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 Preface      

 This is the eighth edition of the book fi rst con-

ceived by Professor Gordon Whitby, Dr Alistair 

Smith and Professor Iain Percy - Robb in 1975. As 

with the fi rst edition, the book has been written 

primarily for medical students and junior doctors. 

The changes that have been introduced into 

the undergraduate medical teaching curriculum, 

including systems - based medicine, means that 

the book is now of relevance to each of the years 

of the course. In addition, we believe that the 

book is of value to specialist registrars, clinical 

scientists and biomedical scientists who are 

studying for higher qualifi cations to pursue a 

career in clinical biochemistry and metabolic 

medicine. 

 As with previous editions, the book has been 

modifi ed in response to a number of suggestions 

made by a group of students commissioned by 

Wiley to review the previous edition. In response 

to their comments, Wiley have introduced a 

further colour into this edition and improved the 

format of the text and tables to make the content 

clearer. The order of the chapters has also been 

revised to allow all endocrine chapters to run con-

secutively. On our part, we have reviewed and 

updated all chapters to refl ect current clinical prac-

tice and national guidelines, and we have included 

additional case studies since these have proved to 

be a very popular component of the book. It is 

interesting to note how lack of funding can prevent 

a useful test being introduced into clinical practice. 

In the 7th edition we were predicting that brain 

natriuretic peptide (BNP) measurements would 

play a pivotal role in the diagnosis of suspected 

heart failure in primary care. In the event, the 

introduction of BNP measurement into primary 

care in the UK has been slow due to lack of avail-

ability of adequate funding. 

 We have retained the objectives that have char-

acterised the book throughout each of its previous 

editions. As a consequence, the reader should gain 

a knowledge and understanding of the value, 

limitations and interpretation of the many bio-

chemical tests that are in common use in modern 

medicine. In addition we hope that this book will 

allow the reader to answer the questions fi rst raised 

in Asher ’ s Catechism published in the  British 

Medical Journal  in 1954 under the title  ‘ Straight and 

Crooked Thinking in Medicine ’ , namely: 

  Why do I request this test?  

  What will I look for in the result?  

  If I fi nd what I am looking for, will it affect my 

diagnosis?  

  How will this investigation affect my management 

of the patient?    

 We would like to thank Dr Jean Kirk for her help 

with the paediatric biochemistry section; Dr Allan 

Deacon for his views regarding the investigation of 

porphyria; and Dr Gordon Brydon for helpful com-

ments concerning tests of gastrointestinal func-

tion. We also wish to thank the staff at Wiley 

for their continued interest and support towards 

this title since its conception in 1975, and for 

this edition particularly Laura Murphy and Ben 

Townsend.   

  Geoff Beckett  

  Simon Walker  

  Peter Rae  

  Peter Ashby  
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Chapter 1

 Requesting and  i nterpreting  t ests     

   Introduction 

 Biochemical tests are crucial to many areas of 

modern medicine. Most biochemical tests are 

carried out on blood using plasma or serum, but 

urine, cerebrospinal fl uid (CSF), faeces, kidney 

stones, pleural fl uid, etc. are sometimes required. 

Plasma is obtained by taking whole blood into an 

anti - coagulant and represents the aqueous super-

natant obtained when all the cellular elements 

have been separated by centrifugation. Serum is 

the corresponing aqueous phase when blood is 

allowed to clot. For many (but not all) biochemical 

tests on blood, it makes little difference whether 

plasma or serum is used and the terms are often 

used interchangeably. 

 There are many hundreds of tests available in 

clinical biochemistry that include many specialist 

tests. However, a core of common tests makes up 

the majority of test requesting in clinical biochem-

istry. These core tests will be offered by almost all 

clinical biochemistry laboratories and will be avail-

able 24   h daily for more urgent situations. It is also 

sometimes appropriate to bring tests together in 

profi les, especially where a group of tests can 

provide better understanding of a problem than a 

single test (e.g. the liver function test profi le). 

Many of the other more specialist tests are restricted 

to larger laboratories or, in some cases, to a very 

small number of centres offering a regional or 

national service. 

 In dealing with the large number of routine test 

requests, the modern clinical biochemistry labora-

tory depends heavily on automated instrumenta-

tion. This is most often linked to a laboratory 

computing system which assigns test requests to 

electronic patient fi les, maintains a cumulative 

patient record and regulates the printing of reports. 

Increasingly, test requests can be electronically 

booked at the ward, clinic or even general practi-

tioner (GP) surgery via a terminal linked to the 

main laboratory computer. Equally, the test results 

can be displayed on computer screens at distant 

locations, even negating the need for issuing 

printed reports. 

 In this fi rst chapter, we set out some of the prin-

ciples of requesting tests and of the interpretation 

of results. The effects of analytical errors and of 

physiological factors, as well as of disease, on test 

results are stressed. Biochemical testing in differen-

tial diagnosis and in screening is discussed.  

  Collection of  s pecimens 

 Test requests require unambiguous identifi cation 

of the patient (patient ’ s name, sex, date of birth 

and, increasingly, a unique patient identifi cation 

number), together with the location, the name of 

Lecture Notes: Clinical Biochemistry, 8e. By G. Beckett, 
S. Walker, P. Rae & P. Ashby. Published 2010 by 
Blackwell Publishing.
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the requesting doctor and the date and time of 

sampling. Each test request must specify which 

analyses are requested and provide details of the 

nature of the specimen itself and relevant clinical 

diagnostic information. Traditionally, this infor-

mation is provided through the request form with 

appropriate parallel labelling of the specimen 

itself. Increasingly, this information is provided 

electronically so that only the sample itself need be 

sent to the laboratory with its own unique identi-

fi er (e.g. a bar code which links it to the electronic 

request). 

 Because of the large number of samples which 

are processed by most clinical biochemistry labora-

tories, every step needs to be taken to avoid errors. 

Regrettably, errors do rarely occur and can be 

dividied according to the error source: 

   ●      Pre - analytical. For example, assigning a speci-

men to the wrong patient at the ward end or 

taking a sample at the wrong time (e.g. digoxin 

level is requested on a sample shortly after 

 Table 1.1     Some more common causes of pre - analytical errors arising from use of the laboratory 

   Error     Consequence  

  Crossover of 

addressograph labels 

between patients  

  This can lead to two patients each with the other ’ s set of results.  
  Where the patient is assigned a completely wrong set of results, it is important to 

investigate the problem in case there is a second patient with a corresponding 

wrong set of results.  

  Timing error    There are many examples where timing is important but not considered. Sending in a 

blood sample too early after the administration of a drug can lead to misleadingly 

high values in therapeutic monitoring. Interpretation of some tests (e.g. cortisol) is 

critically dependent on the time of day when the blood was sampled.  

