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Hematology 
 
 
HISTORY TAKING 
 
 
Abnormalities of the blood are associated with a wide range of symptoms and these are 
discussed in detail under diagnostic headings in subsequent parts of the book.  The intention of 
this section is to give an overview of history taking in patients with blood disorders.  Despite the 
advent of sophisticated laboratory equipment to test blood, a thorough history remains 
fundamental to accurate diagnosis.  In practice the history may precede and then follow the 
knowledge of a laboratory test abnormality.  Whatever the order of events, only by considering 
symptoms, physical signs and laboratory results in conjunction can the correct conclusion be 
reached and the patient managed in the appropriate psychosocial setting . 
 
 
HISTORY OF THE PRESENTING COMPLAINT 
 
A few patients are asymptomatic and have an unpredictable abnormality detected on a routine 
blood count. Most patients present to the doctor with complaints dependent on the nature of the 
change in the blood.  Some will have several blood abnormalities and present with a large 
number of symptoms.  Despite this complexity it is possible to highlight some common groups 
of symptoms (Table 1). 
 
Symptoms attributable to anaemia (low haemoglobin concentration) 
Patients with anaemia have a reduced supply of oxygen to the tissues.  Symptoms include 
fatigue, weakness, dyspnoea, palpitations, headaches, tinnitus and chest pain (due to 
exacerbation of angina).  The symptoms are affected not only by the severity of the anaemia 
but by its speed of onset.  Anaemia which develops rapidly is usually less well tolerated and 
patients are more debilitated. 
 
Symptoms attributable to a low white cell count (leucopenia) It is usually a reduction in 
neutrophils (neutropenia) which causes clinical problems.  Patients are susceptible to infections, 
the risk rising sharply at neutrophil counts below 0.5 x 101/1.  Serious blood diseases such as 
acute leukaemia can present as life-threatening infections or as apparently trivial infections (e.g. 
a sore throat) which are unusually refractory to treatment.  Perineal sepsis can be a particular 
problem. 
 
Symptoms attributable to a low platelet count (thrombocytopenia) 
Thrombocytopenia leads to a haemorrhagic tendency and common presentations include 
epistaxes (nose bleeds), bleeding from gums, menorrhagia (heavy periods) and excessive 
bleeding after trauma or surgery.  Patients may also complain of easy bruising or a petechial 
rash.  Spontaneous bleeding is usually restricted to platelet counts below 20 x 109/I.  In 
disorders of platelet function similar symptoms may occur even when the count is normal. 
 
Symptoms attributable to abnormal coagulation 
Patients with a defect in the coagulation cascade (e.g. low factor VIII level in haemophilia A) 
bleed easily after surgery and trauma but the pattern of spontaneous haemorrhage is normally 
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different to that seen in platelet disorders.  The commonest complaints are of bleeding into 
joints (haemarthroses) and muscles.  Lifelong symptoms suggest an inherited abnormality 
whilst recent onset is consistent with an acquired aetiology. 
 
 
Symptoms attributable to infiltration by malignancy 
 
Malignant disorders of the blood such as leukaemias and 
lymphomas have the capacity to invade tissues. Patients may complain of lumps in the neck, 
axillae or groin caused by lymphadenopathy or of abdominal pain or distension caused by 
splenomegaly. Involvement of the nervous system may manifest as headache, pain in 
dermatomal distribution or loss of function. 
The severity, quality and temporal characteristics of pain may or may not be helpful in identifying 
an underlying blood disorder. The pain of the vaso-occlusive crisis of sickle cell anaemia is often 
distinctive whereas the chronic low back pain of myeloma is all too easily dismissed.  
 
A thorough systemic enquiry is essential as blood abnormalities are more often caused by a 
systemic disease than by a specific blood disease.  It can be difficult to establish whether the 
primary problem is in the bone marrow or if the blood is 'reacting' to pathology elsewhere.  One 
example is a high platelet count (thrombocytosis).  This may be caused by the bone marrow 
disorder essential thrombocythaemia but equally can be secondary to infection, inflammation or 
malignancy ('reactive thrombocytosis').  Only by excluding a non-haematological aetiology can 
the diagnosis of essential thrombocythaemia be confidently made.  On occasion the 
haematological diagnosis prompts a return to a particular part of the systemic enquiry.  Thus the 
finding of unexplained iron deficiency necessitates an exhaustive enquiry for symptoms of 
gastrointestinal disease associated with chronic blood loss. 
 
