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Having known each other for many years, the authors decided to summarize their
experience of preanalytical variables in 1992 after observing an increasing con-
tribution of these factors on laboratory results. They agreed to summarize their
knowledge in a short and understandable form, aiming to increase the awareness
of these factors among all professions involved in the preanalytical phase of
the laboratory diagnostic process. This idea was generously supported by Becton
Dickinson, Europe.

After the style and general contents of the book were agreed upon in a first meet-
ing of the authors together with the publisher, the manuscripts were completed by
the authors in a short time with the help of many collaborators and colleagues.
The authors would especially like to thank Heidrun Dürr and Edith Rothermel, Hei-
delberg, Klaus Krischok, Munich, and Ulrich Wurster, Hannover, for providing
and designing figures. Thanks also to Ingrid Freina, Ulrike Arnold and Patrick Bern-
hard, Munich, Carol Pirello, New Jersey, Kerstin Geiger, Marion Wajda and Helga
Kallmeyer, Mannheim, Bernd Borstel, and Annelies Frim, Stuttgart for their expert
secretarial help. David J. Purnell, Plymouth, Wolfgang Heil, Wuppertal, and
James Brawley, Gaiberg/Heidelberg greatly supported our work by critically read-
ing the manuscripts. We would like to thank Alois Jochum for translation support.

The present revised and updated fourth edition includes a new chapter ‘What if I
take herbs?’. The Recommendations of the Working Group on Preanalytical Quality,
previously supplied as a CD-ROM in the third edition, are now available from the
freely available website www.diagnosticsample.com, which is continuously up-
dated and kindly provided by Chronolab AG, Zug, Switzerland. Several figures
have been replaced by the newest versions available to represent the latest develop-
ments in sample tubes, needles and safety aspects. We would like to thank
Mrs Barbon (Becton Dickinson, Europe) for providing new figures. More than 80 re-
ferences have been added and adapted to more recent literature.

In continuation of a 16 years collaboration with the Publisher GIT we thank
A. Sendtko (Wiley-VCH) for his experienced support in editing this new edition in
close collaboration with all contributors.

The authors hope that the new edition will help to continuously increase the
awareness of preanalytical variables as a possible source of laboratory errors.
As with the previous editions, it is devoted to all professions involved in the organi-
zation and performance of preanalytical steps. The authors would be pleased if this
work helps to improve the quality of patient care by increasing knowledge on pre-
analytical variables in the laboratory diagnostic process.

Walter G. Guder Sheshadri Narayanan Hermann Wisser

May 2009

Preface and Acknowledgements

V





Diagnostic Samples: From the Patient to the Laboratory
The impact of preanalytical variables on the quality of laboratory results

Preface and Acknowledgements ...................................................... V
Contents ...................................................................................... VII
Foreword to the First Edition ............................................................  X

1 Dream and reality –
An introductory case – The importance of the preanalytical phase .. 2

Biological Influences

2 Something unavoidable –
Influences of age, gender, race and pregnancy ........................... 6

3 Changing habits –
Influences that can vary (diet, starvation, exercise, altitude) ........... 8

4 May I take coffee, smoke or drink before blood sampling? –
Stimulants and addictive drugs as biological influence factors ....... 12

5 What if I take herbs? – Effects of herbs on laboratory results ......... 14

Collection of Specimen

6 When to test? – Timing of sampling ........................................... 16

7 Sampling during infusion therapy? –
Sequence of diagnostic and therapeutic procedures ..................... 18

8 Sampling in the supine or upright position? –
Effects of posture and tourniquet ................................................ 20

9 What site for sampling blood? –
Phlebotomy, arterial puncture and sampling from catheters ............ 22

10 Blood from the skin – Capillary sampling .................................... 24

11 Did the lab mix up my sample? –
Techniques of sample identification ............................................ 26

12 A precious sample – Cerebrospinal fluid (CSF) ............................ 28

13 A sample that is nearly always available –
Urine and saliva as diagnostic probes ........................................ 30

14 Plasma or serum? – Differences to be considered ......................... 34

15 Take a lavender tube! – Additives and colour codes ..................... 36

Contents

VII



Transport and Storage

16 Fax me a sample – Effects of time and temperature during transport 38

17 Samples in transit – Legal standardization for mailing samples ...... 40

18 How to keep a sample “fresh” –
Storage of samples in the laboratory .......................................... 42

Preparation of Samples for Analysis

19 What has to be done on specimen arrival? –
Specimen processing, centrifugation, distribution ......................... 44