  Sample collection tube 

error  

  For some tests the nature of the collection tube is critical, which is why the 

Biochemistry Laboratory specifi es this detail. For example, using a plasma tube 

with lithium – heparin as the anti - coagulant invalidates this sample tube for 

measurement of a therapeutic lithium level! Electrophoresis requires a serum 

sample; otherwise, the fi brinogen interferes with the detection of any monoclonal 

bands. Topping up a biochemistry tube with a haematology (potassium 

ethylenediamine tetraacetic acid (EDTA) sample) will lead to high potassium and 

low calcium values in the biochemistry sample.  

  Sample taken from close to 

the site of an intravenous 

(IV) infusion  

  The blood sample will be diluted so that all the tests will be correspondingly low with 

the exception of those tests which might be affected by the composition of the 

infusion fl uid itself. For example, using normal saline as the infusing fl uid would 

lead to a lowering of all test results, but with sodium and chloride results which are 

likely to be raised.  

digoxin has been administered (pp. 279)) or mis-

labelling of an aliqout of serum taken at specimen 

reception. Most errors fall into this category (see 

Table  1.1 ).  

   ●      Analytical. For example, a small sample volume 

may lead to a pipetting error where insuffi cient 

sample is used for the assay. Again, developments 

in automated sample detection and pipetting 

mean these problems are very unusual.  

   ●      Post - analytical. These are increasingly rare 

because of electronic download of results from the 

analyser but might include transcription errors 

when entering results into the lab computer 

manually.      

 On the scale of the requesting of biochemical tests, 

errors are fortunately rare. However, occasional 

blunders do arise and, if very unexpected results 

are obtained, it is incumbent on the requesting 

doctor to contact the laboratory immediately to 

look into the possibility that a blunder may have 

occurred.  
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from the laboratory, even when the abnormalities 

are  ‘ fl agged ’  in some way. Most of the abnormali-

ties detected will be of little or no signifi cance, yet 

may need additional time - consuming and often 

expensive tests to clarify their importance (or lack 

of it). For these and other reasons, the value of well -

 population screening has been called into question 

and certainly should only be initiated under 

certain specifi c circumstances which are listed in 

Table  1.3 .  

  The  u se of  c linical 
 b iochemistry  t ests 

 Biochemical tests are most often  discretionary , 

meaning that the test is requested for defi ned diag-

nostic purposes, as distinct from screening, where 

a disease is sought without there being any specifi c 

indication of its presence in the individual. The 

justifi cation for discretionary testing is well sum-

marised by Asher  (1954) : 

  1     Why do I request this test?  

  2     What will I look for in the result?  

  3     If I fi nd what I am looking for, will it affect my 

diagnosis?  

  4     How will this investigation affect my manage-

ment of the patient?  

  5     Will this investigation ultimately benefi t the 

patient?    

 The principal reasons for requesting biochemical 

tests are as follows (where the fi rst two categories 

would be defi ned as discretionary): 

   ●      To assist in diagnosis. For example, the diagnosis 

of diabetes mellitus is crucially dependent on 

the measurement and interpretation of plasma 

[glucose]. Biochemical tests may also aid the 

differential diagnosis or indicate the severity of a 

disease (see also Table  1.2 ).  

   ●      In disease monitoring. A good example is the use 

of arterial blood gases to follow the progress of 

someone admitted with a severe pneumonia or cre-

atinine in an individual with chronic renal failure 

(see also Table  1.2 ).  

   ●      In prognosis or disease risk assessment. Serum 

cholesterol (pp. 192) or high - sensitive C - reactive 

protein (hsCRP) (pp. 192) are used in the assess-

ment of cardiovascular risk, for example.  

   ●      In screening for disease. An example here would 

be measurement of thyroid - stimulating hormone 

(TSH) to screen for neonatal hypothyroidism.  

   ●      Miscellaneous, for example for forensic purposes 

or ethically approved research.      

  Screening  may take two forms: 

   ●      In well - population screening a spectrum of tests 

is carried out on individuals from an apparently 

healthy population in an attempt to detect pre -

 symptomatic or early disease. It is easy to miss sig-

nifi cant abnormalities in the  ‘ fl ood ’  of data coming 

 Table 1.2     Test selection for the purposes of discretionary 

testing 

   Category     Example  

  To confi rm a diagnosis    Serum [free T4] and 

[thyroid - stimulating 

hormone, (TSH)] in 

suspected hyperthyroidism  
  To aid differential 

diagnosis  

  To distinguish between 

different forms of jaundice  
  To refi ne a diagnosis    Use of adrenocorticotrophic 

hormone (ACTH) to localise 

Cushing ’ s syndrome  
  To assess the severity 

of disease  

  Serum [creatinine] or [urea] in 

renal disease  
  To monitor progress    Plasma [glucose] and serum 

[K + ] to follow treatment of 

patients with diabetic 

ketoacidosis (DKA)  
  To detect 

complications or 

side effects  

  Alanine aminotransferase 

(ALT) measurements in 

patients treated with 

hepatotoxic drugs  
  To monitor therapy    Serum drug concentrations in 

patients treated with 

anti - epileptic drugs  

 Table 1.3     Requirements for well - population screening 

  The disease is common or life - threatening  
  The tests are sensitive and specifi c  
  The tests are readily applied and acceptable to the 

population to be screened  
  Clinical, laboratory and other facilities are available for 

follow - up  
  Economics of screening have been clarifi ed and the 

implications accepted  
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number of urine test sticks that are sold for home 

use (e.g. pregnancy and ovulation testing by mea-

suring human chorionic gonadotrophin (hCG) 

and luteinising hormone (LH), respectively).   

 POCT eliminates the need to send the specimen 

to the laboratory, and will usually allow a more 

rapid turnaround time. POCT is particularly 

suitable for use in intensive care units (ICUs), 

high - dependency units (HDUs), Accident and 

Emergency (A & E) departments and specialist 

clinics. Small dedicated analysers are often intro-

duced into these centres. 

 Since decisions to initiate treatment are often 

made on the basis of POCT it is vital that confi -

dence can be placed in the results obtained by such 

methods, such that the risk to the patient is mini-

mised. It is thus essential that POCT is carried out 

by staff who are suitably trained and that the 

reliability of the tests is monitored on a regular 

basis using appropriate quality control measures. 

 If POCT is to be introduced into a ward or outpa-

tient department it is essential that: 

   ●      The laboratory is consulted to advise on the 

choice of method, staff training and quality control 

issues.  

   ●      Only properly trained staff should be permitted 

to use the equipment.  

   ●      There are simple sets of written instructions, 

which must include simple quality control proce-

dures and what to do when the instrument seems 

to be performing unreliably.  

   ●      Health and safety issues must be considered, e.g. 

risk of exposure to hepatitis or human immunode-

fi ciency virus (HIV).  

   ●      Quality control is monitored on a regular basis, 

preferably by the main laboratory.  

   ●      Records are kept of patient results, quality 

control and the personnel that performed the test.    