 
 
PAST MEDICAL HISTORY 
 
It is important to elicit a history of diseases which may have caused a haematological 
abnormality or which may affect the management of a primary blood disorder such as 
leukaemia.  Where there is a known abnormality in the blood count it is helpful to establish 
whether previous counts have been performed.  Where past results are available they will 
clarify whether the problem is of recent onset or longstanding.  For patients presenting with 
easy bruising or bleeding, previous surgical exposure is of particular interest.  The lack of 
excessive bleeding after surgery suggests that either the bleeding tendency is of limited 
significance or of more recent onset. 
 
 
DRUG HISTORY 
 
Drugs can cause haematological problems - some commoner examples are listed in Table 2. A 
careful drug history (wherever possible verified by checking tablets) may suggest a likely 
offending agent.  If the problem is of sufficient severity to cause concern the drug should ideally 
be discontinued and the blood count monitored to check resolution.  It is as relevant to obtain a 
history of allergy in haematology as in other areas of medicine.  Indeed, patients with 
haematological malignancies are often given an unusually large number of chemotherapeutic 
and antimicrobial agents and possible reactions have to be vigilantly documented to avoid 
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repeat exposure. 
 
 
FAMILY HISTORY 
 
As can be seen from Table 3, a number of blood diseases are inherited.  A knowledge of the 
mode of inheritance is useful in diagnosis and essential in counselling the patient and family.  A 
simple question as to the presence of 'anaemia' or a 'bleeding problem' in other family members 
can prevent unnecessary investigation and delay in diagnosis. 
 
 
 
SOCIAL HISTORY 
 
With the growing reliance on technology for diagnosis and treatment it can be surprisingly easy 
to forget that a blood disorder is affecting a 'real person'.  An understanding of the patient's 
normal lifestyle is particularly important where a chronic or serious disease is diagnosed.  Many 
people developing haematological malignancies are elderly and need support in the community 
including, perhaps, visits by social workers and nurses.  Often such diseases are incurable and 
expert management of symptoms has to be complemented by an understanding of the patient's 
need to sort out affairs and communicate the news to family and friends.  In working adults the 
onset of diseases like leukaemia with frequent clinic visits and hospitalisation can lead to 
unemployment and marital and financial difficulties.  In children chronic blood disorders such as 
haemophilia and the haemoglobinopathies may cause time lost from school and create stresses 
for the whole family.  Good practice of clinical haematology requires consideration of the 
far-reaching effects of the diagnosis and necessary treatment on the patient. 
 
 
 
MISCELLANEOUS 
 
Alcohol misuse can cause blood changes, the most common being macrocytosis (enlarged red 
cells).  A positive history will prevent unnecessary investigation for other causes.  Smoking is a 
cause of moderate polycythaemia (elevated haemoglobin) and appears to be associated with an 
increased incidence of acute leukaemia.  Travel to tropical areas raises the possibility of malaria 
and other tropical diseases which can affect the blood. 
 
 
 
History taking 
 

• In the diagnosis of blood disorders, the history is corn to the clinical examination and 
laboratory testing. 

• Blood abnormalities such as anaemia, leucopenia and thrombocytopenia lead to 
predictable groups of symptoms. 

• Blood abnormalities may be caused by systemic diseases, familial disorders and drugs.  
A thorough systemic enquiry, past medical history, drug history and family history 
should be elicited. 

• Serious and chronic blood diseases (e.g. leukaemia, haemoglobinopathies, 
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haemophilia) have major social implications for children and adults; these should be 
explored not ignored. 

 
 
 
Table 1 Common haematological abnormalities and associated symptoms 
 
 
 
Anaemia     Fatigue, weakness, dyspnoea, palpitations, 

headache, dizziness, tinnitus 
 
Leucopenia     Unusually severe or recurrent infections 
(particularly neutropenia) 
Thrombocytopenia    Easy bruising, excessive bleeding after  

trauma, spontaneous bleeding from mucous 
membranes 

 
Defective coagulation    Excessive bleeding after trauma,  
(e. g. key factor deficiency)   spontaneous bleeds into joints and muscles 
 
Infiltration by malignancy   ‘Lumps’ caused by lymphadenopathy, pain, 
(e. g. leukaemia, lymphoma)   neurological symptoms 
 
* The haematological abnormalities have many possible causes but will always tend to lead to 
the symptoms shown. 
 
