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HEMIC AND LYMPHATIC SYSTEMS

38 CFR 4.117

Introduction

Our lesson on rating disabilities of the Hemic and Lymphatic Systems will cover the anatomy of the systems, evaluation criteria and any special considerations.

overview

The hemic and lymphatic systems have to do with the two principal body fluids and their disorders.  Hemic refers to blood, which fills the circulatory system.  Lymphatic refers to lymph fluid within lymph vessels and lymphatic organs.

The hematologic and lymphatic systems are distinct entities; however, because a common origin of their cells is shared in the bone marrow, and the movement of components of the lymphatic system is affected by the hematologic system, these areas are considered together.  Both systems are parts of the vascular system.

THE HEMIC SYSTEM

Under the hemic system, blood disorders include disruptions of blood composition, blood disease and diseases of blood-forming organs.  Some types of blood diseases are congenital in nature; e.g., hemophilia, a disease characterized by delayed clotting of the blood and consequent difficulty in checking hemorrhage.

Blood consists of a variety of blood cells freely moving in a fluid called plasma.  The elements suspended therein are called corpuscles and platelets.  
The functions of the blood are performed by different blood cells in the plasma.  The blood cells include: erythrocytes; leukocytes; and thrombocytes.  

Red corpuscles are called erythrocytes.  White corpuscles are called leukocytes.
There are two types of leukocytes.  One type of leukocytes includes neutrophils, eosinophils and basophils, and the second type is termed monocytes.

Platelets, called thrombocytes, act in coagulating, or clotting the blood.  The basic function of red corpuscles is to carry oxygen to body tissues.  The less numerous white corpuscles fight bacteria.  A marked departure from the normal red blood cell count indicates that a disease is present and that to fight the infectious organisms; the body is calling upon the white cells.

The major components of the hematologic system are the blood and the bone marrow.  The blood is the fluid tissue, which circulates through the heart, arteries, veins, and capillaries, and the bone marrow is the site for the manufacture of new blood cells.  

Capillaries are very small and thin vessels that connect the smallest arteries (arterioles) and the smallest veins (venules).  The capillaries allow exchanges of nutrients and end products of bodily functions to take place between the blood and body cells, or between the blood and air in the lung tissues.
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Normal movement of fluid between the capillary and the spaces between the organs and tissues is secondary to pressures that build in these two areas.  Alterations in these pressures cause abnormal fluid shifts.  

The two most common abnormal shifts are:

· the flow of fluids into the organs and tissues resulting in collection of excessive amounts of tissue fluid (edema), and 

· the flow of fluids from the organs and tissues resulting in dehydration.

Functions of the blood include: 

· maintenance of normal body temperature and body chemical balance; 

· transportation of chemical messengers such as hormones, gases, nutrients, immune cells and blood cells; and 

· protection against infection and blood loss through the clotting factor.  

THE LYMPHATIC SYSTEM

The lymphatic system is a circulatory system that includes lymphatic vessels that collect lymph fluid throughout the body and return it to the blood. Additional components of the system are organs composed of lymphatic tissue such as lymph nodes and lymphoid organs such as the spleen, bone marrow, the thymus, adenoids and tonsils.  Lymphocytes and monocytes produced by these organs provide a defense against disease-producing organisms and provide immunity. 
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The lymphatic system (also called the lymph vascular system) is an accessory drainage system that assists the veins in carrying off waste products and intercellular lymph.  Lymph, by definition, is the tissue fluid that carries nutritive substances to the cells of the body and takes the waste products away to the venous system.

The lymph vascular system comprises two anatomical parts, lymph vessels and lymph nodes.  

Lymph vessels include lymph capillaries, lymphatics, and lymph ducts.  Their function is to carry lymph through the body.  

Lymph nodes are scattered throughout the body but in several areas comprise groups.  Their function is twofold: 

· to filter bacteria and other infectious matter from the body, and 

· to produce lymphocytes and antibodies to fight infection.