 Advantages include: 

   ●      Rapid access to results on acutely ill patients.  

   ●      Closer (more frequent) monitoring, whether 

acutely ill (e.g. blood gases in ICU) or in the home 

(e.g. glucose meters).  

   ●      24   h availability.    

 Disadvantages include: 

   ●      Typically more expensive than a main analytical 

laboratory test.  

   ●      In case - fi nding screening programmes appropri-

ate tests are carried out on a population sample 

known to be at high risk of a particular disease. 

These are inherently more selective and yield a 

higher proportion of useful results (Table  1.4 ).       

  Point of  c are  t esting ( POCT )  
(Table  1.5 )  

 There are occasions when the urgency of the clini-

cal situation requires that blood testing on patient 

samples is performed near the patient (point of 

care testing). Furthermore in the UK the govern-

ment, in outlining the future of the National 

Health Service, has indicated a desire to move lab-

oratory testing from the hospital laboratory into 

the community setting. High street pharmacies 

have taken up these opportunities and can, for 

example, provide cholesterol and glucose testing 

while you wait. In addition, there is an increasing 

 Table 1.4     Examples of tests used in case - fi nding 

programmes 

   Programmes to detect 
diseases in  

   Chemical 
investigations  

  Neonates      
     PKU    Serum [phenylalanine]  
     Hypothyroidism    Serum [TSH] and/or 

[thyroxine]  

  Adolescents and young 

adults  

    

     Substance abuse    Drug screen  

  Pregnancy      
     Diabetes mellitus in the 

mother  

  Plasma and urine 

[glucose]  
     Open neural tube defect 

(NTD) in the foetus  

  Maternal serum 

[ α  - fetoprotein]  

  Industry      
     Industrial exposure to lead    Blood [lead]  
     Industrial exposure to 

pesticides  

  Serum cholinesterase 

activity  

  Elderly      
     Malnutrition    Serum vitamin D levels  
     Thyroid dysfunction    Serum [TSH] and/or 

[thyroxine]  
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  3     Has a signifi cant change occurred in any of the 

results from those previously reported?  

  4     Do any of the results alter my diagnosis of this 

patient ’ s illness or infl uence the way in which the 

illness should be managed?  

  5     If I cannot explain a result, what do I propose to 

do about it?    

 This section discusses the interpretation of labora-

tory results and the factors that may cause them to 

vary, under the following main headings: 

  1     Analytical factors     These cause errors in 

measurement.  

  2     Biological and pathological factors     Both these sets 

of factors affect the concentrations of analytes in 

blood, urine and other fl uids sent for analysis.    

  Sources of  v ariation in  t est  r esults 

  Analytical  s ources of  v ariation 

  Systematic and  r andom  v ariation 
 Analytical results are subject to error, no matter 

how good the laboratory and no matter how skilled 

the analyst. These errors may be due to lack of 

accuracy, that is, always tend to be either high or 

low, or may be due to random effects and lack pre-

cision, that is, may be unpredictably high or low. 

 Accuracy 
 An accurate method will, on average, yield results 

close to the true value of what is being measured. It 

has no systematic bias. 

 Precision 
 A precise method yields results that are close to one 

another (but not necessarily close to the true value) 

on repeated analysis. If multiple measurements are 

made on one specimen, the spread of results will be 

small for a precise method and large for an impre-

cise one. 

 The  ‘ dartboard ’  analogy is often used to illustrate 

the different meanings of the terms accuracy and 

precision, and this is illustrated in Figure  1.1 .   

 The standard deviation (SD) is the usual measure 

of scatter around a mean value. If the spread of 

results is wide, the SD is large, whereas if the spread 

is narrow, the SD is small. For data that have 

a Gaussian distribution, as is nearly always the 

   ●      Requires wider staff training with less ability to 

regulate access by untrained individuals.  

   ●      Calibration and quality control requirements are 

potentially less robust.  

   ●      Results not often integrated into the full elec-

tronic patient record.    

 As outlined above, where it is appropriate to intro-

duce POCT, it is critical that matters of training, 

analytical performance, quality control, and 

health and safety are properly addressed.  ‘ Smart ’  

systems are also available which only allow pass-

word access to trained individuals and can also 

prevent issue of results if calibration is unsatisfac-

tory or quality control failure occurs. POCT instru-

ments can also be networked and performance 

monitored from the central laboratory.  

  Interpretation of  c linical 
 b iochemistry  t ests 

 Most reports issued by clinical biochemistry labo-

ratories contain numerical measures of concentra-

tion or activity, expressed in the appropriate units. 

Typically, the result is interpreted in relation to a 

reference range (see p. 7) for the analyte in 

question. 

 The following questions should be considered 

when interpreting the results: 

  1     Is each result normal or abnormal? Reference 

ranges (often incorrectly called normal ranges) are 

needed in order to answer questions about quanti-

tative data.  

  2     Does each result fi t in with my previous assess-

ment of this patient? If not, can I explain the 

discrepancy?  

 Table 1.5     Examples of POCT that are in common use 

   Common POCT in blood     Common POCT in urine  

  Blood gases    Glucose  
  Glucose    Ketones  
  Urea and creatinine    Red cells/haemoglobin  
  Na, K and Ca    Bilirubin  
  Bilirubin    Urobilinogen  
  Salicylate    pH  
  Paracetamol    Protein  
  Alcohol    hCG  
  Troponin    Drugs of abuse  
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value. They arise, for instance, from mislabelling of 

specimens at the time of collection, or transcrip-

tion errors when preparing or issuing reports (see 

Table  1.1 ).  

  Serial  r esults in the  s ame  p atient 
 Doctors often have to interpret two or more sets of 

results for the same analysis or group of analyses 

performed on different occasions on the same 

patient. An important question is whether an ana-

lytical change is due mainly to laboratory impreci-

sion or a to true change in the patients ’ s clinical 

condition. Without elaborating on the statistical 

aspects of this, the following rule may be applied: if 

the results for analyses performed on specimens 

collected on different occasions, but under other-

wise identical conditions, differ by more than 2.8 

times the analytical SD then there is a chance of 

over 95% that a genuine change in concentration 

of the substance has occurred.   

  Biological  c auses of  v ariation 

 As well as analytical variation, test results also 

show biological variation in both health and 

disease. Key questions are: 

   ●      How do results vary in health?  

   ●      How do results vary in disease?     

  How  d o  r esults  v ary in  h ealth? 

 The concentrations of all analytes in blood vary 

with time due to diverse physiological factors 

 within  the individual. There are also differences 

 between  individuals. 

  Within -  i ndividual  v ariation 
 The following may be important causes of within -

 individual variation: 

  1     Diet     Variations in diet can affect the results of 

many tests, including serum [triglyceride], the 

response to glucose tolerance tests and urinary 

calcium excretion.  

