reagent red cells. The uate is usudly reactive
with al pand cdls tested when working with awarm autoantibody.*® Warm auto-
antibodies may have an gpparent autoanti- e specificity in the serum but may show
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panagglutination of RBCs tested with the € uate because the concentration of antibody
removed from the cellsin the dution process may be grester than that in the serum.®

Specificity may aso be helpful in sdlecting blood for transfusion. Some workers
prefer to transfuse RBCs that are compatible with the autoantibody when, for example,
the specificity is anti-e-like® All donor blood is usudly incompatible to the patient
suffering from WAIHA. Therefore, any transfused blood that is given is cdled the "least
incompetible’ in the crossmatch. Leukocyte-reduced RBCs** isthe blood product of
choice because of the low number of white cdlls present in this blood component. This
leuko-filtered blood is transfused dowly in smal volumes (100mL) and the patient is
observed closdly for any adverse reactions® - 1°

CASE RESOLUTION

The patient presented with physica and |aboratory findings congstent with an
active stage of CLL. The production of the autoantibodies in the patient led to the
development of awarm autoimmune hemolytic anemia (WAIHA) secondary to hisCLL.
Thisis characterized by apostive DAT and the macrocytic anemia. Furthermore,
elevations of the total bilirubin and LDH are an indication that the patient was
experiencing extravascular hemolysis. Because of the criticd findings of low RBCs,
hemoglobin and hematocrit, transfusion therapy was warranted. Four units of leukocyte-
reduced RBCs were transfused in smal volumes with no incident. The patient stabilized
and was out of alife-threatening situation. The staff pathologist performed a bone
marrow biopsy and aspiration with the following results: diffuse and patchy lymphocytic
infiltrates consstent with CLL; markedly diminished iron stores; macrocytos's, and
diminished megakaryocytes.

When the bone marrow preparation was compared with his current periphera
Smear, it was determined that the patient was not in an active leukemic date. After 5
days of intravenous therapy and transfusion of leukocyte-reduced RBCs, the patient was
discharged from the hospital and returned home.

The mgor physical and clinical sgns and symptoms demondirated by this patient
when he presented at the emergency room identify advancing disease and are indications
for future treatment. These indications include that abnorma bone marrow findings and
the autoimmune hemolytic anemia Because there is no cure for the disease, the god of
trestment is to reduce sgns and symptoms. At thisjuncture, the patient’ s physician will
need to determine if the conventiona treatment of chemothergpy and or radiation therapy
is warranted 31112

** editors note: Some areas serviced by United Blood Services receive only leukoreduced
units as their source of random RBC's. In these Stuations, there is no need to request
specidized units. Antilogous units are usualy whole blood, so can not be subgtituted in
these Stuations.

REFERENCES

1. Harmening D. Clinical Hematology and Fundamentals of Hemostasis. 3™ ed.
Philadelphia, PA: F.A. Davis Company; 1997:226-27, 346-61.

2. Sdne-Martin EA; Lotspeich-Steininger CA; Koepke JA. Clinical Hematology. 2™
ed. Philaddphia, PA: Lippincott- Raven; 1998: 482-6.

©2005 American Society for Clinical Laboratory Science All rightsreserved. 13



0.

10.

11.

12.

Montserrat E, Bosch F, Rozman C. B-cdll chronic lymphocytic leukemia recent
progressin biology and therapy. Ann Oncol 1997; 8 Suppl 1:93-101.

Fraumeni JF J, Voge CL, DeVitaVT. Familid chronic lymphocytic leukemia. Ann
Intern Med 1969; 71(2):279-84.

Dormer P, Theml H, Lau B. Chronic lymphocytic leukemia: a proliferative or
accumulative disorder? Leuk Res 1983; 7(1):1-10.

Halek M, Kuhn-Halek I, Emmerich B. Prognostic factors in chronic lymphocytic
leukemia. Leukemia 1997 Apr; 11 Suppl 2:4-13.