Lymphatic vessels are thin-walled vessels that carry lymph from body tissues to the blood. They form networks named according to their location in the body.   For example, femoral lymphatic vessels are in the thigh while mammary lymphatic vessels are in the breast.
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At certain points along the network, lymph is carried to regional nodes, which service particular body areas.  For example, axillary lymph nodes service the upper arms and breasts, and inguinal nodes service the lower extremities.  Lymph carried away from the regional nodes eventually drains into one of two terminal vessels, and then empties into the bloodstream.  These two terminal vessels are the right lymphatic duct and the thoracic duct.  

The right lymphatic duct receives lymph from only the right side of the head, neck, thorax and upper extremity.  The lymph from these areas empties into the right subclavian vein.  

The thoracic duct receives lymph from all other parts of the body.  

Valves within the lymphatic vessels, similar to those in veins, prevent backflow of fluid and blood. 

Lymphatic vessels are either superficial or deep.  Vessels that lie immediately below the skin, referred to as superficial lymphatic vessels, correspond with superficial veins. Larger lymphatic vessels lie deep, corresponding with deep veins.  Lymph moves along the vessels by rhythmic contraction of the vessels, pressure changes in the abdominal and thoracic cavities, or by compression of lymphatic vessels by skeletal muscle contraction during movement.
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Groups of lymph nodes are located in the head, face, neck, thoracic region (the chest), armpits, lower limbs and groin, and the pelvic and abdominal regions.  The chief lymphoid organs are the spleen, the tonsils, and thymus.  The spleen forms blood cells, filters the blood, stores iron and blood, and furnishes antibodies against lymph bacteria and parasites.  The tonsils manufacture lymphocytes (white blood cells), and the thymus plays a role in immunological competence.
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Anemia results when red cell production is less than the rate of red cell loss or destruction.  The decreased ability of anemic blood to transport oxygen results in the symptoms known as anemia.   Increasing the blood flow (velocity and volume) compensates for the decreased ability to transport oxygen to and from cells.
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Abnormal shaped red cells are responsible for congenital hemolytic anemias and sickle cell anemia.

The anatomy and functions of the hemic and lymphatic systems, when disease is present, provide opportunity for the disease to be widespread and often difficult to control.  An active disease process of these systems is of a very serious nature, and such severity is reflected in the evaluations noted in the Rating Schedule and in 38 CFR § 4.117. 

Regulations and rating criteria

This section was revised effective October 23, 1995 as a part of the Compensation & Pension Service’s ongoing project to modernize the Rating Schedule.  The purpose of the revisions was to update the hemic and lymphatic system portion of the rating schedule to ensure that:

· It uses current medical terminology 

· It uses current unambiguous criteria

· It reflects medical advances that have occurred since the last review

· The length of convalescence evaluations are based on medical advances; and 

· Assure more consistent ratings. 

DISEASES OF THE HEMIC AND LYMPHATIC SYSTEMS & SPECIFIC DIAGNOSTIC CODES

DC 7700, Anemia, hypochromic-microcytic and megaloblastic, such as iron-deficiency and pernicious anemia (Presumptive disease under 38 CFR 3.309(a))
Anemia is a decrease in red blood cells or hemoglobin because of blood loss, impaired production, increased RBC destruction or a combination of these.  Severe anemia can be associated with weakness, vertigo, headache, tinnitus, spots before the eyes, ease of fatigue, drowsiness, irritability, and even bizarre behavior.  Blood loss should always be ruled out first as a cause of anemia.

Hypochromic-microcytic anemia is most commonly due to iron deficiency due to blood loss.  The blood loss is due to chronic occult blood loss usually from the GI tract.  

Megaloblastic anemia is form of anemia associated with vitamin B12 deficiency and agents that interfere with DNA synthesis.  

Pernicious anemia is due to decreased B12.  This is due to atrophy of the acid-producing gastric cells of the stomach.  Manifestations include various gastrointestinal symptoms, a bright red (“beefy”) tongue, weight loss, and neurological deficits, both peripheral and central, in severe cases.  Treatment is regular injections of vitamin B12.

Primary anemia is a disease for which we may grant service connection on a presumptive basis under provisions of 38 CFR §§3.309(a).  Prior to the revision effective October 23, 1995, this DC referred only to pernicious anemia.

 Evaluate anemia from zero to 100 percent based on hemoglobin and other findings.