 
 
Table 2 Possible haematological side-effects of drugs 
 
 
 
Marrow aplasia   Chloramphenicol (idiosyncratic) 
     Cytotoxics (dose-related) 
 
Haemolytic anaemia   Methyldopa 
     Penicillins 
 
Leucopenia/agranulocytosis   Phenothiazines 
     Sulphonamides 
 
Thrombocytopenia   Quinine 
     Thiazide diuretics 
 
*Many drugs have been implicated in all these abnormalities - the examples shown are some of 
the more common offenders. 
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Table 3 Some inherited blood disorders 
Red cell disorders 
Disorders of the membrane   Hereditary spherocytosis and  
       elliptocytosis 
 
Disorders of haemoglobin    Thalassaemias and sickle syndromes 
 
Disorders of metabolism    Glucose-6-phosphate dehydrogenase 
       and pyruvate kinase deficiencies 
 
 
Factor deficiency     Haemophilia A and B 
 
Combined factor and platelet abnormality  Von Willebrand's disease 
 
Platelet abnormality     Bernard-Soulier syndrome (rare) 
 
 
White cell disorders     Rare functional disorders 
       (e.g. chronic granulomatous disease) 
 
The mode of inheritance of these disorders is discussed in the relevant sections. 
 
 
Abnormalities of the blood may arise as a result of a primary disorder of the bone marrow (e.g. 
leukaemia) or from a wide range of systemic disorders.  A thorough clinical examination is vital 
both to confirm a likely diagnosis and to exclude coexistent problems.  There is not space here 
to detail all the elements of clinical examination; we have concentrated on aspects of the 
examination most relevant to patients with a primary blood disorder. 
 
 
LOOK AT THE PATIENT! 
 
It is easy to examine a patient carefully without properly observing them.  A deliberate 
inspection of the patient's face whilst taking the history may reveal vital clues even before the 
formal examination is commenced.  Common examples include the pallor of iron deficiency 
anaemia, the lemon tint of megaloblastic anaemia, the jaundice of a haemolytic anaemia, and 
the plethora of polycythaemia.  Before laying a hand on the patient, a careful inspection of the 
mouth and skin may also point to particular blood abnormalities or disorders (Table 1).  The 
patient's ethnic origin can be of relevance.  Sickle cell anaemia is an unlikely diagnosis in a 
patient with white skin while pernicious anaemia is equally unlikely in a patient with black skin.  
Children with chronic blood disorders such as haemoglobinopathies are frequently thinner and 
shorter than their healthy peers. 
 
GENERAL EXAMINATION 
 
Careful observation should be followed by a methodical examination of the major systems.  The 
possible abnormalities in each system which may be seen in blood diseases are too numerous 
to detail here.  They are referred to in the relevant sections describing each disease.  Although 
examination should be ordered, in a busy clinical practice it is often necessary to prioritise.  
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Rectal examination is not routine in all patients with blood disorders but is definitely indicated in 
unexplained iron deficiency to exclude an otherwise asymptomatic rectal carcinoma; it is 
contra-indicated in patients with suspected leukaemia and neutropenia.  Similarly, an 
exhaustive examination of the major joints is not universally performed but is crucial in a patient 
with haemophilia. 
 
Table 1 Observation of the patient with a blood disorder.  
Some common signs and their possible clinical relevance. 
 