  2     Time of day     Several plasma constituents show 

diurnal variation (variation with the time of day), 

or a sleep/wake cycle. Examples include iron, 

adrenocorticotrophic hormone (ACTH) and corti-

sol concentrations.  

case for analytical errors, the shape of the curve 

(Figure  1.2 ) is completely defi ned by the mean and 

the SD, and these characteristics are such that: 

   ●      About 67% of results lie in the range mean    ±    1   SD.  

   ●      About 95% of results lie in the range mean    ±    2   SD.  

   ●      Over 99% of results lie in the range mean    ±    3   SD.       

  Blunders 
 These are grossly inaccurate results that bear no 

constant or predictable relationship to the true 
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×
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Inaccurate Precise Accurate Imprecise

Inaccurate Imprecise Accurate Precise

     Figure 1.1     The  ‘ dartboard ’  analogy can be used to illus-
trate accuracy and precision.  
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     Figure 1.2     Diagram of a Gaussian (normal or symmetrical) 
distribution curve. The span (A) of the curve, the distance 
between the mean    ±    2   SD, includes about 95% of the  ‘ pop-
ulation ’ . The narrower span (B), the distance between the 
mean    ±    1   SD, includes about 67% of the  ‘ population ’ .  
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  1      Age    Examples include serum [phosphate] and 

alkaline phosphatase (ALP) activity, and serum 

and urinary concentrations of the gonadotrophins 

and sex hormones.  

  2      Sex    Examples include serum creatinine, 

iron, urate and urea concentrations and  γ  -
 glutamyltransferase (GGT) activity, and serum and 

urinary concentrations of the sex hormones.  

  3      Race  Racial differences have been described for 

serum [cholesterol] and [protein]. It may be diffi -

cult to distinguish racial from environmental 

factors, such as diet.     

  Reference  r anges 
 When looking at results, we need to compare each 

result with a set of results from a particular defi ned 

(or reference) population. This reference range is 

determined, in practice, by measuring a set of refer-

ence values from a sample of that population, 

usually of healthy individuals. The nature of the 

reference population should be given whenever 

reference ranges are quoted, although a healthy 

population is usually assumed. Even age - matched 

and sex - matched reference ranges are often diffi -

cult to obtain, since fairly large numbers of indi-

viduals are needed. In practice, blood donors are 

very often selected as the most readily available 

reference population.  

  Distribution of  r esults in a
  r eference  p opulation 
 When results of analyses for a reference population 

are analysed, they are invariably found to cluster 

around a central value, with a distribution that 

may be symmetrical (often Gaussian, Figure  1.3 a) 

or asymmetrical (often log - Gaussian, Figure  1.3 b). 

However, reference ranges can be calculated from 

these data without making any assumptions about 

the distribution of the data, using non - parametric 

methods.   

 Because of geographical, racial and other biologi-

cal sources of variation between individuals, as 

well as differences in analytical methods, each lab-

oratory should ideally defi ne and publish its own 

reference ranges. Conventionally, these include 

the central 95% of the results obtained for each 

analysis from the reference population. This 95% 

  3     Posture     Proteins and all protein - bound constit-

uents of plasma show signifi cant differences in 

concentration between blood collected from 

upright individuals and blood from recum-

bent individuals. Examples include serum 

calcium, cholesterol, cortisol and total thyroxine 

concentrations.  

  4     Muscular exercise     Recent exercise, especially if 

vigorous or unaccustomed, may increase serum 

creatine kinase (CK) activity and blood [lactate], 

and lower blood [pyruvate].  

  5     Menstrual cycle     Several substances show varia-

tion with the phase of the cycle. Examples include 

serum [iron], and the serum concentrations of 

the pituitary gonadotrophins, ovarian steroids and 

their metabolites, as well as the amounts of these 

hormones and their metabolites excreted in the 

urine.  

  6     Drugs     These can have marked effects on chemi-

cal results. Attention should be drawn particularly 

to the many effects of oestrogen - containing oral 

contraceptives on serum constituents (p. 166).    

 Even after allowing for known physiological 

factors that may affect plasma constituents and for 

analytical imprecision, there is still considerable 

residual individual variation (Table  1.6 ). The mag-

nitude of this variation depends on the analyte, 

but it may be large and must be taken into account 

when interpreting successive values from a patient.    

  Between -  i ndividual  v ariation 
 Differences between individuals can affect the con-

centrations of analytes in the blood. The following 

are the main examples: 

 Table 1.6     Residual individual variation of some serum 

constituents (expressed as the approximated day - to - day, 

within - individual coeffi cient of variation) 

   Serum 
constituent     CV (%)  

   Serum 
constituent     CV (%)  

  Sodium    1    ALT activity    25  
  Calcium    1 – 2    AST activity    25  
  Potassium    5    Iron    25  
  Urea    10          

   CV   =   coeffi cient of variation.   
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 For example, in a patient with severe abdominal 

pain, tenderness and rigidity, there may be several 

differential diagnoses to consider  –  including, for 

example, acute pancreatitis, perforated peptic 

ulcer and acute cholecystitis. In all three condi-

tions, the serum amylase activity may be raised, 

that is, above the upper reference value for healthy 

adults. So healthy adult reference ranges (in this 

instance) are irrelevant, since healthy adults do not 

have abdominal pain, tenderness and rigidity! 

Instead, we need to know how the serum amylase 

activity might vary in the clinically likely differen-

tial diagnoses. It would be useful to know, for 

instance, whether very high serum amylase activi-

ties are associated with one of these diagnostic 

possibilities, but not with the other two. 

 To summarise, to interpret results on patients 

adequately, we need to know: 

   ●      the reference range for healthy individuals of the 

appropriate age range and of the same sex;  

   ●      the values to be expected for patients with the 

disease, or diseases, under consideration;  

fi gure is arbitrary, selected in order to minimise the 

overlap between results from diseased populations 

and from healthy individuals. 

  Analytical factors  can affect the reference ranges 

for individual laboratories. If an  inaccurate  method 

is used, the reference range will refl ect the method 

bias. If an  imprecise  method is used, the reference 

range will be widened, that is, the observed span 

of results (refl ected in the SD) will be greater. In 

statistical terms, the observed variance (i.e. the 

square of the SD) of the population results will 

equal the sum of the true or biological variance of 

the population plus the analytical variance of the 

method.   

  How  d o  r esults  v ary in  d isease? 

 Biochemical test results do not exist in isolation, 

since, by the time tests are requested, the doctor 

will often have made a provisional diagnosis and a 

list of differential diagnoses based on each patient ’ s 

symptoms and signs. 
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     Figure 1.3     Histograms showing the relative frequency with which results with the values indicated were obtained when 
serum [Na + ] and  γ  - glutamyltransferase (GGT) activities were measured in a reference population of healthy adult women. 
(a) The sodium data are symmetrically distributed about the mean whereas (b) the GGT data show a log - Gaussian 
distribution.  
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lines that most effectively separate  ‘ healthy ’  from 

 ‘ diseased ’  groups, or disease A from disease B. We 

can illustrate this by means of the following hypo-

thetical example.   

