PAGE  
9

VITEBSK STATE MEDICAL UNIVERSITY
INTERNAL DISEASES PROPEDEUTICS DEPARTMENT
                              It is  predicated on methodical
                              Meeting of faculty from
                              "___" __________________.
                                  The report № ______  
METHODICAL INSTRUCTIONS №15
For students of III course of medical faculty
Theme: General and biochemical blood analysis 
Time: 2,5 academic hours
Vitebsk 2012
THEME: General and biochemical blood analysis
Method: practical clinical studies
Time: 2,5 academic hours
I. THE PURPOSE AND PROBLEMS
1. 
To open diagnostic value of general and biochemical blood analysis. 
2. 
 To learn students to procedure of interpretation of general blood analysis.
3. 
 To train students in interpretation of general blood analysis.

4. 
To train students in interpretation of biochemical blood tests
II. THE STUDENT SHOULD KNOW
1. The purposes, rules and procedure of taking blood for general and biochemical blood analysis.
2. Interpretation of the general and biochemical blood analysis in the norm and pathology.
III. THE STUDENT SHOULD BE ABLE
1. To interpret erythrocyte count
2. To interpret ESR.
3. To calculate and to interpret colour index.
4. To interpret platelet count
5. . To interpret leucocyte count
6. To interpret leucocyte formula
7. To interpret biochemical blood analysis
IV. MOTIVATION OF THE THEME OF LESSON
General clinical and biochemical blood analysis is the obligatory basic method of laboratory examination of patient in internal diseases.
V. CONTROL QUESTIONS
1. Common clinical analysis of blood: examination of erythrocytes, hemoglobin, colour index. The diagnostic value.
2. Common clinical analysis of blood: examination of leucocytes. The diagnostic value.

3. Common clinical analysis of blood: examination of ESR. The diagnostic value.

4. Common clinical analysis of blood: the leucocyte formula (differential blood count). The diagnostic value.

Controlling self-independent work of students

5. Biochemical blood tests in inflammatory diseases of connective tussue.
6. Biochemical blood tests in myocardial infarction.
7. Biochemical blood tests in pathology of liver
VI. MATERIAL EQUIPMENT
1. Tables.
2. Forms of general and biochemical blood analysis

3. Case reports
VII. PROCEDURE OF CARRYING OUT OF LESSON
1. Introduction with purposes and problems of the lesson. 

2. Then head of student group reports on the work executed on evening duty, hands over an educational room. The teacher checks diaries of evening duty of each student.
3. Revealing starting level of knowledge of students is carried out by interrogation on control questions. In an educational room the teacher shows procedure of interpretation of the general and biochemical blood analysis. 
4. Self-contained work of students under the direction of the teacher on procedure of interpretation of the general and biochemical blood analysis. 
5. Self-contained work under the direction of the teacher: students on general and biochemical blood analysis interpretation of the case reports with diseases of internal organs. 
6. Having gathered in an educational room, the representative of each subgroup reports received results of inspection.
7. In the conclusion the teacher sums up studies, estimates work of each student, monitors filling diaries of practical skills and yields the task for the following lesson
VIII. CALCULATION SCHOOL HOURS
№
 List of educational questions 
 Quantity of time
1. 
Going off evening duty by students 

 10 mines
2. 
 Revealing a starting level of knowledge of students by interrogation 
 15 mines
3. 
 Demonstration by the teacher of procedure of interpretation of the general and biochemical blood analysis

 15 mines
4. 
 Self-contained work of students in an educational room under the direction of the teacher on improvement of practical skills of general and biochemical blood analysis interpretation



 20 mines
5. 
 Self-contained work of students under the direction of the teacher on general and biochemical blood analysis interpretation of case reports
 
 25 mines
6. 
 Discussion of results of general blood and biochemical analysis of the patients
10 mines
7. 
 The conclusion with filling diaries of practical skills of general blood analysis interpretation


 5 mines

 Total 

110 mines

Controlling self-independent work of students

1. Biochemical blood tests in inflammatory diseases of connective tussue

5 mines
2. Biochemical blood tests in myocardial infarction




5 mines
3. Biochemical blood tests in pathology of liver




10 mines
IX. THE INFORMATION BLOCK OF THE THEME

General blood analysis (Complete blood count)