Clinical sign   Possible haematological abnormality 
 
Face 
Pallor   Any anaemia 
Lemon tint   Megaloblastic anaemia 
Jaundice   Haemolytic anaemia 
Plethora   Polycythaemia 
 
Mouth 
Ulcers   Neutropenia 
Glossitis   Megaloblastic anaemia 
   Iron deficiency anaemia 
Angular stomatitis   Iron deficiency anaemia 
Candida ('Thrush')   lmmunosuppression 
 
Skin 
Pallor   Any anaemia 
Jaundice   Haemolytic anaemia 
Excessive bruising   Coagulation disorder, thrombocytopenia 
Purpuric / Pelechial rash Thrombocytopenia 
Leg ulcers   Sickle cell anaemia 
 
 
EXAMINATION OF THE LYMPH NODES 
 
Lymph nodes may be enlarged in primary blood disorders and systemic diseases.  Enlargement 
is referred to as ‘lymphadenopathy' or just 'adenopathy'. 
The differential diagnosis differs in generalized and localised forms of lymphadenopathy (Table 
2).  In practice, palpable lymphadenopathy is usually limited to the cervical, axillary and inguinal 
areas. 
Enlargement of the cervical lymph nodes is the most common cause of a swelling in the neck 
and, if massive, may be easily visible. Following careful inspection of the neck, it is easiest to 
examine the cervical nodes from behind the seated patient, methodically palpating the 
anatomical areas detailed. As for all lumps it is important to document not only the size and 
location of enlarged nodes, but also the shape, consistency and presence of tenderness.  
Lymphadenopathy secondary to infection is more often tender than that due to malignancy.  
Nodes involved by carcinoma are characteristically stony hard whilst those involved by 
lymphoma are more 'rubbery'.  The presence of cervical adenopathy should always prompt a 
thorough examination of the head and neck to detect a local cause (e.g. malignancy or 
infection); formal ear, nose and throat examination is often indicated. 
The axillary nodes are best examined with the patient supine and the arm supported by the side, 
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the examiner using the right hand to gently palpate the left axilla and the left hand for the right 
axilla.  Anatomically, the nodes are divided into media], lateral, posterior, central and apical 
groups.  Examination of inguinal nodes is most easily performed whilst examining the abdomen.  
Care must be taken not to confuse inguinal adenopathy with an irreducible femoral hernia.  
Enlarged abdominal lymph nodes may cause an abnormal fullness of the central abdomen on 
palpation. 
On occasion it is difficult to be certain that nodes are pathologically enlarged.  Interpretation 
must take account of the patient's age and occupation.  Large tonsillar glands are common in 
children, whilst people exposed to repeated minor injuries of the hands and feet often have 
some lymphadenopathy in the draining areas.  A period of observation can be helpful.  If 
serious doubt persists then a surgical biopsy is indicated. 
 
 
Table 2 Common causes of lymphadenopathy 
 
Localised 
Local bacterial or viral infection 
Lymphoma 
Metastatic malignancy 
 
Generalised 
Systemic Infection 
- bacterial (e.g. tuberculosis) 
- viral (e.g. Epstein-Barr, HIV) 
Lymphoma 
Other haematological malignancy (e.g. leukaemia) 
Inflammatory disease (e.g. connective tissue disorder, sarcoid) 
Disseminated malignancy 
 
 
 
EXAMINATION OF THE SPLEEN 
 
 
 The spleen is enlarged in many blood disorders and in some systemic diseases (Table 
3). The presence of a palpable spleen and its characteristics often narrow the differential 
diagnosis considerably. Examination of the spleen is frequently done badly. It is easy to miss a 
slightly enlarged spleen which is just palpable ('tippable') and it is also embarrassingly easy to 
miss a spleen which is massively enlarged. However, neither of these mistakes are likely if the 
examination is conducted as below. 
 The patient should be examined on a suitable examination couch or bed and should be 
encouraged to relax. The whole abdomen is exposed - ideally from the nipples to the knees. The 
examiner sits or kneels to allow palpation with a (warm) hand with the forearm horizontal to the 
abdomen. First, the abdomen is inspected for a visible mass and the patient is asked if they 
have any abdominal tenderness. 
It is normal to palpate the whole abdomen and then examine the major organs in turn.  The 
spleen enlarges from below the tenth rib along a line heading for the umbilicus.  Palpation for 
the spleen is commenced in the right lower quadrant of the abdomen, otherwise massive 
enlargement can be missed.  The hand is moved in stages towards the tip of the left tenth rib 
whilst the patient takes deep breaths.  The edge of an enlarged spleen connects with the tips of 
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the index and middle fingers during deep inspiration.  If the spleen is not palpable using this 
technique, it is worth rolling the patient slightly onto the right side with the examiner's left hand 
held firmly behind the left lower ribs. This latter manoeuvre may lift forward a slightly enlarged 
spleen and make it palpable on deep inspiration. 
The following features are typical of an enlarged spleen: 
 
· It has a characteristic shape and sometimes a palpable notch on its upper edge 
· You cannot get above it 
· It moves with respiration 
· It is dull to percussion 
· It cannot be felt bimanually or balloted. 
 