 The effectiveness of a test can also be defi ned in 

terms of the predictive value of a positive result 

and the predictive value of a negative result. The 

positive predictive value is:

   TP TP FP+( ) × 100%   

 A test with a high positive predictive value will, 

by defi nition, have few false positives. This would 

be important in a situation where a high number of 

false positives would otherwise lead to extensive 

and costly further investigation. 

 The negative predictive value is defi ned as 

follows:

   TN TN FN+( ) × 100%   

 A test with a high negative predictive value 

would, by defi nition, have few false negatives. This 

would be particularly important, for example, in a 

test which was used for a screening programme 

where it is essential not to miss a case of the disease 

in question. 

 In defi ning the presence or absence of a disease, 

a cut - off may be assigned to a test. Consider the 

situation where a high value for a particular test 

equates with the presence of a particular disease. A 

value above the cut - off would then defi ne the pres-

ence of the disease and a value below the cut - off, 

the absence of disease. A cut - off which is set at a 

   ●      the prevalence of the disease, or diseases, in the 

population to which the patient belongs.     

  The  a ssessment of  d iagnostic  t ests 

 In evaluating and interpreting a test, it is necessary 

to know how it behaves in health and disease. 

Central to understanding here are the terms sensi-

tivity and specifi city. 

   ●      Test sensitivity refers to how effective the test is 

in detecting individuals who have the disease in 

question. It is expressed as the percentage of true 

positives in all the individuals who have disease 

(all the individuals with disease will encompass the 

true positives (TP) and false negatives (FN)). So:

   Sensitivity TP TP FN= +( ) × 100%    

   ●      Test specifi city is a measure of how good the test 

is at providing a negative result in the absence of 

disease. It is expressed as the percentage of true 

negatives in all those without the disease (all the 

individuals without disease will encompass the 

true negatives (TN) and the false positives (FP). So:

   Specificity TN TN FP= +( ) × 100%      

 The ideal test is 100% sensitive (positive in all 

patients with the disease) and 100% specifi c (nega-

tive in all patients without the disease), shown dia-

grammatically in Figure  1.4 a. This ideal is rarely 

achieved; there is usually overlap between the 

healthy and diseased populations (Figure  1.4 b). In 

practice, we have to decide where to draw dividing 
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     Figure 1.4     Diagrammatic representa-
tions of the distributions of results 
obtained with a test (a) that com-
pletely separates healthy people from 
people with a disease without any 
overlap between the distribution 
curves (i.e. an ideal test with 100% 
sensitivity and 100% specifi city), and 
a test (b) that is less sensitive and less 
specifi c, in which there is an area of 
overlap between the distribution 
curves for healthy people and people 
with disease.  
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high. The cut - off value has to be altered to 

decrease the false - positive rate, at the probable 

expense of missing some patients who have the 

condition for which screening is being carried 

out.    

higher level will increase the test specifi city at the 

expense of test sensitivity (more false negatives), 

whilst a cut - off set at a lower value will increase test 

sensitivity at the expenses of test specifi city (more 

false positives). 

 In evaluating tests for decision making, it is 

clearly important to decide on the relative impor-

tance of sensitivity versus specifi city in the context 

for which a test is used. To that end, it is helpful to 

be able to make comparisons of different tests 

with respect to sensitivity and specifi city. This is 

often best carried out by plotting the test sensitiv-

ity against specifi city and constructing a so - called 

receiver operating characteristic (ROC) curve. 

These curves will highlight which test is best 

suited to which requirement and will also help to 

defi ne which cut - off to select in order to balance 

specifi city versus sensitivity. This is illustrated in 

Figure  1.5 .    

  Screening for  r are  d iseases 

 For diseases that are rare, tests of extremely high 

sensitivity and specifi city are required. To illus-

trate this, consider an inherited metabolic disor-

der with an incidence of 1   :   5000; this is similar to 

that of some of the more common, treatable, 

inherited metabolic diseases such as phenylketon-

uria (PKU) or congenital hypothyroidism. Assume 

that we have a test with a good performance, 

that is, a sensitivity and specifi city of 99.5% 

(Table  1.7 ).   

 Table  1.7  shows that for every neonate affected 

by the disorder who has a positive test result, there 

will be about 25 (4999/199) neonates who also 

have a positive test but who do not have the 

disease. Two important points emerge: 

  1     Tests with very high sensitivity and with very 

low false - positive rates are required when screen-

ing for rare disorders.  

  2     A heavy investigative load will result from the 

screening programme, since all the false positives 

will have to be followed up to determine whether 

or not they indicate the presence of disease.    

 The traditional 95% reference range (see above) is 

not relevant to screening for rare conditions, 

since the rate of false positives would be far too 
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     Figure 1.5     Schematic representation of a receiver operat-
ing characteristic (ROC) plot. A random test produces a 
straight line set at 45    °  to the axes. A discriminatory, good 
test produces a graph with a steep slope from the origin, 
displaying high sensitivity at high specifi city. Less discrimi-
natory tests produce curves at intermediate positions, as 
shown. 
 (Adapted with the authors ’  permission from: Roulston, J.E. 
and Leonard, R.F.C.  ‘ Serological tumour markes: an Intro-
duction ’  Publ. Churchill Livingstone 1993)   

 Table 1.7     A hypothetical set of results of a screening test 

for a relatively common inherited metabolic disorder in 

neonates 

   Diagnostic 
category  

   Positive 
results  

   Negative 
results     Total  

  Disease present    199    1    200  
  Disease absent    4999    994   801    999   800  
  Total    5198    994   802    1   000   000  
  Predictive value    3.8%    100%      

   Assumptions: sensitivity of the test 99.5%, false - positive 

rate 0.5% (specifi city 99.5%), prevalence of the disorder, 

1   :   5000; 1   000   000 neonates screened.  

  Note that the prevalence of PKA and of hypothyroidism 

in the UK is about 1   :   5000 live births, and that about 

800   000 neonates in the UK are screened annually.   
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  1     Identify an area of concern or interest, particu-

larly if it is felt that there is room for improvement 

in the service, or if the same quality of service can 

be provided more economically.  

  2     Review and analyse the present procedures.  

  3     Identify specifi c aspects that might be capable of 

improvement.  

  4     Identify alternative procedures or standards that 

might lead to improvement.  

  5     Take the practical steps necessary to implement 

any changes proposed.  

  6     Compare the performance after the changes 

with those before them.  

  7     It must be emphasised that the fi nal stage of 

analysis of the effects of any change is an inte-

gral part of the audit process; it is essential to 

know whether the measures taken have improved 

the service or made it more cost - effective. Some-

times, changes have no effect, or even adverse 

effects.          