· 100% is warranted with hemoglobin 5gm/100ml or less, with findings such as high output congestive heart failure or dyspnea at rest

· 70% is warranted with hemoglobin 7gm/100ml or less, with findings such as dyspnea on mild exertion, cardiomegaly, tachycardia (100 to 120 beats per minute) or syncope (three episodes in the last six months)

· 30% is warranted with hemoglobin 8gm/100ml or less, with findings such as weakness, easy fatigability, headaches, lightheadedness, or shortness of breath

· 10% is warranted with hemoglobin 10gm/100ml or less with findings such as weakness, easy fatigability or headaches

· 0% is warranted with hemoglobin 10gm/100 ml or less, asymptomatic

Complications such as dementia and peripheral neuropathy are to be rated separately.  

DC 7701, Secondary anemia, was removed by the revision effective October 23, 1995.

DC 7702, Agranulocytosis, acute
Agranulocytosis is an acute disease and symptom complex marked by a deficit or absolute lack of granulocytic white blood cells.  The condition is also referred to as granulocytopenia and neutropenia.  This leads to increased vulnerability to bacterial and fungal infections, and in severe cases may be life threatening.  
Acute neutropenia, which refers to an abnormally small number of neutrophils, usually develops when neutrophil use is rapid and production is impaired.  Secondary neutropenia may be due to bone marrow replacement by malignancy, radiation, chemotherapy, immunosuppression, vitamin B12 deficiency, alcoholism, infections, hypersplenism, induction by drugs, and autoimmune disorders.

Prior to the revision effective October 23, 1995, this condition was to have been rated the same as acute pernicious anemia.

Rate this condition from 10 to 100 percent.  

· 100% is warranted for conditions requiring bone marrow transplant, or; requiring transfusion of platelets or red cells at least once every six weeks, or; infections recurring at least once every six weeks

· 60% is warranted for conditions requiring transfusion of platelets or red cells at least once every three months, or; infections recurring at least once every three months

· 30% is warranted for conditions requiring transfusion of platelets or red cells at least once per year but less than once every three months, or; infections recurring at least once per year but less than once every three months.

· 10 % is warranted for conditions requiring continuous medication for control

The 100 percent evaluation for bone marrow transplant is assigned from the date of hospital admission with an exam 6 months following discharge.  Reduction in evaluation is under 38 CFR 3.105(e).  

DC 7703, Leukemia

Leukemia is a malignant neoplasm of the blood-forming tissues (usually bone marrow), producing massive numbers of white blood cells.  Leukemias are classified as either acute or chronic, and also by the type of white blood cell involved.  The classification determines the treatment and prognosis.    A significant number of leukemias are associated with a history of radiation exposure or chemical exposure, especially chemotherapy for other types of cancers.  Treatment is most often chemotherapy and/or massive irradiation followed by bone marrow transplant.

Leukemia is a presumptive condition under 38 CFR §§3.309(a).  All forms of leukemia (except chronic lymphocytic leukemia) are presumptive conditions under 38 CFR §§3.309(d) for radiation exposed veterans.  Establish service connection on a direct basis (in-service event-currently diagnosed disease-medical nexus) under the provisions of 38 CFR 3.311 for radiation-exposed veterans.

Evaluate leukemia as 100 percent disabling when active or during treatment.  This evaluation continues for 6 months after termination of treatment at which time there is a mandatory exam.   If not recurrent, evaluate the residuals as either anemia under DC 7700 or aplastic anemia under DC 7716.  Reductions in evaluation are under 38 CFR 3.105(e).  

Chronic lymphocytic leukemia (CLL) is a presumptive condition for herbicide exposure under 38 CFR §3.309(e).  This condition was added to the provisions of 38 CFR §3.309(e) effective October 16, 2003.  Any other class or subclass of  leukemia (including Hairy Cell Leukemia and Granular Lymphocytic Leukemia) are not recognized as a presumptive disease for purposes of 38 CFR 3.309(e) (see VSCM Conference Call and Addendum, March 2007).

