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NUR 2040 MEDICAL SURGICAL NURSING 3, LECTURE 1A (PATHO.), WEEK 1

BLOOD CELL ORIGINS, RED CELL, PLATELET AND HAEMOSTATIC PATHO.
Key Terms:
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polycythaemia
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haemolytic disease of the newborn












Objectives:

To review the normal types and parameters of human erythrocytes and leukocytes.

To examine the processes of haematopoiesis.

To categorise the major erythrocyte disorders and their features.





To overview the clinically important aspects of blood grouping.



To review normal platelet functions and examine common platelet diseases.



To review blood coagulation and the more common clotting disorders.

To highlight some widely used haematology medications.

Major Topics:
Normal blood cell parameters and characteristics




     
Haematopoiesis





Functions and fates of the formed elements of blood


     


Abnormal erythrocyte states




     
Aspects of blood grouping

Normal platelet functions and disorders





Blood coagulation and its disorders

Relevant Textbook Pages:
Smeltzer and Bare pages 729 - 755;  767 - 773;   786.

NORMAL BLOOD CELL PARAMETERS AND CHARACTERISTICS 

In the circulating blood of a healthy adult human there should be a

· RBC count of 4.5 million million/L (normal range: 4.2 - 6.1 x 1012/L);

· WBC count of 7 thousand million/L (normal range: 4.5 - 11 x 109/L);

· platelet count of 250 thousand million/L (normal range: 150 - 400 x 109/L);

· haematocrit (packed cell volume) that is 45% of the blood volume (normal range: 36-52%);

· haemoglobin content of 14 g%  or 140 g/L (range: 11.5 - 17.5 g%).

It is a clinically significant fact that

· formed elements of blood are only suspended in blood plasma;

· sediment out of static blood at a speed affected by the plasma protein levels (the ESR);

· all come from the same stem cell and mostly are made in the red bone marrow.

HAEMATOPOIESIS

This process

· is the formation of mature cells/platelets from a primitive cell called a haemocytoblast;

· involves several different development sequences directed by specific cytokines;

· moves ( embryonic blood islands ( liver, spleen, lymphoid organs ( bone marrow.
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Erythrocytes are 

· made in the red bone marrow in about 7 days via a nucleated myeloid precursor cell series;

· released into the blood stream as mature cells or as reticulocytes;

· made at a faster rate when the bone marrow is stimulated by erythropoietin (renal origins);

· filled with haemoglobin containing haem rings and 2 pairs of protein strands;

· the HbF type in foetuses and the HbA type in adults, the changeover occurring perinatally.

Leukopoiesis will be considered in a later lecture.

Thrombopoiesis occurs when platelets bud off from bone marrow cells called megakaryocytes.

Erythrocyte Pharmacology: Important haematopoietic agents are

· oral ferrous salts, for iron-deficiency anaemia but toxic if iron binding capacity is exceeded;

· iron polymaltose or other organic iron sources, given by injection if GI absorption is poor;

· folate and vitamin B12 for macrocytic/megaloblastic (pernicious) anaemias;

· erythropoietin, for chronic renal failure.

FUNCTIONS AND FATES OF THE FORMED ELEMENTS OF BLOOD

It is important to note that erythrocytes have the following characteristics:

· appearance: RBCs are anucleate, biconcave discs containing 33% haemoglobin; 

· functions: the reversible carriage of both oxygen and carbon dioxide;

· rheology: their diameter similar to that of a capillary and they can flex when necessary;

· survival: with no capacity for repair RBCs wear out in 120 days.

When haemoglobin disposal is to be performed by the body

· free haemoglobin is bound to haptoglobin then degraded, mainly by the liver and spleen;

· its protein strands and iron are recycled, the latter being stored as ferritin;

· haem rings are converted to bilirubin, which is solubilised by attaching it to albumin;

· in the liver the albumin is removed and the bilirubin conjugated with glucuronide;

· the bilirubin is then excreted in the bile, giving faeces its brown colour (stercobilin);

· some recycling occurs and part of this is excreted in the urine as urobilinogen.

In contrast, blood platelets are

· anucleate and foreign-surface-sensitive;

· generally used up in about 10 days sealing sites of vascular trauma.

Leukocyte fates and functions will be discussed in a later lecture.

ABNORMAL ERYTHROCYTE STATES
Red cells in the circulating blood can be abnormal in

· numbers;

· shapes and sizes, often being more fragile than normal;

· functions, with inferior stability or oxygen-carrying properties.
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Disorders involving abnormal erythrocytes are often subdivided as follows:

1.
anaemias, in which blood has a low haemoglobin content. These result from either

(a)
inadequate red cell production, secondary to

· congenital or acquired bone marrow damage (aplastic anaemia); 

· dietary deficiencies of iron, folate or vitamin B12 (megaloblastic anaemia);

· renal disease, which often lowers erythropoietin output;

or

(b)
high rates of red cell loss, caused by

· haemorrhage;

· inheritance of fragile cells (spherocytes, sickle or target cells, G-6-PD deficiency); 

· haemolytic agents (e.g. malaria, other pathogens and incorrect blood transfusions). 