  Reference 

    Asher ,  R.   ( 1954 )  Straight and crooked thinking in 

medicine .  British Medical Journal ,  2 ,  460  –  2 .   

    

  Audit in  c linical  b iochemistry 

 Audit is the process whereby the procedures 

involved in patient care are monitored in order to 

give high priority to the delivery of an effi cient 

and cost - effective service. The measure of health 

outcome is benefi t to the patient. 

 The value of audit can most readily be seen in 

those specialties concerned directly with patient 

care, but the principles are applicable to all clinical 

and investigational specialties (e.g. radiology), as 

well as laboratory - based specialties such as clinical 

biochemistry. For example, the monitoring of lab-

oratory performance may identifi y that reports are 

arriving too late and too often at the wrong loca-

tion. This would precipitate a review of the form 

printing and delivery process, implementation of a 

change in the arrangements and a re - monitoring 

of the delivery process to ensure that the original 

problem had been overcome. 

  The  a udit  p rocess 

 There is an essential sequence to auditing activities 

(Figure  1.6 ): 

Observe current
practice. Measure

performance

Identify areas
of possible

improvement

Monitor benefits
of new procedures,
compared with old

Implement new
guidelines and

standards

Devise a set of
new guidelines
and standards

     Figure 1.6     The audit cycle.  
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 Case 1.1 

    A new test is marketed which claims to diagnose heart failure. The test has a specifi city of 70% and a sensitivity of 95% 
at the manufacturer ’ s recommended cut - off for diagnosis. The Admissions Unit decides to use the test as part of an 
admission profi le on breathless patients admitted for further assessment over the age of 65 years in order to exclude 
heart failure. Assuming a prevalence of 20% for heart failure in this population, calculate how many false negatives 
would be recorded after the fi rst 1000 patients meeting the testing criteria had passed through the unit. Given that other 
tests can be used to establish a diagnosis of heart failure, do you think that the cut - off selected is sensible? (prevalence 
fi gures are for illustrative purposes only). 

  Comment:  This is best examined by constructing a table as follows:

        Positive results     Negative results     Totals  

  Heart failure present    190 TP    10 FN    200  
  Heart failure absent    240 FP    560 TN    800  

  Total    430    570    1000  

 Because the test has a relatively high sensitivity, the table shows that it identifi es the majority of patients with heart 
failure which is what is required in a test to rule out heart failure. Because the test lacks specifi city, it can also be seen 
from the table that it identifi es a considerable number of patients with positive results who do not have heart failure. In 
fact, the test is positive on more occasions in patients who do not have heart failure than in those with heart failure. 
Because other tests are available to the clinician, the false - positive patients can be separated from the true - positive 
patients on the basis of these further investigations. The 560 patients where the result is a true negative would then not 
need to go through more expensive further investigations. In this example, the test has been valuable in ruling out 
patients who would not require further investigation but ruling in those who would benefi t. Clearly, it is not a perfect 
test but would potentially prevent costly further investigations in a signifi cant number of patients and, provided that the 
test itself is not too expensive, ultimately be worthy of consideration in terms of health economics.  

 Keypoints 

        ●      As a rule, only those tests that may contribute to diagnosis and management of patients should be requested.  
   ●      Population screening is indicated where reliable tests are able to detect important and treatable disease; case - fi nding 
screening is valuable in groups at high risk of a specifi c disorder.  
   ●      There is an overlap between test results obtained in health and those obtained in disease or (where the test is being 
used for screening) results from affected individuals.  
   ●      Effective tests reduce this overlap to a minimum, but there will always be a trade - off between maximising the sensitiv-
ity of a test, that is, detecting as many affected individuals as possible, and maximising its specifi city, that is, minimising 
the number of non - affected individuals classifi ed as abnormal by the test.  
   ●      Strategies to maximise a test ’ s value depend both on the test itself and on the prevalence of the disease in the popula-
tion being studied.     
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 Case 1.3 

    The following results were obtained on a 54 - year - old woman after surgery for ovarian cancer. Can you account for the 
abnormalities found? 

   Serum     Result     Reference range  

  Urea    2.0    2.5 – 6.6   mmol/L  
  Sodium    147    135 – 145   mmol/L  
  Potassium    2.0    3.6 – 5.0   mmol/L  
  Total CO 2     10.0    22 – 30   mmol/L  
  Bilirubin    7.0    3 – 16    μ mol/L  
  ALT    11.0    10 – 50   U/L  
  ALP    35.0    40 – 125   U/L  
  Total protein    42.0    60 – 80   g/L  
  Calcium    1.6    2.1 – 2.6   mmol/L  

  Comments:  Many of these results are abnormal and, with the exception of the sodium result, are abnormally low. In a 
post - operative patient, a set of results like this should immediately raise the suspicion that the blood sample was taken 
close to the site of an IV infusion. The fl uid infused would dilute the blood at the site of sampling, leading to a consequent 
lowering of the concentration of all the analytes measured. If the IV infusion was normal saline, this would then account 
for the fact that only the sodium value is high while all the other values are low. When the Duty Biochemist contacted 
the House Offi cer on the ward, he did admit that he had had diffi culty taking a blood sample from the patient and did 
recollect that he sampled from close to the site of the IV infusion. A repeat blood sample was requested from a site away 
from the infusion and confi rmed the original error since all the results were within the reference range, apart from the 
sodium which was slightly low at 132   mmol/L.  

 Case 1.2 

    A 72 - year - old man is admitted vaguely unwell with some nausea and associated vomiting, though not severe. He 
appears rather pale and wasted with a low blood pressure. He is on treatment with digoxin for his atrial fi brillation and 
the suspicion arises that his symptoms may arise from digoxin toxicity. This would also help explain the raised potassium 
result for which there is no other clear cause. The most recent digoxin dose had been taken just before his admission to 
the hospital. The house offi cer telephones to request an additional digoxin measurement on the admission sample and 
this is reported back as raised. On this basis, the digoxin is withheld and his condition monitored. Little improvement is 
noted and the nausea becomes worse, accompanied by a worsening of his atrial fi brillation. Further advice is sought. 

 Comment on this case with particular reference to the raised digoxin and the worsening of his atrial fi brillation. 

  Comment:  The timing of a blood test is crucial to the interpretation of a number of drugs whose concentration in blood 
is monitored for therapeutic purposes. This is most certainly the case with digoxin where the blood sample should  not  
be taken within 6 h of the most recent digoxin dose. The House Offi cer has requested digoxin as an additional test on 
the patient ’ s admission sample, without reference to the exact time when the patient took his dose of digoxin prior to 
admission. In fact, the time elapsed between taking the drug and the blood sample was about 1   h. The raised digoxin 
concentration is uninterpretable and it may well be that the patient has digoxin levels within the therapeutic range or 
even on the low side. This turned out to be the case, explaining the worsening in his condition when the drug was inap-
propriately withheld. 

