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Preface

Point-of-care Testing (POCT) enables health care professionals and caregivers perform 
clinical laboratory testing in close proximity to or directly at the patient’s side. POCT also 
allows suitable patients to perform self-monitoring in indications like diabetes, coagula-
tion disorders and pregnancy. The underlying technology and range of test parameters 
available are evolving at a very rapid pace. Because delays are no longer caused by clinical 
sample preparation, transport or central laboratory analysis, innumerable clinical appli-
cations are possible that shorten the clinical decision-making time with implications for 
additional testing or therapy. Tests in a POC environment are currently performed by 
many medical disciplines including endocrinology, diabetology, cardiology, nephrology, 
critical care medicine, gynecology, hematology, hemostaseology, infectiology to name a 
few. Indications for a more patient-centered health screening include tests for cholesterol, 
lipids, drugs of abuse, coagulation monitoring, drugs of abuse etc.

The notion of conventional and POCT laboratory services residing within the same hos-
pital may seem contradictory, but these two are, in fact, complementary. Together, POCT 
and the central laboratory are pivotal to the optimal functioning of diagnostic processes. 
They complement each other, provided that dedicated POCT coordination integrates the 
quality assurance of POCT into the overall quality management system of the central 
laboratory.

The motivation for this first English edition of the POCT book by Luppa and Junker, 
adapted from the third German edition, was to explore and describe – from the Europe-
an perspective – clinically relevant analytical techniques, organizational concepts for 
applications and future development of POCT. The European approach to the clinical role 
of POCT is clearly emphasized herein, and the reader is encouraged to compare and 
contrast these perspectives with the current practices they are familiar with.

The book presents an overview of the opportunities that POCT can provide while iden-
tifying the limitations to be considered when choosing whether to implement POCT or 
not. Current technologies, clinical applications, networking issues and quality issues and 
regulatory aspects are all addressed. In addition, the authors also present a survey of fu-
ture technologies which hold great promise.

The editors have spent considerable efforts to highlight the latest developments, e.g., 
novel POCT applications of nucleic acid testing for the rapid identification of infectious 
agents. In addition, we, the editors, have included a comparison of European quality as-
surance recommendations drafted by a team of international experts.

This book aims to be a field guide and resource for anyone looking to adopt or manage 
POCT. It should also prove useful to assay developers and clinical experts as it highlights 
relevant aspects and describes the complexities to be considered when designing new 
POCT products and applications.
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The editors hope our readers will gain unique insights into the intricacies of this multi-
faceted bioanalytical technology. We hereby encourage them to reflect on the role POCT 
could play in their own settings and on how to best harness this powerful clinical tool.

We would like to thank all the IVD companies listed below for their valuable support in 
facilitating this book project.

Peter B. Luppa and Ralf Junker
Munich and Kiel, February 2018

Kindly supported by
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Abbreviations

The list below is exclusive of commonly known abbreviations for parameters in clinical 
chemistry, hematology, immunology and other laboratory disciplines

AACC American Association for Clinical 
Chemistry

AAL Ambient assisted living 
ABDA Bundesvereinigung Deutscher Apo-

thekerverbände (Federal Union of 
German Associations of Pharmacists)

ACC American College of Cardiology
ACS Acute coronary syndrome
ACT Activated clotting time
ADP Adenosine diphosphate
AG Anion gap
AHA American Heart Association
ApBetrO Apothekenbetriebsordnung (Ger-

man Ordinance on the Operation of 
Pharmacies)

ASSURED WHO criteria for the application of 
POCT devices 

AST Alternate site testing 
ASTM American Society for Testing and 

Materials
ATP Adenosine triphosphate
ATR Attenuated total reflection
AWMF Arbeitsgemeinschaft der Wissen-

schaftlichen Medizinischen Fach-
gesellschaften (Association of the 
Scientific Medical Societies in 
 Germany)

BCSH British Committee for Standards in 
Haematology

BE Base excess
BEE Base excess extracellular fluid
BfArM Bundesinstitut für Arzneimittel und 

Medizinprodukte (Federal Institute 
for Drugs and Medical Devices)

BFR Blood flow restriction
BGA Blood gas analysis
BGB Bürgerliches Gesetzbuch (German 

Civil Code)
BGSC Blood glucose self-control
BL Blood volume
BNP Brain natriuretic peptide
BUN Blood urea nitrogen

CAD Coronary artery disease
CAP College of American Pathologists
CARBA-R Carbapenem-resistant Enterobacte-

riaceae
CDC Centers of Disease Control and 

Prevention

CDI Clostridium difficile 
CE Conformité Européenne
CEN European Committee for Standardi-

zation
CENELEC European Committee for Electro-

technical Standardization
CFT Clotting formation time 
CGM Continuous glucose monitoring
CIC Connectivity Industry Consortium
CK Creatine kinase
CLIA Clinical Laboratory Improvement 

Amendments
CLSI Clinical and Laboratory Standards 

Institute
CMS Center for Medicare Services
CO Carbon monoxide
CO Cardiac output
COFRAC Comité français d‘accréditation 

(French National Accreditation 
Body)

COLA Commission on Office Laboratory 
Accreditation 

CREA Creatinine
CRP C-reactive protein
CT Chlamydia trachomatis
CT Clotting time 
CTG Cardiotocography
cTnI Cardiac troponin I
cTnT Cardiac troponin T
CV Coefficient of variation
CRC Colorectal cancer
CTG Cardiotocography
CVD Chemical vapor deposition

DAkkS Deutsche Akkreditierungsstelle 
(Accreditation Body for the Federal 
Republic of Germany)

D-BIL Conjugated bilirubin
DCCT Diabetes Control and Complication 

Trial
DCT Direct-to-consumer testing
DDAVP 1-Desamino-8D-arginine vasopres-

sin
DDG Deutsche Diabetes Gesellschaft 

(German Diabetes Association)
DGKH Deutsche Gesellschaft für Kranken-

haushygiene (German Society of 
Hospital Hygiene)
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DGKL Deutsche Gesellschaft für Klinische 
Chemie und Laboratoriumsmedizin 
(German Society for Clinical Chemi-
stry and Laboratory Medicine)

DI Device interface
DIN Deutsches Institut für Normung 

(German Institute for Standardi-
zation)

DKG Deutsche Krankenhausgesellschaft 
(German Hospital Federation)

DMS Data management system
DRG Diagnosis-related group(s)
DVT Deep vein thrombosis

EA European Cooperation of Accredi-
tation

EBM Einheitlicher Bewertungsmaßstab 
(German Uniform Assessment 
 Standard)

EBV Epstein-Barr virus 
ECT Ecarin clotting time
ED Emergency department
EDMA European Diagnostic Manufacturer 

Association
EHEC Enterohemorrhagic E. coli 
ELBW Extreme low birth weight
ELISA Enzyme-linked immunosorbent 

assay
EMS Electromyostimulation
EQA(P) External quality assurance 

 (program)
EQC External quality control
ESC European Society of Cardiology
EU European Union
EWDTS European Workplace Drug Testing 

Society

FACS Fluorescence-activated cell sorting
FAD Flavin adenine dinucleotide
FDA U.S. Food and Drug Administration
FER Ferritin
FET Field effect transistor
FMCG Fast-moving consumer goods
FOBT Fecal occult blood test
FRED Förster resonance energy transfer

GAS Group A streptococcus 
G-BA Gemeinsamer Bundesausschuss 

(Federal Joint Committee)
GBS Group B streptococcus 
GDH Glucose dehydrogenase
GDM Gestational diabetes mellitus
GHTF Global Harmonization Task Force
GKV Gesetzliche Krankenversicherung 

(National Association of Statutory 
Health Insurance Funds)

GLORIA Gold-labelled optical-read rapid 
immunoassay

GMR Giant magnetoresistance

GOÄ Gebührenordnung für Ärzte 
 (German physicians fee schedule)

GOD Glucose oxidase

Hb Hemoglobin
HBV Hepatitis B virus
Hct Hematocrit
HCV Hepatitis C virus
HDA Helicase-dependent amplification
HIS Hospital information system
HIT High intensive training
HITECH Health Information Technology for 

Economic and Clinical Health
HIV Human immunodeficiency virus
HL7 Health Level 7
HPLC High-performance liquid chromato-

graphy
HPV Human papilloma virus
HRP Horseradish peroxidase
hsCRP High-sensitive C-reactive protein
HTLV Human T-cell leukemia virus
HVT High-volume training

ICG Indocyanine green
ICSH International Council for Standardi-

zation in Haematology
ICT Immunochromatographic test 
ICU Intensive care unit
IEC International Electrotechnical 

 Commission
IEEE Institute of Electrical and Electronics 

Engineers
IFCC International Federation of Clinical 

Chemistry
iFOBT Quantitative fecal immunochemical 

test
IGeL Individuelle Gesundheitsleistung 

(Individual healthcare service under 
according to the German physicians’ 
fee schedule)

INEK Institut für das Entgeltsystem im 
Krankenhaus (Institute for the 
 Hospital Remuneration System)

INR International normalized ratio
INSTAND Gesellschaft zur Förderung der 

Qualitätssicherung in medizi-
nischen Laboratorien e.V. (Society 
for Promoting External Quality 
Assurance in Medical Laboratories) 

IoT Internet of things
IQC Internal quality control
IQCP Individualized quality control plan
IR Infrared (spectroscopy)
ISE Ion-selective electrode
ISFET Ion-sensitive field effect transistor
ISO International Organization for 

 Standardization
IVD In-vitro diagnostics
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JC Joint Commission

KBV Kassenärztliche Bundesvereinigung 
(National Association of Statutory 
Health Insurance Physician)

KRINKO Kommission für Krankenhaus-
hygiene und Infektionsprävention 
(Commission for Hospital Hygiene 
and Infection Prevention)

LAMP Loop-mediated isothermal 
 amplification

LBWI Low birth weight infant
LDH Lactate dehydrogenase
LED Light-emitting diode 
LFA Lateral flow assay 
LFD Lateral flow device
LGS Low glucose suspend
LIS Laboratory information system
LOD Limit of detection
LOINC Logical observation identifiers 

names and codes

MA Maximal amplitude
Mb Myoglobin
MCF Maximal clot firmness
MDD Medical Device Directive
MDMC Medical devices and management 

committee
MEMS Micromechanical systems
MG Mycoplasma genitalium
MHRH Medicines and Healthcare Products 

Regulatory Agency
MI Myocardial infarction
MIR Mid-infrared (spectroscopy)
ML Maximal lysis
MPBetreibV Medizinprodukte-Betreiberverord-

nung (German Medical Devices 
Operator Ordinance)

MPG Medizinproduktegesetz (German 
Medical Devices Act)

MRSA Methicillin-resistant staphylococcus 
aureus 

μTAS Micro total analysis system
MTB/RIF Mycobacterium tuberculosis/ 

rifampicin resistance 
MVZ Medizinisches Versorgungszentrum 

(Medical Service Center)
MW Mean value

NACB National Academy of Clinical Bio-
chemistry

NAD Nicotinamide adenine dinucleotide
NAT Nucleic acid testing
NCCLS National Committee on Clinical 

Laboratory Standards
NG Neisseria gonorrhoeae
NGM Noninvasive glucose monitoring

NGSP National glycohemoglobin standar-
dization program

NHS National Health Service (UK)
NICE National Institute for Clinical and 

Health Care Excellence (UK) 
NIR Near-infrared (spectroscopy)
NKK Norwegian clinical chemistry EQA 

program
NOAC Non-vitamin K antagonist oral 

 anticoagulants
NOKLUS Norwegian Quality Improvement of 

Primary Health Care Laboratories
NPV Negative predictive value
NQAAP National Quality Assessment 

 Advisory Panels
NSTEMI Non-ST segment elevation 

 myocardial infarction
NT-proBNP N-terminal proBNP
NVKC Dutch Society for Clinical Chemistry

ÖQUASTA Österreichische Gesellschaft für 
Qualitätssicherung und Standardi-
sierung medizinisch-diagnostischer 
Untersuchungen (Austrian Associa-
tion for Quality Assurance and 
Standardization of Medical and 
Diagnostic Tests)

oGTT Oral glucose tolerance test
OI Oxygenation index
OR Operating room
ORI Observation reporting interface

PCHA Personal Connected Health Alliance
PCR Polymerase chain reaction
PDMS Patient data management system
PEI Paul-Ehrlich-Institut (Paul Ehrlich 

Institute)
PEP Post-exposure prophylaxis
PFA Platelet function analyzer
PLGM Predictive low glucose management
POC Point-of-Care
POCT Point-of-Care Testing
PPM Provider-performed microscopy
PPP Public private partnership
PPV Positive predictive value
PQQ Pyrroloquinoline quinone
ProdHaftG Produkthaftungsgesetz (German 

Product Liability Act)
PV Plasma volume

QC Quality control
QCM Quartz crystal microbalance
QI Quality indicator
QM Quality management
QMS Quality management system
QUALAB Schweizerische Kommission für 

Qualitätssicherung im medizi-
nischen Labor (Swiss Commission 
for Quality Assessment in Medical 
Laboratories)



XXX Abbreviations

RfB Referenzinstitut für Bioanalytik der 
DGKL (German Reference Institute 
for Bioanalytics)

RFID Radio frequency identification
RI Reflection index
RI Respiratory index
RIfS Reflectometric interference 

 spectroscopy
RiliBÄK Richtlinie der Bundesärztekammer 

zur Qualitätssicherung laboratori-
umsmedizinischer Untersuchungen 
(Guideline of the German Medical 
Association on Quality Assurance in 
Medical Laboratory Examinations)

ROC Receiver operating characteristic
ROTEM Rotation thromboelastometry
RPA Recombinase polymerase amplifica-

tion
RPFA Rapid platelet function analysis
RQ Respiratory quotient
RSV Respiratory Syncytial Virus

sAA Salivary alpha amylase
SAM Self-assembling monolayer
SAMSHA Substance Abuse and Mental Health 

Services Administration
SAW Surface acoustic wave
SBE Standard base excess
sC Salivary cortisol
SD Standard deviation
SELEX Systematic evolution of ligands by 

exponential enrichment
SEQC Spanish Society of Clinical Biochem-

istry and Molecular Pathology
SERS Surface-enhanced Raman 

 spectroscopy
SID Strong ion difference
SIG Strong ion gap
sIgA Salivary immunoglobulin A
SKUP Scandinavian Evaluation of Labora-

tory Equipment for Primary Health 
Care

SLA Service level agreement
SLE Systemic lupus erythematosus
SOP Standard operating procedure
SPR Surface plasmon resonance
STEMI Segment elevation myocardial 

infarction
SaP Sensor-assisted pump therapy
SaT Sensor-assisted therapy decision

TAT Turn-around time
T-BIL Total bilirubin
TEG Thrombelastography
tHb Total hemoglobin mass
THC Tetrahydrocannabinol
TIRF Total internal reflection fluore-

scence
TIRS Total internal reflection spectro-

scopy
TMB Tetramethylbenzidine
TRBA Technische Regeln für Biologische 

Arbeitsstoffe (Technical Rules for 
Biological Agents)

TTR Time in therapeutic range
TV Trichomonas vaginalis

UDI Unique device identification
ULN Upper limit of normal (99th percen-

tile of healthy controls)
UREA Urea
UTI Urinary tract infection

VDGH Verband der Diagnostica-Industrie 
(German Diagnostic Manufacturers 
Association)

VKA Vitamin K antagonists
VLBW Very low birth weight

WBC White blood count
WPA2 Wi-Fi protected access 2

ZLG Zentralstelle der Länder für Gesund-
heitsschutz bei Arzneimitteln und 
Medizinprodukten (Central Autho-
rity of the Länder for Health Protec-
tion with regard to Medicinal 
 Products and Medical Devices)

ZLS Zentralstelle der Länder für Sicher-
heitstechnik (Central Authority of 
the German Federal States for 
 Safety)
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1
1.1 Introduction

Throughout the history of laboratory medicine, 
there has always been concern about the relia-
bility of results. The trend towards centralized 
laboratories where high-volume complex test-
ing is reliable and cost-effective has ultimately 
been driven by the realization that the imple-
mentation of a quality management system is a 
necessary part of reliable and accurate laborato-
ry diagnostics. However, one disadvantage of 
centralized diagnostics is that the well-function-
ing logistics required to transport samples and 
ensure quick processing is not always available. 
In contrast, POCT – laboratory diagnostics 
performed near the patient – can usually en-
sure short-term analysis. In most cases, POCT 
is associated with fewer pre-analytical problems 
(e.g. specimen transport, specimen stability) 
[3]. Whether a test is carried out in a central 
laboratory or at a patient’s bedside has always 
been and is a complex organizational decision, 
guided by the principle that the best outcome for 
the patient is the decisive criteria. That said, 
there is still a paucity of data on patient out-
comes which are both dependent on the time-
to-result and the quality of the analysis [10].

1.2 Terminology and definitions

The term “near-patient diagnostics” or “point-
of-care testing” (POCT) is used to describe 
clinical laboratory testing that is carried out at 
the patient’s bedside or in the direct proximity 
of the patient. A uniform, generally accepted 
definition has still not been agreed. Rather, a 
variety of terms is used that can sometimes – 
but not always – refer to different definitions.

In addition to the phrases “near-patient 
laboratory testing” and “remote rapid testing”, 
the international nomenclature “point-of-care 
testing” (POCT) has become most widely ac-
cepted. Furthermore, descriptive synonyms 
such as “bedside testing”, “ancillary testing” or 
“decentralized testing” are also used in the ver-
nacular. “Patient self-management” is also a 
POCT concept. In the literature, numerous 

definitions or descriptions of POCT are given, 
together with evaluations of technical solutions 
or process sequences [4, 9].

The most important characteristics attrib-
uted to POCT are summarized here. In excep-
tional cases, one might refer to a test as “point-
of-care” even if it does not meet all the criteria 
listed in the overview below (e.g. no sample 
preparation or pipetting steps), provided it still 
meets the typical description of a test of that na-
ture (particularly with regard to 1., 8. and 9.) [2].

Typical characteristics of POCT
1. Laboratory testing is performed in the 

direct proximity of the patient
2. Laboratory tests are performed out-

side of a central or satellite laboratory
3. No sample preparation, i.e. mostly 

whole blood is used as test material
4. No pipetting steps
5. “Ready-to-use” reagents, e.g. as cas-

settes or unit-use devices
6. Special measuring devices intended or 

used exclusively for single sample 
measurement

7. No pertinent medical technical qualifi-
cations needed for operating the 
measuring device

8. Results available quickly
9. Results lead to a rapid diagnosis or 

consequences for treatment

According to Kost [4], a key factor for using 
POCT is to bring the test directly to the patient. 
This is more convenient and increases the prob-
ability of a fast result.

However, there are also many other POCT 
definitions, some of which should be men-
tioned here:

Definition from the Guideline of the German 
Medical Association (RiliBÄK) According to 
the Guideline of the German Medical Associa-
tion (RiliBÄK) [1], the use of POCT in hospitals 
is only feasible when the POC test is used as a 
single determination that produces immediate 
consequences impacting treatment. For exam-
ple, a series of regular, possibly automated tests, 
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carried out close to the patient should not be 
classified as POCT. Within its national purview, 
RiliBÄK has more narrowly defined POC meth-
ods in their actual sense by the term “unit-use 
reagents”. With the aim of assuring quality con-
trol for optimal patient safety, this regulatory 
document excludes from the POCT concept for 
rapid near-patient diagnostics those more com-
plex devices that do not operate with unit-use 
reagents. This simply means that it is the opera-
tor’s own responsibility to check conventional 
laboratory test equipment such as clinical chem-
ical or hematology analyzers in full compliance 
with the regulations of  RiliBÄK.

Definition by the National Academy of Clinical 
Biochemistry (NACB) The Laboratory Medi-
cine Practice Guidelines (LMPG) introduced 
by the NACB [6] define POCT as “clinical labo-
ratory testing conducted close to the site of pa-
tient care, typically by clinical personnel whose 
primary training is not in the clinical laboratory 
sciences or by patients (self-testing). POCT re-
fers to any testing performed outside of the tra-
ditional, core or central laboratory.”

Definition by the College of American Patholo-
gists (CAP) This group pragmatically applies 
various definitions of POCT, depending on its 
geography (hospital, outpatient services etc.), 
function (in hospital intensive care units, 
 outpatient departments etc.), its technology 
(simple hand-held devices, complex multi-pa-

rameter analyzers etc.) or operational context 
(nurse, patient etc. as user).

Pragmatic definition by the Irish working group 
of O’Kelly et al. [7] These authors define POCT 
pragmatically, describing the pivotal scenario 
as: “Point of care testing is defined as a quality-
assured pathology service using analytical de-
vices (including test kits and analyzers such as 
blood gas and critical care analyzers and meters 
for glucose, urinalysis and other metabolites) 
provided near to the patient rather than in the 
traditional environment of a clinical laboratory.”

POCT was originally almost exclusively 
used to check blood glucose and measure vital 
parameters with blood gas analyzers in operat-
ing theaters and intensive care units, but its 
range and potential uses have continually ex-
panded in recent years. There are multiple rea-
sons for this. It can be anticipated that existing 
analytical principles and devices will continue 
to evolve and become more simplified, while 
new processes are also certain to emerge (catch-
phrase: “lab-on-a-chip”). The panoply of mea-
surable parameters will expand and POCT ap-
plications will not be limited to medicine alone 
(catchphrase: “direct-to-consumer testing”).

1.3 Areas of application

. Tab. 1.1 gives an overview of the meanwhile 
very extensive POCT spectrum; it focuses on 

 . Tab. 1.1 Areas of POCT application

Within the hospital setting Outside the hospital setting

Area of 
application

Intensive care unit
Operating room/recovery room
Delivery room/neonatal ward
Lung function tests
Invasive radiology Emergency room
Specialized outpatients
Diabetic care ward

Emergency physician (also for disaster control or in 
the military setting)
Private practitioners (practice, house calls)
Medical services
Sports medicine
Outpatient care
Home care
Pharmacy
For forensic drug screening
For patient self-monitoring (blood glucose, clotting)

Criteria  
for use

Outside the central laboratory‘s 
regular service hours
Hospitals without their own 
 laboratory
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1  . Tab. 1.2 Key clinical parameters that can be measured using POCT

Parameters and clinical application Parameters

Acid-base status, blood gases pH, pCO2, pO2 (often combined with electrolytes, metabolites and 
CO-Oximetry)

Electrolytes Na+, K+, Cl–, ionized Ca2+, ionized Mg2+

Metabolites Cholesterol, HDL-cholesterol, triglyceride, creatinine, urea, uric 
acid, bilirubin, lactate, ammonia

Enzymes Amylase, alkaline phosphatase, creatine kinase, aspartate amino-
transferase, alanine aminotransferase, γ-glutamyl transferase

Hemostaseology Activated clotting time, partial thromboplastin time, thromboplas-
tin time (Quick test, INR), D-dimer, platelet function, bleeding time

Hematology Hemoglobin, hematocrit, erythrocytes, leukocytes, platelets, 
 differential blood count

Hemoglobin fractions CO-oximetry 

Cardiac markers Troponin T, troponin I, myoglobin, creatine kinase (CK-M muscle 
type, CK-B, brain type), brain natriuretic peptide (BNP), N-terminal 
pro-BNP, interleukin 1 receptor-like 1 (ST2)

Diabetes mellitus Glucose, HbA1c, minimal-invasive continuous glucose monitoring, 
β-hydroxybutyrate (in urine and capillary blood)

Acute phase protein C-reactive protein

Allergy diagnostics Allergen specific IgE

Medication levels and drug screening Medication, alcohol, amphetamine, barbiturate, benzodiazepines, 
cannabinoids, cocaine, methadone, opiates

Infectious diseases HIV, infectious mononucleosis, Chlamydia trachomatis, Trichomon-
as vaginalis, Plasmodium falciparum, Plasmodium vivax, influenza 
viruses type A and B, group A and B streptococcus

Fertility Human chorionic gonadotropin, luteinizing hormone, follicle-
stimulating hormone, sperm count in ejaculate, pregnanediol 
glucuronide, estriol 3-glucuronide (E3G)

Urine diagnostics Test strips (pH, protein, glucose, ketones, pregnanediol glucuro-
nide, estriol glucuronide, bilirubin, urobilinogen, nitrite, leuko-
cytes, blood, specific gravity), microalbumin, bacteria 

Stool diagnostics Occult blood in stool

Non-invasive measurements Transcutaneous pCO2 and pO2 values, neonatal bilirubin

Patient self-monitoring Blood glucose, urine glucose, thromboplastin time (INR)

medical uses, although it is difficult to prevent 
crossover to applications outside of medicine.

In addition, there are manifold applications 
outside of clinical medicine, e.g. in veterinary 
medicine, but also homeopathy, for fitness stu-
dios and industry. Currently, there are more than 

100 POCT analytes available and further tests are 
being developed. . Tab. 1.2 focuses on the clini-
cally relevant analytes or parameters already for 
POCT on the market. These include products 
with several generally available technical solu-
tions, while excluding non-standard ones.
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The quality of user information about indi-
vidual tests varies significantly. Some tests still 
under development or still in the prototype 
stage have already been published as estab-
lished tests. However, even for established tests 
the manufacturer’s information is often incom-
plete, at times missing valid data for analytical 
quality (precision, accuracy, sensitivity, speci-
ficity) to be able to compare results with stan-
dard laboratory tests and judge their practica-
bility. This is even more evident regarding in-
formation on diagnostic sensitivity and speci-
ficity. Before introducing a test, it is therefore 
essential to conduct a literature search, to do 
your own evaluation and/or to discuss it with 
specialists and experts in the field. Evidence-
based recommendations for a specific analyte 
may also be useful [5]. In general, it is difficult 
to decide if a test is useful or not. This is only 
possible if all medical, technical, economic, hu-
man resources-, equipment- and facilities-re-
lated aspects and constraints relevant to the 
user’s situation are considered. A POCT com-
mittee should be set up at a healthcare facility to 
make decisions about the selection, verification 
and evaluation of relevant tests (7 Chapter 30 
and 7 Chapter 36).

Point-of-care laboratory testing (POCT) is 
being increasingly used in developing countries 
and emerging markets. Future developments  
of this technology need to be considered glob-
ally [8]. More detailed information is given in  
7 Chapter 35.
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2.1 Introduction

Laboratory diagnostics performed directly at 
the hospital bedside are an efficient form of 
 laboratory medicine whose development has 
benefited greatly from the miniaturization of 
measuring equipment and procedures and pro-
moted by their integration into information 
technology. The polarization that can occasion-
ally be seen between the organizational struc-
ture of the central laboratory and POCT con-
firms this impression: Bedside or near-patient 
diagnostics is an important option in the 
on-going interplay between diagnostics and 
treatment [18].

In retrospect, the principles of medical ac-
tion have not changed for hundreds of years: An 
experienced physician still acts based on de-
tailed observation and targeted questioning 
supported by manual and technical examina-
tion of patients and their organs. This analytical 
approach enabled clinicians to answer their 
patients’ questions and to confirm their own 
suspicions whereupon therapeutic interven-
tions could then be initiated, checked and opti-
mized. The need to render a medical diagnosis 
promptly and, where possible, at the point of 
care is as old as medicine itself.

Hence, every era had its tests that were sim-
ple and robust enough to be applied directly on 
or around the patient. There were, nevertheless, 
equally valid reasons not to carry out certain 
tests at the point of care. The term “laboratory 
test” stems from a time when the technical 
complexity of diagnostic methods was linked to 
special instruments as well as spatial require-
ments and to the increasing need for laboratory 
medical expertise. With the exception of those 
laboratory tests primarily required in life-
threatening situations, results made available 
within 30 minutes to 2 hours for a typical small 
to middle-sized hospital laboratory or 24 to  
48 hours for a private practitioner seemed gen-
erally satisfactory for medical decision-making. 
This situation has now at least partially changed. 
Nowadays, when clinical practice is confronted 
with life-threatening emergencies, immediately 
available laboratory results directly impact 

treatment decisions. There are also advantages 
in outpatient settings, e.g. for the medical care 
of patients with chronic conditions such as dia-
betes mellitus and for patient self-management 
in homecare settings. The different areas of ap-
plication for POCT are depicted in . Fig. 2.1.

The analytic process of POCT in health-
care  is both innovative, while offering novel 
 options for prevention, diagnosis and patient 
monitoring. According to Price and St John 
[17], real innovation is characterized by the  
fact that the invention offers new benefits. In 
the healthcare system this means that innova-
tion must have direct benefits for patients 
 receiving treatment. In the face of the many dif-
ferent challenges in developing countries, it is 
easy to recognize that POCT can offer answers 
more easily than conventional laboratory med-
icine. One notable example is that the increas-
ing number of malaria tests carried out have 
already helped to significantly reduce the ad-
ministration of anti-malaria drugs to those 
without the disease [7].

By contrast, in the hospital setting, the ad-
vantages of POCT process management can 
only be realized in close collaboration with the 
central laboratory and its core competencies 
[1]. As long as POCT specialists and central 
laboratory experts complement rather than 
contradict each other, they can reshape clinical 
guidelines and bring about significant, positive 
results in patient care (7 Chapter 30).

Nowadays blood glucose and blood gas 
analysis are usually carried out at the POC. A 
growing number of biochemical, hematological 
and hemostaseological tests are also used. On 
the one hand this development is in contrast to 
growing centralization of laboratory medicine 
in recent years. On the other hand, thanks to 
the ability to carry out emergency tests at the 
point of care using simple, quick processes, it is 
laying the foundations for stronger centralized 
laboratory analytics. For example, emergency 
and rapid diagnostics can be carried out in 
smaller clinics using POCT, whereas, routine 
and specialized analyses are performed in  larger 
regional hospital laboratories or in laboratory 
physicians’ practices.
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Several American studies have shown that 
the increasing use of laboratory tests that are 
easy to perform can be advantageous in areas 
away from hospitals and medical practices. It 
was possible to prove that the offer by pharma-
cy staff to check cholesterol levels of their cus-
tomers using simple tests and to offer lipid low-
ering drug treatment, if appropriate, was posi-
tively received and led to a significant reduction 
in cholesterol levels within this customer group 
[14, 16, 21]. These tests are also often classified 
under the term POCT. It is conceivable that the 
knowledge of an abnormal finding leads to a 
higher health consciousness in the affected per-
son with all the resulting consequences, includ-
ing a necessary medical consultation. Implica-
tions for the whole health care economy are 
possible.

In principle, therefore, immediate point-of-
care diagnostics and high-throughput analysis 
at central or large laboratories only appear to be 
a contradiction in terms [4]. Immediate point-
of-care diagnostics or the more broadly catego-
rized POCT currently seems to be a helpful 
adjunct in patient care which under no circum-
stances means that we can do without conven-
tional laboratory analysis. Although conven-
tional laboratory analytics is still important at 

present, it is clear that technological develop-
ment and the mass production of POCT de-
vices and processes will lead to its widespread 
use in everyday medical care. Whether multi-
functional devices that are easy to use are more 
widespread in hospitals and medical practices 
in the next few years does not depend on the 
availability of the technology. The extent and 
speed of these developments depends much 
more on how far health insurance companies 
are prepared to cover them.

2.2 The medical and financial 
 aspects of POCT diagnostics

Medical and financial considerations are close-
ly linked when talking about POCT. It is be-
yond doubt that POCT plays a significant med-
ical role regarding the provision of emergency 
analyses in life threatening situations. In inten-
sive care, medical as well as organizational as-
pects are important whereas for outpatients and 
admission units the organizational aspects are 
the most important. Also for general practice, 
POCT is at present primarily used for organiza-
tional reasons. It is not possible to generalize 
about the medical or financial benefits from 

 . Fig. 2.1 Hierarchy of POCT applications

ICU/operating room

Emergency department

Outpatient department

Ambulance

Physician’s practice

Patient at home

Critical care testing:
Blood gases, electrolytes, lactate

Emergency parameters:
Blood gases, electrolytes, lactate

Monitoring parameters:
Glucose, HbA1c

Critical care testing:
»cardiac markers«, glucose

Monitoring parameters:
Glucose, HbA1c,
global coagulation tests

Self-monitoring:
Glucose, global coagulation tests
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any of its possible applications alone. As each 
case is different, the evaluation criteria for its 
cost benefit ratio are also different [10]. How-
ever, the following applies; using a new process 
at the same cost the medical performance should 
improve, using equivalent medical care costs are 
reduced or, in an ideal situation, medical perfor-
mance should be improved at lower cost.

For this purpose the following goals should 
be strived for [11]:
 5 To improve or change clinical strategies, to 

render early diagnoses, to speed up diag-
nostic or therapeutic processes.

 5 To shorten the stay in hospital, in intensive 
care and in the operating theatre, and to 
reduce the time a clinician or member of 
nursing/care staff has to spend with the 
 patient.

 5 To reduce treatment costs using appropri-
ate treatment structures in optimal patient 
monitoring and prevention of complica-
tions.

 5 To improve general satisfaction of clini-
cians, nursing/care staff and patients.

An overview of previous studies about the med-
ical and/or financial benefits of POCT is given 
in the reference citations [8] and [9]. The need 
for information and recommendations about 
the appropriate use of point-of-care rapid diag-
nostics has spawned evidence-based guidelines 
for POCT like those developed and published 
by the National Academy of Clinical Biochem-
istry (NACB) [15]. There are now detailed rec-
ommendations for commonly used POCT pro-
cesses with a clear rationale for their applica-
tion. These guidelines can be useful for staff 
involved in point-of-care rapid diagnostics as 
well as for decision makers.

2.2.1 Medical aspects

Analysis processing time
The analytical and diagnostic advantages of us-
ing POCT are mainly attributed to the shorter 
turn-around time (TAT); meaning the time 
from ordering the test to receiving the result. 

This time is considerably shorter thanks to the 
elimination of sample transport and sample 
preparation as the tests are performed near the 
patient, usually on whole blood. Measurement 
of the activated clotting time (ACT) in cardiac 
catheter interventions, for example, is required 
by the guidelines. The ACT shows whether the 
heparin administered during the intervention 
is sufficient or needs to be adjusted. On the one 
hand, the result is needed very quickly and on 
the other hand it is not possible to send the 
sample away as adding an anticoagulant would 
make the sample unusable. It is, however, im-
possible to transport the sample without adding 
an anticoagulant, as clotting occurs quickly and 
would therefore make the sample unusable.

The most important advantage of POCT 
 diagnostics, namely the rapid availability of test 
results, is not necessarily a medical or econom-
ic advantage in the hospital setting [19, 22]. 
This is frequently attributable to the fact that a 
TAT shortened by POCT still has an unchanged, 
long therapeutic TAT (TTAT), i.e. the time 
from blood draw to the treatment decision 
made based on the test results [20]. There are 
still only a limited number of concrete studies 
asking whether the many advantages attributed 
to POCT really bring about improvements in 
patient care. In one comprehensive English 
study, van Heyningen et al. [22] explored the 
question of clinical outcomes as impacted by 
POCT diagnostics versus conventional labora-
tory analytics. Included were 1,728 surgical and 
medical patients in the emergency department 
of a teaching hospital. Patients were randomly 
selected for the type of biochemical analytics 
(POCT or central laboratory). A range of indi-
cators were recorded such as TTAT, the length 
of stay in the emergency department, the rate of 
patients admitted as well as mortality rate and 
length of hospital stay. Although there was a 
considerably shorter TAT for the POCT group, 
no significant differences in outcome indicators 
could be demonstrated. The authors concluded 
that the diagnostic TAT in the clinical manage-
ment of their emergency department patients 
was not the decisive factor impacting the medi-
cal benefit.
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Note

It is therefore necessary for each hospital 
to work with the central laboratory to 
 develop an integrated plan for the sites 
where POCT is used and, furthermore, to 
safeguard the quality of results by imple-
menting quality assurance measures.

This concept must be adapted in each case to 
the space and resources available in each hos-
pital. For example, in hospitals with modern 
pipe delivery or cassette systems, a very short 
analytical TAT is usually ensured by the central 
laboratory, without any comprehensive POCT. 
An ideal combination is the “order-entry sys-
tem” where the required laboratory tests are 
requested directly on the PC and transferred 
on-line to the laboratory. The results can then 
be returned on-line immediately after being 
released.

Quality assurance
For the medical feasibility of POCT, it is impor-
tant that quality standards are adhered to: in 
Germany, such standards have been effective in 
conventional medical laboratory diagnostics 
for decades and are set forth in the quality as-
surance guideline for tests in laboratory medi-
cine testing issued by the German Medical As-
sociation (RiliBÄK) [2] (7 Chapter  36).

RiliBÄK requires the same quality stan-
dards for analysis by central laboratories as for 
POCT. From a patient’s perspective, this is an 
important aspect, as time-critical analyses with 
POCT are carried out and applied to the treat-
ment of patients. If the number of analyte test-
ing devices in a hospital expands, the risk of 
systematic differences between the measuring 
systems increases. This applies to both central 
laboratory analytics and POCT diagnostics. 
Systematic differences between POCT and cen-
tral laboratory test results are often noticed by 
ward personnel, particularly when POCT anal-
ysis is not supervised by the central laboratory. 
In general, systematic differences in devices are 
an ongoing topic in laboratory analytics and it 

is the responsibility of the specialized staff to 
ensure that variations in device readings do not 
lead to misinterpreted results. The employees 
have to check for these variations before test 
procedures are introduced to either find alter-
native tests or to develop relevant corrective 
measures. The aim is to ensure the best compa-
rability of results generated and reported for 
patient care.

In the clinical setting, there are two basic 
options for the appropriate, guideline-com-
pliant regulation of responsibilities for quality 
assurance in decentralized laboratory diagnos-
tics [12]:

Option 1 Laboratory management is respon-
sible for the organization and monitoring of 
quality assurance on all wards and outpatient 
departments that carry out POCT analysis in 
the hospital. Specially trained laboratory staff 
and personnel are frequently employed for this 
purpose. Even if there is no generally recog-
nized name for these qualified staff, they are 
usually medical technical laboratory assistants 
and have become known as “POCT coordina-
tors” or as the “persons responsible for POCT”. 
The equipment and tests are chosen in consul-
tation with the hospital management or a deci-
sion-making committee, e.g. a POCT commit-
tee that trains operators and monitors and re-
cords internal and external quality control 
measurements. In the case of quality assurance 
issues, laboratory management initiates the 
necessary corrective steps.

Option 2 The individual hospital depart-
ments act independently of the central labora-
tory and are responsible for carrying out all 
internal and external quality assurance mea-
sures prescribed by RiliBÄK. It is neither pos-
sible nor permitted for the hospital manage-
ment to pass the responsibility for organizing 
and monitoring quality assurance to the POCT 
coordinator. This option is mandatory when 
laboratory tests are carried out at the point of 
care, but do not fully meet POCT criteria as laid 
out in the RiliBÄK guideline due to technical 
and organizational processes.
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Private practitioners are also bound by and 
obliged to follow the RiliBÄK guideline. How-
ever, unlike hospitals, doctors in private prac-
tice themselves are responsible for performing 
analyses correctly.

2.2.2 Economic aspects

The demand for implementing or expanding 
POCT diagnostics needs to be scrutinized in 
each case, particularly given the high direct 
costs [5, 20]. POCT reagents can be several 
times the cost of analysis by the central labora-
tory. Using POCT devices adds a further bur-
den for nursing and medical staff. In individual 
cases, the introduction of POCT methods and 
the related increased workload requires an in-
creased number of nursing jobs without being 
able to cut posts in the central laboratory. Sim-
ilarly, quality assurance also adds to costs. It has 
been repeatedly described that when the intro-
duction of POCT procedures is poorly coordi-
nated across the whole organization of a hospi-
tal, it can lead to considerably higher costs, not 
least when POCT results still need to be checked 
retrospectively in the central laboratory (“par-
allel diagnostics”) [3].

In order to make a clear statement about the 
economic impacts of POCT, the following 
questions need to be clarified. Should, for ex-
ample, costs only be calculated per test or 
should general cost efficiency be considered? 
How can the medical benefit be measured? Is 
the length of stay a satisfactory criterion? Very 
different results can be produced, depending on 
the level at which costs are calculated (e.g. anal-
ysis, patient, hospital, healthcare system). It 
holds true for hospitals, but also for other med-
ical facilities, that a shorter inpatient stay, e.g. 
improved organizational processes or improved 
medical care can lead to a reduction in surplus 
beds. Also, a higher number of treated patients 
per time unit can economically benefit the hos-
pital. This explains why in the short term the 
costs for the wards can increase while the hos-
pital or healthcare system can reap long-term 
savings through improved patient care.

Very little concrete data have been pub-
lished to date about economic issues. In some 
specific studies, the benefit of POCT was dem-
onstrated from a medical-economical perspec-
tive. Examples include the use of HIV rapid 
tests for screening pregnant women just before 
birth or CRP checks in the doctor’s practice to 
prevent unnecessary prescribing of antibiotics 
in patients with lower respiratory conditions 
[6]. In other settings, like in doctor’s practices 
or pharmacies, the potential economic impacts 
of POCT are much more difficult to evaluate as 
they are mainly linked to monitoring the clini-
cal course of chronic diseases where impacts are 
not measurable until years later when they can 
often no longer be linked to a triggering event. 
Important for the economic use of POCT in 
hospitals is the comprehensive recording of all 
POC tests to be able to map performance in in-
ternal performance data. However, this can 
only be achieved if all devices are connected to 
a central server and patient identification data 
are entered mandatorily.

2.3 The POCT market

POCT systems make up an important seg-
ment  of the in-vitro diagnostics (IVD) mar-
ket  that had worldwide sales of some $14.5 
billion in 2014 (approx. 26°% of the total  
IVD market). According to TriMark Publica-
tions (http://www.trimarkpublications.com) 
or  Boston Biomedical Consultants (http://
www.bostonbiomed.com) approximately $5 
billion was from Europe, of which $1.2 billion 
was from Germany. Over the last 10 years, the 
POCT share of the IVD market has increased 
rapidly in leading European countries such as 
Germany, France, Italy and Great Britain and 
has, in the meantime, reached more than a 
third in Germany. The largest part of the POCT 
market (approx. $  700 million) is taken by 
blood glucose strips and test meters for diabe-
tes self-testing.

The global POCT systems and reagents 
market is anticipated to show rapid growth 
over the next years. The reasons for this are:
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 5 Advances in analytical, microfluidic and 
readout methods

 5 A demand for continuous metabolite 
 measurements

 5 A rapidly increasing demand from devel-
oping countries

 5 A rapidly increasing demand in the out-
patient and nursing care sector (“assisted 
ambient living”)

 5 Increasing patient and consumer interest 
(increasing health awareness)

2.3.1 Problems with market 
 valuation

While the sales figures relating to established 
parameters of rapid point-of-care testing, such 
as blood glucose or blood gases, are relatively 
well documented, a considerable uncertainty is 
to be expected when making a valuation of the 
total market. The product range is very diverse, 
not exactly defined and not fully documented. 
Moreover, a significant number of new proce-
dures are coming onto the market. A further 
uncertainty lies in the correct classification of 
tests such as blood gas analysis (including elec-
trolyte and metabolite measurements) carried 
out in part by hospitals’ central laboratories, but 
increasingly also at the POC. For example, the 
Association of the German Diagnostics Indus-
try (VDGH) has only previously allocated these 
tests to the laboratory sector.

Given a wider interpretation of the POCT 
concept, the market volume could in fact even 
be larger than the official figures show. Despite 
the collection and assignment problems, these 
facts stress the importance of POCT for today’s 
diagnostic market. At least every third IVD 
euro is generated at the patient’s bedside or in 
the pharmacy (7 Chapter 1).

2.3.2 POCT categories

To date there is no mandatory classification of 
POCT systems; a classification can basically be 
made, using different criteria such as technolo-

gy, area of application or place of use [13]. It 
makes sense to start with a differentiation be-
tween the two large areas of self-testing by the 
patient (home testing) and POCT diagnostics 
performed at the hospital, primarily carried 
out by the medical staff. The test menu for the 
first category is mainly limited to glucose and 
global coagulation assays for monitoring dia-
betics or patients on anticoagulants. However, 
in the second category the menu seems to be 
almost endless: There are hardly any laboratory 
tests that could not, in theory, also be made 
available at the point of care. In intensive care 
units, POCT devices are partially integrated 
into the larger monitoring systems so that lab-
oratory values like blood gases and electrolytes 
as well as vital parameters like ECG and central 
venous pressure are continuously available. 
Most POCT systems are now used as benchtop 
analyzers and are connected to patient data 
management systems.

Devices are categorized systematically in  
7 Chapter 3.

The areas of application for POCT in hospi-
tals can be further divided into typical places of 
use such as operating rooms and recovery 
rooms, intensive care units and emergency de-
partments, specialist outpatient departments 
etc. Acute laboratories represent a mixed ver-
sion of this for hospitals without a central labo-
ratory. They are not necessarily areas of applica-
tion for POCT in a traditional sense, but still 
come under the wider definition of “point-of-
care rapid testing performed outside of a cen-
tral laboratory” [6]. There are many different 
devices and IT solutions available for each area.

Blood glucose measurements are leading in 
numbers, followed by blood gas analysis and 
electrolytes, blood coagulation, hematology, 
measurement of metabolites and enzymes, 
medications and drugs, as well as multiple spe-
cialized tests e.g. for allergies or pathogen diag-
nostics. From a technical perspective, a classifi-
cation by parameter spectrum is useful. As well 
as being used in hospitals and for patient self-
testing, the former are also used in doctor’s 
practices and pharmacies. Urine test strips, test 
cards for occult blood in stool or pregnancy 
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tests, for example, are also classed as “single test 
systems without a readout meter“. Larger de-
vices offer test profiles for clinical or organiza-
tional problems, e.g. cardiovascular markers – 
troponin, CK-MB, (NT-pro)BNP, myoglobin, 
D-dimer – or for intensive care monitoring – 
hemoglobin, hematocrit, blood gases and elec-
trolytes. The designs range from 2 channel 
 devices for global coagulation tests to miniatur-
ized multichannel devices with up to 25 param-
eters. This means that they represent a con-
siderable cross-section of the range of tests 
 offered in a conventional central laboratory 
(7 Chapter 3).

2.3.3 Future market trends

In the future, new markers and the on-going 
centralization of the conventional laboratory 
market should also add to interest in the POCT 
systems and further significant growth can be 
expected in some areas. According to the mar-
ket research company Frost & Sullivan (www.
frost.com), rapid tests, in particular for cardio-
vascular and infectious diseases as well as ovu-
lation and pregnancy testing hold considerable 
future potential. A new area for POCT growth, 
called companion diagnostics, may also come 
to the fore. Companion diagnostics refers to 
(stratified) tests that help to decide if a planned 
treatment is suitable for patients in a particular 
disease stage or have a known predisposition to 
it. Predictions that POCT would overtake con-
ventional laboratory diagnostics or even re-
place it should not be taken seriously neverthe-
less. POCT and the central laboratory can be 
seen as complementary pillars of laboratory 
diagnostics with a different focus in patient care: 
POCT will continue to garner market share for 
flexible rapid testing in critical care settings and 
at decentralized institutions. In the meantime, 
however, the central laboratory will continue to 
dominate the processing of large-scale analysis 
series and complex specialized tests.

The enormous further developments in 
chip and microfluidic technologies are heralds 
that multiplexed analysis will also be used for 

POCT. However, their clinical diagnostic value 
has still to be proven in studies. Long-term 
 development will also be influenced by new 
 diagnostic technologies, such as the continuous 
“inline” measurement of metabolites. For ex-
ample, continuous glucose testing in subcuta-
neous tissue has developed from clinical studies 
into a useful additional diagnostic tool for  
type 1 diabetics (7 Chapter 13). These analysis 
systems are also easily classified as POCT and 
could have great significance in the future, par-
ticularly in intensive care.
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Examples of the respective systems are de-
scribed extensively in the individual chapters of 
this book.

3.2 Type 1a – Qualitative POCT 
methods

These qualitative tests discriminate between 
plus/minus results and are usually encountered 
as test strips. The measuring signal can either 
be read off directly as a visual display or record-
ed on a simple read-out device. The detection 
principles range from chemical indicator reac-
tions to immunological antigen-antibody inter-
actions (such as “lateral flow assays”, LFA,  
7 Chapter 9).

The strips are made of a solid carrier mate-
rial and a porous matrix to which lyophilized 
reagents have been added. The patient’s sample 
(urine, blood, stool, cerebrospinal fluid, smear 
etc.) is applied to the strip. The analytical reac-
tion is triggered when the strip layer is pene-
trated and wetted. Typical applications include 
pregnancy tests, tests for blood in stool, urine 
dipsticks and a variety of quick tests for infec-
tious pathogens in material from smears.

3.3 Type 1b – “Unit-use” POCT 
systems

“Unit-use“ POCT devices represent the sim-
plest type of quantitative POCT devices. The 
actual analytical reaction takes place on the test 
strip; the read-out device only generates the 
readable measured value. In general, the unit-
use devices have the following characteristics:
 5 Individually packaged reagents/strips are 

used for each measurement. “Unit-use” 
 reagents are only suitable for single use.

POCT device classes
 5 Type 1

 – 1a: Qualitative POCT methods
 – 1b: Unit-use POCT systems

 5 Type 2: Benchtop POCT instruments
 5 Type 3: Viscoelastic coagulation 

 analyzers
 5 Type 4: Continuous POCT measure-

ment methods

 5 Type 5: Molecular biological POCT 
 analyzers

 5 Type 6: Direct-to-consumer testing 
(DCT)

3.1 Introduction

Myriad devices are offered on the in vitro diag-
nostics (IVD) market – ranging from compact 
hand-held to benchtop devices that embody 
complicated analytical systems for use in cu-
vette tests or carrier-bound test methods. The 
spectrum of methods spans a range across 
 simple test strips to complex immunochemical 
assays. In general, these POCT devices tend to 
be almost fully automated and require only a 
few simple maneuvers on the part of the user to 
go from sample preparation to test result.

In the past few years, the following instru-
ment designs have prevailed:
 5 Hand-held devices, e.g. glucose measuring 

devices (corresponding to a “unit-use” 
 system; see below)

 5 Other “unit-use” or “multi-use” cassette 
systems (e.g. i-STAT for blood gas analyses 
or Hemochron Jr. Signature+ for coagula-
tion analyses)

 5 Stationary benchtop devices, e.g. blood 
gas, electrolyte and substrate analyzers

 5 Lab-on-a-chip systems

Lab-on-a-chip systems will not be discussed 
here because the development of such chips is 
currently undergoing very rapid advances, 
whereas applications in medicine have not been 
sufficiently evaluated. This chapter aims to pro-
vide a categorization of the analyzers [10] that 
is oriented along the following system charac-
teristics: Sensor characteristics, system com-
plexity, measurement principles, sample matrix 
and practical benefits.
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 5 Unit-use reagents rely on unprocessed 
whole blood for testing, where the spec-
trum of available tests varies greatly and 
depends on the sensors employed.

 5 Typically, the sensors are incorporated into 
the test strip and not into the device itself. 
Commonly, dry chemical methods are 
 implemented, e.g. glucose-converting 
 enzymes that are immobilized on reagent 
strips. Any calibration in these devices is 
usually replaced by electronic or physical 
standards.

 5 By contrast, more complex cassette devices 
are equipped with automated calibration 
programs that run at set time intervals.

 5 There are devices which are designed for a 
singular parameter only (e.g. Bayer’s Ascen-
sia Contour for glucose, Roche Coaguchek 
for INR). Frequently, however, device- based 
systems can measure multiple param eters 
using different strips (e.g.  Nova’s StatStrip 
for glucose and creatinine, Alere’s Triage for 
multiple parameter groups).

Although the blood glucose test continues to be 
the most common application of unit-use de-
vices, the past years in particular have seen a 
panoply of systems developed, e.g. for coagula-
tion analyses, myocardial infarction markers, 
HbA1c and blood gases. This trend will certain-
ly intensify over the course of the coming years.

The applied technologies for unit-use de-
vices range from electrochemical methods 
(blood glucose meters) through immunoassay 
analyzers (DCA Vantage by Siemens) up to 
thin-film sensors (i-STAT of Abbott). The latter 
device offers a good example for the use of chip-
based microfabrication technologies to manu-
facture biosensor chips. The aim is to incorpo-
rate the actual analytical sensors directly into a 
microchip and connect them through multiple 
channels to the transducer by electrical means 
as well as to a flow cell construction by means 
of microfluidics. Using thin-film technology, 
SiO2 chips first undergo milling; next a 200-nm 
film, e.g. with Si3N4, is applied to the underlying 
structure (e.g. 1 µm); then, electrode structures 
are sputtered on to this layer. The intermediate 

layers and/or microchannels are then isolated, 
e.g. with thin titanium layers (15 nm). The coat-
ing to isolate the chips against the outside is ac-
complished by means of substances like poly-
ethylene and Si3N4 using a chemical-vapor 
 deposition (CVD) process [7]. In the case of 
 i-STAT (Abbott), a series of biosensors are ap-
plied to a chip as thin-film electrodes. This is 
incorporated into a single-use test cartridge 
that provides calibrator solutions, a sample 
handling system and contact pads for the ana-
lyzer. . Fig. 3.1 shows the explosion diagram of 
such a cartridge [4].

Recently, thin-film biosensing has been em-
ployed experimentally as well as in holographic 
optic sensors for online glucose monitoring [8].

 . Fig. 3.1 Setup of the i-STAT single-use test car-
tridge. (By kind permission of Abbott GmbH & Co. KG, 
Wiesbaden, Germany)
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3.4 Type 2 – Benchtop POCT 
 instruments

In general, benchtop devices are complex ana-
lytical systems not located directly at the bed-
side, but in functional areas of intensive care 
units, in outpatient centers or doctors’  practices. 
Benchtop devices are differentiated into:
 5 Clinical chemistry, spectrophotometric 

multichannel devices (e.g. Abaxis Piccolo 
Xpress),

 5 Clinical chemistry test strips/cartridge 
 devices (e.g. Roche Reflotron),

 5 Hematologic multichannel devices  
(e.g. Sysmex pocH-100i),

 5 Blood gas analyzers with/without oximetry 
and electrolyte/substrate measurements 
(e.g. from Werfen/IL, Keller Medical, 
Nova, Radiometer, Roche and Siemens),

 5 Immunological multichannel devices  
(e.g. Radiometer AQT90).

The technology used in the different systems 
mostly derives from the mechanized analytical 
systems used in central laboratories, but opti-
mized with respect to miniaturization, speed of 
analysis and user-friendliness.

By contrast, the blood gas analyzers were 
designed primarily for POCT analysis many 
decades ago and since then evolved into more 
consummate devices with constantly expand-
ing user menus.

However, new technologies such as that 
used in thick-film sensors have been specifi-
cally developed for POCT applications along-
side established POCT techniques like reflec-
tance photometry for dry chemistry reagent 
carriers. Thin-film technology involves a spe-
cial method for manufacturing electronic cir-
cuits. To integrate sensor elements, the neces-
sary conductor lines, condensers, resistors and 
inductivities are plated on an insulator (sub-
strate) by screen printing. For this purpose, 
10–50-μm thick film layers of organic paste 
systems containing conductive/dielectric sub-
stances are applied and permanently fixated. 
The QBC Star from Drucker Diagnostics (Port 
Matilda, PA, USA) follows an alternative tech-

nological approach to conventional hemato-
logical multichannel devices in that it employs 
dry hematology analysis [3]. At the heart of this 
device is a special 65-μl blood collection tube 
which is pre-coated with staining reagents on 
the inside. During centrifugation of the test 
tube, the cell types separate into color-differen-
tiated packed cell layers. The separation into 
platelets, lymphocytes, monocytes and granu-
locytes is supported by precisely suspended 
particles in the test tube which facilitates optical 
detection.

By offering improved computing perfor-
mance, many benchtop devices relieve the user 
of control tasks like calibration and quality as-
surance. One of the most important accom-
plishments that these complex devices achieve 
is the mastery of whole blood sensor techno-
logy that permit continuous flow operations 
and very short analysis time with the most 
minimum sample volumes. This is accom-
plished by employing highly developed micro-
fluidics which enable and process the handling, 
transport and mixing of fluids within the small-
est of space. During this process, the flow can 
be controlled by capillary forces or electro-
osmotic effects [14]. Moreover, microfluidic 
technologies consist of microvalves and/or of 
 micropumps. Here, the valves involved are pas-
sive valves controlled by hydrodynamic pres-
sure and should be distinguished from active 
micro-valves that run on principles like piezo-
ceramic technology. Nowadays, micro-valves 
are fabricated from silicon wafers. Among the 
micropumps, there are likewise a large number 
of different types. Oscillating membranes are 
often used, but peristaltic systems as well. In the 
case of non-mechanical pumps that allow fur-
ther miniaturization, high electrical and/or 
magnetic field strengths are applied and elec-
trokinetic or electrohydrodynamic effects 
 exploited for transporting fluids. However, cen-
trifugal forces are also employed to transport 
the minutest amounts of fluid, e.g. on centrifu-
gal analyzers.

One important component of a benchtop 
device is its control subsystem, which controls 
all analytical process steps including reagent 
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loading, temperature setting, injection, incuba-
tion, time sequence etc. That said, data storage 
options (including calibration and quality con-
trol data) are also important prerequisites for 
POCT benchtop devices. The following over-
view summarizes the key device characteristics 
specific to blood gas analysis systems that min-
imize the risk of erroneous measurements and 
establish robust procedures [15].

Key characteristics of blood gas 
 analyzers
 5 Maintenance-free sensors
 5 Touchscreen as user interface with 

built-in training videos
 5 Software that assists the user and aids 

in the identification of patient sample 
to be tested with built-in barcode 
scanners

 5 Sample aspiration instead of injection 
(important!)

 5 Clot-detection in the flow cell
 5 Volume detection in order to allocate 

low-volume samples to analyses that 
are still possible

 5 Hemolysis detection
 5 Fluid calibration system instead of gas 

bottles
 5 Automatic (re-)calibration and quality 

control
 5 Interconnectivity with information 

 systems

3.5 Type 3 – Viscoelastic 
 coagulation analyzers

Viscoelastic coagulation analysis refers to the 
integral testing of the interplay between plas-
matic coagulation, platelet function and fi-
brinolysis [5]. Viscoelastic coagulation analyz-
ers exhibit a high degree of complexity and are 
therefore only conditionally feasible in POCT 
settings. As a rule, they are operated on-site by 
specially trained personnel (e.g. in the operat-
ing room). Alternatively, the analysis is con-

ducted in the central laboratory and graphic 
results are transferred directly to the clinical 
arena in real-time. Examples include rotation 
thromboelastometry using ROTEM (TEM In-
ternational, Munich) and Sonoclot by Sienco 
Inc. (Arvada, CO, USA).

Platelet function can also be analyzed by 
measuring the bleeding time in-vitro or by 
 optical aggregometry. Product examples here 
include the PFA 100 from Siemens Health-
care  Diagnostics (Eschborn, Germany) or 
 VerifyNow from Accriva Diagnostics (San 
 Diego, CA, USA). The Multiplate from Roche 
Diagnostics features platelet impedance ag-
gregometry.

3.6 Type 4 – Continuous POCT 
methods

Continuous measurement methods were par-
ticularly developed for glucose monitoring, but 
meanwhile have become available commercial-
ly as well [1]. The FreeStyle Libre from Abbott 
Diabetes Care (Alameda, CA, USA) is one ex-
ample that has been very successful since 2014. 
Continuous measurement over several days can 
be accomplished using a minimally invasive 
microdialysis catheter in the subcutaneous 
 tissue (7 Chapter 13). In recent years, other 
non-invasive methods such as microporation 
or optical techniques for the direct transcutane-
ous measurement of metabolic parameters have 
not been able to establish themselves. This is 
mainly because the human skin is not uniform 
in terms of thickness, pigmentation, hair cover-
age, but also with regard to physiological phe-
nomena like moisture or salinity. The currently 
available systems like Enlite by Medtronic/
Minimed (Minneapolis, MN, USA), or Free-
Style Libre (Abbott Laboratories, Wiesbaden, 
Germany) are presented in 7 Chapter 5 and 13.
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3.7 Type 5 – Molecular biological 
POCT analyzers

Molecular biology amplification techniques 
(usually based on the polymerase chain reac-
tion (PCR)) are currently undergoing intensive 
development for the POCT sector. Such sys-
tems are sophisticated in terms of preanalytical 
technology (DNA or RNA extraction), but also 
the PCR-related analysis time will be above 
those of other POCT methods in future. Be-
sides PCR, isothermal amplification methods 
can also be applied, the process guidance of 
which is technically easier to master. As exam-
ples of such methods, helicase-dependent am-
plification (HDA) [6] and recombinase poly-
merase amplification (RPA) [12] can be cited.

Given the complexity involved with per-
forming these tests and interpreting their re-
sults, fast nucleic-acid testing (NAT) methods 
are unlikely to be found in many clinical  settings 
in the future. Similar to type 3, such devices are 
often operated in the central laboratory [13]. 
Nevertheless, the fast and quantifying detection 
of the DNA/RNA of bacterial and viral patho-
gens supplies clinicians with valuable diagnos-
tic information. The GeneXpert system by Ce-
pheid (Sunnyvale, CA, USA) was an innovation 
in terms of full automation and the integration 
of all real-time PCR-based NAT steps (sample 
preparation, DNA/RNA amplification and 
DNA/RNA detection) (7 Chapter 10). Another 
device to mention is the Biofire FilmArray sys-
tem (bioMérieux, Marcy l’Etoile, France). A 
multiplex PCR enables the simultaneous testing 
of various pathogens. The following two sys-
tems are suitable for pure POCT applications: 
One is the Liat (lab in a tube) device by Roche. 
It operates on the principle of PCR amplifica-
tion and features extremely fast analysis. An-
other is the Alere i analyzer from Abbott for 
detecting influenza A and B viruses based on 
the fast isothermal RPA reaction.

Whether the POCT use of such systems in 
industrialized countries makes sense still re-
mains controversial. To date, there continues to 
be a lack of large-scale observational studies 
that have scrupulously compared the NAT sys-
tems described with conventional microbio-
logical diagnostics (including cultivation and 
identification). Moreover, Dark et al. [2] rec-
ommend conducting clinical efficacy studies 
aimed at documenting the therapeutic efficacy 
and cost effectiveness. The background to this 
proposal is that NAT tests cannot additionally 
test for antibiotic resistances when microbes are 
detected.

3.8 Type 6 – Direct-to-consumer 
testing (DTC)

Besides the physician-ordered clinical labora-
tory diagnostic tests, a new healthcare market 
has emerged in Europe over the past years: that 
of direct-to-consumer testing (DTC). By elimi-
nating the physician, the patient can choose 
from a selection of generally available DTC 
tests. The “quantified-self ” movement allows 
knowledgeable and empowered patients and 
consumers to answer questions about their own 
health and exercise-related habits. In this re-
spect, POCT technology offers exactly that op-
tion of delivering minimally invasive perfor-
mance data about one’s own body (as per the 
motto: “self-knowledge through numbers”). 
The potential opportunities and disadvantages 
of these novel applications must be viewed care-
fully [9], considering that the patients them-
selves are responsible for carrying out and in-
terpreting the tests. DCT tests are to be regard-
ed with equal importance whether they are 
over-the-counter pregnancy tests or specimen 
collection kits for genetic analyses, purchased 
on the internet (. Fig. 3.2) [11].
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• PCR to detect 
tick Borrelia
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4.2 Pre-analytical phase

The most important pre-analytical 
subroutines
1. Choosing a suitable test
2. Preparing the patient (e.g. diet, drugs, 

position of the body, time of the 
 sample collection)

3. Collecting the sample
4. Transporting and storing the sample
5. Inspecting the sample (hemolyzed, 

icteric, lipemic appearance)
6. Processing the sample (e.g. centrifuga-

tion).

Bullet points 4 to 6 play a less important role 
within the POCT concept. As POC tests are 
carried out promptly, possible false readings 
caused by sample instability are not an issue 
 either. The correct way of sample collection 
(point 3), however, is particularly important in 
the pre-analytical process. Many POCT sys-
tems use venous, arterial or capillary blood 
samples. Swabs are increasingly used to detect 
infectious diseases. POC tests usually require 
considerably less sample material. Rigorously 
implemented hygiene measures are particularly 
important for mobile devices to avoid the 
spread of pathogens [21].

4.2.1 Choosing a suitable test

Many POCT systems deliver results quicker 
than conventional central laboratories as no 
sample transport is required. However it is  often 
not possible to achieve the same accuracy with 
highly integrated POCT devices as with larger 
laboratory devices. Therefore, investigations 
with a POCT device should not be regarded as 
equivalent to those carried out in a central 
 laboratory even if they measure the same 
 analyte [18]. POCT is, however, well suited for 
disease monitoring and controlling therapy.

4.1 Introduction

The objective of all quality assurance measures 
in laboratory medicine is to produce a proper 
diagnosis based on conclusive findings. There-
upon rests the foundation of optimal treatment 
for the patient. Conversely, this means for both 
laboratories and POCT users a paradigm shift 
from quality control of analyses to comprehen-
sive quality management. This objective can 
only be achieved if the overall diagnostic pro-
cess is calculated into the equation; this process 
extends from the correct patient-focused or-
dering of tests for the disease-relevant analytes 
to the correct interpretation of the analysis re-
sults aimed at rendering the proper diagnosis 
and monitoring the therapy based on that diag-
nosis.

This process can be divided into a pre- 
analytical analytical and a post-analytical 
phase. The pre-analytical phase includes 
 everything from choosing an appropriate test 
and correctly identifying the patient to taking 
a sample, transporting it if necessary and pre-
paring for analysis it in the laboratory. Valida-
tion and the appropriate reporting of findings 
follow post analysis. Recently, considerations 
about non-analytical factors (extra-analytical 
quality) have become increasingly important 
[3, 12, 17] and been incorporated into the 
 German Medical Association’s Guideline on 
Quality Assurance in Medical Laboratory Tests 
(RiliBÄK) [1].

Although fewer errors happen in the pre-
analytical phase of POCT than in a central 
laboratory, this phase is still meaningful. Ap-
proximately one third of all errors in POCT oc-
cur prior to the actual analyses [14]. POCT pre- 
and post-analytical phases depend on the spe-
cific analytes to be assayed as well as on the 
devices used. Several overarching principles 
shall be addressed below.
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4.2.2 Capillary blood sampling

Capillary blood is a mixture of blood from 
 arterioles, venules and capillaries, sometimes 
diluted by interstitial or intracellular fluid 
(hemolysis). The relative composition depends 
on the blood circulation of the puncture site; 
heating leads to arterialization of the blood 
sample.

Differences exist between venous and capil-
lary blood, which can influence hematological 
tests or oral glucose tolerance tests. In adults, 
capillary blood is usually taken from the finger-
tip or ear lobe, while the heel is used in neo-
nates. For therapy monitoring, capillary blood 
can also be taken from other skin areas (7 Chap-
ter 12). Good blood circulation around the 
puncture site is important. To obtain arterial-
ized capillary blood for blood gas analysis, the 
puncture site needs to be treated with warm 
water compresses (42° C) or by applying a 
 special cream (e.g. Finalgon) to hyperemize the 
local tissue.

There is a linear correlation between blood 
volume and puncture depth. Therefore, punc-
ture aids that can be adjusted to the required 
sample volumes are recommended. For self-
monitoring, an extensive range of puncture aids 
for capillary blood sampling are available where 
the puncture depth can be adjusted. In addi-
tion, there are multiple lancets to go with some 
puncture aids, which differ in their bevels and 
suppression of painful vibrations.

In Germany, the technical regulations for 
biological materials (TRBA 250) need to be 
considered when using puncture aids in hospi-
tals, physicians’ practices, emergency vehicles 
etc. In blood sampling, “the use of safe instru-
ments where body fluids are present in amounts 
that can transmit infections” is mandatory. 
Among other tasks, the following device safety 
specifications must be met:
 5 The safety mechanism must be part of the 

device and needs to be equipped with an 
audible or tactile signal. It may be used 
only once.

 5 The safety mechanism must be triggered 
single handedly, immediately after use. 

Self-activating systems are recommended 
as they are usually easier to handle.

 5 Safe work equipment must be compatible 
with the accessories and other systems 
used.

When using puncture aids in pediatrics/neo-
natology, the puncture depth on the child’s heel 
is critical because of the danger of injuring the 
calcaneus, particularly in pre-term infants. For 
this reason, lancets with a shorter puncture 
depth (max. 2.0 mm) are preferred.

After skin disinfection, a single-use lancet is 
used to puncture. The blood sample is collected 
by gently pressing onto the tissue (not squeez-
ing) to avoid or minimize hemolysis – one of 
the most important pre-analytical confounding 
factors. The first drop of blood is discarded as it 
is often contaminated with tissue components. 
In blood glucose monitoring, the first drop can 
be discarded; although this is not the case in 
INR self-monitoring where the first drop needs 
to be analyzed. The next few drops are collected 
in capillary tubes (e.g. end-to-end capillary 
tubes) or special capillary blood containers.  
A wide range is available from different manu-
facturers. Containers with additives should be 
inverted 5 times (not shaken), after filling with 
blood.

The correct technique for capillary blood 
sampling from the heel of an infant is shown in 
. Fig. 4.1.

4.2.3 Venous blood sampling

Before phlebotomy, the patient should have 
been in a seated or prone position for 15 min-
utes, if possible. After disinfection of the punc-
ture site, venous stasis is achieved with a tourni-
quet or blood pressure cuff (stasis between sys-
tolic and diastolic blood pressure) applied for no 
longer than a minute. The patient should not be 
asked to make a fist! The stasis is terminated 
immediately after successful venipuncture. 
There are different recommendations regarding 
the order in which samples are taken [4, 8], not 
all of which specifically address POC tests.
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In German speaking countries, for safety 
reasons, only closed blood collection systems 
are used. These are based on two different prin-
ciples: Vacuum and stamp blood collection. 
The systems are difficult to combine as they are 
designed differently and have various attach-
ments; with different sizes and accessories.

4.2.4 Arterial blood sampling

Arterial blood sampling is indicated, particu-
larly for blood gas analysis (7 Chapter 14) [2]. 
The samples are usually taken by puncturing 
the femoral, brachial or radial artery or via an 
arterial line. After the blood collection, firm 
pressure should be applied to the puncture site. 
Capillary blood can also be used for blood gas 

analysis when taken from hyperemized skin 
 areas on the earlobe or fingertip.

Special closed glass or plastic needle-tube 
systems (see below) allow automatic filling due 
to the arterial pressure, while minimizing the 
risk of air bubbles in the sample. Anaerobic 
blood samples should be ensured; any air 
 bubbles need to be removed immediately. 
 Otherwise, the blood-dissolved gases equili-
brate with the respective gas molecules inside 
the air bubbles. The CO2 concentration is more 
affected than O2 as CO2 has a higher partial 
pressure in the blood than in the air. In contrast, 
the measurement of arterial O2 partial pressure 
in the hyperoxic range (>200 mm Hg) is flawed 
because the diffusion gradient is greater to-
wards room air [7]. After drawing the sample, 
it should be mixed by careful rolling between 

 . Fig. 4.1 Correct use of an incision safety lancet for newborns (Courtesy of Sarstedt, Nümbrecht, Germany).

Select and disinfect a suitable 
puncture site

Remove the safety mechanism by 
pressing on the sides with thumb 
and forefinger.

Lift the foot to a suitable position. 
Place the lancet against the selected, 
disinfected puncture site. Position the 
safety incision lancet parallel along 
the length of the foot and never 
across the heel. Note that the tip of 
the triangle points toward the blade 
exit. Press the firing button.

After pressing the firing button, 
remove the lancet from the heel.

Dispose of the lancet in a suitable 
sharps container.

Wipe away the first blood drop. Next, 
fill the collection tube or capillary.

a b c

d e f
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both hands and promptly analyzed within 5–10 
minutes. If this is not possible, it is recommend-
ed to store the sample in ice water for up to 30 
minutes [5]. However, it is very important to 
avoid hemolysis. Mix it again before testing! If 
sample transport by tube mail is possible, it is 
important to check the specifications of the sys-
tem. Pneumatic tube systems, which generate 
low shearing forces thanks to their controlled 
acceleration and careful cornering and are ap-
proved for blood sample transport, are com-
pletely suitable for blood gas samples [7].

4.2.5 Blood sampling systems  
and anticoagulants for blood 
gas analysis

Ideally, whole blood samples should be taken 
with glass syringes, as dissolved gases cannot 
diffuse through glass. When using plastic 
 syringes, it should be remembered that false 
 results of pO2 and pCO2 can occur due to diffu-
sion. Therefore, the sample should be analyzed 
promptly, as described above. Heparin-coated 
plastic capillaries are suitable for taking capil-
lary blood samples. Every manufacturer of 
blood gas devices offers their own blood sam-
pling systems. Examples are Siemens Medical 
Solutions RAPIDLyte pro, a self-filling system 
with capacity selection, and Radiometer’s 
safePICO with vented safeTIPCAP and an inte-
grated mixing ball, ensuring fast and thorough 
mixing of the sample before analysis. Roche of-
fers, for example, the BS2 Blood Sampler and 
the MICROSAMPLER for its blood gas sys-
tems. Other systems are also available on the 
European market.

Ca2+-balanced heparin is the most fre-
quently used and most suitable anticoagulant, 
as it does not change the acid-base balance.  
If lyophilized heparin syringes are not used,  
it is usually satisfactory to rinse a 2-mL syringe 
with heparin solution, making sure that only  
a volume of 0.1 mL of heparin remains in the 
syringe conus. This way, an excess of heparin 
solution can be avoided, which would other-
wise lower the pH of the sample (heparin is an 

acid mucopolysaccharide) and would lead to 
dilution errors. A heparin solution using 500  
or 1000 IU/mL to rinse the syringe is recom-
mended. A final concentration of 20–30 IU/mL 
will remain in the sample.

Blood gas analysis is often combined with a 
measurement for electrolytes and therefore 
only lithium heparin is suitable, not sodium or 
potassium heparin. As all heparins can bind 
positively charged ions such as Ca2+, syringe 
systems with electrolyte compensating hepa-
rins were developed for the use of combined 
blood gas and electrolyte analysis. These elec-
trolyte-balanced heparin solutions eliminate 
the interference from ion binding (e.g. Pico 
sampler by Drott Medizintechnik).