Taking blood specimens. Blood is taken from the 4th finger of the left hand. The finger is first disinfected by a mixture of alcohol and ether. The skin on the side of the first phalanx is then punctured by a blood lancet to a depth of 2.5—3 mm. Blood should issue freely because any pressure on the finger will express other tissue fluids to impair the accuracy of studies. The first emerging drop of blood should be wiped off with dry cotton wool.
Normal General blood analysis (Complete blood count)


erythrocytes (RBC)  - female 3,5 - 4,5 х 1012 /l, male 4,0 - 5,5 x 1012 /l


hemoglobin - female 120,0 - 140,0 g/l, male 130,0 - 170,0 g/l


colour index (hemoglobin saturation of erythrocytes) -  0,85 - 1,1

reticulocyte count - in norm 0,2 – 1,0 %
ESR - female 2-15 mm/h, male 1-10 mm/h

platelet count (thrombocytes) – 150,0-400,0 х 109 /l
leucocyte count (WBC) – 4,0-9,0 х 109 /l
leucocyte formula (differential blood count):

	eosino-phils
	basophils
	myelo-cytes
	juvenile neutron-phils
	stab/band neutron-phils
	segmented neutronphils

	lympho-cytes
	mono-cytes


	1-5%
	0-1%
	 -
	 - 
	1-6%
	45-70%
	18-40%
	2-9%


Determining hemoglobin. The cyanmethemoglobin method has now been universally accepted as the most accurate and objective technique, which was approved by the International Standardization Committee (in haematology). The method is based on oxidation of hemoglobin (Hb) to methemoglobin (MetHb or Hi) by potassium ferricyanide. Methemoglobin reacts with CN-ion to form a stable red complex, cyanmethemoglobin (CNMetHb) or hemoglobin cyanide (HiCN). Its concentration can be measured on a spectrophotometer, photoelectrocolorimeter, or hemoglobinometer.

Concentration of hemoglobin in healthy people varies from 120-140 g/1 in women and from 130-170 g/1 in men.

Erythrocyte counting. In order to count erythrocytes in the chamber, blood is diluted to 1:200 in 3.5 per cent sodium chloride solution. To that end 0.02 ml of blood is added to 4 ml of the diluting solution. The mixture is stirred thoroughly and transferred into the counting chamber.

The counting chamber is a glass plate with one or two counting grids. Counted are not only the cells inside the square but also those lying by two lines (e.g. the left and the upper line) without counting blood cells lying on the right and lower line. The quantity of erythrocytes counted in 5 greater squares is recalculated with reference to one litre.

Normal erythrocyte counts in women are 3.9-4.7 x 1012 and in men 4-5 x 1012per 11 of blood.

There are instruments by which the counting procedure is either simplified or automated. These are erythrohaemometres and absorptiometres where concentration of erythrocytes is assessed by the amount of absorbed or scattered light passed through a suspension of erythrocytes, or directly reading automatic instruments. In the latter case blood cells pass a narrow capillary to change resistance of an electric circuit.
Anemia is a pathological condition characterized by decreased number of erythrocytes and/or hemoglobin content in a blood unit volume due to their general deficiency. 

Once the quantity of erythrocytes and hemoglobin in a given blood specimen is known, it is possible to calculate the hemoglobin content of each erythrocyte. There are many methods by which haemoglobin saturation can be determined. One of them is the calculation of the colour index. This is a conventional value derived from the ratio of hemoglobin to the number of erythrocytes. This value is found by dividing a tripled quantity of hemoglobin in grams by the first three figures expressing the quantity of erythrocytes. Normally this value approaches 1 (normochromia 0,85 - 1,1). If it is less than 0.85 (hyporchromia), the erythrocyte saturation of hemoglobin is insufficient; if the value exceeds 1.1 (hyperchromia), the volume of erythrocytes is higher than normal. Oversaturation with hemoglobin is impossible. A normal erythrocyte is saturated with hemoglobin to the utmost limit.

At the present time, in accordance with the general tendency to express blood constants in absolute values, the weight percentage of hemoglobin in erythrocytes is calculated, instead of determining the colour index of the blood. To that end hemoglobin content in one litre is determined and the found quantity divided by the number of erythrocytes in the same volume. Normally one erythrocyte contains 33 ng of hemoglobin.