 An isolated raised potassium result can be a very important fi nding which refl ects underlying pathology such as renal 
disease, DKA, etc. Although there was no immediate explanation for this man ’ s raised potassium, it became evident 
what the problem was when the full blood count report was received. This showed a very high lymphocyte count con-
sistent with chronic lymphocytic leukaemia. In this condition, the white cells are fragile and can lyse on blood sampling. 
With the high white cell count, it is then possible to measure a spuriously high potassium level in the corresponding 
biochemistry sample.  
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 Case 1.4 

    The following set of results was obtained on a young man admitted with a fractured femur after a motorcycle accident. 
He appeared stable and had no previous past medical history of note. The houseman was at a loss to explain the results 
but remembered that he had topped up the sample shortfall in the Biochemistry tube from the haematology full blood 
count tube. Can you account for the results? 

   Serum     Result     Reference range  

  Urea    6.4    2.5 – 6.6   mmol/L  
  Sodium    138    135 – 145   mmol/L  
  Potassium    16.1    3.6 – 5.0   mmol/L  
  Total CO 2     32    22 – 30   mmol/L  
  Bilirubin    14    3 – 16    μ mol/L  
  ALT    40    10 – 50   U/L  
  ALP    38    40 – 125   U/L  
  Total protein    75    60 – 80   g/L  
  Calcium    0.6    2.1 – 2.6   mmol/L  
  Albumin    32    35 – 50   g/L  

  Comments:  This particular case illustrates the importance of using the correct blood sample tube. In transferring some 
of the blood from the Haematology tube to the Biochemistry tube, the doctor had not appreciated that the anti - coagu-
lant in the Haematology (pink) tube was potassium EDTA. This explains the high potassium and the low calcium since 
the EDTA chelates the calcium. leading to a low result on analysis.  
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Chapter 2

 Disturbances of  w ater,  s odium and 
 p otassium  b alance     

     Fluid loss, retention or redistribution are common 

clinical problems in many areas of clinical practice. 

The management of these conditions is often 

urgent, and requires a rapid assessment of the 

history and examination, and of biochemical and 

other investigations. 

 In this chapter we consider: 

   ●      The distribution of water, Na +  and K +  in the dif-

ferent fl uid compartments of the body, and their 

control by hormonal and other factors.  

   ●      Clinical effects and management of different 

types of loss, retention or redistribution of fl uid.  

   ●      Causes and investigation of hypernatraemia and 

hyponatraemia.  

   ●      Causes and investigation of hyperkalaemia and 

hypokalaemia.  

   ●      Fluid and electrolyte problems in surgical 

patients, and the metabolic response to trauma.     

  Water and  s odium  b alance 

 Both the internal and external balance of any sub-

stance must be considered. The internal balance is 

the distribution between different body compart-

ments, while the external balance matches input 

with output. The movements of Na +  and water that 

occur all the time between plasma and glomerular 

fi ltrate, or between plasma and gastrointestinal 

(GI) secretions, provide the potential for large 

losses, with consequent serious and rapid altera-

tions in internal balance. For example, about 

25   000   mmol of Na +  are fi ltered at the glomerulus 

over 24   h, normally with subsequent reabsorption 

of more than 99%. Likewise, 1000 of mmol Na +  

enter the GI tract in various secretions each day, 

but less than 0.5% (5   mmol) is normally lost in the 

faeces. 

  Internal  d istribution of  w ater 
and  s odium 

 In a 70   kg adult, the total body water is about 42   L 

comprising about 28   L of intracellular fl uid (ICF) 

and 14   L of extracellular fl uid (ECF) water. The ECF 

water is distributed as 3   L of plasma water and 11   L 

of interstitial water. The total body Na +  is about 

4200   mmol and is mainly extracellular  –  about 50% 

is in the ECF, 40% in bone and 10% in the ICF. 

 Two important factors infl uence the distribution 

of fl uid between the ICF and the intravascular and 

extravascular compartments of the ECF: 

  1     Osmolality     This affects the movement of water 

across cell membranes.  

  2     Colloid osmotic pressure     Together with hydrody-

namic factors, this affects the movement of water 

and low molecular mass solutes (predominantly 

NaCl) between the intravascular and extravascular 

compartments.     

Lecture Notes: Clinical Biochemistry, 8e. By G. Beckett, 
S. Walker, P. Rae & P. Ashby. Published 2010 by 
Blackwell Publishing.
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amounts of glucose, protein or X - ray contrast 

media present. 

 The  osmolarity  is the number of particles of solute 

per litre of solution. Its units are mmol/L. Its mea-

surement or calculation has been largely replaced 

by osmolality. 

  Tonicity  is a term often confused with osmolality. 

However, it should only be used in relation to the 

osmotic pressure due to those solutes (e.g. Na + ) that 

exert their effects across cell membranes, thereby 

causing movement of water into or out of the cells. 

Substances that can readily diffuse into cells down 

their concentration gradients (e.g. urea, alcohol) 

contribute to plasma osmolality but not to plasma 

tonicity, since after equilibration their concentra-

tion will be equal on both sides of the cell mem-

brane. Tonicity is not readily measurable. 

 The tonicity of ICF and ECF equilibrate with one 

another by movement of water across cell mem-

branes. An increase in ECF tonicity causes a reduc-

tion in ICF volume as water moves from the ICF to 

the ECF to equalise the tonicity of the two com-

partments, whereas a decrease in ECF tonicity 

causes an increase in ICF volume as water moves 

from the ECF to the ICF.  

  Colloid  o smotic  p ressure 
( o ncotic  p ressure) 

 The osmotic pressure exerted by plasma proteins 

across cell membranes is negligible compared with 

the osmotic pressure of a solution containing NaCl 

and other small molecules, since they are present 

in much lower molar concentrations. In contrast, 

small molecules diffuse freely across the capillary 

wall, and so are not osmotically active at this site, 

but plasma proteins do not readily do so. This 

means that plasma [protein] and hydrodynamic 

factors together determine the distribution of 

water and solutes across the capillary wall, and 

hence between the intravascular and interstitial 

compartments (Figure  2.1 ).    

  Regulation of  e xternal  w ater  b alance 

 Typical daily intakes and outputs of water are given 

in Table  2.1 . Water intake is largely a consequence 

  Osmolality,  o smolarity and  t onicity 

 The  osmolality  is the number of solute particles per 

unit weight of water, irrespective of the size or 

nature of the particles. Therefore, a given weight of 

low molecular weight solutes contributes much 

more to the osmolality than the same weight of 

high molecular weight solutes. The units are 

mmol/kg of water. This determines the osmotic 

pressure exerted by a solution across a membrane. 