Juliusson G, Oscier D, Fitchett M, et d. Prognostic subgroups in B-cll chronic
lymphocytic leukemia defined by specific chromosoma aonormalities. N Engl JMed
1990 Sep 13; 323(11):720-4.

Harmening D. Modern Blood Banking and Transfusion Practices. 4" ed.
Philadelphia, PA: F.A. Davis Company; 1999:445-6.

Vengden Tyler V, editor. Technical Manua. 12" ed. American Association of Blood
Banks. Bethesda, MD; 1996: 385-90.

Blaney KD, Howard PR. Concepts of Immunohematology. St. Louis, MO: Mosby;
2000:174-5.

Montserrat E, Rozman C. Current gpproaches to the treatment and management of
chronic lymphocytic leukaemia. Drugs 1994; 47 Suppl 6:1-9.

Kalil N, Cheson BD. Chronic lymphocytic leukemia. Oncologist 1999; 4(5):352- 69.

©2005 American Society for Clinical Laboratory Science All rightsreserved.

14



ABO DISCREPANCY INAMULTIPLE MYELOMA PATIENT*

Written by:

Jo Ann Wilson PhD, CLDir(NCA), BCLD(ABB)
Horida Gulf Coast Universty, Fort Myers, FL
Angel Jacobs, MT(ASCP)

Georgia Cancer Specidigts, Atlanta, GA

Address for correspondence: Jo Ann Wilson PhD, College of Arts and Sciences, Florida
Gulf Coast University, 10501 FGCU Blvd. South, Fort Myers, FL 33965-6565, 941-590-
7481, jwilson@fgcu.edu

* Case adapted from Wilson JA, Jacobs A. ABO discrepancy in a multiple myeloma patient: a case study.
Clinical Laboratory Science, Fal 2002. 15(4)204-207.

CASE PRESENTATION

The hospita transfusion services obtained an order for three units of red blood
cdlsfor a45-year-old Caucasan male. His most recent hematologicd study reveded a
hemoglobin level was 7.0 g/dL (Table 1). Blood was obtained from the patient and the
new clinical laboratory scientist graduate proceeded with pre-transfusion testing of
phenotype and antibody screening. The results of the forward typing of ABO and Rh
indicated that the patient was phenotype A Rh positive (Table 2). However, a
discrepancy was found in the reverse typing with A; cdls and B cells producing
agglutination. Using antibody screening cells, the patient’ s serum was tested. The results
indicated agglutination upon immediate spin, but no agglutination in subsequent testing
induding 37°C with LI1SS enhancement (T able 3).

Table 1: Hematological Profile

Analyte Patient Results Refer ence Range (Conventional
units)

RBC 2.14 4.7 - 6.1 X 10°%L
WBC 4.5 4.8-10.8 X 10°juL
HGB 7.0 14 -18 g/dL

HCT 20.4 42 — 52%

MCV 95.3 80— A fL

MCH 32.7 27-31pg

MCHC 34.3 32 - 36%

Platdlets 80 150 — 450 X 10%fuL
Peripheral Smear marked rouleaux no rouleaux
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Table 2: Initial patient ABO and Rh phenotyping

Reaction Reaction Reaction Reaction Reaction Reaction
with with with with with with
Anti- A Anti-B Anti-D Rh Control  A; cdlls B cdlls
4+ 0 3+ 0 1+ 4+

Table 3. Antibody Screening and initial crossmatch results

| mmediate Spin 37°C/ LISS AHG AHG
enhancement control cdls
Screening Cdl | 1+ 0 0 2+
Screening Cell 1 1+ 0 0 2+
Screening Cdl 111 1+ 0 0 2+
Auto Control 1+ 0 0 2+

Theclinica laboratory scientist caled for additiond history of the patient and
learned that he was diagnosed with multiple myeloma. He had no previous transfuson
higory.