Erythrocytes are studied in the blood smears. The size, shape, colour and cell inclusions should be assessed. Normal erythrocytes in the smear are rounded, their diameter is varying. The size of erythrocytes often changes in anemia of various nature. Excessive variation in the size of erythrocytes is called anisocytosis. Prevalence of smaller erythrocytes (microcytosis) occurs in iron deficiency anemia. Macrocytosis develops in hemopoietic dysfunction of the liver. Megalocytes (large, oval hyperchromic erythrocytes formed during maturation of megaloblasts) appear in the blood of patients with vitamin B12 deficiency (vitamin B12-deficiency anemia). In pathological conditions of erythrocyte maturation, along with anisocytosis, the change in the shape of erythrocytes (poikilocytosis) is also observed; in addition to round erythrocytes, blood contains also erythrocytes of oval, pear-shaped and other configurations. 
If erythrocytes are undersaturated with hemoglobin (colour index less than 0.85) they are poorly stained to become hypochromic; in vitamin B12 deficiency they are coloured intensely, i.e. hyperchromic (colour index higher than 1.1). A mature erythrocyte is oxyphilic, i.e. coloured pink. An immature erythrocyte is polychromatophilic. In supravital staining these erythrocytes appear as reticulocytes (see below). Normal blood contains polychromatophilic erythrocytes in meagre quantity: single cells per 1000 erythrocytes. Since they are less noticeable than reticulocytes, the latter are counted to assess the number of juvenile polychromatophilic cells. The importance of this count is that the number of reticulocytes in the blood is a measure of the activity of the bone marrow. Normally this number is 2-10 per 1000 erythrocytes. Erythropoiesis is activated in blood loss and hemolysis, and the number of reticulocytes in normal bone marrow and peripheral blood increases. The absence of this increase indicates decreased function of the bone marrow and conversely reticulocytosis in the absence of anemia indicates latent but well compensated loss of blood. High reticulocytosis is observed in effective treatment of vitamin B12 deficiency anaemia.

In erythropoietic hypofunction of the bone marrow, more immature nuclear (but still containing nuclei) elements of the red blood, i.e normoblasts and erythroblasts, are delivered into the blood from the bone marrow. During maturation of erythrocytes in pathological conditions, nuclear remnants, known as Jolly bodies, may be preserved. These are round chromatin formations 1—2 /mi in size, stained cherry-red. Red Cabot rings (thread-like rings or convolutions) may also remain. They are believed to be the remnants of the nuclear envelopes, and occur mostly in vitamin B12 deficiency anemia.

Basophilic granulation of erythrocytes is also the result of their abnormal maturation. Blue granules are seen against the pink background during ordinary staining of a fixed smear. It should not be mistaken for reticulocyte granulation which is revealed only in supravital staining. Basophil-granular erythrocytes occur in B12 deficiency anemia and some intoxications, especially in lead poisoning.

Reticulocytes are stained in unfixed smears of fresh blood in which erythrocytes are still alive. Various alkaline dyes are used to stain smears by various techniques. Best results are attained with brilliant cresyl blue. Mature erythrocytes are stained green. Against this background, reticulocytes (depending on their maturity) have blue granules, filaments, or other formations that may resemble a crown, a ball, or a network. Filaments and grains are more mature forms and they usually predominate in reticulocytes.

Erythrocyte sedimentation rate (ESR, СОЭ rus.). Erythrocytes do not clog together in the stream of blood because they are all negatively charged. If a blood specimen is placed in a vertical vessel and an anticoagulating agent is added to it, erythrocytes gradually settle by gravity. Then they agglomerate into heavier groups which precipitate at a faster rate. Agglomeration is promoted by some protein components of the plasma (globulins, fibrinogen) and by mucopolysaccharides. Therefore, the processes which increase their accumulation in the blood are attended by acceleration of erythrocyte sedimentation. This condition occurs in most inflammatory processes, infections, malignant tumours, collagenoses, nephroses, and tissue decomposition; to a certain measure, this acceleration is proportional to the gravity of the affection. In certain diseases erythrocyte sedimentation is not accelerated in their initial stage (epidemic hepatitis, typhoid fever); in other pathological conditions erythrocyte sedimentation rate is slowed (heart failure).

Erythrocyte sedimentation rate is not an independent diagnostic symptom; it only indicates the activity of the process. It is important in this aspect in the diagnosis of tuberculosis, rheumatism, and collagenosis. Changes in the erythrocyte sedimentation rate do not always agree with other signs of activity. For example, ESR lags behind the rate of temperature elevation and leucocytosis in appendicitis or myocardial infarction; its normalization is also slower than normalization of the mentioned symptoms. The normal ESR does not rule out the presence of disease which would be usually attended by an increased erythrocyte sedimentation rate. But it should be remembered that ESR does not increase in healthy people.