20 Continuous or batchwise? – Preanalytical workflow and robotics ... 46

21 Safety aspects during the preanalytical phase –
Disposal of specimens, needles, tubes and chemicals ................... 48

Special Aspects with each Analyte

22 What is needed before blood transfusion? –
Special aspects in immuno-haematology ..................................... 52

23 Why a separate tube for the coagulation test? –
Special aspects in haemostaseology ........................................... 54

24 Blood cells are sensitive! –
Special aspects in haematological analysis ................................. 56

25 Everything from a drop of blood? –
Special aspects in clinical chemistry ........................................... 58

26 Special tubes for hormones and proteomics? –
Preanalytical factors in immunoassays ........................................ 60

27 Blood cells can provide important information –
Special aspects in cellular analysis ............................................. 62

28 How to handle genes –
Special aspects in molecular biology .......................................... 64

29 When gases evaporate –
Special aspects for blood gases and ionized calcium ................... 68

30 The right time for drugs … –
Special aspects in therapeutic drug monitoring (TDM) .................. 70

31 Bacteria, fungi, parasites and viruses –
Special aspects in microbiology ................................................ 74

Contents

VIII



Endogenous and Exogenous Interferences

32 Can turbid samples be used? – Effects of lipaemia ....................... 78

33 A difficult case – Pitfalls with endogenous antibodies .................... 80

34 The serum sample looks reddish – Effects of haemolysis ................ 82

35 Does the laboratory have to know all my drugs? –
Mechanisms and treatment of drug interference ........................... 84

36 Everything under control? –
Quality assurance in the preanalytical phase ............................... 86

References .................................................................................... 90

Glossary ...................................................................................... 102

Index ........................................................................................... 108

Vacutainer, Microtainer, QuikHeel and Eclipse are trademarks of Becton Dickinson and Company (BD)

Contents

IX



Laboratory tests generally provide a more sensitive indicator of the state of a pa-
tient’s health than the patient’s account of how he or she feels. This has
prompted an increasing emphasis on laboratory tests in the diagnosis and

management of the patient’s disease. Major decisions about the management of
a patient are being made on small changes in laboratory data. Thus, a decision
to change the dose of a patient’s drug is often made on its plasma concentration.

Laboratories have long been aware that many non-disease factors may affect cli-
nical laboratory test values. These include the potential effect of drugs, either
through an effect on the physiological function of various organs or an interference
with an analytical method.

Whereas the laboratorian may be aware of the possibility of an analytical inter-
ference, clinicians are largely unaware of these effects and the available resources
to help them interpret test values correctly. When this information is not given with
the result, clinicians may misinterpret test values and take an inappropriate action
with their patients.

Clinical decisions based on laboratory test values are correctly made only when
the conditions under which blood or other specimens are properly identified and
standardized, or when the lack of standardization is recognized and allowances
are made for some lack of comparability with previous test values. While laborator-
ians are aware of the concepts of intra- and interindividual variation as they affect
laboratory data, many colleagues are unfamiliar with all but the most obvious
causes of differences in test values, such as gender and age.

An understanding of intraindividual variation of test values is important if appro-
priate clinical decisions are to be made when serial data are being followed. The
new concepts of critical differences or reference changes are now important. For
proper interpretation of the typically small differences between laboratory data ob-
tained on successive specimens from patients, the variables affecting the test values
need to be standardized wherever possible, but first the pertinent variables need to
be identified.

These are the issues that prompt the need to revisit all the factors related to prea-
nalytical variables. It is thus particularly timely for this book to be published. The
authors hope to reach a broader audience than the laboratorians who are probably
quite familiar with many of the factors affecting test results. Since 1956, when Roger
Williams published his pioneering studies on the differences between people in a
book entitled Biochemical Individuality, physiologists have been concerned with
the differences between people. Now that we have a broader understanding of
the genetic influence on human physiology and behavior and a greater need to ex-
tract more information from small changes in laboratory data, the publication of a
new book concerned with preanaytical variables which contribute to intra- and in-
terindividual variability is both timely and welcome. This book is intended not just for
laboratorians but also for physicians, nurses and everyone involved in the chain of
events from the decision to order a laboratory test to the interpretation of its results.

Proper application of the information contained in this book should lead to less
unnecessary testing, reduced costs and a better understanding of the results.

Philadelphia, April 1996 Donald S. Young MD, PhD
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