DISCUSSION

Multiple mydomais a hematologicd maignant neoplasm of the bone marrow. It
isa neopladtic disease characterized by the infiltration of bone and bone marrow by
myeoma cdls forming multiple tumor masses  Production of norma immunoglobulins
isimpaired with a significant increase in the number of abnorma plasmacels.? The
condition is usudly progressive and generally fatal. The disease causes pain, fractures,
anemia, hypercacemia, kidney falure, bacterid infections, nerve compression with
pardyss, skeleta deformities and changes in mentd status ranging from mild to severe
confusion.®# According to the American Cancer Society, about 14,400 new cases will be
giggnosed and about 11,200 Americans are expected to die of multiple myelomain 2001.

Etiology and Epidemiology

The diology of multiple myeomais unknown; however genetics, radiation
exposure and chronic antigenic simulation have been suggested as predisposing factors.”
Increases in the incidence of multiple myeloma during this past century implicate
environmentd factors asimportant causd agents. A singleinsult is not thought to be
sufficient to induce the disease. However, continued exposure results in the clond
expangon of an idiotypic plasmacdl after cumulative mutational damage has dtered its
genetic makeup. ® Atomic bomb survivors and individuals exposed to radiation in the
workplace have demonstrated an increased incidence of multiple myeloma. Studies of
workers at nuclear power plants also suggest that chronic exposure to low levels of
radiation may lead to increased risk. * The molecular and cytogenetics of cdlsin multiple

©2005 American Society for Clinical Laboratory Science All rightsreserved.



myeloma are under investigation, but the precise causes of these abnormalities are largely
unknown.

Chronic stimulation of the immune system has been a suspected trigger of
multiple mydomawith certain medica conditions such as rheumatoid arthritis, chronic
dlergic conditions, and chronic infections as they are implicated in the simulation of the
aberrant production of plasma cells. ® Anticipation, a phenomenon in which an inherited
disease is diagnosed a an earlier age in each successve generation of afamily, has been
demongtrated in multiple myeloma. 1°

The incidence of myelomais 5 cases per 100,000 persons each year and males
have approximately 50 percent greater risk than females. There is greater incidencein
black individuas than white individuals, with persons of Japanese and Chinese descent
experiencing the least incidence. Age increases the risk of multiple myedoma asthe
diseaseis rarely seen in persons under 40 years of age with the mean onset at age 60. - *

Clinical Presentation and Pathophysiology

Multiple myeloma does not have the same biology in al patients; it is best viewed
as a heterogeneous disease with different prognoses, clinical course, and response to
therapeutic interventionsin different subjects. ®

Petients may present with persastent unexplained skeleta pain (usualy in the back
or thorax), weskness and fatigue, confusion, and/or recurrent bacteria infections. > This
disease is diagnosed in some patients with no symptoms after a screening blood test
reveds abnormdly high serum protein levels or there is evidence of cacium lossfrom
bones. In some cases, patients are diagnosed only after they have developed marked
changesin their mental state with extensive bone destruction and kidney failure®
Pathologica fractures and vertebral collgpse are common. Rend failure may be caused
by extensve cast formation in the rend tubules, arophy of tubular epithdid cdls, and
interdtitial fibrosis. Anemia predominates in some patients, and afew have manifestations
of hyperviscosity syndrome?

An expanding plasma cell mass in the bone marrow undergoes continued clona
replication. As the growth proceeds, normal bone marrow is gradually replaced by the
geadily growing mdignant plasmacel colonies. Norma circulating blood cells decrease
in number resulting in anemia, thrombocytopenia and neutropenia  The resulting
pancytopenia causes fatigue, delayed hemostasis and an increased susceptibility to
bacterial infections

The expanding plasma cdls infiltrate bone causing destruction of the surface
cortex of the bone. Stretching of the overlying nerve-rich periosteum leads to pain that is
present & diagnosisin more than two-thirds of patients'! The destruction of bone tissue
resultsin an incresse in blood calcium levels (hypercalcemia).® Diffuse osteoporosis or
discrete ogteolytic lesions develop, usudly in the pelvis, spine, ribs, and skull. Lesions
are due to bone replacement by expanding plasmocytomas or afactor secreted by
madignant plasma cells (osteoclast-activating factor). The osteolytic lesions are usudly
multiple, but occasondly are solitary intramedudlary masses. Extra-0sseous
pl am;a:ytomas are unusud, but may occur in any organ, especidly the upper respiratory
tract.