In practice an enlarged spleen is most likely to be misidentified as an enlarged left kidney.  
However, the kidney is not dull to percussion (it is covered by the colon) and it can be felt 
bimanually and balloted.  It is worth listening with a stethoscope over an enlarged spleen as 
inflammation of the capsule may cause an audible 'splenic rub'.  The spleen is usually uniformly 
enlarged and it is not generally possible to identify the underlying disorder by palpation alone.  
The degree of enlargement does, however, give a diagnostic clue (Table 3). 
 
 
 
Examining the patient 
 

• The clinical examination is an important part of the diagnosis of blood disorders. 
  It is helpful to carefully observe the patient prior to the formal examination of systems. 

• In routine clinical practice some aspects of examination are prioritised (e.g. rectal 
examination in unexplained iron deficiency). 

• Proper examination of the lymph nodes requires familiarity with the normal anatomical 
groups and the causes of enlargement. 

• Examination of the spleen is frequently badly pe@ormed; with poor technique even 
massive 

 
Table 3 Common causes of splenomegaly 
 
Degree of  Centimetres palpable  Causes 
enlargement  Below costal margin 
 
Slight   0 – 4     Various acute and chronic  
         infections (e. g. septicaemia,  
         tuberculosis) 
  
Moderate  4 – 8     Haemolytic anaemia 
         Infectious mononucleosis 
         Portal hypertension 
 
Massive  Greater than 8    Myelofibrosis 
         Chronic myeloid leukaemia 
         Primary polycythaemia 
         Lymphoma 



9 

 

         Malaria 
         Leishmaniasis 
Note: The division by size is clinically helpful but disorders associated with massive 
splenomegaly may also cause lesser degrees of enlargement. 
 
 
 
 
 
 
Diagnosis of most blood disorders is possible from a combination of clinical history, clinical 
examination and relatively routine laboratory tests.  Haematology laboratories are now heavily 
dependent on complex electronic machinery.  The ubiquitous full blood count (FBC) is the 
archetypal haematological investigation and is performed by specialised automated cell 
counters.  However, despite the accessibility of modern technology, the more simple traditional 
techniques of blood and bone marrow film spreading, staining, and light microscopy remain 
essential parts of the haematologist's repertoire. 
 
 
THE BLOOD COUNT 
 
Many of the diseases discussed in this book are first suggested by an abnormality in the blood 
count (often referred to as the full blood count).  The test is performed on a small specimen of 
anticoagulated venous blood; the normal anticoagulant is ethylene diamine tetra-acetic acid 
(EDTA).   As can be seen it contains a large amount of numerical information pertaining to the 
three cell lines in the peripheral blood: red cells (and haemoglobin), white cells (with a differential 
count of each specific cell type) and platelets. 
When interpreting the report it is sensible to initially focus on the haemoglobin (Hb) 
concentration, total white cell count (WCC) and platelet count - most blood abnormalities of 
clinical significance are associated with a derangement of at least one of these values.  Much of 
the remaining information details the nature of the red cells and their degree of 
haemoglobinisation, and the precise make-up of the white cell count.  The former values are 
helpful in the diagnosis of anaemia, and the latter in the diagnosis of a variety of diseases of 
white cells (e.g. leukaemias) and reactions to systemic disease.  To understand the role of the 
automated blood count in clinical practice, and particularly its limitations, it is helpful to 
understand how the numerical values are generated. 
 