4.2.6 Blood samples from central 
lines

The sampling of blood via intravascular  needles, 
cannulas or central lines is very common, par-
ticularly in intensive care units. Before the sam-
ple is taken, the central line should be flushed 
with heparin and a minimum of twice the line 
volume, approximately 2–5 mL blood, should 
be discarded to avoid sample contamination 
with infusion solutions or medications [10]. 
The time between the last infusion and blood 
sampling should be at least 15 minutes. Particu-
lar caution needs to be taken when POCT sys-
tems are employed, as they are more sensitive to 
interfering substances than large central labora-
tory devices.

4.2.7 Taking swabs

Various sample swabs are used particularly for 
POCT diagnostics of pathogens. Common sites 
are nasal, pharyngeal, inguinal, rectal or 
wounds, depending on the suspected pathogen. 
Multiple sites may need to be swabbed to iden-
tify a specific pathogen [19]. Different swabs 
are used for different sites [15]. Generally, the 
swab should be moistened when taking a sam-
ple from a dry surface. Avoid contamination. 
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All contaminated materials need to be disposed 
of safely. The swab often remains in the 
 single-use cassette of the POCT device. While 
antibiotic use prior to sample taking must be 
avoided with conventional microbiological 
methods based on pathogen culturing, this pre-
caution is not relevant for molecular POCT 
methods as these tests adopt a nucleic acid 
 amplification technique.

4.2.8 Urine sampling

Urine is usually collected by non-invasive 
methods, which makes it particularly practical 
for POC testing by the patients themselves. The 
time of collection is, however, important as 
many analytes in the urine show a significant 
circadian rhythm. The first morning urine is 
particularly useful for nitrate and protein de-
tection. Urine fractions are not uniform. The  
first urine fraction is often contaminated with 
 pathogens from the urethra. Mid-stream urine 
is the preferred sample for many tests, as most 
analytes are diluted in the last urine fraction.

4.2.9 Inspection of the sample

Routine inspections in the central laboratory 
identify hemolytic, lipemic and icteric blood 
samples, which is not possible with POCT, as 
whole blood samples are mainly used. Hemolyt-
ic blood samples are of particular concern and 
cause by far the most frequent pre-analytical 
errors in many assay methods. The only solution 
– albeit unsatisfactory – is the avoidance of 
hemolysis by employing the proper sampling 
technique. A similarly difficult problem to solve 
involves micro-clots present in samples for he-
mostaseological or blood gas analyses and often 
not detected by inspection. Many POCT sys-
tems carry out internal checks to identify and 
reject unsuitable samples. To date, blood gas 
analyzers do not yet feature  integrated hemoly-
sis detectors as explained in 7 Chapter 14. In-
tra-vascular hemolysis cannot be detected when 
heparinized blood samples are used.

4.2.10 Reliable identification  
of patient and sample

Many POCT devices take the sample directly. 
Therefore, sample containers usually do not 
need to be labeled, but the patient must be iden-
tified properly and the test documented cor-
rectly. Where POCT devices are used pro-
fessionally, a barcode e.g. from the patient’s 
wrist band is scanned directly into the device. 
This kind of technical option is not available in 
simpler POC tests, such as lateral flow assays.

Important pre-analytical errors and 
problems
 5 Inadequate patient preparation  

(e.g. diet prior to function tests)
 5 Inadequate information about a 

 patient’s condition (e.g. medication 
history, body temperature and body 
position in blood gas analysis)

 5 Incorrect patient identification
 5 Incorrect sampling time (for example 

in oral glucose tolerance test and 
 other function tests, lack of considera-
tion of circadian rhythm)

 5 Incorrect sampling technique (for 
 example by capillary blood: incorrect 
site or insufficiently hyperemized skin, 
hemolysis due to tissue squeezing; 
contamination when collecting from a 
central line)

 5 Transmission of infections from insuffi-
cient hygiene measures

4.3 Post-analytical phase

The post-analytical phase of the diagnostic 
 process begins once the parameters have been 
measured. This phase comprises the following 
key steps:
 5 Technical and possibly medical validation 

of test results
 5 Reporting the results to the attending 

 clinician
 5 Entry of the results in the (electronic) 

medical record
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 5 Documentation of the person who carried 
out the test

 5 Recording of the results in an electronic 
information system (if available)

 5 Securing documentation over the period 
of time for medical, legal and organiza-
tional reasons.

Post-analytical errors are often less obvious than 
pre-analytical ones, but equally important for 
the quality of the results. The following post-an-
alytical errors and problems are not necessarily 
POCT-specific, but definitely POCT-relevant. 
Because fewer checks are available with POCT, 
there is a risk that POCT errors will have a big-
ger impact on a patient until the findings affect 
further action by the physician [12]. Post-ana-
lytical errors often depend on organizational 
situations, such as how far devices, wards, out-
patients, laboratories and hospital administra-
tion are interlinked (7 Chapter 26). As in the 
pre-analytical phase, a well-designed device can 
prevent errors. Clearly visible warning signs dis-
played on the device can ensure that extremely 
divergent values are recognized as such.

4.4 Avoiding pre- and 
 post-analytical problems

Pre- and post-analytical – as well as analytical 
– errors are not completely avoidable [11, 13], 
but can often be significantly reduced by organ-
izational measures. A number of recommenda-
tions have been issued [6, 9, 11, 12, 16, 17, 20]; 
detailed information can also be found in the 
RiliBÄK and DIN EN ISO 15189 (7 Chapter 36 
and 38). The likelihood of pre- and post-analyt-
ical errors can be significantly reduced by em-
ploying a well-designed POCT device. For ex-
ample, if a device only allows a measurement 
when a patient’s barcode has been scanned, this 
considerably reduces the risk of inadequate pa-
tient identification. Automated data transmis-
sion into a laboratory information system can 
eliminate transmission errors, too.

Sources of errors, which cannot be resolved 
by design changes, need to be minimized care-
fully when carrying out the test. All pre- and 
post-analytical steps ought to be described cor-
rectly and detailed procedural instructions es-
tablished (standard operating procedures, 
SOP), which can be summarized in the POCT 
quality management manual.

The DGKL working group “Reference 
 Values” has published an exemplary SOP for 
the pre-analytical phase, which is an important 
aid for the standardization of pre-analytical 
conditions [8].

Furthermore, a competent governance 
committee (e.g. the POCT committee; 7 Chap-
ter 30) should develop strategies for error pre-
vention as well as track and reduce incidents, 
including possible changes in the working pro-
cesses. Intensive staff training on a regular basis 
and good communications is of vital impor-
tance as well.

Important post-analytical errors and 
problems
 5 Insufficient validation of results carried 

out under pressure for short turn-
around times

 5 Incorrect classification of results
 5 Incorrect or incomplete verbal report-

ing of results, such as missing or 
wrong metrological units

 5 Delayed reporting of alarm limit excur-
sions

 5 Confusing result reporting, missing 
notification of results outside the 
 normal reference range

 5 Errors in data storage in the laboratory 
or hospital information system

 5 Incorrect or incomplete documenta-
tion, such as verbal result reporting 
without entry in the medical record. 
No documentation of person who 
 performed the test
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 5 Transducer unit
 5 Electronic amplifier
 5 Sample application/fluidic unit.

POCT systems also evolved from rapid tests 
(e.g. pregnancy test). In these simple later-
al-flow systems, the human eye assumes the 
role of the transducer in reading out the signal. 
All other more complex analytical systems are 
defined as sensors if their signal is read by the 
transducer and converted into an electrical sig-
nal. The underlying principle is referred to as 
chemosensor and/or biosensor technology 
[24]. . Fig. 5.1 illustrates and explains a sensor 
flow cell.

5.1.1 Sensor (bioreceptor)

The sensor can be regarded as a selective signal 
generator. That is the case when a specific 
 ligand layer is immobilized on the surface of a 
sensor/transducer system. This ligand can have 
either biospecific or chemospecific properties. 
The surfaces are made of various plastic mate-

Originating from the simple hand-held blood 
glucose meters and the first blood gas analyzers 
of the 1960s, POCT technology has spawned a 
myriad of analytical methodologies and appli-
cations [14]. As the areas of application are so 
diverse, it is not possible to exhaustively present 
all analytical methods; nevertheless, general de-
tection principles will be explained in brief. 
These are in particular:
 5 Electrochemical methods (e.g. electro-

phoresis, potentiometry, amperometry)
 5 Mass change methods (e.g. quartz crystal 

microbalance)
 5 Optical methods (e.g. spectrometry, 

 refractometry) and
 5 Chromatographic methods.

5.1 Biosensor technology

The setup of analytical systems based on bio-
sensor technology provides a helpful over-
view [13]:
 5 Surface-immobilized, biologically active 

sensor

 . Fig. 5.1 Basic setup of a biosensor

POCT device

Sensor Selective signal generator Measurement converterTransducer

Sample entry Sensor

Transducer Measured data

Signal generation
(with/without substrate addition)

Detection layer
(biospeci�c/chemospeci�c)

Even surface
(with/without functionalized 
interlayer)

– Optical readout

– Electrochemical readout types

– Other readout types
 (thermometric, acoustic, magnetic …)
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rials, glass, silicone or noble metals. Metal sur-
faces can be prepared with or without a func-
tionalized interface.

The signal can be generated in different 
ways, either with or without substrate addition. 
There are optical surface analytical methods, 
such as ellipsometry or surface plasmon reso-
nance, which generate specific information 
from the surface. Other spectroscopic methods 
can be employed, such as absorption, fluores-
cence, (chemi)luminescence or even optical 
motion analysis. Furthermore, electrochemical 
methods, such as amperometry and potentiom-
etry, or microgravimetry, such as quartz crystal 

microbalance (QCM), are utilized. The proper-
ties of the aforementioned sensors are summa-
rized in . Tab. 5.1.

Biospecific ligands are particularly note-
worthy [12]. These are often immobilized anti-
bodies or enzymes. Antibodies serve as a bio-
specific ligand in the reaction with an analyte. 
Enzymes, by contrast, utilize biospecific cata-
lytic reactions after substrate addition. Exam-
ples are glucose sensors (7 Chapter. 12). Bind-
ing proteins can be used as “recognition ele-
ments“, e.g. in coagulation analysis [19].

Chemospecific ligands include all kinds of 
ion- and molecule-selective membranes, mole-

 . Tab. 5.1 Properties of a biosensor

Signal 
 generation

Micro-reflectometry and 
micro-refractometry 
(label-free optical surface 
analysis)

Spectroscopy Microgravimetry Electro-
chemistry

Ellipsometry
Reflectometric inter-
ference spectroscopy
Surface plasmon reso-
nance
Diffraction grating
Photonic crystals
Mach-Zehnder inter-
ferometry

Fluorescence
(Chemi)luminescence
Total internal reflec-
tion fluorescence
Reflection
Absorption
Turbidimetry
Optical movement 
 analysis

Quartz crystal 
microbalance 
(QCM)
Surface acoustic 
wave (SAW)-based 
systems
Microcantilever

Amperometry
Potentiometry
Conductivity
Coulometry

Sensor surface 
Self-assembled 
monolayers 
(SAM), polymers 
or hydrogels on 
different carrier 
materials

In micro-reflectometric 
and micro-refracto-
metric methods

In spectroscopic 
 methods

In electro-
chemical 
 methods

In mass-sensitive 
methods

Silicon wafer, glass or 
various plastic materials
Nobel metal surfaces
Glass or plastic materials 
with optic gratings
Glass, silicon-wafer with 
integrated optic

Glass or plastic mate-
rials (often microtiter 
plate and microscope 
slides), in TIRF also in 
integrated optic or 
optical gratings
Silicon wafer
Homogeneous phase

Nobel metal 
 electrodes

Quartz crystal, 
coated with a 
metal film
Glass or plastic 
materials in 
microcantilever 
sensors

Ligand layer  
on the sensor 
surface

Biospecific Chemospecific

Antibodies
Antigens
Receptors
Ligands
Other binding proteins 
(e.g. anticalins)

Enzymes (substrate 
conversion, enzyme 
activation/inhibition)
Aptamers
DNA/RNA oligomers
(Protein) scaffolds
Living cell

“Molecular imprints”
Indicators
Ion-selective membranes (in electro-
chemical methods)
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cular imprints or indicator molecules that are 
suitable as ligands because of their selectivity to 
the analyte.

Electrochemical sensors
 kPotentiometric sensors

The Nernst equation [3] is the foundation for 
all potentiometric transducer types. According 
to this equation, the changes in the potential in 
a membrane at zero current show a logarithmic 
proportionality to the specific ionic activity. 
 Potentiometrie transducer electrodes are classi-
fied by their methodology:
 5 Transmembrane potential. This trans-

ducer is based on the accumulation of a 
potential along a sensor membrane. 
 Ion-selective electrodes (ISE) utilize ion-
selective membranes that generate a charge 
separation between the sample and the 
sensor surface.

 5 Electrode potential. This transducer is 
similar to the transmembrane potential 
sensor; however, the electrode itself pro-
vides the surface for the biochemical 
 detection reaction, whereby the electrode 
potential changes as a function of analyte 
concentration

 5 Field effect transistor (FET). As a semi-
conductor, FET is able to analyze the 
smallest charge changes on the surface  
of an electrode (“gate”), which is posi-
tioned between the source and drain elec-
trodes. In ion-selective FET (ISFET), 
which is a combination of ISE and FET, 
the measuring principle is based on the 
change in the field effect (development  
of a space charge zone). This field effect 
can be observed, depending on the 
 concentration of ions in the sample 
 between source and drain when, instead 
of an electrical contact at the gate, an 
 ion-selective layer is applied and brought 
into  contact with the solution to be mea-
sured. This causes a change in the source-
drain current that is directly proportion-
al to the change in the analyte concen-
tration and can be measured very 
 accurately.

The advantage of potentiometric sensors is seen 
in the simplicity and robustness of their meas-
uring system. Advantageous is also the small 
sensor size, which is important for POCT sys-
tems. All potentiometric sensor methods show 
problems with sensitivity and non-specific 
 effects, which are reflected in a poor signal-to-
noise ratio.

Parameters for potentiometric sensors are 
pH, pCO2, Na+, K+, Ca2+ and Cl–.

 kAmperometric sensors
Amperometric sensors measure the current 
that is generated by an electrochemical reaction 
at constant voltage. The application of ampero-
metric sensors is only successful if an analyte 
can also function as redox partner in an electro-
chemical reaction. Such an analysis system was 
first described in 1956 by L.C.  Clark [4]. He 
described an oxygen electrode which consisted 
of an electrolyte-containing chamber, a plati-
num sensor cathode (polarized at –0.7 V) and 
an Ag/AgCl reference electrode. The chamber 
was covered with an O2-permeable membrane.

The cathode reactions occur as follows:

O2 + 2 H2O + 2 e– → H2O2 + 2 OH–

H2O2 + 2 e– → 2 OH–

The anode reaction is:

4 Ag + 4 Cl– → 4 AgCl + 4 e–

There are a number of enzymes with high cata-
lytic conversion rates (>103 s-1), which ensure a 
substrate transformation in the amperometric 
systems [7]. In addition to the oxygen generated 
from H2O2 by catalase, there are further am-
perometrically detectable compounds, such as 
ferrocene derivatives, In2+ salts [1] or the redox 
polymer PVP-Os(bipyridyl)2Cl that can be 
 co-immobilized with antibodies in immuno-
sensors [11]. Enzymes such as horseradish 
 peroxidase (HRP), glucose oxidase, glucose de-
hydrogenase and others have been successfully 
implemented in amperometric sensors [16].

Amperometric sensors have excellent ana-
lytical sensitivity. By contrast, the transport rate 
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limitation inherent to the system can have an 
adverse effect on the redox partners on the elec-
trode surface.

Parameters for amperometric sensors are 
pO2, glucose and lactate. 7 Chapter 12 (diabetes 
diagnostics) offers more detailed information, 
especially for glucose analysis.

 kConductometric and capacitive sensors
These sensors measure the change in electric 
conductivity in a solution at constant voltage. 
The change results from biochemical reactions 
that produce or reduce ions in a specific way. 
The capacity changes are measured via an elec-
trochemical structure where the bioactive ele-
ment is attached to a pair of Au or Pt electrodes. 
Except for hematocrit measurements, there  
are only a few clinical applications, as the high 
ionic strength in whole blood or serum makes 
it difficult to measure the relatively low con-
ductivity changes in a signal generating reac-
tion [2].

Optical sensors
The methods that are utilized in these sensors 
are categorized into three groups:
 5 Optical detection
 5 Optodes
 5 Optical surface measurement

 kOptical detection methods
The most frequently used optical sensors are 
part of the first group and measure light ab-
sorption or light reflection of an analyte as long 
as the parameter is present in at least milli-
molar  concentration. The absorption of light  
as electromagnetic radiation at a given energy 
or wave length is subject to the Beer-Lambert 
law if the analyte is distributed homogeneous-
ly  in the solution. The use of multi-wave-
length photometers in oximetry is presented in 
7 Chapter 14. If the analyte is expected in a 
range far below a millimolar concentration, 
other spectrometric methods such as nephelo-
metry, turbidimetry, fluorescence or (chemi)
luminescence are needed as with immuno-
assays. However, this requires the use of appro-
priately labeled tracer substances.

 kOptodes
Fiber optic chemosensors, called optodes, 
 represent a further group of optical sensors, 
which in the future may enable continuous 
 intra-arterial monitoring of various parameters 
(electrolytes, blood gases) for example. They 
utilize fluorescence dyes that are bound onto 
ion-selective (ionophore) or gas-permeable 
membranes. When these membranes only 
 encase the fiberoptic, determination of electro-
lytes such as Na+, K+ and Ca2+ or the measure-
ment of pO2, pCO2 and pH is possible. After 
excitation with a particular excitation wave-
length at constant energy, the intensity of the 
emitted fluorescence is directly proportional to 
the concentration of a cation present or to the 
partial pressure of a gas.

 kOptical and surface analytical methods
The use of label-free optical surface techniques 
in POCT [6] is rarely employed despite their 
high analytical power. Conversely, optical 
movement or picture analyses have already 
been utilized quite frequently in coagulation 
analyzers to detect the formation of blood clots. 
As an example, the pattern of movement of par-
amagnetic ferrous oxide particles under the 
influence of fibrin formation can be observed 
in an orthogonal oscillating magnetic field us-
ing a photodiode [17].

Total internal reflection spectroscopy (TIRS)  
This optical sensor comprises two materials 
with different reflection indices (RI), where the 
light strikes the sensor surface entering through 
the layer with the higher RI under total internal 
reflection conditions. Thus, an evanescent wave 
(as electrical light vector) is formed in the mate-
rial with the lower RI. This wave propagates (to 
ca. ½ λ, equivalent to a few 100 nm) into the 
medium at an exponentially decaying ampli-
tude. Hence, biomolecules that are immobilized 
at the sensor surface can interact with these eva-
nescent waves. This leads to a reduction of the 
reflected density intensity. By modifying this 
technique, a total internal refection fluorescence 
measurement (TIRF) can also be achieved by 
applying fluorescent substances [6].
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Reflectometric Interference spectroscopy (RIfS)  
RIfS is a detection method based on the inter-
ference of white light at thin films (layers). In 
practice, it is used to investigate molecular in-
teractions. The underlying principle of multiple 
reflections at thin layers corresponds to that of 
the Fabry-Pérot interferometer. The shift in the 
characteristic interference spectrum of the re-
spective layer system allows biochemical bind-
ing events to be observed over time [5].

Ellipsometry Ellipsometry measures the 
change in polarization of light upon reflection 
on a surface with an immobilized sample. In 
general, linearly or circularly polarized light is 
used. After reflection, it is elliptically polarized, 
hence the name of this method. The orientation 
of the ellipse depends on the incident radiation 
angle, the orientation of the polarization of the 
incident light and of the sensor surface reflec-
tion properties (RI, density of the biologically 
modified surface).

Surface plasmon resonance The underlying 
concept of surface plasmon resonance (SPR) is 
based on a quantum-physical phenomenon 
that takes place on the surface of gold. In the 
gold layer, plasmons (fluctuations in the density 
of the swinging electrons in the metal, quan-
tum-mechanically treated as quasiparticles) are 
generated by irradiation with monochromatic 
and polarized light under total reflection condi-
tions. The plasmons dissipate energy in the 
form of an evanescent wave (like TIRS) and 
have a shadow-like effect (loss of intensity) on 
the reflected light. The reflectance angle of the 
light changes under otherwise constant optical 
parameters. This happens because of the inter-
action of molecules with a biochemical layer 
along the underside of the chip as the RI of the 
medium changes slightly due to a different sur-
face composition [10].

The principle of refractometry and reflec-
tometry are presented in . Fig. 5.2.

Micro-gravimetric sensors
In mass-sensitive sensors, three different signal 
transduction methods are adopted: Quartz 

crystal microbalance, surface acoustic wave-
based systems and microcantilevers.

Quartz crystal microbalance (QCM) In the 
QCM method, the oscillating quartz crystal is 
covered with a thin metal film (usually Au) and 
brought into its resonant frequency by alternat-
ing voltage. This resonant frequency is indi-
rectly proportional to the mass of the material 

 . Fig. 5.2a–c Label-free optical methods. a Refracto-
metry (evanescent field methods) with evanescence field 
in general (e.g. grid couplers) and surface plasmon reso-
nance (SPR); b Reflectometry as reflectometric inter-
ference spectroscopy (RIfS); c Typical binding curve of a 
biomolecular reaction as seen in label-free methods
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that is adsorbed on the surface. These label-free 
sensors react very sensitively to every change  
in the solution. Therefore, such sensors need  
a reference system that enables them to dis-
tinguish between interactions with the target 
analyte and non-specific bonds or viscosity 
changes at the sensor surface [9, 18].

Surface acoustic wave (SAW)-based systems  
SAW-based sensors consist of micro-electro-
mechanical systems (MEMS), which are also 
based on vibration. The acoustic waves are re-
stricted to the sensor surface and decay expo-
nentially to the surface distance [22]. Surface 
waves are excited electrically by interdigital 
transducers (IDT). One SAW system suitable 
for POCT is the Love Wave Surface Acoustic 
Wave (LW-SAW) immunosensor that mini-
mizes the acoustic losses which are affected by 
the thickness of the aqueous layer above the 
sensor. The analytic sensitivity of the device can 
be increased into the nanomolar range [20].

Microcantilevers The microcantilever is also 
a MEMS device that consists of a miniaturized 
“trampoline”. Here, a piezo-resistive bulk mate-
rial loaded with a biological layer is only fixed 
to a platform on one side so that the other end 
of the elongated carrier can swing freely. The 
analyte binding to the sensor surface causes the 
microcantilever to bend. This can be measured 
either as an electrical (e.g. capacitive), piezo-
resistive or optical effect [15]. Microcantilever 
sensors are already used in POCT applications 
[21].

Sensors for hemostaseological  
and hematological analyses
For coagulation analyses, known principles  
that are adopted in mechanized coagulation 
analyzers are utilized to detect blood clot 
 formation. This is in addition to the above- 
mentioned optical movement sensors. Electro-
chemical methods are also employed, for 
 example, to detect electrochemically generated 
active fibrinogen cleavage products due to the 
effect of thrombin. For hematological POCT 
analyses, the principles of particle counting 

(Coulter principle) analogous to the mechani-
cal hematology analyzers are adopted. These 
are based on the measurement of electrical con-
ductivity changes when cells pass between two 
electrodes in a sensitive aperture. Alternatively, 
there is a quantitative buffy coat method, based 
on an electro-optical principle. The buffy coat 
layer is formed by centrifugation of a coated 
microhematocrit capillary. This layer is analyz-
ed with an optical system.

Further details can be found in 7 Chapters 
15 and 16.

5.1.2 Transducers, electronic 
 amplifiers

The transducer is part of a biosensor and is the 
equivalent of a transformer that allows optical, 
electrochemical or other readings (thermo-
metric, acoustic, magnetic etc.) The transducer 
converts biological/chemical reactions into a 
physically measurable quantity that can be 
changed into an analog or digital signal and 
then be further used in various ways. The signal 
processing system conditions the sensor signal 
by electronic smoothing and noise filtration.

For the processing of signals from the trans-
ducer, many POCT systems use common com-
puter or smart phone systems (Windows Phone, 
iOS, Android) or Internet-based apps. Thereby, 
not only (quantitative) results become visible 
(display, printer etc.), but also all analyses cal-
culations (calibration etc.) and data manage-
ment (storage of quality control measurements, 
patient results etc.) are carried out in the device. 
Many devices have a built in Wi-Fi-enabled 
network card, which allows network-compati-
ble communication in the hospital.

5.1.3 Sample application/fluidic 
unit

The sample application in POCT devices can be 
very simple in contrast to the complex loading 
methods used in clinical-chemical analyzers. 
POCT devices often utilize a fluidic unit that 
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mostly consists of single-use components. The 
fluidic unit format can be defined as follows:
 5 Systems with absorbent materials, flow 

cells, lateral flow or (immuno)chromatog-
raphy,

 5 Cassettes, capillary, tube or centrifugal 
 systems.

The flow is maintained using vacuum, pumps 
or centrifugal force; alternatively, the absor-
bent properties of many materials as well as 
capillary force and electroosmosis are utilized. 
Many fluidic unit systems are cassettes which 
provide all reagents in segments where the 
sample material can be easily loaded through 
an opening.

Simple unit-use POCT devices such as glu-
cose meters utilize test strips that are inserted 
into the device manually. Then, the sample ma-
terial is loaded manually onto an application 
pad and absorbed by capillary force into the 
strip. In contrast, blood gas analyzers suction 
the blood sample directly from the syringe or 
capillary with roller pumps and tube systems.

5.2 Continuous monitoring 
 methods

5.2.1 Continuous monitoring 
 methods

For some years now, the previously described 
in-vitro determination of metabolic parameters 
has been supplemented by the principle of con-
tinuous monitoring in the interstitial fluid of 
subcutaneous fatty tissue, mainly in the abdom-
inal area or the upper arm over a limited time 
period (presently max. 14 days) [8, 23]. Via a 
minimally invasive microdialysis catheter 
placed in the subcutaneous tissue (. Fig. 5.3), 
that can also be inserted by trained patients  
by themselves, continuous measurement of 
 metabolites over a few days is possible. Micro-
dialysis uses an aqueous perfusion solution 
with low flow rates and therefore highly water 
soluble metabolites with a low molecular weight 
are suitable for dialysis. This applies in particu-
lar to important parameters such as glucose and 
lactate but also creatinine. Determination of 

 . Fig. 5.3 Principle of subcutaneously applied microdialysis
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Extracellular fluid
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parameters from the dialysate is carried out 
 using the analytical principles described in 
 other chapters. As a matrix for analysis,  dialysate 
is easier to handle than capillary blood, plasma 
or urine.

5.2.2 Continuous glucose 
 monitoring (CGM)

At present in Germany, various technologies 
are approved that transmit results to an extra-
corporeal device to collect, process, store and 
present data at short intervals (<1 to 5  min). 
They provide immediate data access (on-line) 
for a needs-based therapy adjustment including 
alarm settings for hypo- and hyperglycemia. 
Examples include s.c. in-vivo needle biosensors 
(needle electrodes with integrated glucose oxi-
dase monitoring systems) like those featured in 
the Guardian  REAL-Time (Medtronic), Free-
Style Libre (Abbott) (. Fig. 5.4) and SEVEN 
PLUS (DexCom, distributed by Nintamed in 
Germany) or GlucoDay S (Menarini Diagnos-
tics) as extracorporeal in-vitro-biosensors 
(electrochemical via glucose oxidase). These 
features are combined with an s.c. microdialysis 
fiber whose filtrate volume of interstitial fluid is 
continually pumped to an ex-vivo biosensor for 
glucose monitoring.

Clearly, the main advantages of CGM meth-
ods primarily lie in the increased number of 
glucose readings with 500–1,500 per 24 h com-
pared to 2–4 per hour with BGSM.
 5 This information yield is useful to identify 

subclinical hypoglycemic states, particu-
larly during sleep,

 5 postprandial blood glucose profiles,
 5 overall glucose variability in 24 h for tar-

geted therapy adjustments, including the 
prospect of connection to an insulin pump 
(“closed loop”).

Secondly, in this way, there is a prognostic 
 potential for trend analyses such as for alarm 
functions mentioned above.

To date, all CGM systems share a common 
problem that glucose is measured from or in the 

s.c. interstitial fluid and cannot be objectified 
by an independent method. Clinical evidence is 
based on glucose levels in blood and not in s.c. 
interstitial tissue. As a result, CGM readings are 
converted and given as blood glucose equiva-
lents in mg/dL or mmol/L, based on a few par-
allel capillary blood glucose measurements 
 using different adjustment processes. These are 
unknown to the operator and allow for physical 
and physiological time delays caused by glucose 
flux between blood and interstitial tissue. This 
approach also has a considerable potential for 
error due to anatomical and physiological vari-
ables that occur inter- and intra-individually 
over the course of diabetes as well as due to ad-
ditional system-dependent errors. The result-
ing requirements for quality assurance of these 
CGM systems vary considerably from those of 
the glucose POCT single measurements. How-
ever, a regulatory legal framework for this does 
not yet exist in Germany.

Notwithstanding, the CGM systems user 
group is growing year on year, not only in the 
outpatient sector, but also in inpatient settings, 
in particular in specialized diabetes wards and 

 . Fig. 5.4 FreeStyle Libre (Abbott Laboratories, 
 Wiesbaden). The glucose sensor requires the insertion 
of a sensor filament under the skin. It can be left in  
situ for up to 14 days. An additional check of glucose 
values with a blood glucose meter is required when 
glucose levels change quickly as the levels in tissue 
 fluid may not represent the true blood glucose levels. 
The same applies in situations when the system indi-
cates hypoglycemia or a developing hypoglycemia or 
when symptoms do not correspond with the measured 
values of the system.
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intensive care driven by the clinical advantages 
presented above. The use of such CGM systems, 
particularly in clinical settings, meets the hall-
mark criteria to count as POCT.

In contrast, non-invasive glucose monitor-
ing systems (7 Chapter 11) do not yet have 
 market readiness and the required approval, 
despite considerable interest, very high invest-
ment in development and various technological 
approaches. It is currently expected that the 
 development period for non-invasive glucose 
monitoring systems will be between 5–20 
years.
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6.1 Introduction

Hemostasis can be divided into four categories 
below to better illustrate the systematics of 
 laboratory methods for coagulation testing and 
provide a systematic classification into the im-
plications for therapy:
 5 Primary hemostasis
 5 Thrombin/fibrin formation
 5 Clot formation
 5 Fibrinolysis

Some of these sub-steps can be illustrated by 
hemostaseologic test procedures. The analytic 
technologies of the POCT systems used for co-
agulation testing are therefore diverse [3, 22]. 
Nevertheless, improved outcomes in patient 
care have been demonstrated for individual 
 patient populations [1]. The increasing ex-
perience with POC coagulation testing systems 
for monitoring therapy is reflected in inter-
national recommendations [24].

6.2 Classification of 
 hemostaseologic POCT 
methods

Substantively, the available methods can be 
subdivided as follows:
 5 Analysis of plasmatic coagulation
 5 Combined recording of plasmatic coagula-

tion, platelet count and fibrinolysis (visco-
elastic methods)

 5 Analysis of platelet function

6.2.1 Analysis of plasmatic 
 coagulation

Analysis of plasmatic coagulation
 5 Activated clotting time (ACT; various 

manufacturers)
 5 Heparin management system 

 (protamine titration; Medtronic)
 5 POCT systems for measuring pro

thrombin time (PT, Quick test or inter

national normalized ratio, INR) and 
 activated partial thromboplastin time 
(aPTT) (various manufacturers)

 . Fig. 6.1 Comparison of the measurement principles 
of activated partial thromboplastin time (aPTT), activat
ed clotting time (ACT), prothrombin time/international 
normalized ratio (PT/INR) and ecarin clotting time (ECT). 
PT/INR, aPTT and ACT each quantify the cascade of co
agulation activation in several stages. By contrast, ECT 
utilizes the snake venom ecarin to convert prothrombin 
to meizothrombin, an intermediate compound in phy
siological thrombin activation. Because it activates pro
thrombin directly, ECT is more specific in measuring 
 direct thrombin inhibitors than ACT, aPTT or PT/INR.

Contact activator

Tissue factor XIa

PT XIIa

VIIa IXa, VIIIa

aP
TT

/A
CT

Xa, Va

Prothrombin
ECT

Fibrinogen

(Meizo)thrombin
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In general, the ACT is used for peri-interven-
tional treatment monitoring of unfractionated 
heparin and other anticoagulants. A defining 
characteristic of these test procedures is, that 
the coagulation is triggered by thromboplastin 
(to measure PT/INR) and/or contact activators 
(to measure aPTT and the ACT). For this pur-
pose, the beginning of coagulation time is 
 detected directly or indirectly via the gelation  
of the sample or by utilizing fluorogenic or 
 electrochemical substrates. There is also the op-
tion to integrate coagulation measurements 
into multifunctional POCT systems (e.g. 
i-STAT, Abbott). The principles for quantifying 
aPTT, ACT, PT/INR and ECT are presented in 
. Fig. 6.1.
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There is currently a variety of analytical sys-
tems on the market. Fundamentally, the ana-
lytical principle of ACT corresponds to that of 
aPTT. By contrast, POCT systems mostly mea-
sure in whole blood to avoid the time-consum-
ing process of centrifugation. By varying the 
type of single-use cartridges for the different 
anticoagulants and their multiple dosages, most 
anticoagulant monitoring devices can be used 
interchangeably. Hemochron systems (Keller 
Medical; . Fig. 6.2) utilize either strips that con-
tain a surface activator alone, or cartridges that 
contain a surface activator and phospholipid. 
Other analyzer systems (e.g. GEM PCL Plus, 
Instrumentation Laboratory or i-STAT, Abbott) 
feature single-use cartridges, in which whole 
blood is driven through capillary tubes.

Systems employed to measure ACT in pa-
tients receiving high-dosed heparin rely on dif-
ferent contact activators (Celite, silica, kaolin or 
glass particles). When whole blood methods 
are used, phospholipid surfaces are presented 
by blood cells or their fragments. However, 
there are also tests that use additional phospho-
lipids. Mostly, fresh blood, less often citrate 
blood is used. Here, it should be noted that the 
inter-comparability of results is poor due to the 
different activators and detection methods of 
the various ACT systems [2, 4, 12, 14].

A variety of test systems are available for 
INR self-monitoring by patients receiving 
treatment with vitamin K antagonists (Mar-
cumar). Below is a selection:
 5 The CoaguChek XS (Roche; . Fig. 6.3) is 

based on an electrochemical detection 

method. The test strip contains recombi-
nant thromboplastin, phospholipids and 
the peptide substrate Electrocyme TH in 
dried form. Activation of the coagulation 
cascade produces thrombin, which enzy-
matically cleaves the peptide substrate into 
a residual peptide and the electrochemical-
ly active phenylenediamine. The latter gen-
erates an electrical signal that is converted 
into the PT/INR value. The CoaguChek XS 
is the first analyzer on the market that is 
not affected by heparin in the sample.

 5 The INRatio system (Alere) likewise 
 consists of an analyzer and single-use test 
strips. The system measures the change  
in impedance in a mixture of blood and 
 reagents during the coagulation process 
and calculates the INR from the impedance 
signal. The device uses 3-channel tech-
nology to analyze the patient sample and  
2 controls simultaneously. The measuring 
chip is depicted in . Fig. 6.4.

 5 The Xprecia Stride is a new system sup-
plied by Siemens Healthcare Diagnostics. 
It is designed to achieve an excellent corre-
lation with INR laboratory methods based 
on the Dade Innovin reagent (. Fig. 6.5).

 . Fig. 6.2 Hemochron Signature Elite. (Courtesy of 
Keller medical GmbH, Bad Soden, Germany)

 . Fig. 6.3 CoaguChek XS plus. (Courtesy of Roche 
 Diagnostics GmbH, Mannheim, Germany)
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 5 The ProTime microcoagulation system 
(ITC) is a portable photometer. Its plastic 
cuvette features a chamber with dried 
thromboplastin. The ProTime has 5 micro-
channels for triplicate testing of the patient 
sample with two levels of controls. The 
blood is drawn into the channels and 
pumped back and forth. An array of LED 
detects when clotting occurs and the mo-
tion stops; the INR value can be calculated 
from this.

Since 2016, test strips for measuring aPTT in 
capillary whole blood have also been available 
on the CoaguChek Pro System (Roche) [15]. 
The detection principle is similar to a PT meas-
urement with electrochemical detection.

6.2.2 Combined recording  
of  plasmatic coagulation, 
platelet count and  
fibrinolysis (viscoelastic 
methods)

Viscoelastic methods
 5 Rotational thromboelastometry 

 (ROTEM system, Pentapharm) [13]
 5 Thromboelastography (TEG, Haemo

scope, USA) [6]

Thromboelastography was first introduced by 
H. Hartert in 1948 [6]. The principle consists of 
a cylindrical pin suspended freely on a thin wire 
that is submersed into a rotating, blood-filled 
cuvette. When the sample coagulates, fibrin 
 filaments form between the wall of the cuvette 
and the pin. The fibrin filaments transfer the 
motion of the cuvette to the pin as a function of 
how strong the fibrin filaments are. Irrespective 
of the technological method employed, the mo-
tion of the pin over the time is traced on a 
thrombelastographic curve. Previously, native 
whole blood was used as the specimen. Nowa-
days, analysis is usually performed on citrated 
blood that is made to coagulate with defined 
activators (extrinsic, intrinsic).

These viscoelastic methods continuously 
record the clot strength. This allows the func-
tional evaluation of plasmatic coagulation, fi-
brinolysis and clot strength. The latter includes 
the fibrinogen levels as well as the properties of 
fibrin polymerization and the platelet count 
(for illustration, . Fig. 6.6 and . Fig. 6.7).

It was just a few years ago that global tests 
measured non-activated clots; this led to in-
creased variability, lower specificity and long 
measuring times. Nowadays, activated meas-

 . Fig. 6.4 INRatio test chip. (Product withdrawn from 
the market. Courtesy of Alere GmbH, Cologne, Germany)

Electrodes

Test area

Sample well

 . Fig. 6.5 Xprecia Stride. (Courtesy of Siemens 
Healthcare Diagnostics, Eschborn, Germany)
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urements are commonly used that distinguish 
between the multiple aspects of hemostasis. 
This includes, among others, “EXTEM” (coag-
ulation is activated by tissue thromboplastin) or 
“INTEM” (coagulation is activated via the con-
tact phase).

6.2.3 Analysis of platelet function

Analysis of platelet function [5, 23]
 5 PFA100/200 (Siemens Healthcare 

 Diagnostics)
 5 Whole blood aggregation (Multiplate, 

Roche)
 5 VerifyNow (Accumetrics, USA)

Systems to analyze platelet function are used 
comparably rarely at the POC. However, the 
increasing employment of platelet inhibitors 
has led to a growing interest in near-patient 
platelet diagnostics. Methods such as whole 
blood aggregation as well as the VerifyNow sys-
tem analyze platelet function under low shear 
stress after specific stimulation of platelets by 
arachidonic acid, ADP or other activators. With 
the PFA system, primary hemostasis is tested 
under high shear stresses during concurrent 
stimulation with collagen/epinephrine or colla-
gen/ADP. The system does not require any 
 added reagents; the performance is never theless 
more complex than “true” POCT methods 
(pre-analytical phase, storage of the measuring 
cell at room temperature for several minutes, 
plausibility check), which is why the FDA clas-

 . Fig. 6.6 Recording the clot strength in the whole blood platelet aggregator
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sified the PFA in the group of devices with 
greater operating requirements [7].

Recently, Paniccia et al. [17] presented an 
excellent comparative overview of the various 
systems and their clinical applications.

The measurement principle inherent to 
platelet function analyzers (PFA-100/200 sys-
tems, . Fig. 6.8) consists of a constant negative 
pressure forcing citrated blood to be pumped 
through a capillary. In this process, the blood is 
first passed through a 3 cm long steel capillary 
with an internal diameter of 0.2  mm, then 
through an aperture in a collagen membrane 
with a capillary of 0.15 mm. The membrane is 
coated with either ADP or adrenaline. The 
blood passing through activates platelets, which 
seal the membrane over time until the blood 
flow stops. The measuring variable “closure 
time” is longer or shorter depending on the de-
gree of activation of the platelets. Closure time 
(in seconds) is the time from the beginning of 
the measurement to the time at which a pre-
determined flow rate is exceeded. It is indicated 
separately for the collagen/epinephrine (Col/
Epi) and the collagen/ADP cartridges (Col/
ADP).

This measuring system is based on the prin-
ciple of in vitro bleeding time according to 
Kratzer and Born [11] and attempts to imitate 

physiological “primary hemostasis” with plate-
let adhesion or aggregation at a high flow rate 
with high shear rates in vitro. Given the high 
shear forces, the system is particularly suited for 
the screening of von Willebrand’s disease [9, 10, 
16]. It is additionally employed in the detection 
of various other disorders of primary hemostasis. 
However, its limitations in terms of sensitivity 
and specificity must be accounted for [8, 9, 10].

A variety of whole blood and plasma-based 
systems are available for induced platelet 
 aggregation. In German-speaking countries, 
the Multiplate device (Roche Diagnostics) is 
the most widespread and can be used as a 
POCT device thanks to its practical methodol-
ogy. Fundamentally, impedance aggregometry 
– which measures anticoagulated whole blood 
– can be used as a POCT for platelet function  
(. Fig. 6.9). With specific agonists, personalized 
monitoring can be carried out, even in patients 
on combined antiplatelet medication [10].  
A marked association between ADP-induced 
aggregation and previous stent thrombosis was 
shown for the monitoring of clopidogrel after 
implantation of drug-eluting stents [19].

The VerifyNow system (Accumetrics) mea-
sures platelet aggregation in whole blood based 
on the agglutination of fibrinogen-coated latex 
beads [20]. In the USA, the VerifyNow system 
has mainly become established for the drug 
monitoring of P2Y12 and GPIIb/IIIa receptor 
antagonists. The more recent P2Y12 antiplate-
let agents (clopidogrel, prasugrel, ticagrelor) 
achieve nearly complete inhibition. However, 
the GRAVITAS study did not show any advan-
tage for clopidogrel in monitoring with dose 
adjustment in patients with high-on-treatment 
reactivity after drug-eluting stent implantation 
[18]. The results of the Tropical ACS study 
should be published soon.

6.2.4 POCT applications with 
 coagulation testing methods

The “true POCT” methods can be differen-
tiated from “POCT-appropriate” methods in 
terms of performance. Only the “true POCT 

 . Fig. 6.8 Principle of PFA analysis. Citrate blood is 
suctioned through a small aperture into a collagen 
membrane. The platelets adhere to the collagen and 
cause the blood flow to stop. Closure time (“clotting 
time”) is a measure of platelet function. For example, it 
is prolonged in patients receiving acetylsalicylic acid
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methods” that can be carried out by non-spe-
cially trained operators using single patient- 
near measurements without sample prepara-
tion.

Classification of various POCT coagula-
tion methods by degree of difficulty
 5 “True” POCT methods:

 – ACT
 – Heparin management system 

 (protamine titration)
 – POCT systems for INR/aPTT
 – Rapid platelet function analysis 

(RPFA)
 5 POCTappropriate methods (with 

 increasing degree of complexity):
 – PFA100/200 indicator
 – Rotational thromboelastometry 

(ROTEM)
 – Thromboelastography (TEG)

True POCT methods are comparable with 
blood gas analysis or glucose measurement in 
terms of simplicity of operation. By contrast, 
the examiner performing POCT-appropriate 
methods requires effort and skill and accord-
ingly a greater degree of training and motiva-
tion. As a rule, precise reagent handling is need-
ed to process the sample. To ensure a 24-hour 

availability, greater expenditure on logistics  
and personnel is required than with true POCT 
methods. For this reason, at many institutions 
diagnostics are carried out by a mixed team  
of personnel from the central laboratory and, 
e.g., from the anesthesiology department. Pro-
gress towards a true POCT method arrived  
in 2015 with the introduction of ROTEM 
 sigma, a closed analytical system. The device is 
fully  automated and obviates pipetting or other 
test preparations. Moreover, the direct applica-
tion of the sample test tube into the test car-
tridge prevents direct contact with the blood 
specimen.

However, the test cartridge must always be 
operated with all coagulation activation modes 
(see above) (cost factor!). More details on the 
clinical applications of POCT coagulation anal-
yses can be found in 7 Chapter 15.

6.3 Confounders and influencing 
variables

When performing blood coagulation analysis 
by POCT methods, one needs to account for 
several confounders and influencing variables, 
linked to both sample and handling factors. 
 Depending on the detection method, different 
instruments react in varying ways to variations 

 . Fig. 6.9 Functional testing of platelets in whole 
blood (impedance aggregometry). When activated pla
telets adhere to the surface of two sensor wires, the 

electrical resistance between them increases signifi
cantly. This can be recorded and plotted graphically 
(impedance vs. time).

Resting
platelet

Sensor wire Activated
platelet
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in hematocrit (Hct), to the influence of colloid 
and the formation of circulating microaggre-
gates. In addition, near-patient procedures  
are frequently used in the monitoring of criti-
cally ill patients (in the shock room, intensive 
care unit), in whom marked changes in the 
 ratios between plasma and cellular blood 
 components alongside drug effects can be 
 expected (. Fig. 6.10). Oftentimes, the influ-
ences of special metabolic conditions (e.g. 
 acidosis) or ambient conditions (e.g. hypo-
thermia) on hemostasis diagnostics have not 
been systematically studied. Unfavorable blood 
draw conditions and catheter blood draws  
can be additional confounding factors. If small 
volumes or no  reagents are added, whole  
blood methods are  sensitive to confounders 
and influencing factors from the sample ma-
trix. That is why POCT methods intended for 
hemostasis diagnostics in the respective clini-
cal settings (e.g. cardiac operating room, ICU) 
should be evaluated scrupulously before clini-
cal conclusions are drawn from the obtained 
values.

6.4 Quality management

The internal quality control of POCT methods 
in coagulation [21] is encumbered by the fact 
that the sample material needed for these pro-
cedures (whole blood) is only stable for a short 
period of time. Lyophilization of the sample 
causes the blood cells to lyse. Other procedures 
employed to stabilize blood or blood-like fluids 
(like those used for hematology controls) fail 
because the coagulation proteins and platelets 
in aqueous solution lack stability. Therefore, 
most of the available control materials consist 
of lyophilized plasma and can therefore only be 
used with certain test systems. These controls 
can be used on instruments which measure 
plasmatic coagulation and in viscoelastic meth-
ods. In some systems, artificial calibration flu-
ids are employed (VerifyNow, Multiplate), for 
others (e.g. PFA-100) no control materials are 
available; in these cases, only a plausibility 
check is carried out, comparing measurement 
data from patients and healthy persons. Similar 
problems are associated with the calibration of 
POCT methods. Calibration of the parameters 
cannot be performed at regular intervals. For 
that reason, the manufacturer aims for stabile 
batch calibration. One way this is done is to de-
fine conversion factors for each batch and use 

 . Fig. 6.10 Ratio of plasma to cellular blood components in different hemostaseological analyses. aPTT Activated 
partial thromboplastin time; TEG Thromboelastography
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these factors to convert the variables measured 
(e.g. coagulation time) into the result (e.g. INR) 
on all instruments.

The participation in interlaboratory tests 
for quantitative analyses mandated by RiliBÄK 
(7 Chapter 38) is only possible to a limited ex-
tent for hemostaseologic POCT methods due to 
the complex and hard-to-handle matrix. Nev-
ertheless, the interlaboratory testing organiza-
tions do offer some quality control materials, 
e.g. for INR and ACT. Not all devices available 
on the market, however, are suitable for partici-
pation.

In the case of POCT methods for which 
analog procedures are available in the central 
laboratory (aPTT, INR), an external control can 
be performed indirectly by comparative testing 
on the POCT system and in the laboratory 
which is subject to external quality controls, 
called the split sample technique.
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7.1 Introduction

Hematological measurements by POCT range 
from singular determinations of hemoglobin 
(Hb) concentration to complete blood counts. 
The term “blood count” refers to the differen-
tial quantification of erythrocytes (or red blood 
cells, RBC), leukocytes (white blood cells, 
WBC) – including a differentiation into granu-
locytes, lymphocytes and monocytes – and 
platelets (thrombocytes). In addition to counts 
of these cellular components, the following 
 parameter are evaluated: hematocrit (Hct), Hb, 
cell characteristics, e.g. erythrocyte indices 
such as mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH) and 
mean corpuscular hemoglobin concentration 
(MCHC) along with further information about 
the stages of maturity of single cell lines, e.g. 
normoblasts, reticulocytes, immature granulo-
cytes, immature thrombocytes.

7.2 Device technology  
and methods

In principle, there are three main classes of 
 devices used in hematological POCT:
 5 Full-fledged POCT devices for blood 

count analysis that are the equivalent of  
a miniaturized conventional laboratory 
 analyzer encompassing the relevant tech-
nical measuring spectrum

 5 Devices which measure specific parame-
ters, e.g. Hb concentrations, in parallel 
with other variables, e.g. devices for blood 
gas analysis (BGA)

 5 Devices which determine singular hemato-
logical parameters, e.g. Hb or total leuko-
cyte count

The required sample volume depends on the 
device used – on average ranging from a few 
microliters to 200 µL. Analysis usually takes a 
few seconds to minutes. All of the aforemen-
tioned devices are able to store and/or print out 
the results after analysis where required or 
transmit them via a standard interface to an ex-

isting electronic data processing system (POCT 
network, laboratory or hospital information 
system).

7.2.1 POCT blood count analyzers

Although they use same technology, systems 
which allow a differential cell count are distinct 
from standard systems by their degree of min-
iaturization.

By employing various adapters, it is possible 
to use different sample tubes, where appropri-
ate, also capillary tubes. Examples of this type of 
device are shown in . Fig. 7.1 (pocH-100i by 
Sysmex) and . Fig. 7.2 (Yumizen 500 by  Horiba).

Beckman Coulter (DxH 500) and other in 
vitro diagnostics (IVD) companies also offer 
fully automated hematology analyzers with 
manual processing of single samples.

RBC and platelets are usually detected by 
the electrical impedance method. The imped-
ance measurement principle is based on the fact 
that cellular components of blood are less con-
ductive compared to plasma. Using hydrody-
namic focusing (. Fig. 7.3), blood cells in a 
fluid stream are passed through a measuring 

 . Fig. 7.1 PocH 100i by Sysmex. (Courtesy of Sysmex 
Deutschland GmbH, Norderstedt)
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capillary that jackets the cells to allow counting 
with greater precision. As a cell passes through 
the measuring aperture, it produces an increase 
in current resistance due to its poorer conduc-
tivity compared to plasma. The charged elec-
trodes located on either side of the aperture 
detect each individual cell as an electrical resis-
tance signal. This change in impedance is pro-
portional to the cell’s volume and size, thereby 
enabling an identification into platelets (ap-
prox. 8–12 fl) and RBC (approx. 80–100 fl). The 
number of particles is counted per volume or 
per time unit.     

 Other methods, such as those used for 
platelet counts, are based on a cell type-specific 
pattern of light scatter on the cell surface.

  After lysis of the RBC, WBC  are likewise 
mostly detected and identified in a fluid stream 

by impedance measurement. Based on the 
strength of the impulse transmitted at imped-
ance measurement, WBC can be differentiated 
by cell size into lymphocytes , monocytes  (in-
cluding eosinophilic and basophilic granulo-
cytes ) and neutrophilic granulocytes.

  Direct measurement of Hb  is usually car-
ried out by photometry. Using the cyanmethe-
moglobin method, Hb is oxidized by potassium 
hexacyanoferrate(III) to metHb (methemoglo-
bin) which is further converted by potassium 
cyanide to cyanmethemoglobin. Cyanmethe-
moglobin has a spectrophotometric absorption 
maximum at 540 nm, which is proportional to 
the Hb concentration.

  Generally, hematology analyzers are not 
unit-use systems (one measurement using a 
single reagent pack). Therefore, quality control 
has to be carried out the same as on conven-
tional laboratory devices. Relevant devices are 
supplied by several manufacturers. They differ 
in the technological features employed for the 
mechanical counting and differentiation of 
cells and in their handling and degree of auto-
mation. The quality of these POCT systems for 
answering typical clinical questions is mostly 
adequate and has been verified in several 
 studies [3, 4, 11, 15, 18]. However, users must be 
trained to use the system and, when analyzing 
results, the interpreter must be sufficiently 
knowledgeable.

  The various cellular components (RBC, 
WBC with simple differentiation, platelets) can 
also be separated by centrifugation in a coated 

 .  Fig. 7.2 Yumizen H500 by Horiba. (Courtesy of 
Axon Lab, Reichenbach) 

 .  Fig. 7.3 Principle of hydrodynamic focusing 
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microhematocrit capillary. The buffy coat layer 
is then analyzed electro-optically for the differ-
ent cell populations [8, 13]. Hence the name 
QBC: quantitative buffy coat.

7.2.2 Blood gas analyzers

In addition to electrolytes and blood gases, 
blood gas analyzers (BGA) usually also mea-
sure Hb concentration and Hct (7 Chapter 14). 
Here, the principle for analyzing Hct is based 
on a conductivity method. The volume of non-
conducting blood components can be calcu-
lated based on the measured conductivity of a 
calibration solution with known electrolyte 
concentration, the measured electrolyte con-
centration and the conductivity in the sample. 
The quality of method is acceptable at normal 
Hb concentrations. Due to the fact that plasma 
components like proteins and not just electro-
lytes, contribute to the conductivity of the sam-
ple, the corresponding shift in conductivity can 
then lead to false-high or false-low Hct values. 
This is the case in highly diluted samples (e.g. 
those taken during operations) when the pro-
tein concentration is very low or after the trans-
fusion of blood products. High electrolyte con-
centrations (Na+, K+) can also cause false-low 
measurements. The use of a correction factor is 
possible, although complete compensation can-
not always be achieved [11]. In some systems, 
the electrolyte concentration measured in par-
allel is taken as a direct correction factor.

The Hb concentration can be determined 
indirectly using the calculated Hct value. A po-
tentially false-low Hct can result in the derived 
Hb concentration also being too low. It has 
been shown that calculated Hct values <30 and 
Hb concentrations <10 g/dL are not sufficiently 
accurate. Severe anemia cannot be reliably di-
agnosed and therefore these measurands must 
be interpreted critically with regard to transfu-
sion decisions [1, 10].

Hb and its derivatives exhibit a specific ab-
sorption pattern. Depending on the type of de-
vice used, the total Hb concentration can also 
be measured photometrically at multiple wave-

lengths of light by CO-oximetry on intact or 
lysed RBC. Any further diagnostic differentia-
tion (i.e. cell morphology and RBC indices) is 
not possible.

As several studies have demonstrated, the 
analytical quality of the different systems is 
generally good and the results show good cor-
relation with standard methods, even in pediat-
ric patients [6, 7].

If additional analyses to the hematological 
investigations are carried out, e.g. a complete 
BGA, some systems requires sample volumes of 
up to 200 µL, which can cause problems with 
capillary blood samples. In most cases, how-
ever, a few microliters of blood are sufficient.

7.2.3 Single analyses

Systems that exclusively measure Hb primarily 
use a modified wet-chemical azide methemo-
globin method. Results are available within 60 
seconds using single microcuvettes coated with 
sodium deoxycholate to lyse the RBC. Further-
more, the microcuvettes contain sodium nitrate 
which converts Hb to metHb (methemoglobin) 
and sodium azide for a final staining reaction 
[16]. The absorption of azide methemoglobin is 
measured at two wavelengths, 570 nm and ad-
ditionally 880 nm, in order to compensate for 
turbidity in the sample [17].

The sample volume needed is no more than 
a few microliters. This method has produced 
good results in numerous comparative studies 
[6, 9, 11]. Other devices which use the same 
method or measure Hb in blood by photometry 
yield metrologically flawless results when com-
pared with standard methods. The deployment 
of Hb analyzers has proven particularly useful 
in the field of blood donation [3, 5].

Furthermore, analyzers that quantify only 
the WBC count are also available. After lysis of 
RBC, WBC are separated from platelets and 
counted by an image detector system [12]. De-
pending on their technical features, some de-
vices can also produce a differential white cell 
count, classifying leukocytes into lymphocytes, 
neutrophils, monocytes, basophils and eosino-
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phils. After initial lyses of RBC and staining of 
WBC, the cells are identified and classified us-
ing a camera. The result is available within a few 
minutes.

Although the reliability of transcutaneous, 
non-invasive Hb assessment (SpHb) is still 
 under critical appraisal [2, 14], its benefit lies  
in continuous real-time patient monitoring  
(7 Chapter 11). The pulse CO-oximeter utilizes 
a spectrophotometric sensor and multiple light 
wavelengths. Unexpected changes are detected 
in real time, which can guide decision-making 
with regard to blood transfusions. The accuracy 
of this technology, though promising, is not yet 
sufficiently reliable and should only be used as 
an adjunct to, not a replacement for invasive Hb 
analysis.
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8.1 Introduction

The wide analytical spectrum offered in clinical 
chemistry laboratories is equally accessible to 
near-patient diagnostics, e.g. measurement of 
enzymes (ALP, ALT, AST, GGT, amylase, CK), 
electrolytes (Na+, K+, Ca2+, Cl–, Mg2+) and 
 numerous metabolic parameters (bilirubin, 
HDL, LDL and total cholesterol, triglycerides, 
glucose, uric acid, creatinine, urea, ammonia 
and lactate).

The advantage of using POCT in clinical 
chemistry is the instant availability of the analy-
sis results, particularly when samples would 
otherwise need to be transported a longer dis-
tance prior to analysis or have to undergo spe-
cial pre-analytical preparation, as is the case for 
ammonia measurement.

8.2 Device technology  
and methods

In POCT, a range of sample types can be used 
including capillary, venous and arterial blood. 
To avoid the need for centrifugation of the 
 sample, the assay must either use whole blood 
or integrate an additional process step to elim-
inate cellular blood components from the whole 
blood. Usually, a few micro-liters are sufficient 
for analysis, whereby the actual analysis itself 
only takes a few minutes. The commonly used 
testing systems can, to a certain extent, store 
data and are equipped with an integrated 
 printer or IT interface that allows the results to 
be exported directly to the laboratory or hospi-
tal computer information systems.

In principle, one differentiates between 
three different device classes (7 Chapter 3):
 5 Full-scale clinical biochemistry analyzers 

are essentially miniaturized versions of 
conventional laboratory systems, which are 
able to analyze a wide range of parameters 
– either singularly or in parallel. Wet and 
dry biochemistry analyzers fall into this 
group.

 5 Devices where biochemical analyses can be 
made to supplement other measurements, 

e.g. blood gas analyzers (BGA), which use 
electrodes or photometry to determine 
 parameters such as electrolytes, glucose, 
lactate, creatinine, bilirubin and other 
 parameters.

 5 Test systems designed specifically for 
 singular parameters, e.g. devices for lipid 
profile, lactate or glucose assessments 
(7 Chapter 12).

8.2.1 Dry chemistry

Dry chemistry systems employ single-use test 
strips for the actual analysis. After the sample 
(whole blood or plasma) is applied to the test 
strip, plasma separation occurs and cellular 
blood components are filtered out. The plasma 
is then collected in a reservoir on the test strip. 
The reagents adhere to membranes which are 
pressed onto the plasma reservoir when the test 
strip is inserted into the device. The plasma or 
resulting reaction products then successively 
permeate the reagent-soaked strip (. Fig. 8.1).

The final step consists of a detection reac-
tion, for example, color development where the 
intensity of the dye is directly related to the 
analyte concentration. After the reaction chain 
has run its course, the result is delivered on an 
optical color spectrum.

One widespread representative of this de-
vice class is the Roche Reflotron, which has 
been available in different versions for a num-
ber of years. This analyzer works by measuring 
light reflectance from a light-emitting diode 
(LED) within an Ulbricht sphere. The reflection 
at the test strip area, i.e. at site of the reaction, is 
different to other reflections within the sphere, 
giving an indication of the reaction strength 
and therefore the analyte concentration. All the 
information about device control, measure-
ment methods and calibration, as well as the 
mathematical constants for analysis, are stored 
in a magnetic strip under each test strip, mak-
ing measurements possible without batch man-
agement. Test methods differ from those used 
in wet chemistry (IFCC-compliant methods). 
This is because dry chemistry requires other 
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conditions, for example, fixation on special re-
agent carriers, which must be highly stable and 
can be stored at room temperature.

Nevertheless, the methods are usually cali-
brated, so that their results largely correspond 
to those of standard methods. Deviations from 
the reference range may, however, need to be 
taken into account, particularly in the context 
of patient follow-up monitoring when POCT 
and central laboratory methods are used alter-
nately.

Depending on the type of device, analytes 
can be measured either singularly or in parallel. 
The analytical quality of manifold systems has 
been published in several studies [7, 9].

8.2.2 Wet chemistry

Despite their excellent analytical quality, wet 
chemistry analyzers are less commonly used, 
partially due to their comparatively high oper-
ating costs and the mechanical effort required. 
In general, established laboratory methods are 
used in this context, often as IFCC-compliant 
methods in miniaturized devices, designed for 
single-sample measurements.

No external centrifugation of the sample is 
needed as such devices have built-in centrifug-
es. They are therefore just as suitable for use 
with whole blood as with serum or plasma. For 
example, all reagents and diluents are encased 
in pre-fabricated self-contained discs, supplied 

in various combinations for a range of different 
analyses. A sample volume of 100 µL is often 
sufficient for a complete panel of more than  
10 analyses.

The wet chemistry system illustrated in  
. Fig. 8.2 is typical for this class of modern de-
vice. After transferring the sample onto the up-
take point, the disc is inserted into the analyzer 
drawer where the sample is moved by centrifu-
gal and capillary force to the appropriate site 
inside the cuvette where the reaction occurs. In 
this way, diluents and reagents also flow to the 
“correct” reaction site. After a few minutes, the 
analysis is performed photometrically; self-
calibration and continuous quality controls are 

 . Fig. 8.1 Schematic diagram of a test strip

Protective layer 

Transparent
film  

Carrier layer 

 
 
 

Auxiliary reagents
Plasma separating layer 

 
Magnetic strip 

Reagent layer 

Plasma reservoir 

 . Fig. 8.2 Abaxis Piccolo Xpress with reagent disc. 
(Courtesy of Abaxis Europe, Darmstadt, Germany)
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integrated in the analyzer. Evaluation data are 
available that demonstrate sufficient analytical 
quality and a good correlation with standard 
methods [4, 6].

Blood gas analyzers may also use wet chem-
istry methods to perform clinical chemistry 
analyses. These panels cover parameters like 
urea, creatinine, bilirubin, glucose and lactate. 
The electrolytes Na+, K+, Ca2+, Mg2+ and  
Cl– are measured by ion-selective electrodes  
(. Fig. 8.3).

The Abbott i-STAT and its successor are 
highly miniaturized analyzers, where minimal 
volumes are sufficient for carrying out multiple 
methods. This is a system for analyzing blood 
gases, electrolytes and other parameters in dif-
ferent combinations. Test cartridges of a few 
centimeters in size contain all the necessary re-
agents and technologies, including a single-
point calibrant (7 Chapter 3). The analytical 
quality of the system has been repeatedly evalu-
ated [1].

Blood gas analyzers often additionally fea-
ture measurements for metabolites such as glu-
cose, lactate and creatinine. Validated sensor 

systems specifically for creatinine have only 
recently become available. As an example, the 
amperometric creatinine sensor in the ABL837 
FLEX (Radiometer) should be mentioned here, 
which is based on the enzymatic conversion of 
creatinine to H2O2 [8]. Here, creatinine is con-
verted initially to creatine, which is then me-
tabolized by creatine kinase to sarcosine. Sarco-
sine is further metabolized by sarcosine oxidase 
to glycine and H2O2. The latter is oxidized am-
perometrically at the electrodes and the result-
ing electrolysis current is directly proportional 
to the creatinine concentration.

8.2.3 Dedicated devices for 
 singular analytes

The assessment of total bilirubin in newborns 
is often performed by direct spectrometry of 
non-diluted serum or plasma in a “bilimeter”. 
These are mostly filter photometers, where the 
absorption of plasma is measured at 455 nm, i.e. 
near the absorption maximum of bilirubin. 
Bilirubin can be assessed quantitatively in this 

 . Fig. 8.3a,b Ion-selective electrodes (ISE) in blood 
gas analyzers. a ISE for K+ (Radiometer ABL505). (Cour-
tesy of Radiometer, Willich). b ISE for lactate (Siemens 

Rapidlab 865). (Courtesy of Siemens Medical Solutions 
Diagnostics, Bad Nauheim, Germany)
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way, as plasma from newborns is free of lipo-
chromes, such as carotene, which is also ab-
sorbed within this wavelength range as long as 
a spectral interference by hemoglobin is com-
pensated for. This compensation is achieved by 
an additional reading at 575 nm. Given that the 
molar extinction coefficient of Hb is identical at 
455 nm and 575 nm, the bilirubin concentra-
tion can be calculated from the difference

ΔE = E455 nm – E575 nm.

A hematocrit (Hct) capillary tube is used as a 
cuvette, which is filled with (capillary) blood 
and then spun in a special centrifuge. Usually 
20–30 μL of blood is sufficient [2, 10]. In the 
past, a lack of linearity and calibration problems 
was blamed as the main reason for false results. 
Newer devices appear to basically have over-
come these problems, as recent interlaboratory 
testing for neonatal bilirubin conducted by  
the German Society for Clinical Biochemistry 
Laboratory Medicine (DGKL) has demonstrat-
ed. 7 Chapter 11 and 7 Chapter 22 contain fur-
ther explanations on the determination of neo-
natal bilirubin.

Special systems, e.g. Cholestech LDX by 
Alere, are used to determine a patient’s lipid 
status in specialized outpatient practices, but 
also in pharmacies. Whole blood is used to ana-
lyze triglycerides, total, HDL and LDL choles-
terol as well as glucose and AST.

In sports medicine, lactate measurements 
in blood or saliva play an important role  
(7 Chapter 22). A number of POCT devices are 
available for this, like the AccuTrend Plus by 
Roche, for example. It should also be men-
tioned here that the intra-partum fetal scalp 
lactate assessment can give important informa-
tion about the fetal condition during birth, as 
an alternative or in addition to pH [3]. Rapid 
testing can, for instance, be performed with the 
StatStip by Nova.

A fast creatinine check in capillary blood is 
important in many radiological and interven-
tional settings, when creatinine analysis in a 
central laboratory is otherwise not possible 
within an hour. The rapid identification of renal 

impairment is important for nephroprotection 
to avoid acute renal failure when intravenous 
contrast media is given [5]. Here, for example, 
the StatSensor by Nova can be used.

In various metabolic disorders, an accurate 
determination of the ammonia concentration 
as ammonium ions (NH4

+) is indicated, mostly 
in patients with cerebral and neuromuscular 
dysfunctions concurrent with liver cirrhosis. 
Small POCT devices for measuring blood ammo-
nia are available from different manufacturers. In 
. Fig. 8.4 the POCKETCHEM BA PA-4140 by 
Arkray is pictured. Confounding factors, pri-
marily hemolysis, but also analyte instability can 
impact the results of the analysis. Consequently, 
the time from sample taking to processing in the 
laboratory should be no longer than 15 minutes. 
Therefore, POCT technology is often used for 
measuring blood ammonia.

Furthermore, there are a number of meth-
ods for potentiometric measurement of electro-
lytes and other special applications. The devel-
opment of other dedicated systems is likely to 
progress and expand the spectrum of such clin-
ical chemistry methods in the future.

 . Fig. 8.4 Arkray’s POCKETCHEM BA PA-4140. (Cour-
tesy of Arkray Europe, Amstelveen, Netherlands)
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8.3 Applications and indications

Point-of-care biochemical analyses are mainly 
used in smaller hospitals, where a 24-hour 
 laboratory service is not viable, also in larger 
GP practices. The main reasons for using POCT 
for clinical biochemistry analyses in hospitals 
are as follows:
 5 For emergencies in outpatient settings  

and admission units, the waiting times for 
results from the central laboratory are 
 frequently too long.

 5 In hospitals without access to a central 
 laboratory, clinical chemistry analyzes can 
be carried out as POCT for rapid diagnos-
tics in urgent cases, e.g. pre-operative 
screening of new admissions (even if they 
are non-emergency, but still require timely 
analysis).

 5 In intensive or critical care, POCT meth-
ods are an integral part of close patient 
monitoring, e.g. for blood gas analysis.

In specialized medical practices like dialysis 
centers or oncology units, rapidly available 
 results help expedite urgently required deci-
sion-making (less in emergency situations, as 
these tend to be rare here). It may also become 
important before initiating therapy, as thera-
peutic regimes can be adapted, if necessary, ac-
cording to the real-time renal retention values, 
electrolytes and other biochemical parameters.
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9.1 Methods

9.1.1 Immunosensors

The specificity of antibodies for their molecular 
antigen counterparts is the basis for both im
munoassay technologies as well as for immuno
sensors, where the antibodies are immobilized 
on a solid phase substrate (7 Chapter 3 and  
7 Chapter 5). This immunological reaction 
principle not only allows the qualitative detec
tion of an analyte, but also a quantitative assess
ment of its concentration. Problematical areas 
of crucial analytical importance for the selec
tive detection of an antigenantibody complex 
are the bioconjugate chemistry applied for 
 immobilization and the orientation of capture 
antibodies, whose specificity must not be com
promised by the binding [6].

We distinguish between four different types 
of immunosensors [14, 15]:
 5 Electrochemical sensors (potentiometric, 

amperometric or conductometric, capaci
tive)

 5 Optical sensors
 5 Microgravimetric sensors (quartz crystal 

microbalance)
 5 Thermometric sensors.

The microgravimetric and thermometric sen
sor types have not proven their merits in POCT 
applications. All sensor types can work either as 
direct (labelfree) or indirect (labeled) immuno
sensors. Direct sensors are able to track physic
ochemical changes during immune complex 
formation, whilst indirect sensors mainly uti
lize fluorescent or luminescent markers, there
by conferring high detection sensitivity. The 
authors are nevertheless convinced that  direct 
immunosensors have a future in POCT appli
cations and that they will enjoy widespread  
use due to the fact that their simple reagent con
cept offers analytical advantages, as long as the 
relevant analyte concentration range can be 
achieved.

There are extensive immunolabeling op
tions for both immunosensors and immunoas
says, which can only be covered briefly here: 

The most reliable of these labels are enzymes 
such as peroxidase, glucose oxidase, alkaline 
phosphatase, catalase or luciferase. Ferrocene 
or In2+ salts are used as electroactive com
pounds. Fluorescent labels include rhodamine, 
fluorescein, Cy5, ruthenium diimine com plexes, 
phosphorescent porphyrin derivatives among 
others. In particular, laserinduced  fluorometric 
resonance energy transfer between 2 different 
fluorophores has methodological advantages 
and can specifically be employed in fiber optic 
sensors [26].

9.1.2 Homogeneous and hetero-
geneous immunoassays

Similar to larger laboratory devices, POCT de
vices can incorporate homogeneous and heter
ogeneous immunoassays in order to quantify 
analytes in fluids by specific binding of anti
bodies to the respective analyte’s epitope. Het
erogeneous noncompetitive sandwich assays 
are the most commonly used type, where 
boundfromfree separation is achieved by 
magnetic force. Fluorescence and chemilumi-
nescence techniques are mainly used for 
 signaling with labeled primary or secondary 
antibodies or labeled tracers. Homogeneous 
immunoassays do not require immune com
plex separation and often utilize fluorescence 
polarization techniques or the Förster reso-
nance energy transfer (FRET) principle. Two 
different fluorescent molecules are used, which 
overlap in their spectral emission ranges (donor 
molecule) and excitation (acceptor molecule). 
Both labeling molecules must be spatially close 
to one another for the FRET process to take 
place. This proximity can be achieved by forma
tion of an immune complex. During this pro
cess, FRET causes the fluorescence of the donor 
to decrease and that of the acceptor to increase.

The application of paramagnetic nanopar-
ticles coated with specific antibodies has en
gendered immunoassay procedures with high 
analytical sensitivity. The example in . Fig. 9.1 
shows the reaction principle employed by 
PATHFAST (LSI Medience Corporation) which 
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can quantify parameters such as troponin I, 
CKMB or Ddimer.

More novel detection methods are em
ployed in such immunoassay systems as well. 
One example is the m16 magnetic immuno
assay analyzer (Edan Instruments, China). This 
biosensor uses magnetic beads to measure im
mune complex formation by means of giant 
magnetoresistance (GMR). GMR is observed 
in electrically conductive, alternating magnetic 
and nonmagnetic layers of nanometer thin
ness. Due to the antiparallel alignment of the 
magnetization of the two magnetic layers (anti
ferromagnetic coupling), the electrical resis
tance in the entire structure is significantly 
higher than when magnetized. By applying an 
external magnetic field, the antiferromagnetic 
coupling is cancelled out and the magnetic mo
ments caused to become orientated in the same 
direction. The electrical resistance is signifi
cantly decreased as a result.

9.1.3 Immunological rapid tests

In POC diagnostics, immunological tests are 
often used in addition to pure immunosensors. 
These testing methods are based on the im
mune complex principle, whereby an antigen 
binds to a specific antibody to form an immune 
complex. The test setup of such immunological 
tests can vary considerably, in particular re
garding the generation and evaluation of the 
test signals. Particle agglutination and immun
ochromatography have proven their usefulness 
and are frequently used for rapid tests. Both 

techniques are applied, for example, in preg
nancy tests, but also for microbial antigen de
tection in bodily fluids. The microbiological 
applications of these techniques are discussed 
specifically in 7 Chapter 20.