CLL is evaluated under DC 7703, leukemia.  CLL is different from the majority of leukemias because although it may have treatment phases throughout the course of the disease it does not have an inactive phase.  As a result, it will never be rated as anemia, aplastic anemia or on residuals.  See Training Letter 06-05 dated October 3, 2006 for more information on CLL and for training exercises relating to CLL.
DC 7704, Polycythemia vera
This condition is an abnormal increase in the hemoglobin concentration and the mass (and sometimes numbers) of red blood cells.  It causes a wide variety of symptoms, most of which are directly attributable to the expanded blood volume and hyperviscosity.  There are also platelet abnormalities with resulting disturbances of the blood-clotting mechanisms. Treatment is by phlebotomy (blood-letting) and chemical suppression of the red blood cell producing tissues.

· 100% is warranted during periods of treatment with myelosuppressants and for three months following cessation of myelosuppressant therapy

· 40% is warranted when phlebotomy is required

· 10% is warranted when the condition is stable, with or without continuous medication.

Prior to the revision effective October 23, 1995, this condition was to have been rated the same as pernicious anemia.

Complications such as hypertension, gout, stroke or thrombotic disease are to be rated separately.

DC 7705, Thrombocytopenia, primary, idiopathic or immune

It is due to abnormalities of platelet production, transport or utilization, with resulting impairment of the blood-clotting mechanism.  There are numerous possible causes, but the manifestations are essentially similar: multiple petechiae (tiny hemorrhagic spots), most often on the legs; easy bruisability with ecchymoses (subcutaneous bleeding) from insignificant traumas; a tendency to bleed from mucosal tissues (nosebleeds, GI or GU tract) and excessive bleeding after surgery.  The condition may be life threatening.  Treatment is by transfusing concentrated platelet preparations to control acute bleeding.  In certain cases, removal of the spleen is necessary.

Prior to the revision effective October 23, 1995, this condition was called purpura hemorrhagica.  Idiopathic purpura hemorrhagica is one of the diseases for which we may grant service connection on a presumptive basis under 38 CFR §3.309(a).

Evaluations are from zero to 100 percent:

· 100% is warranted for platelet count of less than 20,000, with active bleeding, requiring treatment with medication and transfusions

· 70% is warranted for platelet count between 20,000 and 70,000, not requiring treatment, without bleeding

· 30% is warranted for stable platelet count between 70,000 and 100,000, without bleeding

· 0% is warranted for stable platelet count of 100,000 or more, without bleeding

DC 7706, Splenectomy
Evaluate the surgical removal of the spleen as 20 percent disabling.   Separately evaluate complications such as systemic infections with encapsulated bacteria. Under criteria in effect prior to October 23, 1995, this was rated as 30% disabling.

DC 7707, Spleen, injury of, healed
The spleen is a major part of the lymphatic/immune system.  It is the organ that culls out old or damaged red blood cells from the blood stream.  It is subject to both sharp (lacerating) and blunt abdominal traumas.  Fortunately, it is relatively easy to repair most traumas with sutures, if the damage is not too extensive.  However, it is not unknown for a person to bleed to death from an unsuspected splenic rupture when an exploratory laparotomy is not done after blunt abdominal trauma has been suffered.

Under criteria in effect prior to October 23, 1995, this was rated as peritoneal adhesions (DC 7301).

Under criteria currently in effect, this condition is to be rated on any chronic residuals following splenic repair.  

DC 7709, Hodgkin’s disease
Hodgkin’s disease, also sometimes called Hodgkin’s lymphoma, is a particular variety of lymphoma.  Prior to the Schedule revision effective October 23, 1995, this diagnostic code was called Lymphogranulomatosis (Hodgkin’s disease).  It affects both the lymphatic tissues and the reticuloendothelial system (all of the phagocytic white blood cells except for leukocytes).  It may be either localized or diffuse.  Treatment is by chemotherapy and/or radiation, and the prognosis is generally favorable, with cure rates approaching 80%.  Hodgkin’s disease is a presumptive condition both as a chronic disease under 38 CFR §3.309(a) and by reason of herbicide exposure under 38 CFR §3.309(e).  This condition was added to the provisions of 38 CFR §3.309(e) effective February 3, 1994.  