The Panchenkov method of ESR determination is widely used in the Belarus. A Panchenkov capillary graduated in 1 mm (100 divisions) is used for the purpose. The number of millimetres of a settled plasma column is noted in 60 minutes. The normal rate for men is 2-10 mm/h and for women 2—15 mm/h.
Thrombocytes (platelets). Their normal number is 150.0-400.0 x 109 per 1 of blood. If the number of thrombocytes decreases significantly (thrombocytopenia), a tendency to hemorrhages develops. The critical figure at which hemorrhage occurs is believed to be 30 x 109 per 1. Thrombocytopenia occurs in affection of the bone marrow by infectious causative agents, some medicinal preparations, ionizing radiation, and in auto-immune processes. Thrombocytosis occurs after hemorrhage, in polycythaemia, and malignant tumours.

Leucocyte counting. Blood for counting leucocytes is diluted either in a special mixer or a test tube. A 3—5 per cent solution of acetic acid destroying erythrocytes is mixed with a small amount of a suitable aniline dye to stain leucocyte nuclei. The counting chamber is filled as for counting erythrocytes. It is convenient to count leucocytes in 100 greater (undivided) squares. The normal leucocyte counts are 4.0-9.0 x 109 per 1 of blood.

The leucocyte formula is counted in stained smears. Romanovsky-Giemsa staining method is commonly used. The stain is a mixture of weakly acid (eosin) and weakly alkaline (azure II) stains. Depending on the reaction of the medium, the cells and their parts differently accept the stain: acid (basophilic) substances are coloured blue by azure, while alkaline (oxyphilic) substances are coloured red by eosin. Neutral substances accept both dyes and turn violet. Azure II, which is generally blue, contains a small quantity of azure I. In some cells the cytoplasm contains grains which selectively accept red azure I. The grains are called azurophilic.

Differential blood count is the percentage of separate forms of blood leucocytes. In order to ensure accuracy, it is necessary to observe not less than 200 leucocytes using the immersion system. When 200 cells are thus counted, the number of each leucocyte is divided by two.

Leucocytes quickly respond to various environmental factors and changes inside the body. Shifts in their counts are very important diagnostically. But individual variations in leucocyte composition are quite significant and it is therefore necessary to compare individual findings not with the average values, but with a certain range within which these variations are normal
When assessing the composition of leucocytes, it is necessary to bear in mind that changes in percentage ratios can give an incorrect picture of the shifts occurring in the blood. For example, an increase in the absolute amount of a given type of cells in the blood decreases the percentage of all other cell elements. The picture is reverse with decreasing absolute amount of this given type of blood cells. A correct conclusion can be derived not from relative (percentage) but absolute values. 
The total quantity of leucocytes alone is of great diagnostic significance, because it characterizes the condition of the hemopoietic system and its response to harmful effects. The increased number of leucocytes (leucocytosis) is the result of activation of leucopoiesis. The decreased number of leucocytes (leucopenia) depends on the inhibition of the hemopoietic organs, their exhaustion, increased decomposition of leucocytes under the effect of antileucocytic antibodies, etc.
Neutrophils are the most changeable group of leucocytes. Their number increases in many infections, intoxication, and tissue decomposition. Neutropoiesis is characterized not only by the increased total number of neutrophils but also by the appearance in the blood of immature forms: the quantity of stab neutrophils increases; juvenile neutrophils and even myelocytes appear. This rejuvenation of the neutrophil composition is called the blood shift to the left, because the figures grow on the left side of the laboratory blank where leucocyte counts are normally recorded. Regenerative and degenerative shifts are distinguished. In the regenerative shift to the left the mentioned changes are observed, while in the degenerative shift to the left, the number of stab neutrophils only increases along with the degenerative changes in neutrophils in the absence of leucocytosis (vacuolization of cytoplasm, nuclear pyknosis, etc.). The regenerative shift indicates active protective response of the body, while the degenerative one indicates the absence of this response. The protective role of neutrophils consists in phagocytosis, bactericidal action, and production of proteolytic enzymes promoting resolution of necrotized tissue and healing of wounds.