 
Automated haematology counters 
The two essential functions of the automated blood cell counter are the measurement of Hb 
concentration in the blood and the counting and sizing of blood cells. 
Most counters use a modification of the traditional cyan-methaemoglobin method to measure 
Hb concentration.  In essence, blood is diluted in a solution where Hb is converted to 
cyanmethaemoglobin and then the Hb concentration derived from the light absorbence (optical 
density) of the resultant solution measured by a spectrophotometer.  Automated machines have 
at least two channels for cell counting.  In one, red cells and platelets may be counted and in 
the other red cells are lysed leaving white cells for analysis.  Extra channels are often used for 
differential white cell counting and reticulocyte counting.  There are two basic methods for cell 
counting and sizing: electrical impedance and light scattering. 
The electrical impedance method relies on blood cells being very poor conductors of electricity.  
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Thus, when the cells are passed in a stream through a narrow aperture across which an 
electrical current is maintained the individual cells create an increase in electrical impedance of 
a size proportional to the cell volume.  In the light scattering method the cells deflect a beam of 
light (often a laser beam) and a detector converts the scatter into pulses proportional to cell size.  
For sophisticated measurements such as the differential white cell count the two methods can 
be used together with addition of other modalities reliant on biochemical reactions and light 
absorbence. 
 Sophisticated though this technology is, automated cell counters are ultimately no 
substitute for the trained human eye.  Results outside the machine's numerical normal range or 
the presence of unusual circulating cells (e.g. leukaemic cells) should be flagged as being 
abnormal.  This alerts the operator who will return to the original blood sample to make a film. 
 
 
THE BLOOD FILM 
 
A blood film is simply made by smearing a drop of anticoagulated venous blood onto a glass 
slide with a glass spreader (Fig. 2a).  In larger laboratories film spreading can be automated.  
Following drying, the film is fixed with methanol and stained.  Routine stains are based on 
Romanows 's method - commonly used variants are the May-Grunwald- Giemsa (MGG) stain 
and Wright's stain.  Constituent dyes include methylene blue, azure B and eosin.  Once stained 
the blood film should be systematically studied under the light microscope - the normal 
appearance of a film stained by the MGG method is illustrated in.  Alternative stains are 
sometimes needed.  Visualisation of reticulocytes requires the use of a dye such as methylene 
blue on live unfixed cells ('supravital stain').  Malarial parasites are most easily seen following 
staining at a specific pH. 
 The first step in film examination is a decision as to whether the film is of adequate 
quality.  Either poor staining techniques or prolonged storage of the specimen may make the 
film worthless.  Any comment on the film appearance is usually appended to the blood count 
report .  The nomenclature used in film reporting can appear obscure; some more commonly 
used morphological terms are listed in Table 1. 
Where the film is significantly abnormal, examination of the bone marrow can give further 
diagnostic information. 
 
 
BONE MARROW EXAMINATION 
 
The clinical procedure for obtaining samples of bone marrow is described in the other text.  
From the favored site, the posterior iliac crest, it is possible to obtain both a marrow avpirate 
sample and a marrow trephine biopsy. 
 
Aspirate 
The aspirate is simply sucked through the needle and spread onto a glass slide; the marrow 
particles are normally easily visible.  The marrow is fixed and stained as for a blood film and 
additionally stained by Perl's method to demonstrate iron.  Microscopy and reporting is 
systematic with reference to the overall cellularity, the appearance and number of each normal 
cell line, possible infiltration by malignant cells, and any other pathological features.  The 
advantage of the aspirate specimen is that individual cells are well preserved and subtle 
morphological changes can be detected.  The major disadvantage is that the normal 
architecture of the marrow is lost. 
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Trephine biopsy 
The trephine biopsy is sectioned and normally stained by Romanowsky, and Haematoxylin and 
Eosin (H and E) methods.  Silver impregnation can be used to demonstrate marrow fibrosis and 
Perl's stain to highlight iron.  The trephine is less good than the aspirate for identifying 
morphological abnormalities of individual cells but it is better for detecting abnormalities of 
marrow architecture and infiltration by solid malignancy.  The two types of bone marrow sample 
are thus complementary. 
 
 
 
 
 
 
Laboratory haematology I blood and bone marrow 
 

• Many blood disorders are first suggested by an abnormality in the blood count - 
particularly in the haemoglobin concentration, total white cell count or the platelet 
count. 

• Automated haematology counters measure haemoglobin concentration and count and 
size blood cells. 

• Where the blood count is abnormal, examination of the blood film often reveals 
morphological abnormalities undetectable by the automated counter. 

• Significant blood abnormalities can be further investigated by examination of the bone 
marrow - aspirate and trephine biopsy specimens provide complementary information. 