Hypercdcemia occursin 15% of patients with multiple myelomaat diagnosis and
should be suspected in the presence of anorexia, nausea, vomiting, polyuria, polydipsa,
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increased condtipation, weakness, confusion, or stupor. Because calcium affects nerve
cell function, hyperca cemia can cause weskness and confusion.® If hypercacemiais
untreated, rend insufficiency develops aswell.

The mdignant plasma cells produce immunoglobulins resulting in an
overproduction of intact immunoglobulins (IgG, 1gA, 1gD, or IgE) or Bence Jones
protein. Plasmacytomas produce 1gG in about 55% of myeloma patients and 1gA in about
20%; of these 1gG and IgA patients, 40% aso have Bence Jones proteinuria. Light chain
mydomaisfound in 15 to 20% of patients; their plasma cdls secrete only free
monoclond light chains, and amonoclona spike is usudly absent on serum
electrophoresis.®

Laboratory Findings and Diagnosis

During the different stages of the disease, dmogt al patients develop anemia
usudly presenting with a normocytic normochromic anemia with hemoglobin levels
between 7.0 and 12.0 g/dL.° The periphera smear shows rouleaux formation as the result
of elevated globulins or fibrinogen in the plasma*® Red cells that are constantly bathed
in the abnorma plasma affect a spontaneous pseudo- aggl utination which appears as
stacks of coins in the periphera smear. ** These stacks appear evenly dispersed
throughout the smear. Rouleaux formation correlates with high erythrocyte sedimentation
rate and occurs as a direct result of protein deposition on the erythrocyte membrane.**

Large amounts of protein can cause the peripherd blood smear to have abluish
tinge macroscopicaly. A few abnormal plasma cells may be seenin later stages on the
peripherd blood differentid. The leukocyte and platelet counts usudly are normd in
early stages of the disease until overpopulation of the marrow with abnorma plasmacells
occurs. This may produce pancytopenia and dlicit a leukoerythroblastic response '
Serum cregtining, BUN, LDH, calcium, protein, and serum uric acid are frequently
elevated.

Monoclond pesks of immunoglobulin can be found in serum protein
electrophoress. The immunoglobulin type can be determined by immunoe ectrophoresis
or immunofixation eectrophoress. Bence-Jones protein or light chain proteins can be
identified in urine in 80% of myeloma patients. *

Bone marrow aspiration and biopsy usudly indicate increased numbers of plasma
cdls at various stages of maturation; rardly is the number of plasma cells normd and
usualy present with more than 10 % and often more than 30 % of tota bone marrow
cdls. Diagnogtic criteria for multiple myeloma is based on a combination of the presence
of multiple criteriaincluding plasmacytoma, greater than 30 % plasma cdlsin the bone
marrow, multiple lytic bone lesons, monoclona protein spike in serum protein
electrophoresis, and depressed synthesis of normal immunoglobulins. * Laboratory
findings that may occur in multiple mydomaare provided in Table 4.
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Table 4: Laboratory Findings That May Occur in Multiple Mydoma

Analyte Possible laboratory findings in multiple myeloma
Serum Chemistries
Protein elevated
Cdcdum elevated
BUN elevated
Credtinine elevated
LDH elevated
Uric Acd elevated
Immunological Studies
Immunoglobulins decreased
SPE Monoclona gammopathy
C-Reactive Protein postive
Urine Chemistries
Bence-Jones Protein present
Protein present
Hematological Studies
ESR elevated
WBC decreased
RBC decreased
Matelets decreased
Peripheral Smear
Pasmacdls present in advanced disease
Rouleauix present
Hemostasis
APTT prolonged
Prothrombin Time prolonged