The regenerative shift to the left occurs most frequently in the presence of an inflammatory or necrotic focus. An especially marked shift to the left (to promyelocytes and even myeloblasts in the presence of significant leucocytosis) is called leucaemoid reaction. The number of neutrophils decreases (absolute neutropenia) in the presence of the inhibiting action of toxins of some microbes (e.g. causative agents of typhoud fever or brucellosis) and viruses, ionizing radiation, and some medicinal preparations. In grave toxicosis, granularity of neutrophils becomes even more pronounced, the granules become larger and coloured; this granulation is called toxicogenic.

Lymphocytes. The absolute number of lymphocytes increases less frequently. Lymphocytosis occurs during recovery in acute infectious diseases, infectious mononucleosis, infectious lymphocytosis, lymphoid leucosis, rubella, brucellosis, and thyrotoxicosis. More frequently lymphocytosis is only relative, associated with a decreased number of neutrophils (like relative lymphopenia in the presence of increased number of neutrophils). Absolute lymphopenia occurs in radiation sickness and systemic affections of the lymphatic system: lymphogranulomatosis and lymphosarcoma.
Indistinct spots are sometimes revealed in blood smears; they are stained like the nuclear substance of leucocytes. These are Botkin-Gumprecht shadows, the remains of nuclear chromatin characterizing brittleness of leucocytes due to which they decompose (leucocytolysis).

Eosinophils are present in the blood in relatively small quantity but their number increases, and sometimes significantly, in allergic processes (serum sickness or bronchial asthma), in helminthiasis, and itching der-matosis. Eosinophilia in allergic processes is associated with the role played by eosinophils in removal of toxic substances produced in these reactions. Decreased number of eosinophils (eosinopenia), to their complete absence, occurs in sepsis, severe forms of tuberculosis, typhus, and poisoning.

Basophils are carriers of important mediators of tissue metabolism. Their number increases in sensitization of patients and decreases markedly during decomposition caused by the repeated administration of the allergen.

Increased number of monocytes (monocytosis) indicates development of the immune processes. Monocytosis occurs in some chronic diseases (e.g. chroniosepsis, tuberculosis, malaria, visceral leishmaniasis, syphilis) and in infectious mononucleosis. Monocytopenia sometimes occurs in severe septic (hypertoxic) forms of typhoid fever and other infections.

In rare cases, apart from the mentioned cells, normal blood contains plasma cells. Their number increases in pathology. The cells have an eccentrically arranged dense nucleus (often a wheel-like structure) and a markedly basophilic vacuolized cytoplasm. Their number increases in certain infectious diseases, wound sepsis, hypernephroma, myeloma, etc. These cells are probably responsible for the production of gamma globulins.

Biochemical tests
Biochemical tests in connective tissue inflammation include increase of C-reactive protein (CRP), α2-globulin and γ-globulin fractions, fibrinogen. The level of mucoproteins increases and it can be revealed by a diphenylamine test (increase of seromucoid and sialic acids).

Serum cardiac markers are used to support the diagnosis of acute MI:
 - creatine phosphokinase (CK) - CK-MB, the myocardial component of CK, is found in blood within 6 h of myocardial necrosis. Levels are elevated for 36 to 48 h;

 - cardiac-specific troponins - Troponin-T and Troponin-I are found in blood within 2-4 h of myocardial necrosis. Levels are elevated for 7 days;

 - lactic dehydrogenase (first enzyme) – LDH1 peaks at 3-4 days and remains for up to 10-14 days;

 - aspartate aminotrasferase (AST) increases by the end of the first day of the disease and normalizes in 4-5 days.

Biochemical syndromes of liver pathology

Hepatocellular insufficiency is a decreased concentration in the blood of substances synthesized by hepatocytes: 

 - serum albumins;

 - cholesterol;

 - prothrombin, proconvertin, fibrinogen;

 - serum cholinesterase (pseudocholinesterase). 

Cholestasis is an increased concentration in blood of substances excreted in bile by hepatocytes: 

 - cholesterol;

 - bile acids;

 -  bound bilirubin;

 - alkaline phosphatase (AP);

- γ-glutamyl transpeptidase (GGT);

 - copper.

Cytolysis is an increased concentration in blood of cytoplasmatic enzymes of hepatocytes:

 - aspartate aminotransferases (AsAT, AST);

 - alanine aminotransferase (AlAT, ALT);

- lactic dehydrogenase – fifth fraction (LDG5);

- γ-glutamyl transpeptidase (GGT).

Mesenchimal inflammation is an increased content of various globulin fractions produced by reticulohistiocytary cells of liver:

- globulins, (alpha, beta, gamma globulins);

- thymol turbidity test;

- ESR.
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