Most laboratories can measure plasma osmolality, 

but it is also possible to calculate the approximate 

osmolality of plasma using a number of formulae 

of varying complexity. The following formula has 

the benefi t of being easy to calculate and performs 

as well as more complex versions (all concentra-

tions must be in mmol/L):

   
Calculated osmolality

Na K glucose urea= [ ] + [ ] + [ ] + [ ]+ +2 2   

 This formula includes all the low molecular 

weight solutes contributing to plasma osmolality. 

Values for Na +  and K +  are doubled so as to allow for 

their associated anions, such as chloride. The 

formula is approximate and is not a complete sub-

stitute for direct measurement. Calculated osmo-

lality is usually close to measured osmolality, but 

they may differ considerably for two different 

types of reason. First, there may be large amounts 

of unmeasured low molecular mass solutes (e.g. 

ethanol) present in plasma. These will contribute 

to the measured osmolality, but will obviously not 

be taken into account in the osmolality calculated 

from this formula. This will cause an  ‘ osmole gap ’ , 

with measured osmolality being greater than cal-

culated osmolality. The other cause of a discrep-

ancy is when there is a gross increase in plasma 

protein or lipid concentration, both of which 

decrease the plasma water per unit volume. This 

affects some methods of measurement of [Na + ], 

giving an artefactually low result ( ‘ pseudohypona-

traemia ’ , see p. 23). This will result in an errone-

ously low calculated osmolality. 

 The osmolality of urine is usually mea-

sured directly, but is also linearly related to its 

specifi c gravity (which can be measured using 

urine dipsticks), unless there are signifi cant 
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sorption in the distal nephron, with consequent 

production of small volumes of concentrated 

urine. Conversely, a large intake of water causes a 

fall in tonicity, suppresses thirst and reduces vaso-

pressin secretion, leading to a diuresis, producing 

large volumes of dilute urine.   

 Secretion of vasopressin is normally controlled 

by small changes in ECF tonicity, but it is also 

under tonic inhibitory control from baroreceptors 

in the left atrium and great vessels on the left side 

of the heart. Where haemodynamic factors (e.g. 

excessive blood loss, heart failure) reduce the 

stretch on these receptors, often without an accom-

panying change in ECF tonicity, a reduction in 

tonic inhibitory control stimulates vasopressin 

secretion. The resulting water retention causes 

hyponatraemia and is relatively ineffective in 

expanding the intravascular compartment, since 

water diffuses freely throughout all compartments 

(Figure  2.2 ).    

  Regulation of  e xternal  s odium  b alance 

 Dietary intakes of Na +  (and Cl  −  ) are very variable 

worldwide. A typical  ‘ Western ’  diet provides 100 –

 200   mmol of both Na +  and Cl  −   daily, but the total 

body Na +  can be maintained even if intake is less 

than 5   mmol or greater than 750   mmol daily. 

Urinary losses of Na +  normally closely match 

intake. There is normally little loss of these ions 

through the skin or in the faeces, but in disease 

the GI tract can become a major source of Na +  

loss. 

 The amount of Na +  excreted in the urine controls 

the ECF volume since, when osmoregulation is 

normal, the amount of extracellular water is con-

trolled to maintain a constant concentration of 

extracellular Na + . A number of mechanisms are 

important regulators of Na +  excretion: 

   ●      The renin – angiotensin – aldosterone system     Renin is 

secreted in response to a fall in renal afferent arte-

riolar pressure or to a reduction in supply of Na +  to 

the distal tubule. It converts angiotensinogen in 

plasma to angiotensin I (AI), which in turn is con-

verted to angiotensin II (AII) by angiotensin - con-

verting enzyme (ACE). Both AII and its metabolic 

product angiotensin III (AIII) are pharmacologi-

of social habit and is very variable, but is also con-

trolled by the sensation of thirst. Its output is con-

trolled by the action of vasopressin, also known as 

antidiuretic hormone (ADH). In states of pure 

water defi ciency, plasma tonicity increases, causing 

a sensation of thirst and stimulating vasopressin 

secretion, both mediated by hypothalamic osmo-

receptors. Vasopressin then promotes water reab-

Hydrostatic
pressure

Plasma oncotic
pressure

Net
movement

(b)

(a)

Arterial end

Venous end

     Figure 2.1     Movements of water and low molecular mass 
solutes across the capillary wall when the plasma [protein] 
is (a) normal and (b) low. The effects shown are: hydrostatic 
pressure, which drives water and low molecular mass 
solutes  outwards  and decreases along the length of the 
capillary; and plasma oncotic pressure, which attracts water 
and low molecular mass solutes  inwards  and is constant 
along the length of the capillary. The net movement of 
water and low molecular mass solutes across the capillary 
wall is governed by the net effect of hydrostatic and plasma 
oncotic pressures.  

 Table 2.1     Average  d aily  w ater  i ntake and  o utput of a 

 n ormal  a dult in the  UK  

   Intake of water     mL     Output of water     mL  

  Water drunk    1500    Urine volume    1500  
  Water in food    750    Water content of 

faeces  

  50  

  Water from 

metabolism of 

food  

  250    Losses in expired 

air and 

insensible 

perspiration  

  950  

  Total    2500    Total    2500  
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GFR falls acutely, less Na +  is fi ltered and excreted, 

and vice versa. However, this only becomes a limit-

ing factor in Na +  excretion at very low levels of 

GFR.  

   ●      Atrial natriuretic peptide (ANP)     This peptide 

secreted by cardiocytes of the right atrium of the 

heart promotes Na +  excretion by the kidney, appar-

ently by causing a marked increase in GFR. The 

importance of the ANP regulatory mechanism is 

not yet clear, but it probably only plays a minor 

role. Other structurally similar peptides have been 

identifi ed, including brain or B - type natriuretic 

peptide (BNP), secreted by the cardiac ventricles 

and with similar properties to ANP. BNP is increas-

cally active, and stimulate the release of aldoste-

rone from the adrenal cortex. Aldosterone acts on 

the distal tubule to promote Na +  reabsorption in 

exchange for urinary loss of H +  or K + . Since Na +  

cannot enter cells freely, its retention (with iso -

 osmotically associated water) contributes solely to 

ECF volume expansion, unlike pure water reten-

tion (Figures  2.2  and  2.3 ). Although the renin –

 angiotensin – aldosterone system causes relatively 

slow responses to Na +  deprivation or Na +  loading, 

evidence suggests that this is the main regulatory 

mechanism for Na +  excretion.  

   ●      The glomerular fi ltration rate (GFR)     The rate of Na +  

excretion is often related to the GFR. When the 

(a) Water

(b) Isotonic saline

Before Volume
increase

No
change

21%

7%

7%

ICF 28 L ICF 30 L

ICF 28 L ICF 28 L

3 L gain

ECF 14 L ECF 15 L

ECF 14 L ECF 17 L

3 L gain

     Figure 2.2     Different effects on the 
body ’ s fl uid compartments of fl uid 
gains of 3   L of (a) water and (b) isotonic 
saline. The volumes shown relate to a 
70   kg adult.  