Particle agglutination assays
Systems based on identification by reaction (as
says) enjoy widespread use for the detection of 
a broad array of analytes in body fluids. Here, 
carrier beads with an approx. 0.8 µm diameter 
– mostly made of latex (polystyrene) – are coat
ed with specific antibodies by adsorption. If 
microbial antigens, for example, are present in 
the patient sample, they agglutinate with the 
latex particles. This agglutination is seen mac
roscopically as a precipitant in the otherwise 
homogeneous, milky suspension. The quantita
tive particle agglutination tests are performed 
on microscope slides, plates, tubes, capillary 
tubes or microtiter plates (ELISA plates). Latex 
reagents have proved useful for diagnosing ro
taviruses, but also for antigen detection, par
ticularly for a fast meningitis diagnosis: these 
detect Streptococcus pneumoniae, Neisseria 
meningitidis – serotypes A, B, C, Y and W135 
– as well as Haemophilus influenzae type b. In 
addition, numerous other microbial antigens 
can be detected in this way.

Immunochromatographic tests
The most frequently mentioned names for im
munochromatographic strip tests in the medi
cal literature are immunochromatographic 
tests (ICT), lateral flow assays (LFA), lateral 
flow devices (LFD), dipstick assays and one

 . Fig. 9.1 The chemiluminescence immunoassay principle of PATHFAST
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step tests. These tests are based on the principle 
of immune complex formation. However, such 
tests also rely on thinlayer chromatographic 
separation techniques: The antibodies are im
mobilized on a membrane and the sample to be 
analyzed (blood, urine, cerebrospinal fluid) is 
moved onto the membrane by capillary force 
[11]. ICT are of particular interest because they 
are not only fast, but easy to use and easy to 
analyze. There are qualitative versions, but also 
tests that allow semiquantitative or quantita
tive analysis. The bestknown example of a 
qualitative ICT is the home pregnancy test.

The functional principle of an immuno
chromatographic test strip is illustrated in  
. Fig. 9.2 [11]. The patient’s liquid sample is 
dropped onto a sample pad. The pad acts as a 
prefilter and cleans the sample fluid of contam
inants. Next, the sample pad releases buffers to 
adjust to a pH that is optimal for the immuno
logical reaction to take place. The sample fluid 
then flows through the reagent pad. Here, a 
 labeled antibody (conjugate), usually labeled 
with colloidal gold, binds to the antigen (if pres
ent in the sample) and forms an antigenanti
body complex. Since the conjugate is present in 
excess, the nonbound conjugates are also 
transported by capillary action. The sample 
fluid then migrates onto a nitrocellulose mem
brane. Here, two different reagent zones are ap
plied in a row, one after another. The first zone 
(test line) refers to an immobilized secondary 
antibody directed against a second detection 
site on the antigen that thereby binds the im

mune complex. The other zone (control line) 
contains an antispecies antibody that reacts 
with the free conjugate. Either one or two lines 
will appear accordingly. Due to the colloidal 
gold, both zones and lines appear after a certain 
time in a reddish color. The excess sample fluid 
flows further and absorbed onto an absorbent 
pad to avoid back flow.

In the past years, numerous technical 
 modifications have been developed to enhance 
ICT sensitivity. This includes using labels  
 with  higher specific signal intensity, such as 
paramagnetic microparticles (magnetic ferric 
 oxide) as well as carbon particles instead of 
 colloidal metal particles or blue latex particles 
[11]. A different path was chosen in the devel
opment of optic immunoassays [9]. Since this 
technique is the basis for many of today’s rapid 
tests, a more detailed description is warranted 
here (. Fig. 9.3). In this type of assay, a color 
change occurs because the immune reaction 
causes a change in the reflective properties of a 
silicone surface. When a protein analyte, ex
tracted from the patient sample or a microbial 
antigen is placed on the silicone surface, it binds 
to the immobilized specific antibodies. By add
ing a secondary antibody, coupled to horserad
ish peroxidase (HRP), an immune complex 
sandwich is formed, consisting of the following 
layers (from bottom to top): immobilized anti
body, (microbial) antigen, secondary antibody. 
This is followed by washing steps before the 
substrate tetramethylbenzidine (TMB) is add
ed. The whole procedure ultimately alters the 

 . Fig. 9.2 Functional principle of an immunochromatographic test strip. HRP Horseradish peroxidase
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optic properties of the silicone surface and the 
layering thus created. The reflection of white 
light through this layer causes a golden hue to 
change to a color that appears purple to the na
ked eye. A positive result is therefore seen as a 
purple colored dot on a golden background.

9.2 Device format and quality

Simple LFAtest strips are available for numer
ous analytes whose results are read visually. 
 Alternatively, for a restricted analyte spectrum, 
smaller automated detectors are utilized to read 
test strips but also give quantitative results. This 
includes, for example, devices in the size of 
 cobas  h  232 (Roche) (. Fig. 9.4), the Triage 
 MeterPro (Alere) (. Fig. 9.5), the LABGEO 
IB10 (Samsung/Thermo Fisher) (. Fig. 9.6), or 
the already mentioned m16 magnetic immuno
assay analyzer (Edan Instruments).

Also larger benchtopformats are available, 
for example the Stratus  CS by Siemens, the 
PATHFAST by LSI Medience Corporation and 
the AQT90 Flex by Radiometer (. Fig. 9.7). In 
the middle range are the iSTAT (Abbott) and 
the Minicare I20 (Philips), which, as hand
helds, are also suitable for immunological tests 
and can therefore be used for true “bedside test
ing”. Automated benchtop devices are mainly 
used in hospital settings. The methods em

ployed range from fluorescence and chromato
graphic detectors to enzyme immunoassays. In 
general, the tests are performed on whole blood, 
less often on saliva or urine, whereas serum and 
plasma can also be used [24].

A crucial problem in testing blood samples 
with test strips lies in the use of capillary blood. 
Here, a mix with interstitial fluid occurs when 
blood is taken, causing a change in concentra
tion; the measured concentration of the analyte 
does not necessarily represent the blood con
centration, which is problematic when tests 
lack sensitivity or the concentration is low, 
causing analytical limitations in the qualitative 
detection of the analyte. Furthermore, for most 

 . Fig. 9.3 Functional principle of an optical immunoassay
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 . Fig. 9.4 cobas h 232 test strips and barcode scanner. 
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analytes measured with test strips, valid refer
ence ranges are missing [25].

Whilst numerous studies have been pub
lished about the quality and efficiency of auto
mated detection devices, only limited data ex
ists for the use of test strips, often just manda
tory evaluation data or poorly comparable 
study data. For example, in Germany there are 
about 10 different Influenza POC tests avail
able. The variation in the test sensitivity is be
tween 50 % and 96 % and the specificity be
tween 72 % and 100 %, which is dependent on 
the test itself, type of material tested and the age 
of the patient. Part of that disparity in results  
is explained by the varied study designs [20]. 
Specifically for virological diagnostics, the use 
of molecular biological test will expand in the 
 future [23] (7 Chapter 10).

9.3 Areas of application

Immunological POCT methods are not only 
used in clinical settings, but also in general 
practice and for home testing. The increasing 
demand for this type of test in various markets, 
particularly the USA, has been documented 
many times [1, 13]. The limited spectrum of 
clinical chemical analyses has been established 
through various procedures in dry and wet 
chemistry. This similarly applies to hematolog
ical and coagulation tests, where the focus is not 
on the extension of the analysis spectrum but 
on further methodological optimization. In 
contrast, immunological methods have a much 
higher development potential. Compared to 
other countries, such as the USA, the adoption 
in Germany is significantly lower due to licens
ing procedures and restricted reimbursement 
options for general practitioners (7 Chapter 29 
and 7 Chapter 31).

One classic application is the pointofcare 
determination of cardiac troponins in emer
gency rooms, ICUs and cardiac catheter suites 
where therapeutic strategies are formulated 
based on the result of these markers. Presently, 
there are qualitative and quantitative tests for 
troponins T and I available as well as for creati
nine kinase MB (CKMB; mass) and myoglobin 

 . Fig. 9.5 Triage MeterPro. (Courtesy of Alere, Waltham, 
MA, USA)

 . Fig. 9.6 LABGEO IB10. (Courtesy of Samsung 
 Electronics Germany)

 . Fig. 9.7 AQT90 Flex. (Courtesy of Radiometer,  Willich, 
Germany)
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[8]. Given the evidence on the superiority of 
troponins in diagnosing acute myocardial in
farction, the latter parameters have, however, 
become less important [4].

In recent years, the b-type natriuretic pep-
tides (BNP) brain natriuretic peptides and 
 Nterminal NTproBNP have been established 
as characteristic markers for chronic heart 
 failure [17].

Immunological POC tests (rapid intraop
erative immunoassays) are used even in sur
gery. Some examples include parathyroid hor-
mone (PTH) measurements to intraoperatively 
document the outcome of parathyroidectomy 
by demonstrating a significant fall in PTH plas
ma concentration or to estimate the likelihood 
of postoperative hypocalcemia [22].

As mentioned earlier, immunological 
POCT methods are used in infectious diseases 
to detect pathogens or antibodies. For example, 
the diagnosis of streptococcal pharyngitis on 
clinical symptoms alone is not reliable and a 
conventional microbiological culture takes 
1–3 days. Therefore, easytoperform strepto
coccus rapid tests have become increasingly 
widespread in recent years. Almost all tests 
have a high specificity (>95 %), while their sen
sitivity has increased in recent years thanks to 
technical improvements (>85 %) [18]. For the 
detection of HIV infections, the sensitivity of 
POCT methods is largely comparable with 
standard methods. Algorithms based on simul
taneous application of two different tests can be 
compared with Western blots in terms of speci
ficity.

POCT could help in acute diagnostics of 
infectious diseases that could affect public 
health, i.e. the general public, for example after 
a largescale disaster like a (bio) terrorist attack 
by aiding the responsible rescuers onsite in 
making difficult ethical decisions in triaging 
the affected persons. Mainly immunological 
methods would be used. The same applies to 
diagnostics in the case of natural rare epidemics 
[7], like the 2014/2015 Ebola outbreak in  
Africa [12].

Further examples of immunological POCT 
applications are listed in . Tab. 9.1 but make no 

claim to completeness. Attention is drawn again 
to the diagnostic importance of immunological 
methods in cardiovascular diseases, as will be 
discussed further in 7 Chapter 17.

9.3.1 Hospital setting

The medical benefit conferred by immunologi
cal rapid tests depends on the individual clini
cal circumstances. For smaller hospitals with
out an emergency laboratory, POCT is often 
indicated for the assessment of cardiac markers 
but also CRP, pregnancy tests and several other 
analytes. If a laboratory is present in the hospi
tal grounds, the need for POCT use would then 
depend, for instance, on the time taken for 
sample transport and transmitting the findings. 
POC tests for detection of antibodies as well as 
proteins like tumor markers and hormones, can 
usually be dispensed with in hospital settings 
and are only helpful in isolated cases, for in
stance to detect streptococci or for drug screen
ing. The situation is, however, very different in 
third world countries. Further details are given 
in 7 Chapter 35.

9.3.2 Physician practice setting

In the physician practice setting, POCT is being 
used less for medical emergencies than to im
prove organizational processes. This means 
that the patient does not need to reschedule an 
appointment to discuss test results. In some 
cases, tests performed in the practice can be of 
immediate medical importance, for example, a 
CRP measurement prior to antibiotic therapy 
[27]. The use of immunological POC tests in 
the physician practice setting is presently re
stricted by regulations regarding cost reim
bursement and invoicing. Usually the costs  
for material and generation of the test are  
much higher than what the health insurance  
covers.
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9.3.3 Home testing

The selfmonitoring of blood glucose and INR 
in anticoagulation therapy has long been estab
lished and contributes significantly to the qual
ity of patient care [5, 13, 21]. Fertility monitors 
in women with a minimum 2year history of 
infertility have also proven successful [19]. 
Identifying the optimum time for conception 
during each menstrual cycle by measuring est
riol3glucuronide and LH in urine with POCT 
improves the chance of pregnancy during the 
first two cycles in comparison to no fertility 
monitoring.

By contrast, the benefit conferred by other 
immunological rapid tests is less clearcut. One 
of the main advantages of POCT, namely the 
rapid availability of test results for immediate 

 . Tab. 9.1 Examples of characteristic variables, which can be assessed at the POC using immunological 
 methods (immunosensors, immunoassays, immunochromatographic tests).

Areas of application Characteristic variables

Cardiac markers Cardiac troponins, NT-pro-BNP, creatine kinase muscle-brain (CK-MB), 
 myoglobin, interleukin 1 receptor-like 1 (ST2)

Coagulation D-dimer

Pregnancy test Human chorionic gonadotropin (HCG)

Acute phase, inflammation C-reactive protein (CRP), procalcitonin, IL-6

Infectious diseases
Antigen detection

Streptococci (group A and B, Pneumococcus), Clostridium difficile (toxin  
or antigen), Chlamydia spp., Neisseria gonorrhoeae, Influenza, Respiratory 
Syncytial Virus (RSV), Plasmodium spp., Legionellae, Rotavirus

Infectious diseases
Antibody detection

Hepatitis, human immunodeficiency virus (HIV), Epstein-Barr virus (mostly 
heterophilic antibodies), Treponema pallidum hemagglutination assay 
(TPHA), Helicobacter pylori, Mycobacterium tuberculosis

Endocrinology Follicle-stimulating hormone (FSH), luteinizing hormone (LH), estriol-3- 
glucuronide (E3G), pregnanediol glucuronide, parathyroid hormone (PTH)

Allergy, immunology Immunoglobulin E (IgE), single allergen-specific IgEs

Rheumatology Antistreptolysin, rheumatoid factor, antibodies against mutated citrullinated 
vimentin

Tumor markers Prostate-specific antigen (PSA), fecal occult blood; nuclear matrix protein 22 
(NMP 22) and bladder tumor antigen (BTA) in urine

Drug screening  
(mostly group screening 
with 4–10 single tests)

Amphetamines, barbiturates, benzodiazepines, buprenorphine, cocaine, 
methamphetamine, ecstasy, morphine, methadone, tricyclic antidepres-
sants, cannabis

Miscellaneous Transglutaminase/gliadin antibodies, lactoferrin

therapeutic intervention, does not apply here. 
While patients who carry out selftesting sub
jectively like to know the result earlier, there is 
usually no medical need for this. The legitimate 
question arises whether tests for the likes of 
 infectious pathogens, tumor markers or hor
mones are not better carried out in a central 
laboratory in order to avoid falsepositive or 
falsenegative results.

Note

When using POCT, it is to be considered 
that not only the test itself but also incor-
rect handling can lead to false results.

On the other hand, such self tests give patients 
greater health awareness.
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9.4 Aptamers as adjuncts or 
 alternatives to antibodies

Aptamers [3, 10, 16, 28, 29] are singlestranded 
RNA or DNA oligonucleotides (10–80 bases); 
the name combines Latin (“aptus”, meaning fit) 
and Greek (“meros”, meaning part). By virtue of 
their threedimensional structure, aptamers 
bind to a specific target molecule, for example 
by adaptive binding, electrostatic interaction, 
hydrogen bond formation and basestacking; 
their binding affinity is comparable to that of 
antibodies (in the pico or nanomolar range). 
Aptamers are therefore also called “chemical 
antibodies”.

The aptamer with a high affinity and speci
ficity to the target molecule is isolated from an 
oligonucleotide library of 1015–1016 molecules 
by the SELEX technique (systematic evolution 
of ligands by exponential enrichment). Initially, 
the library molecules are incubated with the 
immobilized target molecule in multiple, re

peated cycles, followed by later incubation 
 cycles using the exponentially increasing num
ber of oligonucleotides enriched for the target 
molecule. Nonbound molecules are removed 
by washing; bound oligonucleotides are eluted 
and amplified. Lastly, a few highaffinity 
 aptamers remain, which after cloning are 
 sequenced to determine their chemical compo
sition. In general, aptamers can be generated 
against any target molecule, including metal 
ions, small organic molecules (e.g. amino acids, 
natural products, antibiotics), peptides, pro
teins, pathogens and even cells. . Fig. 9.8 shows 
the diversity of aptamer applications.

The key advantages of aptamers over anti
bodies include:
 5 Highly reproducible, costeffective and 

simple chemical synthesis with the ability 
for modification, including substitution 
with marker molecules such as chromo
phores and fluorophores

 5 High stability (e.g. thermostability)

 . Fig. 9.8 Applications for aptamers. (Courtesy of A. Wochner)
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 5 Can be reversibly denatured
 5 Bind to nonimmunogenic substances
 5 Low or no toxicity
 5 Low or no immunogenicity
 5 Low metabolism rate in blood (DNA 

 aptamers)
 5 Highly reproducible, cost effective and 

simple chemical modification to modulate 
pharmacokinetics and pharmacodynamics

Particularly the first six advantages enable 
aptamers to be applied broadly in general ana
lytics but also in clinical laboratory diagnostics, 
including POCT.

Aptamers can generally be used in immu
noassays and FACS analyses to replace anti
bodies as binding partners or detectors. Assays 
combining antibodies and aptamers can be 
used to achieve higher sensitivity. Assays based 
on aptamers can be developed to analyze sub
stances hitherto inaccessible to antibodybased 
analysis.

A significant development potential is at
tributed to the conjugation of aptamers and 
nanoparticles. Intensive effort is being made to 
develop aptamer-based biosensors, which 
show a promising future not only for environ
mental and food analysis, but also for POCT, 
where aptamers can be used in all sensor types 
mentioned in 7 Section 9.1. Another important 
pipeline is the construction of aptamerbased 
sensors (aptasors) where the analyte is quanti
fied by FRET. Even more intensified will be the 
drive to develop aptamerbased sensors for 
analyte quantification by spectroscopic meth
ods based on SPR, localized SPR (LSPR) and 
surfaceenhanced Raman spectroscopy (SERS). 
It may be feasible to prioritize aptamerbased 
techniques for analyte enrichment over estab
lished laboratory medical techniques (e.g. mass 
spectrometry).

Nevertheless, the commercial use of aptam
erbased applications has remained quite lim
ited despite a 25year aptamer era, recognition 
of a huge application potential and the resulting 
wide range of applications. Indeed, increasingly 
successful “proofs of concept” are being intro
duced with a view to aptamer use in laboratory 

diagnostics. The authors feel that aptamers will 
have a very promising future in the field of im
munological diagnostics, particularly when ap
tamer applications are not exclusively restricted 
to the use of antibodybased assays, but open up 
new possibilities for laboratory medicine, espe
cially POCT in order to provide access to new 
analytes or more testspecific and economically 
advantageous assays.
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10.1 Introduction

Molecular biological testing has become a 
mainstay in the repertoire of infectious disease 
diagnostics like in no other field of medicine. 
The major ambassador of this technology is the 
polymerase chain reaction (PCR). Its populari-
ty arose from the speed and sensitivity with 
which PCR made it possible to ascertain the 
etiology of an infection. Classic microbiological 
diagnostics usually takes at least 36–48 hours 
before the first results from culturing and re-
sistance testing are available. A long delay can 
be fatal for the patient, so starting empirical 
antibiotic therapy is generally the preferred 
strategy. Depending on the severity of the infec-
tion, broad-spectrum antibiotics are chosen, 
without confirmation of the causative pathogen 
or its antimicrobial resistance. The develop-
ment of resistance is an undesired consequence 
of this antibiotic strategy [4].

Direct pathogen detection, not requiring a 
bacterial culture and only needing time for pure 
analysis, offers rapid and targeted diagnostics. 
In recent years, two main methods have estab-
lished themselves for this direct detection, one 
of which is PCR. Besides PCR, immunochro-
matography is the other method used – often in 
the form of test strips (lateral flow assays) or test 
cards (7 Chapter 9). A significant advantage of 
test strips is their great ease of use and speed 
coupled with moderate cost. Notwithstanding 
these selling points, the performance capability 
of older systems is only moderate. Moreover, 
specific antibody responses must generally take 
place (for antibody detection) or specific anti-
bodies (for antigen detection) need to be avail-
able in the target organisms before immuno-
logical rapid tests can be established. In chal-
lenging situations, where the pathogen density 
is likely to be low, PCR is often a better choice 
because of its higher sensitivity [4]. PCR has the 
advantage that, in addition to its main pathogen 
detection function, resistance or virulence fac-
tors can be determined simultaneously. In the 
age of multidrug-resistant (nosocomial) patho-
gens, rapid and reliable molecular biological 
differentiation is becoming increasingly impor-

tant given the urgency indicated to effectively 
isolate affected patients at the earliest possible 
chance.

10.2 Integrated and miniaturized 
systems

For a long time, PCR was seen purely as a labo-
ratory method requiring lots of manual input. 
In the meantime, this has undergone a para-
digm shift, with the list of molecular biological 
methods capable of point-of-care use expand-
ing constantly. This expanded range of the 
POCT applications was made possible by the 
development of single-use systems with inte-
grated cartridges, where analysis occurs in a 
closed plastic test carrier. With the reagents 
pre-packaged and ready-to-use in these test 
cartridges (unit use), hands-on work for the 
user of such systems is limited to loading the 
sample and starting the PCR run. First, the 
sample is mixed with lyophilized reagents, 
 triggering digestion of the sample. Fluid move-
ments cause the reagent mixture to then move 
through cast plastic arrays or channels into the 
reaction chambers where the next PCR process 
steps (DNA amplification and signal detec-
tion)  occur. By varying the reagents, the test 
cartridges can easily be adapted to detect the 
various pathogens.

The more novel systems not only feature 
single-use cartridges, but are also distinguished 
by increasing miniaturization. This trend is 
 ongoing for both test cartridges as well as for 
thermocouples and control electronics. Bench-
top devices are now available that are no larger 
than a small coffee machine. If this trend con-
tinues, the next generation will be character-
ized  by fully portable hand-held devices that  
are completely independent of all stationary 
 technology. However, in the context of infec-
tious diagnostics, the trend toward increasing 
miniaturization is not always seen as progress. 
Methodologically, tests using smaller aliquots 
tend to suffer from limits to the pathogen 
 detection sensitivity achievable because of the 
mostly heterogeneous sample materials col-
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lected (swabs, aspirates, biopsy tissue or the 
likes) and the often very inhomogeneous dis-
tribution of the individual pathogens in the 
sample. This aspect should always be con-
sidered when miniaturizing microbiological 
diagnostic devices [5].

10.3 Selection criteria for POCT 
systems

In order to achieve significant improvements in 
medical care, a point-of-care diagnostic system 
must be integrated as smoothly possible into 
clinical processes. The main challenge is often 
that staff without any laboratory-specific train-
ing (e.g. in emergency departments or intensive 
care units) are tasked with carrying out these 
diagnostic tests. Under these circumstances, 
the danger is that a lack of time and (laboratory) 
experience can lead to unintended sample con-
tamination and operational or diagnostic er-
rors. These inherent risks should not be further 
exacerbated by making POCT technology too 
complex. Careful selection of diagnostic sys-
tems not only protects the patients but also re-
duces stress and responsibility for staff.

Note

The careful, coordinated selection of POCT 
systems for molecular biological diagnos-
tics – adapted to the situation at the place 
of use – not only protects against diagnos-
tic errors but also reduces responsibility 
and stress for staff.

It is easier to understand the relevance of cer-
tain selection criteria if the diagnostic approach 
is seen as a three-step sequence (pre-analysis, 
analysis and post-analysis) A positive aggregate 
result is only achieved if the characteristics of 
the chosen technology for each step of the pro-
cess are relevant to the situation at the point of 
use (. Fig. 10.1). With regard to pre-analysis, 
this means that the type and volume of the sam-
ple to be analyzed must conform to the test 
specification and that the sample can be used 
directly, without prior preparation. This pre-
requisite can only be achieved by PCR systems 
designed with integrated sample preparation; 
other systems are excluded from the outset  
(7 Section 10.2). In medical microbiology set-
tings, practical experience explicitly dictates 
that nucleic acid-based pathogen detection is 
only feasible in sample material that is very like-
ly to contain traceable amounts of the target 
pathogen [5].

From an analytical viewpoint, technical 
complexity and hands-on time are critical fac-
tors alongside test speed (7 Section 10.4). In the 
hectic and stressful routine of an ICU or central 
emergency room, only straightforward and ro-
bust technologies are feasible. The best solu-
tions that minimize hands-on time are those 
systems where manual input is reduced to load-
ing the sample and starting the reaction, which 
is otherwise fully automated. This walk-away 
function frees up staff to do other jobs. The out-
put, reading and interpreting of results (post-
analysis) should be clear and straight forward, 
not requiring further interpretation, e.g. 
“pathogen detected/not detected” or “mutation 
present/not present”. More complex interpreta-

 . Fig. 10.1 Selection criteria for point-of-care molecular biological diagnostic systems

Suitable material 
must be processable 

directly and 
without any further 

preparatory steps

– Unequivocally 
interpretable 

qualitative result 
(e.g. positive or 

negative pathogen)

Pre-analytical phase Analytical phase Post-analytical phase

– Hands-on time 5–10 min.
– Run time ≤ 50 min.

– Walkaway technique
– Low complexity

– Direct link and transfer
to the LIS
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tion of results (e.g. results from multiplex PCR) 
should be the responsibility of a physician spe-
cialized in microbiology. The result of a PCR 
analysis not performed in a central laboratory 
should be transferred immediately and auto-
matically to the laboratory information system 
to allow cumulative result interpretation (e.g. in 
microbiology and infectious diseases).

  In . Tab. 10.1, some examples of current 
molecular diagnostic systems  are shown that 
largely meet the above-mentioned selection cri-
teria and are suitable for point-of-care use by 
virtue of their test speed (7 Chapter 10.4). There 
are also other new pipeline products from 
smaller companies with innovative reagents 
and/or device designs that are poised to prove 
their merits on the market. A prime example is 
the PDQeX 2400 by ZyGEM (Hamilton, New 
Zeal and).

10.4   System concepts to shorten 
analysis time

  Test speed is one of the most important criteria 
that qualifies a molecular diagnostics system 
for POCT. PCR, which involves three tempera-
ture steps, has been the methodological stand-
ard in nucleic acid amplification for many 
years. GeneXpert by Cepheid was the first 
point-of-care PCR system to reach market ma-
ture and, since its launch, has been the standard 
among the molecular systems [12, 13]. The 
range of available GeneXpert test cartridges has 
steadily increased in recent years to over twenty 
(. Tab. 10.1, . Fig. 10.2). PCR tests take at least 
45–60 minutes (even with the GeneXpert sys-
tem), which makes them slower than test strips 
in terms of providing POCT results. For that 
reason, test manufacturers have worked inten-
sively to develop even faster technologies. By 
cleverly optimizing the processes, the test speed 
of the conventional PCR has been ramped up 
even further.

  The LIAT system (LIAT, lab in a tube ) by 
Roche is one example of this type of accelera-
tion (. Fig. 10.3) [8, 9]. The test cartridge is 
shaped like a small tube. This tube contains all 

 .  Fig. 10.2 GeneXpert Omni. (Courtesy of Cepheid, 
Sunnyvale, CA, USA) 

 .  Fig. 10.3 LIAT. (Courtesy of Roche Diagnostics, 
Mannheim, Germany) 

necessary reagents stored within small cham-
bers of a proprietary plastic compartmentalized 
system, arranged in rows. After insertion, the 
sample passes through these chambers step by 
step. The fluid column of the reagent mix only 
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moves up and down in the analyzer, allowing it 
to reach the different temperature zones of the 
PCR. Thanks to this simple principle of up-
and-down movement, the PCR requires only a 
small space, making the reaction significantly 
faster [8, 9]. Depending on the pathogen-spe-
cific application, the LIAT system delivers 
 definitive results within 20 minutes. It therefore 
more suitably fulfills the above-mentioned 
POC criteria and assists with rapid treatment 
decisions on site (. Tab. 10.1).

The io system by Atlas Genetics also reflects 
a PCR process optimization that accelerates the 
reaction process. Amplification products are 
measured in the io cartridge by a specific (elec-
trochemical) detection reaction, which is so fast 
that it produces a PCR result after just 30 min-
utes [10, 11]. At present, the io system is mainly 
available for screening of sexually transmitted 
and nosocomial infections (. Tab. 10.1).

In addition to conventional PCR, a number of 
alternative nucleic acid amplification tech-
niques are now on the market [1–3]. Histori-
cally, such processes were developed by diag-
nostics manufacturers who wanted to bypass 
PCR patent protection in the field of nucleic 
acid diagnostics in an era of extremely restric-
tive PCR licensing practices. Of the many PCR-
alternative technologies, e.g. branched DNA 
signal amplification (bDNA), loop-mediated 
isothermal amplification (LAMP) and recom-
binase polymerase amplification (RPA), only a 
few have reached full market maturity to date 
and many of the assays that have been devel-
oped only address some selected niche applica-
tions.

The most successful and advanced PCR-al-
ternative technology launched thus far is iso-
thermal amplification [3]. Isothermal (Latin: 
equal heat) means that continuous amplifica-
tion reactions occur at a constant temperature; 
this contrasts with conventional PCR, which 
relies on thermal cycles (three temperature 
steps). Not only are the whole process and test 
run times significantly shorter, but the instru-
mentation is also simpler, since the method 
only aims at reaching one constant temperature 
without the need for repeated thermal cycles. 

Compared to PCR, isothermal reactions inher-
ently lose some specificity in the hybridization 
events. This is compensated, however, by opti-
mizing conditions and through the addition of 
different enzymatic and biochemical reaction 
components – a modification which has proven 
diagnostically satisfactory across a broad range 
of applications [3]. The first commercial assays 
for use in POCT settings have now appeared on 
the diagnostics market. Influenza A and B as 
well as group A Streptococcus, for example, can 
be detected with the i system by Alere [6, 7]. 
Test run times are surprisingly short (less than 
20 minutes) because the reaction occurs at a 
constant temperature (. Fig. 10.4).

10.5 Spectrum of molecular 
 biological assays

The recent assays of newer systems are setting a 
clear trend towards the amplification of multi-
ple pathogens in a single assay (multiplex PCR). 
The big advantage of such a broad approach is 
the expeditious and sensitive etiological diag-
nosis of patients’ symptoms, which could be 
caused by various pathogens (e.g. patients with 
a cough or diarrhea). Further details on this 
topic are presented in (7 Chapter 20). The 
 Film Array system by bioMérieux is a prime 
 example of testing for “syndromic diagnosis”. 
The panels allow the detection of numerous 
pathogens, which can cause respiratory, gastro-
intestinal illnesses and infections alongside the 
 simultaneous detection of resistance markers 

 . Fig. 10.4 Comparison of the test run times for con-
ventional PCR vs. isothermal amplification

0 30
Minutes

Strip test/immunochromatography
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 . Tab. 10.1 Overview of point-of-care molecular biological diagnostic systems (numerical values represent  
analysis times in minutes)
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Cepheid
GeneXpert
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Spartan RX ARR

bioMérieux
FilmArray

ARR Meningitis/encephalitis panel: E. coli K1, Haemophilus influenzae, 
Listeria monocytogenes, Neisseria meningitidis, Streptococcus agalactia 

Respiratory panel: Adenovirus, Coronavirus (229E, HKU1, OC43, NL63),  
human Metapneumovirus, human Rhinovirus/Enterovirus,

Gastrointestinal panel: Campylobacter (jejuni, coli & upsaliensis),  
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a Also quantitative, as IVD-compliant virus load assessment
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Influenza A (A/H1, A/H1–2009, A/H3), Influenza B, Parainfluenza 1–4, RSV, Bordetella pertussis, 
Chlamydophila pneumoniae, Mycoplasma pneumoniae

enterotoxigenic E. coli (ETEC) lt/st, shiga-like toxin-producing E. coli (STEC) stx1/stx2 E. coli O157, 
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A, Sapovirus (I,II, IV, and V), Cryptosporidium, Cyclospora cayetanensis, Entamoeba histolytica, 
Giardia lamblia
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(. Tab. 10.1) [15, 16]. This parallel detection, 
however, leads to the greater need for interpre-
tation of results and, for now, is still best suited 
for laboratory use.

Simpler systems more suitable for deploy-
ment near the patient are still dominated by 
PCR assays for single pathogens or two patho-
gen variants (e.g. influenza A and B or vanco-
mycin-resistant vanA and vanB with Entero-
cocci genes); such duplex PCR approaches can 
be advantageous to solve some microbiological 
problems (. Tab. 10.1). Linking the current as-
says to medical specialties, it is striking that it is 
the field of molecular biology that has opened 
up such numerous new areas of application. 
Five years ago, the assays were used almost ex-
clusively to detect sexually transmitted, noso-
comial and respiratory infections. More recent-
ly, they have expanded to include infection di-
agnostics (e.g. detection of hepatitis B and C, 
some as quantitative and IVD-compliant virus 
load assessment as well) alongside the develop-
ment of very promising applications outside of 
microbiology (. Tab. 10.1).

Beyond infectious disease medicine, among 
the specialties currently benefiting from new-
generation products are oncology (BCR-ABL 
transcription), coagulation centers (detection 
of factor II and factor V mutations) and cardiol-
ogy (cytochrome P450 allele 2C19) (. Tab. 
10.1). The latter-named assay is the first that 
combines PCR and array hybridization (micro-
array) for point-of-care use. A cytochrome-
P450 2C19 variant allele, which genetically de-
termines the response to clopidogrel treatment, 
can be detected within 60 minutes [14]. Given 
its the highly complex nature (the assay was cat-
egorized by the FDA as “high complexity” in 
the American approval), it remains to be seen 
whether testing for CYP2C19 will become es-
tablished for direct point-of-care applications.

10.6 Synopsis for infectiology

Molecular biological diagnostic systems for 
point-of-care testing are now being used for a 
diverse range of infectious diseases. The opera-

tion of devices is becoming increasingly user 
friendly, the technical workflows more reliable, 
while devices continue to become more com-
pact. Molecular biological testing is now even 
evolving into point-of-care applications for 
non-pathogen-related problems. Isothermal 
amplification technologies and process optimi-
zation in conventional PCR have significantly 
shortened test run times further yet, where the 
newest generation of tests can deliver results 
after just 15–30 minutes. Research and develop-
ment departments in the diagnostics industry 
have focused intensively on this dynamic mar-
ket segment: There is no doubt that new test 
concepts can be anticipated in the foreseeable 
future.

References

 1. St John A, Price CP (2014) Existing and emerging 
technologies for point-of-care testing. Clin Biochem 
Rev 35:155–167

 2. Niemz A, Ferguson TM, Boyle DS (2011) Point-of-
care nucleic testing for infectious diseases. Trends 
Biotechnol 240–250

 3. Craw P, Balachandran W (2012) Isothermal nucleic 
acid amplification technologies for point-of-care 
diagnostics: a critical review. Lab Chip 12:2469–
2486

 4. Stürenburg E, Junker R (2009) Patientennahe 
 Diagnostik in der Mikrobiologie. Dtsch Ärzteblatt 
106:48–54

 5. Reischl U, Drosten C, Geißdörfer W, Göbel U, Hoff-
mann KS, Mauch H, Meyer T, Moter A, von Müller L, 
Panning M et al. (2011) MiQ 1: Nukleinsäure-Ampli-
fikationstechniken (NAT), 3rd Edition, In: Mikrobio-
logisch-infektiologische Qualitätsstandards (MiQ) 
Qualitätsstandards in der mikrobiologisch-infektio-
logischen Diagnostik. Urban & Fischer, Munich,  
pp 1–80

 6. Nie S, Roth RB, Stiles J, Mikhlina A, Lu X, Tang YW, 
Babady NE (2014) Evaluation of Alere i Influenza A 
and B for rapid detection of influenza viruses A and 
B. J Clin Microbiol 52(9):3339–3344

 7. Cohen DM, Russo ME, Jaggi P, Kline J, Gluckman W, 
Parekh A (2015) Multicenter clinical evaluation of 
the novel Alere i Strep A isothermal nucleic acid 
amplification Test. J Clin Microbiol 53(7):2258–2261

 8. Scott L, Gous N, Carmona S, Stevens W (2015) Labo-
ratory Evaluation of the Liat HIV Quant (IQuum) 
whole-blood and plasma HIV-1 viral load assays for 
Point-of-Care Testing in South Africa. J Clin Micro-
biol 53(5): 1616–1621

http://www.ncbi.nlm.nih.gov/pubmed/24989611
http://www.ncbi.nlm.nih.gov/pubmed/25972418
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4400747/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4400747/


89 10
References

 9. Chen L, Tian Y, Chen S, Liesenfeld O (2015) Perfor-
mance of the Cobas Influenza A/B Assay for rapid 
PCR-based detection of influenza compared to 
Prodesse ProFlu+ and viral culture. Eur J Microbiol 
Immunol (Bp) 5(4): 236–245

10. Pearce DM, Shenton DP, Holden J, Gaydos CA (2011) 
Evaluation of a novel electrochemical detection 
method for Chlamydia trachomatis: Application for 
Point-of-Care diagnostics. IEEE Trans Biomed Eng 
58(3): 755–758

11. Pearce DM, Styles DN, Hardick JP, Gaydos CA (2013) 
A new rapid molecular point-of-care assay for 
Trichomonas vaginalis: preliminary performance 
data. Sex Transm Infect 89(6): 495–497

12. Goldenberg SD, Bisnauthsing KN, Patel A,  
Postulka A, Wyncoll D, Schiff R, French GL (2014) 
Point-of-Care Testing for Clostridium Difficile  
infection: A real-world feasibility study of a rapid 
molecular test in two hospital settings. Infect Dis 
Ther 3(2):295–306

13. Parcell BJ, Phillips G (2014) Use of Xpert MRSA PCR 
point-of-care testing beyond the laboratory. J Hosp 
Infect 87(2):119–121

14. Stimpfle F, Karathanos A, Droppa M, Metzger J,  
Rath D, Müller K, Tavlaki E, Schäffeler E, Winter S, 
Schwab M, Gawaz M, Geisler T (2014) Impact of 
point-of-care testing for CYP2C19 on platelet inhi-
bition in patients with acute coronary syndrome 
and early dual antiplatelet therapy in the emer-
gency setting. Thromb Res 134(1):105–110

15. Spina A, Kerr KG, Cormican M, Barbut F, Eigentler A, 
Zerva L, Tassios P, Popescu GA, Rafila A, Eerola E, 
Batista J, Maass M, Aschbacher R, Olsen KE, Aller-
berger F (2015) Spectrum of enteropathogens 
detected by the Film-Array GI Panel in a multicentre 
study of community-acquired gastroenteritis.  
Clin Microbiol Infect 21(8):719–728

16. Babady NE (2013) The FilmArray respiratory panel: 
an automated, broadly multiplexed molecular test 
for the rapid and accurate detection of respiratory 
pathogens. Expert Rev Mol Diagn 13(8):779–788

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681351/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681351/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shenton%20DP%5bauth%5d
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holden%20J%5bauth%5d
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaydos%20CA%5bauth%5d
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pearce%20DM%5bauth%5d
http://www.ncbi.nlm.nih.gov/pubmed/?term=Styles%20DN%5bauth%5d
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hardick%20JP%5bauth%5d


91 11

© Springer-Verlag GmbH Germany, part of Springer Nature 2018
P. B. Luppa, R. Junker (Eds.), Point-of-Care Testing
https://doi.org/10.1007/978-3-662-54497-6_11

Non-invasive analysis
Peter B. Luppa, Sandeep K. Vashist, John H.T. Luong

11.1 Glucose monitoring – 92
11.1.1 Introduction – 92
11.1.2 Non-invasive optical  techniques – 92
11.1.3 Non-invasive techniques that have not gained   

acceptance – 95

11.2 Bilirubin testing in newborns – 96

11.3 Pulse oximetry – 97

11.4 Partial pressures of carbon dioxide and oxygen – 98

11.5 Measurement of nitric oxide in exhalation air – 98

11.6 Future trends – 99

11.7 Quality assurance – 99

 References – 99



92

11

Chapter 11 · Non-invasive analysis

11.1 Glucose monitoring

11.1.1 Introduction

For a long time, there has been a demand for 
non-invasive analytical methods to achieve ef-
fective glucose monitoring in diabetics. A pain-
less analysis would help persons suffering from 
diabetes to measure their glucose concentration 
more frequently or even continuously. Fresh 
impetus in the technical development of non- 
invasive glucose monitoring (NGM) recently 
came from the latest trends in data transfer and 
wearables (e.g. small wristbands equipped with 
special microchips and a variety of sensors for 
fitness enthusiasts). In 2014, the introduction of 
Google’s prototype of a smart contact lens drew 
the public’s attention to this topic (see below). 
Nevertheless, the success of such sensors always 
depends on the underlying analytical technolo-
gy. Such advances are currently still causing 
problems in terms of precision, reliability and 
calibration. For now, the non-specific interfer-
ences observed in individual patients also mili-
tate against the use of NGM. Yet, technological 
advances, especially in the past five years, give 
grounds to hope for a technological break-
through in the not too distant future.

11.1.2 Non-invasive optical 
 techniques

Infrared spectroscopy and 
 attenuated total reflectance
The application of optical methods to examine 
sites on the skin is a very attractive approach to 
NGM. In this context, attenuated light repre-
sents the optical signature of the illuminated 
tissue. The resulting spectrum strongly de-
pends on the biochemical composition and dis-
tribution of the skin, but also on temperature 
and local blood circulation. That makes it chal-
lenging to derive quantified glucose-specific 
information from such spectra. To date, sensors 
in the infrared (IR), mid- (MIR) and near- 
infrared (NIR) range have been developed for 
glucose detection.

Although the dermis is the target region for 
spectroscopy, glucose molecules are predomi-
nantly found in the interstitial fluid at the junc-
tion between epidermis and dermis. The inter-
stitial glucose concentration is proportional to 
the blood concentration, albeit with a delay of 
10 min. In this method, NIR and MIR spectros-
copy are applied on the earlobe, finger pulp, 
volar forearm or labial mucosa. OrSense NBM 
200G (OrSense, Raleigh, NC, USA), a CE-cer-
tified wearable device utilizing occlusion red/
near-infrared spectroscopy [9], works with a 
short-term cessation of the blood flow of the 
finger pulp and projects light at wavelengths of 
610 and 810 nm to amplify the red/NIR signal. 
The measurement takes approximately 1  min 
and allows for quasi-continuous glucose moni-
toring for one day without recalibration. Two 
other NIR spectroscopy systems have been de-
veloped as well: SugarTrack (USA) uses light at 
wavelengths of 650, 880, 940 and 1300  nm, 
while the Sensys monitor (Sensys Medical, for-
merly Chandler, AZ, USA) works at 750–
2500 nm. Furthermore, a wearable NGM sys-
tem deserves mention that measures blood 
glucose in the finger pulp within a second [12].

Attenuated total reflectance (ATR) ap-
plies an optical waveguide which conducts the 
light in total reflectance. For this purpose, a 
special ATR crystal increases penetration depth 
[20]. Beyond the reflecting interface, total light 
reflectance induces evanescent waves within a 
range of approximately one wavelength. For 
measurement, the crystal is applied to skin 
treated with squalane oil [27]. The glucose con-
centration in the dermal interstitial fluid is de-
rived from the fluid’s interaction with the eva-
nescent wave as based on the attenuation of 
light conducted in the waveguide [4]. On the 
other hand, MIR-based glucose sensing is 
strongly affected by the skin’s water content.

Reverse iontophoresis
In reverse iontophoresis (RI), uncharged glu-
cose molecules in the interstitial fluid along 
with ions from dermal tissue are drawn to a 
cathode where the concentration is determined 
by a conventional electrochemical glucose sen-
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sor [31]. This analytical principle was imple-
mented in the GlucoWatch G2 Biographer 
(Cygnus, formerly Redwood City, CA, USA), a 
CE and FDA-approved NGM device worn like 
a wristwatch. During wear, the skin’s interstitial 
fluid is iontophorized by a current of 300 µA 
between two electrodes attached to the skin 
[28]. Skin temperature and moisture are detect-
ed by thermal and conductive sensors. The Glu-
coWatch requires a warm-up phase of 2 to 3 
hours and can perform up to six measurements 
per hour for about 12 hours [18, 29]. Addition-
ally, it only must be calibrated before initial use. 
The disadvantages of the system are that it can 
cause skin irritation and also shuts off when the 
subject sweats excessively, even though in-
creased perspiration might be a sign of hypo-
glycemia and measurements would certainly be 
helpful in such situations.

Another non-invasive glucose monitoring 
device based on laser microporation technolo-
gy was launched by SpectRx (San Diego, CA, 
USA). A hand-held laser places micropores in 
the skin. The leaking interstitial fluid is col-
lected in a special patch and channeled to a glu-
cose sensor. The Symphony CGM (Echo Thera-
peutics, Iselin, NJ, USA) works in a similar 
fashion by collecting interstitial fluid through a 
special transdermal permeation system. After a 
short warm-up phase, the glucose concentra-
tion can be measured every minute.

Bioimpedance and Raman 
 spectroscopy
Bioimpedance spectroscopy measures the tis-
sue’s impedance spectrum at different wave-
lengths within the frequency range of 100 Hz to 
100 MHz using alternating currents of known 
intensity. Changes in the plasma glucose con-
centration alter the Na+ and K+ concentrations, 
thereby affecting the membrane potential of 
RBC. The membrane potential can be deter-
mined by measuring the impedance spectrum 
[7, 19]. However, the performance of this 
non-invasive analysis method is affected by wa-
ter content and multiple diseases affecting the 
cells’ membrane potential. Pendra, a proprie-
tary POCT device, incorporated such bioim-

pedance spectroscopy (. Fig. 11.1a). It was a 
CE-certified NGM device worn like a wrist-
watch (Pendragon Medical Ltd., Switzerland) 
[32]. Unfortunately, more than 30°% of the pa-
tients had to stop using the monitor as their 
skin types and basic skin impedances were un-
suitable. Overall, the measurements also 
showed poor correlation with conventional 
glucose meters and, therefore, the product was 
withdrawn from the market.

Raman spectroscopy utilizes laser radia-
tion in the visible and MIR range to measure 
scattered light from the illuminated transparent 
sample. This scattered light has a higher wave-
length but lower intensity than the original light 
[31]. In contrast to IR spectroscopy, there is no 
specific interference of water with the glucose 
Raman spectra. Therefore, informative peaks 
are easy to isolate. However, this method re-
quires long spectral acquisition times and the 
relative instability of the laser intensity and 
wavelength is another limitation. The HG1-c 
(. Fig. 11.1b), a compact device by C8 MediS-
ensors (formerly of San Jose, CA, USA) that 
performed measurement in 3  min. had been 
CE-certified, but was withdrawn from the mar-
ket in 2012. Another miniaturized Raman 
POCT device [2] (. Fig. 11.1c) measures glu-
cose concentration in interstitial fluid by radi-
ating the finger pulp with NIR light. The pen-
etration depth in the skin is approximately 
0.5 mm. The device also features algorithms to 
calculate blood glucose from the interstitial 
concentration based on the glucose diffusion 
from blood into the interstitium [2].

Photoacoustic and ocular 
 spectroscopy
Energy input into the skin by fast pulsing of la-
ser light leads to continuous alternation be-
tween heating and cooling, causing subsequent 
expansion and contraction of the skin. This 
 vibration is detectable as an acoustic signal by a 
piezoelectric transducer. This method allows 
blood glucose to be selectively detected by laser 
light in a wavelength range from ultraviolet to 
NIR, without any interference by water [31]. 
Using conventional methods, the Aprise device 
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by Glucon (Boulder, CO, USA) shows good 
correlation with measured blood glucose levels, 
but has mediocre analytical sensitivity, is prone 
to multiple non-specific interferences and shows 
a relatively strong temperature dependence.

 Spectroscopy of tear fluid can also be re-
garded as a non-invasive method of glucose 

monitoring. Google (Mountain View, CA, 
USA) designed a two-layered contact lens pro-
totype with a sensor and miniature radio chip 
between the layers. Glucose measurements in 
the tear fluid can be taken at very short time 
intervals and the data can be transferred to a 
special smartphone app [1]. The contact lens is 

 . Fig. 11.1a–d Non-invasive analysis methods for 
POCT devices. a Pendra NGM device. b HG1-c, Continu-
ous NGM device, manufactured by C8 MediSensors.  
c Prototype of a Raman spectroscopy-based NGM sys-

tem (left) and application in the interstitial fluid (right). 
d GlucoTrack NGM analyzer: Main device (left) and ear 
clip for patients (right)

a

d

c

b
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illuminated and the wavelength change in the 
reflected light attributable to existing glucose is 
measured spectroscopically. Even though the 
approach sounds very innovative, the limita-
tions of tear fluid monitoring are evident: De-
layed changes of glucose concentration in tears 
compared to blood, different values in each eye, 
problems for individuals with insufficient lacri-
mal fluid production and poor wearing comfort 
due to relatively rigid lenses.

Ultrasound, thermal emission 
 spectroscopy and electromagnetic 
sensing
Ultrasound-based technology is based on a 
piezoelectric transducer creating a 20 kHz ul-
trasound pulse that, by increasing the dielectric 
conductivity, transports glucose in the epider-
mis to the interstitial fluid where the glucose 
concentration can easily be measured by a con-
ventional electrochemical sensor [31].

By contrast, thermal emission spectros-
copy is based on the measurement of IR signals 
naturally emitted from the human body as a 
function of glucose concentration [31]. Moni-
toring is done at glucose-specific wavelengths 
on the forearm, finger pulp or earlobe. Al-
though its performance characteristics are 
good, this non-invasive technique is disrupted 
by body temperature fluctuations and body 
movement.

Electromagnetic sensing is based on the 
changes in dielectric parameters in the blood in 
response to different glucose concentrations. 
An electromagnetic sensor detects eddy cur-
rents. These are currents induced in an electric 
conductor by a magnetic field varying in time 
[31]. However, the skin reflects most electro-
magnetic waves. Additionally the measure-
ments are affected by varying temperature and 
physiological changes to the dielectric param-
eters in the blood. The successful NGM device 
GlucoTrack (Integrity Applications Ltd, Israel) 
(. Fig. 11.1d) simultaneously incorporates the 
described principles of ultrasound, electromag-
netic sensing and heat capacity. This combina-
tion minimizes interference and promises high 
precision and correctness in glucose monitor-

ing on the earlobe. The device requires a 
monthly, personalized, individual calibration 
against conventional blood-based glucose mea-
surements (basal and postprandial). The cali-
bration and algorithm for data processing still 
need further technical improvement.

GlucoWise from MediWise (London, UK) 
utilizes metamaterial thin-film layers which al-
low deeper skin penetration by high-frequency 
radio waves (≈65 GHz).

11.1.3 Non-invasive techniques 
that have not gained 
 acceptance

Many other analysis methods developed for 
glucose monitoring have not yet gained accep-
tance on the market due to poor accuracy of the 
method, inferior correlation between measured 
glucose values and blood glucose concentration 
or inferior practicability in patients. Some of 
these methods are briefly described below.

Temperature-regulated localized 
reflectance, measurement of 
 metabolic heat conformation and 
optical coherence tomography
Temperature-regulated localized reflectance 
analyzes the changes in the refractive index  
of the skin on the forearm that influences the 
scattered light at 590 and 935 nm as a function 
of glucose concentration [31]. However, this 
method is limited by multiple physiological 
 parameters, but also by fluctuating body tem-
perature.

To monitor glucose concentration, the met-
abolic heat conformation method measure 
temperature, blood flow and Hb and O2Hb 
concentrations [29]. Initially, the temperature 
at the fingertip, in the ambient room and the 
background radiation are measured. Then, 
multi-wavelength spectroscopy is performed to 
detect glucose. This method is likewise affected 
by various external influences.

Optical coherence tomography measures 
the glucose concentration of the skin’s intersti-
tial fluid by comparing the delay in scattered 
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light with the light reflected by a mirror [31]. 
With increasing glucose levels, the refractive 
index of the interstitial fluid rises, resulting in a 
change in the scattering coefficient. Here, too, 
limitations to the analysis are dictated by vary-
ing skin temperature and bodily movements.

Polarimetry and fluorescence
In polarimetry, polarized light is passed 
through a solution containing optically active 
solutes such as glucose. The method is based on 
the rotation of the linear polarization vector of 
the passing light as a function of the sample’s 
thickness, temperature and analyte concentra-
tion. Nevertheless, skin is a relatively unsuitable 
medium for such measurements. This is due  
to the high scattering coefficient that causes 
complete depolarization of the light beam. The 
aqueous humor in the anterior chamber of the 
human eye is more suitable because it is an 
 appropriately clear optical medium. An inci-
dent light beam on the cornea traveling into the 
eyeball is reflected by the retina and returns 
with information pertaining to the glucose 
 concentration in the aqueous humor [34]. 
 Although this method is not affected by 
 temperature and pH, it fails because of other 
analytical problems and the inferior practica-
bility of the method.

Other non-invasive analysis methods utilize 
fluorescence measurements detected after ex-
citation of the tissue with UV light at specific 
wavelengths. To measure glucose in tear fluid, 
polarimetry utilizes polymerized crystalline 
colloidal arrays that bend visible light as a func-
tion of glucose concentration [8]. Current ef-
forts are focused on designing contact lenses 
that change color in response to the glucose 
concentration. This would obviate the use of 
fluorescence detection devices. Another exper-
imental analytical approach relies on an ultra-
violet laser to detect the resulting fluorescence 
signal at 380 nm after excitation of the glucose 
solution [15]. This fluorescence depends on 
epidermal thickness, skin pigmentation and 
other parameters [3].

11.2 Bilirubin testing  
in newborns

Transcutaneous bilirubin measurement is 
widely used for screening in both outpatient 
and hospital settings. There are two such de-
vices on the German market:
 5 Konica Minolta/Air-Shields JM 103 

 Jaundice Meter (Dräger Medical)
 5 Spectrx BiliCheck (Philips Respironics).

Other devices that are not all available in 
 Germany include: Bilimed (Nufer Medical, 
Guemligen/Bern, Swiss) and Bilitest Techno-
medica (Lacteromedik, Russia). Detailed infor-
mation about the devices are not available  
but two evaluation reports have been pub-
lished [5, 11].

Although their measuring principle is the 
same, JM 103 and BiliCheck implement it in 
different ways. The JM 103 Jaundice Meter uses 
light at two wavelengths (450/550  nm) that 
penetrate the skin at different optical paths and 
depths. There, the light is scattered and par-
tially reflected. The reflected portion is mea-
sured with 2 photodiodes. BiliCheck uses white 
light that is divided after scattering and reflec-
tion into multiple spectra which are each mea-
sured by individual photodiodes. Both meth-
ods try to eliminate the impact of Hb, melanin 
and the skin’s degree of maturity to obtain a 
“bilirubin-specific” signal.

Detailed evaluation reports have been pub-
lished on the two devices [14, 17, 21, 33, 35]; 
their main characteristics are summarized in  
. Tab. 11.1. Starting in the 35th week of gesta-
tion, the results of both devices are comparable 
in newborns of European heritage [14]. The 
difference to plasma results increases with 
higher concentrations. Consequently plasma 
levels of 15 mg/dL can be expected to deviate by 
2–3 mg/dL. In premature infants, the devia-
tions are higher. Although both manufacturers 
state that the results are independent from skin 
color, BiliCheck appears to produce more reli-
able results in dark-skinned newborns.

Unlike with the JM  103 Jaundice Meter, 
manufacturer states that the BiliCheck can also 
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be used after phototherapy if the measurement 
site was previously protected by a photo-opaque 
patch. However, details are missing on how to 
evaluate these values; robust investigations on 
the issue of “transcutaneous bilirubin measure-
ments and phototherapy” have only been rudi-
mentary to date [26]. Starting from a transcuta-
neously measured value of about 3  mg/dL 
 below the respective limit for phototherapy, a 
clinical-chemical bilirubin determination is 
recommended to ensure a safe decision about 
the use of phototherapy (7 Chapter 22).

11.3 Pulse oximetry

On intensive care units, in anesthesiology and 
emergency medicine, pulse oximetry is part of 
a patient’s standard monitoring. It permits the 
measurement of pulse frequency and arterial 
oxygen saturation (SpO2) [30].

The pulse oximeter, usually attached to the 
patient’s finger or earlobe as clip or adhesive 
sensor, consists of a photocell and 2 LED that 
emit light in the red and infrared wavelength 
range (660/940 nm). Based on the different mo-

lar extinction coefficients of O2Hb and deoxy-
hemoglobin (deoxy-Hb, HHb) at these wave-
lengths, the relative proportion of HbO2 to total 
Hb, i.e., the oxygen saturation, can be calculated 
from the absorption values. The measured opti-
cal absorption consists of a constant portion, 
the tissue absorption and a portion fluctuating 
with the pulse wave rhythm. Only the latter is 
used to calculate the oxygen saturation. At val-
ues >70°%, measured and real arterial O2 satu-
ration match well. Below that, the measured 
values are much less accurate.

The relationship between oxygen partial 
pressure and oxygen saturation is not linear, but 
follows the known S-shaped dissociation curve. 
That is why paO2 changes in the hyperoxic 
range are hard to detect by SpO2 measurement.

Important sources of error are motion arti-
facts, inadequate perfusion at the application 
site, toxic hypoxia caused by dyshemoglobins 
(COHb, MetHb) and abnormal Hb variants 
(e.g. Hb Cologne, Hb Bonn; 7 Chapter 14) [36].

Numerous manufacturers supply oxygen 
saturation meters featuring various designs. As 
an important development, the company Ma-
simo (Irvine, CA, USA) has been producing the 

 . Tab. 11.1 Meters for transcutaneous bilirubin determination (manufacturer’s specifications)

Parameter JM 103 Jaundice Meter BiliCheck

Weight 150 g 350 g

Light source Xenon flashbulb Tungsten lamp

Optics Measurement at 2 wavelengths Measurement at multiple wavelengths

Measuring range 0–20 mg/dL 0–20 mg/dL

Calibration Non-adjustable; can be tested by 
testing device in the charging station

By attaching the calibration tip

Measurement By skin contact; adjustable for 
1–6 measurements 

By skin contact with calibration tip 
 (single-use material); 5 measurements 
required

Limitations of use Only for newborns born after the 
35th week of gestation; not for photo-
therapy

For newborns with a weight >1000 g;  
also for phototherapy on a covered site 
(special patch)

Maximal difference 
to plasma results 

±3 mg/dL ±3 mg/dL
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Rad-57 handheld pulse CO-oximeter to detect 
increased concentrations of COHb and MetHb 
since 2007. Based on the rainbow SET technol-
ogy, the device measures at 7 wavelengths to be 
able to calculate the percentage portion of 
COHb and MetHb. The manufacturer offers 
product experience reports.

11.4 Partial pressures of carbon 
dioxide and oxygen

For more than 20 years, transcutaneous (tc) 
pCO2 and pO2 measurements have been estab-
lished methods, especially in neonatology. To-
day, both blood gases are simultaneously meas-
ured with a combination electrode. tcpCO2 is 
measured using the Stow-Severinghaus sensor, 
while tcpO2 measurement utilizes dynamic flu-
orescence quenching. On some devices, the ox-
ygen saturation can be measured instead of or 
in addition to pO2 (e.g. OxiVenT by Sentec 
(Therwill, Swiss) or TCM CombiM Monitor  
by Radiometer (Willich, Germany). These 
measurements are used to control ventilators 
(7 Chapter 13).

The electrode is air-tightly attached to the 
skin and heated up to a temperature of 42–44° C. 
Then, it measures the diffusing blood gases, 
while the electrode’s temperature and a minor 
influence from the skin’s metabolism must be 
accounted for. A more or less distinct erythema 
will form at the probe site. Therefore, the mea-
surement site should be changed every 4 hours 
to avoid burns to the skin. In premature infants, 
this time might need to be shortened and the 
electrode’s temperature lowered (. Fig. 11.2).

Note

The measurement of tcpCO2 during severe 
hypercapnia is prone to errors since it 
 underestimates the paCO2 level and is too 
imprecise at higher concentrations [23].

Compared to neonatology, the application of 
transcutaneous blood gas determination in 
adults is currently limited to special clinical 

questions, e.g. pulmonary function testing or 
sleep laboratory evaluation. Transcutaneous 
measurements cannot replace arterial blood gas 
analyses in blood, but complement it, especially 
for trending monitoring. Erroneous results 
must be expected in patients with impaired mi-
crocirculation, circulatory centralization or 
skin edema.

On the German market, measuring devices 
and the corresponding electrodes are manufac-
tured by Radiometer and Sentec which supply 
combination electrodes for simultaneous mea-
surement of tcpCO2 and tcpO2 as well [22].

11.5 Measurement of nitric oxide 
in exhalation air

Current pulmonological guidelines for the 
treatment of bronchial asthma recommend 
dosing of inhalable corticosteroids on the basis 

 . Fig. 11.2a,b Measurement of the partial pressures 
of oxygen carbon and dioxide. a The sensor combines 
an optical sensor for SpO2 measurement (red) with a 
Stow-Severinghaus CO2 sensor (blue). It is additionally 
equipped with a heating element (black). (Source [6]).  
b Application of the TOSCA sensor at the auricle.  
(Source [13])
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of symptoms and pulmonary function tests. 
The analysis of the fractional exhaled nitric ox-
ide (FeNO) is a suitable non-invasive marker 
and helps in adjusting therapy. This is due to the 
fact that FeNO correlates well with the degree 
of airway inflammation. A meta-analysis by 
Song et al. [25] showed that the consecutive 
measurements of NO in the exhaled air of pa-
tients suffering from asthma is beneficial for 
optimizing therapy with steroids, while subse-
quently reduces the frequency of asthmatic at-
tacks. In the differential diagnostics of chronic 
cough, however, the significance of NO analysis 
is still debated.

There are several European companies 
 offering devices that measure FeNO, e.g. the 
CLD 88 sp analyzer (Eco Medics AG, Dürnten, 
Switzerland), which combines NO analysis 
with spirometry. The NObreath from Bedfont 
Scientific (Kent, UK), on the other side, is a 
handheld device that can be used directly by the 
patient himself.

11.6 Future trends

In the next years, further non-invasive methods 
will find acceptance, especially in hospital 
 intensive care environments. For example, this 
trend will encompass the percutaneous deter-
mination of Hb [16] or hematocrit [24]. Several 
spectroscopic methods have already been 
 developed for both. Fluorescence spectroscopy 
of zinc protoporphyrin via a flexible optical 
 fiber directly at the bottom lip might be one 
novel method for diagnosing iron deficiency 
anemia [10].

11.7 Quality assurance

Quality assurance is still an unsolved problem 
in non-invasive diagnostics. Its assays are not 
governed by the Guideline of the German 
 Medical Association on Quality Assurance in 
Medical Laboratory Examinations (RiliBÄK;  
7 Chapter 38). The device manufacturers’ sug-
gestions refer to calibration but not to control 

procedures. More major errors can only be de-
tected by comparing the findings with invasive 
measurements.

References

 1. Baca JT, Taormina CR, Feingold E, Finegold DN, 
Grabowski JJ, Asher SA (2007) Mass spectral deter-
mination of fasting tear glucose concentrations  
in nondiabetic volunteers. Clin Chem 53:1370– 
1372

 2. Barman I, Kong CR, Singh GP, Dasari RR, Feld MS 
(2010) Accurate spectroscopic calibration for non-
invasive glucose monitoring by modeling the 
physiological glucose dynamics. Anal Chem 
82:6104–6114

 3. Cameron BD, Baba JS, Coté GL (2001) Measurement 
of the glucose transport time delay between the 
blood and aqueous humor of the eye for the even-
tual development of a noninvasive glucose sensor. 
Diabetes Technol Ther 3:201–207

 4. Cohen O, Fine I, Monashkin E, Karasik A (2003) 
Glucose correlation with light scattering patterns 
– a novel method for non-invasive glucose mea-
surements. Diabetes Technol Ther 5:11–17

 5. De Luca D, Zecca E, Corsello M, Tiberi E, Semeraro C, 
Romagnoli C (2008) Attempt to improve transcuta-
neous bilirubinometry: a double-blind study of 
Medick BiliMed versus Respironics BiliCheck. Arch 
Dis Child Fetal Neonatal Ed 93:F135–139

 6. Eberhard P (2007) The design, use, and results of 
transcutaneous carbon dioxide analysis: current 
and future directions. Anesth Analg 105(6 Suppl): 
S48–52

 7. Ermolina I, Polevaya Y, Feldman Y (2000) Analysis of 
dielectric spectra of eukaryotic cells by computer 
modeling. Eur Biophys J 29:141–145

 8. Fusman R, Rotstein R, Elishkewich K, Zeltser D, 
Cohen S, Kofler M, Avitzour D, Arber N, Berliner S, 
Shapira I (2001) Image analysis for the detection  
of increased erythrocyte, leukocyte and platelet 
adhesiveness/aggregation in the peripheral blood 
of patients with diabetes mellitus. Acta Diabetol 
38:129–134

 9. Heise HM, Marbach R (1998) Human oral mucosa 
studies with varying blood glucose concentration 
by non-invasive ATR-FT-IR-spectroscopy. Cell Mol 
Biol 44:899–912

10. Hennig G, Homann C, Teksan I, Hasbargen U, 
 Hasmüller S, Holdt LM, Khaled N, Sroka R, Stauch T, 
Stepp H, Vogeser M, Brittenham GM (2016) Non-
invasive detection of iron deficiency by fluores-
cence measurement of erythrocyte zinc protopor-
phyrin in the lip. Nat Commun 7:10776. doi: 
10.1038/ncomms10776



100

11

Chapter 11 · Non-invasive analysis

11. Karen T, Bucher FU, Faudere JC (2009) Comparison 
of a new transcutaneous bilirubinometer (BiliMed) 
with serum bilirubin measurements in preterm and 
full-term infants. BMC Pediatrics 9:70

12. Kovatchev BP, Gonder-Frederick LA, Cox DJ, Clarke 
WL (2004) Evaluating the accuracy of continuous 
glucose-monitoring sensors: continuous glucose-
error grid analysis illustrated by TheraSense Free-
style Navigator data. Diabetes Care 27:1922–1928

13. Lacerenza S, De Carolis MP, Fusco FP, La Torre G, 
Chiaradia G, Romagnoli C (2008) An evaluation of a 
new combined Spo2/PtcCO2 sensor in very low 
birth weight infants. Anesth Analg 107:125–129

14. Maisels MJ, Ostrea EM Jr, Touch S, Clune SE, Cepeda 
E, Kring E, Gracey K, Jackson C, Talbot D, Huang R 
(2004) Evaluation of a new transcutaneous bilirubi-
nometer. Pediatr 113: 1628–1635

15. March W, Lazzaro D, Rastogi S (2006) Fluorescent 
measurement in the non-invasive contact lens 
glucose sensor. Diabetes Technol Ther 8:312–317

16. McMurdy JW, Jay GD, Suner S, Crawford G (2008) 
Noninvasive optical, electrical, and acoustic 
 methods of total hemoglobin determination.  
Clin Chem 54: 264–272

17. Mielsch C, Zimmermann A, Wagner D, Matthes B, 
Schlebusch H, Luppa P (2010) Point-of-care deter-
mination of neonatal bilirubin with the blood gas 
analyzer RapidLab 1265. Clin Chem Lab Med 
48:1455–1461

18. Park HD, Lee KJ, Yoon HR, Nam HH (2005) Design  
of a portable urine glucose monitoring system for 
health care. Comput Biol Med 35:275–286

19. Polevaya Y, Ermolina I, Schlesinger M, Ginzburg B, 
Feldman Y (1999) Time domain dielectric spectros-
copy study of human cells. II. Normal and malig-
nant white blood cells. Biochim Biophys Acta 
1419:257–271

20. Roychoudhury P, Harvey LM, McNeil B (2006) At-line 
monitoring of ammonium, glucose, methyl oleate 
and biomass in a complex antibiotic fermentation 
process using attenuated total reflectance-mid-
infrared (ATR-MIR) spectroscopy. Anal Chim Acta 
561:218–224

21. Rubaltelli FF, Gourley GR, Loskamp N, Modi N, 
Roth-Kleiner M, Sender A, Vert P (2001) Trans-cuta-
neous bilirubin measurement: a multicenter evalu-
ation of a new device. Pediatr 107:1264–1271

22. Rubortone SA, De Carolis MP, Lacerenza S, Bersani I, 
Occhipinti F, Romagnoli C (2012) Use of a combined 
SpO₂/PtcCO₂ sensor in the delivery room. Sensors 
(Basel) 12:10980–10989

23. Ruiz Y, Farrero E, Córdoba A, González N, Dorca J, 
Prats E (2016) Transcutaneous carbon dioxide mon-
itoring in subjects with acute respiratory failure and 
severe hypercapnia. Respir Care 61:428–33

24. Sakudo A (2016) Near-infrared spectroscopy for 
medical applications: Current status and future 
perspectives. Clin Chim Acta 455:181–188

25. Song WJ, Kim HJ, Shim JS, Won HK, Kang SY, Sohn 
KH, Kim BK, Jo EJ, Kim MH, Kim SH, Park HW, Kim SS, 
Chang YS, Morice AH, Lee BJ, Cho SH (2017) Diag-
nostic accuracy of fractional exhaled nitric oxide 
measurement in predicting cough-variant asthma 
and eosinophilic bronchitis in adults with chronic 
cough: A systematic review and meta-analysis. J 
Allergy Clin Immunol Pii: S009 1–6749(17)3000 6–4. 
doi: 10.1016/j.jaci.2016.11.037

26. Tan KL, Dong F (2003) Transcutaneous bilirubinom-
etry during and after phototherapy. Acta Paediatr 
92: 327–331

27. Thennadil SN, Rennert JL, Wenzel BJ, Hazen KH, 
Ruchti TL, Block MB (2001) Comparison of glucose 
concentration in interstitial fluid, and capillary and 
venous blood during rapid changes in blood 
 glucose levels. Diabetes Technol Ther 3:357–365

28. Tierney MJ, Tamada JA, Potts RO, Jovanovic L, Garg 
S (2001) Clinical evaluation of the GlucoWatch 
biographer: a continual, non-invasive glucose 
monitor for patients with diabetes. Biosens Bioelec-
tron 16:621–629

29. Tsalikian E for the Diabetes Research in Children 
Network (DirecNet) Study Group (2004) Accuracy of 
the GlucoWatch G2 Biographer and the continuous 
glucose monitoring system during hypoglycemia. 
Diabetes Care 27:722–726

30. Turnheer R (2004) Pulsoximetrie. Schweiz Med 
Forum 4: 1218–1223

31. Vashist SK (2012) Non-invasive glucose monitoring 
technology in diabetes management: a review. 
Anal Chim Acta 750:16–27

32. Wentholt IM, Hoekstra JB, Zwart A, DeVries JH 
(2005) Pendra goes Dutch: lessons for the CE mark 
in Europe. Diabetologia 48:1055–1058

33. Willems WA, van den Berg LM, de Wit H, Molendijk 
A (2004) Transcutaneous bilirubinometry with the 
BiliCheck in very premature newborns. J Mater-
nal-Fetal Neonat Med 16: 209–214

34. Yokota M, Sato Y, Yamaguchi I, Kenmochi T, Yoshino 
T (2004) A compact polarimetric glucose sensor 
using a high-performance fibre-optic Faraday 
rotator. Measurement Sci Tech 15:143–147

35. Yasuda S, Itoh S, Isobe K, Yonetani M, Nakamura H, 
Nakamura M, Yamauchi Y, Yamanishi A (2003) New 
transcutaneous jaundice device with two optical 
paths. J Perinat Med 31:81–88

36. Zur B, Hornung A, Breuer J, Doll U, Bernhardt C, 
Ludwig M, Stoffel-Wagner B (2008) A novel hemo-
globin, Bonn, causes falsely decreased oxygen 
saturation measurements in pulse oxymetry. Clin 
Chem 54:594–596



101 III

Clinical applications

Content

Chapter 12 Diabetes diagnostics including analytical methods 

for glucose monitoring – 103

Hans Günter Wahl, Theodor Koschinsky

Chapter 13 Continuous monitoring of metabolic 

parameters – 121

Michael Imhoff, Theodor Koschinsky

Chapter 14 Blood gas analysis and disorders of acid-base balance 

– including analytical methods – 129

Peter B. Luppa, Jan Martin, Philipp Deetjen

Chapter 15 Coagulation diagnostics – 145

Dirk Peetz, Jürgen Koscielny, Michael Spannagl

Chapter 16 Hematological diagnostics – 155

Dorthe Kixmüller, Norbert Gässler, Ralf Junker

Chapter 17 Diagnosing cardiovascular diseases – 159

Evangelos Giannitsis, Ingolf Schimke, Peter B. Luppa, 
Dirk Peetz

Chapter 18 POCT methods for screening in addiction 

medicine – 171

Lars Wilhelm

Chapter 19 Urine and stool analyses – 181

Norbert Gässler, Harald Schlebusch, Peter B. Luppa

Chapter 20 Infectious diseases – 193

Enno Stürenburg, Frank T. Hufert



Chapter 21 Emergency medicine – 203

Walter Schaffartzik, Christian Müller, Tobias Lindner, 
Julia Searle, Martin Möckel

Chapter 22 Neonatology – 219

Norbert Gässler

Chapter 23 High-performance and elite sports – 225

Silvia Achtzehn, Holger Broich, Joachim Mester

Chapter 24 POCT in obstetrics and gynecology – 243

Vanadin Seifert-Klauss



103 12

© Springer-Verlag GmbH Germany, part of Springer Nature 2018
P. B. Luppa, R. Junker (Eds.), Point-of-Care Testing
https://doi.org/10.1007/978-3-662-54497-6_12

Diabetes diagnostics 
 including analytical methods 
for glucose monitoring
Hans Günter Wahl, Theodor Koschinsky

12.1 Introduction – 104

12.2 Glucose measurement – 104
12.2.1 Enzymatic assay reactions – 104
12.2.2 Detection methods – 105
12.2.3 Sample material – 108
12.2.4 Confounding factors and interferences – 108
12.2.5 Evaluation and validation – 109

12.3 Glucose POCT monitoring systems – 109

12.4 Initial diagnosis – 113

12.5 Monitoring of blood glucose – 114

12.6 Blood collection from  alternative sites – 115

12.7 HbA1c POCT monitoring  systems – 116

 References – 118



104

12

Chapter 12 · Diabetes diagnostics  including analytical methods for glucose monitoring

12.1 Introduction

Near-patient blood glucose monitoring is im-
portant for optimizing glycemic control in in-
dividuals with diabetes and plays an essential 
role in diabetes management according to the 
evidence-based guidelines issued by the Ger-
man Diabetes Association (DDG) [20]. A dis-
tinction is made between near-patient quanti-
tative blood glucose monitoring carried out by 
medical staff that is regulated by RiliBÄK 2014 
quality assurance [6] and the self-monitoring of 
blood glucose (SMBG) (by the patient them-
selves or with the assistance of relatives) for 
which no legally regulated quality control is 
 required. The clinical requirements for SMBG 
systems and their successful use in daily life by 
non-professionals have importantly shaped the 
technological development of POCT systems 
for SMBG. Devices today are smaller, faster, 
easier to use, less prone to interference and 
need less capillary blood volume in comparison 
with those in use approximately 15 years ago.