Rate the condition 100 percent with active disease or during a treatment plan.

The 100 percent rating continues beyond the termination of any surgical, radiation, antineoplastic chemotherapy or other therapeutic procedures with a mandatory VA examination 6 months in the future.  Reduction is under the provisions of 38 CFR 3.105(e). If there has been no local recurrence or metastasis, rate on residuals.

DC 7710, Adenitis, tuberculous, active or inactive
The function of the lymph nodes is to filter out bacteria and other invaders from the lymphatic system, thus preventing them from entering the bloodstream and becoming disseminated throughout the body.  If pulmonary tuberculosis is promptly treated and controlled, the bacilli rarely get farther than the hilar and mediastinal lymph nodes, which are the chains closest to the lungs.  The presence of tender and swollen lymph nodes at sites progressively more remote from the lungs is evidence that the tuberculosis has not been adequately treated and has become disseminated to nonpulmonary locations.  

The rating criteria for nonpulmonary tuberculosis are set out in 38 CFR §§ 4.88-cb and 4.89.  Once the condition becomes inactive, the evaluation depends on whether the veteran was entitled to service connection prior to August 18, 1968 or after that date.

DCs 7711, 7712 and 7713 referred to axillary, inguinal and secondary tuberculous adenitis, respectively.  Those DCs were deleted when this section was revised effective October 23, 1995; only DC 7710 was retained.

DC 7714, Sickle cell anemia
Sickle cell anemia is a hereditary and familial disorder characterized clinically by symptoms of anemia, arthritis, leg ulcers, and acute attacks of pain.  It is distinguished by the presence of peculiar sickle-shaped or oat-shaped, red blood cells, signs of excessive blood destruction and active blood formation, and repeated vaso-occlusive episodes.  The phenomenon of sickling of red blood cells is a hereditary abnormality which of itself usually produces few ill effects.  Sickle cell anemia, however, is a morbid state characterized by hemolytic anemia and the above manifestations.

Sickle Cell Trait  

The presence of sickle hemoglobin (Hb S), a variant of the normal hemoglobin in human red blood cells, is subject to the usual mechanisms of biologic inheritance.  Inheritance may be from one or both parents.  If sickle hemoglobin is inherited from one parent and normal hemoglobin from the other, the combination (Hb S + Hb A) is referred to as sickle cell trait.  Except for unusual circumstances, this is a benign asymptomatic condition and is not associated with increased morbidity.

Sickle Cell Anemia

Inheritance of sickle hemoglobin from each parent results in the combination (Hb S + Hb S) referred to as sickle cell anemia and usually accompanied by moderate to severe anemia, and appropriate clinical signs and symptoms.  The age of onset is generally early childhood.

Sickle Cell Disease

Sickle cell disease is a generic term for all disorders characterized by the presence of S hemoglobin in the red blood cell.  It includes sickle cell anemia (S); sickle cell trait (S and A); and other hemoglobinopathies such as sickle cell-thalassemia and sickle cell C disease.

Evaluations are:

· 100% is warranted with repeated painful crises, occurring in skin, joints, bones or any major organs caused by hemolysis and sickling of red blood cells, with anemia, thrombosis and infarction, with symptoms precluding even light manual labor 

· 60% is warranted with painful crises several times a year or with symptoms precluding other than light manual labor 

· 30% is warranted following repeated hemolytic sickling crises with continuing impairment of health 

· 10% is warranted when asymptomatic, established case in remission, but with identifiable organ impairment 

Sickle cell trait alone, without a history of directly attributable pathological findings, is not a ratable disability. Cases of symptomatic sickle cell trait will be forwarded to the Director, Compensation and Pension Service, for consideration under §3.321(b)(1).

DC 7715, Non-Hodgkin’s lymphoma
Non-Hodgkin’s lymphoma (NHL) is any malignant lymphoma other than Hodgkin’s disease.  This includes a wide range of diseases consisting of neoplastic proliferation of lymphoid cells that usually (but not always) disseminate throughout the body.  Some lymphomas may persist with very little change for several years.  Others will be rapidly fatal.  There are several different methods for classifying lymphomas, based on the cell of origin, based on the degree of differentiation, or some combination thereof.  Some forms of lymphomas are virtually indistinguishable from leukemias.  One unusual but not rare form of malignant lymphoma is mycosis fungoides, which primarily affects the skin although internal organs may sometimes become involved.  