Treatment and Prognosis

The disease is progressive, but good management improves qudity and duration
of life. Prognosis varies and is dependent on the stage of the disease at diagnosis. The
median survivad rate is 2 to 3 years. The patient with multiple myeoma should be
carefully evduated from the sandpoint of symptoms, physica findings, and laboratory
data. If there are no symptoms or evidence of early or impending complications,
treatment is often delayed until progression of the disease occurs. About 60% of patients
treated show objective improvement. At diagnosis, high levels of monoclond proteinin
serum or urine, elevated beta-2- microglobulin levels, diffuse bonelesons,
hypercalcemia, anemia, and rend failure are unfavorable prognostic signs

Chemotherapy is hepful in prolonging surviva. Median surviva of
chemotherapy nonrespondersis less than 1 year and responders 3to 4 years.” A cureis
not presently attainable with standard chemotherapy, interferon, or high-dose
chemotherapy followed by autologous trangplantation regimens with bone marrow or
periphera blood stem cells. Cure or long-term disease-free survivd is seenin lessthan
20% of patients under 55 years of age who have related-donor match and receive an
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alogenic graft, either from bone marrow or periphera blood stem cells®® Treatment-
related mortality for patients trested with this approach till exceeds 50%.2° I the patient
is younger than 70 years, autologous periphera blood stem cdll transplantation is
considered. I the patient is older than 70 years, chemotherapy isindicated.’
Chemotherapy decreases serum or urine monoclond protein and increases median
surviva time three to severfold. 2

Because anemia occurs in dmogt al patients during the course of multiple
myedoma, transfusion of packed RBCsisindicated for symptomatic anemia. In recent
prospective, randomized, placebo-controlled blind clinical trids, it has been demonsirated
that elythropoiairVeg)oetin dfaisbeneficid in the treetment of anemiain multiple
mydomaaswel.%!

ABO Discrepancies
ABO discrepancies occur when the red cell testing does not agree with the
expected serum testing.® Washing the patient red blood cells with sdline can usualy
resolve the ABO discrepancy if the initia test was performed using red blood cdlls
suspended in serum or plasma. ABO discrepancies are divided into four groups™
= Group | are discrepancies between forward and reverse groupings because of weakly
rescting or missing antibodies.
= Group Il are discrepancies between forward and reverse groupings resulting from
weskly reacting or missing antigens.
= Group Il discrepancies are found between forward and reverse groupings caused by
protein or plasma abnormdities and result in rouleaux formation or pseudo-
agglutinetion.
= Group IV discrepancies are between forward and reverse groupings encompassing
miscellaneous problems such as warm or cold autoantibodies and polyagglutination.
Multiple mye oma devates the globulin leve resulting in rouleaux and Group 11
ABO discrepancies. Because rouleaux formation causes the red blood cells to adhere to
one another as in stacked coins, it can be mistaken for agglutination by anew or
inexperienced laboratorian. Phenotyping can usudly be accomplished by washing the
patient’ s red cdlls saverd times with a saline solution. Using washing techniques as
outlined in the American Association of Blood Banks Technical Manual, serum is
removed from the centrifuged serum/cell mixture® The cells are then resuspended in
sdine and recentrifuged. This sdline is removed from the cdll button and fresh dineis
added and the cells are resuspended once again. Thisis repeated three times. The washed
cdlsare used for testing. This washing technique rids the red cell membranes from the
protein and frees the cells in the case of rouleaux formation in the reverse type. Intrue
agglutination, red cdls will continue to clump after the washing with sdine.

CASE RESOLUTION

This patient was diagnosed with multiple myeloma 6 months prior to his
admission to the hospitd and transfusion order. The pogtive patient control cells (T able
3) indicate that something is coating the patient’sred cdlls. The patient’sred cdllswere
washed with norma sdine after complete decanting of the serum. After repeeting the
forward and reverse typing with the washed cells, the patient’s phenotype was confirmed
to be A positive. The rouleaux disgppeared from all phases of thetesting. The CLS
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completed the crossmatch and the three units of A positive blood were successfully

transfused.
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