2.
polycythaemias, namely

· stem cell neoplasia (polycythaemia vera: blood is too viscous to circulate properly);

· erythrocytosis (secondary polycythaemia) due to a greater need for oxygen transport. 

A very different kind of red cell abnormality is where 

· the red cells are genetically unable to make much haemoglobin (the thalassaemias);
· the oxygen affinity of the haemoglobin is inappropriate (true for HbF in adults);
· a higher affinity substance such as carbon monoxide is attached to the haem rings.
Common and clinically important manifestations associated with red cell malfunctions include

· fatigue and pallor, commonly seen in anaemia states;

· pancytopenia with petechiae and haemorrhaging, likely when the bone marrow is damaged;

· jaundice, hepatomegaly and splenomegaly, as in haemolytic anaemias and polycythaemias;

· haemoglobinuria, after extreme haemolysis, including blackwater fever (malaria);

· pain, felt when blood vessels are occluded, as in sickle cell anaemia and polycythaemias.

ASPECTS OF BLOOD GROUPING

Though leukocytes have MHC antigens on their outer membranes, erythrocytes and platelets (both anucleate) lack these antigens but still have on their surfaces

· ABO factors, which are potent antigens;

· Rh(D) and some lesser factors that are moderately strong antigens;

· a considerable number of other antigens that are universal/rare or immunologically weak.
Clinically significant features of these surface antigens are that

· only the ABO system has antibodies automatically present when the antigens are absent;

· sensitisation to the Rh(D) antigen is easily achieved, important for Rh-negative mothers;

· ABO antibodies are large and do not easily cross the placenta, unlike anti-Rh(D) antibodies;

· when blood group antigens and antibodies meet in the blood stream RBCs may agglutinate; 

· agglutinated red cells alter haemolyse, which is potentially life-threatening.
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Haemolytic disease of the newborn (HDN)
· occurs when a sensitised Rh(D)-negative mother carries an Rh-positive foetus; 

· makes a foetus/neonate severely hypoxic if an exchange transfusion is not performed quickly;

· involves extensive haemolysis of foetal/neonatal red cells;

· causes immature red cells to appear in the circulating blood (erythroblastosis fetalis);
· can be prevented by infusion of anti-Rh(D) just before or just after a sensitising delivery.

NORMAL PLATELET FUNCTIONS AND DISORDERS

Within the body, platelets

· aggregate on fibrin, collagen and other materials, forming platelet plugs;

· release clotting factors;

· bind to fibrin threads and slowly retract (shrink) blood clots, expressing serum;

· have surface antigens so repeated blood infusions usually cause immunological losses.

There are two basic kinds of platelet disorder:

1.
numerical abnormalities, which can be 

· an inherited or idiopathic (idiopathic thrombocytopenic purpura or ITP) low count;

· thrombocytopenia secondary to bone marrow damage or a high rate of platelet consumption;

· primary polycythaemia (a high count but often with minimal adverse effects);

· secondary thrombocytosis (rare).

2.
functional defects, including

· thrombasthenia, an autosomal recessive trait (platelets are not foreign-surface-active);

· von Willebrand's disease, an autosomal dominant trait that also affects Factor VIII.

BLOOD COAGULATION AND ITS DISORDERS

Clotting of blood plasma involves

· an intrinsic activation system (tested by the prothrombin time, normally about 12 seconds);

· an extrinsic activation system (tested by the partial thromboplastin time; 30 sec. is normal);

· a common pathway in which cross-linked fibrin threads are formed to 'gel' the blood;

· platelet-derived factors.

Coagulation disorders are often secondary to

· an inherited clotting factor deficiency (haemophilia A, B, or C);

· an acquired clotting defect (vitamin K deficiency or poisoning by vitamin K inhibitors);

· spontaneous clotting due to activation by 'scarred' vascular linings or as in DIC; 

· a low blood platelet count or defective platelets.

Pharmacology: For treatment and prophylaxis of life-threatening thromboembolic disorders

it is possible to use
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1.
heparin or a low MW heparin, which 

· should be administered IV or SC;

· acts instantly but only lasts 4-6 hours;

· can be neutralised (if in overdose) by protamine sulphate.

2.
vitamin K antagonists (warfarin) which are taken orally and

· take a day or two to become effective (their action is on protein synthesis in the liver);

· are useful prophylactically to lower the risk of spontaneous thromboemboli.

3.
platelet aggregation inhibitors (aspirin) to

· inhibit activation of the clotting by stabilising blood platelets;

· treat unstable angina and inhibit infarction and deep vein thrombosis.

4.
other medications that affect haemostasis, such as

· thrombin (for topical bleeding control), 

· vitamin K and purified clotting factors (especially for the haemophilias);

· fibrinolysis inhibitors, including aminocaproic acid; 

· streptokinase to dissolve intravascular clots by activating fibrinolysis. 