12.2 Glucose measurement

POCT blood glucose monitors almost exclu-
sively adopt enzymatic analysis methods based 
on glucose oxidase and glucose dehydrogenase. 
The reaction products are detected photomet-
rically or electrochemically.

12.2.1 Enzymatic assay reactions

Glucose is oxidized by glucose oxidase to glu-
conic acid in the presence of water and oxygen 
(. Fig. 12.1). The enzyme co-factor flavin ade-
nine dinucleotide (FAD) acts as a first electron 
acceptor, which is reduced to FADH. After-
wards, FADH is oxidized by oxygen (O2), the 

final electron acceptor, forming H2O2. The O2 
consumption or formation of H2O2 can be 
measured by electrochemical or chromogenic 
methods. O-dianisidine, aminophenazone/
aminopyrine, as well as iodide/molybdate are 
used as chromogens. The chromogen is oxi-
dized by the resulting H2O2 and measured by 
reflectometry (e.g. GlucoTouch, LifeScan).

In conventional blood gas analyzers, modi-
fied Clark electrodes (oxygen electrodes) are 
employed for blood glucose determination 
without sample dilution (direct) (7 Chapter 8), 
for example by i-STAT (Abbott) and the Glu-
cometerPro system (BST BioSensor Technolo-
gy GmbH) or after blood sample dilution (indi-
rect method) by glucose meters like those from 
Yellow Springs Instruments (YSI Glucose Ana-
lyzer). When mediators such as ferrocene (Pre-
cision PCx) or hexacyanoferrate (Ascensia 
Elite, Nova StatStrip) are used instead of molec-
ular oxygen as final electron acceptor, platinum 
electrodes (modified Clark electrodes) can be 
replaced by simple, cost-effective single-use 
electrodes (sensor test strips).

The assay reaction is highly specific, the in-
dicator reaction can, however, be disrupted to a 
variable degree by substrates such as ascorbic 
acid or acetaminophen. The results are depend-
ent on the amount of oxygen in the sample and 
this may lead to analytical problems. A variety 
of glucose oxidase methods are considered 
more closely here. Methods which involve oxy-
gen as a final electron acceptor (blood gas ana-
lyzers, YSI or GlucoTouch) are not sensitive to 
changing oxygen concentrations, as long as 
there is sufficient oxygen in the sample for the 
reaction to take place. The converse is true for 
methods which use ferrocene (Precision PCx) 
or hexacyanoferrate (Ascensia Elite) as a final 
electron acceptor: Here, oxygen in the sample 
competes with these mediators as electron ac-
ceptors, with the result that glucose measure-

 . Fig. 12.1 Oxidation of glucose by glucose oxidase

β-D-Glucose + H2O + O2 D-gluconolactone + H2O2

Glucose oxidase



105 12
12.2 · Glucose measurement

ment falsely reads low when the oxygen con-
centration in the sample is high.

In the oxidation reaction involving glucose 
dehydrogenase (GDH), nicotinamide adenine 
dinucleotide (NAD; HemoCue as well as Preci-
sion PCx, Xceed and Xceed Pro), pyrroloquin-
oline quinone (PQQ; Accu-Chek Inform, Aviva 
and Compact Plus) and flavin adenine dinucle-
otide (FAD, Ascensia CONTOUR) are used as 
first electron acceptors and are reduced during 
the reaction to NADH, PQQH and FADH  
(. Fig. 12.2).

The detection of a dye as reaction product is 
measured photometrically (HemoCue) or re-
flectometrically (Accu-Chek Compact Plus). 
HemoCue glucose 201 is the only POCT system 
that measures glucose by photometry, using 
single-use cuvettes. After the lysis of red blood 
cells and oxidization of glucose by glucose de-
hydrogenase, the resulting NADH reacts with 
tetrazolium salts which are reduced to for-
mazan by diaphorase activity and measured at 
660/840 nm. Their detection time of 40–240 s 
is concentration-dependent. Calibration is car-
ried out by the manufacturer.

The detection reaction involving hexa-
cyanoferrate (Ascensia CONTOUR) or nitro-
soaniline (Accu-Chek Inform and Aviva) as a 
final electron acceptor is performed electro-
chemically, using sensor test strips.

 > The advantage of methods using glucose 
dehydrogenase systems compared to 
glucose oxidase systems lies in their 
much lower susceptibility to cross-react 
with reducing therapeutics or variable 
oxygen content of the sample.

12.2.2 Detection methods

Enzymatic reactions in whole blood can be de-
tected photometrically or electrochemically. 
Many years after the introduction of the first 
glucose test strips, reflectometers remained the 
only devices able to quantitatively measure a 
dye compound as an end product of the reac-
tion. The introduction of non-wipe technology, 
which made it obsolete to have to wipe off the 
blood from the strip, as well as the automated 
reading on the device were significant advance-
ments. This required the separation of red 
blood cells and other cellular components from 
the plasma to avoid the color reaction being fal-
sified by the color of whole blood. Although 
whole blood is used, the measurement occurs 
in the plasma. The technical challenge is to 
achieve a quantitative separation of red blood 
cells while ensuring a relatively fast and suffi-
cient plasma flow to the yreaction carrier for  
an undisturbed reaction. The manufacturers 
supply different, partially multi-membrane 
films with varied properties. It is not clear to 
what extent lipids are retained in the different 
systems and therefore how far it is plasma in the 
strict sense. In contrast, the HemoCue System 
measures the absorption for a color reaction  
in a disposable microcuvette using a photo-
meter, directly in the hemolyzed whole blood 
(. Fig. 12.3).

Further progress was made predominantly 
by introducing sensor technology, which al-
lowed a smaller blood sample volume (0.3–
5 µL), shorter measuring times (3–30 s), inte-
grated quality assurance, as well as avoiding 
interference and direct contact of blood with 
the device. This consequently improved hy-
giene and reduced infection risks, particularly 
in POCT settings. The first sensor test strips 
were constructed similarly to the photometric 

 . Fig. 12.2 Oxidation of glucose by glucose dehydrogenase

β-D-Glucose D-gluconolactone + H+ + e–

Glucose dehydrogenase
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test strips to achieve the separation of red blood 
cells. The introduction of a third electrode, po-
sitioned near the end of the test strip, was de-
signed to check that blood volume is sufficient 
and compensates for interference.

Whereas amperometric measuring tech-
niques had originally been applied to all sensor 
test strips, Abbott then introduced FreeStyle, 
the first system on the market to utilize coulo-
metric techniques. The advantage of this tech-
nique is the lower impact of hematocrit (Hct) 
on the result. With amperometric techniques, 
only a relatively small amount of the glucose 
present in the sample is measured. The electric 
current is directly proportional to the glucose 
concentration. In coulometry, the relationship 

of electrode surface to blood volume is higher, 
therefore the total glucose can be measured; the 
charge (Q = + 0∫t I dt) is directly proportional to 
the glucose concentration.

The fact that glucose measuring devices are 
dependent on Hct makes their use in neonatol-
ogy and also in intensive care more difficult; 
new technologies have brought a significant 
improvement The Nova StatStrip system is the 
first device to adopt an additional Hct measure-
ment (multi-well, 4 electrodes) and subsequent 
correction of the glucose reading (. Fig. 12.4). 
The Accu-Chek Aviva test strip incorporates a 
total of 8 electrodes (. Fig. 12.5). Their function 
is to check the reagents, humidity, test strip in-
tegrity and the sufficiency of blood volume 

 . Fig. 12.3a,b Photometric measurement in hemo-
lyzed whole blood. a Reflection method with test strips. 

b HemoCue absorption method. (Courtesy of HemoCue 
GmbH, Grossostheim, Germany)

Blood drop

Photocell

Photocell

Light source

Light source

Plasma seeps 
through the 
test stripa

b

Plasma

Whole
blood
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 . Fig. 12.4 Nova StatStrip, structure of a test strip. (Courtesy of Nova Biomedical GmbH, Rödermark, Germany)

Top layer
Vent hole

Electrically conductive surface
Gold layer

Capillary layer
1.2 μL sample fill

Measurement wells layer
Glucose, hematocrit 

and interferences

 . Fig. 12.5 Accu-Chek Aviva, structure of a test strip. (Courtesy of Roche Diagnostics GmbH, Mannheim, Germany)

The test strip border is designed to simplify 
application of the blood samples and 
ensure its easy absorption

The unambiguous blue-yellow contrast 
provides a clear indication when the 
blood sample is applied

The wide Y-shaped sample area 
simpli�es blood application and 
allows quick absorption of the 
blood

Correct any minor scratches 
on the test strip (if needed)

Adapt to variations in 
temperature and detect 
any impact of hematocrit-
related deviations. Afterwards, 
the blood glucose is measured

Eight laser-etched gold electrodes allow the system 
to perform checks:
Evaluate test strips for 
physical damage

Evaluate the reagents and 
detect humidity exposure

Verify whether the correct 
amount of blood is applied

while checking for temperature and Hct-de-
pendent fluctuations. Temperature and Hct 
corrections occur as a result of an additional 
alternating current on the relevant electrodes 

(impedance measurement), while the blood 
glucose is measured by conventional direct cur-
rent methods.
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12.2.3 Sample material

Sample material includes whole blood, 
hemolysate, serum/plasma (with or without de-
proteinization), urine, cerebrospinal fluid and 
interstitial fluid or its dialysate, whereby whole 
blood is generally used for POCT. The site of 
the blood draw (arterial, capillary, venous) 
needs to be considered when reporting results 
because of an arteriovenous concentration gra-
dient of glucose, which can amount to 5–45 mg/
dL, depending on metabolic status. Glycolysis 
in the red blood cells does not matter here, as 
measurements are taken instantly at the POC. 
According to the DDG’s 2010 practice guide-
lines [9], the diagnosis of diabetes was based on 
plasma glucose in a venous sample, as the diag-
nostic criteria had only been established for 
venous plasma.

For the clinician, the biggest variable that 
needs to be considered is the difference be-
tween plasma and whole blood; this is due to 
the differing content of lipids, proteins and cel-
lular components in both sample types. Glu-
cose passes easily through the erythrocyte 
membrane by passive transport and disperses 
like water between plasma and erythrocytes. 
While the molality of glucose (= mg glucose/kg 
water) in the aqueous compartment is the same, 
its molarity (concentration) in red blood cells is 
lower than in plasma, because the typical water 
content of red blood cells is 0.71 kg H2O/L, but 
in the plasma it is 0.93 kg H2O/L.

Given a mean Hct value of 43 %, this pro-
duces a calculation factor of 1.11 for the conver-
sion of whole blood glucose into plasma glu-
cose. In samples with varying Hct, this factor is 
no longer exact. When extreme outliers are 
present, an Hct correction can be useful for cal-
culating the conversion factor using the follow-
ing formula:

f = 0.84/(0.93−0.22 × Hct),

where Hct is entered as a fraction. This correc-
tion factor calculated in this way is then multi-
plied by the conversion factor of 1.11.

A distinction should be made between the 
physiological Hct-dependent whole blood-plas-

ma difference and Hct interference. Such inter-
ference plays a role in many POCT devices (see 
above) and can only be compensated, if at all, by 
technical design modifications.

In 2009 [11] the German Society of Clinical 
Chemistry and Laboratory Medicine (DGKL) 
and the DDG recommended that Germany also 
implement the proposal of the International 
Federation of Clinical Chemistry and Labora-
tory Medicine’s (IFCC) [5] that all glucose re-
sults be stated as plasma values (plasma equiv-
alents), irrespective of sample type and meas-
urement methods in order to avoid clinical 
misinterpretation. The IVD manufacturers 
have followed these recommendations in the 
designs of more recent glucose POCT systems, 
meaning that mostly older glucometer models 
will still not be in compliance during the tran-
sitional phase.

12.2.4 Confounding factors and 
interferences

In hospital settings, especially on intensive care 
or neonatology units, there are a number of pa-
tient-related confounding factors [6], which 
can alter the measured glucose values. Here, 
Hct plays a very important role. In principle, a 
rise in Hct causes lower glucose readings and 
vice versa [8, 18, 20]. To date, the smallest devi-
ations were found when blood gas ana lyzers 
and the HemoCue system were used as well as 
systems which measure and adjust for Hct 
(Nova StatStrip, Accu-Chek Aviva and Inform 
II) [8, 18].

A higher oxygen concentration in the 
blood can result in lower glucose readings on 
some glucose oxidase devices [13, 21]. While 
the use of classic electrodes (blood gas ana-
lyzers, YSI, i-STAT, GlucometerPro) requires a 
certain oxygen concentration, in other systems 
using different mediators (e.g. Ferrocene), this 
causes a competing reaction, leading to falsely 
low glucose readings (see above).

Drugs with reducing properties (vitamin C, 
acetaminophen, dopamine and others) and en-
dogenous metabolites can cause further inter-
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ference. This refers mainly to procedures based 
on glucose oxidase, that adopt a peroxide reac-
tion as a detection method [12, 19] Procedures 
using glucose dehydrogenase as an enzyme  
are much less confounded by such substances 
(see above). In addition to these general con-
founders, there are some factors that cause pro-
cedure- or system-related interference. These 
include interference by methemoglobin (>10 %) 
or Intralipid in the HemoCue system [1, 17].

Mannose, maltose, xylose, galactose along-
side glucosamine and 2-deoxyglucose are 
 metabolized by glucose dehydrogenase (GDH), 
leading to higher glucose values. Clinically rel-
evant problems, however, only occur in the 
GDH-PQQ combination. In order to minimize 
maltose and xylose interference, in 2010, a ge-
netically modified form of GDH was developed 
that is utilized in the test strips Accu-Check 
Performa for Accu-Chek Inform II [7, 10]. This 
option is particularly suitable for peritoneal di-
alysis patients treated with icodextrin (e.g. Ex-
traneal Baxter), which is metabolized to malt-
ose, or given intravenous maltose-containing 
solutions such as certain human immunoglob-
ulin products. Devices using a combination of 
GDH-NAD or GDH-FAD as well as glucose 
oxidase-based systems are not affected.

12.2.5 Evaluation and validation

Only evaluated and validated devices and pro-
cedures should be used at the POC. Manufac-
turers exclude the use of devices elsewhere that 
have been developed solely for the purpose of 
blood glucose self-monitoring. Evaluations of 
blood glucose monitors have been published 
extensively. As expected, there are often pro-
nounced differences in the results with differ-
ent devices but also for the same model, and 
there can be significant differences across per-
formance data even for the same model. This 
can be partially explained by the known quality 
variations in devices themselves and, even more 
so, in test strips (particularly due to batch-to-
batch fluctuations). Methodical shortcomings 
in evaluating and comparing methods also play 

a significant part. Indeed, several proposals 
made by the likes of the Clinical Laboratory 
Standards Institute (CLSI; previously known as: 
National Committee on Clinical Laboratory 
Standards, NCCLS) [16] or the STARD Initia-
tive [2, 3], have been implemented in many 
studies, albeit inadequately [14]. In 2007, Ma-
honey and Ellison [15] used these and other 
recommendations (IFCC, FDA, TNO, SKUP, 
ISO  15179) to design a practical 14-point 
checklist, which can be used as an evaluation 
protocol guide to simplify critical literature re-
views. Moreover, in 2008, CLSI published rec-
ommendations (POCT 6-P) aimed at standard-
izing glucose monitoring methods for different 
sample types [4].

It should be remembered that the conclu-
sions regarding the accuracy of blood glucose 
measuring devices cannot be derived from in-
terlaboratory test results, as long as no reference 
method values can be used, due to a lack of suit-
able whole blood control samples. Rather, de-
vice-dependent target values obtained in inter-
laboratory trials only provide information on 
the devices’ precision and proper handling.

12.3 Glucose POCT monitoring 
systems

In hospitals, the most efficient way to measure 
blood glucose is with a POCT system, which 
features a comprehensive measurand, quality 
control and electronic data management with 
access to both laboratory and hospital informa-
tion systems. It is either used exclusively for 
blood glucose analysis (. Tab. 12.1 and . Tab. 
12.2) or combined with other POCT-relevant 
test systems such as those used on intensive care 
units for blood gas analysis (7 Chapter 14).

Technologically, there is a lot of overlap to 
SMBG systems, which are also used by medical 
personnel for POCT glucose monitoring, but 
without adequate quality assurance. In the con-
text of this book, only examples of SMBG sys-
tems are presented that fulfill the RiliBÄK qual-
ity assurance and meet the much stricter re-
quirements of the ISO 15197:2013 norm rather 
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than the previous ISO 15197:2003 [39] (. Tab. 
12.4). Since 2016, the 2013 version represents 
the only valid new POCT minimum require-
ments [40] (. Tab. 12.3).

Blood glucose measuring devices have dif-
ferent minimal requirements for quality and 

quality assurance, therefore three different 
 areas of application should be considered:
 5 the initial diagnosis of different types of 

 diabetes mellitus (DM).
 5 blood glucose monitoring in the treatment 

of diagnosed diabetes mellitus and,

 . Tab. 12.1 Glucose POCT systems with reagents or biosensors for repeated use (for example in speci-
alized diabetes clinics)

Measurement  
system  
(manufacturer)

Sample 
volume 
[μL]

Measuring 
time [s]

Measuring 
range  
[mg/dL, 
mmol/L]

Calibrated  
to

Measurement 
method  
(enzyme)

Sample  
carrier/sensor

Hitado Super GL 2  
(Hitado)

10 40 11–900
(0.6–50) 

Whole 
blood or 
plasma 
(+Hct 
cor rection)

Electro  chemical
(Glucose 
 dehydro genase)

Glucose sensor 
(for measure-
ments of up to 
90 days) 

GLUCOMETERPRO  

(BST Bio Sensor  
technology)

6  5–10 10–600
(0.6–33.3)

Plasma Electrochemical 
(glucose oxidase)

Capillary/chip 
(for measure-
ments of up to 
30 days)

 . Tab. 12.2 Glucose POCT systems (unit-use reagents) featuring comprehensive measurand, quality 
control and electronic data management (examples)

Measurement 
system 
 (manufacturer)

Sample 
volume 
[μL]

Measuring 
time [s]

Measuring 
range  
[mg/dL, 
mmol/L]

Calibrated 
to

Measurement  
method (enzyme)

Sample  
carrier/sensor

Accu-Chek® 
Inform II (Roche 
Diagnostics)

0.6 5 10–600
(0.6–33.3)

Plasma Electrochemical 
(mutated variant 
of quinoprotein 
glucose dehydro-
genase (GDH)

AC® Inform II 
test strip

HemoCue® 
Glucose 201 DM 
system 
(Radiometer)

5 40–240 0–400
(0–22.2)

Whole 
blood or 
plasma

Photometric (GDH) Microcuvette

Nova StatStrip® 
Glucose (Nova 
Biomedical)

1.2 6 10–600
(0.6–33.3)

Plasma Electrochemical 
(glucose oxidase)

Nova StatStrip® 
Glucose Analy-
ses System

FreeStyle® 
Precision Pro 
(Abbott Diabe-
tes Care)

0.6 5 20–500
(1.1–27.8)

Plasma Electrochemical 
(nicotinamide 
adenine dinucleo-
tide-GDH)

FreeStyle® 
Precision Pro 
test strips
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 5 under certain conditions, to check devices 
used for the self-monitoring of blood glu-
cose.

Basically, every glucose measurement method 
– regardless of volume and near-patient use – 
that employs reagents for multiple uses and is 
approved for use in a clinical chemistry labora-
tory can be considered for all three of these ar-
eas of application. The slimmed-down versions 

used in private diabetology practices have been 
found to be particularly efficient and cost effec-
tive as they deal with fewer blood glucose sam-
ples per day than satellite laboratories. In prac-
tice, internal and external quality assurance of 
these measurement methods is legally regulat-
ed and described in detail in the RiliBÄK.

In contrast, previous POCT glucose meas-
urement systems using unit-use reagents pur-
suant to RiliBÄK are only licensed for the 2nd 

 . Tab. 12.3 “In vitro diagnostic test systems – Requirements for blood-glucose monitoring systems for 
self-testing in managing diabetes mellitus” (ISO standard 15197:2013)

ISO 15197:2003 (valid up to May 2016) ISO 15197:2013 (from June 2016 solely valid)

Blood glucose 
 concentration

Tolerance range* Blood glucose  
concentration

Tolerance range*

≥75 mg/dL  
(4.2 mmol/L)

±20 % ≥ 100 mg/dL  
(5.6 mmol/L)

±15 %

<75 mg/dL  
(4.2 mmol/L)

±15 mg/dL  
(0.83 mmol/L)

<100 mg/dL  
(5.6 mmol/L)

±15 mg/dL  
(0.83 mmol/L)

* 95 % of all values must be within the tolerance range

 . Tab. 12.4 SMBG devices which meet the new POCT minimum standards from 2016 (ISO standard 
15197:2013) (examples)

Measurement 
system 
 (manufacturer)

Sample 
volume 
[μL]

Measuring 
time [s]

Measuring 
range [mg/dL, 
mmol/L]

Calibrated 
to

Measurement 
 method (enzyme)

Sample  
carrier/sensor

Accu-Chek 
Aviva (Roche 
Diagnostics)

0.6 5 10–600
(0.6–33.3)

Plasma Electrochemical 
(mutant variant of 
quinoprotein GDH) 
(MutQ-GDH)

AC Aviva test 
strip

Contour XT
(Ascensia 
 Diabetes Care)

0.6 5 10–600
(0.6–33.3)

Plasma Electrochemical 
(flavin adenine 
dinucleotide) 
(FAD-GDH)

Contour Next 
Sensor

OneTouch Verio 
(Johnson & 
Johnson/ 
LifeScan)

0.4 5 20–600
(1.1–33.3)

Plasma Electrochemical 
(FAD-GDH)

OneTouch 
Verio test 
strips

FreeStyle 
 Precision Neo 
(Abbott 
 Diabetes Care)

0.6 5 20–500
(1.1–27.8)

Plasma Electrochemical 
(nicotinamide 
 adenine dinucleo-
tide-GDH)

FreeStyle 
Precision Neo 
test strips
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and 3rd but not for 1st area of application (ini-
tial diabetes diagnosis). The only exceptions to 
this group of blood glucose meters are the 
HemoCue Glucose 201+ and HemoCue Glu-
cose 201 RT devices that are licensed for areas 
1, 2 and 3.

In physicians’ practices, only the internal 
quality assurance of POCT measurement meth-
ods is legally required and described in detail in 
the respective provisions of RiliBÄK. Irrespec-
tive thereof, the DDG guidelines for gestational 
diabetes (GDM) recommend voluntary exter-
nal quality assurance as per RiliBÄK for these 
methods in area of application 1.

Taking account of the quality requirements 
of ISO standard 15197:2013, further differenti-
ation into the measurement quality of blood 
glucose systems (they all need to be CE-marked) 
is not yet compulsory. It is, however, technical-
ly possible with the existing devices and would 
enable more meaningful differentiation ac-
cording to the areas of application defined 
above. An objective, generally applicable and 
independent information data base has there-
fore still been lacking to make recommenda-
tions about the suitability of such monitoring 
systems for all three areas of application.

The wide choice of sample material in glu-
cose analysis poses a general problem. Venous, 
capillary and arterial whole blood as well as 
plasma and serum can be used. However, the 
choice of sample material is a significant con-
founding factor and often leads to misinterpre-
tation of results. In one study, for example, the 
majority of staff at a diabetes center did not 
know whether whole blood or plasma was used 
for laboratory blood glucose testing [8].

Although glucose POCT systems normally 
use whole blood (but in various preparation 
forms, e.g. as hemolysate or filtered plasma), 
the results can either be given as whole blood or 
plasma glucose, using different manufacturer- 
or device-specific calibration methods, whose 
details are treated as company secrets. In Ger-
many, conventional clinical chemistry labora-
tory methods for measuring glucose in whole 
blood can be reported either as whole blood or 
plasma glucose.

Note

In order to avoid misinterpretation of 
 results and the potentially ensuing conse-
quences, detailed specialist knowledge is 
essential: this applies to the comparative 
studies of glucose POCT systems versus 
conventional reference methods in the 
laboratory as well as to clinical interpreta-
tion and therapy recommendations, e.g. 
glucose-dependent insulin dosing or car-
bohydrate portion algorithms.

To stop further confusion, in 2005 the Interna-
tional Federation of Clinical Chemistry and 
Laboratory Medicine (IFCC) proposed that all 
glucose results be given as plasma values irre-
spective of sample type or measurement meth-
od [10]. Already implemented in the USA and 
in many European countries, this proposal has 
also been supported jointly by the DGKL and 
the DDG in Germany since 2009 [27] and 
meanwhile become increasingly accepted in 
clinical day-to-day practice.

In hospitals, particularly on intensive care 
units, many confounding and influencing fac-
tors can lead to altered glucose values. These 
are either dependent on the measurement sys-
tem used (oxygen) or independent of it (tissue 
perfusion). It is therefore crucial to elucidate 
any study results found on the devices to be 
used and any related confounding factors. Hy-
potension can result in reduced tissue perfu-
sion which leads to increased glucose utiliza-
tion and therefore a significantly greater differ-
ence between capillary whole blood and venous 
plasma values [14, 25, 30]. Here, two counter- 
opposing effects occur: Capillary glucose  values 
are higher than the equivalent venous values, 
whereas the whole blood samples (capillary) 
are lower than the equivalent plasma values. 
When combining capillary whole blood and 
venous plasma, measurements can show the 
same values in both. In the case of plasma-cor-
related capillary whole blood, values may even 
be higher as compared with venous plasma  
[12, 26]. These – like nutrition-related – effects 



113 12
12.4 · Initial diagnosis

must likewise be accounted for in all blood glu-
cose measurement devices, regardless of the 
measuring method.

There is a difference between blood glucose 
concentrations in arterial and venous blood, 
mainly depending on the extent and speed of 
glucose absorption or the metabolism in the 
relevant tissue. Known as the “arteriovenous 
difference”, it decisively depends on the nutri-
tional status. According to Bürgi [7], the differ-
ence in healthy individuals after fasting is 9 mg/
dL (0.5 mmol/L) and rises 30 min after a 50 g 
oral glucose load up to 45 mg/dL (2.5 mmol/L). 
It then falls after 120 min to 14  mg/dL 
(0.8  mmol/L). The difference is lower in pa-
tients with peripheral insulin resistance.

Note

Of note is that blood samples from which 
serum is obtained for measuring other 
 biochemical parameters do not contain 
any additive that inhibits glycolysis in 
erythrocytes. According to DDG guidelines 
[21, 23], blood samples used for measur-
ing glucose under non-POCT conditions, 
unless centrifuged immediately, should 
contain an inhibitor of glycolysis in red 
blood cells. When using glycolysis inhibi-
tors such as sodium fluoride, complete  
inhibition of glycolysis only occurs after  
4 hours. However, it is important to re-
member that a decrease of up to 6 % or 
10 mg/dL is possible after just one hour, 
compared to the baseline concentration 
[28]. To achieve immediate and complete 
glycolysis inhibition in whole blood, a 
combination of sodium fluoride and a 
 citrate buffer is recommended to achieve 
a stable pH reduction to pH 5.5 [5, 13].  
In general, using glucose POCT measure-
ment systems, no pre-analytical prepara-
tions are needed, as the measurement is 
carried out immediately after blood is 
 taken.

12.4 Initial diagnosis

Blood glucose monitoring by POCT has only 
been used to a limited extent in the initial diag-
nosis of impaired glucose metabolism. Gener-
ally, it is employed in outpatient settings for 
clarification in acute emergencies – in patients 
with suspected hypo- or hyperglycemic coma 
or, for example, gestational diabetes. This ena-
bles immediate discussion with the pregnant 
woman regarding further treatment and spares 
her the psychological stress that otherwise 
would ensue due to unnecessarily waiting for an 
external laboratory analysis [23]. Otherwise, 
the initial diagnosis of impaired glucose metab-
olism remains the domain of clinical chemistry 
laboratories as immediate treatment is usually 
not required. According to evidence-based 
practice guidelines from the DDG, only venous 
plasma glucose values are suitable for diagnos-
ing diabetes (. Tab. 12.5).

According to guidelines, a diagnosis of dia-
betes mellitus can only be made using a quali-
ty-assured laboratory method, i.e. not with de-
vices designed for SMBG. Even when a very 
precise laboratory method is used, which has a 
variation coefficient of “only” 2 %, it has to be 
presumed that a “real“ glucose value of, for 
 example, 126 mg/dL (the cut-off for a diagnosis 
of diabetes), the 95 % confidence interval will 
range from 121 to 131 mg/dL. Therefore, de-
pending on the clinical situation, glucose values 
in the cut-off area should be repeated at longer 
intervals or an oral glucose tolerance test should 
be performed.

Special conditions apply to the quality as-
surance of POCT glucose measurements, as per 
RiliBÄK 2014 [6], when unit-use reagents are 
applied and the devices need to meet special 
requirements. Measuring a control sample once 
a week is sufficient for internal quality control. 
External quality control has not been required 
so far for the physician’s private practice; nei-
ther is it required in the hospital setting, provid-
ed the central laboratory is responsible for qual-
ity assurance (7 Chapter  37). According to the 
evidence-based guideline issued by the DDG in 
2011, “Gestational Diabetes Mellitus (GDM) 
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Diagnosis, Therapy and Follow-Up Care”, the 
diagnosis of gestational diabetes using glucose 
POCT methods in the physician’s private prac-
tice should also undergo external quality con-
trol according to RiliBÄK rules [23].

12.5 Monitoring of blood glucose

POCT measurement of blood glucose in blood 
is mainly performed (up to approx. 90 %) for 
the following the clinical course of ongoing di-
abetes therapy in physicians’ private practices 
representing the various sub-specialties, but 
also in hospitals as well as in clinical chemistry 
central laboratories. The use of glucose POCT 
systems has significantly increased over recent 
years, although the costs are 2 to 4 times higher 
than for glucose measurement in central labo-
ratories. In private practice, this is due to chang-
es in therapy requirements, as presented in the 

DDG guidelines [20]. Based on long-term stud-
ies for the prevention and reduction of diabetic 
sequelae, these guidelines make recommenda-
tions to achieve long-term near-normal glyce-
mic control while avoiding hypoglycemia and 
considering the individual targets set.

In blood glucose control, these individual 
targets need to be regularly monitored and ad-
justed. This has been neglected for a long time 
in hospitals primarily as a result of cost optimi-
zation in the clinical chemistry central labora-
tory and secondly due to the relatively short 
inpatient stay. It was thought that the effect of 
transient suboptimal blood glucose control 
 occurs frequently, for example, during an acute 
illness, but has negligible impact on the devel-
opment of diabetic sequelae (objective: Thera-
py to prevent diabetic coma).

This changed because of the increasing de-
mand for intensive insulin therapy, guided by 
frequent near-patient blood glucose monitor-

 . Tab. 12.5 Diagnostic criteria of glucose metabolism (venous plasma) [21]

Diagnostic criteria Plasma glucose (venous) mg/dL Plasma glucose (venous) mmol/L 

Normal glucose tolerance

Fasting glucose <100 <5.6

2-h-oGTT <140 <7.8

Abnormal fasting glucose

Fasting glucose 100–125 5.6–6.9

Impaired glucose tolerance

Fasting glucose <126 <7.0

2-h-oGTT 140–199 7.8–11.0

Diabetes mellitus (only by HbA1c values of 5.7 % to <6.5 % or 39 to <48 mmol/mol)

Fasting glucose ≥126 ≥7.0

and/or 2-h-oGTT ≥200 ≥11.1

Gestational diabetes mellitus (at least 1/3 of the values)

Fasting glucose ≥92 ≥5.1

1-h-oGTT ≥180 ≥10.0

2-h-oGTT ≥153 ≥8.5

oGTT Oral glucose tolerance test with 75 g glucose (according to WHO)
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ing, particularly when preprandial insulin re-
gimes were used. Achieving near normal blood 
glucose levels, even just for a few days, using 
intensive insulin therapy and insulin dose ad-
justments with frequent blood glucose moni-
toring can lead to significant postoperative im-
provements in surgical patients in intensive 
care. This has been shown in ground-breaking 
publications by van den Berghe since 2001 [35]. 
In subsequent years, these treatment outcomes 
were reviewed, modified and critically grouped 
by disease stage in the different patient cohorts 
[3, 17, 29, 31, 33, 34, 36]. It had now become 
medically necessary to use glucose POCT sys-
tems in acute illnesses in diabetic patients and 
those with secondary impaired glucose toler-
ance. The latter can clinically manifest itself in 
conditions such as trauma, hemorrhages, 
burns, oxygen deficiencies, severe infection, 
sepsis and shock. The stress caused by such crit-
ical conditions induces the release of coun-
ter-regulatory hormones of glucose metabo-
lism, which cause various changes in carbohy-
drate metabolism with transient peripheral in-
sulin resistance and a relative lack of insulin. 
Additionally other treatments such as high-
dose corticosteroids and vasopressors or paren-
teral feeding with carbohydrates can trigger 
abnormal glucose metabolism.

POCT is mainly used in the context of treat-
ment with rapidly adjusting insulin doses for 
fast changing blood glucose levels, including 
emergency monitoring in hypoglycemia. Fur-
thermore, in this clinical situation the severity 
of an illness can change relatively quickly. Food 
intake by the patient will also vary. The glucose 
analysis with POCT needs to be in the immedi-
ate vicinity of the patient and performed timely 
with immediate interpretation of blood glucose 
levels and their resulting (post-analytical) ther-
apeutic consequences. The established distinc-
tion of analytical and post-analytical expertise 
in diabetes care is not applicable here. The re-
sult is that in all clinically relevant areas (hospi-
tal, physician’s practice, emergency vehicle, 
“home care” and ambulatory care), new compe-
tence, cooperation and logistics models need to 
be established between all disciplines caring for 

patients with different types of diabetes and re-
lated complications (7 Chapter 31).

The conduct and interpretation of the above 
mentioned studies [3, 17, 29, 31, 33, 34, 35, 36], 
partly from intensive care [12, 14, 25], partly 
from other clinical settings [1, 22], show a num-
ber of methodological problems, which need to 
be considered when the result are implemented 
in clinical day-to-day practice. In these studies, 
different measurement systems (ABL  700 by 
Radiometer, HemoCue  B Glucose analyzer) 
with different sample materials (arterial and 
capillary whole blood) were used; different lab-
oratory methods to “reference methods” (YSI 
Glucose analyzer, Dimension RXL, Glucose 
analyzer Beckman, Hitachi 747 analyzer) were 
submitted. The time from taking blood to anal-
ysis in the central laboratory was not standard-
ized, or was accepted with an average of 45 min-
utes, without the addition of a glycolysis inhib-
itor. Finally, different “sampling sites” were 
 allowed. Nevertheless, in clinical practice, the 
same glucose laboratory values were used for 
blood glucose therapeutic targets (80–110 mg/
dL as well as for the definition of hypoglycemia 
(<40 mg/dL). Although this problem has been 
raised repeatedly [4, 11], a lack of clarity still 
remains.

12.6 Blood collection from 
 alternative sites

Though not always sufficiently appreciated, 
there is a clinically relevant characteristic in 
blood glucose measurement in the pre-analyti-
cal setting, which is irrelevant for other POCT 
applications, namely blood collection from oth-
er capillary sites than the fingertip or ear lobe, 
called alternative/alternate site testing (AST). 
The reason for this was the desire to find a less 
painful alternative to the abused “classic” fin-
gertip capillary for blood glucose self-monitor-
ing. The development of SMBG systems (≤3 µL) 
allowed the collection of capillary blood (skin 
depth: ≤2 mm) from the arm, leg and abdomi-
nal skin, which is generally less painful. There 
is no difference in blood glucose levels between 
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the above mentioned AST sites and the finger-
tip in a fasting sample taken at rest. In contrast, 
when blood glucose levels change quickly 
(>2 mg/dL/min) in both directions (e.g. after  
a carbohydrate rich meal or an inadequate 
 preprandial insulin dose, injection of a too 
high insulin dose or after intense physical 
 exertion/sport) a clinically relevant delay of 
some 30 minutes in the capillary blood glu-
cose adjustment can be detected in the AST site 
and the fingertip even after the skin cools 
down.

In acute settings, misjudgment of these sit-
uations can cause hypoglycemia and endanger 
the patient. Long-term, an inadequate therapy 
adjustment can hinder a near normal glycemic 
control [2, 15, 18, 19, 24]. The reasons for this 
are mainly anatomical differences: There are 
significantly fewer surface end capillaries and 
arteriovenous shunts in the AST sites than on 
the fingertip, which cause a faster blood glucose 
change in parallel with systemic changes. When 
capillary blood is taken, the condition of a pa-
tient needs to be considered and, if in doubt, 
AST sites should be avoided.

Alternative sites are also used with continu-
ous glucose monitoring devices [16]. Further 
Information is given in 7 Chapter 13.

12.7 HbA1c POCT monitoring 
 systems

The HbA1c value reflects the median plasma 
glucose levels during the preceding 2 to 3 
months and has been seen for a long time as the 
standard for assessing blood glucose control 
over longer periods.

This parameter has gained additional im-
portance in diabetes diagnosis [21, 32]: Values 
of <5.7 % rule out diabetes mellitus, whereas 
values of ≥6.5 % confirm the diagnosis. In Ger-
many, the DDG guidelines recommend that, in 
patients with values between 5.7 % and 6.4 %, 
the diagnosis should be made based on conven-
tional criteria [21]. This is only applicable when 
irregular hemoglobin variants are absent and 
the life cycle of erythrocytes is normal.

The HbA1c value can only be considered for 
diagnosis when standardized and specific as-
sessment methods and sufficiently performed 
quality controls are used.

HbA1c can be measured using different 
 laboratory devices by various measurement 
methods: Immunological (Abbott, Beckmann, 
Roche Diagnostics, Siemens), affinity chroma-
tographic (Alere, Axis-Shield), capillary elec-
trophoresis (Sebia) and enzymatic (Abbott) 
that allow the RiliBÄK 2014 requirements to be 
met [6]. Examples of HbA1c-POCT measure-
ment systems using unit use reagents are sum-
marized in . Tab. 12.6. They are all registered 
and licensed by the manufacturer for use in the 
follow up monitoring of diabetes. In addition, 
the DCA Vantage Analyzer is also labeled and 
 licensed by the manufacturer for use in the ini-
tial diagnosis of diabetes (. Fig. 12.6).

The above-mentioned analytical methods 
differ significantly from one another, more so 
than the glucose measurement methods avail-
able. This means that the sources of error or 
problems, which can occur in different measur-
ing techniques vary significantly from method 
to method. The results of HbA1c measurements 
can vary significantly and depend on the 
 method used, despite standardization, and 
therefore the use of HbA1c for diabetes diagno-
sis is limited [21]. Current comparisons in 
measurement quality between HbA1c POCT 
systems in general practice and clinical chemis-
try laboratories in the Netherlands have shown 
some consistency, but also significant differ-
ences [37]. In Germany current inter-laborato-
ry ring trial results, as per RiliBÄK, using con-
trol samples from the Reference Institute for 
Bioanalytics (RfB) and from INSTAND e.V. 
have also demonstrated significant differences 
between HbA1c measurement methods [38]. 
RiliBÄK requirements for external quality con-
trol allow a generous ±18 %: meaning that a real 
HbA1c value of 6.5 % may vary between 5.3 % 
and 7.8 %! It is unclear why these requirements 
for external quality control are not ±6 % as in 
the USA or ±10 % as in Switzerland. The advi-
sory board of the German Medical Association 
is indeed aware of this situation.
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 All manufacturers have standardized their 
methods to the reference method of the Inter-
national Federation of Clinical Chemistry 
(IFCC). Therefore the IFCC values can be con-
verted into values (in % HbA1c) according to 
the National Glycohemoglobin Standardiza-
tion Program (NGSP) using the following for-
mula and vice versa:

  IFCC (mmol/mol) 
= [10.93 × NGSP (%)] – 23.50 or

  NGSP (% HbA1c)
= [0.09148 × IFCC (mmol/mol)] + 2.152.

  The new IFCC reference standard (results in 
mmol/mol Hb) has not yet been established in 
clinical daily routine. Laboratories, however, 
often report the results in both units (% and 
mmol/mol). In summary, the DDG and DGKL 
both recommend the following for HbA1c [9]: 
In quality assurance (calibration of devices and 
reagents), the new HbA1c values are used as 
per IFCC with mandatory reporting as per 
 RiliBÄK. In clinical practice, that means that 
the “old” HbA1c units as per NGSP can be used 
further in addition to the new ones (within the 
guidelines).

 .  Tab. 12.6 HbA1c POCT system using unit-use reagents (examples) for capillary or anticoagulated ve-
nous whole blood.

 Measurement system 
(Producer/Distributer) 

 Sample 
 volume 
[μL] 

 Measuring 
time 
[min] 

 Referenced 
to  

 Measurement method  Sample carrier 

 DCA Vantage
  (Siemens Healthcare 
Diagnostics) 

 1  6  IFCC/NGSP  Immunological  DCA
  HbA1c-test 

 Super ID (Hitado)  10  7  IFCC/NGSP  Immunological  Super-ID
  HbA1c-test kit 

 Afinion AS 100 
Analyzer (Alere) 

 1.5  3  IFCC/NGSP  Affinity chromatography  Afinion
  HbA1c-test 

 NycoCard Reader II 
(Alere) 

 5  3  IFCC/NGSP  Affinity chromatography  NycoCard HbA1c
  Single test system 

 Quo-Test Analyzer 
(EKF Diagnostic) 

 4  4  IFCC/NGSP  Affinity chromatography  Quo-Test
  HbA1c 

 .   Fig. 12.6 DCA Vantage HbA1c Analyzer. (Courtesy of 
Siemens Healthcare Diagnostics) 
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13.1 Definition of monitoring

In the narrower sense, patient monitoring is the 
systematic, scheduled and repeated collection 
and presentation of parameters on bodily and 
organic functions, biochemical and other pro-
cesses based on registered biosignals with the 
primary objective of making information about 
a patient’s current state available. Disorders of 
the observed functions and processes should be 
detected as early as possible [3]. More compre-
hensively, the measuring values collected form 
the basis for decision-supporting systems which 
reflect the impact of the detected disorders on 
the clinical objective; from this, possible diag-
nostic, preventive and therapeutic measures can 
be derived and reproducibly presented.

A subgroup of patient surveillance is con-
tinuous patient monitoring, which hereinafter 
will simply be referred to as monitoring alone. 
However, monitoring is more narrowly de-
scribed and can be defined as follows:
 5 Measurement of one or more physiological 

variables
 5 Continuous or automatically activated 

 discontinuous function
 5 Alarm option
 5 Recording and displaying changes over 

time
 5 Up-to-date, clinically relevant measure-

ments

In the broader sense of term “patient monitor-
ing”, the collected values are preferably analyz-
ed according to pre-set rules, with any devia-
tions being reported to the user by appropriate 
means.

The objectives of monitoring include, but 
are not limited to
 5 Creating or improving patient safety
 5 Supporting therapy and diagnostics
 5 Optimizing quality and ensuring quality 

assurance of medical processes
 5 Expanding the “safe free space” of a moni-

tored patient

Particularly with a view to the collection of lab-
oratory values, two fundamental characteristics 

of monitoring should be considered: First, au-
tomatic measurements are carried out repeat-
edly or continuously. By definition, no direct 
interaction takes place between user and  patient 
or user and device. Second, further processing 
of the collected laboratory findings takes place 
rapidly without validation by a specialist in lab-
oratory medicine (e.g. for generating automatic 
alarms), the findings are presented to the end 
user. In physiologic closed-loop controllers, the 
findings are directly converted into therapeutic 
decisions. It is particularly important to take 
these characteristics into account in both the 
technical implementation and the technical 
and clinical risk management.

13.2 Monitoring and therapeutic 
implications

Depending on each patient’s disease severity or 
nature and invasiveness of the intervention per-
formed, the bodily and organ functions as well 
as biochemical processes may not reliably lie 
within sufficiently specific physiological limits. 
That is why supportive interventions are called 
for to prevent or avert harm. The use of moni-
toring helps identify such situations.

In order to enable interventions, to detect 
their necessity in a timely manner, to monitor 
their efficacy and possible side effects and to be 
able to reliably and safely attend to chronically 
ill patients over the clinical course of their dis-
ease, it is essential to measure multiple bodily 
and organ functions and the biochemical pro-
cesses they represent based on characteristic 
data and, finally to display and perform a work-
up on these findings. Depending on their clini-
cal importance, the characteristic data are col-
lected and analyzed by monitoring methods in 
varyingly time-critical and regular fashions in 
order to expose any changes early and react to 
them appropriately.

As with any other diagnostic measure, mon-
itoring is only clinically feasible when a time-
critical interpretation of the findings leads to a 
therapeutic decision or further diagnostic mea-
sures. A therapeutic decision may also mean 
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doing nothing because the measured values are 
within the reference range.

13.2.1 Warning against danger

Biochemical variables can be monitored to ob-
tain warnings against emerging or existing 
 dangers. This can then lead to immediate ther-
apeutic measures or give occasion to further 
diagnostics. The key aspect is that the monitor-
ing is carried out automatically and continu-
ously or the measurements are repeated at close 
intervals. Thereby, warnings or alarms can also 
be triggered without the clinician previously 
having a suspicion or a clinical reason to order 
the corresponding laboratory test. Naturally, it 
is important that the warning or alarm can also 
be transmitted to the clinician in a time-critical 
manner; this can be done by integration into a 
patient monitoring system.

Capnography is one example where warn-
ings are generated by biochemical monitoring 
on anesthesia devices – an alarm is triggered if 
the respiratory system is disconnected or the 
calcium is depleted on the absorber. In this 
 example, a continuous measurement with a 
correspondingly fast response is required be-
cause there is the danger that a critical situation 
might develop within seconds or minutes [1]. 
Another example is sepsis monitoring which 
enables the staff to react early to emerging 
parametric symptoms. Early administration of 
antibiotics to treat manifest sepsis often dic-
tates the clinical outcome [2]. In such cases, 
intermittent measurement of sepsis markers in 
blood can facilitate the appropriate monitor-
ing. The same parameters my also guide deter-
mination of the proper time point to stop anti-
biotic therapy.

13.2.2 Titration of therapy

Titration of therapy is another common imple-
mentation for monitoring to guide therapeutic 
decisions. This involves adjusting a drug’s dose 
rate according to changes in one or more meas-

ured variables. This is typically how the settings 
on the dosage dispenser (anesthetic vaporizer/
humidifier) for a volatile anesthetic agent are 
made based on the concentration of the anes-
thetic agent measured in the patient’s exhaled 
air. The expiratory breathing gas concentration 
of volatile anesthetic agents in the steady state 
is closely correlated with the concentration at 
the site of action in the brain and is thereby a 
strong surrogate for clinical effectiveness, i.e. 
for the depth of anesthesia.

Dosing insulin guided by blood glucose 
l evels in diabetics is certainly the most fre-
quently used therapy titration based on a labo-
ratory parameter worldwide (7 Section 13.6 
and 7 Chapter 12).

In these applications, therapy is generally 
titrated by the user after interpretation of the 
measured values. This type of control is also 
known as an “open-loop controller” because the 
physician is still always “in the loop” of the cir-
cuit and makes the final decision.

13.2.3 Physiologic closed-loop 
controllers

In closed-loop systems, the current measured 
value is returned to the controller, which con-
tinuously prevents any deviation from the tar-
get value (negative feedback). Physiologic 
closed-loop controllers represent a special case 
where the controlled loop lies with the individ-
ual person, i.e. with the patient in our context 
here. In these closed-loop systems, the regula-
tion or titration of therapy takes place fully au-
tomatically, without continuous monitoring or 
intervention by the healthcare staff or patient. 
Examples of this include regulation of inspira-
tory oxygen concentration on ventilators for 
neonates and pre-term infants based on the 
pulse oximetric monitoring of arterial oxygen 
concentration (7 Chapter 11), automatic moni-
toring of fresh gas concentration in anesthetic 
gases based on expiratory concentrations or the 
fully automated control of insulin and glucose 
infusion based on continuously measured 
blood concentrations as part of blood glucose 
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clamp studies. Particularly in physiologic 
closed-loop systems, risk management is para-
mount [4].

13.3 Systematics of monitoring 
methods

Monitoring methods can be classified accord-
ing to different criteria. Fundamentally, all in-
terventions that injure or penetrate the body’s 
surface are referred to as invasive. This also 
 includes any insertion through natural body 
orifices. Interaction with the body means that 
through the monitoring methods energy 
or  substances are caused to enter into the 
body.  The nature, intensity and duration 
 thereof are decisively important for risk assess-
ments.

One possible classification might be as fol-
lows (without any claim to completeness):
 5 Invasiveness

 5 Non-invasive
 – Direct contact with the body, e.g. 
through electrodes, sensors.

 – Non-contact
 5 Invasive

 – Implants
 – Penetration of the skin: intravascular 
catheters, catheters/probes/electrodes 
in subcutaneous tissue)

 – Insertion through natural body 
 orifices

 – Minimally invasive: Transdermal 
 method

 5 Sampling
 5 No drawing of blood, bodily fluids or 
gases

 – In-line sensors are inserted into a 
blood vessel, for example. That makes 
them invasive. The measurement is 
taken in the flow of the blood stream. 
That means that no sampling takes 
place.

 5 Repeated or continuous draws of blood, 
bodily fluids or gases

 – Without return (the collected samples 
are discarded)

 – With return (collected samples are 
 returned back into the body after 
measurement)

 5 Matrix
 5 Gases
 5 Blood

 – Whole blood
 – Serum
 – Plasma

 5 Tissue fluid
 – Interstitial fluid

 5 Other bodily fluids
 5 Interaction with the body

 5 No interaction
 – Passive measurement
 – Extracorporeal analysis without back-
flow of the substrate

 5 Mechanical interaction
 – Ultrasound
 – Pneumatics

 5 Electrical, electromagnetic, thermal 
 interaction

 – Electrical flows (e.g. bioimpedance)
 – Magnetic fields (e.g. MRI)
 – Heat (e.g. transcutaneous O2/CO2 
measurement)

 5 Chemical interaction
 – Indicators (e.g. lithium, indocyanine 
green (ICG) fluorescence angiography)

 – Change in chemical characteristics of 
the blood etc., when returned back 
into the body

 5 Clinical laboratory test methods (please 
refer to the chapters in Section II).

13.4 Application examples

Out of the many applications possible for mon-
itoring by POCT, only several typical examples 
shall be mentioned here.

The monitoring of individual blood glu-
cose levels in diabetics or the critically ill can 
probably be said, by far, to be most frequently 
used biochemical monitoring method world-
wide (7 Chapter 12). Moreover, the past few 
years has seen a rise in the use of continuous 
subcutaneous glucose monitoring both as an 
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independent measure as well as in combination 
with continuous subcutaneous insulin infusion 
systems (insulin pumps), sometimes even in-
cluded as a closed-loop in the application 
(7 Section 13.6).

Another area of monitoring highly relevant 
in intensive care, emergency medicine and an-
esthesiology is the monitoring of blood gases, 
including oxygen saturation of the blood. While 
conventional blood gas analysis depends on the 
user to draw blood and bring the sample to the 
appropriate analyzing device, monitoring 
methods enable automatic user-independent 
measurement of pO2, pCO2 or oxygen satura-
tion or a combination of these variables. A va-
riety of these types of methods are in clinical 
use:
 5 Pulse oximetry for continuous, non-inva-

sive measurement of arterial sO2.
 5 In-line sensors for directly monitoring pO2 

and pCO2 in the blood stream of an extra-
corporeal circulation. These are standard 
sensors used for heart-lung machine moni-
toring during heart surgeries.

 5 Transcutaneous measurement of pO2 and 
pCO2 in neonates and pre-term infants 
(7 Chapter 11). This measurement is only 
reliable for pO2 in neonates and pre-term 
infants. Due to the delicate dermal struc-
ture in these tiny patients, the partial 
 pressures of O2 and CO2 very closely 
 approximate arterial levels in skin locally 
heated to over 40° C.

 5 Transcutaneous measurement of pCO2 
and pulse oximetric measurement of oxy-
gen saturation in adults. Unlike O2, the 
 diffusion of CO2 is also so good in adults 
that the CO2 partial pressures measured 
after warming the skin correlate very 
closely with arterial levels. In combination 
with pulse oximetry, this enables continu-
ous, non-invasive monitoring of blood 
gases in adults as well.

 5 Since the end-tidal pCO2 value in the ex-
haled air of persons with healthy lungs is 
only approx. 1–5 mmHg below the arterial 
value, capnometry can also be used as a 
surrogate in paCO2 monitoring.

The exhaled air can also be used to continuous-
ly monitor trace gases. By measuring propofol 
in the breath (ppb), conclusions can be drawn 
about the serum concentrations of this hypnot-
ic in blood. Numerous detection methods can 
be used for this, such as electrochemical sensors 
or gas chromatography mass spectrometry 
(GS-MS) [5, 6]. These methods, however, have 
not found their way into clinical routine yet.

By contrast, the standard in clinical practice 
is to continuously monitor the inspiratory and 
expiratory concentrations of the anesthetic 
gases (O2, N2O, volatile anesthetics) during 
 anesthesia. For this purpose, the monitoring 
devices employ various methods like paramag-
netic oxygen sensors, photoacoustic or infrared 
absorption methods for measuring volatile 
 anesthetic agents, N2O and CO2. Usually, these 
devices for monitoring all anesthetic gases are 
integrated into the anesthesia machine or 
 patient monitor and measure the gases in the 
side stream.

13.5 Methodology of clinical 
studies on monitoring

The study of the performance capability and 
clinical benefits of modern medical technolo-
gies is growing in importance. Beside the per-
formance capability and safety demonstrated 
within the scope of the respective marketing 
approval, clinical users are increasing demand-
ing that outcome studies be conducted before a 
new technology can be considered for clinical 
application. Outcome studies are particularly 
challenging when non-therapeutic methods like 
monitoring or POCT are being investigated.

Typically, laboratory methods and monitor-
ing methods are investigated exhaustively with 
regard to the accuracy and precision of their 
measurements and the sensitivity and specific-
ity of their diagnostic conclusions. Neverthe-
less, almost all possible outcome impacts are 
dictated by the therapeutic interventions that 
have been triggered or guided by the monitor-
ing methods in question. Hence, such studies 
require that the monitoring methods be em-
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bedded in a therapeutic protocol. The treat-
ments described therein must have unequivo-
cal effectiveness and potentially affect the end-
points investigated. The chronological behavior 
of monitoring and therapy must also be ade-
quate. Whenever the aim is to investigate a new 
monitoring method, it is not advisable to inves-
tigate a new therapeutic intervention in one and 
the same study, since this usually makes is 
 difficult to distinguish with certainty the effects 
of the each individual method on the target 
variables. And, unless the validity of the moni-
toring method has already been demonstrated 
elsewhere, the target variables should moreover 
be distinguishable from the variables that are 
measured by the each of the respective moni-
toring methods. As in every other clinical or 
preclinical study, it is imperative that monitor-
ing  methods studies investigate clinically rele-
vant endpoints in adequately defined popula-
tions.

13.6 Continuous glucose 
 monitoring (CGM)

In 7 Chapter 12, a form of in vitro testing of 
blood glucose is presented that is based on the 
principle of continuously monitoring glucose 
in the interstitial fluid of the subcutaneous fatty 
tissue. This monitoring is done via needle elec-
trodes integrated in a glucose oxidase measur-
ing system. The main target group is the popu-
lation of diabetics receiving intensified insulin 
therapy. For many years now, this type of con-
tinuous glucose (CGM) has been enhanced and 
combined in various ways with continuous sub-
cutaneous insulin infusion systems (CSII). The 
test is mainly done in the areas of the abdomen 
and the arms. At present in Germany, various 
systems are market-approved that transmit the 
current measured values to an extracorporeal 
device; at brief intervals (<1–5 min), this device 
continuously collects, processes, stores and 
reads out the data with immediate availability 
(online operation/real-time CGM) to achieve 
needs-based therapy adjustments. These tech-
niques incorporate alarm functions, i.e. they 

warn about hypo- and hyperglycemia (. Tab. 
13.1) [7, 8, 9, 10, 12].

Clearly, the main advantages of CGM pro-
cedures primarily lie in the increased number 
of glucose readings with 500–1,500 per 24 h 
compared to 2–4 per hour by SMBG 24 h and 
in the resultant information gain, e.g. regarding
 5 subclinical hypoglycemic episodes, partic-

ularly during sleep,
 5 postprandial blood glucose profiles and
 5 overall 24-h glucose variability

The data can be used
 5 for targeted therapy adjustments by a 

properly trained diabetic (open-control 
system) or

 5 by teaching special algorithms for the 
 targeted control of an s.c. insulin pump 
without intervention by the patient 
(closed-loop circuit).

Positive evidence from clinical studies relating 
to a significant improvement in metabolic con-
trol as measured by HbA1c, a decrease in the 
frequency and extent of hypoglycemia and a 
lower variability of the 24-hour blood glucose 
levels was obtained for
 5 the sensor-supported treatment decision 

(SSTD) where the interruption and adjust-
ment of insulin therapy is made by the 
 diabetic alone (open-loop controller) and

 5 sensor-supported pump therapy (SSPT) in 
2 forms:
 5 as a hypoglycemia alarm with patient-
independent, automatic threshold- 
suspend of the insulin pump, with its 
re-start and dosage adjustment left up 
to the patient, and
 5 as predictive hypoglycemia manage-
ment, e.g. during sleep, linked to the 
continuous sensor glucose values with a 
patented, algorithm-based, hypoglyce-
mia-preventive, automatic insulin dose 
adjustment over several hours without 
patient intervention (time-limited phase 
of a closed-loop controller) [8, 10, 12].
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 errors arising from anatomical and physiologi-
cal variables that fluctuate inter- and intra-indi-
vidually over the course of diabetes [11]. The 
resulting quality assurance requirements for 
such CGM systems vary considerably from 
those of the single measurements by in-vitro 
glucose POCT. However, a regulatory legal 
framework for this does not yet exist in Ger-
many.

Moreover, the previous CGM systems only 
featured relatively short periods of use of 6–14 
days at most. Afterwards, a new sensor must be 
re-inserted and connected to the matching in-
sulin pump. It would be ideal if these invasive 
glucose sensors could be replaced by analytical 
systems for non-invasive glucose monitoring. 
Despite the large fundamental interest of the 
last 40 years and more, the very high invest-
ments put into development and a diversity of 
technological approaches, these systems have 
not yet reached the maturity for marketing au-
thorization. Currently, the necessity for further 
development is expected to extend over the 
next 5–20 years. Nevertheless, its clinical ad-
vantages have enabled the circle of users of s.c. 

With this incremental progress in the use of 
 increasingly automated SSPT, it can be justifia-
bly predicted for the foreseeable future that the 
evolution of such closed-loop systems will 
 deliver even greater alleviation to patients re-
quiring this therapy. The relief will come in 
their everyday metabolism monitoring and in-
sulin-dependent control.

To date, all CGM systems share a common 
problem that glucose has been “measured” 
from or in the s.c. interstitial fluid and could not 
be objectified by an independent method. Clin-
ical experience is based on data from glucose 
levels in the blood (and not in the subcutane-
ously accessible interstitium). As a result, CGM 
readings are converted and displayed as blood 
glucose equivalents in mg/dL or mmol/L, 
based on a few parallel capillary blood glucose 
measurements using different adjustment algo-
rithms. These procedures take place unknown 
to the user and allow for physical and physio-
logic time delays caused by glucose flux be-
tween blood and interstitial tissue. Alongside a 
breadth of system-dependent errors, this ap-
proach also has a considerable potential for 

 . Tab. 13.1 Examples s.c. CGM sensor systems for insulin therapy without/with s.c. insulin pumps

Glucose 
sensor

Sensor device system 
(manufacturer/sales)

Sensor peri-
od of use
(days)

Calibration 
 frequency
(n/day)

Coupled to an insu-
lin pump (no/yes)

Insulin 
pump ma-
nufacturer

FreeStyle 
Libre 

Flash glucose monitor-
ing system (Abbott 
Diabetes Care)

14 0 No n/a

Dex-
ComG5

Mobile CGM System 
(DexCom/ninta med)

7 2 No n/a

Dex-
ComG4

Platinum CGM System 
(DexCom/ninta med)

7 2 Animas Vibe Plati-
num for SSPT*

Johnson & 
 Johnson 
Animas

Enlite Glucose sensor 
(Medtronic/MiniMed)

6 2 MiniMed Paradigm-
Veo for SSPT*+ LGS**

Medtronic

Enlite II Optimized glucose 
sensor (Medtronic/
MiniMed)

6 2 MiniMed 640 G + 
SmartGuard for 
PLGM***

Medtronic

* SSPT: Sensor supported pump therapy; ** LGS: Low-glucose suspend; *** PLGM: Predictive low glucose 
management
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CGM systems to keep growing from year to 
year – not only in outpatient, but also in clinical 
settings: Above all, this presently applies to in-
ternistic diabetes wards and intensive care. The 
use of such CGM systems, particularly in clini-
cal settings, complies with the key attributes for 
POCT.
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14.1 Introduction

For decades, blood gas analysis (BGA) has been 
established in intensive care, anesthesiology 
and emergency medicine as well as in lung 
function diagnostics and is therefore primarily 
conducted at the POC [1, 2, 10]. BGA helps ob-
jectify a patient’s oxygenation status, ventilation 
and acid-base balance. In light of the increased 
prevalence of chronic obstructive pulmonary 
disease, BGA is becoming increasingly impor-
tant, particularly in preclinical settings.

In hospitals, the central laboratory is usu-
ally involved in quality assuring the various 
 parameters, measured by BGA systems. In 
 different versions, these devices analyze the 
 following parameters:
 5 The basal variables – partial oxygen pres-

sure (pO2), partial CO2 pressure (pCO2), 
and pH – are measured in arterial, capil-
lary or venous blood; whereas a series of 
other variables in BGA (e.g. standard bi-
carbonate) and of the metabolic acid-base 
status (e.g. base excess) are calculated. 
Blood gases can be corrected to the 
 patient’s current body temperature.

 5 Blood oxygenation (O2 saturation, sO2), 
total hemoglobin (Hb) concentration, 
 hematocrit (Hct) and Hb fractions  
(e.g. FO2Hb, MetHb) are measured by  
CO-oximetry.

 5 The measurement of the electrolytes Na+, 
K+, ionized Ca2+, ionized Mg2+ and Cl– 
supplement the determination of the meta-
bolic acid-base status.

 5 Metabolites such as glucose, lactate, creati-
nine, urea, bilirubin and others can op-
tionally be measured as well.

Fundamental principles in sensor technology 
have not changed since blood gas analysis was in 
its nascent stage. Only the principles of metabo-
lite measurements are new and differ across the 
various systems. Validated sensor systems to 
determine creatinine levels have only recently 
become available [17] (7 Chapter 8).

Inconsistent nomenclature used by various 
manufacturers of blood gas analyzers to mea-

sure and calculate blood gas parameters is still 
an unsolved problem in clinical practice.

14.2 Monitoring methods for pH, 
pO2 and pCO2

Two different biosensor technologies are used 
in modern blood gas analyzers to measure pO2, 
pCO2 and pH in heparinized whole blood.
 5 Electrochemical methods
 5 Optical methods

Automated functional checks of the single sen-
sors, calibration at set time intervals and clean-
ing procedures are common features in all of 
these device types. A range of conventional sys-
tems is shown in . Tab. 14.1.

The devices i-STAT, Epoc (. Fig. 14.1) and 
OPTI CCA-TS2 are unit-use systems. The i-
STAT and the Epoc use electrochemical sensors 
in cartridges, whereas the OPTI cassette binds 
analytes with the fluorescent sensor molecule 
to optically measure blood gas parameters.

The novel Proxima device by Sphere Medi-
cal, Cambridge, UK allows a quasi-continuous 
measurement of blood gas parameters via an 
arterial line operating as a closed system. The 
device, which has a touchscreen interface, is 
employed directly at the bedside in intensive 
care units.

Devices by Alere (Epoc), Werfen (GEM 
Premier 4000), Nova (Critical Care Xpress) and 
Radiometer (ABL800 FLEX) are presented are 
depicted in . Fig. 14.1, . Fig. 14.2, . Fig. 14.3 
and . Fig. 14.4.

14.2.1 Electrochemical sensor

The electrochemical BGA sensor consists of a 
pH glass electrode, a Stow-Severinghaus pCO2 
electrode and a Clark pO2 electrode. These 
sensors use gas-selective membranes that act as 
chemospecific detection layers. The measuring 
principle is based on electrochemical reactions 
that occur between electrode surface and 
blood. The electric current (pO2) or tension 
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 . Tab. 14.1 Blood gas systems established on the German market

 . Fig. 14.1 Epocal Epoc. (Courtesy of Alere GmbH, 
Cologne, Germany)

 . Fig. 14.2 IL GEM Premier 5000 blood gas analyzer. 
(Courtesy of Instrumentation Laboratory GmbH, Kirch-
heim, Germany)

Manufacturer Device Names

Abbott GmbH i-STAT

Werfen, Germany GEM Premier 3000, 3500, 4000, 5000, GEM OPL

Alere GmbH Epoc

Keller Medical GmbH Irma TRUpoint, AVOXimeter 1000E and 4000

Nova Biomedical GmbH Stat Profile pHOx/pHOx UIltra, Stat Profile Prime Critical 
Care System, Bioprofile Analyzer Series 100/300/400 

OPTI MEDICAL Systems GmbH OPTI CCA, OPTI CCA-TS2

Radiometer GmbH ABL80 FLEX, ABL80 FLEX CO-OX, ABL90 FLEX, ABL90 FLEX 
PLUS, ABL800 FLEX

Roche Diagnostics Germany GmbH cobas b 123, cobas b 221

Siemens Medical Solutions Diagnostics GmbH Rapidlab 248/348(EX), Rapidlab 1200; Rapidpoint 
400/405/500

The method spectrum varies considerably: Blood gases with or without CO-oximetry; blood gases with or 
without CO-oximetry plus electrolytes; blood gases with or without CO-oximetry plus electrolytes and 
substrate/metabolites.
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(pH and pCO2) are proportional to the H+ con-
centration or the partial O2 and CO2 pressures. 
Electrodes referred to here are combination 
electrodes, i.e. a single cylinder contains both 
the membrane (measuring) and reference elec-
trodes. The use of silicone membranes in pCO2 
sensors accelerates the diffusion of CO2 gas 
molecules and therefore shortens the total 
measurement time significantly. In pO2 sen-
sors, oxidative disproportionation of the re-
sulting H2O2 is the speed-determining factor. 
The reaction is optimized using catalytically 
active platinum black (a particular powder 
form of platinum) that is fixed to the inner lay-
er of an O2-permeable Teflon membrane. This 

allows a total analysis time of less than 60 s at a 
sample volume of <400 µL (including CO-oxi-
metry).

14.2.2 Optical sensor

In optical BGA sensors that generate spectro-
scopic signals (optodes), pO2 is determined by 
an excitable fluorescent dye, whose lumines-
cence lifetime is modulated by the O2 concen-
tration in the blood sample. This change can be 
correlated to a pO2 value using a standard series 
[10]. The Stern-Volmer equation quantifies 
the relationship between the emitted fluores-
cence and pO2. The emission intensity of the 
fluorescence (luminescence) is inversely pro-
portional to the pO2 as quencher. In contrast to 
the electrochemical Clark electrode, optodes do 
not consume any O2 molecules during meas-
urement.

In contrast, the principle of pCO2 measure-
ment is based on measuring absorption in the 
infrared range. Dissolved CO2 absorbs infrared 
light. Photometers measure absorption at 
three different wavelengths and calculate the 
dissolved CO2 concentration and the pCO2 
 according to the Lambert-Beer law. The deter-
mination of pH in whole blood is based on the 
spectroscopic detection of specific light absorp-
tions by a color indicator in the visible spectral 
range by means of a diode array photometer. 
These characteristic absorptions can be as-
signed to the actual pH. The indirect measure-
ment of pCO2 is historically interesting. 
 According to the method by Astrup and Sig-
gaard-Andersen, presented in the late 1950s, 
the endogenous pCO2 can be calculated after 
equilibration of blood with a gas mix of a known 
CO2 concentration followed by measurement 
of changes in the pH.

In order to calibrate older blood gas analyz-
ers, ultra-pure CO2 and O2 from gas bottles are 
required to guarantee reproducible partial O2 
and CO2 pressures in solutions. Buffer solu-
tions with constant partial gas pressures stored 
in plastic containers are difficult to produce as 
these containers are gas permeable to a lesser 

 . Fig. 14.3 Nova Critical Care Xpress. (Courtesy of 
Nova Biomedical GmbH, Rödermark, Germany)

 . Fig. 14.4 Radiometer ABL800 FLEX. (Courtesy of 
Radiometer GmbH, Willich, Germany)
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degree. In the most modern blood gas analyz-
ers, room air and calibration solutions are used, 
which are mixed from 2 base solutions imme-
diately before their calibration. One solution is 
subsequently O2-depleted.

14.3 Oximetry

CO-oximeters are multi-wavelength photome-
ters that measure total Hb concentration, O2 
saturation (sO2) and the Hb fractions O2Hb, 
HHb (deoxy-Hb), COHb, met-Hb etc. in a 
blood sample in the range of 400 to 1000 nm. 
Oximetry allows the diagnosis of CO intoxica-
tion (smoke intoxication) or poisoning with 
substances that produce MetHb (nitrite etc.). 
This method compares absorption spectra of 
Hb fractions in relation to wavelength. It allows 
their concentration to be measured using ma-
trix equations. The following relationship ap-
plies to each fraction for absorption A:

A = λ × ε × c

Here, ε is: The extinction coefficient of the par-
ticular Hb species, λ: Wavelength and c: con-
centration.

The total absorption is the sum of the indi-
vidual absorptions of the Hb fractions analyzed. 
Measurements need to be taken at a minimum 
of at least two different wavelengths to deter-
mine single concentrations. Each Hb fraction is 
determined by its characteristic absorption 
maximum. Interference of bilirubin, for exam-
ple, can thereby be eliminated.

Devices from the market-leading manufac-
turers Radiometer, Siemens, Roche, Nova and 
Werfen (Instrumentation Laboratory) carry 
out between 128 and 512 different measure-
ments at a measuring range of 460–680 nm (e.g. 
Radiometer ABL at 128 wavelengths in the 
range of 478–672 nm; Roche cobas b 221 at 
512 wavelengths in the range of 460–660 nm; 
Siemens Rapidlab 1200 at 256 wavelengths in 
the range of 500–680 nm). Here, the individual 
extinction maxima are detected automatically. 
The devices from Roche and Radiometer use 

ultrasound to hemolyze blood samples, where-
as the Nova and Werfen analyzers use lysis re-
agents. Only the Siemens analyzers (400, 500, 
1200) do not rely on hemolysis. Intact red blood 
cells (RBC) cause a scattered light glare in the 
optical unit that is eliminated after complex 
data analysis by least square matrix programs. 
Avoiding the use of hemolyzed samples has the 
advantage of lower mechanical costs and a sim-
pler oximetry process.

The total Hb concentration can be directly 
measured by photometry using the hemiglo-
bincyanide method or indirectly via Hct as an 
alternative to the multi-wavelength photo metry 
described above. The hemiglobincyanide 
method quantitatively measures the stable Hb 
derivative A by detecting its characteristic ab-
sorption maximum at 540–546 nm. Hb deriva-
tive A is produced when Hb is converted with 
potassium hexacyanoferrate III:

Hb(Fe2+) + [Fe(CN)6]3–  
→ Hb(Fe3+) + [Fe(CN)6]4–

Hb(Fe3+) + CN–  
→ Hb(Fe3+)CN (Derivative A)

Hct, which is the ratio of RBCs to whole blood 
volume, can be determined by centrifugation or 
– as in most blood gas analyzers – by means of 
conductivity sensors (7 Chapter 5). The con-
ductivity of blood is indirectly proportional to 
the number and size of RBCs and is measured 
by the difference in the potential at two sensor 
points. Conductivity measurements are, how-
ever, prone to faults; interference occurs in pa-
tients on anticoagulation therapy, with signifi-
cant leukocytosis and those receiving infusions 
of plasma expanders or crystalloid fluids in 
larger volumes. This may be relevant in cardio-
pulmonary bypass operations. Opti-Medical 
offers an alternative with its OPTI-CCA blood 
gas analyzer that determines Hb directly: Laser 
diode light is directed onto an oxygen sensor 
positioned at a window in the cassette. It is par-
tially absorbed and scattered by the RBCs. The 
light is directed via an optical wave guide to a 
photo diode. This measures the light intensity, 
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which can be used to calculate the total Hb con-
centration.

The spectrophotometric measurement of 
total bilirubin in whole blood is possible using 
the oximeter modules of the following devices:
 5 ABL 830 FLEX, 835 FLEX and 837 FLEX 

(Radiometer)
 5 Cobas b 123 and b 221 (Roche)
 5 GEM Premier 5000 (Werfen)
 5 Rapidlab 1265 (Siemens)
 5 Stat Profile pHOx Ultra (Nova)

Whereas the devices from Roche and Siemens 
are only suitable for measuring bilirubin in 
newborns, the Radiometer devices and GEM 
Premier 4000 can also analyze adult samples. 
For this purpose, the calculation module on 
ABL devices can be changed with a correction 
button. The Nova device has only been evaluat-
ed so far for adult blood samples.