 
 
    
LABORATORY HAEMATOLOGY II – Coagulation and the acute phase response 
 
 
SIMPLE TESTS OF BLOOD COAGULATION 
 
Despite the complexity of haemostasis (P. 12) it is possible to make a general assessment of 
coagulation with a few relatively simple first-line tests.  As an initial screen of haemostatic 
function the following tests should be combined with a blood count and film to determine platelet 
number and appearance. 
 
 
The prothrombin time (PT) 
The test is performed by adding thromboplastin (usually an extract of rabbit brain or lung) to the 
patient's platelet-poor plasma, warming, and then adding calcium. The time to clot formation is 
recorded and the PT usually expressed as the ratio of the patient's time to a normal control time. 
The thromboplastin used should have been calibrated to allow this result to be converted to the 
International Normalised Ratio (INR) – the ratio which would have been obtained if the 
International Reference Thromboplastin preparation had been used in the test. The PT is 
essentially a measure of the efficiency of the extrinsic clotting system (factor VII) in addition to 
the functioning of factors V, X, prothrombin, and fibrinogen. 
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Activated partial thromboplastin time (APTT) 
This test is sometimes referred to as the partial thromboplastin time with kaolin (PTTK) or the 
kaolin cephalin clotting time (KCCT). Patient platelet-poor plasma is combined with contact 
factors (kaolin, phospholipid) and calcium and the time to clot formation recorded. The test 
measures the overall efficiency of the intrinsic pathway (i.e. factors VIII, IX, XI, XII) as well as the 
function of factors X, V, prothrombin and fibrinogen. 
 
 
Thrombin time (TT) 
Diluted thrombin is added to patient plasma and the clotting time recorded. The test measures 
the rate at which the conversion of fibrinogen to uncrosslinked fibrin occurs. Thus, the result is 
affected by quantitative or qualitative abnormalities of fibrinogen and by the presence of 
inhibitors such as fibrin/fibrinogen degradation products (FDPS) and heparin. In many 
laboratories the TT as a first-line test has been replaced by quantitation of plasma fibrinogen. 
 
Common clinical causes of abnormal first-line coagulation tests are shown in Table 1. 
Second-line tests may be needed for more precise diagnosis. In mixing experiments (or 
correction tests) patient plasma is mixed with normal or factor-deficient plasma prior to repeating 
first-line tests. If a particular coagulation factor is thought to be lacking, a quantitative assay can 
then be performed. A circulating inhibitor of coagulation is suggested by failure of the 
coagulation abnormality to be corrected by the addition of normal plasma. Many routine tests are 
now automated. Most coagulation instruments rely on measurement of changes in optical 
density to detect clot formation. 
 
 
 
Table 1 Common causes of abnormal first-line clotting tests  
Test prolonged Prothrombine time APTT Thrombin time  
 
 Warfarin  Heparin DIC  
Common Liver disease Haemophilia Liver disease  
causes Vit K deficiency vWD Heparin 
 DIC  DIC 
   Liver disease  
   Lupus anticoagulant 
 
APTT activated partial thromboplastin time; DIC, disseminated intravascular coagulation; vWD, 
von Willebrand's disease 
 
 
MEASUREMENT OF THE ACUTE PHASE RESPONSE  
In assessing patients with ill-defined symptoms it can be helpful to measure activation of the 
acute phase response, the body's response to tissue damage. Evidence of activation of the 
acute phase response suggests a physical cause for symptoms.  
Possibilities include trauma, infections, neoplasia and autoimmune disease.  Serial 
measurements can be useful in monitoring the effects of treatment.  The most widely used 
measurements of the acute phase response are the erythrocyte sedimentation rate (ESR), the 
plasma viscosity, and C reactive protein. 
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ESR 
In this simple and inexpensive test venous blood (in citrate anticoagulant) is drawn up into a 
vertical tube (Fig. 1) and allowed to stand for one hour.  The red cells settle out of suspension 
and the length of plasma cleared after the hour is measured.  The normal values are less than 5 
mm/hour in men and less than 7 mm/hour in women, although values of up to 15 mm/hour are 
not infrequent in those over 60 years old.  The test mainly reflects fibrinogen levels but is also 
influenced by a2 macroglobulin, immunoglobulins and albumin.  These proteins buffer the 
electrostatic repellent forces on the red cell membrane and allow the cells to come together and 
form reversible aggregates or rouleaux which fall more quickly through the plasma.  The ESR 
result is affected by the haemoglobin concentration with high values seen in anaemia and low 
values in polycythaemia.  A fresh sample must be processed as the result also changes over 
time. 
 