38 CFR §3.313, Claims based on service in Vietnam, was added effective August 5, 1964 by 55 FR 43124 dated October 26, 1990.  This paragraph states “Service in Vietnam during the Vietnam Era together with the development of non-Hodgkin’s lymphoma manifested subsequent to such service is sufficient to establish service connection for that disease.”  (Authority: 38 U.S.C. 501(a))

NHL was added to 38 CFR §4.117 effective October 26, 1990.  The provisions of 38 CFR §3.114(a) do not apply to grants of service connection for NHL.

NOTE:  OGCPREC 5094 held that as a practical matter, the provisions of 38 USC 5110(g) and 38 CFR 3.114(a) permitting payment of retroactive benefits for periods prior to the date of receipt of a claim under certain circumstances, could not be applicable in determining the effective date of an award of service connection under 38 CFR 3.313 because no one could have met all eligibility requirements for benefits under 38 CFR 3.313 on its effective date of August 5, 1964.

An effective date for service connection of non-Hodgkin’s lymphoma under 38 CFR 3.313 may generally be based on the date of receipt of an original claim for that benefit filed on or after August 5, 1964, regardless of whether the claim had previously been denied, if the claimant was otherwise eligible on the date of claim.

NHL is also a presumptive condition for herbicide exposure under 38 CFR §3.309(e).  This condition was added to the provisions of 38 CFR §3.309(e) effective February 6, 1991.  It was originally added under the (rescinded) provisions of 38 CFR §3.311 effective August 5, 1964, but a portion of §3.311 was invalidated by Nehmer v. United States Veterans Administration on May 3, 1989.  See M21-1 MR, IV.ii.2.C.10, for further information about herbicide exposure and M21-1 MR, IV.ii.2.C.11 and 12 for more about Nehmer.

Hairy Cell Leukemia and Granular Lymphocytic Leukemia are not considered a NHL under 38 CFR 3.309(e) (see VSCM Conference Call and Addendum, March 2007).

NHL is evaluated as 100 percent disabling when an active disease or during a treatment plan.  The 100 percent rating continues beyond the termination of any surgical, radiation, antineoplastic chemotherapy or other therapeutic procedures with a 6-month mandatory VA examination.  Reduction is under the provisions of 38 CFR 3.105 (e). If there has been no local recurrence or metastasis, rate on residuals.

DC 7716, Aplastic anemia

This type of anemia results in a decrease in bone marrow mass.  It is idiopathic (of unknown cause) in about one-half of the cases, and has its cause in chemical, radiation or drugs (antineoplastics, etc.) in the remainder of cases.  Typically, its onset is insidious, over a period of weeks or months, though it is occasionally explosive.  The general symptoms are usually severe, with hemorrhages into the ocular fundi and agranulocytosis with life-threatening infections common.

This condition was added effective October 23, 1995.

Rate the condition from 10 to 100 percent.  

· 100% is warranted for conditions requiring bone marrow transplant, or; requiring transfusion of platelets or red cells at least once every six weeks, or; infections recurring at least once every six weeks

· 60% is warranted for conditions requiring transfusion of platelets or red cells at least once every three months, or; infections recurring at least once every three months

· 30% is warranted for conditions requiring transfusion of platelets or red cells at least once per year but less than once every three months, or; infections recurring at least once per year but less than once every three months

· 10 % is warranted for conditions requiring continuous medication for control

 Assign a 100 percent evaluation for bone marrow transplant from the date of hospital admission with an exam 6 months following discharge.  Reduction in evaluation must follow provisions of 38 CFR 3.105 (e).  

EFFECTIVE DATES
This revision of the Rating Schedule was effective October 23, 1995.  If a claim was received prior to the effective date of the rating schedule revision, consider both the old and new criteria.  If the claim was received on or after the effective date of the revision, consider the new criteria only.  Evaluations assigned under previous rating schedule criteria are protected under the provisions of 38 CFR 3.951(a).  Do not make a reduction in evaluation unless the disability at issue has improved to the extent that a reduction would have been warranted under the old criteria as well  (see M21-1 MR, III.iv.7.B.3.d).