The measurement principle is identical for 
all devices: In the CO-oximetry module, Hb 
fractions as well as bilirubin are determined by 
multi-wavelength measurements in hemolyzed 
(ABL, cobas, pHOx Ultra) and non-hemolyzed 
(Rapidlab) blood samples. Although the spec-
tra of bilirubin and Hb differ greatly, high 
 analytical demands are made as there is a large 
difference between the bilirubin and the “inter-
fering” Hb concentrations. The bilirubin con-
centration is calculated from the absorption 
measurements using multicomponent analysis. 
The applied algorithm – in addition to an exact-
ing wavelength calibration – is crucial to the 
accuracy of the results [22].

Depending on the device, 35–100 µL blood 
is required for measuring bilirubin. The mea-
surement range for most devices lies between 3 
and 30 mg/dL. Manufacturers’ own control 
samples allow quality controls. Evaluation stud-
ies have been published showing that the ABL 
devices, cobas b 221 and Rapidlab 1265 are com-
parable in terms of their performance data (pre-
cision, accuracy, interference). Method com-
parisons with the Jendrassik-Grof reference 
method show that deviations of up to ±2 mg/dL 
are to be expected for all devices in a concentra-
tion range of 3–20 mg/dL [3, 6, 11, 14, 21].

14.4 Calculated variables 
 describing oxygen status

14.4.1 Oxygen saturation –  
sO2 and psO2

Modern multi-wavelengths CO-oximeters are 
able to measure all Hb fractions (F) (O2Hb, 
HHb, MetHb, COHb and others) present in a 
blood sample, and thereby calculate the real ox-
ygen saturation (“fractional saturation”, sO2); 
sO2 is thus the ratio of O2Hb to total Hb.

This is different than partial saturation 
psO2, which is also called “functional satura-
tion” and refers only to the O2Hb fraction of the 
total binding capacity of Hb with bivalent heme 
iron (O2Hb + HHb). At elevated COHb con-
centrations or when MetHb fractions are pres-
ent (e.g. in smokers), psO2 is measured falsely 
high. This parameter is read off older blood gas 
analyzers, but also pulse oximeters where trans-
mission spectrometry is only measured at 2 
wavelengths (7 Chapter 11).

Note

Although the physiologic principles de-
scribed are undisputed, the terminology 
has unfortunately not yet been unified 
and may therefore be confusing for users. 
Frequently, the “fractional saturation sO2” 
is called “FO2Hb”, whereas “partial satura-
tion psO2” is referred to as “oxygen satura-
tion sO2”.

14.4.2 Maximum oxygenbinding 
capacity, BO2

The maximum oxygen-binding capacity is the 
amount of oxygen in milliliters that can be 
maximally transported in a blood volume of 
1 dl. The value (in mL/dL) gives the total 
amount of oxygen that is bound to Hb. BO2 is a 
helpful variable for assessing the effectiveness 
of O2 ventilation therapy.
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14.4.3 Oxygen concentration, cO2

The oxygen concentration (cO2), also referred 
to as “arterial total oxygen concentration”, is 
usually measured by CO-oximetry, as is sO2. 
The O2 concentration in mL O2/dL blood is the 
total of the Hb-bound and physically dissolved 
O2 in the blood:

cO2 = FO2Hb × cHb × 1.34 + 0.0031 × pO2

Included in the formula is the Hüfner number, 
which refers to the amount of O2 of 1 g Hb 
in  vivo that can be maximally bound 
(1.34 mL O2/g Hb). The solubility coefficient 
for O2 is 0.0031 mL O2/dL blood × mmHg.

All changes in the pO2, Hb concentration 
and the O2 binding behavior are captured by 
cO2. This characteristic parameter is vital for 
assessing a patient’s global oxygenation status. 
However, the above applies only in conjunction 
with cardiac output (volume per minute), as the 
body’s oxygen (DO2) is the product of cO2 and 
cardiac output.

14.4.4 Arteriovenous oxygen 
 difference, avDO2

Together with cO2, the arteriovenous oxygen 
difference (avDO2) is an important characteris-
tic parameter for evaluating the peripheral 
 oxygen supply. It is the product of the difference 
between oxygen concentrations in arterial 
(cO2(a)) and in mixed venous blood (cO2(v)) 
that can be sampled via a pulmonary vein cath-
eter (Swan-Ganz catheter). High avDO2 value 
indicates increased O2 extraction/utilization 
from the blood and therefore an inadequate ox-
ygen supply to vital organs. This can also occur 
from a drop in cardiac output at sufficient cO2 
levels. Venous oxygen levels cO2(v) at constant 
cO2(a) and cardiac output are also important 
for assessing the oxygen supply in critically ill 
patients.

14.4.5 p50

On the sigmoid-shaped oxyhemoglobin bind-
ing curve, p50 is the partial O2 pressure in the 
blood at which the hemoglobin is 50 % saturat-
ed (at 37° C and a pH of 7.4). p50 gives infor-
mation about the O2 release in the peripheral 
tissue and is read out with the results on some 
blood gas analyzers. Its value can also be calcu-
lated from the pH, pO2 and sO2.

14.4.6 Oxygen partial pressure in 
the alveolar gas mix, pO2(A)

The O2 partial pressure in the alveolar gas mix 
pO2(A) is a primary component of the gas 
 exchange indices. This value is important for 
calculating the alveolar-to-arterial partial pres-
sure gradient pO2(A–a) and the alveolar-to-ar-
terial oxygenation index.

The alveolar gas equation is formulated 
for pO2(A):

pO2(A) = FiO2 (pB – pH2O) – (pCO2(A)/RQ) 
(simplified version)

The following parameters should be defined:
[FiO2 (pB−pH2O)] = inspiratory O2 partial 

pressure with FiO2 = inspiratory oxygen frac-
tion (at room air = 0.21), pB = barometric pres-
sure (is measured by the blood gas analyzer, 
mostly = 760 mmHg) and pH2O = water vapor 
pressure (= 47 mmHg, 37° C);

pCO2(A) = alveolar CO2 partial pressure 
(under physiological conditions, the pCO2(A) 
is approximately equal to the arterial pCO2(a));

RQ = respiratory quotient = CO2 release/O2 
absorption per time unit (nutrition-dependent, 
for a mixed diet, an RQ of 0.85 can be assumed, 
for extracorporeal CO2 elimination frequently 
falls to 0.4).
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14.4.7 Alveolartoarterial oxygen 
partial pressure gradient – 
pO2(A–a)

The alveolar-to-arterial O2 partial pressure 
 gradient pO2(A–a) can be calculated using the 
alveolar gas equation (see above):

pO2(A–a) = pO2(A) – pO2(a)  
= FiO2 (pB – pH2O) – (pCO2(a)/RQ)  
– pO2(a)

The alveolar-to-arterial (or alveolar-arterial) 
O2 partial pressure gradient provides informa-
tion about the efficiency of the oxygenation 
process in the lungs and is therefore important 
for evaluating pulmonary gas exchange in in-
tensive care medicine.

14.4.8 Respiratory Index – RI

The respiratory index (RI) is calculated from the 
pO2(A–a) difference and pO2 in the arterial 
blood at patient temperature. It is frequently used 
instead of the pO2(A–a) pressure difference:

RI = pO2(A–a)/pO2(a).

14.4.9 Oxygenation index  
(Horovitz index), OI

Sometimes referred to as the Horovitz index, 
the oxygenation index, OI, is calculated to eval-
uate the oxygenation function of the (damaged) 
lungs. The formula includes the arterial oxygen 
partial pressure pO2 (a) and the concentration 
of oxygen in the inhaled air (FiO2).

OI = pO2(a)/FiO2.

14.5 Calculated parameters 
 describing the metabolic 
 acidbase balance

14.5.1 Bicarbonate and base 
 excess

Using pH, pCO2, pO2 and cHb, measured by 
BGA, the following acid-base parameters are 
calculated.

Bicarbonate concentration  
in plasma, cHCO3

–

The cHCO3
– can be calculated from the pH and 

pCO2, using the Henderson-Hasselbalch equa-
tion. However, cHCO3

– is dependent on the 
current pCO2. In acute respiratory acidosis, a 
small rise in cHCO3

– levels occurs, while a fall 
occurs in an acute respiratory alkalosis. On its 
own, cHCO3

– is only of limited use when as-
sessing the metabolic component of the ac-
id-base balance as both respiratory and meta-
bolic disorders change cHCO3

– levels.

Base excess
Siggaard-Andersen devised the concept of base 
deviation by introducing the term “base excess” 
(BE) into blood gas analysis [18]. In the case of 
positive or negative base deviation, the BE indi-
cates the amount of a strong acid or base in 
mmol required to return the pH of vitro blood 
or another body fluid to a normal pH of 7.4 
under standard conditions (pCO2 = 40 mmHg, 
37° C). Siggaard-Andersen’s acid-base curve 
nomogram makes it possible to determine the 
BE using the known variables pH, cHb and 
pCO2. Modern blood gas analyzers calculate 
the BE from pH, pCO2, cHb and sO2. The 
 metabolic component of an acid-base balance 
disorder can be calculated, as the BE is not in-
fluenced by acute changes in pCO2. Incorporat-
ing O2 saturation has the advantage that the 
same BE is found in all arterial, mixed venous 
and venous blood samples [23].
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Standard bicarbonate concen
tration, cHCO3

– (std)
Similar to the BE, the cHCO3– (std) is a cal-
culated value that is independent of acute res-
piratory changes in pCO2. It is defined as the 
cHCO3

– concentration that would be present in 
fully oxygenated plasma at a pCO2 of 40 mmHg 
(37° C). A deviation from the reference value 
corresponds to the metabolic, not the respira-
tory, component of a metabolic acid-base bal-
ance disorder.

Base excess of extracellular fluid, BE 
(Ecf) or standard base excess, SBE
BE refers to the in-vitro ratios in heparinized 
whole blood. The concept of SBE or BE (ecf) 
was developed to be able to correctly quantify 
metabolic disorders in vivo. It is calculated by 
on modern blood gas analyzers with the follow-
ing formula from the Clinical Laboratory 
Standards Institute (CLSI) [13]:

BE (Ecf) = cHCO3
–  

– 24.8 + 16.2 × (pH – 7.40)

The numerical term 24.8 corresponds here to 
the buffer capacity of extracellular fluids incor-
porating the RBCs. Hb – the most important 
buffer base in the erythrocytes – not only ex-
changes with the plasma but also with the total 
protein-poor extracellular space. When periph-
erally produced CO2 is taken up by RBCs, car-
bonic acid is formed by the enzyme carbonic 
anhydrase and then broken down intracellular-
ly into H+ and HCO3

–. The proton is bound by 
Hb, while the HCO3

– diffuses back into the 
plasma and by 2/3 into the interstitial space. 
The buffer capacity of Hb is notionally translat-
ed to the extracellular space to take into account 
the interstitial HCO3

– diffusion under in vivo 
conditions. The BE (Ecf) is therefore calculated 
as 1/3 of an assumed Hb value of 15 g/dL, which 
equals 5 g/dL. BE (Ecf) is also stated in variants 
that incorporate the oxygen saturation.

Graphic methods for diagnosing 
disorders of metabolic acidbase 
status
The widely known acid-base diagnostic nomo-
gram by Müller-Plathe [12] is used for inter-
preting the significance areas for compensated 
acid-base disorders. The points where the coor-
dinates of the relevant pCO2 (x-axis) and 
cHCO3

– (y-axis) values intersect allow classifi-
cation into pure or mixed disorders. There are 
other graphics available, such as by Driscoll et 
al. [4] which can help diagnose primary or 
combined disorders of the metabolic acid-base 
balance. Some blood gas analyzers (e.g. ABL 
800 of Radiometer) can print these graphics in 
addition to their numerical results.

14.5.2 Anion gap

The determination of the anion gap (AG) al-
lows differentiation of the causes of metabolic 
acidosis [10]. The AG reflects the presence of 
unmeasured anions in the plasma. By reason of 
electroneutrality, the total concentration of an-
ions in all fluid compartments is equal to the 
total concentration of cations:

[Na+] + [unmeasured cations+]  
= [Cl–] + [HCO3

–] + [unmeasured anions–]

This produces:

[unmeasured anions–]  
– [unmeasured cations+]  
= [Na+] – ([Cl–] + [HCO3

–]) {mmol/L}

The AG therefore equals the difference between 
unmeasured anions (polyanionic albumin, 
phosphate, sulfate, lactate, acetoacetate, 
β-hydroxybutyrate) minus unmeasured cations 
(e.g. K+, Mg2+, Ca2+):

AG = [Na+] – ([Cl–] +[HCO3
–]) {mmol/L}

The normal value in healthy persons is 3–11 
mmol/L [2].
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Most blood gas analyzers that use ion selec-
tive electrodes to measure the electrolytes cNa+, 
cK+, cCl–, and cCa2+ calculate the AG by the 
above formula (also without cK+ and cCa2+).

Metabolic acidosis with high  
anion gap
The cause for metabolic acidosis is either the 
exogenous supply of fixed acids (not HCl) or 
the increased accumulation of acids in the 
 metabolism. The acid valency of non-chloride 
acids is neutralized by HCO3

– to H2O and CO2. 
CO2 is exhaled. The HCO3

– concentration in 
the blood decreases and a sodium salt of the 
unmeasured acid anions is formed. Thereby, 
the expression ([Cl–] +[HCO3

–]) in the above 
equation is lowered. As the Na+ concentration 
remains unchanged, the resulting AG is higher.

Metabolic acidosis without a high 
anion gap
This state occurs when either HCl or hydro-
chloride compounds are supplied exogenously 
or infusion solutions with higher chloride con-
centration are used or HCO3

– is lost. The 
 expression ([Cl–] +[HCO3

–]) in the above for-
mula nevertheless remains unchanged, as the 
reduction in the HCO3

– concentration is com-
pensated for by a similar increase in the Cl– 
concentration (hyperchloremic metabolic aci-
dosis). Therefore, a normal AG occurs either in 
gastrointestinal or renal HCO3

– loss (e.g. In 
renal tubular acidosis or after administration of 
carbonic anhydrase inhibitors) or from the 
 delivery of HCl or solutions with high Cl– con-
centrations such as NaCl 0.9 %.

When the serum albumin concentration is 
very low (albumin is negatively charged at pH 
7.4), a low AG occurs (approx. 2.5 mmol/L per 
1 g/dL albumin-reduction). The AG is also low-
ered when the concentration of unmeasured 
cations increases, e.g. in multiple myeloma (ac-
cumulation of polycationic monoclonal immu-
noglobulins) or in hypercalcemia.

14.6 Interpreting acidbase 
 balance disorders

Nowadays, the clinician has three different ap-
proaches available for interpreting acid-base 
status. In addition to the two traditional meth-
ods of the Copenhagen [19] and Boston Schools 
[5] propagated by Siggaard-Andersen, there is 
the ‘modern’ Stewart method, developed by 
 Peter Stewart [20]. Although the traditional and 
modern models conceptualizing the processes 
involved in acid-base balance differ, both ap-
proaches have features that can be usefully 
combined in clinical practice.

14.6.1 The physiologic method  
of the Boston School

This approach focuses on the variables pH and 
pCO2, as well as on cHCO3

–, calculated with the 
Henderson-Hasselbalch equation. A differen-
tiation is made between primary respiratory 
disorders that present with changes in the pCO2 
concentration and primary metabolic disorders 
that show typical changes in cHCO3

–. The 
strength of this approach lies in the incorpora-
tion of in vivo compensatory responses of 
the human body to a disturbance. The Boston 
School offers a system, developed by in vivo ti-
tration experiments (. Tab. 14.2) that can pre-
dict compensatory mechanisms and detect 
concomitant disorders [5, 9]. The simple rules 
of the Boston School allow changes in cHCO3

– 
to be detected, although cHCO3

– is not inde-
pendent of pCO2. In patients with acute hy-
poventilation, elevated pCO2 and acute respira-
tory acidosis (pH = 7.21, paCO2 = 70 mmHg, 
cHCO3

– = 27.9 mmol/L, SBE = –0.2 mmol/L), 
for example, a reduction in pH is not only ob-
served but also a small increase in cHCO3

–. 
This increase in cHCO3

– is not a manifestation 
of a concomitant metabolic disorder or a com-
pensation effort by the body, but can be ex-
plained by the elevated total concentration of 
carbon dioxide. In addition to an elevated 
pCO2, carbon dioxide in its dissociated form is 
increased as HCO3

–. The resulting H+ ions are 
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resorbed by non-bicarbonate buffers. The Bos-
ton rule for acute respiratory acidosis (. Tab. 
14.2) predicts a corresponding increase

Δ[HCO3
–]/ΔpCO2 = 0.1 mEq/L per mmHg.

According to the rule, a metabolic compensa-
tion occurs in chronic hypoventilation with a 
consequent additional increase in cHCO3

–.

Δ[HCO3
–]/ΔpCO2 = 0.3 mEq/L per mmHg.

In chronic respiratory disorders, the change in 
cHCO3

– is attributable to the human body’s re-
nal compensatory mechanisms. If cHCO3

– de-
viates from the expected value, a concomitant 
metabolic disorder is likely. Conversely, corre-
sponding respiratory compensatory mecha-
nisms can also be detected in metabolic disor-
ders. If the respiratory response deviates from 
the prediction, this is evidence of an additional 
underlying respiratory disorder. This approach 
uses the AG to further differentiate metabolic 
disorders. The AG is best explained by the 
Steward approach, as mentioned below.

14.6.2 Base excess approach of 
the Copenhagen School

This concept of BE is to have a quantitative var-
iable for estimating the metabolic component 
of acid-base balance, irrespective of respiratory 
changes. On its own, the cHCO3

– concentra-
tion, calculated from pH and pCO2, is not a 
good measure for the extent of an existing met-
abolic disorder. The variable BE aims to elimi-
nate respiratory influences. What remains is the 
deviation in the cHCO3

– concentration, which 
can only be caused by a metabolic disorder. The 
BE thereby simulates the situation reflecting 
how much the cHCO3

– deviates from the nor-
mal value at a presumed pCO2 of 40 mmHg.

There are a number of formulas to calculate 
BE. A calculation that incorporates oxygen 
saturation is beneficial, because of the ability of 
Hb to buffer CO2 as a function of oxygen satu-
ration. The calculated BE value is therefore the 
same for either arterial or venous blood. The 
Copenhagen School was criticized for the con-
cept of BE as its prediction is only related to in 
vitro blood samples and does not reflect in vivo 
situations correctly [16]. The in vivo situation, 
however, is, that the plasma (where the pH is 
measured) interacts not only with the intracel-
lular space of the erythrocytes but also with the 
interstitial space. Therefore, the buffer capacity 
of Hb is slightly reduced. The concept of SBE or 
BE of extracellular fluids was developed to re-
flect the in-vivo situation more accurately. As 
already mentioned in Section 14.5.1, the impact 
of Hb is reduced to 1/3 at a presumed normal 
Hb value of 15 g/dL so that the standard BE or 
actual BE of the extracellular fluid is adjusted to 
an Hb value of 5 g/dL. This simplification may 
not be correct in patients with an expanded ex-
tracellular space, such as patients with edema or 
anemia.

Irrespective of these deviations, the BE has 
the advantage of being assessed quickly and 
simply in clinical practice. However, seen in 
isolation, it does not give a total picture of the 
acid-base disturbance, as is possible with the 
Boston School approach. Looking at chronic 
respiratory acidosis, for example, renal meta-

 . Tab. 14.2 Guidelines for the interpretation 
of acid base balance developed from patient 
monitoring studies

Acute respiratory

Acidosis ∆[HCO3
–] = 0.1 ∆pCO2 

Alkalosis ∆[HCO3
–] = 0.2 ∆pCO2

Chronic respiratory

Acidosis ∆[HCO3
–] = 0.35 ∆pCO2 

Alkalosis ∆[HCO3
–] = 0.5 ∆pCO2

Chronic metabolic

Acidosis pCO2 = 1.5 [HCO3
–] + 8

Alkalosis pCO2 = 0.9 [HCO3
–] + 15
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bolic compensation usually occurs, reflected by 
a positive BE. The BE value does not indicate 
whether this metabolic component reflects a 
normal compensation mechanism or the pres-
ence of a concomitant metabolic disorder.

14.6.3 Stewart approach

The two traditional approaches use the pCO2/
cHCO3

– system to quantify a disorder and to 
differentiate between respiratory and metabolic 
changes. The strength of the Stewart approach 
lies in further differentiation of a metabolic dis-
order. In the traditional approach, the actors in 
the acid-base balance are the weak acid carbon 
dioxide and the non-volatile weak acid albumin 
in the plasma, with Hb in the erythrocyte as the 
main protagonist. They interact with the H+ 
ions and determine the pH due to their buffer 
ability. The Stewart approach has a different 
model. For example, all strong and weak acids 
and bases present in a compartment such as 
plasma (where the pH is measured), determine 
the actual pH. In addition to weak acids in the 
plasma such as carbon dioxide and albumin, 
there is also water with its acid-base properties 
alongside strong acids and bases. HCl and 
NaOH feature as the strong acids and bases in 
the plasma. They are present in combination 
with weak acids as salt solutions in the form of 
strong ions. The strong anion Cl– represents 
the effect of the strong acid HCl, where the 
strong cation Na+ represents the strong base 
NaOH. In his model, Stewart showed that, in a 
compartment such as plasma, the effect of con-
centrations of different strong and weak acids/
bases can be condensed down to three calculat-
ed variables.
 5 The first variable is the strong ion differ-

ence (SID) that is composed of all strong 
cations and all strong anions.

 5 The second factor is the concentration of 
all weak non-volatile acids. Albumin do-
minates in the plasma.

 5 The third factor is pCO2, which reflects the 
effect of the weak acid carbon dioxide.

This simplification is, of course, only a mathe-
matical shortcut, albeit one that depicts the 
driving forces of the relevant concentrations of 
weak and strong acids and bases correctly.

The interactions of the plasma with the 
compartment of the intracellular space of RBCs 
and the interstitial space are neglected when 
plasma is seen in isolation. They can, however, 
be depicted within the Steward approach, for 
example, in a multi-compartmental model. The 
principles of the Steward model understand-
ably reproduce the function of the BE, which 
particularly incorporates the prediction of the 
compartment of erythrocytes with the domi-
nant Hb. The same applies to the differentiation 
between primary and secondary reactions of 
the acid-base balance. For the clinician, how-
ever, the Steward approach does not offer any 
suitable tools yet.

In clinical practice, the changes of SID can 
be used. A reduction in SID in hyperchloremia 
or lactatemia is manifest as acidosis. An in-
crease in SID, like in hypochloremia after loss 
of gastric juices, presents as alkalosis. With ref-
erence to the example of gastric juice loss, the 
Stewart approach is not dictated by the loss of 
protons but by the lower concentration of HCl, 
the effect of which is represented by the lower 
concentration of the strong ion Cl–. Among the 
changes to non-volatile weak acids, hypoalbu-
minemia is one of the clinically more relevant 
conditions that shifts the pH toward alkalosis. 
A lower concentration of a weak acid like albu-
min shifts the pH to the alkaline range. This 
disturbance often masks other disorders. The 
“strong-ion-gap” (SIG) is helpful in identify-
ing undetected anions as cause of a metabolic 
acidosis [9].

SIG = cNa+ + cK+ + cCa2+ + cMg2+  
– cLactate– – cCl– – cHCO3

–  
– cAlbumin {g/L} × (0.123 × pH -0.631)  
– cPhosphate {mmol/L} × (0.309 × pH 
–0.469)



142 Chapter 14 · Blood gas analysis and dis orders of acid-base balance – including analytical methods

14

Note

The SIG is nothing more than an extended 
AG. The incorporation of albumin is par-
ticularly helpful here. A normal albumin is 
presumed when calculating the AG. In 
 hypoalbuminemia, the portion of the 
 albumin present as anions is smaller. 
 Undetermined anions can theoretically be 
present and take the place of albumin 
without increasing the AG. It is not yet 
possible to determine the SIG on blood 
gas analyzers, as they cannot determine 
phosphate or albumin, for example.

14.7 Temperature correction  
and preanalysis

14.7.1 Temperature correction of 
blood gas analysis results

Blood gas analyzers perform measurements at 
37° C as a default setting. Since the physical 
solubility of gases in blood is temperature-de-
pendent, empirical correction formulas were 
introduced to adjust blood gas values to a pa-
tient’s body temperature if different from nor-
mal (37° C). Here, O2 and CO2 are corrected 
differently. It should be noted that for CO2, the 
solubility coefficient αCO2 increases at lower 
temperatures, i.e. the gas dissolves better. How-
ever, as the CO2 concentration cCO2 remains 
constant in the sample, the pCO2 must decline 
accordingly. This occurs according to Henry’s 
law:

cCO2 = αCO2 × pCO2

The solubility of O2 in hypothermia is higher. 
There is also an increase in the affinity of Hb to 
O2 (left shift of the O2Hb binding curve), there-
by resulting in a significant reduction in pO2.

14.7.2 Preanalytical phase

The many specific pre-analytical problems in 
(arterial) blood gas analysis should only be 
sketched out briefly at this juncture. Further 
important information is given in 7 Chapter 4. 
In general, blood taken to measure volatile 
blood gas parameters should be obtained with 
a plastic syringe and analyzed within 30 min at 
the most. After 10 min, the homogeneity of the 
sample is no longer guaranteed, which requires 
careful resuspension of the blood sample. The 
test tube should be rolled for more than 1 min 
between the palms of the hands [8].

When using ion-selective electrodes (ISE), 
various confounders and influencing factors in-
terfere with the determination of the electrolytes 
(Na+, K+, ionized Ca2+ and ionized Mg2+). Intra-
vascular hemolysis, in particular, can cause 
falsely high K+ values in plasma. Without hemo-
lysis detectors built into the devices, hemolysis 
cannot be detected in heparinized blood sam-
ples for BGA. Unfortunately, current blood gas 
analyzers do not yet feature such detectors.

Ionized calcium in the blood can show 
falsely low concentrations in the presence of 
sodium perchlorate (Irenat). This is given when 
thyroid function needs to be blocked prior to 
administering iodine contrast agents [7]. On 
the other hand, different blood gas analyzers 
can show a discrepancy in the lower range of 
0.2–0.5 mmol/L when ionized Ca2+ is mea-
sured in samples taken and analyzed immedi-
ately after hemodialysis from the hemofiltra-
tion giving set [15].

14.8 Transcutaneous measure
ment of pO2 and pCO2

As already described in 7 Chapter 11, the blood 
gas parameters pCO2 and pO2 can also be 
measured transcutaneously (tc). This form of 
analysis is primarily used in neonatology. In 
addition to tcpO2, the oxygen saturation can be 
measured frequently (e.g. OxiVenT from Sen-
tec, Therwill, Switzerland or TCM CombiM 
Monitor from Radiometer, Willich, Germany).
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15.1 Introduction

A large number of global and special tests for 
plasmatic coagulation are applied in routine 
clinical practice. For this purpose, the clinical 
monitoring of therapy with anticoagulants and 
the evaluation of the hemostasis status prior to 
surgeries/interventions are the two areas of 
greatest demand. Specific diagnostics of plas
matic coagulation disorders or thrombotic 
 disturbances is mostly carried out in special 
laboratories, although the results are usually 
not available until days later. This is not primar
ily due to the time these analyses take, but to 
logistical aspects like scheduling and the fact 
that the specialized analyses are sometimes per
formed batchwise, e.g. once a week. The key 
arguments for this include cost effectiveness 
and improved analytical quality associated with 
the measurement of larger sample series under 
controlled conditions.

In recent years, complex analytical meth
ods are increasingly being employed in the 
management of surgical and intensive care pa
tients, not least in coagulation diagnostics, 
which can be conducted at the bedside with 
anticoagulated or sometimes even untreated 
whole blood. POCT for monitoring unfrac
tionated heparin has long been used in cathe
terization labs and on intensive care and dia
lysis units. The decisive advantage of such 
 bedside analysis is the fast availability of results 
that allows the option of targeted therapeutic 
intervention [3]. For  example, timely adjust
ment of the anticoagulant dose is imperative 
during extracorporeal therapeutic procedures. 
Coagulation tests are conducted near the pa
tient for the diagnosis and control of therapy 
with procoagulant drugs, antifibrinolytics and 
blood products [2].

These coagulation POCT methods encom
pass easytouse tests for the previously men
tioned monitoring of anticoagulants and for 
assessing plasmatic coagulation alongside more 
complex, viscoelastic analytical methods for the 
simultaneous measurement of plasmatic and 
cellular hemostasis as well as for conducting 
tests of platelet function.

The currently available methods for POC 
coagulation diagnostics cover many, although 
not all, processes involved in physiological 
 hemostasis in vitro. Indeed, the different reac
tions in the hemostasis cascade are weighted 
variously and not always represented by the 
 individual POCT methods in terms of their 
physiologic balance. Ultimately, all methods for 
detecting clotting in whole blood require artifi
cial components in their test systems. There
fore, training and knowledge about reaction 
conditions, confounders and influencing fac
tors coupled with a certain amount of clinical 
and analytical experience are required by the 
user to be able to interpret the findings.

15.2 Documentation of primary 
hemostasis and/or platelet 
function

Isolated disorders of primary hemostasis are 
usually preexisting, i.e. druginduced, ill ness
related or congenital, making them relevant to 
intra and postoperative bleeding episodes etc. 
For instance, the Platelet Function Analyzer 
PFA100/200 by Siemens is used as a screening 
test to establish preoperative bleeding tenden
cies in patients with a positive bleeding history. 
One large prospective, preoperative screening 
study on patients with a positive bleeding his
tory found that 97.7 % showed pathologically 
prolonged PFA results, which could be attrib
uted by >99 % to acquired thrombocytopathy, 
vonWillebrand syndrome or liver cirrhosis. 
By contrast, secondary (plasmatic) disorders 
were less common. PFA screening was not con
ducted in patients with a negative bleeding his
tory, meaning that this study provided no data 
on sensitivity or specificity [15]. The me
taanalysis determined pooled sensitivities of 
82.5 % and 66.9 % and specificities of 88.7 % 
and 85.5 % for the PFA collagen/epinephrine 
cell and the collagen/ADP cell, respectively 
[15]. The Austrian Anesthesia Society recom
mends the PFA system as a diagnostic corner
stone for establishing defects of primary hemo
stasis as part of preoperative historybased 
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coagulation evaluation (evidence level D, ex
pert opinion) [21, 21a].

Preoperative, therapeutic staged concepts 
have been developed for the management of 
disorders of primary hemostasis. The efficacy 
of hemostatic drugs such as DDAVP (desmo
pressin) can be shown based on PFA readings. 
In patients with disorders of (primary) hemo
stasis, the number of bleeding episodes requir
ing transfusions can be reduced by a preopera
tive regimen and the therapeutic followup 
procedure can be supported by POC coagula
tion testing [16, 16a, 17]. For example, current 
guidelines on thoracic surgery recommend a 
POCTsupported transfusion regimen [11].

However, it should be emphasized here that 
platelet function analysis in the whole blood 
alone is not sufficient to comprehensively dia
gnose a preoperative bleeding tendency and 
that further clarification is indicated which 
gives consideration to the bleeding history  
and corresponding staged diagnostic concepts 
[11, 21].

When used with suitable measuring cells, 
the PFA system is sensitive to acetylsalicylic 
acid and ADP receptor antagonists. Tradition
ally, induced platelet aggregation is used to 
monitor therapy with acetylsalicylic acid, clopi
dogrel and other antiplatelet agents; mean
while, multiple POCT systems have been intro
duced for this as well [22, 23, 24]. The PFA200 
(PFA100 after a software update) can be used 
for monitoring clopidogrel as well as for other 
P2Y12 receptormediated platelet aggregation 
inhibitors (prasugrel, ticagrelor) with the In
novance PFA P2Y measuring cell.

15.3 Thrombin/fibrin formation

In routine clinical practice, POCT methods 
that detect thrombin/fibrin formation are 
mostly employed for monitoring therapy with 
parenteral anticoagulants. Another area of ap
plication is for patient selfmeasurement of the 
international normalized ratio (INR) and/or 
patient selfmanagement of oral therapy with 
vitamin K antagonists (see below).

In operating rooms and resuscitation units, 
but also when applying extracorporeal methods 
like hemodialysis or extracorporeal membrane 
oxygenation, coagulation inhibition is an un
conditional prerequisite for the administration 
of the appropriate therapeutic modalities. The 
necessity for individualized dosing of heparin 
or other parenteral anticoagulants has led to an 
increase in the application of POCT analyses 
that are based on whole blood.

15.3.1 Heparin monitoring and 
 activated clotting time (ACT)

In general, the activated clotting time (ACT) is 
used for the periinterventional treatment 
monitoring of unfractionated heparin and 
 other anticoagulants. Important criteria for se
lecting a method to measure ACT include the 
volume of the whole blood used and the linear
ity of the doseresponse relationship (desired 
measuring range).

When interpreting ACT values, it must be 
considered that a coagulation factor deficiency 
– either in isolation or in combination with 
heparin – can prolong ACT.

The ACT test does not aid in the differential 
diagnosis of a factor deficiency or a heparin ef
fect, whereas the use of additional, modified test 
approaches utilizing heparinase can. This en
zyme cleaves the heparin chain into short frag
ments that lack anticoagulant efficacy, thereby 
cancelling out the heparin effect. By the hepari
nase approach, prolonged coagulation times are 
thus generally to be interpreted as a factor defi
ciency. The ACT PLUS from Medtronic (Min
neapolis, MN, USA) utilizes this aspect, for 
 example: The sample is added to a test tube con
taining an intrinsic activator. A pin is suspended 
in the test tube and raised upwards by a mecha
nism. Gravity then causes the pin to drop down
wards. If coagulation now takes place in the 
sample, the lowering of the pin takes place more 
slowly – a process captured by an optical system. 
A second test tube contains the activator in ad
dition to heparinase. An aliquot of the blood 
sample is pipetted into the heparinase test tube 
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and the measurement restarted. By comparing 
the two coagulation times (with and without 
heparinase), a factor deficiency can be distin
guished from a heparin effect. If protamine is 
used instead of heparinase, the heparin concen
tration can also be estimated via protamine 
 titration.

The generation of heparin calibration 
curves using onsite substances along with the 
activated partial thromboplastin time (aPTT)/
ACT method is complicated and timeconsum
ing. For this purpose, the anticoagulants to be 
tested must be added to normal plasma in vitro. 
Defined amounts of unfractionated heparin are 
added to the normal plasma in vitro. Prefabri
cated calibrators can be used alternatively. 
However, these are not available for all antico
agulants across all dose ranges. Depending on 
the coagulation test employed (prothrombin 
time (PT) or aPTT), both direct and indirect 
thrombin and factor Xa inhibitors can be mea
sured during this process. A precise assessment 
of these doseresponse curves is crucial for 
therapy control. For instance, aPTTbased 
measuring methods show a low sensitivity to 
thrombin inhibitors in the highdose range.

15.3.2 Oral anticoagulation – 
 patient self-management

More than 800,000 individuals in Germany are 
receiving longterm therapy with oral antico
agulants (vitamin K antagonists). This includes 
patients with artificial heart valves, cardiac ar
rhythmias (e.g. atrial fibrillation), heart failure, 
recurrent thromboses of the leg and pelvic 
veins, lung embolisms or other cardiovascular 
diseases. A successful outcome of oral anticoag
ulation is not least guided by close monitoring 
of the International Normalized Ratio (INR) 
and an individualized adjustment in medica
tion.

Coagulation self-monitoring was intro
duced in 1986, markedly enhancing the reliabil
ity and safety of anticoagulant therapy. The pa
tients themselves can measure their current INR 
in capillary blood and adjust the indivi dual dose 

of their oral anticoagulant independently. The 
treating physician and the team at a qualified 
training center attend to patients learning co
agulation selfmonitoring and counsel them in 
issues relating to their therapy. Prospective stud
ies – systematically reviewed in several meta
analyses – clearly show that better therapeutic 
outcomes are achieved by selfmonitoring. The 
cost effectiveness gained by the significantly 
lower thromboembolism rate and bleeding inci
dences was emphasized [6, 14, 20]. A more re
cent study by Matchar et al. [19], contrarily 
showed no superiority for the selftesting in 
terms of stroke or bleeding episodes. Likewise, a 
recent Cochrane review on the target criteria 
“time in therapeutic range” was unable to deter
mine any significant gain in benefit of patient 
selfmonitoring in combination with education
al and behavioral interventions over INR con
trol and care by the attending physician [7].

Further explanations on the importance of 
INR selfmonitoring are given in 7 Chapter 33.

15.3.3 POCT in non-vitamin K 
 antagonist oral 
 anticoagulants (NOAC)

In acute situations in patients known or pre
sumed to be receiving nonvitamin K antagonist 
oral anticoagulants (NOAC), e.g. for acute 
bleeding or verifying the indication for a lysis to 
treat acute stroke, the determination of INR by 
POCT may supply initial information about the 
efficacy of oral antiXa inhibitors, e.g. rivaro
xaban, apixaban, edoxaban, whenever no spe
cific antiXa tests happen to be available [9, 10]. 
However, these measuring results can be only 
accessed qualitatively because of the varying 
sensitivity of the different PT tests. Serial meas
urements can moreover allow certain conclu
sions to be drawn about the pharmacokinetics 
as well. For interpretation purposes, it is addi
tionally necessary to consider, among other var
iables, the time of the last drug administration 
alongside the renal and hepatic organ function. 
Currently, there are no specific POC tests avail
able for the drug monitoring of NOAC.
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The question remains open as to whether 
testing the efficacy of NOAC as POCT method, 
e.g. in acute hemorrhaging, could establish it
self in clinical routine, for instance, by measur
ing a change in color in the urine or serum [13].

15.4 Determining clot formation 
by viscoelastic methods

In Central Europe, the conventional thromboe
lastography (used in the Haemoscope TEG [5]) 
has been mostly superseded by modern pro
cedures of rotational thromboelastometry 
 (ROTEM, ROTEM sigma; TEM International, 
Munich, Germany) (. Fig. 15.1). Diagnosti
cally, this would primarily encompass acute 
bleeds in polytraumatized and surgical patients. 
A targeted, individually adapted therapy is not 
only clinically challenging, but also requires so
phisticated diagnostics. Therapy is encumbered 
by the fact that coagulopathy is mostly a mul
ticausal event (loss/consumption of plasmatic 
and cellular components, possibly concurrent 
with hyperfibrinolysis) and each coagulation 
situation is subject to the dynamics of time as 
well. Additionally, the effects of transfused col
loidal solutions – predominantly hydroxyethyl 
starch – come into play which can promote im
paired polymerization of the fibrin clot. The 
actions of coagulationactivating agents like 
heparin, any acquired thrombocytopathy, ef
fects emanating from foreign surfaces (e.g. in 
an extracorporeal circulation) alongside causes 
of surgical bleeding are to be weighed into 
equation during differential diagnostic and 
therapeutic deliberations.

In nearpatient settings (resuscitation unit, 
operating room), the thromboelastogram can 
be continuously monitored and leads to direct 
therapeutic implications. Alternately, analysis 
by thrombelastography can be performed in the 
central laboratory and the thromboelastogram 
can then be transmitted online to the acute 
treatment setting [8]. One prerequisite is a fast 
sample transport to the central laboratory, e.g. 
by a pneumatic tubing system, that takes place 
gently without abrupt acceleration and braking 

which would prematurely activate coagulation 
cascades in the blood sample. Particularly at 
larger hospitals with central laboratories where 
several devices are operated simultaneously, 
precautions must be additionally undertaken to 
ensure that the analytical findings are trans
mitted accurately to those physicians who are 
directly treating the patients. When these con
ditions are met, ROTEM analysis will lead to a 
high availability for all affiliated clinical areas. 
When laboratory personnel are also trained 
 accordingly, a high analytical quality of the tests 
is guaranteed.

The advantage of thrombelastography over 
conventional coagulation testing methods lies 
in the fact that clot quality, clot stability and the 
effect of platelets on both can be assessed along
side clotting time.

In clinical settings, thrombelastography is 
primarily used to analyze complex disturbances 
of hemostasis perioperatively. Further indica
tions include the specific detection of hyper
fibrinolysis and the assessment of thrombo
cytopenia or dilutional coagulopathy.

 . Fig. 15.1 ROTEM sigma. (Courtesy of Tem Inter-
national GmbH, Munich)
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Patientnear thromboelastography carried 
out in the operating rooms and shock units to 
directly stop bleeds has become indispensable 
these days and an integral part of the modern 
patient blood management. Many studies 
[18] have shown that its judicious diagnostic 
application significantly improve patient man
agement while simultaneously reducing the 
number of administered blood products. In this 
context, Goodnough et al. [12] and Ak et al. [1] 
showed that the use of ROTEM in cardiac sur
gery and hemorrhaging trauma patients sig
nificantly decreased the number of adminis
tered units of packed red blood cells, pooled 
platelets and fresh frozen plasma. A prospec
tive, randomized study by Weber et al. [25] ar
rived at the same conclusion; they moreover 
showed that the significant reduction in blood 
transfusions may prevent complications in pa
tients and moreover can reduce the costs for 
coagulation therapy (blood products, fibrino
gen and other individual coagulation factors) in 
cardiac surgery patients from € 3,100 to € 1,500.

For differentiating between coagulation dis
orders, ROTEM analyses are furthermore con
ducted with the additive of the heparincleaving 
enzyme heparinase or of a fibrinolysis inhibitor 
(e.g. aprotinin, tranexamic acid), but also using 
the invitro blockade of platelets by cytochalasin 
D or fibrinogen receptor antagonists for the 
qualitative assessment of the fibrin clot.

Clot strength is plotted against time. For 
historical reasons, a twolegged curve is gener
ated and parametrized in millimeters. A large 
number of parameters have been described for 
evaluating thromboelastograms.

The most important are:
 5 Clotting time (CT or reaction time r)
 5 Clot formation time (CFT or coagulation 

time k)
 5 Maximum clot firmness (MCF or maxi

mum amplitude MA)
 5 Maximum lysis (ML, percent reduction of 

clot firmness after MCF)

It is recommendable to enter in the findings 
 report the measured values (mostly CT, CFT, 
MCF and ML) and reference range along with 

a semiquantitative assessment (e.g. normal co
agulation activation, abnormal clot formation, 
lacking evidence of hyperfibrinolysis etc.). In 
the case of borderline findings, the tests should 
be repeated and/or the findings reported as 
borderline. It is recommended to establish 
 institutional reference ranges by examining 
 patients or subjects with normal hemostaseo
logy and/or at least review the correlation be
tween the institutionally determined values 
with external reference ranges.

 kEvaluating fibrinolysis
When the clot dissolves in vitro, it is an indica
tion of fibrinolysis. This is essentially never ob
served in healthy individuals because fibrinoly
sis inhibition in the peripheral blood usually 
clearly predominates over the fibrinolysis acti
vators. Fibrinolysis observed intraoperatively is 
frequently associated with massive bleeding 
episodes. The faster fibrinolysis is observed in 
vitro, the more pronounced the clinical bleed
ing symptoms usually tends to be (fulminant 
lysis with clot dissolution in less than 30 min). 
A late emergent lysis (after at least 45 min) fre
quently stops spontaneously.

 kEvaluation of clot formation
A normalrange clot formation is used as a 
functional marker of intact whole blood co
agulation; diminished clot strength can be cor
rected by administering pooled platelets or 
 fibrinogen (in the form of fresh frozen plasma 
or fibrinogen concentrate).

 kAssessment of coagulation activation
The diagnostic value of clotting times is basi
cally equivalent to that of aPTT or INR, albeit 
with lower specificity. Indeed, this is due to the 
stronger influence caused by clot polymeriza
tion in thrombelastography, as compared to the 
determination clotting time by conventional 
methods. The CT measurement is much less 
specific for a factor deficiency (e.g. on oral an
ticoagulation) than the INR (especially when 
the sample has a high fibrinogen content).

Overall, thrombelastography is a functional 
global test that can aid in the assessment of the 
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coagulation situation, particularly in complex 
hemostasis disorders [5]. The method is not 
sensitive to platelet aggregation inhibitors, low 
molecular heparins and pentasaccharide 
(Fondaparinux), nor for the von Willebrand 
syndrome, while it is relatively insensitive to the 
effects of fibrinogen receptor (P2Y12) antago
nists and oral anticoagulants. A factor XIII 
 deficiency is more easily detected in the plasma 
than in whole blood; particularly at high fibrin
ogen levels however, it is only detectable at very 
low factor XIII levels.

. Tab. 15.1 summarizes the conduct of the 
conventional POCT methods for coagulation 
analyses. As discussed in 7 Chapter 6, a distinc
tion is made between “true” and “POCTappro
priate” methods. Mostly, POCTappropriate 
methods require considerably greater effort 
and skill on the part of the testing person and, 
therefore, that person’s appropriate training and 
motivation.

15.5 Benefits, risks and  
cost effectiveness

The benefits and risks of POCT methods are 
chiefly impacted by the urgency of the analysis, 
the reaction times under the respective condi
tions “onsite”, the available personnel and 
logistic resources as well as the spectrum of 
 coagulation changes to be expected (special 
 patient populations). Despite its usually higher 
costs, POCT diagnostics makes sense when it 
produces better process quality of hemostasis 
management (e.g. time advantage, personalized 
control of the anticoagulant dose, targeted 
 hemostasis management instead of a poly
pragmatic application of various therapeutic 
options).

Coagulation analysis systems deployed for 
POCT feature a great range of different designs. 
The original claim of simple measurement of a 
sample without special preparation (ACT) is 
not fulfilled for the complex methods required 
for documenting primary hemostasis or for 
measuring thrombus elasticity. In this context, 

 . Tab. 15.1 Conventional POCT methods in hemostaseology by system type

Procedural 
sequence

Test tube 
 systems, hepa-
rin manage-
ment systems

Test strip 
systems

RPFA 
 (Accumetrics)

PFA-
100/200 
(Siemens)

Viscoelastic methods 
(thrombelastogra-
phy, ROTEM*, Sono-
clot, Multiplate)

Prepare the 
measuring 
cell

None Pre-heat the measuring cell at room tem-
perature (partially)

None

Insert mea-
suring cell

Insert the test strip and/or measuring cell in the analyzer

Insert blood 
sample

Inject and/or 
pipette the 
blood sample

Place a 
blood drop 
on the 
sample card

Attach the 
closed blood 
test tube to the 
measuring cell

Pipette the whole blood sample into 
the measuring cell

Reagent 
 handling 

No addition of reagents Addition of 1–3 vario-
us reagents

Uses control 
material

Some plasma-based controls Artificial con-
trol fluid

No control 
available

Plasma-based controls

* On the ROTEM sigma, simplified handling by closed analysis system. Details 7 Chapter 6.
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several measuring channels are provided; 
sometimes, the manual addition of reagents is 
required. Nevertheless, a nearpatient deploy
ment of these methods frequently makes sense, 
particularly under intensive care and/or peri
operative conditions, because it allows targeted 
and rapid treatment.
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16.1 Introduction

In hematology, POCT is clinically important for 
near-patient rapid diagnostics. The isolated de-
termination of Hct and Hb, for example as part 
of blood gas analysis (BGA), often provides ad-
equate patient monitoring and is thus an inte-
grated component used during surgeries and on 
intensive care units. By contrast, the overall 
 determination of blood count without or with 
the differentiation of leukocytes (small and/or 
complete blood count) is primarily the task of 
central laboratories at hospitals or physician’s 
offices specialized in laboratory medicine. In 
general, a need for POCT hematology diagnos-
tics here is obvious in only few scenarios.

16.2 Indications and areas  
of application

In principle, there are two conceivable reasons 
for using POCT in hematological examina-
tions:
 5 In emergencies, where an immediately 

available finding leads to a rapid medical 
decision, and

 5 To improve organizational workflows, 
which can secondarily result in advantages 
for patient care.

Potential areas of application are thus hospital 
outpatient departments, surgical settings, in-
tensive care units, pediatric hospitals and occa-
sionally even physician’s offices [8]. The Guide-
lines of the British Committee for Standards in 
Haematology (BCSH) can be useful when in-
troducing hematology methods at the POC [4].

With the known conventional systems on 
the market, the analysis generally only takes 
seconds to a few minutes, making their use for 
emergency analyses justified. Unlike other 
 laboratory sectors, where POCT shortens the 
pre-analytical phase by obviating centrifuga-
tion, the aspect of time savings in hematology 
is less appreciable because centrifugation of the 
sample material is not required.

16.2.1 Hospitals

The use of POCT systems for hematologic tests 
can help enhance the efficiency of patient man-
agement in hospital settings [1, 9]. The time 
saved by POCT is of paramount importance in 
hospitals, especially when it addresses the ques-
tion of the need for transfusions in patients 
with acute blood loss. The assessment of Hb in 
surgical settings or in emergency rooms is 
therefore particularly pertinent in the face of a 
severe blood loss.

Note

Nevertheless, it should be considered that 
the Hb value can remain unchanged for 
the first 30 min of a significant hemor
rhage. This is because the volume defi
ciency is not compensated by fluids until 
up to 36 h later, which then leads to a 
measurable drop in Hb.

By contrast, POCT is generally not required to 
determine the leukocyte count or their differ-
entiation [11]. In pediatrics, e.g. in patients 
with abdominal pain or fever of unknown ori-
gin, the leukocyte count is occasionally helpful, 
at best by means of a simple differentiation [3, 
7, 8]. It is questionable whether the use of POCT 
is indispensable given that decisions derived 
from these results are usually not time-critical 
or based on the concurrent results of other tests, 
e.g. acute-phase parameters such as CRP. More-
over, automated hematology is subject to spe-
cial requirements particularly in the intensive 
care of premature infants/newborns and chil-
dren given that many leukocyte precursor cells 
that are difficult to allocate can be found in the 
circulation of these patients [16, 17]. Further-
more, existing erythrocyte precursors are diffi-
cult to lyse, a fact which impairs leukocyte anal-
ysis [10, 17]. Hematologic tests are therefore 
prone to erroneous measurements, if the meas-
uring devices are not suitable to answer the 
question at hand. Furthermore, specialized 
knowledge is required for interpretation of the 
findings; this in turn tends to put POCT diag-
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nostics in question since POCT is generally 
performed by personnel who lack experience in 
the area of laboratory diagnostics.

The purposeful importance of POCT in 
 determining platelet count in conjunction with 
coagulation tests for estimating the transfusion 
needs has already been demonstrated [5, 6] as 
was its positive value in the clinical course in 
disseminated intravascular coagulation (DIC), 
sometimes also referred to as consumptive 
 coagulopathy, provided that the turn-around 
time (TAT) at the central laboratory is not suf-
ficient for time-critical decision-making.

A general advantage can be found in the 
small sample volumes used for POCT: Studies 
have demonstrated that the transfusion re-
quirement can be lowered in intensive neonatal 
care [2, 15].

16.2.2 Physician’s offices

In physician’s offices and at outpatient centers 
outside of emergency care settings, the use of 
POCT devices to determinate hematologic pa-
rameters only makes sense in a few indications. 
This includes oncological practices among 
 circumstances, where the current treatment 
 decision may depend on the blood count (Hb, 
leukocytes, platelets). However, the use is 
thereby limited by the fact that specifically 
 leukocytes can be strongly altered in appear-
ance by disease or therapy and therefore can-
not always be correctly allocated morphologi-
cally by the device [8]. As in the clinical setting, 
it is therefore imperative that the measuring 
device be suitable to answer the medical ques-
tion and that users possess the specialized 
knowledge and skills to successfully use such 
devices.

An Hb assessment is generally sufficient to 
screen for the presence of anemia, but is not 
time-critical to answer this question. Given that 
the costs for an Hb assessment by POCT are 
generally higher than the costs for the whole 
blood count in a large laboratory, the advan-
tages of Hb screenings in practice are question-
able. In regions, where laboratories – unlike in 

most regions of Europe – are difficult to achieve, 
this use may be justified. In several fields, the 
successful use of POCT for Hb assessment has 
already been demonstrated for anemia diag-
nostics in rural populations [12, 13, 14].
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17.1 Introduction

In Germany, cardiovascular disease is consid-
ered the most common cause of death with a 
rate of almost 50 %. In cardiovascular diseases, 
more than 40 % of deaths are related to coro-
nary artery disease (CAD); 20 % of these are 
attributed to acute coronary syndrome (ACS) 
and, specifically, to acute myocardial infarc-
tions (MI). MI account for approximately 
75,000 deaths per year. After suffering an MI, 
50 % of survivors develop chronic heart failure, 
which, combined with chronic heart failure of 
other etiologies (e.g. chronic CAD, cardiomyo-
pathy, hypertension, myocarditis, valvular 
heart disease, arrhythmias, anemia), has be-
come the principle cause of death with advanc-
ing age among the populations of western 
countries. In the total population, the preva-
lence rises from <1 % (in persons aged 45 to 55) 
to 2–5 % (aged 65–75) and further to almost 
10 % in those over 80. Acute decompensated 
heart failure is the most frequent cause of hos-
pitalization in the over 65 age group and is the 
most costly cardiovascular disease in western 
countries [17].

Considering the importance of CAD with 
regard to healthcare policy and economics, it is 
not surprising – thanks to their favorable cost-
benefit ratio – that clinical laboratory tests are 
of paramount importance in diagnostics, ther-
apy monitoring and judging the prognosis in 
patients with CAD. Shaped by current develop-
ments (“natriuretic peptides” are the catch-
phrase here), the role of clinical laboratory tests 
in patients with heart failure is growing in sig-
nificance.

A decision must be made as to whether tests 
for CAD and heart failure should be centralized 
or available as POCT, depending on time con-
straints, local circumstances and the specific 
indication. For the diagnosis of MI, qualitative 
but also semi-quantitative and quantitative test 
systems are available for POCT. Quantitative 
test systems using biomarker concentrations in 
serum or whole blood enable diagnostic deci-
sion-making to confirm or refute the presence 
of disease by using definable cutoff values, 

while the trend in marker levels allows an esti-
mation of risk, clinical course and therapy.

The deployment of POCT is recommended 
in hospitals, where central laboratories (or 
comparable clinical laboratory units providing 
acute care for patients with ACS) cannot 
achieve a laboratory turn-around time (TAT) 
for cardiac biomarker testing that is <60 min. 
TAT encompasses time for sample transport, 
preparation, analysis and reporting of results. 
A shorter laboratory TAT with POCT can be 
advantageous, not only in ACS but also in clin-
ical scenarios where an MI or a re-infarction 
might occur as a complication of cardiac sur-
gery or other interventions. The advantage of 
clinical laboratory diagnostics by POCT, fo-
cusing on cardiology, is only relevant if a short-
er laboratory TAT ultimately translates into 
earlier availability of results with more timely 
therapeutic decisions. The argument that 
POCT delivers a shorter laboratory TAT is only 
valid if to the POC test’s clinical implementa-
tion shortens the overall TAT, i.e. the time 
taken from requesting the biomarker by the 
clinician (laboratory TAT) to his acting (or not 
acting) on the test results.

Another fundamental issue impacting the 
use of POC versus central laboratory testing in 
cardiology-focused laboratory diagnostics is 
the fact that concentration-time curves for car-
diac biomarkers can provide important dia-
gnostic information that enables early detec-
tion of any re-infarction and allows the out-
come of fibrinolytic therapies to be judged. The 
latter area of application is particularly relevant 
in geographical regions outside Europe where 
fibrinolytic therapy is still widely used. In eval-
uation of the clinical course, cardiac biomark-
ers are often measured by a central laboratory 
during the day with the use of POCT at night or 
over the weekend. Therefore, the National 
Academy of Clinical Biochemistry (NACB) 
recommends that the basic assay principles 
should be the same for both test methods. In the 
reality of day-to-day practice, however, com-
pletely different assays are used for POCT than 
in central laboratory techniques. Even when the 
same testing methods are used, assay technolo-
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gies can differ significantly and consequently 
deliver different measurements, making moni-
toring impossible. This practice clearly makes 
the fundamental problem of standardizing 
 assays more difficult.

Due to its tissue specificity, cardiac tro
ponin (cTn) is the preferred biomarker for 
 diagnosing myocardial infarction and can be 
measured quantitatively in the serum. High-
sensitivity (hs) troponin assays have now large-
ly been displaced other biomarkers such as 
myoglobin, CK-MB mass and FABP. These 
usurped biomarkers are no longer recommend-
ed as they contribute no additional diagnostic 
value. One exception is the renewed increase in 
CK-MB, which may have diagnostic relevance 
in the recognition of early re-infarction when 
the cTn is still rising.

Cardiac troponins (cTnT and cTnI) are the 
established biochemical standard assays for 
 diagnosing ACS. An increase in the concen-
tration of these cardiac-specific biomarkers 
 indicates myocardial necrosis. With their 
 higher cutoffs, conventional, not hs, cTn assays 
show do not show a rise in blood levels until 
after a few hours. Therefore, the additional 
measurement of biomarkers that indicate early 
myocardial ischemia or myocardial necrosis is 
recommended in these cases and particularly in 
the early phase of ACS.

POCT can complement or possibly even 
 replace central laboratory diagnostics under 
specific local conditions or time requirements. 
In general, the cost-benefit ratio in this indica-
tion favors diagnostics in a central laboratory 
(7 Chapter 30 and 31).

In chronic heart failure, which can become 
life threatening in the context of acute decom-
pensation, serum markers such as BNP (brain 
natriuretic peptide) and the N-terminal frag-
ment of pro-BNP (NT-pro-BNP) can be mea-
sured. Indeed, their use is recommended by the 
European Society of Cardiology (ESC), the 
American College of Cardiology (ACC) and the 
American Heart Association (AHA) for the 
screening and diagnosis of heart failure [11, 
20]. When investigating the differential causes 
of chest pain and dyspnea (“shortness of 

breath”), the combined measurement of BNP/
NT-pro-BNP, cTn and D-dimer is recommend-
ed. For BNP/NT-pro-BNP as well as D-dimer, 
systems are available as POC tests. In contrast 
to most other parameters developed only as 
secondary POCT-compatible systems, the clin-
ical validation of BNP as a marker started with 
a test system developed for POCT (e.g. Triage, 
Biosite, now Alere).

POCT systems can deliver BNP results 
within approximately 15 min. To date, no rec-
ommendations have been given for which indi-
cation and above which laboratory TAT POCT 
should be preferred over determination in a 
central laboratory.

17.2 Requirements for the POCT 
of cardiac biomarkers

Clear improvements in the cost-benefit ratio 
can be observed when cardiac biomarkers are 
used in compliance with the guidelines for the 
diagnosis, therapy monitoring and prognostic 
evaluation of CAD and heart failure. Yet, gener-
al conclusions about the additional benefits of 
using POCT instead of central laboratory ser-
vices cannot be made. The common assump-
tion that shortening the laboratory TAT by 
 using POCT (if this can in fact lead to a shorter 
overall TAT) will further improve the cost- 
benefit ratio of cardiac marker assays, was not 
confirmed by one prospective multicenter 
study (RATPAC trial) [9, 10].

The following still applies to immunoassay-
based techniques:
 5 The antibodies used should be well charac-

terized and targeted against stable analyte 
epitopes that are not subsequently modi-
fied in the blood (proteolysis, oxidation, 
phosphorylation, complexation).

 5 If a cardiac marker occurs in different 
 variants (monomeric, complexed) in the 
blood, the antibody must bind them in a 
comparable way.

 5 If no generally accepted standard exists, as 
is the case for cTnI (see below), then sepa-
rate reference values and decision-making 
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cutoff values should be set for the different 
assays.

 5 If at all possible, hospitals should choose 
tests for POCT that have similar analytical 
properties as the tests used in central labo-
ratories to achieve harmonized test results.

17.3 Acute coronary syndrome

17.3.1 Laboratory diagnostics

The term “acute coronary syndrome” (ACS) 
subsumes the acute life-threatening phases of 
CAD: unstable angina, non-ST-segment eleva-
tion myocardial infarction (NSTEMI), former-
ly known as non-transmural infarct/non-Q-
wave infarct/infarct without ST-segment eleva-
tion, and ST-segment elevation myocardial 
 infarction (STEMI), formerly known as trans-
mural infarction/Q-wave infarction. This insult 
is initially reversible, but later leads to irrever-
sible ischemic myocardial damage. Myocardial 
structural proteins (cardiac markers) are re-
leased into the blood particularly as a result of 
irreversible damage (necrosis). These markers 
can be measured quantitatively to detect is-

chemic damage to the myocardium. The ideal 
marker should be mostly stable against pre-an-
alytical influences, highly specific to cardiac 
injury detection, open a window for initial 
 diagnosis and monitoring the clinical course 
and therapy, help detect complications such 
as  re-infarction, while also allowing it to be 
measured by simple, rapid and cost-effective 
methods.

In contrast to all other currently known 
 cardiac markers, the myofibril-bound and 
 partially ( 3–6 %) cytosolic localized cardiac 
proteins cTnl and cTnT meet the aforemen-
tioned requirements and are therefore regarded 
as the “gold standard” for the diagnosis of irre-
versible myocardial damage.

. Table 17.1 shows the key indicators for the 
diagnostic window of cTn compared to other 
biomarkers. Nowadays, the use of sensitive or 
highly sensitive cTn assays is strongly recom-
mended as they are more accurate in detecting 
MI earlier than conventional cTn tests.

 . Table 17.1 Serum profile after STEMI and heart specificity of myocardial markers

Marker Heart 
 specificity

Start of 
 concentration 
increase [h]

Maximum in
crease in con
centration [h]

Factor increase Time to normali
zation [days]

hsTn +++ 1–3 12–48 >100 >20 

Myoglobin – 2  6–12 Up to 20-fold 0.5–1

GPBB ++ 2–4  7–9 Up to 20-fold 1–2

cFABP ++ 2–3  5–10 Up to 35-fold (up 
to 125-fold)

0.5–1

CK-MB mass + 3–4 12–18 Up to 30-fold 2–3

cTnT +++ 4–10 12–48 Up to 40 to 60-fold 
(up to 300-fold)

7–20

cTnI +++ 4–6 12–48 Up to 40-fold 7–14

cFABP Cardiac fatty acid binding protein; CK-MB Creatine kinase muscle-brain fraction; cTnl, cTnT Troponin 
proteins; GPBB Glycogen phosphorylase BB, STEMI ST-segment myocardial infarction
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Note

Based on these characteristics, current 
guidelines (e.g. from the ESC [22]) have 
recommended shortening the repeat in-
terval from 6–9 hours to 1–3 hours after 
initial blood sampling. When highly sensi-
tive cTnT or cTnI detection methods are 
used, no other markers are recommended 
by these guidelines (. Fig. 17.1).

Nevertheless, it is important to point out that 
the cTn concentration, when measured with 
conventional, lowsensitivity cTn assays, 
might not have reached the upper cutoff point 
for disease, especially in patients who present 
early to the hospital after the onset of their chest 
pain. A second test should therefore be per-
formed in all patients presenting with a last 
 episode of chest pain less than 6 hours ago, but 
can be omitted in the case of a reported episode 

> 6 hours. The time between the onset of heart 
muscle necrosis and the detectability of mark-
ers in the blood is called the “troponin-blind 
interval”. Biomarkers which give an early indi-
cation for the presence of myocardial ischemia 
can be a useful addition to cTn measurement 
when performed within this time interval.

Candidate markers include:
 5 Myoglobin (one of the longest established 

markers in use)
 5 Copeptin (stable fragment of the hormone 

preprovasopressin)
 5 Cardiac fatty acid-binding protein 

 (c-FABP)
 5 Ischemic-modified albumin (IMA)
 5 Glycogen phosphorylase BB (GPBB)

The available evidence on the very early ischem-
ic phase (<4 hours after symptom onset) is in-
consistent; with no additional benefit from the 
use of other markers compared to highlysensi
tive troponin testing being confirmed thus far.

 . Fig. 17.1 The 0 h/3 h rule-out algorithm for NSTEMI using hs cTn detection methods. ULN Upper limit of 
 normal, 99th percentile of healthy controls

Acute coronary pain event
 hs-cTn test

hs-cTn conc. < ULN hs-cTn conc. > ULN

Pain > 6 h Pain < 6 h

DD workupIf pain-free, no ECG signs, 
no further clinical particulars and 

without any further DD

No ACS, discharged from 
emergency ward

hs-cTn conc. 
unchanged

Significant
cTn conc. rise

Invasive therapy

hs-cTn conc. 
unchanged

Retesting after 3 h

hs-cTn conc. 
> 5 x ULN 
+ clinical particulars
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The long half-lives of cTn isoforms (com-
pared to other cardiac markers) cause a cumu-
lative effect that allows assays to detect cTn 
 elevations in the serum even in the case of 
 microinfarctions (. Fig. 17.2). The currently 
available tests for cTnT and cTnI can detect 
myocardial necrosis in the range of ≤1 g.

Comparable biphasic serum profiles post-
MI have been described for both cTn parame-
ters. When monitored frequently, an initial rise 
can be seen caused by the release of cTn from 
the cytosolic pool (peaks after 1–2 days) fol-
lowed by the release of the structural (bound) 
portion (peaks after 3–5 days). In terms of or-
gan specificity, cardiac troponins moreover 
show decisive advantages over the other cardiac 
markers (. Table 17.1).

The risk profiles among patients with ACS 
vary according to the time point and number of 
fatal events. The earliest possible distinction 
between patients with unstable angina and 
those with NSTEMI is important because the 
indicated treatment strategies differ. The diag-
nosis of STEMI is made using ECG tracings 
where biomarker measurement is only used for 
retrospective confirmation and determination 
of infarction size. This differentiation is based 
on recommendations by the ESC or on the third 
universal definition of myocardial infarction 

[25]. According to these recommendations, the 
criteria for an acute or recently occurring MI 
are:
 5 A typical rise and gradual decline (cTnT, 

cTnI) with at least one of the following 
 criteria:
 5 Ischemic symptoms
 5 Pathological Q-wave development on 
ECG
 5 Ischemic ECG changes (ST-segment 
 elevation or reduction)
 5 New myocardial wall motion 
 abnormalities
 5 Evidence of a myocardial scar
 5 Evidence of a coronary thrombus

These recommendations explicitly highlight 
the key role markers of myocardial necrosis 
play, especially cTn, and emphasize the impor-
tance of marker kinetics. Clear requirements 
for cardiac marker analyses are also specified. 
Previously, it was suggested that every cTn ele-
vation in the blood is pathological and indica-
tive of myocardial necrosis. Therefore, a cTn 
concentration above the 99th percentile of a 
healthy reference cohort was set as a decision-
making cutoff. The imprecision (coefficient of 
variation; CV) of assays is higher, the lower the 
marker concentration is. Therefore, cTn assays 

 . Fig. 17.2 Cumulative model for cTn increase in serum as a result of multiple myocardial ischemic events. CK-MB 
Creatine kinase muscle-brain fraction
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for diagnosing ACS have been recommended 
that have a ≤10 % CV at the 99th percentile 
concentration. Until the introduction of more 
sensitive assays, cutoffs for the cTn concentra-
tion that reflected an imprecision of 10 % (CV 
≤10 %) were employed as a convention by many 
because the conventional assays did not meet 
the above-mentioned criteria. For example: if 
the cTnT 99th percentile cutoff is 0.01 µg/L, the 
CV is >10 %; a CV of 10 % would lead to a cut-
off = 0.03 µg/L. In order to meet the precision 
criteria, assays were developed that have a 
≤10 % CV at the 99th percentile. Additionally 
the lower detection limit of such assays, which 
lies significantly below the 99th percentile con-
centration, allows the measurement of cTn con-
centrations within the range between the lower 
detection limit and the 99th percentile without 
losing the cardiac specificity of cTn.

Four groups of tests are identified, based on 
the sensitivity of the analytical test methods. 
The first group (sensitivity grade 1; lowest ana-
lytical sensitivity) includes assays that can mea-
sure cTn concentrations in less than 25 % of a 
reference population. The group with the high-
est analytical sensitivity (grade 4) includes as-
says that can measure cTn concentrations in 
>95 % of healthy subjects.

Using current assays from group 4 in the 
central laboratory, measurable cTn blood val-
ues can be found in almost all “healthy” sub-
jects (>95 %). By definition, only 1 % of the 
values measured lie above the 99th percentile. 
It is more problematic that the improved ana-
lytical sensitivity leads to an increased detec-
tion of heart muscle damage not caused by 
myocardial infarction. The improvement in 
analytical sensitivity is linked to a loss of diag-
nostic specificity in terms of “MI” diagnosis. 
Unless the initial values are very high, interpre-
tation of the cTnT or cTnl results thereby re-
quires serial cTn measurements to show release 
kinetics typical for MI, regardless of the clinical 
context. Not rarely, cTnI and cTnT measure-
ments have been discredited by the indiscrimi-
nate use of such cTn values as an indication for 
heart catheter examinations when normal cor-
onary arteries were found with no correlation 

to the elevated concentrations. On the other 
hand, it has been shown that raised cTn values 
in those patients who are not suffering from 
ACS had an increased risk of mortality. There-
fore, elevated levels should trigger an early 
search for the underlying pathology (i.e. pul-
monary embolism, chronic pulmonary hyper-
tension, aortic dissection, decompensated heart 
failure, decompensated valvular disease) in 
 order to initiate disease-specific treatment as 
early as possible.

In patients with ACS, the advantages of 
 using high sensitivity assays generally outweigh 
the disadvantages by far. On the one hand, the 
detection of microinfarctions is now possible. 
On the other, it has been shown that the major-
ity of infarctions are fully diagnosed at a time of 
the patient’s admission or after 3 hours at the 
latest. In addition to standard diagnostics of re-
peated testing after 3 hours, the ESC guidelines 
recommend an accelerated diagnostic protocol 
using validated hsTn assays after 1 hour, repeat-
ed testing after 2 hours, but also the option of 
immediate diagnostics to exclude any infarc-
tion. The latter is possible if the hsTn test results 
lie below the limit of detection (LoD) or, if no 
high-sensitivity troponin test is available, by us-
ing combined measurements of copeptin, the 
stable C-terminal fragment of preprovasopres-
sin. If copeptin and cTn concentrations lie be-
low the relevant cutoffs at the time of the pa-
tient’s admission, an MI is excluded [12, 14, 19, 
26]. Moreover, taking the clinical risks into 
consideration, patients with a normal copeptin 
(<95th percentile) and normal cTn (<99th per-
centile) can be discharged from hospital safely 
[5]. Presently, implementation is limited by the 
fact that copeptin can only be measured with a 
separate analyzer (Kryptor, Thermo Fisher 
Brahms). Such a POCT device is undergoing 
clinical testing.

However, when hs cTn assays are used, no 
additional early biomarkers for ischemia need 
to be measured [13].

With these hs cTn assays, unstable angina is 
less frequently diagnosed while the diagnosis of 
infarction is increased.
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17.3.2 POCT in acute coronary 
syndrome

Compared to the development of assays for 
central laboratory use, technical developments 
of POCT systems have unfortunately not ad-
vanced at the same speed. Some systems still 
use cutoff values that are significantly above the 
99th percentile concentration [5, 18] and there-
fore only enable a diagnosis of infarction to be 
made “too late” or many infarctions are not 
even detected [15, 16, 23, 27]. Various suppliers 
have introduced POCT systems that enable the 
quantitative measurement of cTn with a preci-
sion comparable that of central laboratories 
(e.g. Radiometer AQT90, Roche h 232). In 
 addition, there are two POCT systems on the 
market to date which make measurements 
 possible using a high-sensitivity cTnI assay 
(Siemens’ Stratus CS Acute Care, Mitsubishi’s 
PATHFAST). An overview of available quanti-
tative POCT devices (e.g. Triage MeterPro from 
Alere, AQT90 FLEX, i-STAT from Abbott, 
Meritas from Trinity Biotech, PATHFAST, Stra-
tus CS, h 232, VIDAS from Biomérieux, RAMP 
from Response Biomedical) together with ana-
lytical specifications and performance data was 
compiled by Amundson and Apple in 2015 [2].

Diagnostic and therapeutic strategies have 
been developed in various studies that tested 
POCT-measured cardiac markers with regard 
to utilization of resources, risk stratification, 
therapeutic management and clinical out-
comes. The ACC/AHA 2002 Guideline update 
relating to patients with unstable angina and 
NSTEMI already anticipated that the diagnosis 
and management of patients will improve 
thanks to the transition from qualitative or 
semi-quantitative to quantitative measure-
ments within POCT [7]. In the 2004 ACC/AHA 
Guidelines for the management of patients with 
STEMI, it was proposed that qualitative tests 
could be used to detect elevated cardiac mark-
ers, whereas follow-up measurements should 
be carried out using quantitative tests. If these 
guideline recommendations are implemented 
consistently, then only high-sensitivity POCT 
assays should be used [3].

As previously described in 7 Section 17.3, 
the initial diagnosis using cTn measurements as 
part of a multi-marker strategy can be supple-
mented with markers that detect an earlier rise 
in the blood concentration (e.g. copeptin, myo-
globin, c-FABP, GPBB). Improved risk stratifi-
cation or better control of invasive diagnostics 
can additionally be expected when multi-mark-
er strategies are applied, including cTn and 
 others like cystatin C, natriuretic peptide, C-
reactive protein, mid-regional pro-adreno-
medullin (MR-proADM) and growth-differen-
tiation factor-15 (GDF-15). In order to measure 
such marker combinations with POCT, quanti-
tative, in part, highly sensitive test systems are 
required and already being developed. Practi-
cability and cost-benefit ratios will finally de-
termine the implementation of POCT in the 
diagnosis of ACS. The postulated positive 
 effects of POCT on patient outcomes, in par-
ticular, must be able to stand up to critical vali-
dation. Unfortunately, the results from clinical 
studies so far are contradictory [21]. The deci-
sion to implement a POCT concept for the 
 diagnosis of ACS should be guided by local 
 circumstances, logistical and organizational 
options, the implementation of effective quality 
management systems and by cost structures. 
General advantages for POCT in the diagnosis 
of ACS have not yet been proven in clinical 
studies. Nevertheless, at hospitals without a 
central laboratory or in developing countries 
[1], the use of POCT for measuring cardiac 
markers can be viewed differently.