 
Plasma viscosity 
This measurement is another indirect effect of the acute phase response, the result correlating 
with fibrinogen and immunoglobulin levels.  The plasma viscosity has some advantages over 
the more traditional ESR.  The normal range is the same in mates and females and the result is 
also independent of haemoglobin concentration.  The sample can be taken from the EDTA 
anticoagulated blood count bottle and the test does not need to be performed immediately.  The 
normal range, which is temperature dependent, is detailed in Table 2. Plasma viscosity 
measurement has direct pathophysiological relevance in myeloma where very high values are 
seen in the hyperviscosity syndrome. 
 
 
 
 
Table 2 Clinical significance of the plasma viscosity 
 
 Plasma viscosity (mPa.s)    measured at 
  25'C   37C 
 
Normal range*  1.50-1.72 1,15-1.35 
Acute/chronic organic diseases  1.75-2.55 1.36-1.99 
(malignancy, infection, etc.) 
Need to exclude paraproteinaemias/  > 2.55  > 2.00 
hyperviscosity syndrome 
 
*Slightly higher levels can be seen in normal older people 
 
 
 
 Urine electrophoresis.  The highlighted sample proteinuria and the presence of Bence-Jones 
(immu protein (red ow) in a patient with myeloma and re 
 
 
 
  Flow cytometry. Haematopoictic stem cells labeled with monoclonal antibody to CD34 
conjugated to the fluorochrome fluorescein isothyocyanate (FITC). (Courtesy of Coulter 
Electronics Ltd.) 
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C reactive protein (CRP) 
This easily measured protein is elevated in most types of tissue injury.  The CRP is usually 
increased within 6-8 hours of the insult.  The normal range is up to 2 mg/] with levels of 10-40 
mg/l in severe viral infections, levels of 40-200 mgA in bacterial infections and levels over 300 
mgA in severe bums.  CRP results are not influenced by anaemia. 
Other possible measures of the acute phase reaction include quantitation of fibrinogen, 
haptoglobins, alpha-l-antitrypsin and anti-chymotrypsin.  These all rise following tissue damage 
but some acute phase reactants (notably albumin and transferrin) actually fall. 
 
 
ELECTROPHORESIS 
 
Electrophoresis has two routine applications in haematology.  In the diagnosis of 
haemoglobinopathies (e.g. sickle cell anaemia), cellulose acetate electrophoresis at alkaline pH 
is used to separate the abnormal haemoglobins.  Citrate agar electrophoresis at a lower pH 
may be helpful in selected cases.  In the investigation of myeloma, serum and urine 
electrophoresis is performed to detect the monoclonal immunoglobulin or light chains 
characteristic of the disease . 
 
 
FLOW CYTOMETRY 
 
Flow cytometry is essentially the measurement of the characteristics of cells passing in a fluid 
stream through a detection apparatus.  The automated cell counters described in the previous 
section are the major application of the flow cytometry principle in haematology but the 
technique also plays a key role in leukaemia diagnosis.  Leukaemic cells often have a particular 
limmunophenotype' - a characteristic pattern of detectable antigens on the cell surface and in 
the cell cytoplasm (see also relevant disease sections).  The antigens are identified by cluster 
differentiation (CD) numbers.  Cells are incubated with specific CD monoclonal antibodies which 
are conjugated with a fluorochrome.  The flow cytometer is then used to detect populations of 
cells labelled by the fluorescent marker . 
 
 
 
Laboratory haematology II - coagulation and the acute phase response 
 

• Despite the complexity of haemostasis the coagulation mechanism can be assessed 
with a few relatively simple 'first-line' tests. 

 
• The term 'acute phase response' describes the body's response to tissue damage; 

commonly used measures include the ESR, plasma viscosity and C reactive protein. 
• Electrophoresis is routinely used in the diagnosis of haemoglobinopathies and in the 

investigation of myeloma. Flow cytometry methodology is exploited in automated 
blood cell counters and plays a key role in the characterisation of leukaemia. 
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