See above section for discussion of NHL and effective dates.  The Processing of CLL Nehmer claims is centralized at the Philadelphia Resource Center (see Fast Letter 06-16 dated September 7, 2006).

Glossary of Hemic and lymphatic system terms & conditions

Adenoids:  The gland-like structure located behind the nose on the back wall of the upper pharynx; also known as the pharyngeal tonsil. 

Basophil/Basophils:  An irregularly shaped granular leukocyte.

Bone marrow:  Soft tissue that fills the cavities of bone.

Normal Structure and Function:  Bone marrow is the spongy cancellous part of the bone that produces blood cells and platelets. The two kinds of marrow in bones  are red marrow, found at the ends of long bones; and yellow marrow, composed mostly of fat and found primarily in the central cavities of long bones.  Active production of bone marrow in the adult is limited to long bones, vertebrae, flat cranial bones, sternum, ribs, scapulae, clavicles, pelvis, and sacrum.

Abnormalities of Structure and Function:  Problems associated with the bone marrow can lead to disorders related to deficiencies in production of blood cells, or overproduction of blood cells.  This can lead to anemias, bleeding disorders, and susceptibility to infections.  Bone cancer, such as multiple myeloma; polycythemia vera; hemophilia; and disseminated intravascular coagulation are some of the conditions affecting blood cell production.

Corpuscles:  Leukocytes or white blood cells constituting the primary blood cells that protect the body against bacteria, infection, and tissue damage.

Eosinophils:  A type of granulocytic white blood cell.

Erythrocyte/Erythrocytes:  A mature red blood cell (RBC), or corpuscle.

Immune: Protected from or resistant to a disease or infection by a pathogenic organism as a result of the development of antibodies or cell-mediated immunity.

Leukocyte/Leukocytes:  A white blood cell (WBC) or corpuscle.

Lymphatic/Lymphatics:  Pertaining to lymph.

Lymphatic vessels:  Thin-walled, three-layered vessels with paired valves that convey lymph from the tissues.

Lymph gland/Lymph glands/Lymph node/Lymph nodes:  One of many small kidney-shaped organs of lymphoid tissue that lie at intervals along the lymphatic vessels.

Lymphoid:  Resembling lymph or lymph tissue.

Monocyte/Monocytes:  A type of white blood cell  that matures into a macrophage, a major phagocytic cell of the immune system. They ingest and destroy substances, such as abnormal or old cells, cellular debris, and pathogenic organisms, forming one of the first lines of defense in the inflammatory process.

Neutrophil/Neutrophils:  A granular white blood cell (WBC) responsible for fighting infection.

Platelet/Platelets:  Disk found in blood that assists in blood coagulation.

Spleen:  An oval organ in the upper left abdomen slightly below the stomach that removes pathogens and old red blood cells from the circulation, and forms bilirubin.

Thrombocyte/Thrombocytes:  A blood platelet.

Thymus/Thymus gland:  A glandular structure situated in the upper chest behind the sternum along the trachea that overlaps the large blood vessels as they leave the heart.

Tissue: A group of similar cells that act together to perform a particular function.

Tonsils:  A rounded mass of lymph tissue lying at the sides of the uvula in the back of the mouth.  Throughout the body, there are masses of lymphoid tissue designed to filter fluids from the body tissues. The tonsils are the lymph tissue associated with the respiratory system. The tonsils include the following structures: the palatine tonsils generally referred to as "the tonsils"; the pharyngeal tonsils, commonly referred to as the adenoids; and the lingual tonsils, small mounds of lymphoid tissue at the back of the tongue. 

These masses of lymph are beneath particular areas of the moist surface layers of mucous and serous membranes (epithelium) exposed to the environment external to the body. 

Vascular:  Pertaining to, or composed of blood vessels.

White blood cell (WBC)/White blood cells (WBC):  Leukocytes or corpuscles constituting the primary blood cells that protect the body against bacteria, infection, and tissue damage.