17.4 Heart failure

17.4.1 Laboratory diagnostics

ECG, imaging and invasive procedures have so 
far been the core tools of diagnostic studies for 
chronic and acute heart failure as well as in the 
delineation of these pathologies against chron-
ic obstructive lung disease and pulmonary 
 embolism etc. Until recently, laboratory medi-
cine had not played a significant role in the 
diagnosis, monitoring, therapeutic evaluation 
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or in the differential diagnosis of acute chest 
pain and dyspnea. The discovery of the natriu-
retic peptides (especially BNP) and D-dimer 
heralded a future trend towards a greater role 
that laboratory diagnostics will play in the care 
of patients with heart failure, particularly from 
a cost-benefit perspective. These two charac-
teristic variables will be discussed in greater 
detail below.

BNP/NT-pro-BNP/NT-pro-ANP
Brain natriuretic peptide (BNP) is produced 
mainly in the atrium of a healthy heart. In ven-
tricular diseases, particularly in heart failure, 
BNP gene expression in ventricular myocytes 
increases, mainly due to the response of the 
heart to greater myocardial wall tension, dilata-
tion and/or intracardiac pressure. BNP is re-
leased into the blood without any prior storage. 
BNP causes increased diuresis and natriuresis 
as well as relaxation of vascular smooth muscle. 
It has an inhibitory effect on mitogenesis and 
myocardial remodeling.

BNP is the product of proteolytic process-
ing of the precursor molecule prepro-BNP 
(134 amino acids) which is synthesized in 
 cardiomyocytes. Prepro-BNP is cleaved in the 
cytoplasm to pro-BNP (108 amino acids) and 
an N-terminal signal peptide (26 amino acids). 
After its release into the blood, pro-BNP is 
cleaved into the active hormone BNP (amino 
acids 77–108) and the inactive N-terminal frag-
ment NT-pro-BNP (amino acids 1–76). Addi-
tionally, low concentrations of pro-BNP are 
also found in the blood. This mostly has ana-
lytical implications for the specificity of BNP 
and NT-pro-BNP tests. As an active hormone, 
BNP is proteolytically degraded via binding to 
NP receptors by internalization into the target 
cell and by a membrane-bound neutral endo-
peptidase. The latter is present mainly in the 
liver, lung and kidneys. Plasma levels of BNP 
can potentially be affected by inhibitors of the 
neutral endopeptidase (e.g. candoxatril for the 
treatment of heart failure) or vasopeptidase 
(e.g. omapatrilat for the treatment of hyperten-
sion). By contrast, NT-pro-BNP undergoes 
mainly renal excretion and could therefore be 

more suitable for monitoring of therapy in pa-
tients treated with these drug classes.

Meanwhile, numerous studies have become 
available and recommendations made in na-
tional and international guidelines (new 70; 
ESC Guideline) on BNP as well as NT-pro-BNP 
and NT-pro-ANP, attesting to their suitability 
as clinical chemistry markers to exclude acute 
or chronic heart failure and for the assessment 
of prognosis in heart failure patients. Currently, 
it is still unclear if factors such as age, gender 
and body mass index need to be included when 
setting decision-making limits. The initial dis-
cussion on the principle advantages and disad-
vantages of BNP vs. NT-pro-BNP in terms of 
the renal elimination of NT-pro-BNP or the 
sensitivity of BNP to pre-analytical influences 
finally failed to establish the superiority of ei-
ther of the two parameters. The degree of renal 
impairment that affects NT-pro-BNP blood 
levels and the resulting implications for deci-
sion-making limits are well known [4]. Once 
the required conditions for BNP in the pre-an-
alytic phase are met (EDTA plasma), it exhibits 
a comparable stability to NT-pro-BNP for a 
minimum of 4–24 h (depending on the test an-
tibodies used). It is possible that the different 
clearance times for BNP (20 min) and NT-pro-
BNP (2 h) could deliver future approaches to 
the targeted use of one or the other marker, for 
example, in the monitoring of patients with 
chronic heart failure or for recompensation af-
ter decompensated heart failure.

In addition to the main area of applications 
for BNP/NT-pro-BNP/NT-pro-ANP in the 
 diagnosis of left ventricular systolic dysfunc-
tion in patients with chronic heart failure, fur-
ther potential applications that have emerged 
include left ventricular hypertrophy, left ven-
tricular diastolic dysfunction, atrial fibrillation, 
valvular diseases and ACS. In combination with 
cTnT/cTnI and D-dimer, BNP/NT-pro-BNP 
offers a possible aid in the differential diagnoses 
of chest pain and dyspnea. Here, the measure-
ment of BNP/NT-pro-BNP is seen as a screen-
ing tool that leads to further diagnostic proce-
dures, (particularly echocardiography) if the 
result is positive. A negative result excludes 
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cardiac involvement with high probability. The 
following areas of application for measuring 
BNP/NT-pro-BNP derive from the National 
Academy of Clinical Biochemistry (NACB) 
[24] and the ACC or the AHA recommenda-
tions [25]:
 5 Initial measurement in patients in the 

emergency department (or similar set-
tings) where the diagnosis of heart failure 
is unclear

 5 Differential diagnoses in chest pain and 
dyspnea combined with D-dimer assays

 5 Patients with left ventricular dysfunction 
post acute MI

 5 Presence of risk markers for heart failure 
such as a medical history of ACS or 
 diabetes mellitus

 5 Risk stratification and prognosis assess-
ment in patients with ACS, decompensated 
heart failure, stable chronic heart failure, a 
heart transplantation or non-cardiac 
 diseases such as pulmonary embolism

 5 Therapy monitoring for heart failure
 5 Monitoring of patients treated with 

 potentially cardiotoxic medications  
(e.g. anthracycline or trastuzumab)

However, for many of the indications listed, 
only insufficient data have been evaluated to 
date, particularly regarding decision-making 
limits. In many cases, no conclusions are avail-
able about the cost-benefit ratio.

BNP-/NT-pro-BNP measurement is not in-
dicated:
 5 In patients with obvious clinical signs of 

heart failure. If this is the case, it is not a 
replacement for conventional methods like 
echocardiography and invasive hemody-
namic examinations.

 5 For screening asymptomatic patient co-
horts for left ventricular dysfunction.

D-dimer
D-dimer is a characteristic product of fibrin 
cleavage mediated by plasmin and found in 
plasma at higher concentrations during intra-
vascular activation of coagulation and second-
ary fibrinolysis.

A normal D-dimer practically excludes pul-
monary embolism (PE) when the pre-test prob-
ability is low to moderate. If the test is positive, 
imaging procedures like spiral computed to-
mography and magnetic resonance imaging, 
occasionally, scintigraphy and pulmonary an-
gio graphy are still also employed to confirm the 
diagnosis. The measurement of D-dimer can be 
useful in the differential diagnosis of pulmo-
nary embolism, on the one hand, and of pneu-
monia, pleurisy, pneumothorax and asthma 
attacks, on the other.

Under the pretest probabilities described, a 
normal D-dimer is grounds to practically rule 
out any deep vein thrombosis. At this juncture, 
it is important to stress that a negative test result 
at high pre-test probability is still associated 
with a high post-test probability (typically 20 % 
and 50 %); even when high-sensitivity tests are 
used. Only at a (theoretical) test sensitivity of 
100 % can a diagnosis be excluded with certain-
ty (independent of the pre-test probability) [8].

A positive test requires further diagnostic 
work up to confirm the diagnosis seeing as D-
dimer is not specific for PE and deep vein 
thrombosis (DVT). A diverse range of other 
pathophysiological conditions that are linked 
with coagulation activation needs to be weighed 
into the differential diagnoses if the D-dimer 
test is positive.

The diagnosis of DVT and PE can follow an 
evidence-based procedure as formulated in the 
guidelines issued by the Association of the Sci-
entific Medical Societies in Germany (Arbeits-
gemeinschaft der Wissenschaftlichen Medizi-
nischen Fachgesellschaften e.V., AWMF) [6]: In 
suspected DVT, the clinical probability of the 
presence of the disease is initially evaluated. If 
the pre-test probability is high, compression 
ultrasound of the leg veins is immediately re-
quested without laboratory diagnostics. In case 
of the slightest clinical suspicion, the immedi-
ate test for D-dimer is exceptionally important. 
If the test result is negative, a DVT is excluded 
because of the very high negative predictive 
value. If the test turns out positive, a compres-
sion ultrasound of the leg veins should be or-
dered.
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If PE is suspected in a clinically stable pa-
tient, the diagnostic algorithm is analogous to 
the procedure for DVT. If there is a high or 
moderate clinical suspicion, immediate imag-
ing procedures are undertaken (compression 
ultrasound of the leg veins, spiral computed 
tomography, scintigraphy). D-dimer is only 
measured as a first-line diagnostic test in the 
context of low clinical suspicion. If the result is 
negative, a PE is excluded because of the test’s 
very high negative predictive value. Positive test 
results are followed by the relevant imaging 
studies.

17.4.2 POCT in heart failure

The ability to determine natriuretic peptides 
alone or in combination with D-dimer has 
brought significant progress in the diagnosis of 
and differential diagnostics for patients with 
suspected heart failure. It is anticipated that 
natriuretic peptides will also gain importance 
in the management of patients with heart fail-
ure and other cardiac diseases. The significance 
of POCT in this context, however, still remains 
unclear: No systematic studies have been car-
ried out to date aimed at comparing the 
cost-benefit ratio of central laboratory diagnos-
tics versus POCT.

If such a concept is further developed con-
sistently, continuous self-monitoring of pa-
tients with chronic heart failure – possibly sup-
ported by telemedicine – might not only lead to 
quicker optimization of therapy, but thereby to 
lower re-hospitalization rates for decompensa-
tion of heart failure as well.
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18.1 Introduction

In drug of abuse (DOA) screening, immunolog-
ical test strip methods are frequently employed 
to obtain a general suspicion of drug or sub-
stance abuse. The area of application extends 
from forensic investigations through emergency 
medicine to uncovering the concomitant use of 
drugs during addiction treatment.

One important area of application for DOA 
screening is therapy monitoring of patients 
 being treated for addiction. In this context, dif-
ferentiations can be made between substitu-
tion-supported treatment with methadone, 
buprenorphine or, since 2015, sustained-release 
morphine and treatments without maintenance 
therapy (clean therapy). In 1998, a chapter en-
titled “Narcotic Drugs” was added to Sec-
tion 24a of the German Road Traffic Act. This 
resulted in greater crackdown on drivers oper-
ating vehicles under the influence of these 
drugs. From 1999 to 2004, the proportion of 
traffic offenses committed by drivers on drugs 
rose from 1.1 % to 10.1 % [5]. POCT is fre-
quently used in emergency medicine in the 
hopes that intoxication or poisoning can be 
 diagnosed as quickly as possible. Within the 
broadest sense of workplace drug testing, em-
ployees working in safety-relevant areas can 
moreover be tested legally defensible for absti-
nence. At criminal justice facilities, tests must 
be conducted regularly in order to rule out 
 narcotics abuse. As part of fitness-to-drive 
 diagnostics based on a medical-psychological 
assessment report, proof of abstinence is re-
quired for driver’s license re-applicants [9].

Considering the more than 9.5 million per-
sons drinking risky amounts of alcohol, 1.3 mil-
lion alcoholics and annually between 42,000 to 
74,000 alcohol-related deaths, alcohol indeed 
plays a major role in addiction medicine in Ger-
many. Alcohol abuse in adolescents has risen in 
recent years. Over 20,000 children and adoles-
cents annually receive inpatient treatment for 
alcohol poisoning [1]. Alcohol monitoring is a 
part of preventive measures (for example to en-
sure road safety) or it serves as proof of absti-
nence during treatments for addictive diseases. 

Alcohol is contraindicated in substitution treat-
ment. To screen drivers with suspended driver’s 
license for driving under the influence of alco-
hol, ignition interlock devices have been in use 
for several years now, where alcohol breathalyz-
ers control the motor’s ignition [4]. In many 
areas, alcohol breath analysis is carried out to 
detect acute alcohol abuse.

Meanwhile, test systems for sweat, saliva or 
solids have come onto the market alongside 
strips for urine sample testing. Nowadays, the 
spectrum of detectable substances extends far 
beyond the classic analytes amphetamine, 
methamphetamine, cocaine metabolite (ben-
zoylecgonine), opiates (morphine) and canna-
bis metabolite (THC-COOH); currently, over 
200 substances from around 20 substance 
groups with a diverse range of pharmacokinetic 
and pharmacodynamic properties can be de-
tected [2]. Numerous (pre-)analytical factors 
need to be accounted for in the selection of the 
optimal test system, as well as for analyzing and 
interpreting the results.

18.2 Analysis planning  
and optimal test systems

Prior to selecting the test system, considerations 
should be given as to which sample matrix best 
achieves the desired objective. The most com-
mon practice is to collect spontaneously void-
ed urine, this method offers innumerable ad-
vantages: The sample is easy to obtain without 
medical staff. Because of the physiological func-
tion of the renal tubuli (reabsorption,  secretion), 
very high concentrations of most narcotic drugs 
and pharmaceutical agents are normally found 
in the urine. This allows the analytes to be de-
tectable for a relatively long period of time.

Note

It should be noted that any conclusions 
about pharmacologically relevant blood 
concentrations cannot be drawn from 
urine analysis results.
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One problem is sample tampering. Labora-
tories constantly discover that water, tea, juice 
or chemicals have been added artificially to 
urine samples. Even during supervised sample 
taking, tampering – including the addition of 
foreign urine – cannot be ruled out completely. 
It should also be noted that excessive intake of 
fluids can dilute the sample considerably. Ap-
propriate concurrent analyses must be carried 
out to check for sample tampering (. Tab. 18.1). 
Today, a broad spectrum of parameters extend-
ing beyond analysis for traditional narcotics is 
available for urine samples.

Since the end of the 1990s, saliva (oral flu-
id) has played an increasingly important role in 
narcotics and DOA screening. This school of 
thought was borne by the prevailing hypothesis 
in the past that the concentration of an analyte 
in the saliva would allow pharmacologically 
 relevant conclusions to be drawn about corre-
sponding levels in the blood. Moreover, saliva 
analysis offers an option that lets the patient 
avoid the indiscretion of providing a urine 
 sample. Particularly for police officers, taking 
saliva samples thus appears to be a good re-
placement for urine samples [12].

On the whole, however, it should be stated 
that saliva analysis cannot meet all expecta-
tions. The primary reason is that not all nar-
cotic drugs and medications are excreted the 

same way by the saliva glands. Lipophilic and 
acidic compounds such as the active metabolite 
in cannabis, Δ9-THC, are hardly detectable in 
saliva samples. Detection of this substance is 
generally attributable to consumption residues. 
Furthermore, it was determined that secretion 
from the saliva glands is pH-dependent. Thus, 
any correlation between serum levels and saliva 
concentration can only rarely be assumed [5].

The collection of saliva is fraught with prob-
lems. Several analytes are adsorbed on the sur-
face of the carrier (e.g. cotton wool). Other 
 systems rely on a rinsing solution for the oral 
cavity, thereby circumventing adsorption prob-
lems. A further difficulty associated with the 
collection of saliva samples is verification of the 
sample volume. If a dye is added to the mouth-
rinsing solution for obtaining a sample, it can 
be used to photometrically determine the saliva 
volume harvested [8]. Despite the aforemen-
tioned limitations, saliva analysis offers an 
 interesting supplement to classic POCT tech-
niques, albeit, still dependent on more compre-
hensive analysis by chromatographic methods.

Yet another analytical option is offered by 
testing sweat. Medicinal agents and narcotic 
drugs are secreted through the saliva glands by 
the same physiological mechanisms as through 
the sweat glands. In turn, the chemical charac-
teristics of a substance have an impact on the 
excretion rate. It is problematical to delineate 
any contamination of the skin with analytes 
which can lead to false-positive results. There 
are two techniques available for sampling of 
sweat:
 5 The wipe test used in Germany is per-

formed by wiping a sampling pad attached 
to a collector system over the subject’s skin. 
However, the harvested sample volume can 
vary considerably from case to case and 
impair the test result.

 5 Samples are taken on “sweat patches” 
through a non-woven layer. They are 
 applied to the body and left there for 
 several days. These technique offers the 
advantage that the corresponding skin area 
can be cleaned properly, which largely 
rules out any contamination. Furthermore, 

 . Tab. 18.1 Monitoring parameters for urine 
sample tampering [10]

Parameters Normal findings

Temperature 32–39° C (directly after taking 
the sample)

pH 4.0–9.0

Creatinine in 
the urine

<20 mg/dL 

Relative 
density

<1.003 kg/L

Chemicals, 
metabolites

e.g. glutaraldehyde, chromates, 
bleaching agents, nitrite, 
 glucose, fructose
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the observation period is extended as well. 
By contrast, the possibility of sample 
 tampering poses problems.

Because of the aforementioned disadvantages, 
POCT analyses in sweat samples only play a 
minor role in testing for narcotic drugs and 
pharmaceuticals.

Volatile substances like ethanol can be de-
tected in the breath. The substances are dif-
fused from the air stream in the lungs through 
the alveolar barrier walls into the exhaled air, 
where they can be quantitatively demonstrat-
ed. Breath alcohol analysis is an indirect meth-
od for determining the level of systemic alco-
hol intoxication. The ratio between breath 
 alcohol and blood alcohol is 1:2100 on average. 
The concentration can, however, be affected by 
the manner of exhalation and any possible re-
sidual alcohol in the oral cavity. Thus, the ratio 
of breath alcohol to blood alcohol fluctuates 
inter- and intra-individually. A blood sample 
must be drawn for quantitative verification of 
the measured results. The length of time avail-
able to determine alcohol in the breath is only 
several hours after the person has stopped 
drinking; this method can thus only detect an 
acute alcohol intoxication of the patient [5]. 
Parameters with a broader detection window 
such as carbohydrate-deficient transferrin 
(CDT) or the phase-II-metabolite ethyl gluc-
uronide should be employed for abstinence 
monitoring.

18.3 Test principle and conduct

The test principle on which the majority of 
 rapid drug tests are based is GLORIA technology 
(GLORIA: gold-labeled optical-read rapid im-
munoassay). This technology is also incorpo-
rated into many other test strips, like those used 
for albumin detection in the urine, for example 
(7 Chapter 19). The test strip consists of a car-
rier film applied to multiple layers of non-wo-
ven material. When the test strips are immersed 
in the sample, the lower non-woven layer ab-
sorbs the sample material. The mark delineat-

ing the maximum immersion depth should be 
observed. This triggers a chromatographic pro-
cess during which the sample is absorbed up-
wards along the test swab by virtue of capillary 
action. This causes the sample to initially flow 
through a non-woven layer that contains 
gold-labeled monoclonal antibodies. The 
 analytes contained in the sample form mobile, 
red-stained complexes with the test-specific 
monoclonal antibodies. In this process, a por-
tion of the antibodies are complexed; in the 
next non-woven layer, the excess antibodies are 
bound to immobilized analyte analogs (hap-
tens) and produce an optically visible control 
band. The red-stained analyte complex flows 
through this fleece and accumulates in the 
 detection zone. A specific change in color is a 
positive indication that the analyte has been 
 detected. Thus, a control line is only visible in 
negative samples. Above this control line, how-
ever, a second detection line can be seen in pos-
itive samples [10].

The main sources of error associated with 
the analysis of test strips results are:
 5 Misinterpretation of the displayed lines
 5 Read-off inaccuracies
 5 Erroneous interpretation of color changes, 

particularly at cutoff concentrations

The inexperienced examiner will thus inevita-
bly be hard-pressed to interpret weakly stained 
bands. In the field, insufficient or unfavorable 
lighting will frequently encumber interpreta-
tion. Another problem is posed by the strongly 
varying intrinsic color of urine samples, which 
can further complicate the reading of the test 
strips. The analysis can be objectified with a 
 reflectance photometer or scanner.

One important handling aspect, particularly 
with urine samples, is the danger of sample 
 contamination. Taking into account that the 
concentrations of some narcotic drugs and 
pharmaceuticals are in the range of 100 mg/L, 
mere traces – meaning a fraction of a droplet – 
can contaminate a second subsequent sample. 
Such analytical errors can no longer be cleared 
up by any further comprehensive laboratory 
analysis. Therefore, it is urgently recommended 
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the principles of trace analysis always be applied 
to sample handling in order to prevent any con-
tamination.

Several important measures for 
 preventing contamination
 5 Never process multiple samples 

 simultaneously.
 5 Only employ single-use materials.
 5 Always wear single-use gloves.
 5 Samples should be aliquoted and the 

original samples kept as retention 
samples for any follow-up analyses.

 5 Benchtops should be cleaned scrupu-
lously after the end of each work step.

Note

The use of firmly sealable urine beakers 
with integrated test strips can eliminate 
many contamination pathways.

The quality assurance conventionally used in 
laboratory diagnostics is contravened by limita-
tions with test strips; in practice, only the con-
trol band is used for quality control. Control 
materials are generally not offered by the test 
suppliers. Given that the test strips are a closed 
test system, the transferability of quality control 
results from one test to another must be ques-
tioned. One example of the reasons for this is 
that errors in storage will not impact all tests 
equally. Not only test suppliers should partici-
pate in interlaboratory tests; this is recom-
mendable for every test user.

A variety of test principles are used for 
breath analysis. In the Alcotest test tubes, 
 ethanol is oxidized with potassium dichromate 
to acetaldehyde; yellow potassium dichromate 
(VI) is reduced to green chromium(III) oxide. 
The color change serves visual detection. The 
more modern analytical systems determine the 
alcohol concentration by infrared sensors or 
electrochemical means. In the case of infrared 
optical sensors, infrared light is guided through 
a measuring chamber. In the presence of etha-

nol, a portion of the infrared light is absorbed 
in a concentration-dependent manner. Absorp-
tion is proportional to the ethanol concentra-
tion and is used to calculate breath alcohol con-
centration after calibration of the measuring 
system [3].

For electrochemical detection, an electrical 
piston pump is used to transfer an air sample of 
a pre-set volume (approx. 1 cm3) into a measur-
ing chamber. The alcohol is oxidized to alde-
hyde on the catalytic lining of the measuring 
electrode. The electrons released by this gener-
ate a measurable electrical signal that enables 
determination of the alcohol concentration 
 after calibration [3].

18.4 Decision-making limits 
 (cut-off concentrations)

Decision limits are stated by the manufacturer 
as cut-offs. These are concentration levels gen-
erally given in µg/L and in the context of a 
 reference substance. The test reacts positively 
when the concentration of the reference sub-
stance is above the stated cut-off. The cut-offs 
commonly refer to the Mandatory Guidelines 
drafted by the Substance Abuse and Mental 
Health Services Administration (SAMHSA) in 
the USA. However, the SAMHSA Mandatory 
Guidelines [13] only cover a very limited spec-
trum of controlled substance for which the rel-
atively high cut-off concentrations have been 
proposed (. Tab. 18.2). Given that a majority of 
the test strips are produced for the US market, 
tests are frequently supplied with cut-offs that 
are unconventional for Europe. The European 
Workplace Drug Testing Society (EWDTS) has 
published cut-offs for urine and saliva analysis 
[11]. In 2013, the third edition of the expert re-
view guidelines for fitness-to-drive diagnostics 
published new cut-offs for chromatographic 
tests for narcotic drugs in the urine [9].



176 Chapter 18 · POCT methods for screening in addiction medicine

18

18.5 Cross reactions

Cross reaction is defined as a property of any 
substance to cause a reaction in a specific test 
strip product. The cross reactions are indicated 
either as the minimal concentration that led to 
a positive test result, or in percentage reactivity 
as compared to the test-specific reference sub-
stance. Unfortunately, the presence of com-

pounds that do not count among the group of 
target analytes can lead to a positive result. This 
is referred to as an “adverse cross reaction”. As a 
rule, only tests should be used for which exten-
sive lists of proven cross reactions are available. 
These lists should also indicate the sensitivity 
for target analyte collection. Particularly in the 
case of group tests (e.g. with the benzodiaze-
pines), test strips do not show a sufficient 

 . Tab. 18.2 Cut-offs (stated in µg/L) [9, 13, 11]

Analytes Medical-psychological 
assessment of fitness-to-
drive (chromatography)

SAMHSA EWDTS

Immuno-
chemistry

Confirmatory 
 analysis

Amphetamines 1000 500 –

Amphetamine 25 – – 200

Methamphetamine 25 – – 200

MDMA/MDA/MDE(A) 25 – – 200

Other amphetamines – – 200

Barbiturates – 200 150

Benzodiazepines 50** – 200 100

Buprenorphine/ 
norbuprenorphine

–  5  2

Cannabinoids  50  50 –

Δ9-THC-COOH 10* – –  15

Cocaine  300 150 –

Benzoylecgonine 30 – – 100

Methadone/methadone 
 metabolite EDDP

– 100 (300) –

Methadone 50 – – 250

Methadone metabolite EDDP 50 – –  75

Opiates (total) 2000 300 –

Morphine (total) 25* – – 300

6-Acetylmorphine 25* – –  10

Codeine (total) 25* – – 300

Dihydrocodeine (total) 25* – – 300

SAMHSA Substance Abuse and Mental Health Services Administration
* After hydrolysis, ** Selected benzodiazepines
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cross-reactivity for all analytes. On the urine 
tests, it is imperative that the relevant meta-
bolites and not only the active constituents be 
listed.

In the presence of detected ethanol, cross 
reactions with other alcohols or ketones can 
 occur. At physiological concentrations, how-
ever, these are mostly irrelevant. Medication, 
hygiene or disinfectants can contain various 
alcohols in relevant concentrations.

18.6 Hydrolysis

Phase II metabolites like glucuronides gener ally 
do not show sufficient cross-reactivity. A high 
percentage of pharmaceuticals, however, are 
renally excreted as glucuronide conjugate. En-
zymatic hydrolysis is a simple method for de-
tecting these analytes. After pH adjustment 
(e.g. Helix pomatia: 4.5), a hydrolase for cleav-
ing the conjugates is added to the sample. After 
incubation in a water bath, the glucuronide 
conjugates are present in the sample as phase I 
metabolites and available for test strip analysis. 
If a test is repeated to confirm uncertain or bor-
derline analyses, these methods can also lead to 
more unequivocal results.

18.7 Confirmatory analysis

Positive findings for DOA and pharmaceutics 
on test strips should always be verified. For this 
purpose, a clear statement by the patient suffic-
es. However, if the information is contradictory, 
a confirmatory analysis is indispensable – the 
sample must be tested in the laboratory and ana-
lyzed by thin-layer chromatography, high-per-
formance liquid chromatography (HPLC), gas 
chromatography or HPLC tandem mass spec-
trometry. A confirmatory analysis with another 
immunochemical test is not allowed. The anal-
ysis report provides information about the con-
stituents detected, e.g. which benzodiazepine is 
involved [6, 7].

Note

To answer forensic questions, test strips 
should only be used to obtain a tentative 
diagnosis. They are required for treating 
addiction, to discover a relapse and to 
 initiate therapeutic measures in a timely 
manner. Otherwise, the analyte spectrum 
of individual tests and their sensitivity is 
too low for the regular use of test strips in 
treating addiction. In the event of 
false-positive findings, consideration 
should be given to informing the test 
 suppliers, for example, so that they can 
commission a test analysis for any 
cross-reacting substances. These facts are 
then documented in the list of cross reac-
tions for this test.

18.8 Documentation

In practice, documenting test strip results may 
be troublesome, but it is indispensable in terms 
of quality assurance in order to obtain repro-
ducible analytical results. The test strips them-
selves cannot be stored. They are potentially 
infectious, and the band staining cannot be per-
manently preserved. Records should be taken 
down on a pre-printed form containing the 
date, patient, analyzing technician, batch num-
ber of the test, analytical findings, sampling 
method, check for sample tampering, creati-
nine concentration, pH value, temperature and 
any appropriate remarks, such as special medi-
cations. The test strips can additionally be doc-
umented photographically. Generally, docu-
mentation must be archived and retained for a 
minimum of 10 years. Electronic data process-
ing-supported documentation with special 
scanners can facilitate interpretation, particu-
larly of cumulative findings and improve data 
security.
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18.9 Pre-analytical phase

Sampling should occur spontaneously and at 
best immediately in the case of suspected mis-
use, given that the analytes are partially decayed 
and excreted very rapidly in vivo. Until analysis, 
the samples should be stored in a dark, cool 
place, even though most analytes are tempera-
ture- and light-stable. Given that repeat sam-
pling does not produce the same results and 
frequently throws up new questions later, sam-
ples should be kept in long-term storage. Pa-
tients should be informed about how important 
it is to disclose any medicines they may be tak-
ing. Consideration should also be given to pos-
sible consumption of foods that contain poppy 
seeds. These can contain morphine and trigger 
a positive opiate test.

18.10 Brief information on 
 important analytes and 
 analyte groups

18.10.1 Alcohol

 > Important target analytes: Ethanol and 
ethyl glucuronide.

Since acute alcohol consumption can be de-
tected easily and reliably with the breathalyzer, 
additional methods only play a minor role. Re-
spiratory behavior and contamination of the 
oral cavity can affect the measurement to the 
extent that conclusions about the blood alcohol 
concentration cannot be drawn with certainty 
in every case. Cross reactions with other alco-
hols can likewise be confounders. In isolated 
cases, test strips pose a cost-effective alternative 
to the comparatively expensive alcohol breatha-
lyzers. However, it should be noted that saliva 
tests are purely qualitative methods. Test strips 
based on ethyl glucuronide offer the option of 
being able to detect alcohol intake over a longer 
time span (up to approx. 80 hours).

18.10.2 Amphetamine-like 
 designer drugs

 > Important target analytes: Ampheta-
mine, methamphetamine, MDA, MDMA, 
MDE(A), BDB, MBDB, Ritalin, cathinone 
and a variety of other designer ampheta-
mines [7].

Amphetamines are generally detected on the 
test strips as individual analytes. Frequently, 
only tests for amphetamines and methamphet-
amines are offered (see SAMHSA Mandatory 
Guidelines). Solely a few tests offer a sufficient 
cross-reactivity with other designer amphet-
amines – MDA, MDMA, MDE(A), BDB and 
MBDB. Because of the relatively low molecular 
mass, the informative value of the molecule 
structures is low, thereby characterizing true 
group tests by a broad spectrum of adverse 
cross reactions. Certain pharmaceuticals de-
compose into amphetamine (e.g. selegiline). 
Meanwhile, test strips for special questions like 
Ritalin and the cathinone MDPV have become 
available as well. The appropriate chromato-
graphic analysis must be carried out to discrim-
inate these false-positive findings. Most am-
phetamines are not excreted in the urine as 
conjugates. Detection in the saliva is possible.

18.10.3 Barbiturates

 > Important target analytes: Phenobarbi-
tal, pentobarbital, allobarbital, alphenal, 
amobarbital, apobarbital, barbital, buto-
barbital, cyclopentobarbital, secobarbi-
tal, vinyl barbital, thiopental [7].

Only a few barbiturates are still approved in 
Germany. Therefore these drugs are being 
abused less and less. Conventional test strips 
detect the commercially available drugs with 
sufficient sensitivity. Analysis in the saliva is 
not practicable.
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18.10.4 Benzodiazepines

 > Important target analytes: Diazepam, 
nordiazepam, temazepam, oxazepam, 
nitrazepam, clonazepam, flunitrazepam, 
alprazolam, flurazepam, tetrazepam, 
 lorazepam, lormetazepam, medazepam, 
midazolam, bromazepam, brotizolam, 
clobazam, clorazepate, chlordiaze-
poxide, prazepam, triazolam, phenaze-
pam, etizolam, z-substances (zopiclone, 
zolpidem), designer benzodiazepines [7].

The group of benzodiazepines includes diverse 
pharmaceutical agents with many metabolites. 
This list is compounded by the great pharmaco-
dynamic breadth of drugs that encumbers anal-
ysis by group testing. Whereas most tests rate 
well in the detection of 1,4-benzodiazepines like 
diazepam, the sensitivity is insufficient for de-
tecting pharmacodynamically highly active 
7-nitro-benzodiazepines such as clonazepam as 
well as their phase-I and phase-II metabolites. 
Frequently, the term “group test” is not an ade-
quate one. Enzymatic hydrolysis can be conduct-
ed to enhance sensitivity. Another major group 
is also represented by the z-substances. However, 
these are generally not detected by the antibod-
ies. Meanwhile, a large variety of designer ben-
zodiazepines has appeared on the black market.

It appears questionable, whether the sensi-
tivity of the test strips for saliva can be evalu-
ated as sufficient.

18.10.5 Cannabinoids

 > Important target analytes: Δ9-THC, Δ9-
THC-COOH, synthetic cannabinoids [7].

Test strips for cannabinoids contain a monoclo-
nal antibody that targets the main metabolite 
Δ9-THC-COOH and shows a high sensitivity 
and selectivity for these analytes. Different cut-
offs are applied, depending on the question at 
issue. For several years now, synthetic cannabi-
noids have been gaining importance. For ex-
ample, cannabinoid receptor agonists (e.g. 

JHW-018, MDMB-CHMICA or 5F-ADB) are 
added to herbal mixtures and solutions for e-
cigarettes and e-hookahs. The market is start-
ing to offer the first test strips for synthetic can-
nabinoids. However, the spectrum of detectable 
substances is limited and the cut-offs are rela-
tively high.

Test strips for saliva currently do not appear 
suitable.

18.10.6 Cocaine

 > Important target analytes: Cocaine, ben-
zoylecgonine [6].

As with cannabinoids, the monoclonal anti-
bodies of cocaine tests react to the primary me-
tabolites (here: benzoylecgonine) and are like-
wise characterized by high sensitivity and spec-
ificity. Unlike the cannabinoids, the cocaine 
metabolite is also detectable in many other 
bodily fluids (including saliva).

18.10.7 Methadone

 > Important target analytes: Methadone 
and methadone metabolite (EDDP) [6].

Besides the test for the parent compound, 
screening for the primary metabolite EDDP is 
increasingly being offered to find evidence of 
the substitute drug methadone. The two tests 
are characterized by high sensitivity and speci-
ficity. The detection of metabolites gives the 
analyst additional information as to whether 
the substitute drug was taken, and thereby rules 
out any substance subsequently added by tam-
pering. Unlike the EDDP, methadone is detect-
able in measurable concentrations in the saliva.

18.10.8 Opiates

 > Important target analytes:  
Morphine,  codeine, dihydrocodeine, 
6-acetylmorphine [6].
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Most test strips detect the opiates morphine, 
6-acetylmorphine, codeine and dihydroco-
deine. Additional opioids like tramadol, tilidine 
or fentanyl do not exhibit any relevant cross 
reactions in the tests. That means these opiate 
test strips cannot be used as a selective test for 
heroin abuse or in broader screening for opi-
oids. Heroin abuse can only be reliably demon-
strated by evidence of 6-acetylmorphine in a 
confirmatory analysis. This aspect has gained 
particular importance since the introduction of 
sustained-release morphine for substitution-
supported treatment. Meanwhile, test strips 
with a monoclonal antibody for 6-acetylmor-
phine have also become available. The list of 
cross-reacting substances should be accounted 
for, both in the case of positive as well as nega-
tive findings. Furthermore, it should be noted 
that the test cut-offs vary between 300 and 
2,000 µg/L. Opiates are detectable in the saliva.

18.10.9 Buprenorphine

 > Important target analytes: 
 Buprenorphine, norbuprenorphine [6].

For years, buprenorphine has been approved as 
an opioid replacement drug. It is a partial opiate 
antagonist with high pharmacodynamic poten-
cy. Commercial tests frequently do not exhibit 
cross reactions with the main metabolite nor-
buprenorphine, even though it takes up a major 
portion of the renally excreted active ingre-
dient. Hence, most buprenorphine tests are 
characterized by good specificity, but low sen-
sitivity. There are no commercial tests available 
for determination in saliva.

18.11 Sample tampering

Test strips should always be used in routine 
analysis to unmask any sample tampering. 
Combination test strips are supplied that cover 
pH, creatinine concentration and specific den-
sity, including the following parameters:

 5 Oxidants
 5 Nitrite
 5 Glutaraldehyde
 5 Chromate
 5 Peroxidase
 5 Bleaching agents

These compounds are capable of disrupting the 
test or eliminating the analytes from the sample 
by chemical reactions [10].
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19.1 Urine analyses

19.1.1 Introduction

In the context of timely primary prevention, the 
exclusion or early diagnosis of incipient ne-
phropathy and urinary tract infections (UTI) 
can be rendered using laboratory tests. Here, 
urine test strips are nearly always used as the 
first diagnostic step. These test strips, which 
 simultaneously detect a number of parameters, 
are regarded as classic POC tests. They are used 
as screening tests in the central laboratory or by 
patients for self-testing. Their use allows an 
 early diagnosis of diseases affecting kidney 
function and carbohydrate metabolism as well 
as the liver and hemolytic functions. Further ex-
planations are provided by the review by Boege 
et al. [2] and the guidelines of the European 
Confederation of Laboratory Medicine [6].

The specific gravity of urine has been the 
subject of physical testing since ancient times. 
The first chemical method for detecting protein 
was introduced by the Viennese chemist, J.F. 
Heller (1813–1871), Heller’s ring test. Concen-
trated nitric acid is added to the urine in a li-
queur glass to form two layers. If albumin is 
present in the urine, a white ring of precipitated 
protein appears. Since this test was usually car-
ried out directly by the physician in the pres-
ence of the patient, this method can be said to 
be the first POC test described in the literature.

The introduction of test strips in the 20th 
century revolutionized urine diagnostics be-
cause of their practicality and specificity. The 
reaction area on the test strip is made of absor-
bent material and contains all the necessary 
detection reagents. The urine acts as a solubi-
lizer, dissolving the stabilized reagents and trig-
gering the relevant chemical detection reac-
tions. The test strip test includes the chemical 
detection of corpuscular components, such as 
erythrocytes and leukocytes, as well as mea-
surements of pH and specific gravity.

The collection of urine samples and the 
point of diagnostic testing should, whenever 
possible, be nearby, as urine needs to be ana-
lyzed within 2 hours of collection. Spontane-

ously voided urine is suitable for many chem-
ical and microscopic tests; nevertheless, mid-
stream urine should be collected whenever 
possible, i.e. the first portion of the urine stream 
is discarded [13]. A first morning urine sample 
is preferable as it contains the target substances 
in higher concentrations than further portions 
voided during the day. In urology, a 3-portion 
sample is examined in males. The first stream 
and the midstream are collected in separate 
tubes; the third tube is filled after a gentle pros-
tate massage. This method allows a rough local-
ization of substances or cells such as red blood 
cells (RBC).

Nitrites and proteins are best detected in the 
first morning urine. A urine sample taken 2 
hours after a carbohydrate-rich meal is suitable 
for glucose detection. A 24-hour urine collec-
tion sample is often helpful for assessing renal 
function (clearance tests) and detecting other 
metabolic products. It is important to keep the 
urine cool and, depending on the parameters to 
be assessed, a preservative may need to be add-
ed. For some specific diagnostics, catheter urine 
is collected, including by suprapubic puncture.

The test strips should be dipped in the urine 
for no longer than 1 second. Excess urine 
should be cast off. Depending on the manufac-
turer and test field, required incubation times 
(generally 1 minute) should be followed exactly. 
Once the reaction is complete, the colored reac-
tion fields are compared against a color scale on 
the test strip cassette and the results are read off 
qualitatively or semi-quantitatively. Test strip 
assessment with a reading device is also possi-
ble; usually, such devices contain storage mem-
ory for patient and user data and even inter-
faces for data transfer. Various manufacturers 
offer such POCT-capable systems. The urine 
diagnostic system by Roche, the Urisys 1100, is 
presented in . Fig. 19.1. Similar devices by 
Arkray (PocketChem UA PU-4010), Siemens 
Healthcare (Clinitek Status+), Hitado (Doc U 
Reader 2 Pro) and others are also available on 
the market.
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19.1.2 Protein

Proteinuria is a frequent, albeit non-specific 
symptom. In renal disease, a distinction is made 
between glomerular and tubular proteinuria 
occurring transiently, intermittently or contin-
uously. Its detection is strongly indicated in the 
case of infections of the renal parenchyma, re-
nal pelvis and urinary tract as well as for preg-
nancy monitoring. Proteinuria due to extra- 
renal factors can occur concurrently with many 
acute illnesses. Harmless proteinuria can be-
come manifest after physical exercise (sport) or 
agitation (stress). Furthermore, it is known that 
orthostatic control and circadian rhythms can 
affect proteinuria. Differential diagnosis with 
specific marker proteins or urine electrophore-
sis should follow when proteinuria has been 
positively detected.

The test principle is based on what is called 
the protein error of pH indicators. Here, free 
protein amino groups in the urine pick up pro-
tons from the indicator (tetrabromophenol 
blue) at a constant pH. This causes the indicator 
to change color. The sensitivity for albumin is 
significantly higher than for other globulins, 
with Bence-Jones protein and other small mo-

lecular proteins being difficult to detect. If the 
urine is strongly alkaline (e.g. in urinary tract 
infections) or contaminated with cleaning 
products or disinfectants, the test strip may in-
dicate a false-positive result. Detection sensitiv-
ity is at a level of 15–20 mg albumin/dL urine. 
Hereby, macroalbuminuria, but not microalbu-
minuria can be detected [9].

19.1.3 Microalbumin

Microalbuminuria is often the first sign of an 
incipient non-inflammatory nephropathy. Par-
ticular risk groups are patients with diabetes 
and hypertension and therefore regular screen-
ing for microalbuminuria is recommended. 
Threshold values are:
 5 30 mg/24 hours for a 24-hour total urine 

collection,
 5 20 mg/L or 30 mg/g creatinine for a 

 spontaneously voided urine sample  
(first morning urine).

In persistent proteinuria, a quantitative meas-
urement of protein excretion and creatinine 
clearance are indicated, among other assays. 
Transiently elevated albumin excretion is gen-
erally seen in acute febrile illnesses, urinary 
tract infections and metabolic disorders as well 
as in pregnancy [10].

The semi-quantitative test-strip-based mea-
surement of “microalbumin”, meaning albumin 
concentrations <20 mg/dL urine, is possible by 
means of two different principles: either by im-
munochemical techniques or an improved “in-
dicator error”. In the Micral-Test II (Roche), 
urine passes through a test strip zone that con-
tains a soluble red antibody-gold conjugate that 
binds to albumin. Excess conjugate is held back 
in a capture zone with immobilized albumin so 
that only the albumin loaded with the gold con-
jugate migrates to the detection zone. A color 
shade between white and red then becomes vis-
ible. By contrast, the Microalbustix test strip 
(Siemens Healthcare), is based on the indicator 
error principle (see above), whereby sulfoph-
thalein (DIDNTB) is used as an indicator that 

 . Fig. 19.1 Urisys 1100. (With kind permission from 
Roche Diagnostics GmbH, Mannheim)
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turns a blue color. Both tests have a similar sen-
sitivity (approx. 2 mg/dL urine), although the 
specificity of the immunological test is signifi-
cantly better [7].

When using a spontaneous urine sample, 
the validity of the result can be improved when 
applied to the creatinine concentration in the 
urine as the effect of diuresis on the result is 
eliminated. The Microalbustix and the Clinitek 
microalbumin test strips (Siemens Healthcare) 
therefore have an additional creatinine test field.

A quantitative microalbumin measurement 
is feasible, using POC methods. The HemoCue 
Albumin 201 is a turbidimetric immunoassay, 
with single-use microcuvettes. The DCA Van-
tage (Siemens Healthcare) measures albumin 
and creatinine (immunological/color reaction) 
and calculates the albumin-creatinine ratio.

19.1.4 Glucose

The detection of glucose in urine as a screening 
tool is of significant diagnostic importance for 
diabetes mellitus as well as in the follow up and 
self-management of this disease. Glucosuria 
occurs when the blood glucose level exceeds the 
renal threshold of 150–180 mg/dL. This not 
only occurs in diabetes mellitus, but also after a 
very carbohydrate-rich meal (alimentary glu-
cosuria). Liver and pancreatic diseases as well 
as various hormones and medications can cause 
glucosuria. When the renal threshold is low-
ered, which can occur during a febrile illness or 
pregnancy, glucose is excreted into the urine 
even at normal blood glucose levels [10].

The glucose measurement is based on oxi-
dation of glucose by the enzyme glucose oxi-
dase. In a second step, hydrogen peroxide is 
converted to a colorant. The sensitivity is 50–
100 mg glucose/dL urine. High concentrations 
of ketones and ascorbic acid (>50 mg/dL) can 
lead to a reaction reduction [1], whilst oxidative 
cleaning products such as H2O2 or hypochlorite 
solution can cause false negative results.

19.1.5 Ketones

The ketone bodies β-hydroxybutyrate 
(β-HBA), acetoacetate (AcAc) and acetone 
are metabolic products of free fatty acids, 
whereby β-HBA and AcAc are normally present 
in equimolar amounts. The proportion of ace-
tone is less than 5 %. The balance between 
β-HBA and AcAc is, however, shifted in hypo-
xia, fasting and ketoacidosis in favor of β-HBA. 
Ketone bodies in the urine are detected when a 
higher amount of fat is catabolized. In diabe-
tes, particularly in type 1, the detection of 
 ketones is always a sign of metabolic imbalance 
and therefore an important warning sign for 
impending ketoacidosis. Urine test strips are 
not sufficiently reliable for monitoring diabetic 
ketoacidosis because only AcAc and acetone are 
measured, whereas β-HBA is not detected 
(7 Chapter 12). Quantitative β-HBA measure-
ments in the blood are necessary to be able to 
detect the major portion prevailing in meta-
bolic disorders. Test strips are available for use 
with the relevant blood glucose meters (e.g. 
 Abbott’s Precision Xceed or Nova’s StatStrip 
Glucose/Ketone) (. Fig. 19.2 and . Fig. 19.3).

Ketones in urine can occur in states of 
 starvation, e.g. slimming diets with reduced or 
absent carbohydrate intake (zero diet), also in 
febrile conditions and hyperemesis gravidarum 
and acetonemic vomiting in infants.

Acetic acid and acetone react with sodium 
nitroprusside to form a color complex (Legal’s 
test). The sensitivity is 5–10 mg acetic acid/dL 
urine; the test is insensitive for acetone, β-hydro-
xybutyric acid is not detected [8]. Ketone bod-
ies should be measured in a fresh urine sample. 
If a fresh urine sample is stored for too long, the 
acetic acid becomes unstable or is degraded by 
bacteria; this causes false-negative results simi-
lar to acidic urine, for example after consump-
tion of large amounts of ascorbic acid. Also 
strongly discolored urine can falsify the test 
results.
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19.1.6 Bilirubin

Bilirubinuria can generally be detected if the 
plasma concentrations of conjugated (direct) 
bilirubin is >2 mg/dL. It occurs in patients with 
parenchymal liver damage (e.g. hepatitis, cir-

rhosis, intoxications), impairment of bilirubin 
excretion (e.g. Dubin-Johnson syndrome) or 
cholestasis. In healthy individuals, no bilirubin 
or only traces thereof are excreted into the 
urine. Therefore, a positive result should gener-
ally be followed up by further internal medicine 
and clinical chemical studies.

Direct bilirubin reacts with diazotized 
 dichloroaniline in a coupling reaction at an 
acidic pH. This results in the formation of azo-
bilirubin in different color gradations [11]. The 
sensitivity is 0.4 mg bilirubin/dL urine. Ascor-
bic acid (>250 mg/dL urine) and nitrite as well 
as prolonged storage of urine in direct sunlight 
can all cause false-negative results.

19.1.7 Urobilinogen

Urobilinogen is formed in the intestines by bac-
terial action on bilirubin and bile. Urobilinogen 
is re-absorbed into the blood circulation and is 
either metabolized in the liver or excreted in the 
urine. Urobilinogenuria can occur with or 
without concurrent bilirubinuria. Increased 
amounts of urobilinogen are eliminated in the 
urine when, in its enterohepatic circulation of 
bile pigments, the functional capacity of the 
 liver is limited, overloaded or the liver is by-
passed. This can be due to primary liver disease 
(e.g. hepatitis, cirrhosis, congested liver, intoxi-
cations), excessive breakdown of hemoglobin 
(e.g. in hemolytic and pernicious anemia, intra-
vascular hemolysis, polycythemia and re-ab-
sorption of extravasated blood), as well as a 
 result of cholangitis. A total absence of uro-
bilinogen in the urine is caused by a lack of bile 
production in the liver and by impaired bile 
secretion into the small intestine as well as by a 
lack of bacterial bilirubin reduction in the bow-
el. A further cause can be a blocked bile duct 
(ductus choledochus), often due to calculi.

Urobilinogen reacts with para-dimethyl-
aminobenzaldehyde in the presence of a color 
enhancer or with p-methoxybenzene diazo-
nium tetrafluoroborate in a strong acidic milieu 
to form a pinkish red color complex [12]. The 
sensitivity is 0.2 mg urobilinogen/dL urine. 

 . Fig. 19.2 FreeStyle Precision Neo H POCT device  
to measure blood glucose and β-HBA. (With kind per-
mission from Abbott GmbH, Wiesbaden, Germany)

 . Fig. 19.3 StatStrip Glucose/Ketone POCT devices  
to measure blood glucose and ketones. (With kind per-
mission from Nova, Mörfelden-Walldorf, Germany)
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Urobilinogen is easily oxidized and can there-
fore lead to false-negative results if the urine is 
stored for too long.

19.1.8 Nitrite

Gram-negative pathogens (e.g. E. coli, Proteus 
mirabilis) are the most common and major 
causes of urinary tract infections (UTI). These 
bacteria reduce nitrate to nitrite. The detection 
of nitrite in urine is therefore a reliable sign of 
the presence of bacteria and other urinary path-
ogens. An average of 50–60 % of all UTI are 
diagnosed using the nitrite test – under favora-
ble conditions this percentage can run as high 
as 90 % (first morning urine, high pathogen 
count). However, this is predicated on a suffi-
cient amount of nitrate being consumed orally 
and that the urine stays in the bladder long 
enough for a nitrate reduction to occur (approx. 
4–6 h). The detection of leukocyturia is an ad-
ditional supporting result. The diagnosis of a 
UTI should be verified by a pathogen count. 
Nitrites are not present in the urine of a healthy 
individual [2].

Sulfanilamide reacts with nitrites in an acid-
ic environment (diazotization). In a further re-
action, the diazonium salts produced react with 
a chromogen (in this case benzoquinone de-
rivative) to form a pink colorant. The detection 
of nitrite is specific for gram-negative bacteria; 
80 % of all pathogens causing a UTI produce 
nitrite [3]. The sensitivity is 0.06–0.10 mg 
 nitrite/dL urine. Negative results can occur 
when high concentrations of ascorbic acid 
(>25 mg/dL urine) are present, in a UTI caused 
by non-nitrite producing bacteria such as en-
terococci, staphylococci and pseudomonas spp. 
as well as in the case of frequent voiding where 
sufficient amounts of nitrite cannot be pro-
duced (<4 h).

19.1.9 pH

The pH of urine is influenced by diet and med-
ications and is subject to diurnal variations. 

Fresh urine normally has a pH of 5.0–8.0. Phys-
iologically low pH values are typical in meat-
rich diets, whereas a vegetable-rich diet (e.g. in 
vegetarians) tends to cause a slightly alkaline 
pH. Persistently acidic samples occur when 
there is an increased breakdown of endogenous 
protein (e.g. due to fasting, diarrhea or high 
 fever), but also in diabetic ketoacidosis. Alka-
line urine points to a UTI (particularly by 
 Proteus spp.) as a result of the urea-cleaving 
activity of certain bacteria. Storing urine for a 
longer time can cause alkalization of the sam-
ple. Urine pH monitoring is important in kid-
ney stone prophylaxis to avoid recurrences.

Indicators such as methyl red and bromo-
thymol blue are mostly used in combination. 
This allows pH values between 5.0 and 8.5 to be 
detected with a color change to indicate the re-
sult.

19.1.10 Erythrocytes/hemoglobin 
(Hb)

Hematuria is an accompanying symptom of 
many urological and internal diseases (. Tab. 
19.1)

The blood test field can detect intact eryth-
rocytes (hematuria) and free Hb as a result of 
lysis (hemoglobinuria), but also myoglobin. 
Due to the catalytic reaction of pseudoperoxi-
dase of Hb and myoglobin, color indicators 
such as o-toluidine or 3,3’,5,5’-tetramethylben-
zidine are oxidized by cumene hydroperoxide 
and cause a color change. Intact erythrocytes 
appear as green dots on the reaction zone; the 
detection threshold is 5–20 erythrocytes/µL 
urine. The detection threshold for free Hb and 
myoglobin is 0.02–0.06 mg/dL urine. The test is 
equally sensitive for Hb and myoglobin [3]. 
False-negative results or too low readings are 
obtained at high ascorbic acid concentrations. 
False-positive results can be obtained when the 
samples are contaminated with oxidizing clean-
ing products containing hypochlorite or H2O2.
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19.1.11 Leukocytes

Leukocyturia is an important symptom of 
 inflammation of the kidneys and urinary tract. 
It is manifest in:
 5 Bacterial infections (e.g. acute and chronic 

pyelonephritis, cystitis, urethritis)
 5 Non-bacterial infections (e.g. fungi, yeast)
 5 Parasitic diseases
 5 Analgesic nephropathy
 5 Intoxication and
 5 Urinary flow disorders (obstructive 

 uropathy)

The majority of positive leukocyte results are 
caused by bacterial urinary tract infections. In 
most cases, the leukocytes excreted in the urine 
are granulocytes. When leukocytes undergo 
physiological lysis, an esterase is released that 
catalyzes the hydrolysis of a pyrrole amino acid 
ester to generate 3-hydroxy-5-phenylpyrrole 
(indoxyl), which subsequently oxidizes to form 
a dimeric product, indigo – a dark blue pig-
ment. The sensitivity of the test is 5–20 leuko-
cytes/µL urine. The leukocyte test field cannot 
differentiate between lysed and intact cells.

19.1.12 Creatinine

Creatinine excretion is primarily dependent on 
individual muscle mass and does not change 
over the course of the day. It undergoes free 
 glomerular filtration and not tubular re-absorp-

tion. Urinary creatinine therefore serves as a 
surrogate for albumin excretion (calculation of 
the albumin/creatinine ratio), whereby the ef-
fect of diuresis can be eliminated [10]. In normal 
diuresis, the creatinine concentration (as a func-
tion of the patient’s size, age and weight) in 
spontaneous urine is 40–130 mg/dL. Creatinine 
catalyzes the reaction of diisopropylbenzene 
 dihydroperoxide with 3,3’,5,5’-tetramethylben-
zidine in the presence of copper to form a dye. 
The sensitivity is 15 mg creatinine/dL urine.

19.1.13 Specific gravity

The specific gravity (density) is primarily de-
pendent on the volume of excreted fluid and can 
therefore vary considerably (1.005–1.040). The 
test has lost its importance as a measure of renal 
function in terms of concentration capability. 
However, accounting for the specific gravity can 
aid the interpretation of other urine parameters. 
For example, a negative test strip result for pro-
tein should be interpreted differently in a strong-
ly diluted urine sample compared to a concen-
trated one. It is important to know the specific 
gravity of in addictive substance analysis to de-
tect any sample tampering (7 Chapter 18).

A polyelectrolyte, e.g. polymethyl vinyl 
ether/maleic anhydride, takes up cations from 
the urine and releases the equimolar amounts 
of protons. These cause the color to change 
(bromothymol blue) on a pH indicator [5]. The 
test measures the ion concentration in the urine 

 . Tab. 19.1 Causes of hematuria

Renal causes Post-renal causes Extra-renal causes

Glomerulonephritis Urinary tract infections Hemorrhagic diathesis

Pyelonephritis Urolithiasis Toxic and pharmaceutical effects 

Renal stones Bladder tumors Physical exertion

Renal tumors Malformation of the urinary tract March hematuria

Trauma Others Others

Others
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and correlates well with specific gravity be-
tween 1.000 and 1.030. Strongly alkaline urine 
(pH ≥8.0) leads to falsely low results, while 
strongly acidic urine (pH <5.0) produces overly 
high results.

19.1.14 Medications and narcotic 
drugs

Medications, narcotic drugs and doping sub-
stances can be detected in the urine near the 
patient by special diagnostic methods. Numer-
ous qualitative or semi-quantitative test sys-
tems are available. However, test results used for 
addiction therapy can be falsified by adding 
diverse substances such as bleach, soap or salt. 
Most urinary toxicology screening tests will 
target a number of legal and illegal drugs simul-
taneously (e.g. opiates, methadone, propoxy-
phene, benzodiazepines, cocaine, ampheta-
mines, cannabinoids). Positive results will indi-
cate intake of drugs of abuse and cannot be 
produced by indirect contact with illegal drugs. 
Many prescription drugs and over-the-counter 
medications can interfere in these tests and pro-
duce a false-positive result (7 Chapter 18).

19.1.15 Human chorionic gonado-
tropin (HCG)

The immunological detection of human chori-
onic gonadotropin (HCG, also abbreviated as 
β-HCG) forms the basis for all POC pregnancy 
tests. When sensitive tests are used, HCG can be 
successfully detected in concentrated morning 
urine around the time of the expected menstru-
al bleeding (7 Chapter 24). The HCG produc-
tion in the trophoblast is doubled every 24–36 
hours; it is therefore useful to repeat the test 
after 48 hours if the initial test was negative. 
Although false-positive tests are rare, a quanti-
tative confirmatory blood test is recommended, 
which needs to be carried out in the laboratory 
and is not available as POCT.

HCG can be detected in concentrated 
morning urine approx. 14 days after fertiliza-

tion of the egg. The method involves an immu-
nochromatographic assay (7 Chapter 9). The 
sample is chromatographically separated on the 
test strip and converted to a visible color com-
plex via an antigen-antibody reaction. The sen-
sitivity of such rapid tests is 25 IU/L. If the test 
is negative it should be repeated after 48 hours. 
Heavily blood-stained urine samples can give 
false-positive results due to overload of the test 
strip field.

19.1.16 Other parameters

Over the past few years, POC tests have become 
available for the detection of bladder cancer. 
Utilizing immunological assay systems, these 
tests like the UBC® Rapid Test (urinary bladder 
cancer antigen rapid test) can detect nuclear 
matrix protein 22 (NMP22) or cytokeratin frag-
ments 8 and 18 in urine already at the early 
stages of cancer [14, 13].

Numerous other urine rapid tests are offered 
on the market, e.g. a rapid HIV detection test. 
The sensitivity of such POCT methods is insuf-
ficient due to the low concentration of HIV an-
tibodies in the urine. This is why such tests are 
not permitted in the EU. Another test on the 
market is designed to detect the stress of free 
radicals on the body tissue [4], although free 
radicals cannot be measured directly. The clini-
cal benefit of such tests is, however, doubtful.

19.1.17 Pre-analytical phase

Fresh urine samples should be tested, which 
means max. 2 hours after sample collection. If 
the analysis cannot be carried out immediately, 
the urine should be stored at +4 C° to avoid 
bacterial growth that would consequently lead 
to false pH and nitrite concentration results. 
Urine should not be kept in direct sunlight due 
to the disintegration of bilirubin that can imi-
tate falsely low concentrations. The addition of 
preservatives can affect individual test reac-
tions; therefore the manufacturer’s instructions 
for sample tubes should be followed strictly.
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19.1.18 Quality control of urine  
test strips

The quality assurance of urinalysis is referred to 
in part B2 “Qualitative laboratory tests” of the 
RiliBÄK guideline [15] (7 Chapter 38).

The manufacturer’s specifications for inter-
nal quality assurance should be observed. Inde-
pendently of this, quality assurance of the tests 
mentioned in RiliBÄK Tab. 2–1 should be car-
ried out. An additional test to ensure the accu-
racy of the result is not needed if controls are 
already integrated into the analysis system (e.g. 
in many pregnancy tests). Participation in an 
interlaboratory testing is compulsory for all of 
the tests listed in RiliBÄK Tab. 2–2.

19.2 Fecal analyses

19.2.1 Tests for occult blood

Colorectal cancer (CRC) is the second leading 
cause of cancer mortality in Germany–after 
lung cancer. The lifetime risk is approx. 5 % and 
doubles after the age of 50, with an increase in 
incidence and mortality with every decade of 
life [12]. Colorectal cancer develops slowly; 
therefore, it is preferable to detect the tumor at 
an early stage through screening in order to in-
crease the effectiveness of therapeutic interven-
tion.

Colonoscopy is seen as the “gold standard” 
of all diagnostic procedures, however, it is only 
partially accepted by patients for various rea-
sons [10].

As an alternative to colonoscopy, fecal oc-
cult blood tests (FOBTs) were introduced into 
Germany’s early cancer detection program in 
1977. Yearly screening is recommended for in-
dividuals from age 50 and 2-yearly from age 55. 
The costs are covered by health insurance com-
panies. The basis for FOBTs is the observation 
that colorectal cancer has a tendency to bleed 
more heavily and frequently than healthy co-
lonic mucosa. As the bleeding is often intermit-
tent, the reliability of the test is increased when 
the testing is repeated a few times on different 

days. A positive result should be followed up 
with colonoscopy and not by just repeating the 
FOBT.

To date, CRC screening tests have been 
 performed on a guaiac basis, as supplied by 
various manufacturers (e.g. Haemoccult, He-
mocare, Hemofec) and approved by the Ger-
man National Association of Statutory Health 
Insurance Physicians (KBV). The sensitivity 
threshold of the tests was set to indicate a posi-
tive result when two to three times the mean red 
blood cell excretion in a healthy digestive tract 
(0.5–1.0 mL blood) was exceeded.

These guaiac-based POCT methods were 
widely used in private medical practices; per-
forming the tests was simple: Two small stool 
specimens taken from three consecutive defe-
cations were spread onto a filter paper, impreg-
nated with guaiac resin (test kit) and after a dry-
ing period of no less than 48 hours, a drop of 
hydrogen peroxide was applied. In the presence 
of blood, a blue coloration, caused by a pseudo-
peroxidase effect of heme, occurs on the test 
section. The test was read as positive when a 
blue coloration occurred in at least one test sec-
tion, even when only faint. The diagnostic sen-
sitivity for colon cancer was 20–40 %, the spec-
ificity about 95 % [7, 12].

The test validity was, however, compro-
mised by various factors. Confounding factors 
such as meat and meat product, particular med-
ications, ascorbic acid can affect the test [3, 5, 7, 
8]. It has moreover been shown [11] that errors 
in the interpretation of the results play a sig-
nificant part. The test should therefore be inter-
preted by experienced staff under suitable con-
ditions such as bright light with no blue objects 
on the workbench. Furthermore, Germany had 
no external quality controls for the detection of 
fecal occult blood; neither does RiliBÄK Part 
B2 (qualitative tests) contain any specifications. 
Disappointingly, interlaboratory tests in Great 
Britain showed problems with the performance 
of several of the tests [2].

This situation has changed fundamentally 
since 21 April 2016 when the Federal Joint 
Committee (G-BA) resolved to approve only 
quantitative fecal immunochemical tests 



190 Chapter 19 · Urine and stool analyses

19

(FITs or iFOBT) for CRC screening that are car-
ried out in medical laboratories [4]. Therefore, 
fecal occult blood tests are no longer possible as 
near-patient testing.

Excerpts from the resolution dated 21 April 
2016 are as follows:

 » “The early cancer diagnosis guidelines 
 issued on 18 June 2009 (German Federal 
Gazette (BAnz.) No. 148a dated 2 October 
2009) are being changed:
... 3. Section 39 shall be amended as 
 following:
“Performance of fecal occult blood tests
(1) The test for fecal occult blood test is 
performed on a stool specimen using a 
quantitative immunological test. Only 
tests that meet the following criteria are 
permitted:
– A sensitivity of at least 25 % and a 
 specificity of at least 90 % are achieved 
using only one stool specimen for the 
 detection of colorectal cancer or advan-
ced adenoma.
– The stool specimen collection system 
should include clear instructions for use.
– The stool specimen collection system 
needs to have a simple and hygienic stool 
collection receptacle as well as ensure the 
transfer of a defined stool amount onto a 
special specimen buffer system. It also 
needs to guarantee a stability of the speci-
men for at least 5 days within the given 
cut-off range at room temperature
– Fulfillment of the aforementioned requi-
rements must be proven by at least one 
conclusive study in which colonoscopy 
was used as a reference method.”

Such immunological procedures (qualitative as 
well as quantitative) for the detection of fecal 
occult blood have been under development 
since the mid-1990s. Compared to the guaiac 
tests, they feature a significantly higher sensi-
tivity (66–100 %) and specificity (overview in 
[12]). Dietary preparation of the patient is not 
required.

In Germany, qualitative iFOBTs for home 
testing are supplied by various manufacturers 

(e.g. AccuTell FOB test, FOB ideal, FOB cassette 
test, möLAB FOB test). The tests are not ap-
proved for the early cancer detection program 
and are not reimbursed by health insurance 
companies.

All tests rely on an immunochromato-
graphic assay for human hemoglobin detection. 
In one meta-analysis of 12 studies, Lee et al. [6] 
showed that quantitative iFOBTs, referenced 
against colonoscopy, had an overall pooled sen-
sitivity of 79 % and a specificity of 94 %.

To date, there are no larger studies that show 
a reduction in mortality when FITs are used. In 
Japan, however, a 60 % reduction in CRC mor-
tality was demonstrated by more recent studies 
when quantitative FITs were performed yearly 
[9].

19.2.2 Leukocyte markers

The leukocyte proteins calprotectin and lacto-
ferrin are stable proteins from neutrophilic 
granulocytes, which can be detected at higher 
amounts in stool when inflammatory or neo-
plastic processes are taking place. These mark-
ers therefore gain importance in the initial and 
follow-up diagnostics for inflammatory bowel 
disease (IBD) [13]. Specifically, evidence on 
calprotectin from studies is very positive. In the 
differential diagnosis of chronic IBD versus ir-
ritable bowel syndrome, the fecal concentration 
of calprotectin has adequate sensitivity and 
specificity. It is also a valuable marker for as-
sessing the disease activity and the treatment 
response. Healing of mucosal lesions normaliz-
es calprotectin concentrations [14]. Self-moni-
toring by affected patients is conceivable here.

Although calprotectin and lactoferrin show 
sensitivities for CRC that are comparable to 
 iFOBT, at <70 % the specificities are unsatisfac-
tory, making this parameter unsuitable for use 
in screening tests.

The same holds true for the dimeric form of 
pyruvate kinase isoenzyme (M2-PK), which is 
useful as a marker of IBD but cannot be used as 
a tumor marker [12]. The ScheBo M2-PK 
Quick Test (ScheBo Biotech, Giessen, Germa-
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ny) has been evaluated in a study that demon-
strated a good specificity of 87 % for tubular 
colonic adenomas. Its sensitivity (approx. 40 %) 
was, however, poor making it unsuitable as a 
screening test [1].

19.2.3 Molecular markers

Molecular markers for detecting neoplastic 
processes in the gastrointestinal tract are the 
subject of intensive research and regarded as 
“markers of the future”. There is, however, as yet 
no consensus on the selection of promising 
genes (including APC, K-ras, P53) and struc-
turing groups of markers (overview in [12]). 
Other limiting factors are at present the high 
equipment and personnel outlay. Although it is 
conceivable that POCT applications could be 
used in the future, they are not currently viable 
either from the clinician’s or the patient’s per-
spective.
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20.1 Introduction

The measurement and monitoring of biochem-
ical parameters such as blood glucose, blood 
gases, electrolytes and cardiac markers have 
particularly benefited from recent advances in 
POCT. More and more, this form of analysis is 
now positively impacting the field of infectious 
diseases as well. This trend has been driven, on 
the one hand, by methodical improvements 
that make it possible to miniaturize and simpli-
fy test systems (7 Chapter 9, 10) and by the con-
stant demand from many physicians for imme-
diate test results, on the other. Meanwhile, the 
range of microbiological parameters available 
at the POC has been extended considerably 
(. Table 20.1). A POCT result, however, should 
always be regarded and interpreted in the con-
text of the clinical symptoms and the current 
epidemiological situation. Proper handling of 
POCT systems and strict consideration of 
pre-analytical limitations are decisive in obtain-
ing reliable test results.

Many microbiological POCT systems tend 
to be designed as rapid tests. In general, such 

tests can be carried out in a few simple steps by 
medical assistants or physicians without labora-
tory equipment or laboratory experience. An 
evaluable test result is delivered at the patient’s 
bedside within not more than one hour. Under 
certain circumstances, patients can even carry 
out the test themselves, for example, as with 
some rapid HIV or malaria tests. Rapid micro-
biological tests usually verify microbial anti-
gens. Less often, diagnostics is based on the 
detection of antibodies, e.g. in the rapid HIV 
test or rapid detection of heterophilic antibod-
ies for diagnosing infectious mononucleosis 
(. Table 20.1).

Respiratory tract secretions are often used 
to detect microbial antigens in patients with 
 respiratory tract infections (influenza virus, 
 respiratory syncytial virus, Streptococcus pyo-
genes). Similarly, stool specimens of patients 
with gastrointestinal tract infections (Helico-
bacter pylori, Shiga toxin-producing E. coli, 
adenovirus, rotavirus) are examined. However, 
the corresponding urine tests are also available 
to detect antigens in legionella and pneumo-
coccal infections [14, 19, 27, 40]. Blood samples 

 . Table 20.1 Rapid microbiological-virological tests in POCT format (as per 2016)

Type of infection Virology Microbiology

Sexually transmitted 
 infections

HBV, HCV, HIV, HPV GBS [21], CT [29, 35, 37, 49, 50], NG, 
MG, TV

Respiratory infections Influenza A/B [7, 23, 31, 39], RSV GAS [36], Legionella [14], Pneumo-
cocci [19, 27, 40], MTB/RIF

Gastrointestinal  
infections

Norovirus, Rotavirus [6, 8, 30, 48], 
 Enterovirus

CDI [33, 45, 46], EHEC [25, 28, 44]

Nosocomial infections Norovirus, Rotavirus [6, 8, 30, 48] CDI [33, 45, 46], MRSA, VRE, CARBA-R

Tropical medicine and 
 veterinary virology

Dengue Virus [2], avian Influenza [4], Yellow 
Fever Virus [12], MERS Corona Virus [3], 
Foot-and-Mouth Virus [1], Ebola Virus [16]

Malaria [11, 18, 22, 34, 38]

Antibody detection HIV [9], EBV [10, 15, 20, 42]

CARBA-R carbapenem-resistant Enterobacteriaceae; CDI Clostridium difficile; CT Chlamydia trachomatis; 
EBV Epstein-Barr Virus; EHEC enterohemorrhagic E. coli; GAS group A Streptococci; GBS group B Streptococ-
ci; MRSA methicillin-resistant Staphylococcus aureus; MG Mycoplasma genitalium; MTB/RIF Mycobacterium 
tuberculosis/rifampicin-resistance; NG Neisseria gonorrhoeae; RSV Respiratory Syncytial Virus; TV Tricho-
monas vaginalis
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are usually used to detect antibodies (HIV, in-
fectious mononucleosis), in particular cases, 
saliva samples are also used, as with some rapid 
HIV self-tests [9, 10, 15, 20, 42].

20.2 POCT-guided therapy

 > From the perspective of an infectious 
disease specialist, POC testing is always 
indicated in the case of life-threatening 
infections that require immediate and 
targeted treatment.

This is where the time advantage associated 
with POCT over conventional diagnostics truly 
comes to bear: The total analysis time needed 
for rapid tests is usually only 15–30 minutes. 
Even under optimal conditions, analysis in a 
central laboratory cannot compete with this. 
Unless tests are carried out directly in the hos-
pital’s own lab, it often takes at least 1–2 hours 
to transport the specimens to the laboratory. 
Then, further time is needed for the actual anal-
ysis, including the necessary preparation (pi-
petting, incubation etc.), in addition to the time 
taken to report the results back to the request-
ing physician. Therefore, even for urgent re-
quests, the total analysis time can be 1–2 days.

There are many well-documented cases in 
infectious disease medicine, and particularly in 
critical care medicine, where such time savings 
can confer a very beneficial effect on therapeu-
tic outcomes. Kumar et al. [26] have shown that 
the survival rate of sepsis patients in intensive 
care correlated directly to early, clinically effec-
tive initial antibiotic treatment. A treatment 
delay of more than 2 hours can lower the sur-
vival rate to as much as <60 %.

Not only decisions about the treatment of 
life-threatening or highly acute infections such 
as sepsis, but also general decisions that need to 
be made within a short time frame are con-
siderably facilitated by POCT. The immediate 
availability of rapid HIV test results, for exam-
ple, is helpful for decision-making about pro-
phylactic antiretroviral treatment during child-
birth or for people with occupational exposure 

to HIV. Intrapartum detection of group B strep-
tococci in women in labor or the detection of 
plasmodia spp., including self-testing by pa-
tients with suspected malaria infection, are 
similar situations where POCT proves its mer-
its. Here, too, the presence of a pathogen can be 
detected immediately using an antigen test 
whereupon early, targeted antimicrobial thera-
py can lessen or even prevent infection. POCT 
is also useful for guiding treatment of viral in-
fections. The effectiveness of zanamivir or osel-
tamivir in influenza treatment depends on 
them being given no later than 36–48 hours 
after the first symptoms develop [32]. This ap-
proach is similar with the respiratory syncytial 
virus (RSV). Studies have shown that treatment 
with ribavirin in RSV bronchopneumonia is 
only successful if initiated early enough [5].

20.3 Transmission prophylaxis 
through POCT

Besides playing a role as a decision-making aid 
for individual patients, POCT is also designed 
to prevent the spread of infection (transmission 
prophylaxis). Such targeted situations not only 
arise in hospitals where there is the risk of an 
undetected pathogen spreading from patient to 
patient. There are also constellations when a 
transmission risk is associated with outpatients. 
For example, it is well known that a high per-
centage of patients coming to an HIV or sexual 
health clinic will skip their follow-up appoint-
ment because they fear an unfavorable diagno-
sis [43]. Although this avoidance behavior is 
understandable, it is a problem insofar as test 
results usually confirm infection (HIV, gonor-
rhea or chlamydia infection). As such, this has 
far-reaching consequences for the patients 
themselves as well as for their sexual partner(s). 
Data from the USA spotlight the extent of this 
problem. In one study of an HIV clinic, more 
than a quarter of the 68,000 people seeking ad-
vice and undergoing a conventional HIV test 
did not attend their scheduled 2-week fol-
low-up appointment to pick up the test result. 
This was different when the rapid HIV test was 
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performed. Only 2.3 % of the 33,000 people 
that had the rapid test left the clinic before 
 receiving their test result [47].

20.4 Pre-analytical confounders 
and influencing factors

Generally, rapid microbiological tests – like all 
testing methods – are subject to a variety of pre-
analytical (and analytical) confounders and in-
fluencing factors that can negatively impact the 
diagnostic conclusiveness of the findings. This 
problem can be clearly illustrated using a rapid 
influenza diagnostic test as an example [39]. 
The following have a significant impact:
 5 Choice of specimen and where taken 

 (nasal wash is better than throat swab)
 5 Specimen-taking instruments (swabs with 

gel are generally less useful than those 
without)

 5 The patient’s activities immediately before 
the test. For example, the amount of 
 detectable virus is reduced if the patient 
has eaten, drunk or gargled.

Other influencing factors include the time of 
sample collection – preferably the first 2–3 days 
after disease onset as virus shedding then de-
clines rapidly – and the age of the person – chil-
dren shed influenza viruses at a higher rate than 
adults. Other rapid tests are also affected by 
similar confounders and influencing factors.

20.5 POC test handling

The fact that many rapid microbiological tests 
are supplied in apparently easy-to-use formats, 
e.g. in the form of strips, cassettes or cartridges 
with pre-packaged diagnostic reagents for 
 single-use on disposable devices, should not 
deceive. The handling of such tests is not trivial 
at all. Rather, it can be problematical, especially 
when it comes to sample collection. Indeed, 
evaluation studies on rapid detection tests for 
streptococci have clearly shown that the quality 
and reliability of test results is essentially de-

pendent on the training and experience of the 
person taking the throat swab or performing 
the rapid test. Moreover, some rapid strepto-
coccal tests have relatively subjective reading 
endpoints, often making interpretation prone 
to errors [36].

In particular, an increased infection risk for 
the examiner is one of the disadvantages spe-
cifically afflicting infectious disease medicine. 
This is not completely avoidable as, during test-
ing, the examiner is exposed to the patient’s 
specimen (respiratory secretion, stool, urine, 
blood), which potentially contain pathogens.

20.6 Performance capability  
of POCT diagnostics

POCT methods have been continuously devel-
oped and improved over the past 10–15 years. 
The majority of tests nowadays use immuno-
chromatography (7 Chapter 9) with moderate 
to high sensitivity (70–90 %) and relatively high 
specificity (>95 %). In exceptional cases, like 
with rapid HIV tests, today’s POCT  methods 
can achieve results that are indeed as reliable as 
those of conventional diagnostics. Some POCT 
systems with potentially limited sensitivity to a 
suspected pathogen (e.g. influenza viruses, 
RSV, rotaviruses, noroviruses or adenoviruses) 
may be compromised by patterns of seasonal 
variations in the prevalence of that organism. 
This has a considerable impact on the clinical 
reliability of the test, as exemplified by the im-
munochromatographic rapid  influenza diag-
nostic test (. Fig. 20.1). A low prevalence (2.5 % 
in the example given) is expected at the start of 
a seasonal flu outbreak. Despite high sensitivity 
(80 % in this example) and very high specificity 
(95 %), the negative predictive value (99 %) of 
the test is expected to be significantly higher 
than the positive predictive value (29 %). This 
is because the rapid test shows false-positive 
(49-fold) more often than true-positive (20-
fold) results under these circumstances. Not 
until the prevalence rises to 10 %, which can 
certainly happen during a severe flu outbreak, 
does the positive predictive value increase 
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(64 %). Of course, the biostatistical relation-
ships shown here hold true for other infectious 
diseases that follow a seasonal pattern as well. 
In other words, the use of tests with limited sen-
sitivity can yield more false results at the start of 
an outbreak when prevalence is still low. This, 
in turn, could certainly lead to an under-
appreciation of the extent of a disease [17] and 
must be taken into account when using POCT.

Conventional rapid tests are unable to 
 detect any prevailing antibiotic resistances. 
Therefore, important information about thera-
peutic options may be lacking. Not only this, 
but epidemiological patterns regarding the 
 development of resistant bacterial strains are no 
longer detected or else do not become apparent 
until later.

20.7 Molecular biological (PCR) 
tests

Immunological testing has certain limitations. 
Detection is difficult owing to the limited 
amount of microbial antigens released with 
particular regard to colonization of mucous 
membranes associated with low pathogen 
counts (e.g. group B streptococcus in the va-
gina) or intracellular pathogens (e.g. chlamydia 
in cervical smears). New testing concepts had 
to be developed in order to detect these patho-
gens. Given the degree of analytical sensitivity 
required, PCR methods and other nucleic acid 
amplification techniques (NAT) with greater 
sensitivity have been added to the diagnostic 
arsenal and further developed for faster and 
easier use.

The most important innovation in this con-
text was the development of fully automated 

 . Fig. 20.1 Correlation between prevalence (2.5 % vs. 
10 %), test sensitivity and specificity, negative predictive 
value (NPV) and positive predictive value (PPV) in a sim-

ulated rapid influenza diagnostic test based on immuno-
chromatography (ICG)
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PCR kits and ready-to-use, reagent-coated 
 single-use cartridges where all PCR steps 
 (sample exposure, amplification and detection) 
run in sequence without any further manual 
input. The market leader is the GeneXpert sys-
tem, supplied by Cepheid (7 Chapter 10). This 
fully automated PCR device is so easy to use 
that it is possible for trained staff to carry out 
the test near the patient, outside a laboratory 
setting. The American Food and Drug Admin-
istration (FDA) approved the GeneXpert as a 
rapid test according to CLIA criteria. At pres-
ent, the technique is listed in the “moderate 
complex” category, reserved for accredited 
laboratories. The “CLIA-waived” classification, 
meaning without being subject to laboratory 
use, is still pending.

In addition to its primary function of patho-
gen detection, PCR can also be used for simul-
taneous analysis of resistance determinants or 
virulence factors. Linked assays incorporating 
multiplex technology allow more complex ques-
tions to be processed within one PCR run (e.g. 
detection of the following: S. aureus plus detec-
tion of methicillin resistance (mecA); two deter-
minants (vanA and vanB) of vancomycin resis-
tance in enterococci; clostridium difficile toxin 
B, also encompassing binary toxins and the tcdC 
deletion to detect highly virulent variants; my-
cobacterium tuberculosis also encompassing 
the rifampicin resistance (rpo) for detecting 
multi-drug resistant tuberculosis strains; simul-
taneous detection of influenza A, A/H1N1 and 
influenza B). The recently available i-system by 
Alere, which relies on isothermal amplification 
to detect the influenza A/B viruses and group A 
streptococci, (7 Chapter 10) can boast signifi-
cantly better sensitivity and specificity com-
pared to the antigen detection method with the 
correspondingly more reliable results [7, 23, 31]. 
Besides its i-system, Alere also offers the q-An-
alyzer as a fully automated NAT platform.

Rapid molecular biological test methods on 
an isothermal basis are increasingly used for 
the diagnostics of tropical viral infections as 
well as in veterinary virology. Supplied in a 
 portable case lab, they provide an advantage in 
areas with little infrastructure and can deliver 

reliable results [1, 2, 3, 4, 12, 13, 16]. An over-
view of the available assays for near-patient mo-
lecular biological test systems is shown in . Tab. 
20.2.

Progress in PCR and other NAT technolo-
gies has made near-patient testing accessible for 
a series of other pathogens and infectious dis-
eases. Currently, the existing lack of clarity as to 
what molecular biological tests are medically 
and economically feasible for which patients is 
in need of further scientific evaluation.

20.8 Cost effectiveness and 
 medical benefit

The disadvantage cited and the constant criti-
cism raised in regards to most POCT methods 
pertain to the extra costs incurred by new sys-
tems [24]. Even assuming that near-patient di-
agnostics saves on laboratory tests and associ-
ated costs, POCT processes in general, and 
molecular assays in particular, are significantly 
more expensive than conventional (laboratory) 
tests. Moreover, POCT can create extra work 
for staff that were not previously involved in 
diagnostic tasks and possibly needs to be 
 considered in job planning [24]. The question 
inevitably arises, as to how far near-patient 
 microbiological analysis actually adds value to 
justify the added financial expenditure. Com-
prehensive reviews of this topic are rare and, if 
available, do not give the full picture either. The 
main difficulty is that the issues relating to the 
weighing of cost-effectiveness against the 
 medical benefit of near-patient testing are mul-
tifactorial and complex, with all aspects above 
and beyond this being closely interlinked. It is 
therefore not possible to find a global solution. 
In fact, a well-justified estimation depends 
much more on the circumstances of the indi-
vidual case. In addition, international study 
data cannot simply be applied to the situation 
in Germany because hospitals charge health in-
surance companies, using the German (diagno-
sis-related group) DRG system.

However, it is to be expected that POCT 
 systems will soon play an increasing role in gen-
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eral medical care in the future as the density of 
physician coverage is projected to decrease. 
This will lead to a significant deterioration in 
patient care, particularly in the lowlands and 
rural areas if not counteracted. New ways must 
be found to maintain high quality care in non-
metropolitan areas. POCT-based laboratory 
diagnostics will then gain in relevance.

20.9 Molecular MRSA screening

A closer look at molecular MRSA screening il-
lustrates the conflict between cost-effectiveness 
on the one hand and medical benefits on the 
other [41]. With modern PCR tests, nasal 
MRSA colonization can be detected faster and 
more reliably than with many routine culture 
methods. It is indisputable that the sooner ap-

propriate hygienic measures are put in place 
after a positive MRSA status identification, the 
lower is the risk that the infection will spread to 
other patients [41].

In terms of the cost of an MRSA culture (ap-
prox. € 3–5; approx. € 10–15 for a positive re-
sult) versus PCR (single-test cartridge approx. 
€ 30–40), PCR is at least 2–3 times more expen-
sive than the culture method. However, this 
 additional cost for PCR testing may be justified 
when considering that every MRSA transmis-
sion prevented by early detection can save a 
hospital several thousand euros in added costs. 
Therefore, the cost-benefit ratio shifts in favor 
of PCR. Even when each case is balanced against 
a successful coding in the DRG flat rate pay-
ment system, the added costs incurred by 
MRSA transmission are only partially compen-
sated. Furthermore, every new, preventable 

 . Tab. 20.2 Analytical spectrum of molecular biological near-patient diagnostics (as per 2016)

System Multiplexity Virology Microbiology Human genetics/ 
oncology

Alere i-System Single test FLU A/B GAS

bioMérieux 
 FilmArray

Multiplex assay Gastrointestinal panel: 22 commonly occurring gastrointestinal 
pathogens (viruses, bacteria, protozoans)
Respiratory panel: 20 respiratory viruses and bacteria

Roche Cobas 
LIAT

Single test FLU A/B GAS

Multiplex assay FLU A/B + RSV

Atlas io Single test NORO CT, NG, TV, MG, CDI, 
MRSA

Multiplex assay CT + NG + TV + MG

Spartan RX Microarray CYP 2C20

Cepheid  
GeneXpert

Single test HIV a, HBV, HCV, HPV, 
FLU A/B, EBO, EV, 
NORO 

GBS, CT, NG, TV, 
MTB/RIF, CDI, MRSA, 
VRE, CARBA-R 

BCR-ABL

Multiplex assay FLU A/B + RSV Factor II + V mutation

BCR-ABL transcription product BCR-ABL; CARBA-R carbapenem-resistant Enterobacteriaceae; CDI Clostridi-
um difficile; CT Chlamydia trachomatis; FLU A/B Influenza A/B; EBO Ebola Virus; EV Enterovirus; GAS group A 
Streptococci; GBS group B Streptococci; MRSA methicillin-resistant Staphylococcus aureus; MG Mycoplas-
ma genitalium; MTB/RIF Mycobacterium tuberculosis/ rifampicin resistance; NG Neisseria gonorrhoeae; 
NORO Norovirus; RSV Respiratory Syncytial Virus; TV Trichomonas vaginalis
a also quantitative, as viral load test.
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case of MRSA has the potential to impact nega-
tively on public image and may result in lost 
revenue due to canceled admissions, which 
most hospitals should be eager to avoid [41].

Since the screening of all patients in a hos-
pital is not financially viable, the cost-benefit 
consideration ultimately focuses on which pa-
tient group should be targeted using PCR anal-
ysis in order to establish the MRSA status more 
quickly and, then, which of them should be 
screened with a traditional culture method. A 
definitive answer (e.g. from larger meta-analy-
ses) is not yet available. Nevertheless, the cur-
rent data suggest that the benefit of molecular 
MRSA screening will only outweigh the costs 
for patients with a particularly high MRSA risk, 
e.g. in areas with a high MRSA prevalence [41]. 
At present, German hospitals remain hesitant. 
As long as there are no generally applicable rec-
ommendations issued (e.g. from the Robert-
Koch-Institute, Berlin) on the use of molecular 
biological tests, the high costs and organiza-
tional constraints of MRSA-PCR – similar to a 
lack of effective hygiene management struc-
tures – will prevent screening from being car-
ried out at all or, when, only to answer specific 
questions, mostly for quickly managing bed 
capacities.
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21.1 Preclinical emergency care

21.1.1 Emergency ambulance  
and transport systems

Preclinical rescue systems in medicine comprise 
emergency ambulances and vehicles staffed by 
clinicians. These include rapid-response vehi-
cles and air rescue ambulances or intensive care 
helicopters. Helicopters are used to transport 
the emergency care team to the incident, but 
also to transport critically ill patients between 
hospitals under intensive care conditions.

In larger cities, the emergency clinician or 
paramedic usually arrives at the scene within 10 
minutes of the alarm, whether by road or air. 
The time to reach the scene or transport times 
can take significantly longer in rural areas.

21.1.2 Responsibilities of an 
emergency clinician

The main task of an emergency clinician is to 
restore and stabilize the vital functions of the 
patient. This requires an initial diagnosis to be 
established, considering various differential 
 diagnoses, alongside the quick and efficient 
 administration of appropriate treatment. Final-
ly, the clinician must identify and transport the 
patient to the nearest suitable hospital so that 
therapy can continue without delay. At the 
scene of the accident, the emergency clinician 
needs to make decisions concerning medical 
procedures like whether to intubate or ventilate 
– on-scene interventions viewed as lifesaving 
for patients with multiple trauma. The decision 
as to whether the patient requires endotracheal 
intubation and ventilation is based on physical 
examination of the patient and determination 
of their vital signs like blood pressure, heart rate 
and pulse-oximetrically measured arterial oxy-
gen saturation (sO2).

Monitoring encompasses the following pa-
rameters:
 5 Blood pressure (measured by oscillometry)
 5 Electrocardiographic parameters
 5 sO2

 5 End tidal CO2 capnography
 5 Blood glucose

Cardiac biomarkers are currently not widely 
checked by emergency clinicians. Further data 
from studies on the merits and usefulness of 
troponins in preclinical use are given in 7 Chap-
ter 17.

Endotracheal intubation and ventilation are 
the “gold standard” in the management of 
 trauma patients. However, evidence has been 
mounting that the time taken for intubation on-
scene would be better spent transporting the 
patient to the hospital more quickly [2, 11]. 
 Pre-procedural preparation and subsequent in-
tubation and ventilation undertaken by the 
emergency clinician called to the site can delay 
transport by about 25 minutes. The emergency 
clinician cannot presume that the interventions 
he renders will influence patient survival every 
time [43]. Failure to carry out endotracheal 
 intubation and ventilation at the scene of the in-
cident is seen as critical. The emergency  patient’s 
condition may deteriorate during transport. 
Therefore, many cases require intubation and 
ventilation in order to ensure adequate oxygen-
ation of vital organs [40]. To render his time-
pressured decisions like whether to intubate and 
ventilate, the emergency clinician is informed by 
objective criteria including cardiovascular sta-
tus, oxygen saturation (sO2) – but also guided by 
his own subjective assessment of the situation. 
That said, decisions are made intuitively as well 
[49]. Objective criteria such as Hb concentra-
tion, partial pressure of oxygen (pO2) and car-
bon dioxide (pCO2) along with acid-base status, 
particularly base excess (BE), help the emergen-
cy clinician make these important decisions on-
site [54]. Key POCT analytes important to pre-
clinical emergency care are summarized in 
. Table 21.1, specifically taking into account on-
scene times and transport times.

Every delay in treatment and in prognostic 
stratification of a patient should be seen as very 
critical for the quality of the clinical outcome 
[12]. In cases where the required treatment of 
critically ill patients on the ICU is delayed, the 
outcome is a prolonged hospital stay along with 
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higher mortality [6]. It has not yet been proven 
to date whether this observation has unlimited 
validity in preclinical emergency situations. 
However, it is clearly indicated that emergency 
patients should receive definitive hospitalized 
treatment as rapidly as possible. In this indica-
tion, preclinically obtained laboratory results, 
e.g. biochemical parameters, such as blood gas-
es, acid-base status and cardiac biomarkers, can 
be extremely helpful.

21.1.3 Application of POCT in 
 preclinical emergency care

Blood glucose measurement is routinely availa-
ble in preclinical emergency care. However, 
apart from sO2 monitors, the use of no other 
POCT devices has become established. There is 
one exception: some emergency care helicop-
ters are equipped with POCT devices for meas-
uring pH, pCO2, pO2, Na+, K+, glucose and 
hematocrit [10]. On-scene and transport times 
have to be specifically taken into account when 
POCT devices are considered for preclinical 
emergency care. In metropolitan areas, the 
 on-scene and travel times are usually so short 
that even if the biochemical result were avai-
lable, their therapeutic implications might be 

obviated by admission. By contrast, in rural 
 areas it is critically important for an emergency 
clinician to decide whether the patient needs to 
be taken to a distant cardiology center or not.

Most on-scene calls for emergency clini-
cians involve diagnoses in conservative medical 
specialties. In this regard, a POCT device able 
to measure cardiac biomarkers could therefore 
be very helpful for emergency clinicians. Car-
diac biomarkers are of particular importance in 
patients with symptoms suggestive of a myocar-
dial infarction, but without ECG changes. It is 
well documented that only about half of  patients 
suffering from coronary heart disease who de-
velop symptoms of a heart attack, promptly call 
an emergency clinician. Therefore the emer-
gency clinician must consider that the acute 
event may have happened a while in the past, 
making diagnosis and treatment of the patient 
even more urgent. The timely diagnosis of a 
myocardial infarction similarly opens up a wid-
er window for timely treatment (7 Chapter 17).

In trauma patients, on-scene assessment of 
Na+, Cl–, K+ and Ca2+ does not have implica-
tions for initial trauma management. Conver-
sely, knowledge of Hb and glucose levels as well 
as pO2 and pCO2 can sometimes be helpful to 
limit the effects of trauma on the body and im-
prove the cost-effective use of resources [1]. BE, 
which is calculated from pCO2, Hb and pH, is 
an important predictor of mortality. Using BE, 
early trauma-related oxygen deficits can be ad-
dressed by administering targeted treatment 
[40] (7 Chapter 14).

The recognition of flue gas inhalation vic-
tims can cause problems in emergency care. 
Just a few years ago, it became possible to mea-
sure increased concentrations of COHb in 
blood at the POC (7 Chapter 11 and 14). Knowl-
edge of the COHb level can guide treatment. 
For example, decisions about the primary need 
for hyperbaric oxygen administration in a pres-
sure chamber can already be made on-scene.

In attending to emergency patients, but es-
pecially traumatized ones, the attention of the 
emergency clinician should be directed as the 
possibility that the victim has used narcotic 
drugs prior to the accident. The number of 

 . Table 21.1 POCT analytes in preclinical 
emergency care

Areas of application Parameters

Acid-base status pH, HCO3
–

Blood gases pO2, pCO2, BE

CO oximetry Hemoglobin (Hb), 
COHb, MetHb, sO2

Electrolytes Na+, K+, CI–, Ca2+

Metabolites Glucose, lactate

Cardiac markers Cardiac troponins

Narcotics (qualita-
tive detection)

Alcohol, cannabinoids, 
cocaine, amphetamines, 
opiates, barbiturates, 
benzodiazepines
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people in Germany with alcohol dependency is 
estimated to be around 2.5 million [4, 9]. In the 
15–25 age group, 20 % consume alcohol regu-
larly. Nearly 5 million people show a risky abuse 
pattern [18], of whom 3 million also consume 
cannabis, cocaine or the illegal narcotic Ecstasy. 
A high degree of under-reporting can be pre-
sumed, particularly for easily obtainable drugs 
such as alcohol and cannabis [27]. Chronic 
drug users have complex physical and psycho-
logical co-morbidities and are therefore high-
risk patients in trauma situations. Drug screen-
ing in preclinical emergency care can help iden-
tify existing risks, is as effective as screening in 
the central laboratory and its results are avail-
able more quickly [40]. Drug screening results 
can assist also the emergency clinician at the 
scene when attending to patients with impaired 
consciousness (7 Chapter 18).

Note

POCT should be used in preclinical set-
tings, as results can guide decisions for 
 triaging, treatment, risk assessment and 
have implications for early interventions 
and procedures, improving both clinical 
outcome, survival quality and cost effec-
tiveness.

21.2 POCT in the interdisci
plinary rescue center and 
 emergency department

The content of this chapter was partially taken 
from a publication in the Deutsche Medizini-
sche Wochenschrift by Müller, Lindner, Searle 
and Möckel [29].

21.2.1 Introduction

Laboratory tests in emergency and 
periinterventional intensive care
In hospital emergency care, laboratory tests are 
one of the most important aspects of diagnos-

tics alongside clinical assessment, ECG and 
 imaging (ultrasound, radiology). In this con-
text, lab workups are primarily used to aid dia-
gnosis when the clinical picture is unclear, to 
support initial therapeutic interventions as well 
as for risk stratification. Progress monitoring 
during therapy is only required for a small 
number of selected parameters such as electro-
lytes, lactate, troponin or Hb (e.g. post-trans-
fusion). By contrast, it is rare in emergency 
medicine that more detailed differential dia-
gnoses are rendered or microbiological cultures 
taken. Toxicological testing is a category in and 
of itself; with a few exceptions, such as alcohol 
and paracetamol, its importance in primary 
emergency care is undergoing intense debate.

In the area of peri-interventional intensive 
care, the focus – depending on the clinical 
 picture and type of intervention – shifts to the 
ongoing evaluation of the patient’s clinical 
progress, particularly during the intervention. 
In this setting, POCT is very frequently indis-
pensable, as the turn-around time (TAT) in a 
central laboratory would be too long in many 
cases. At the forefront stands coagulation test-
ing (7 Chapter 6 and 15).

Choice of parameters and  
test methods
The selection of parameters and methods is dic-
tated by the aim of the test. Is the aim only to 
avert an immediate threat to life? Or to render 
the appropriate primary diagnostics that 
streamline the duration of inpatient treatment 
within a cross-sectoral process? At what later 
point is an elective laboratory service available? 
In addition, the processes and timing of emer-
gency and acute care need to be taken into ac-
count. The latter is determined by the duration 
of typical tasks, shift workers (necessary hand-
over), but also by receipt procedures, acceptable 
waiting times for results and, at times, by polit-
ical dictates. Generally, in emergency depart-
ments and ICUs, laboratory test results are ex-
pected within an hour. Tests are often not re-
quested if time-to-result is longer than 4 hours. 
In planned interventions, such as acute opera-
tions or cardiac catheterization, the laboratory 
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service must follow the intervention schedule. 
As with all diagnostic procedures, their applica-
bility is dependent on their availability.

 > Overall, laboratory diagnostics must be 
aligned with the emergency care pro-
cess, which may also entail laboratory 
testing or imaging procedures as the 
 circumstances dictate. The general 
 process of emergency care has been 
 described by Möckel et al. [32].

POCT is increasingly at the forefront of dia-
gnostics, especially in emergency departments 
and ICUs. The reason for this is an increasing 
centralization of laboratory institutes with the 
resultant increase in TAT in addition to the 
growing use of time-critical laboratory para-
meters and algorithms. The POCT TAT – often 
only a few minutes – is not achievable in large 
hospital laboratories or when the tests are out-
sourced to central laboratories. This chapter 
therefore primarily focuses on current options 
offered by POCT diagnostics in the acute set-
ting.

In the following, the most important labora-
tory parameters for emergency and peri-inter-
ventional intensive care are presented accord-
ing to urgency or their function within the 
management process, and their provision as 
POCT explained.

21.2.2 Mandatory emergency 
 parameters

Testing for mandatory emergency parameters 
should be provided in all emergency depart-
ments and ICUs at all times, as the results can 
have immediate therapeutic implications. A 
distinction is made here between emergency 
parameters that need to be available quickly 
(within an hour) and acute biomarkers that are 
not as time-critical, but should still be available 
within 4 hours.

Emergency parameters
Emergency parameters usually need to be pro-
vided as POCT, otherwise their timely availa-

bility cannot be guaranteed. The equipment to 
test for these laboratory values is regarded as 
the basic standard to any emergency depart-
ment in Germany. Checklist 1 gives a selection 
of mandatory emergency parameters.

Checklist 1
Criteria governing mandatory emergency 
parameters with urgent analysis required 
within 1 hour and therefore usually as 
POCT:
 5 A test is absolutely imperative to 

 diagnose acute clinical symptoms or 
an emergency situation.

 5 The findings of the test have immedi-
ate therapeutic implications.

 5 The parameter helps monitor the suc-
cess or progress of treatment during 
an emergency or acute therapy.

Coma and impairment of consciousness Not 
only blood glucose, but also serum sodium con-
centrations are important parameters for as-
sessing a patient with acute impairment of con-
sciousness or in a coma. Poisoning, e.g. from 
carbon monoxide, should also be considered 
here and can be diagnosed by measuring COHb 
[55] (7 Section 21.1.3 and 7 Chapter 11).

Electrolyte imbalance Hyponatremia can 
cause nausea, vomiting, headaches, dizziness 
and even seizures and coma where severe cere-
bral edema develops. Depending on the speed 
at which the sodium serum level falls, a number 
of severe neurological symptoms can develop 
and fast, controlled correction can save lives 
[22]. Abnormal potassium levels can also lead 
to life-threatening symptoms, particularly 
those affecting the electrical conduction system 
of the heart, and require immediate treatment 
[44]. Although severe cardiac dysrhythmias are 
more often caused by hyperkalemia, hypokale-
mia can also trigger ECG changes and ventricu-
lar extrasystoles, even causing dangerous ar-
rhythmias (ventricular tachycardia and ven-
tricular fibrillation) [26].
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Acute cardiac pathologies These particularly 
refer to symptoms of acute myocardial infarc-
tion, where a rise in troponin levels is part of the 
diagnostic definition [42, 50]. Important here is 
not only the early “rule-in” diagnosis of an acute 
myocardial infarction, indeed the early exclu-
sion of that diagnosis in patients exhibiting 
symptoms of acute coronary syndrome is be-
coming increasingly decisive as well (7 Chapter 
17). In view of the increasing overcrowding in 
emergency departments, the large number of 
patients presenting with chest pain, of whom 
only relatively few have a myocardial infarction, 
new exclusion criteria with highly sensitive 
measurements of troponin or copeptin serum 
concentrations have been included in the ESC 
guidelines [31, 42]. A further important test in 
acute cardiological patients is that for thyroid-
stimulating hormone (TSH).This marker not 
only supports a differential diagnosis of atrial 
fibrillation [46], but also helps exclude thyroid 
dysfunction prior to administering contrast 
media, e.g. for coronary angiography or com-
puterized tomography. Procalcitonin (PCT) 
could play a future role in differentiating pul-
monary congestion from infection in acute 
heart failure. Studies have shown that early ini-
tiation of an appropriate treatment strategy can 
improve patient survival rates as well as avoid 
unnecessary antibiotic use [25, 45].

Acute infections The benefit that knowledge 
of PCT confers on patients with lower respira-
tory tract infections is undisputed, achieving a 
safe and reduced duration of exposure to anti-
biotics, albeit with no effect on patient outcomes 
[7]. Moreover, PCT plays an important role in 
the early identification of patients with sepsis 
[47, 52]. This is of particular interest, as symp-
toms of impending sepsis are often non-specific 
in older patients and those with multiple co-
morbidities; although the clinical course can 
run dramatically and be fatal within a few hours. 
In addition to PCT, the early determination of 
lactate levels is also very useful [5]. Other pa-
rameters important for assessment of acute in-
fections in emergency care include urine tests to 
rule out acute urinary tract infection as well as 

cell counts in aspirates such as cerebrospinal 
fluid and ascites.

Trauma and general surgery In the emergen-
cy department, POCT is also crucial for trauma 
and surgical patients e.g. to determine the need 
for a blood transfusion to treat acute bleeding, 
as recommended in the cross-sectoral guide-
lines on therapy with blood components and 
plasma derivatives issued by the German Med-
ical Board (BÄK) [3].

Hemostasis The assessment of coagulation 
status (7 Chapter 6 and 15) has important thera-
peutic implications, particularly for anticoagu-
lated patients. For them, it is often essential to 
know the result before invasive procedures can 
be performed. For example, in patients who are 
suffering a stroke, an unclear coagulation status 
is often one reason why the door-to-needle 
time for thrombolysis is prolonged [51]. The 
new anticoagulants (NOACs) present a novel 
challenge in this context [37].

Pregnancy POCT methods also deserve 
mention in connection with the early confirma-
tion or exclusion of pregnancy. This is not only 
important in diagnosing pregnancy complica-
tions in patients presenting with unclear ab-
dominal symptoms [35], but also key to deci-
sions on teratogenic drug administration or 
radiological procedures. . Tab. 21.2 lists the 
relevant parameters in these categories.

Acute parameters
POCT methods to test for acute parameters 
must also be available to guarantee timely 
 esults. They are essential for the diagnosis 
and indirect initiation of therapy for common-
ly presenting diseases. As these tests are not 
imminently necessary to avert life-threatening 
situations, a TAT of 4 hours has been estab-
lished and can be regarded as an international 
consensus. In England, a maximal waiting time 
of 4 hours in emergency care for 95 % of 
 patients has even been anchored in law [34]. 
Checklist 2 details the basis for the selection 
of  parameters that must be available in 
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 . Tab. 21.2 Mandatory emergency parameters which should be available within ≤1 hour. (Mod. [29]) 

Parameters Specimen 
material

Analysis Typical relevance References

Glucose 1; 3 POCT Coma diagnostics

Sodium 1 POCT Impaired level of consciousness, 
heart failure (HF)

[22, 33, 44]

Potassium 1 POCT Cardiac arrhythmias [26, 44]

Lactate 1 POCT Sepsis, shock [5, 8]

BGA 1; 2; 3 POCT Hypoxemia, hypercapnia/ 
hypocapnia, pH, BE

Hb 1 POCT Bleeding [3]

COHb 1 POCT Poisoning [55]

Troponin 1 POCT, CentLab* Myocardial infarction (MI), 
 pulmonary embolism

[42, 50]

β-HCG 1; 4 POCT Pregnancy; before radiation 
exposure, ectopy

[21, 35]

Copeptin 1 POCT, CentLab** Fast rule-out MI [31, 42]

PCT 1 POCT, CentLab Pneumonia, sepsis, MI [7, 25, 45, 47, 52]

TSH 1 CentLab Contrast media administration, 
atrial fibrillation

[46]

Urine dipstick 4 POCT Urinary tract infection

Cell count 5; 6; 7 CentLab***, POCT Meningitis, SBP

TCT, PTT, INR 1 POCT, CentLab**** Bleeding, stroke, anticoagu-
lation

[13, 37, 51]

BE base excess; BGA blood gas analysis; CentLab central laboratory; COHb carboxy hemoglobin;  
β-HCG human chorionic gonadotropin; SBP spontaneous bacterial peritonitis; TCT thrombin clotting time; 
TSH thyroid-stimulating hormone
1 = venous blood; 2 = arterial blood; 3 = capillary blood; 4 = urine; 5 = cerebrospinal fluid; 6 = ascites;  
7 = aspirate
* Guidelines recommend POCT explicitly, if CentLab has a TAT of >60 min
** POCT not available yet, however, reasonable for the „fast rule-out” process if myocardial infarction 
 suspected
*** Generally not available as POCT
**** High-quality POCT methods are under development; for stroke; for multiple trauma and bleeding 
management, POCT shows absolute utility.
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every emergency department and ICU in Ger-
many.

Checklist 2
Mandatory acute parameters for urgent 
assessment within 4 hours; if one point 
applies, this parameter often requires 
POCT. The parameter …
 5 … may be required to diagnose acute 

or emergency clinical symptoms.
 5 … has therapeutic implications.
 5 … has clinical utility for assessing the 

severity of clinical symptoms and to 
guide further appropriate diagnostics 
and/or disposition.

As with the emergency parameters, a number of 
acute biomarkers are recommended by nation-
al and international guidelines and firmly an-
chored in the algorithms for guideline-compli-
ant management of specific diseases.

Natriuretic peptides In the European guide-
lines on the treatment of acute and chronic 
heart failure, natriuretic peptides (BNP, NT-
pro-BNP, pro-ANP) are recommended as an 
integral part of the algorithm for assessing pre-
sumed acute heart failure, particularly when 
echocardiography is not available [28].

D-dimer testing The measurement of D-di-
mer is recommended explicitly in the European 
guidelines for the diagnosis and management 
of acute pulmonary embolism to avoid radia-
tion exposure from unnecessary imaging pro-
cedures [20].

HIV testing HIV testing can also be classed 
with acute biomarkers in presumed exposures 
such as health profession-related vein punc-
tures, needle-stick or cut injuries. The German-
Austrian recommendations for post-exposure 
prophylaxis of HIV infection state that the 
“consent of the exposed person to an HIV test 
(in order to document the negative HIV status 
at the time of exposure) [is] a requirement for 
PEP [post-exposure prophylaxis]”. The use of 

rapid testing is emphasized here to render the 
“PEP indication as definitively as possible” [15]. 
Timely testing by the central laboratory is often 
not possible, particularly if required outside of 
regular working hours.

Hemostasis parameters With regard to labo-
ratory diagnostics for managing the severest of 
injuries, European consensus recommenda-
tions [48] include an early coagulation assess-
ment (i.e. in the shock room) (7 Chapter 6 and 
15). This is because up to one-third of all pa-
tients admitted to the hospital have preexisting 
coagulation disorders [24]. These parameters 
include prothrombin time (PT), activated par-
tial thromboplastin time (aPTT), platelet count 
and fibrinogen concentration [48]. As these 
tests only cover the initial coagulation phase, 
supplementary viscoelastic testing methods or 
platelet function analyses are recommended 
[23, 48] to classify the coagulation disorder and 
enable more targeted therapy (7 Chapter 15). 
These complex POCT assays require whole 
blood samples. Two different devices are cur-
rently available for the clinical use [23]. How-
ever, despite good evidence, they are not widely 
used yet.

Blood gas analysis To assess the extent and 
impact of bleeding, measurements of lactate 
and base excess are recommended as further 
acute biochemical markers [48]. . Tab. 21.3 lists 
the parameters derived from the application of 
Checklist 2. Here, it becomes clear that the re-
quired diagnostics are linked to the determina-
tions carried out in the emergency department, 
ICU or in interventional/surgical unit. Mea-
surement of fibrinogen, for example, is not re-
quired unless care for multiple trauma injuries 
is provided.

21.2.3 Processstreamlining 
 laboratory parameters

Laboratory parameters are useful for streamlin-
ing processes or within a defined treatment 
pathway. However, they do not prevent immi-



211
21.2 · POCT in the interdisci plinary rescue center and  emergency department

21

nent threat to life. Process-streamlining param-
eters are required for certain steps of the pro-
cess and it makes sense that these should be 
applied peri-interventionally or in emergency 
departments. It may not be possible to stream-
line the processes relating to the management 
of a certain clinical picture aimed at avoiding 
over-diagnostics, misdiagnoses or suboptimal 
hospital stays with the associated risks of noso-
comial infections or complications if the test 
results are not available.

Checklist 3 summarizes the general criteria 
for the selection of process-streamlining pa-
rameters. Process-streamlining parameters collectively 

lack urgent implications for therapy, but none-
theless influence further inpatient stay and 
management (. Tab. 21.4). Of particular im-
portance in this context are isolation measures 
to protect the patient and those around them. 
Indirectly, the results influence patient flow in 
the emergency department, as potentially in-
fectious patients, often with resistant patho-

 . Tab. 21.3 Mandatory acute parameters, required within ≤4 hours

Parameters Standard material Analysis Typical relevance References

CRP 1 CentLab, POCT* Infection

NP 1 CentLab, POCT** Heart failure [28]

D-dimer 1 CentLab, POCT*** Pulmonary embolism [20]

HIV 1 CentLab, POCT**** AIDS, injury [15]

Alcohol 1; 2 CentLab, POCT# Intoxication

Paracetamol 1 CentLab Intoxication

Fibrinogen 1 CentLab***** Multiple trauma [17]

Blood count 1 CentLab, POCT*** Anemia, infection

CRP C-reactive protein; NP natriuretic peptide; HIV human immunodeficiency virus
1 = venous blood; 2 = exhaled air
* POCT depends on TAT of CentLab
** Use as POCT depending on the patient population, medical expertise and further diagnostic options  
(i.e. echocardiography) on site
*** POCT, if not available in CentLab within 4 hours
**** Following the guidelines of the professional associations, the result of an HIV test (needle-stick injury) 
must be available within 2 hours; POC tests for this are being developed further
***** In multiple trauma care
# Exhaled air testing sufficient for diagnostics; blood sample necessary for preservation of evidence.

Checklist 3
Process parameters for urgent testing: if 
one point applies, the parameter is imper-
ative and possibly required as a POCT 
method. The parameter …

 5 … impacts hygiene measures (exam-
ple: isolation of patients infected with 
multiresistant bacteria).

 5 … has implications for therapy, the ini-
tiation of which can be streamlined 
when an early diagnosis is rendered.

 5 … supports the differential diagnosis 
and, under certain circumstances, dic-
tates the treatment pathway and fur-
ther diagnostics and/or disposition.
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gens, cannot be transferred to a general ward or 
to a higher-level care institution. Then, isola-
tion in single rooms is required, resulting in 
high staff and logistics demands and therefore 
the danger of infection spread [19].

On the other hand, in cases of suspected 
 influenza, diagnostics has direct therapeutic 
implications. Here, rapid diagnostics can be 
helpful in at-risk patients or in the case of severe 
disease progression [41].

In addition to common toxic compounds 
such as alcohol and paracetamol (. Tab. 21.3), 
the number of cases of intoxication involving 
illegal substances has increased exponentially 
[16]. The options for narcotics and medication 
screening have taken on a new dimension 
thanks to the introduction of high-performance 
liquid chromatography (HPLC) and mass spec-
trometry. The medical or legal implications of 
test results are crucial to emergency diagnostics 
[14]. Furthermore, it should be considered that 
non-targeted screening without a selective nar-
rowing of possible substance use in the patient’s 
medical history is very costly [36] and complex 
techniques are only available at a few centers.

21.2.4 Procedural aspects of POCT

POCT was initially introduced as a bedside test, 
whose prototype was blood glucose strip test-

ing. In the meantime and partly as a result of 
high regulatory requirements (as set out in Ger-
many in the guideline of the German Medical 
Association, RiliBÄK), advanced devices are 
used on site as complete IT integrated satellite 
laboratories. Nowadays classical bedside testing 
is used less frequently in emergency admissions 
than in outpatient settings [38].

The integration of fully automated, low-
maintenance devices in the laboratory infor-
mation system (LIS) and connection to the 
hospital information system (HIS) or its clini-
cal front-end system (e.g. Ecare in emergency 
departments) has led to a significant improve-
ment in analytical quality. Hence, POCT results 
do not usually need to be confirmed or re-tested 
by laboratory-based methods. Even in an opti-
mal scenario where POCT and central laborato-
ries are cooperatively integrated, increased ef-
forts and increased costs are still  present when 
compared with central sample processing using 
large-scale devices. Therefore, POCT should 
only be introduced if there is no viable alterna-
tive. General selection criteria can be found in 
Möckel et al. [30]. . Fig. 21.1 illustrates the con-
cept of streamlined POCT implementation.

In principle, the required parameter and its 
clinically acceptable TAT should be specified. 
The TAT is dictated by disease- as well as by 
process-related factors. If the TAT of a test can-
not be attained or reliably guaranteed by a cen-

 . Tab. 21.4 Process-streamlining emergency parameters

Parameters Standard material Analysis Relevance References

MRSA 1 CentLab, POCT* Hygiene [19]

MSSA 1 CentLab, POCT* Hygiene [19]

Influenza viruses 1 CentLab, POCT* Hygiene [41]

Drug screening 2; 3 CentLab, POCT** Intoxication [53]

MRSA methicillin-resistant Staphylococcus aureus; MSSA methicillin-sensitive Staphylococcus aureus;  
HBV = hepatitis B virus; HCV hepatitis C virus
1 = swabs; 2 = venous blood; 3, urine
* POCT only valuable if a reliable PCR method is available and the screening process has been established.
** POCT qualitatively unsatisfactory to date, possible process-related utility, depending on the TAT of the 
central lab.
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tral laboratory, an appropriate technical POC 
solution should be sought.

 > Essential requirements for using POCT 
methods are appropriate quality of 
 results, the possibility of integrating 
 requests (“order entry”) and transmis-
sion of results into the LIS and/or HIS.

Automated internal controls are indispensable 
for quality assurance without the need for ex-
tra staff. “Blood-free” working is desirable, i.e. 
the use of closed blood tubes, which reduces the 
risk of infections by minimizing the need for 
handling and pipetting. To maintain quality 
standards for POCT results, the device should 
undergo additional external inspections after 
implementation by the POCT coordinator 
(7 Chapter 31). Systematic and regular staff 
training is needed and a clear policy for device 
use should be established in order to reduce the 
erroneous result rates due to the device opera-
tor error. This can be achieved, for example, by 
using personalized bar codes that allow only 
qualified staff to access the device. The storage 

of retainer samples is also very important to 
avoid measuring errors, but also to be able to 
identify any sample mix-ups.

POCT should be closely evaluated and its 
cost-benefit ratio critically appraised on a regu-
lar basis with regard to current innovations 
(7 Chapter 31).

21.2.5 Discussion

It has been demonstrated that laboratory pa-
rameters for POCT in the emergency depart-
ment and in peri-interventional intensive care 
should be selected on the basis of diagnostic 
necessity, therapeutic implications and general 
care processes. It is also of decisive importance 
to consider the aim and possible implications of 
a biochemical test so that the most appropriate 
methods can be laid down for the determina-
tion of that parameter (by POCT or at a central 
laboratory).

The patient population and the tasked re-
sponsibilities of the healthcare center play a 

 . Fig. 21.1 Implementation of POCT methods in the emergency department and ICU

Objective
Given timeline

Process specifications

Close cooperation
with the POCT coordinator

and the central lab
as center of competency

Selecting a POCT parameter

Is a suitable instrument available?
– Is result quality appropriate?
– Is integration in LIS/HIS possible?
– Is «order entry» possible?
– Are automated internal controls in place?
– Is it possible to work blood-free?

Implementation of quality management system 
as part of POCT coordination
– External controls (interlaboratory tests)
– Systematic operator training
– Authorization concept
– Storage of retainer samples (24 h)

Regular evaluation
– Cost/benefit
– Innovations
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decisive role. For instance, if an integrated chest 
pain clinic is in operation, there are already 
published recommendations on what labora-
tory services must be provided [38, 39]. Exam-
ples of general minimum requirements here 
include electrolytes, creatinine, blood count, 
CRP, coagulation status, D-dimer and cardiac 
troponins (ideally measured with highly sensi-
tive assays), with additional recommendation 
for natriuretic peptide and copeptin. As regards 
timing, the following is clearly formulated: “For 
rapid laboratory diagnostics, a 24-hour emer-
gency laboratory service is required. The time 
from blood draw to result availability should 
not exceed 45–60 min and must be reviewed 
regularly. If this is not possible, a POCT device 
must be used on site to determine cardiac 
markers. The result must be given quantitative-
ly. The analysis of blood gases must be possible 
within 15 minutes” [38].

Besides the choice of laboratory parameters, 
their exact interpretation and streamlined as-
sessment is required. It is vital that there is close 
cooperation between the emergency/intensive 
care team and the central laboratory. Here, the 
POCT methods employed must meet the same 
high quality standards as the central laborato-
ry’s and will usually be managed jointly.

Laboratory profiles
In an emergency, every diagnostic procedure is 
subject to strict criteria and subordinated to the 
general process. It is useful if standardized lab-
oratory profiles are requested early, guided by 
the cardinal symptoms in order to streamline 
patient throughput times. For example, the 
emergency department at the Charité, a major 
hospital in Berlin, has had good experience 
over many years using this approach. A number 
of POCT methods are also included in the lab-
oratory profile. With the request order, suitable 
instruments are entered into the device’s work 
list. The blood is drawn into a small tube labe-
led with the corresponding bar code and 
scanned for identification by the device’s bar 
code reader. The result appears with other data 
from the central laboratory on an (electronic) 
finding report.

Key messages
 5 Alongside the clinical examination, 

ECG and any available radiological 
 imaging, laboratory tests represent a 
key pillar of the primary patient as-
sessment.

 5 The choice of laboratory parameters 
for use in emergency care depends on 
their direct relevance to treatment, 
their diagnostic necessity and their 
utility in the process.

 5 At present in Germany, the use of 
POCT is coordinated and organized ac-
cording to the RiliBÄK guideline. Strict-
ly bedside methods are hardly relevant 
in emergency departments or in 
peri-interventional intensive care and 
are mainly used in outpatient settings.

 5 POCT is undergoing technological 
 development and its application has 
to be constantly checked and adapted. 
With increasing aggregation in the 
central laboratory sector, POCT is 
 currently growing in importance.
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22.1 Introduction

In 2014, 715,000 children were born in Ger
many – a small increase in the trend compared 
to the 1950s [13]. Of these, approximately 10 % 
were born prematurely, meaning before the 
37th gestational week, often weighing less than 
2,500 g. The incidence of premature births as 
well as that of premature infants with a very low 
birth weight (VLBW) of <1,500 g has been in
creasing significantly for years. In 2014, prema
ture births amounted to approx. 8,000 children. 
VLBW infants, in particular, benefit signifi
cantly from recently improved diagnostic and 
treatment options. Hospital costs for inpatient 
treatment of infants with a diagnosis of “pre
maturity/low birth weight” account for over 
€ 700 million per annum [4]. Infants with a 
birth weight of under 1,000 g, born in the 28th 
gestational week (extremely low birth weight, 
ELBW), spend 10–12 weeks on the intensive 
care unit (ICU) or on a general ward. The costs 
for an uncomplicated inpatient stay are ap
prox. € 100,000. Morbidity, nursing care needs 
and mortality rise with increasing prematurity. 
Although less than 1 % of all infants are born 
with a birth weight of <1,500 g, diagnostics and 
laboratory testguided therapeutic monitoring 
are particularly extensive in this very group.

. Tab. 22.1 gives an overview of the most 
important laboratory tests and the associated 
clinical problems seen on a neonatal ICU [10]. 
Generally, the analysis spectrum is similar to 
that for adults. Despite this, a number of spe
cific analytical problems exist as a result of the 
following situations:
 5 Very often, only extremely small sample 

volumes are available
 5 Capillary blood is mostly used
 5 During the first days of life, high hemato

crit values are present in whole blood 
 analyses

 5 Different measurement ranges are relevant 
or apply (e.g. for blood glucose, bilirubin 
and creatinine clearance)

 5 To some extent, higher concentrations of 
interfering substances can be present  
(e.g. bilirubin, Hb, glutathione)

Small sample volumes and the predominant use 
of capillary blood put neonatology into the 
POCT domain. Frequent blood draws for ther
apy monitoring of ventilated premature infants, 
in particular, are unavoidable. Obviously, 
bloodless continuous monitoring of metabolic 
parameters would be ideal. Until now, this was 
only routinely possible for bilirubin, pO2, pCO2 
(within limits) and for sO2 (7 Chapter 14).

The blood volume of a neonate makes up 
7–10 % of its body weight. This means that a 
premature infant weighing about 1500 g has a 
blood volume of max. 150 mL. In a very prema
ture infant with a birth weight of <1000 g 
(ELBW), the blood volume is around 80 mL at 
the most. Unlike in mature newborns, iatro
genic anemias in premature infants increase 
erythropoiesis only slightly. Therefore, a larger 
blood loss may also have to be compensated for 
with blood transfusions. The hormone erythro
poietin is additionally given as treatment in 
some cases.

Anemias in premature infants have to be 
cautiously avoided as they can lead to complica
tions and low weight gain.

The demand for intensive metabolic control 
collides with the concept of minimal handling. 
Each intervention on a sick, premature infant 
can worsen its status. Indeed, simply touching 
the infant increases stress and risk of infection. 
This means that ideally only as few tests as pos
sible should be carried out, but ones with the 
greatest conclusiveness: Whether at the POC or 
in the laboratory, sample taking for various tests 
should be carefully coordinated and at best 
timed together. The number of blood draws and 
the necessary blood volume can, without doubt, 
be reduced by streamlining the workflow.

The jury is still out on the limit values and 
therapeutic target concentrations to be set for a 
number of parameters, particularly in prema
ture infants. An extensive collection of clinical 
chemistry reference ranges can be found in the 
book by Soldin [12]. Further important data are 
to be found in references [5] and [9].

Application of the proper technique to draw 
capillary blood from the heel in the least trau
matic way is the ultimate key to obtaining ther
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 . Tab. 22.1 Laboratory tests in a neonatal ICU

Tests Monitored physical status Clinical problems

Blood gas analysis Acid-base balance Acidosis
Hyperkalemia
Hypoxia

Breathing Lung surfactant deficiency
Respiratory distress syn-
drome
Apnea attacks

Circulation, blood pressure Shock
Hypoxia
Cerebral bleeding
Necrotizing enterocolitis

Therapy monitoring of ventilated neonates

Na+, K+, Ca2+, Cl–, Mg2+, PO4
3–, Zn2+, 

trace elements (partially also in urine)
Renal excretion Edema

Electrolyte balance
Acute renal failure

Diet Low weight increase
Osteopenia of prematurity

Creatinine, urea, bilirubin, protein, 
blood glucose

Excretion Acute renal failure

Metabolism Catabolism
Jaundice
Hypoglycemia

Cholesterol, bile acids, bilirubin, alka-
line phosphatase

Function of gallbladder, liver 
and pancreas

Cholestasis

CRP, leukocytes, differential blood 
count, IL-6, IL-8, PCT

Immunity Pneumonia
Sepsis
Meningitis

Therapeutic drug monitoring Antibiotics Infection

Indomethacin Ductus arteriosus occlusion

Digoxin Heart failure

Phenobarbital Seizures

Caffeine Respiratory insufficiency

Hb, hematocrit, transferrin, ferritin Erythropoiesis Anemia

Global coagulation tests, platelet count Immature hemostasis system, therapy monitoring

Urine test strips, urine status Urinary tract infection Sepsis

Swab with Gram staining Bacterial infection Sepsis

apeutically evaluable data. In particular, a suf
ficient blood volume (max. 600 µL) should be 
taken without squeezing the tissue to avoid 
hemolysis that interferes with the measurement 

of a number of parameters (e.g. K+ or bilirubin). 
See also Fig. 4.1 in 7 Chapter 4.

The following parameters can presently be 
measured by POCT on a neonatal general ward 
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or ICU: pH, blood gases, Hb, Hb fractions, elec
trolytes, metabolites and global coagulation. 
Metabolites can be measured with dedicated 
devices designed for singleparameter assess
ments (e.g. blood glucose, bilirubin) or using 
device configurations that can measure various 
parameters simultaneously – partially with 
 options for individual analysis – e.g. blood gas 
analyzers (7 Chapter 6). The required sample 
volume is the most important selection criteria 
when choosing a blood gas analyzer. However, 
a flexible selection of parameter options and an 
integrated automated quality control should 
also be considered. Analytical criteria should be 
discussed with the POCT coordinator in the 
central laboratory.

The currently unmet needs for further de
velopment of POCT in the field of neonatology 
do not differ from other disciplines: smaller, 
simpler, faster, less sample material and ability 
to measure additional parameters, particularly 
some inflammatory markers such as cytokines. 
Jocelyn M. Hicks, one of the prominent repre
sentatives of POCT in pediatrics, predicts a 
complete transition from pediatric laboratory 
diagnostics to noninvasive test methods and 
analysis with biosensors [8]. However, if and 
when this vision will become reality is not yet 
clear.

22.2 Blood glucose monitoring

In the first hours of life, newborns have tran
sient low blood glucose levels with values typi
cally ranging from 40–60 mg/dL. Particularly 
in premature infants, values can fall as low as 
10 mg/dL or lower without necessarily trigger
ing significant clinical symptoms. Irrespective 
of controversial discussions about the defini
tion of neonatal hypoglycemia, a concentration 
of 40 mg/dL is generally seen as a critical cut off 
for therapeutic action [7]. As severe hypogly
cemia can cause neurological damage, methods 
used for blood glucose monitoring in neonatol
ogy have to be reliable, particularly in the range 
of 20–80 mg/dL and should be available within 
the shortest period of time. Interference by 

 hematocrit is common in many POCT blood 
glucose analyzers. In the past, it caused great 
difficulties in measuring blood glucose cor
rectly, particularly in the lower concentration 
range. Since then, devices have been developed 
that compensate for this electronically (7 Chap-
ter 5), making them suitable for use in neona
tology.

22.3 Bilirubin determination

In approximately 60 % of all healthy newborns, 
a physiological jaundice occurs in the first few 
days after birth, with bilirubin rising up to a 
concentration of 12 mg/dL. It reaches its maxi
mum around the 4th day of life only to drop 
continuously thereafter. For a variety of rea
sons, however, a small number of newborns 
develop a dangerous hyperbilirubinemia.  Given 
the associated risk of bilirubin encephalopathy, 
also called kernicterus, such hyperbilirubine
mia requires treatment. The Bhutani nomo
gram [1, 2, 3] has been largely established for 
deciding whether phototherapy or exchange 
transfusions are indicated. Other empirical 
 nomograms are also used, e.g. for infants with 
additional risk factors such as premature birth, 
sepsis, hemolysis among others.

In general, the plasma of jaundiced new
borns almost always contains unconjugated (or 
indirect) bilirubin. Depending on the measure
ment method, up to 1.5 mg/dL bilirubin is 
 detectable as “direct” bilirubin in neonatal 
 samples. Due to a lack of specificity of the mea
surement method, this fraction is not conju
gated (glucuronidated) but, in most cases, 
 unconjugated bilirubin. Higher amounts of 
conjugated bilirubin only occur in neonatal 
hepatitis, chronic hyperbilirubinemia due to 
marked erythroblastosis or in premature in
fants with toxic liver damage – mostly caused 
by medication or longer lasting parenteral feed
ing – but also in some other very rare diseases. 
Only total bilirubin can be measured at the 
POC. Methods to differentiate direct from in
direct or conjugated from unconjugated biliru
bin do not exist. Three different methods 
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are available to determine total bilirubin in 
 neonates:
 5 Transcutaneous measurement
 5 Direct photometry in undiluted serum/

plasma (bilirubinometer)
 5 Direct photometry in blood (CO oximetry 

module in blood gas analyzers)

22.3.1 Transcutaneous 
 measurement

For transcutaneous bilirubinometry (7 Chap-
ter 11), two devices have been in use for some 
time now. Reflection densitometric measure
ments of the yellowish discolored skin at the 
forehead or over the sternum are used, with 
corrections being made for the intrinsic skin 
color. Transcutaneous bilirubin measurement 
is widely used for screening in both outpatient 
and hospital settings. In order to ensure reliable 
decisionmaking about the use of photothera
py, however, a “bloody” bilirubin determina
tion is required if the transcutaneously mea
sured value is 2–3 mg/dL below the respective 
cut off for phototherapy. After phototherapy, 
further measurements are carried out exclu
sively on the blood.

Many neonatal departments use a simple 
variant of direct spectrophotometry for deter
minations in the plasma (7 Chapter 8). Biliru
binometers are filter photometers, where the 
absorption of plasma is measured at 455 nm, 
i.e. near the absorption maximum of bilirubin. 
The spectral interference of Hb is compensated 
for by performing a second measurement at 
575 nm. Generally, a blood sample of 20–30 μL 
is sufficient. POCT of neonatal bilirubin is fur
ther simplified by the Bilimeter 3 (Pfaff Medi
cal, NeuburgSchrobenhausen, Germany).

Some blood gas analyzers allow direct spec
trophotometric measurement of total bilirubin 
in whole blood (7 Chapter 14). While the 
 devices from Roche and Siemens are only de
signed for measuring bilirubin in newborns, 
the devices from Radiometer and IL can also 
measure adult samples. The measurement prin
ciple is identical for all devices [6]: The CO

oximetry module determines bilirubin in addi
tion to Hb fractions by multiwavelength mea
surements. Although the spectra of bilirubin 
and Hb differ greatly, high demands are placed 
on the measurement due to the large difference 
between bilirubin and the “interfering” Hb 
concentration. The bilirubin concentration is 
calculated from the absorption measurements, 
using multicomponent analysis. Usually 35–
100 μL of blood is sufficient for a measurement. 
The measuring range for most devices is be
tween 3 and 30 mg/dL.

Note

The transcutaneous bilirubin assay is a 
mere screening method; its results need 
to be checked with a different method 
 before any therapeutic intervention is 
 undertaken [11]. This can be performed at 
the POC on undiluted plasma using pho-
tometry (bilirubinometers) or in blood 
 using blood gas analyzers. Wet chemical 
checks are only necessary in exceptional 
cases. Recommendations about timing 
and frequency of bilirubin measurements 
– either transcutaneously or in blood –  
can be found in current guidelines [2].
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23.1 Introduction

Alongside complex laboratory methods, POCT 
devices have been used for many years to ana-
lyze biomarkers in the field of high-perfor-
mance and elite sports. The aim of such testing 
is to optimize training routines and assess 
 endurance- and regeneration-related processes 
in order to prevent overexertion reactions in 
athletes [56]. Because the spectrum of bio-
markers measurable without specialized medi-
cal and laboratory personnel has been continu-
ally expanded, high-performance and elite 
sports have also benefitted from the continual 
development of POCT. The concept of POCT 
has a clinical origin and has hardly been used in 
sports settings, which is why there has been a 
paucity of publications to date on studies in 
high-performance and elite athletes where 
POCT is explicitly mentioned as measuring 
methodology. For this reason, the present chap-
ter aims to provide an overview of the different 
areas that studies have focused on where POCT 
devices were used in high-performance and 
elite sports.

23.2 Areas of application  
for POCT

23.2.1 Capturing data on health 
and performance status

Depending on its extent and intensity, training 
can lead to acute physiological reactions and 
chronic adaptation processes which are in-
tended to enhance athletic performance. The 
athlete’s healthy constitution is a prerequisite 
for good performance potential and its en-
hance ment by means of the different training  
models. Nevertheless, during both the training  
and competition phases, physical stress situa-
tions  occur which can jeopardize an athlete’s  
health.

To capture complete data on the health sta-
tus of an athlete, the full range of routine diag-
nostics is certainly needed. POCT can likewise 
be used to measure several biomarkers for 

“near-athlete” evaluation of the health status in 
a time-critical fashion and independently of 
any central laboratory, meaning directly at the 
location where training is taking place. In this 
context, inflammation and iron deficiency 
markers are primarily in focus. Inflammatory 
processes need to be detected in an early state 
because they may prevent enhancement of 
physical performance or diminish performance 
status. Given that iron metabolism is particu-
larly promoted by an elevated iron turnover and 
an elevated synthesis of iron-containing pro-
teins, iron metabolism in high-performance 
and elite athletes should be checked regularly. 
An elevated iron requirement develops due to 
the buildup of additional hemoglobin mass and 
increased iron loss through sweat and urine 
(hematuria), by hemolysis (footstrike hemoly-
sis) and micro-hemorrhages (in the gastroin-
testinal tract) [24, 44]. An elevated demand 
and/or loss of iron in conjunction with an in-
adequate supply of dietary iron can cause high-
performance athletes to suffer from iron defi-
ciency. In turn, hemoglobin synthesis is inhib-
ited, thereby reducing the blood’s ability to 
transport oxygen. Oxygen uptake plays a major 
role, especially in endurance sports, and repre-
sents a limiting factor in physical performance 
potential [6].

For over 60 years now, lactate diagnostics 
has served as an important parameter for cap-
turing athletes’ performance status. By means 
of various stress tests, an exercise-dependent 
lactate performance curve is generated and 
 different biological models applied to assess an 
athlete’s performance potential. Calculated 
thresholds are defined as the stress boundaries 
between purely aerobic and partially anaerobic 
lactic acid energy provision and thus serve as 
indicators of endurance performance capacity 
[23, 29]. Currently, the validity of the different 
threshold concepts is the subject of controver-
sial debate due to the different influencing 
 factors, with lactate being attributed with a 
positive signaling action in physiological adap-
tation processes [16, 18, 61]. That said, these 
concepts are employed regularly at perfor-
mance sport centers and in sport science.
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23.2.2 Training optimization, 
stress and regeneration

This refers to the long-term sports medical and 
sport scientific management of both individual 
high-performance and elite athletes and entire 
sport discipline-specific teams of players. This 
management can take place before, during and 
after competitive phases but also in studies on 
training interventions carried out under labo-
ratory conditions.

When coaching and steering the training of 
individual athletes or entire teams, it is best to 
employ test methods and laboratory values that 
are specific to that sports discipline to obtain 
conclusive data on training effects, stress, fa-
tigue levels and/or the degree of recovery and 
regeneration [35]. In endurance athletes, the 
emphasis of training is primarily placed on 
 elevating aerobic energy provision. In this con-
text, the training sessions can take place under 
both standardized conditions in the laboratory 
(e.g. on the treadmill or bicycle ergometer), out 
in the field or in one of the many domestic or 
international trainings centers. Particularly 
athletes in endurance sports will, moreover, 
benefit from an altitude exposure that helps 
them elevate their performance potential. By 
contrast, the training of athletes in strength 
and speed-strength sports is designed more 
to stimulate muscle growth and/or improve the 
body’s ability to induce explosive muscle con-
tractions under cyclic and acyclic conditions.

The level of physical exertion thus varies 
immensely depending on the type of training. 
Attempts to quantify these levels are undertak-
en by means of simple laboratory methods. For 
this, the frequency of POCT use keeps growing 
and offers multiple advantages during any long-
term management of athletes. The relatively 
easy handling of POC tests, their low suscepti-
bility to failure and their low-maintenance 
makes them readily accessible to both trainers 
and sport scientists. Preferably, devices are used 
that require low volumes of blood, i.e. allowing 
capillary blood draws. The testing of capillary 
blood samples, in turn, allows blood draws at 
close time intervals (ideally daily) throughout 

the entire period of training management, 
without having to excessively burden the ath-
letes with venous blood draws. The transport-
able POCT devices can accompany the athletes 
in every setting before, during and after a train-
ing or competitive period and at the training 
camp, while allowing a time-critical assessment 
of the measured results.

POCT can also be used to regularly monitor 
the health status as well as long-term sport 
management measures. To obtain information 
relating to the effects of training on the aerobic 
performance capability in endurance athletes, 
lactate performance diagnostics are carried out 
together with the measurement of total hemo-
globin mass (tHb). This analytical approach 
significantly correlates (r = 0.97) with perfor-
mance capability and/or maximum oxygen up-
take [52]. In endurance, strength and speed-
strength sports, metabolic and skeletal muscle 
markers of POCT can be used to monitor both 
stress and exhaustion as well as the degree of 
recovery. Additional information relating to an 
athlete’s exertion status can be supplied from 
noninvasive saliva samples by determining bio-
markers of immunity and acute or chronic 
stress. This is likewise feasible with POCT 
 devices. An overview of the parameters relevant 
during a training management session is pro-
vided by the diagnostic triangle (. Fig. 23.1).

Training intervention studies can be de-
signed to investigate physical loading during 
and after various interventions as well as their 
acute and chronic effects on physical perfor-
mance capability. Furthermore, variously de-
signed recovery phases are the subject of studies 
aimed at verifying different regeneration strate-
gies. The main areas of emphasis in studies 
from recent years have been high-intensity 
training (HIT) vs. high-volume training (HVT), 
altitude training, electromyostimulation (EMS), 
vibration and blood flow restriction (BFR) 
training, compression clothing as well as active 
and passive recovery phases.

Most interventional studies are conducted 
in the laboratory under standardized condi-
tions and the effects measured on various 
physiological levels using complex laboratory 
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methods. But also POCT methods are used 
and help to measure the previously mentioned 
biomarkers. In addition, myocardial markers 
are also the subject of interventional studies 
because they can provide data on myocardial 
and muscular loading. The analysis of saliva 
samples can provide conclusions about the 
states of stress or any adaptation to different 
training interventions.

In interventional studies, the use of POCT 
also offers the advantage that a minimally inva-
sive or noninvasive sample collection can be 
conducted at very fine time intervals without 
any burden on the athletes. The sample collec-
tions are thereby carried out shortly before the 
intervention, several times within a few hours 
and up to several days after the exertion, while 
particularly allowing the different kinetics of 
the various biomarkers to be captured.

23.2.3 Injury prevention and 
 individualized profiles

Depending on the extent and intensity of their 
training sessions and during competitive phas-
es, high-performance and elite athletes can 

 suffer significant biomass destruction. The 
stress and damage to skeletal muscle tissue is of 
particular interest here. To a certain degree, the 
stress triggers adaptation processes and pro-
duces higher functionality in muscles [10]. 
However, if this level is exceeded, the athlete 
runs the risk of injury. Assessment of the degree 
of muscular damage and the subsequently ob-
tained knowledge about states of exhaustion, 
risk of injury or any targeted level of recovery 
has been the focus of scientists and trainers for 
several years now [35]. Metabolic and muscular 
stress markers are collected for this purpose 
and, ultimately, to prevent injury. The excur-
sion of “muscle damage markers” has been 
investigated in many studies and their measure-
ment by POCT is currently finding broad use in 
many disciplines. The level of the increase in 
these biomarkers can serve as an index of 
 muscle damage resulting from chronic or acute 
mechanical loading [3, 8]. The interpretation of 
these data should provide time-critical deci-
sion-making aids for setting duration and in-
tensity of training sessions as well as for assess-
ing the performance capacity during a compet-
itive event. However, this is only possible when 
monitoring is conducted at intervals of several 

 . Fig. 23.1 Diagnostic triangle
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days and laboratory results like those obtained 
by POCT are rapidly available.

In a further step, the results are assessed 
based on individual profiles given that indi-
vidual athletes as well as athletes playing in 
team sports train according to individualized 
training regimens, with each being subjected to 
their own individual stresses in the competitive 
situation. These are mostly detached from the 
reference levels that were gathered from an 
 “untrained” sampling of the normal population 
[20]. The more measurements the profiles in-
clude and the more samples can be collected 
weekly, the more powerful the conclusions. 
Multiple measurements are only feasible by use 
of POCT.

Advantages of POCT in high-perfor-
mance and elite sports
 5 POCT devices can be operated and 

maintained without any medical 
 technician’s training.

 5 No medical personnel is needed to be 
available to take the minimally inva-
sive capillary blood samples or non-in-
vasive saliva samples.

 5 Sample collection is possible at close 
intervals thanks to the low sample vol-
umes required in conjunction with 
minimally invasive or non-invasive 
sample collection.

 5 POCT is implementable in every set-
ting and at the site of the athlete’s per-
formance (laboratory, training center, 
training camp, competition venue).

 5 “Athlete-focused” results allow both 
direct assessment of physical exertion 
as well as time-critical monitoring of 
training.

 5 Method-related differences in the 
measurement results can be mini-
mized and training effects more effec-
tively detected when transportable 
POCT devices (the same measurement 
method) accompany the athletes in 
every setting.

23.3 Areas of investigational 
 focus

23.3.1 Inflammation

Examples of inflammatory markers that can be 
measured by POCT in the high-performance 
and elite sports include leukocytes (WBC) and 
C-reactive protein (CRP). The methods for 
CRP measurements must be highly sensitive 
(hsCRP) in order to detect even the minutest 
fluctuations. On the one hand, inflammatory 
processes can be detected early and at the site of 
training in case the athletes show symptoms or 
states of exhaustion. On the other hand, it is 
also known that intensive physical exertion can 
activate inflammatory processes [43, 44] that 
can be investigated and quantified with the help 
of POCT in every training setting and in train-
ing studies. The literature cites innumerable 
such studies on this subject: To date, however, 
none have reported on POCT as a measure-
ment method. After an ultramarathon (130 km 
in two days), for example, the WBC (mean ± 
SD) of 4.9±0.2×109/L (baseline) were elevated 
to 11.8±0.8×109/L (after crossing the finish 
line) [2]. During a 100-km ultramarathon, the 
WBC increased after 75 km to >14.0×109/L and 
14 hours after the end of the race, elevated 
hsCRP levels of >5.00 mg/L were demonstrated 
[27]. After an (Ironman) triathlon, WBC levels 
were detected that were elevated by 237°% (di-
rectly thereafter) and 56°% (a day later) and 
hsCRP levels that were elevated by 543°% (di-
rectly thereafter) and 7,702°% (one day later) 
[40]. One study on footballers who played three 
games within one week was conducted to  gather 
data on the required time to achieve recovery: 
elevated WBC were measured directly after the 
three games (6.5±0.1×109/L as baseline vs. 
12.9±0.3; 13.7±0.3; 13.2±0.3×109/L). One day 
after the games, elevated CRP levels were 
demonstrated (0.9±0.0 mg/L at baseline vs. 
3.5±0.1; 4.1±0.1; 3.7±0.1 mg/L) [38].

During interventional studies aimed at 
 investigating the effects of different training 
protocols on physical performance capability, 
likewise inflammatory markers are collected in 
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order to be able to estimate the hormonal and 
metabolic stress of different stress protocols. 
For several years, these tests have centered on 
the different effects of HVT vs. HIT (some-
times also referred to as high-intensity interval 
training or HIIT), with the latter being of much 
shorter duration, but very high intensity of the 
intervals. In one study, for example, elevated 
WBC were measured three hours after per-
forming an HVT protocol on the treadmill (two 
hours at 55°% of VO2max) and after a HIT pro-
tocol (four times 30-second intervals until total 
exhaustion (“all out”) with 7.5 minutes active 
pause) (5.6±1.7 vs. 8.0±1.9 and 5.0±0.6 vs. 
8.4±1.7×109/L) [32].

23.3.2 Iron deficiency

Noteworthy markers of an iron deficiency that 
can be measured by POCT include hemoglo-
bin (Hb) concentrations, hematocrit (Hct) 
and the iron storage protein ferritin (FER).

In iron deficiency, FER is lowered initially, 
whereas lowered (anemic) Hb and Hct levels 
are not detectable until the iron deficiency is 
already clinically detectable. Therefore, FER is 
the parameter most commonly used to assess 
iron metabolism in athletes. Even when Hb and 
Hct are normal, lowered FER levels can already 
point to a pre-latent iron deficiency. In studies 
on high-performance and elite athletes, FER is 
not only measured for its mere comparison 
with reference levels. In longitudinal studies, 
FER was also monitored regularly to determine 
if an elevated need for iron is given during in-
tense physical exertion and to ensure a bal-
anced diet. Multiple studies have demonstrated 
that lowered FER levels can diminish perfor-
mance potential [11]. In one of the author’s own 
studies on athletes from different sport disci-
plines, 13.9°% of the male and 40.2°% of the 
female athletes also had lowered FER levels 
(≤ 30 mg/dL) irrespective of their Hb levels [1]. 
In the literature, differences relating to the type 
of sport practiced are also described. Runners 
exhibit significantly lower FER levels than cy-
clists, female rowers lower levels than female 

basketball players, long-distance runners lower 
levels than short- and medium-distance run-
ners and professional athletes lower levels than 
recreational athletes. A connection to the extent 
or intensity of training can therefore be in-
ferred. It was also demonstrated that FER 
 decreases over the course of a training session, 
suggesting an elevated iron requirement (sum-
marized in [1]).

Notably, CRP should be monitored in ath-
letes with normal FER and lowered Hb levels 
because FER increases in inflammatory pro-
cesses and can thus mimic sufficiently repleted 
iron stores. Acute extreme physical exertion can 
also activate inflammatory processes and lead to 
short-term elevations in FER. After a two-day 
ultramarathon (130 km distance), the FER levels 
increase, for example, from 47±7.7 µg/L (pre-
marathon) to 78.5±1.8 µg/L (day 3) intercurrent 
with a minor increase in CRP levels and mark-
edly elevated interleukin-6 levels [2]. For this 
reason, POCT devices per se offer the combined 
measurement of FER and CRP.

In addition, CRP can be measured in sev-
eral POCT devices concurrently with hemato-
logical parameters. Here, it must be pointed out 
that a very broad spectrum of POCT devices is 
available for measuring the hematological and 
biochemical markers presented here and in the 
following. The range extends from small de-
vices for measuring individual parameters to 
benchtop devices that can be used to conduct 
variously targeted single or panel tests. It is left 
to the discretion of the user to decide which 
device is the most suitable to meet the test re-
quirements. In a sport science context, the 
greatest role is played by the requirements for 
necessary sample material (venous or capillary) 
and the required sample volumes, transport-
ability and parametric spectrum. Here, consid-
eration must be given to the purchase costs and 
price per measurement, which also dictates 
sample frequency and can vary greatly in the 
described area of application (. Fig. 23.2).
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 . Fig. 23.2 Decision-making aids for POCT devices

5. Selection of 
measuring devices

• What type of specimens can be measured?
• What sample volumes are required?
• Is the measurement performed as a single test or a panel?
• How frequently are the tests performed?
• Can the device be switched off (running overhead)?
• Purchase costs and price per measurement
• Requirements relating to transportability

4. Selection of 
measuring parameters

• Markers of inflammation and iron deficiency
• Performance status parameters
• Metabolism
• Musculoskeletal system
• Myocardial markers
• Hormones
• Stress indicators and immunity

1. Test focus on

• Determining athletes health and performance status
• Longitudinal supervision of athletes (training effects, endurance 

and recovery)
• Training intervention studies
• Exercise/exertion monitoring, injury prevention
• Generating individual profiles 

3. Sample material 
and 
sample collection systems

• Invasive: venous blood
• Minimally invasive: capillary blood
• Non-invasive: saliva
• Does the sample require interim storage?