Common Laboratory Tests

	Laboratory Test
	Normal Results
	Abnormal Results and Indications

	Complete Blood Count
	White blood cells (WBCs) 
· 5,000 to 10,000million/mm³ 
	· Decreased WBCs may be caused by aplastic anemia or pernicious anemia, bone marrow depression related to viral infection, toxic reactions from antineoplastic or other drugs, or multiple myeloma. 

· Increased WBCs may be caused by hemolytic or sickle cell anemia, infection, or leukemia. 

	 
	Red blood cells (RBCs) 
· Males: 4.5-6.2 million/mm3 
· Females: 4.2-5.4 million/mm3
	· Decreased RBCs may indicate anemia, fluid overload, hemorrhage, or leukemia. 

· Increased RBCs may indicate dehydration, polycythemia or acute poisoning.

	 
	Hemoglobin (Hb/Hgb) 
· Males: 13.5-18.0 g/dL 

· Females: 12.0-16.0 g/dL 
	· Major component of RBCs 

· Decreased Hb/Hgb may result from anemia, recent hemorrhage or fluid retention. 

· Increased Hb/Hgb suggests hemoconcentration from polycythemia or dehydration. 

	 
	Hematocrit (Hct) 

· Males: 45-57% 

· Females: 37-47% 
	· Percent of RBCs in whole blood sample used to diagnose anemia, polycythemia, and abnormal hydration status. 

· Decreased Hct suggests anemia or hemodilution. 

· Increased Hct suggests polycythemia or hemoconcentration. 

	Differential WBC Count
	Neutrophils

· 50%-70%
	· Decreased neutrophils may be caused by aplastic, folic acid or iron deficiency anemias, active viral infections, or toxic agents. 

· Increased neutrophils may be caused by acquired hemolytic anemia, bacterial and parasitic infections, or hemolysis. 

	 
	Eosinophils 

· 0.3%-7%
	· Decreased eosinophils may be caused by increased adrenal steroid production from stress, hypersplenism, aplastic and pernicious anemias, and infections. 

· Increased eosinophils may be caused by hyperimmune, allergic, and degenerative reactions; antigen-antibody reactions in allergies; myelogenous leukemia; Hodgkin’s disease; polycythemia; subacute infections; and various tumors. 

	 
	Basophils 

· 0.5%-1.0%
	· Decreased basophils may be caused by acute allergic reactions, hypersensitivity reactions, or prolonged steroid therapy. 

· Increased basophils may be caused by acquired hemolytic anemia, chronic inflammation, recent splenectomy, or radiation therapy. 

	 
	Lymphocytes 

· 25%-35% 
	· Decreased lymphocytes may be caused by aplastic anemia, defective lymphatic circulation, or high levels of adrenal corticosteroids related to immunodeficiency or immunosuppressive drugs. 

· Increased lymphocytes may be caused by infection, infectious mononucleosis, or immune disorders. 

	 
	Monocytes 

· 4%-6% 
	· Decreased monocytes may be caused by aplastic anemia. 

· Increased monocytes may be caused by sickle cell or hemolytic anemias. 

	 
	Platelets (thrombocytes) 

· 130,000 – 370,000/mm3 
	· Necessary for blood clotting. 

· Less than 20,000/mm3 results in spontaneous bleeding. 

· Decreased platelet count results from underdevelopment of bone marrow or bone marrow disease (cancer, leukemia, or disseminated infection); ineffective formation of platelets due to folic acid or B12 deficiency; platelet pooling in an enlarged spleen; increased platelet destruction by drugs or immune disorders; disseminated intravascular coagulation (DIC); or mechanical injury to platelets. 

· Increased platelet counts may result from hemorrhage; infectious disorders; cancer; iron deficiency anemia; surgery; pregnancy; splenectomy (removal of the spleen); or inflammatory disorders. 

· Platelets return to normal values after the primary disease resolves. 

· Abnormal platelets usually require further diagnostic tests, e.g., bone marrow biopsy, direct antiglobulin test (direct Coomb’s test), or serum protein electrophoresis. 


References: (Illustrated Manual of Nursing Practice)(Laboratory Diagnostic Tests)
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