2. Test conditions • Laboratory
• Field (training center, training camp, competition venue)
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23.3.3 Performance capability

Spiroergometry with lactate performance dia-
gnostics belongs to the standard program for 
measuring performance potential. In addition, 
biomarkers of oxygen transport capacity, like 
Hb concentration, Hct levels and the tHb, are 
monitored.

A variety of exercise protocols can be used 
in spiroergometry. The test protocols differ in 
duration and intensity of exertion levels. The 
results are analyzed according to different 
threshold concepts and computation models. 
For example, these are designed to compute an 
aerobic/anaerobic threshold (e.g. 4 mmol/L) 
of energetic metabolism [31]. After the calcula-
tion, recommendations with regard to the out-
put (e.g. watt or m/s) or exertion intensity (e.g. 
heart rate) are issued for future training ses-
sions. A right or left shift of the thresholds will 
provide information on an improvement/wors-
ening of the endurance performance potential.

Over the past years, however, new models 
have also been investigated that are designed to 
document the accumulation and elimination 
rates of lactate during physical exertion. This 
has been spurred by the debate focusing on the 
validity of threshold concepts given that a num-
ber of endogenous factors can influence lactate 
concentrations; also, a new perspective on the 
function of lactate has emerged recently. Today, 
lactate is viewed as a metabolite with an impor-
tant role in metabolism, now additionally attrib-
uted a controlling and regulating signal function 
in adaptive tissue responses [18, 61]. In all test 
protocols, lactate performance dia gnostics are 
mainly carried out on capillary blood samples 
taken from the earlobe or fingertip and, under 
extreme time constraints, ranging from several-
minute intervals (depending on the staged test) 
down to 30 seconds (e.g. Wingate test). These 
tests should possess high measuring accuracy 
and validity, particularly in low lactate concen-
trations [17]. Minor methodology-related vari-
ability in measurements can impact the perfor-
mance or intensity recommended for a training 
session. Depending on the test protocol, how-
ever, high lactate concentrations are evaluated 

that, for example, can exceed 20 mmol/L lactate 
after implementation of a short, high-intensity 
regimen (Wingate test). In these test protocols, 
the numerous blood draws taken in quick suc-
cession likewise place high demands on the 
measuring devices to be quickly available and 
ready to take measurements.

The Hb concentration and Hct value are 
used to monitor performance capability, since 
they are important indicators of the blood’s 
oxygen binding capacity. As is known from nu-
merous studies, however, Hb does not necessar-
ily correlate with performance potential and/or 
maximum oxygen uptake (r = 0.25 [51]). This 
is based on changes in the overall blood volume 
(BV) and the plasma volume (PV) as acute or 
chronic physiological adaptation processes to 
intensive or long-duration training, which can 
affect relative Hb concentration (g/dL) [47, 49]. 
For this reason, sport science training manage-
ment primarily measures tHb but remains un-
affected by the PV changes. To measure tHb, 
the CO rebreathing method is employed: This 
involves the athlete inspiring a low amount of 
CO, which can then be measured as CO-Hb in 
capillary blood, allowing conclusions about 
tHb to be drawn using a computational model 
[12, 50]. Using this method, a higher tHb of 
1,048±126 g was demonstrated in triathletes as 
compared to untrained individuals (913±133 g). 
By comparison, the triathletes showed an Hb 
concentration of 14.6±0.9 g/dL and the un-
trained individuals of 15.3±0.8 g/dL [23].

23.3.4 Metabolism

The primary metabolic stress markers meas-
ured both for monitoring athletes and in inter-
ventional studies on POCT are creatinine 
(CREA), urea (UREA/BUN), bilirubin (BIL), 
blood gases and electrolytes. CREA is measured 
in athletes both to monitor the renal status reg-
ularly as well as acutely after extreme physical 
exertion subjecting the electrolyte balance to 
high stress levels. CREA levels can rise briefly 
after intense exertion, only to drop again over 
the course of an entire competitive season [3]. 
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After a cycling race across the Alps that covered 
a distance of 525 km at an altitude of 300–
2750 m above sea level on a circuit including 11 
mountain passes, CREA levels were elevated, 
e.g. from 0.95±0.17 mg/dL to 1.26±0.21 mg/dL. 
Twenty-four hours later, they had returned to 
baseline (0.94±0.17 mg/dL) [41].

UREA or BUN are similarly measured in 
combination with CREA for renal monitoring 
[3]. Unlike CREA, UREA does not return to 
baseline until later after strenuous exercises. In 
the above-mentioned cycling race, the pre- 
exertion UREA levels were 35±8 mg/dL and 
68±24 mg/dL directly thereafter. Twenty-four 
hours later they were still at 48±17 mg/dL. By 
contrast, after 24 hours, the CREA levels had 
returned to baseline (0.95±0.17 vs. 1.26±0.21 
and 0.94±0.17 mg/dL), respectively) [41]. After 
a 130-km ultramarathon lasting two days, the 
BUN levels rose from 16.7±1.0 to 23.4±1.2 mg/
dL and were still elevated one day later 
(21.96±1.25 mg/dL) [2].

BIL levels are closely connected to the phys-
iological turnover or destruction (hemolysis) of 
RBC. In high-performance athletes, hemolysis 
of RBC can be triggered for different reasons 
(footstrike hemolysis, mechanical destruction 
from impact with the ground and muscle con-
tractions, oxidative membrane damage) [3]. 
After the previously mentioned 130-km ultra-
marathon, the total bilirubin (T-BIL) con-
centrations rose from 0.51±0.03 mg/dL to 
1.12±0.08 mg/dL after crossing the finish line 
again up to 1.51±0.12 mg/dL by the next morn-
ing [2]. An elevation in T-BIL from 1.0±0.1 to 
3.1±0.4 mg/dL was measured in ultramarathon 
athletes taking part in a “Spartathlon” (which 
lasts between 32 and 36 hours) [53]. BIL mea-
surements can thus be used as an indicator of an 
elevated RBC conversion rate.

In high-performance and elite sports, 
CREA, UREA/BUN and BIL are currently mea-
sured, e.g., by applying the Reflotron (Roche 
Diagnostics, Mannheim, Germany) or the 
Spotchem (Arkray Inc., Kyoto, Japan) clinical 
chemistry analyzers. The advantage of this lies 
in the targeted measurement of one individual 
parameter in a capillary blood sample. More 

modern devices offer an array of panels that 
contain additional (albeit non-relevant) para-
meters for high-performance and elite sports, 
but they are accordingly more expensive.

Another investigative field constitutes the 
measurement of parameters such as blood gas-
es, acid-base balance, buffer systems, pH and 
electrolytes. These parameters help assess the 
metabolic regulatory systems under high phys-
ical loading and record athletes’ overall stress 
tolerance. The analyses include both interven-
tional studies (e.g. SO2 in altitude training) as 
well as complex performance diagnostics (e.g. 
spiroergometry, repeated sprints, Wingate test). 
For example, investigations aim to find out 
whether high physical exertion causes meta-
bolic acidosis (measurable by a drop in pH, 
base excess and bicarbonate concentration), 
which in turn, can lead to a reduction in physi-
cal performance capability [21]. This can be 
conducted both in true training and competi-
tive situations as well as in interventional stud-
ies with different training protocols.

In one study that compared HIIT with HVT, 
higher metabolic stress was demonstrated by 
the Wingate test (HIIT) as compared to a 
130-minute protocol (HVT, at 55°% of peak 
power output). The mean minimal pH of all 
subjects across several measuring time points 
was 7.19±0.06 in the Wingate test and 7.39±0.01 
in the 130-minute protocol. The base excess 
values were –15.4±3.5 vs. –1.6±0.0 mmol/L 
[63]. A positive role in adaption processes has 
been attributed to the acute metabolic changes 
occurring during and after high-intensity inter-
val training. During extreme physical exertion, 
loss of fluids due to sweating can lead to dehy-
dration. Additionally, electrolytes are lost in the 
sweat. Electrolyte measurement has likewise 
been the subject of many exercise science stud-
ies and is possible in real settings thanks to 
POCT methods. In one study on ultra-endur-
ance swimmers, for example, the i-STAT (Ab-
bott) demonstrated a loss of sodium (hypona-
tremia). The pre-race and post-race values were 
140.0±1.6 mmol/L 137.8±2.5 mmol/L for male 
and 139.3±1.7 and 135.2 mmol/L for female 
swimmers, respectively [60].
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23.3.5 Musculoskeletal system

Examples of musculoskeletal stress markers 
measured in high-performance and elite sports 
include aspartate aminotransferase (AST), 
 alanine aminotransferase (ALT), lactate dehy-
drogenase (LDH), creatine kinase (CK) and 
myoglobin (Mb). These biomarkers can be 
measured with POCT devices because they also 
occur in hepatic tissue and cardiac muscle and 
thus belong to the spectrum of parameters used 
in clinical emergency diagnostics.

Depending on its scope and intensity, con-
tinual training – as well as the extreme exertion 
of competition phases – can lead to muscle in-
juries. The muscle damage is caused both by 
mechanical and metabolic influences that, in 
turn, damage the muscle membrane triggered 
by direct or indirect factors. As a result, intra-
cellular muscle components can migrate into 
the extracellular space [8]. During this process, 
the levels of enzymes and proteins from skeletal 
muscle tissues physiologically measurable in 
the serum can increase to varying extents, de-
pending on the degree of injury to the muscle 
membrane. The measurement of musculoskel-
etal stress markers is designed for the assess-
ment of the extent of muscular injury as well as 
the assessment of a recovery phase and regen-
eration.

AST, ALT, LDH, CK and Mb represent the 
classic measurands of muscle stress in high-
performance and elite sports. Numerable stud-
ies have been conducted on the increase in 
these parameters in the blood of high-perfor-
mance athletes as a function of the nature and 
duration of each training session or competi-
tion-level exertion [3, 8, 9]. In marathon run-
ners, for example, an increase in AST from 
29.3±12.8 U/L to 51.6±18.0 U/L (four hours 
after the race) and to 106.9±55.7 U/L (24 hours 
after crossing the finish line) was measured 
[30]. After a 130-km ultramarathon, the values 
increase from 24.5±2.6 U/L to 94.7±14.0 U/L 
one day after the marathon. The LDH levels in-
creased from 217.1±12.6 U/L to 381.1±20.9 U/L 
(directly after crossing the finish line) [2]. After 
an ultramarathon at a distance of 308 km, the 

LDH levels were increased from 385.6±57.6 U/L 
to 1,002.3±224.6 U/L [54]. LDH can addition-
ally be used as an indicator of intravascular 
 hemolysis, which can be induced by very 
 strenuous exercises.

An elevation in CK and Mb is especially 
measurable after long competitions in endur-
ance sports (ultra-distance marathons or tri-
athlons) and eccentric training (e.g. downhill 
running in ultramarathons); in untrained sub-
jects, the values may show a greater increase 
than in trained athletes [3, 59]. After finishing 
the above-mentioned 130-km ultramarathon, 
for example, markedly elevated CK levels of 
3,716±493 U/L were measured, as compared to 
a baseline of 214±47 U/L [2]. In another study, 
CK levels elevated to above 20,000 U/L were 
even detected after ultra-high performance in 
ultra-bikers and ultra-runners [13]. Very high 
CK levels with a peak of 28,545±33,611 U/L 
were also demonstrated in one interventional 
study on whole-body EMS [28]. CK measure-
ments are primarily taken as part of longer-
term training management to monitor muscu-
lar stress. In one of the author’s own studies, CK 
was measured daily by POCT in 9 (middle-
distance) track and field athletes at a three-
week altitude training camp. This made it pos-
sible to monitor and steer training. The lowest 
values were determined to be 182±76 U/L on 
the first day and the highest were 452±184 U/L 
on the ninth day [56].

One special feature characterizing the dif-
ferent biomarkers is their unique kinetics, as 
evidenced by a varying rate of increase and 
 decrease in their serum levels or by an accumu-
lation of the biomarkers in the serum as a 
 function of the breadth, intensity and frequen-
cy of muscular strain. For this reason, instead of 
measuring one single biomarker, a panel of sev-
eral is preferred. For laboratory studies, blood 
is drawn at close intervals over several hours to 
identify the various types of kinetics, whereas 
in high-performance athletes, the blood draws 
are carried out on a daily basis.

In practice, measurements of CK and Mb are 
regularly used for monitoring muscular stress. 
The measurement of both para meters not only 



235 23
23.3 · Areas of investigational  focus

allows the evaluation of muscle damage that has 
taken place recently, but also that having oc-
curred further in the past. Mb increases rela-
tively quickly after strenuous exercise and can 
quickly return back to baseline as well. Depend-
ing on the type of exercise, its peak can be mea-
sured between 45 minutes and up to three hours 
afterwards, usually declining back to baseline 
within eight hours [3, 26]. A measurable eleva-
tion in CK occurs later. When and at what level 
the peak CK value is reached, however, depends 
on the type of muscular stress. In untrained 
males, doubly elevated CK levels are demon-
strated as early as eight hours after a strength 
training session (133±88 U/L vs. 278±175 U/L) 
[25]. After endurance training, a peak is detect-
able after 24 hours with values  frequently being 
elevated up to 48 hours thereafter. After inten-
sive eccentric training, the values may even 
continue to rise up to four days later [3, 62]. In 
one of the author’s own tests, for example, the 
CK levels after exercise on the bicycle ergome-
ter with EMS increased from 462±384 U/L to 
786±505 U/L after four hours and up to 
2,196±2168 U/L after 24 hours. After four 
hours, the Mb levels exhibited a peak of 
150.9±121.5 ng/mL (baseline: 27.5±21.0 ng/
mL), after which they dropped slightly, but 
were still elevated 24 hours later (97.8±84.4 ng/
mL) [62]. It should be noted that, depending on 
the repetition of the training units, these curves 
cannot necessarily be reproduced – a phenom-
enon various authors have dubbed a physiolog-
ical adaptation to training (“repeated bout 
 effect”) [9, 10, 28, 43].

The combined measurement of CK and Mb 
using POCT is receiving ever-greater attention 
in high-performance and elite sports. There 
are, however, only a few POCT devices that 
 allow individual measurements of CK using 
capillary blood (e.g. the Roche Reflotron and 
the Arkray Spotchem EZ SP-4430). Mb can be 
measured with the Cobas h232 (Roche) and the 
i-Chroma Reader (BodiTech Med Inc., Chun-
cheon, South Korea, . Fig. 23.3).

23.3.6 Myocardium

The high physical loading that high-perfor-
mance athletes are exposed to during training 
or competition can induce myocardial stress 
that, in turn, can lead to elevation of myocar dial 
markers in the blood. Since POCT tests are car-
ried out for diagnostics in clinical emergencies 
to detect heart disease, some of them can also 
be used in sport science studies. The myocar-
dial markers that have already been investigat-
ed in conjunction with intensive or prolonged 
training include the cardiac troponins (cTnT 
and cTnI) and NT-proBNP (N-terminal pro 
brain-type natriuretic peptide).

Troponins can occur in skeletal and cardiac 
muscle (sTn and cTn). Theoretically, sTn could 
also be used to monitor muscle injuries. How-
ever, since sTn is not an emergency parameter 
in clinical diagnostics, there are no POCT tests 
available today. The opposite applies to the two 
cTn species (cTnT and cTnI). Elevated cTn con-

 . Fig. 23.3 i-Chroma Reader
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centrations could not be detected post-inten-
sive physical exertion until highly sensitive 
 immunoassays became available. Many POCT 
devices are ascribed this feature.

BNP is a peptide hormone produced by car-
diac muscle cells that exert a protective func-
tion during myocardial stress. Its cleavage 
product, NT-proBNP, is detectable in the blood 
for a longer period of time and can be measured 
with numerous POCT devices. The literature 
has described an increase in cTnT/cTnI and 
NT-proBNP after intensive and enduring phys-
ical exertion in athletes, indicating a high car-
diovascular requirement [5, 37, 45, 48, 65]. Af-
ter an ultramarathon, for example, an eleva-
tion  in NT-proBNP from 38.1±4.8 pg/mL to 
1,280.6±259 pg/mL was demonstrated [58]. 
The elevation in biomarkers, however, is not 
automatically a signal of a myocardial hazard, 
but rather may reflect a physiological reaction 
to intense cardiac activity and the regulatory 
process of myocardial adaptation [3].

23.3.7 Saliva analysis (stress indi-
cators, immune defense)

Many sport science studies have focused on 
physiological stress reactions and the immune 
status of athletes in different stress situations. 
In this context, the analysis of biomarkers 
 obtained from the saliva has been gaining im-
portance over the past years. The foremost bi-
omarkers of immunity measurable in the saliva 
are the stress hormones cortisol (sC), al-
pha-amylase (sAA) and immunoglobulin A 
(sIgA). Their measurement permits the poten-
tial consequences for the immune status – e.g. 
as a reflection of  psychological stress before 
competitions, on long trips to a training camp 
or under certain training conditions – to be 
estimated. Stress markers can also be collected 
to investigate whether a training intervention 
has triggered any adaptations. Depending on 
the intensity and duration of exertion, sC and 
sAA may show either acutely or chronically 
 levated levels. In one study on tennis players, 
cortisol concentrations that increased concur-

rent with increasing training intensity were 
measured during a five-week training phase 
[19]. Significant correlations (r=0.71) between 
the levels and the stress perceived by the sub-
jects. In professional skiers, who performed six 
high-intensity training sessions under hypoxic 
conditions on a ski ergometer over a period of 
two weeks, an increase in sAA from 962±508 U/
mL to 1,462±792 U/mL was observed after the 
last intervention [7].

The initially increasing and then declining 
values over the course of recurrent training 
 exertion were suggestive of an adaptive process 
to stress. Permanently lowered levels can be 
 indicators of chronic stress (states of exhaus-
tion, overtraining). A combined measurement 
of both parameters makes sense because they 
exhibit different secretion rates (sAA rises 
 faster than sC). Both the sympathetic adrenal 
medulla axis (sAA) and the hypothalamic pitu-
itary adrenal (HPA) axis (sC) react to stress. 
The variable sIgA is measured an indicator of 
the mucosal immune systems and is investi-
gated to assess training stress and the burden of 
different interventions (altitude exposure, HIT, 
eccentric training) have on the immune system 
or to monitor health status [7, 19, 33]. The pri-
mary aim is to identify negative effects like 
acute or chronic mental stress that can lower 
sIgA and increase susceptibility to infections of 
the upper respiratory tract [7, 42, 64].

The non-invasive determination of these 
biomarkers from saliva samples features the 
 advantage that the samples can be collected in 
every type of training situation or investigative 
setting. The athletes themselves can even per-
form sampling on their own. Moreover, unlike 
venous blood draws, saliva sampling poses 
much less psychological stress to the athletes 
(particularly relevant when measuring stress 
markers). To date, more complex laboratory 
methods (e.g. ELISA) have tended to be used 
for analysis in studies with saliva samples as 
well. For uncomplicated and fast measurement 
of sC, sAA and sIgA that can be equated with 
POCT, rapid lateral flow tests manufactured by 
iPRO Interactive (England) have been available 
for several years now. More and more, these 
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methods are being employed in the monitoring 
of individual athletes or entire teams. However, 
it should be noted that only one study can cur-
rently be mentioned that investigated the  
IgA test with regard to its validity and reliability 
and compared it with an established method 
(ELISA) [14].

23.4 Pre-analytic phase

In the pre-analytical phase, attention must be 
paid to the fact that the high level of physical 
activity in high-performance athletes can have 
a particular influence on the measured results. 
One aspect relevant for measuring Hb/Hct is 
that changes in overall blood volume can be 
triggered by the acute or chronic physiological 
adaptation processes during intensive training 
loads or long training sessions. This particular-
ly applies to plasma volume, which causes a 
change in the relative Hb concentration (g/dL) 
[49]. Because acute physiological adaptation 
processes take place, reductions in plasma vol-
umes and briefly elevated Hb/Hct levels are 
measurable after training sessions. In compari-
son, the chronic adaptations to prolonged 
training periods lead to an elevation in total 
blood volume. During these processes, the plas-
ma can increase more than the red compart-
ment and lowered Hb/Hct levels are measura-
ble over the long term. These lowered values led 
to the term “pseudoanemia” or “athlete’s ane-
mia” to indicate that no anemia is present in the 
classical sense [54].

A change in body position or increase in 
water uptake can cause short-term changes in 
Hb/Hct. In the author’s own trials, it was dem-
onstrated that acute adaptations can cause a 
short-term change in the Hb value up to 1 g/dL 
[1]. For this reason, blood must be drawn in 
order to monitor athletes under highly stan-
dardized conditions.

Moreover, from a purely physical stand-
point, reductions in plasma volumes after 
strenuous exercises lead to increased concen-
trations of biomarkers in the serum. For this 
reason, the concentrations measured after a 

training session are corrected according to the 
changes in plasma volumes [15].

When drawing capillary blood to measure 
lactate during strenuous physical training ses-
sions, consideration should be given to the fact 
that sweat contains very high lactate concentra-
tions [46]. Therefore, care must also be taken to 
thoroughly clean the puncture site when taking 
samples under great time pressure. Moreover, 
sport science studies have compared the results 
measured in blood samples taken from differ-
ent collection sites. Higher values were found in 
sample collected from finger tips as compared 
to earlobes [17].

Furthermore, consideration must be given 
to the fact that physical stress, e.g. as occurs 
during marathons or endurance training, can 
activate the coagulation systems and fibrinoly-
sis [34, 57, 66]. In the authors’ own studies on 
endurance athletes, clot formation in the capil-
lary was frequently observed during capillary 
blood draw. For this reason, the need for very 
thorough mixing of the sample in heparinized 
capillary tubes was emphasized. Capillary tubes 
containing an elevated portion of Li-heparin 
are commercially available as well.

In longitudinal studies and when defining 
individual profiles, the pre-analytical influence 
of variations has moreover been observed in the 
circadian rhythm of several parameters. There-
fore, the time of day at which sampling was 
 performed should be documented and then ac-
counted for when interpreting the results. 
When conducting training intervention stud-
ies, the time of day of sample collection should 
be well planned and standardized. It is conceiv-
able that intervention-related changes in bio-
markers are masked by the biomarkers’ natural, 
circadian variations.

23.5 Analytic/post-analytic factors

In high-performance and elite sports, as in clin-
ical diagnostics, high demands are placed on the 
measurement precision and validity of POCT 
devices. Indeed, even minor changes in longitu-
dinally measured values should be attributable 
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to biological variability. Different measurement 
methods on the different POCT devices can 
cause methodological variability. Therefore, a 
switching of devices within long-term studies 
should be avoided for generating individual 
profiles and assessing performance develop-
ment. This allows differences in measurands 
relating to loading or training stimuli to be as-
sessed reliably. Measurement variability, e.g. in 
lactate performance diagnostics, can have direct 
implications for the recommended heart rate or 
running speed of a training regimen.

At the high concentrations to be expected in 
the biomarkers presented here, it must be noted 
that POCT measuring devices, like large auto-
analyzers in a laboratory, have an upper mea-
surement range limit. In this case, for measur-
ing highly concentrated biomarkers in plasma 
or serum, there is the option to centrifuge 
whole capillary blood samples (e.g. using the 
suitable GK 150 collection system manufac-
tured by Kabe) and analyze the diluted super-
natant.

For lactate performance diagnostics, small 
hand-held devices that rely on dry chemical test 
strips are used on the one hand, while benchtop 
devices measuring by wet chemical methods 
are used on the other. The difference between 
the two variants is that the hand-held devices 
measure the lactate plasma concentration, 
whereas the benchtop devices measure both the 
plasma and the erythrocyte concentration of 
lactate after hemolysis of the blood sample. The 
latter is systematically lower. For this reason, 
longitudinal athlete studies and management 
measures must apply one measurement meth-
od in order to minimize variability in measure-
ment methodology and to enable a reliable 
evaluation of lactate concentrations [17].

When planning to use POCT in high-per-
formance and elite sports, it should be noted 
that some devices can only measure the afore-
mentioned parameters as a panel, i.e. in combi-
nation with other parameters. These are 
 frequently irrelevant to the sport context and 
result in higher costs. On the other, there are 
devices with which permit an individual mea-
surement of CK and Mb, for example, although 

no device features the two single measurements 
simultaneously. From the perspective of users 
in high-performance and elite sports, a combi-
nation would be much more desirable.

Users of POCT in high-performance and 
elite sports also need to be aware that several 
POCT devices block the reagent once it passes 
its expiration date. RiliBÄK has laid down this 
programmed locking for laboratories in Ger-
many that analyze blood samples for patholog-
ical diagnostics.

It has been sufficiently investigated that bio-
markers of individuals who are a continually 
exposed to high levels of physical stress are not 
comparable with the reference ranges regis-
tered in the normal population due to both 
their physiological as well as pathophysiologi-
cal differences. For this reason, they should be 
compared with control ranges taken from a 
similar population. For example, it is known 
that, because they train regularly, athletes com-
peting in different disciplines have consistently 
higher CK and CREA levels than in the un-
trained population [3, 4, 9, 36, 39]. Biomarkers 
in high-performance and elite athletes are ad-
ditionally subject to high inter- and intra-indi-
vidual variances, depending on the breadth and 
intensity of a training session. On the one hand, 
high inter-individual variability can be ex-
plained by varying levels of stress across the dif-
ferent disciplines and training programs and, 
on the other, by the genetic predispositions. 
The high intra-individual variability is seen as 
a function of training versus competition. Ide-
ally, measured values of athletes should be 
 assessed on an individual profile and deter-
mined at close intervals. They can only be inter-
preted in conjunction with individual levels of 
loading. Genetic predisposition also explains 
the variability of biomarkers in patients; given 
comparable stress levels, these individuals turn 
out to be so-called “responders” or “non-re-
sponders”, thus leading to different profiles.
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24.1 Introduction

One of the first POCT systems in gynecology 
was the pregnancy test that measures the hu
man chorionic gonadotropin (hCG) excreted in 
the urine. For decades, this test has rapidly and 
consistently influenced diagnostic and thera
peutic algorithms in general practice, out
patient centers and hospitals. In the last dec
ades, dozens of these tests that have a sensitivity 
for hCG of between 5 and 50 IU/L have become 
available in pharmacies and, in the meantime, 
also from drugstores. Numerous clinical and 
innumerable personal decisions made by fe
male patients are based on these tests – be it the 
cancellation of Xrays for nonurgent radiolog
ical indications or in the differential diagnosis 
of ectopic pregnancy as the cause of abdominal 
pain. In addition, POCT plays an increasing 
role in the care of pregnant patients, those 
 giving birth and those who want to become 
pregnant or have menstrual cycle complaints, 
as well as in other exceptional situations.

Studies on quality indicators comparing 
POCT and tests carried out in a central labo
ratory showed major differences, particularly 
in preanalytical areas: Patient identification, 
measurements without evaluable results and 
insufficient sample volumes. By contrast, the 
analytical quality indicators in the POCT 
 systems fared better than in the samples ana
lyzed in the laboratory [2]. This reflects the fact 
that although laboratory staff and human error 
in sample assessments are reduced, POCT 
technology has simultaneously shifted the 
verifi cation work previously performed by the 
laboratories over to clinical caregivers whose 
responsibilities and tasks are thereby multi
plied.

24.2 Rapid pregnancy tests

A recently published comparative study of 8 
commercially available hCG tests showed that 
many of the tests were not as accurate as hoped 
for: Agreement between expected and actual 
results ranged between 95 % and <75 %, and in 

some cases, was a mere 33 % and 39 % [8]. Even 
at institutions where such tests create a relative 
cost factor due to highvolume turnover, com
promises sometimes have to be made between 
sensitivity and quality of the measurement. In 
several cases, the use of tests with a sensitivity 
of 50 IU/L hCG led to falsenegative pregnancy 
results, which were noticed when simultane
ously reported hCG serum tests were carried 
out to diagnose acute clinical symptoms. In a 
few cases, a pregnancy was diagnosed after 
elective surgery that must have already existed 
prior to the operation. The ensuring uncertain
ty over the validity of test systems used in the 
hospital led to duplicated tests being performed 
over a longer period and thereby to higher 
costs. Ultimately, a particularly lowpriced test 
was rejected in favor of a more costly but relia
ble system. A publication by Johnson has shown 
that cost pressure in the retail sector (overthe
counter, OTC sales) has also compromised the 
quality of tests [8]. The consequences of 
falsenegative tests in wider practice are not 
known.

24.3 POCT in low-resource 
 environments

An argument is made for POCT use in third 
world counties, where access to medical care is 
very limited. There are very good examples of 
this. A more recent study investigated the valid
ity of a urine test used as a pointer to asympto
matic bacteriuria in pregnant women. Screen
ing would be useful given that such infections, 
if left untreated, can cause premature births and 
low birth weight in infants. In parallel with the 
microbiological test, screening for nitrite and 
leukocyte esterase was performed. Under ideal 
conditions, these surrogate parameters show a 
strong agreement or high correlation with the 
infection. The authors concluded that diagnos
tic bacterial cultures should nevertheless be 
continued, as many falsepositive and false 
negative results occur, suggesting a low sensi
tivity and a low predictive value of the urine 
POC test [3].
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24.4 POCT in rupture  
of membranes

When dealing with borderline cases, where a 
rupture of membranes cannot be ruled out un
equivocally, POCT is of pivotal importance in 
the care of pregnant women worldwide. In con
firmed amniorrhexis where labor has not yet 
started, infection parameters are closely moni
tored and, if necessary, timely antibiotic treat
ment is started. This is required due to a higher 
risk of ascending infection and the risk of a 
 dangerous amniotic infection syndrome in 
mother and child that can develop without the 
protective barrier of the amniotic sack. Various 
commercially provided tests offer assessment of 
biomarkers that are specific for amniotic fluid, 
e.g. insulinlike growth factorbinding protein 
(IGFBP1) or placental alpha microglobulin 
(PAMG1). Published in 2014, one metaanal
ysis of 17 studies encompassing 2,147 pregnant 
women found PAMG1based tests to be more 
accurate. The authors, however, stress that no 
women with bleeding were included in any of 
the studies. Blood is known to interfere with 
such amniotic fluid tests and can affect their 
results considerably. The authors of the me
taanalysis therefore warned that a substantial 
number of women presenting to the gynecolo
gist with suspected ruptured membranes and 
simultaneous vaginal bleeding in real clinical 
practice were not represented in those studies 
[12].

24.5 Tests for estimating the risks 
for preeclampsia

Preeclampsia is another dangerous syndrome 
in pregnancy that can now be diagnosed early 
by testing for serum biomarkers. Its detection is 
more difficult in regions with a suboptimal 
medical infrastructure and low resources. 
Therefore, affordable, sensitive and specific 
POCT procedures are required that can be per
formed by medical support staff or by the pre
gnant women themselves [1]. Initial approach
es entailed urinebased diagnostic algorithms 

that were suitable to differentiate uncomplicat
ed pregnancies from those in pregnant women 
requiring special treatment. Whilst the dis
crimination of podocytes in urine sediment 
samples was very good [6], the method was not 
suitable for POCT due to a lack of sufficiently 
automated microscopic detection of podocytes. 
The proteintocreatinine ratio, although spe
cific, was not sufficiently sensitive either [13]. 
Newer developmental approaches combine a 
mixture of POCT and mobile health: a smart
phone app that can detect a color reaction in 
urine in seven steps at the POC (Congo Red 
Dot) and one that quantifies the color intensity 
of a smartphoneacquired image to determine 
particular misfolded protein concentrations [9].

24.6 POCT in the delivery room – 
pH meters

A delivery room without POCT is unimagina
ble nowadays: prenatal and immediate post
natal determinations of umbilical cord pH and 
base excess (as well as secondary pCO2, pO2) 
have been key to clinical procedure for decades. 
In the event of pathological cardiotocography 
(CTG) during labor, compensatory capabilities 
and reserves of the unborn infant are moni
tored by fetal blood sampling from the scalp. 
This is possible if the cervix is dilated sufficient
ly (from approx. 4 cm). Testing is predicated on 
the membranes rupturing; otherwise, the am
niotic sack is opened and the fetal blood sam
pled. If physiological pH levels are present but 
the ongoing CTG readings pathological, fetal 
blood sampling is repeated every 30–60 min, 
depending on the levels and the clinical status. 
A fall in the pH, e.g. below 7.25, may have direct 
clinical implications that, depending on the 
progression and stage of the delivery, can cul
minate in initiation of an accelerated or vaginal 
operative delivery (based on uterus height, in
volving vacuum or forceps extraction). Where 
the cervix fails to dilate sufficiently, an emer
gency cesarean section may be mandated. Short 
distances, reliably serviced pH meters and  rapid 
analysis of capillary blood samples are essential 
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for optimal management of delivery room 
POCT given that sudden changes and often 
multiple deliveries can occur at the same time. 
Requirements for quality management (e.g. the 
introduction of individual codes for each de
vice user) sometimes clash with unexpected 
situations to be mastered under huge time pres
sure, for example, when nonpermanent staff, 
insufficiently trained for a certain device, are 
tasked to carry out the analyses.

A recent Cochrane metaanalysis assessed 
the merits of lactate instead of conventional pH 
measurements in the delivery suite [4]. Various 
studies had postulated an advantage of lactate 
measurements due to lower blood volume re
quirements. To obtain a whole capillary filled 
with fetal blood is challenging: the sample site 
on the fetal scalp has to be cleaned with a par
affinsoaked swab and prepared for a small, 
controlled cut while the laboring mother expe
riences contractions. In some cases, fetal blood 
sampling is unsuccessful. The attempt to  sample 
intrapartum fetal scalp blood was successful in 
98.7 % (lactate) versus 79.4 % (pH). This result 
applied to one of the two evaluated studies re
porting this information. The metaanalysis 
covered 3,348 motherbaby pairs in two ran
domized controlled studies. The results favor
ing lactate measurement were significantly 
 biased, as three neonatal deaths that were not 
linked to the birth pH occurred in the group 
that was allocated to pH measurement. Two in
fants had prenatally unknown diaphragmatic 
hernias and one had congenital cardiac fibrosis 
[4]. The replacement of pH by lactate assess
ments is not to be expected soon, given that 
birth pH and base excess have been essential 
parts of neonatal statistical surveys for years 
and are themselves seen as quality performance 
indicators of entire obstetric departments.

24.7 Issues associated with un-
regulated test kit availability

In community women’s health, POCT products 
sold in pharmacies, drugstores and supermar
kets are becoming increasingly relevant. A pub

lication that critically looked at this develop
ment warned that the preanalytical and 
postanalytical problems already associated 
with conventional laboratory requests, which 
will be greatly intensified by this trend [10]. An 
example to be cited are hormone tests offered 
by some pharmacies that do not meet test re
quirement standards, e.g. progesterone deter
mination in the menstrual cycle phases where 
no analyte concentration is to be expected 
(preanalytical problem), whereby a “deficien
cy” is defined that can potentially be physiolog
ically normal (postanalytical misinterpreta
tion). Concerns with sampling of unsuitable 
biological materials (e.g. spontaneous urine 
instead of morning urine samples) add to the 
list of problems with which some overthe
counter POCT systems are fraught. Other 
 issues include false test execution, erroneous 
result readings, missing warnings in the event 
of critical values and the poor ability to verify 
results [11] immediately after testing (e.g. via 
chip technology on serial test devices).

24.8 POCT for contraception  
or the desire to become 
pregnant

A new – numerically – successful area of appli
cation for POCT technology features ovulation 
monitors: Some use urine dipsticks to calculate 
the ratio of estriol3glucuronide (E3G) and 
luteinizing hormone (LH) or others work with 
indicators like core body temperature, cervical 
mucus or saliva to determine the ovulation 
probability. Various models used for both natu
ral family planning and fertility monitoring are 
marketed according to the desired sensitivity 
and software programming. These POCT sys
tems have been used successfully in observa
tional studies on ovulation and anovulation 
with scientific objectives to determine the 
 appropriate time for blood sampling after pre
sumed ovulation or to determine the frequency 
of anovulatory vs. ovulatory cycles over a longer 
period in a decentralized way [11]. In the mean
time, urine dipsticks are also being supplied 
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without minicomputers and can be combined 
with smartphone apps.

A recently published review on menstrual 
cycle computers and apps included eight tem
perature computers (among them a vaginal 
ring, a vaginal tampon and a wireless biosen
sor), three hormone computers, six mini 
microscopes and two resistance measuring de
vices that allowed selfmeasurements in saliva 
or vaginal secretion [5]. According to the au
thors, the latter cannot be recommended for 
use in contraception, but improvements in the 
area of hormone computers are to be expected. 
Amongst fertility apps, pure menstruation cal
endar apps are distinguished from apps for 
natural family planning, which also record 
symptoms and/or body signs such as basal tem
perature, cervical secretions and cervix data. 
Sometimes courses and advice/counseling ses
sions are offered along with the tests. Several 
apps can be synchronized with an online cycle 
management setup. In one study, the Natural 
Family Planning (NFP) working group calcu
lated a PEARL index of 0.4 for “perfect use” of 
their course and advice/counseling method. 
The menstrual cycle databank of myNFP 
 consists of 200,000 cycles (https://mynfp.de). 
Critics have voiced concerns about the legal 
 aspects of data security.

24.9 POCT in medical abortion 
 aftercare

Studies have also looked at POCTsupported 
aftercare in medical abortions where selfper
formed testing of hCG levels was carried out by 
the patients themselves. Their experiences were 
not completely positive: Some women became 
more worried from having to perform the tests 
themselves. Indeed, the burdensome psychoso
cial dimension of this aftercare as well as by the 
impact of POCT results in other situations 
should not be underestimated [7].
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25.1 Introduction

Legally regulated quality assurance in POCT 
can basically be differentiated into two areas 
which derive from the regulations in European 
law that govern the placing of in vitro diagnos-
tic medical devices (IVD) on the market. POC 
diagnostic devices fall under the purview of 
such legislation. These regulations are part of a 
new European approach to technical and legal 
harmonization aimed at realization of the  single 
European market for a number of products 
 including IVD. 7 Section 25.2 of this chapter 
explains this approach, its revision in 2008 and 
its application within the medical device sector.

On the one hand, extensive requirements 
governing quality assurance during the produc-
tion of IVD can be directly derived from Euro-
pean IVD legislation. In conjunction with the 
conformity assessment of IVD, inter alia, man-
ufacturers are obliged to apply and document a 
quality assurance system. 7 Section 25.3 of this 
chapter describes the requirements relating to 
the conformity assessment of IVD, how these 
requirements are laid down in the European 
IVD Directive [13] and transposed into Ger-
man national law by the second law amending 
the German Medical Devices Act (MPG) [30].

On the other hand, the quality assurance 
measures meanwhile legally governing the 
 operation and use of diagnostic devices indi-
rectly derive from the regulations laid down in 
the IVD Directive. These include the regula-
tions subordinate to MPG [20], i.e. the Medical 
Devices Operator Ordinance (MPBetreibV) 
[29] and, anchored therein, the Guideline of the 
German Medical Association on Quality As-
surance of Medical Laboratory Examinations 
(RiliBÄK) [5]. Furthermore, accreditation of 
medical laboratories plays a role. Although 
 accreditation in Germany takes place on a vol-
untary basis, it is legally binding in some sub-
specialties of medical laboratory diagnostics or 
related areas such as neonatal screening and 
paternity testing. In connection with the con-
formity assessment of IVD and other medical 
devices, MPG also legally governs the approval 
of testing laboratories, with said approval gen-

erally being based on an accreditation. In 7 Sec-
tion 25.4 of this chapter, IVD-relevant princi-
ples of MPG and its subordinate regulations are 
described.

7 Section 25.5 concludes with an outlook on 
the pending revision of European legislation on 
medical devices and the most important regula-
tory consequences for POCT resulting there-
from.

25.2 European legislative frame-
work for medical devices

25.2.1 “New approach” and “glo-
bal approach” to legislative 
harmonization within the 
European market

Free movement of goods, persons, services and 
capital are the four fundamental freedoms of 
the single European market in accordance with 
the provisions of the Treaty on the Functioning 
of the European Union (TFEU) [19]. The Euro-
pean Union (EU) takes measures for the ap-
proximation of laws, regulations and adminis-
trative provisions of the Member States in order 
to abolish restrictions on trade and thereby re-
alize the single market. The most important 
measures relate to directives which EU Member 
States have to transpose into national law.

EU directives can embody detailed regula-
tions of facts and harmonization strategies as-
sociated therewith. Such directives exhibit high 
regulatory density and are historically based on 
an older approach to European legislation. 
Some examples of products affected by this 
 harmonization of legislation are the drugs cur-
rently regulated by Directive 2001/83/EC on 
the Community code relating to medicinal 
products for human use [24]. The essential 
characteristic involves the official testing and 
granting of marketing authorization of the 
 affected products before they are placed on the 
market. In this way, product quality, safety and 
efficacy can best be ensured.

Furthermore, there are extant harmoniza-
tion directives in accordance with the new ap-
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proach to the harmonization of legislation – a 
regulatory strategy based on a Council decision 
taken in 1985 [11] incorporating the following 
principles:
 5 Legislative harmonization is limited to the 

adoption of the essential requirements 
 regarding legal health or environment 
 protection issues with which products put 
on the market must conform in order to 
enjoy free movement within the European 
market.

 5 Technical specifications and detailed 
 operating procedures conforming to the 
essential requirements established by the 
directives are drawn up into harmonized 
standards by European or international 
standardization committees rather than by 
European legislators. Although the appli-
cation of these standards is not legally 
mandated, products manufactured in 
 conformity with harmonized standards  
are presumed to conform to the essential 
requirements. This is referred to as 
presumption of conformity.

 5 Free movement of products within Europe 
is achieved by the mutual recognition of 
conformity assessments which are general-
ly carried out on the product manufactur-
er’s sole responsibility. In cases where 
 serious health or safety risks might arise 
due to product- and production-related 
defects, independent testing institutions, 
called conformity assessment bodies, must 
be additionally involved in the conformity 
assessment. Conformity assessment proce-
dures result in declarations of conformity 
which all EU Member States recognize. 
The affixing of the CE marking on the 
products by the manufacturer is the 
 tangible sign of their conformity to Euro-
pean legal requirements and is a prerequi-
site for free movement of the product  
(CE = French abbreviation for “conformité 
européenne”).

The “Global approach to the assessment of con-
formity” amended the new approach [2, 7, 10] 
and lets manufacturers choose between differ-

ent conformity assessment procedures. These 
are structured in a modular fashion so that the 
appropriate modules can be used for the design 
and production stages of the goods. The rele-
vant harmonization directives contain infor-
mation about the modules and conformity 
 assessment procedures basically applicable to 
the products.

Moreover, the global approach not only 
 envisages conformity assessments for the prod-
ucts in question, but also for the conformity 
assessment bodies themselves. These include 
certification bodies and stake-holding subcon-
tractors, e.g., test laboratories. Since these 
 conformity assessment bodies are primarily 
 involved in the assessment of products with re-
spect to quality and safety requirements, a high 
level of quality and competence is demanded. 
The competence criteria, which conformity 
 assessment bodies must fulfill, are documented 
in harmonization directives. Conformity with 
these criteria is usually demonstrated by desig-
nations as a conformity assessment body issued 
by the national authority and is valid Europe-
wide. As appropriate, the designation proce-
dure can take results from parallel accreditation 
procedures undertaken by national accredita-
tion bodies into account. This is how the Mem-
ber States notify the European Commission of 
certification bodies designated by this proce-
dure. It is also why they are referred to as “noti-
fied bodies” [10, 22].

Aimed at further harmonization and height-
ened consistency of regulations regarding free 
movement of goods, the new and global ap-
proach was extensively modernized in 2008. 
Compiled from three European Legal Acts, the 
“New Legislative Framework” was designed to 
create a European accreditation concept for 
evaluation of the competence of conformity 
 assessment bodies, to harmonize market sur-
veillance strategies in the Member States while 
paying attention to current product safety re-
quirements and strengthening the significance 
and reliability of the CE marking for products 
traded on the European market [3, 27, 28] 
(7 Chapter 39).
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25.2.2 Harmonization of medical 
devices and its significance 
for POCT

Medical devices are also classified into the over 
20 different product groups regulated by the 
harmonization directives within the new ap-
proach. They are the most sensitive products 
regulated by this approach in terms of require-
ments for quality, safety and effectiveness and/
or health protection performance.

Three European directives form the basis of 
the regulatory framework for medical devices. 
Directive 90/385/EEC encompasses regulations 
for active implantable medical devices [8]; 
 Directive 93/42/EEC regulates the manifold 
product range of medical devices [9] which can 
constitute a broad array of products from gauze 
bandages, condoms to contact lenses. The third 
is Directive 98/79/EC which ultimately regu-
lates IVD. The directives were amended and 
changed several times over the past years, lastly 
in 2007 [25] and 2011 [26] (. Fig. 25.1).

In Germany, as in other European coun-
tries, European harmonization of legislation in 
the medical device sector had wide-ranging 
consequences. Formerly, for example, the Ger-
man requirements governing IVD were laid 
down heterogeneously in different regulations 
such as the Medicinal Products Act, the Weights 
and Measures Act, the Equipment Safety Act 
and the Medical Devices Ordinance. By con-
trast, the national transposition of the Europe-
an directives was unified by the MPG which 
contains regulations for all product groups in 
the medical device sector. In some EU Member 
States, such regulations had not existed at all, 
meaning that harmonization of legislation in 
this field accomplished a unified standard 
across Europe for all product manufacturers, on 
the one hand, and for patient and user groups 
on the other.

According to the legal definition in Sec-
tion 3 (4), an IVD is “a medical device which is 
intended to be used, alone or in combination 
with others, as a reagent, reagent device, cali-
brator material, control material, kit, instru-
ment, apparatus, equipment or system, accord-

ing to the intended purpose specified by the 
manufacturer, for the in vitro examination of 
specimens derived from the human body, 
 including blood and tissue donations, purely or 
mainly with a view to providing information
 5 on physiological or pathological conditions
 5 congenital abnormalities or
 5 to investigate the safety of or tolerance by 

potential recipients or
 5 to monitor therapeutic measures.”

Consequently, all systems or devices used in the 
field of POCT have to be classified as IVD. For 
this classification according to the IVD Direc-
tive, it is irrelevant whether the devices used for 
diagnosis are applied in medical laboratories by 
trained personnel (laboratory diagnostics de-
vices), on the ward (POC diagnostic devices) or 
for self-testing (home diagnostic devices, 
“home-use“). Regarding the CE marking and 
the associated free movement on the market, 

 . Fig. 25.1 The European medical device legislation 
is based on the three fundamental Directives 90/385/
EEC, 93/42/EEC and 98/79/EC. In the last years, they 
were amended by the directives 2001/104/EC on sub-
stances derived from human blood or human plasma, 
2003/12/EC on the reclassification of breast implants, 
2003/32/EC on medical devices manufactured utilizing 
tissues of animal origin, 2005/50/EC on the reclassifica-
tion of hip, knee and shoulder joint replacements and 
2007/47/EC amending directives 90/385/EEC and 
93/42/EEC. In 2011, Directive 2011/100/EU replaced 
 Directive 98/79/EC of the European Parliamen.

90/385/EEC 93/42/EWG 98/79/EC

2001/104/EC 2003/12/EC 2003/32/EC

2005/50/EC 2007/47/EC
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POC diagnostic devices must fulfill the require-
ments for quality, safety and performance as 
laid down in the IVD Directive.

25.3 Requirements of the Euro-
pean directive on in vitro 
 diagnostic medical devices 
(IVD Directive)

25.3.1 Product categories and 
conformity assessment 
procedures

IVD are not divided into classes just as with ac-
tive implantable medical devices (placed on the 
market according to Directive 90/385/EEC), 
but unlike all other medical devices (placed on 
the market according to Directive 93/42/EEC). 
However, the IVD Directive does distinguish 
between four groups of IVD which have to fol-
low different conformity assessment proce-
dures depending on their hazard potential. The 
following groups are distinguished:
 5 Devices according to Annex II, List A of 

Directive 98/79/EC,
 5 Devices according to Annex II, List B of 

Directive 98/79/EC,
 5 Devices for self-testing (except self-testing 

devices for blood-glucose monitoring) and
 5 other IVD.

Devices according to Annex II List A are re-
ferred to as high-risk devices. Their malfunc-
tioning can have serious consequences for the 
health of users, patients and/or the general pub-
lic. Devices according to Annex II List B are 
referred to as risk devices. They have an en-
hanced risk potential, but it is much lower than 
the List A devices (7 Section 25.1 and . Tab. 
25.1). Since promulgation of the IVD Directive, 
there has been criticism that no truly discerni-
ble systematic classification of risk potential 
exists for List B devices like for the high-risk 
devices in List A.

The third product group sub-classifies de-
vices for self-testing, called home-use devices. 
These are devices used by laypersons instead of 
trained laboratory personnel to determine 
 specific diagnostic markers. However, devices 
for self-testing listed in Annex II, List B of the 
IVD Directive are excluded from this group, 
namely devices for blood sugar monitoring.

All other diagnostics are classified as de-
vices with the lowest hazard potential. Follow-
ing the principle of the IVD Directive, all 
 devices neither listed in Annex II of the Direc-
tive nor used as self-testing devices are auto-
matically classed as “other” IVD medical 
 devices, thereby obviating any obligation on the 
part of the manufacturer to categorize them in 
further detail.

The result is that POC diagnostics are es-
sentially not allocated to a specific product 
group according to the regulations of the IVD 

 . Tab. 25.1 High-risk and risk devices according to Annex II of Directive 98/79/EC (IVD Directive). 
 Reagents and reagent products, including related calibrators and control materials

List A List B

Determination of the following blood 
groups: ABO system, rhesus (C, c, D, E, e), 
Kell system
Detection, confirmation and quantifica-
tion in human specimens of markers of 
HIV infection (HIV 1 and 2), HTLV I and II, 
and hepatitis B, C and D.

Determination of Duffy and Kidd blood group systems
Determination of irregular anti-erythrocyte antibodies
Detection and quantification of congenital infections by 
 rubella and toxoplasmosis
Determination of phenylketonuria
Determination of infections by cytomegalovirus and Chlamydia
Determination of HLA tissue groups: DR, A, B
Determination of PSA
Software for evaluating the risk of trisomy 21
Devices for the self-diagnosis of blood sugar
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Directive. Rather, the intended purpose of a 
POC system in terms of the diagnostic variable 
to be determined dictates its allocation to a 
product group. Several of the devices listed in 
Annex II of the IVD Directive are also used in 
POCT: for example, “bedside” tests available on 
the market for years to confirm blood type or 
more modern rapid HIV tests (waived tests). 
However, most diagnostic products used at the 
POC are categorized as “other” IVD.

The regulatory characteristics for the four 
product groups concern the selection of confor-
mity assessment procedures as stipulated by the 
Directive. Depending on the procedure, these 
in turn dictate the different requirements gov-
erning design, manufacturing and verification 
of the devices manufactured. Additionally, the 
need to involve notified bodies differs. Notified 
bodies must only be involved in conformity as-
sessments for devices listed in Annex II and for 
devices for self-testing, but not in the case of 
other IVD.

For the manufacturer, the safety concept of 
the IVD Directive also specifies different scopes 
for getting notified bodies involved in certifica-
tion. For high-risk devices, a notified body has 
to evaluate the quality assurance system (or an 
equivalent alternative) encompassing the 
 design and production phase in addition to a 
design examination and a verification of the 
manufactured devices (“batch release”). Manu-
facturing of risk devices needs certification of a 
comprehensive quality assurance system (or an 
equivalent alternative), however, without  design 
examination and verification of the manufac-
tured devices by a notified body. Ultimately, 
only an examination of the design of self-testing 
devices by a notified body is mandatory.

Compared to other IVD, higher safety re-
quirements are placed on self-testing devices 
due to the fact that laypersons are performing 
the diagnostic tests outside of medical laborato-
ries. A comparable safety requirement for POC 
diagnostic devices routinely used by personnel, 
who are not trained laboratory staff, has not yet 
been demanded in the IVD Directive.

25.3.2 Essential requirements

Irrespective of the choice of conformity assess-
ment procedure, the essential requirements laid 
down in Annex I of the IVD Directive must be 
fulfilled by all IVD, including POC diagnostic 
devices for them to enjoy free movement on the 
market. These essential requirements stipulate, 
among others, that IVD design and manufac-
turing must integrate safety principles, taking 
into account the generally accepted state-of-
the-art. The device must perform according to 
the manufacturer’s intended use, specifically in 
terms of the manufacturer’s stated sensitivity, 
specificity, accuracy, repeatability, reproduci-
bility including interference control and detec-
tion limits and conform to the generally accept-
ed state-of-the-art. Further requirements con-
cern chemical and physical characteristics of 
IVD, requirements on mitigation of infections 
and contamination risks, construction safety, 
precision of measuring devices, protection 
against radiation, safety of devices equipped 
with energy sources, labeling and packaging, 
including the device’s instructions for use.

Conformity with the essential requirements 
is not only documented by the manufacturer’s 
certificate of conformity ultimately issued, but 
by a comprehensive technical documentation 
of the device, equally mandatory for all IVD. 
According to Annex III of the IVD Directive, 
the technical documentation must include the 
results of the risk analysis on the product as well 
as data from the performance evaluation stud-
ies conducted (evaluation of the diagnostic 
 trials). Although, the conduct of a formal certi-
fication procedure is not necessary according to 
Annex III, every IVD manufacturer is still 
 required to put a quality assurance system in 
place and demonstrate its existence with tech-
nical documentation.

Accordingly, POCT diagnostic devices are 
subject to the same essential requirements that 
apply to all IVD. However, special requirements 
for the conformity assessment, especially in the 
fields of risk management and performance 
evaluation tests, result from the characteristics 
relating to intended use and application of these 
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devices (by non-laboratory personnel at the 
bedside).

25.3.3 Harmonized standards  
and “common technical 
specifications”

Also in the case of IVD and according to the 
new approach, standards are used to techni-
cally specify the requirements laid out in the 
IVD Directive. These standards are drafted by 
the European standards organizations CEN 
(CEN = French abbreviation of Comité Euro-
péen de Normalisation) and CENELEC (Comi-
té Européen de Normalisation Electrotech-
nique) under contract from the European 
Commission and subsequently recognized by 
all Member States. Therefore, they are called 
mandated harmonized standards. Based on the 
Vienna Agreement of 1991, the work results of 
the European standards organizations and the 
international standards organization ISO [23] 
are adopted in parallel to this.

Periodically, the Commission publishes the 
titles and references of the harmonized stan-
dards. To date, more than 35 standards have 
been published within the framework of the 
implementation of the IVD Directive [6]. 
 Examples of particular importance are the 
 standards EN ISO 13485 [16], EN 13612 [14], 
EN ISO 14971 [17] and EN 14136 [15]. EN ISO 
13485 documents requirements for quality 
management systems which manufacturers are 
required to install. EN 13612 describes criteria 
for performance evaluation and EN ISO 14971 
includes requirements for risk management 
during production. EN 14136 does not primar-
ily address product manufacturers, but inter-
laboratory test providers. This standard de-
scribes requirements governing the design, 
performance and evaluation of interlaboratory 
tests for in vitro diagnostics and therefore 
 considers the significance of external quality 
assessment schemes within the IVD vigilance 
system (reporting system).

A great number of harmonized standards 
are also applicable on POC diagnostic devices, 

even though none of these standards have yet to 
be aligned with the special aspects of these 
 devices. By contrast, several standards exist that 
include the requirements for self-testing de-
vices, e.g. EN ISO 15197 which describes the 
requirements for blood glucose monitoring 
 systems as self-tests [18]. Due to the increasing 
importance of POCT, an intensification of 
 standardization projects in this area can be 
 expected in the future.

The “Common Technical Specifications 
(CTS)” represent a special case where a Euro-
pean expert group draws up specifications to 
define quality criteria and the minimum scope 
of the performance evaluation for devices of 
Annex II, List A of the IVD Directive [1]. Simi-
lar to standards, the application of CTS creates 
a presumption of conformity. Nevertheless, 
CTS hold a superior rank over standards. As 
conventional IVD, POC diagnostic devices 
used for measurement of List A diagnostic 
markers must meet the CTS.

Although no special product standards have 
been laid down for POCT diagnostic devices so 
far – neither on the European nor the interna-
tional level – there is an international standard 
for the clinical application of these devices: EN 
ISO 22870 “Point of Care Testing (POCT) – re-
quirements for quality and competence” [12] 
(7 Chapter 39).

25.4 Act on Medical Devices 
(Medical Devices Act – MPG) 
and subordinate regulations

The MPG of 1994 transposes EU law governing 
the medical device sector into German law [20] 
mostly by direct reference to the relevant provi-
sions and annexes of the relevant EU directives. 
IVD also became affected by the harmonization 
of legislation upon enactment of the second law 
amending the Act on Medical Devices of 
 December 2001. For that reason, it has been re-
quired since 7 December 2003 and 7 December 
2005, respectively, that the relevant conformity 
assessment procedures be conducted and the 
CE marking correctly affixed to the product 
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prior to the first placing on the market or first 
putting into service of an IVD.

The MPG contains the regulations on the 
free movement of medical devices, while laying 
down further requirements for the tasks and 
 responsibilities of the competent authorities, the 
operation and use of the devices along with how 
medical device vigilance is to be conducted.

The competent authority for the designa-
tion of notified bodies in the entire medical 
device sector is the Central Authority of Ger-
man Federal States for Health Protection with 
regard to Medicinal Products and Medical 
 Devices (Zentralstelle der Länder für Gesund-
heitsschutz bei Arzneimitteln und Medizin-
produkten, ZLG). Besides the authorities of 
the German Federal States responsible for su-
pervision, the Federal Institute for Drugs and 
Medical Devices (Bundesinstitut für Arz-
neimittel und Medizinprodukte, BfArM) and 
the Paul Ehrlich Institute (PEI) have tasks with-
in the vigilance system for medical devices 
which includes risk assessments of medical 
 devices. The PEI is responsible for all IVD ac-
cording to Annex II, List A of the IVD Directive 
as well as many devices listed in Annex II, List 
B, whereas the BfArM is responsible for all 
 other IVD, a smaller number of devices listed in 
List B and all other medical devices [4, 21].

The MPG delegates a number of powers to 
issue ordinances that are transposed into na-
tional regulations. For example, Section 37 (5) 
sub-section 2 MPG empowers the German 
Federal Ministry for Health “to issue ordinanc-
es… stipulating requirements regarding the 
quality system in operating and using in vitro 
diagnostic medical devices,…”.

Lastly, these requirements result from the 
safety approach of the IVD Directive based on 
the consideration that “the large majority of 
such devices do not constitute a direct risk to 
patients and are used by competently trained 
professionals”. Thereunder, the involvement of 
notified bodies regarding the assessment of 
IVD is only required for relatively few devices 
mainly used in transfusion or infectious disease 
medicine (Annex II, List A and B of the IVD 
Directive) or for self-testing. Concurrently, 

however, quality assurance during operation 
and use of the devices is an implicit part of the 
European regulation.

The requirements governing quality assur-
ance are currently laid down in the MPBetreibV 
[29], which mandates measures for internal and 
external quality control with reference to the 
RiliBÄK. On 1 April 2010, it also became man-
datory to implement a comprehensive quality 
management system (QMS) for IVD. The entire 
POCT sector is subject to the measures for im-
plementation of a QMS.

25.5 Reform of the  
European  legislation on 
medical devices

A fundamental revision of the European legis-
lation on medical devices has been recently 
 enacted. Since May 2017, IVD have become 
subject to a separate, directly applicable Euro-
pean regulation, Regulation (EU) 2017/746.

There were several reasons behind the plan-
ning of the revision: Over the years, the direc-
tives had come in need of consolidation because 
the legal wording was fragmented by continual 
amendments. Concurrently, the technological 
and scientific developments of the past years 
and decades had exposed deficiencies in cur-
rent legislation governing medical devices on 
the European level. Moreover, the establish-
ment of high standards for the quality and safe-
ty of IVD aims to eliminate the general safety 
concerns sometimes expressed by the public. 
Finally, the international market demands pro-
gressive harmonization between the EU and 
non-member countries. Given the above, the 
guidelines developed on an international level, 
especially those drafted by the Global Harmo-
nization Task Force (GHTF) and its follow-up 
initiative, the International Medical Devices 
Regulators Forum, are also applied to IVD. This 
is particularly true for regulations governing 
the unique device identification (UDI), general 
safety and performance requirements, techni-
cal documentation, conformity assessment 
procedures, the clinical evaluation and criteria 
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for classification. In the future, classes A, B, C 
or D will apply instead of the previous listing 
system [21]).

The IVD Regulation (“IVDR”) contains 
stricter regulatory requirements, also for man-
ufacturers of POC diagnostic devices (Regula-
tion (EU) 2017/746 of The European Parlia-
ment and of the Council of 5 April 2017 on in 
vitro diagnostic medical devices and repealing 
Directive 98/79/EC and Commission Decision 
2010/227/EU). In future, a new product catego-
ry “devices for near-patient testing” will be 
established, certainly to account for the increas-
ing importance of POC diagnostics. This cate-
gory contains devices which are not intended 
for self-testing, but for the application outside 
the (conventional) laboratory environment, 
generally near or at the patient. For such class 
B, C and D devices, it is stipulated that a noti-
fied body will be required to audit the design 
dossier. Devices for near-patient tests are not 
assigned a priori to a certain class, but put in a 
class of their own according to the intended 
purpose of use as claimed by the manufacturer. 
Product information (labeling, instructions for 
use, identification) is provided in the 
language(s) of the Member State(s) in which 
the intended users will be supplied with the 
 device. Moreover, devices for near-patient tests 
are additionally tested on their performance in 
different medical environments (e.g. patients’ 
homes, emergency departments, outpatient 
centers). Generally, they must be designed and 
manufactured in such a way that they perform 
appropriately for their intended purpose. The 
skills of and the means available to the intended 
users must also be considered alongside the 
 impacts of fluctuations to be reasonably anti-
cipated in the techniques and environments of 
the intended users. Therefore, the information 
and instructions provided by the manufacturer 
should be easy to understand and apply by the 
intended users. This includes information 
about the level of the users’ education, qualifi-
cation and/or experience.
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26.1 Introduction

Should personal injury arise from the use of 
POCT, liability is determined by the general 
regulations governing medical devices given 
that POC devices qualify as in-vitro diagnostic 
medical devices (IVD) and therefore fall under 
this legal classification (7 Chapter 25). Most 
claims for damage compensation are filed 
against:
 5 Manufacturers (producers) by patients, 

operators and injured third parties
 5 Users and operators by patients and 

 injured third parties
 5 Notified bodies by patients, producers, 

 users and injured third parties
 5 Competent authorities by patients and 

manufacturers

The first two sections of this chapter will only 
address the first two groups of respondents in 
line with their relevance to legal reality. Essen-
tially, the respondent is sued by the injured par-
ty to provide restitutio in integrum. This means 
restoring the position of a contractual partner’s 
legal interest that exists outside of the bounda-
ries of the contractual relationship – in this case 
his physical integrity – to the original state it 
would have been in had that particular damage 
not occurred. This tier of liability is subject to 
statutory regulation. The injured party has a 
right to contractual and non-contractual (tor-
tious) claims for damage compensation. Unlike 
with pharmaceuticals, there is no separate lia-
bility regime governing the product liability to 
which medical device manufacturers (produc-
ers) are subject. Similarly, user liability and 
 operator liability are also regulated in the gen-
eral laws.

Additionally, two further tiers of liability 
can be distinguished. One tier of liability is of 
an administrative or regulatory nature: It con-
cerns the liability of the responsible parties for 
the obligations incumbent upon them under 
medical device laws. Pursuant to Section 5 (1) 
of the German MPG [8], the manufacturer or 
its authorized representative, but also under 
certain circumstances, the importer (Section 5 

(2) MPG) are the responsible parties. Should a 
responsible party breach his obligations, he 
 becomes subject to actions by the competent 
authority. The other tier of liability concerns 
administrative and criminal sanctions (Sec-
tions 40 et seq. MPG). The competent authority 
can impose fines whenever the provisions of 
MPG are violated. An administrative offense 
shall be deemed to be committed by any person 
who violates the provisions of Section 30 (1) 
MPG by willfully or negligently failing to ap-
point a safety officer or by failing to do so in 
time (Section 42 (2), No. 13 MPG). Persons 
committing serious violations may even receive 
a prison sentence. According to Section 40 (1) 
No. 4 MPG, any person who endangers pa-
tients, employees or third parties by operating 
or using defective medical devices shall be pun-
ished by the imposition of a monetary fine or by 
imprisonment for up to three years. Notwith-
standing, in practice, these two tiers of liability 
are much less relevant than the liability of 
 manufacturers, users and operators under civil 
law. For this reason, these tiers will not be 
 ddressed further in the following.

26.2 Superimposition of liability 
spheres

During application of medical devices in hospi-
tals, especially complex liability constellations 
occur since the responsibilities of the physician, 
hospital and manufacturer superimpose. On 
the one hand, all participants must respect spe-
cific protection obligations to patients, but are 
dependent on cooperation. The physician must 
rely on the manufacturer of the medical device 
concerning information about its quality, appli-
cation and related risks in order to use the de-
vice properly and be able to inform patients 
correctly. Consequently, the manufacturer is 
liable for clear malfunctioning of medical de-
vices and not the physician. At least, if the fault 
would have been detectable by the physician, he 
is also partly liable [14, 16].

Even minor breaches of duty of care can 
constitute grounds for liability. Therefore, strict 
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compliance with RiliBäK and other legal provi-
sions is mandated. Avoidance of liability is a 
result of cooperation of all participants starting 
with the clinic management over chief physi-
cian, POCT coordinator and POCT supervisor 
up to the attending physician and nursing staff.

 > Manufacturers, users and operators of 
medical devices mutually form a commu-
nity of responsibility together with 
 patients that works proactively to 
 mitigate risk.

26.3 Manufacturer’s liability

26.3.1 Liability regimes

Civil liability of the manufacturer is regulated, 
on the one hand, in the general regulations of 
the German Civil Code (BGB) [2] and, on the 
other hand, in the German Product Liability 
Act (ProdHaftG) [7]. The main constructional 
difference between the two liability regimes is 
that liability under the ProdHaftG applies irre-
spective of the actual fault (absolute or strict 
liability) versus the tortious liability of the BGB. 
When it comes to liability in legal practice, dif-
ferences between absolute and tortious liability 
have mostly been equalized due to the pre-
sumptions of fault arising from the many legal 
precedents.

26.3.2 Liability under the German 
Product Liability Act 
 (ProdHaftG)

Under the ProdHaftG, the manufacturer bears 
liability for any personal injuries caused by his 
defective device. In the narrower sense, the 
ProdHaftG defines a manufacturer as “a person 
who has produced the final product, a raw 
 material or a component part” (Section 4 (1) 
sentence 1 ProdHaftG). The proprietary pro-
duction of IVD medical devices at healthcare 
facilities as defined under Section 3 (22) MPG 
can justify the definition that said facility counts 
as a manufacturer, if the patient “must bring 

himself to within that sphere of control” for 
 diagnostics [5].

According to Section 3 (1) ProdHaftG, a 
product is defective when it does not provide 
the safety, taking all circumstances into ac-
count, in particular
 5 its presentation,
 5 the use to which it could reasonably be 

 expected that it would be put and
 5 the time when it was put into circulation,

whereas said safety can be reasonably ascribed 
to the product. In this context, the product’s 
safety is hereby not defined as a subjective 
 expectation of safety on the part of individual 
consumers, rather as an expectation that is ob-
jectively justified. The safety expectations of that 
group of persons targeted by the product’s man-
ufacturer are decisive. The general public and 
especially patients and physicians expect that 
medical devices will not pose risks beyond a rea-
sonable extent as set forth in Section 4 (1) No. 1 
MPG. This similarly above implies that the ex-
pectation of complete and absolute safety is not 
justified in the sense of Section 3 (1) ProdHaftG.

According to Section 3 (1) ProdHaftG, eval-
uation of a defect must also consider the use to 
which the product “could reasonably be expect-
ed to be put” alongside its presentation as re-
flected in instruction manuals, advertising 
claims and so on. This wording clearly illus-
trates that, besides proper use as intended, 
 objective misuse should also be accounted for, 
say e.g., the predictable false handling of plug 
connections [1]. Moreover, the time when the 
product was put into circulation is important 
for fault evaluation. Accordingly, any increased 
safety expectations that arise later – for example 
those resulting from improvements to the 
product – shall not be considered. A product is 
consequently not defective for the sole reason 
that a better product has subsequently been put 
into circulation.

Further aspects to be considered in line with 
Section 3 (1) ProdHaftG are, as an example, the 
familiarity of users with a product or scientific 
technical standards as reflected in harmonized 
standards as set forth in Section 8 (1) MPG [4]. 
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In practice, three defect categories have 
emerged for the evaluation of a defect as de-
fined under Section 3 (1) ProdHaftG: defects in 
construction, production and instructions [11]. 
In accordance with a recent judgement by the 
Court of Justice of the European Union (CJEU), 
a potential defect of implantable medical 
 devices can justify liability [4]. However, this 
legislation cannot be applied to IVD medical 
devices, inter alia, since, according to their in-
tended purpose, such devices do not have any 
contact with patients at all, but only with the 
specimens obtained from them.

In accordance with Section 1 (1) Prod-
HaftG, a claim for damage compensation is 
only legitimate when the damage is caused by a 
defect in the product and covered by the protec-
tive purpose of this provision. That means, inter 
alia, that other causes must be excluded [21].

Finally, it should be mentioned that liability 
can also be ruled out under Section 1 (2) Prod-
HaftG. As defined therein, the producer is not 
liable if “the state of scientific and technical 
knowledge at the time the producer put the 
product into circulation was not such as to en-
able the defect to be discovered” (Section 1 (2) 
No. 5 ProdHaftG). Knowledge gained later does 
not mean that the product was originally defec-
tive. Consequently, the manufacturer does not 
bear the development risk [4].

26.3.3 Liability under tort law

Section 823 “Liability in damages” of the Ger-
man Civil Code (BGB) is the pivotal standard 
governing liability. Liability as defined by Sec-
tion 823 (1) BGB requires:
 5 Violation of a certain legal interest
 5 Intent or negligence (culpability)
 5 Unlawfulness of the act of injury
 5 Damage (injury)
 5 Causality of the act of injury in relation to 

the violation of a certain legal interest 
(causal relation justifying liability)

The decisive aspect is whether the manufactur-
er has infringed upon any specific legal duties 

to maintain safety incumbent on him. Said du-
ties are reflected in the typical sources of error 
formulated in the legislation: Defects in design, 
production and instructions. In addition to the 
product liability arising from these defect cate-
gories under the ProdHaftG, the manufacturer 
is liable tortiously for errors in product vigi-
lance and organization [11, 17].

According to Section 823 (2) BGB, some-
one “who culpably commits a breach of a stat-
ute that is intended to protect another person is 
liable to make compensation.” The “protection 
law” concept describes a certain provision of 
the affected law characterized by protection not 
only relating to the general public, but specifi-
cally to the individual. In the MPG, the follow-
ing statutes meet this requirement: Section 4 
(1) No. 1 and 2, (1) No. 1 to 3); Section 6 (1) 
sentence 1, (2) in conjunction with Section 7 
(1); Sections 11 (2), 12, 20, 21, 30 (1) and 4 
MPG as well as nearly all criminal statutes and 
provisions on administrative fines (Sections 40, 
41, 42 (1) and (2) No. 1). Further protection 
standards are codified in the Medical Devices 
Operator Ordinance (MPBetreibV) (Sections 4 
(1) and (4), 8 (2), 10 (1) and (2), 15 (1) [22]. 
Individual protection standards can also be 
found in the German Medical Devices Regula-
tion (MPV) [17] (Sections 3, 13 (1)) [8, 11]. 
Finally, most provisions of the RiliBÄK [3] in 
conjunction with Section 9 (1) MPBetreibV 
qualify as protection laws as defined by Sec-
tion 823 (2) BGB.

26.4 User and operator liability

26.4.1 Liability regimes

Legislation on medical devices does not distin-
guish special provisions with regard to the civil 
liability of operators and users [14, 15]. There-
fore, the general liability standards apply. Appli-
cable are ProdHaftG, tort law (Sections 823 et 
seq. BGB) as well as statutory claims arising 
from the existing treatment contract between 
the involved parties (Sections 280 (1) in con-
junction with Sections 630a et seq. BGB). The 
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two latter liability standards have in common 
that they presume (negligent or intentional) 
fault (Section 276 (1) sentence 1 BGB). Accord-
ing to Section 276 (2) BGB, someone acts neg-
ligently if they fail to exercise reasonable care. 
Any type of negligence satisfies Section 823 (1) 
BGB so that the slightest breach of duty gives 
rise to liability.

 > Even the most minor breaches of duty 
give rise liability.

26.4.2 Absolute liability

Operators and users become self-producers if 
they violate the provision of Section 4 (4) MP-
BetreibV by disregarding the intended purpose 
of the original manufacturer. At the same time, 
they assume the manufacturer’s responsibility 
for the product (see above). In practice, this is 
particularly important in relation to the appli-
cation of stand-alone software [12].

26.4.3 Fault-based liability

Treatment contract
Any physician who treats a patient has de facto 
entered into a treatment contract (Section 630a 
(1) BGB). From this contract arises an obliga-
tion on the part of the physician vis-à-vis the 
patient that treatment must be rendered 
 according to the medical standards that are 
generally recognized at the time of the treat-
ment (cf. Section 630a (2) BGB). Contrary to 
the common vernacular, the treating party is 
not the person performing the medical inter-
vention but the party promising to provide the 
treatment. This must not necessarily be one and 
the same person. Rather, a legal entity not capa-
ble of performing the action can be the contrac-
tual party, e.g. the body responsible for the 
 hospital.

Legal duties to ensure safety
Under on the treatment contract entered into, 
both hospital operator and user are obliged to 
deploy the medical device with due diligence 

and to not use defective devices. This is an an-
cillary contractual obligation that is reflected in 
the form of a legal obligation to ensure safety. 
The principle is based on the concept that any-
one creating sources of danger has to take the 
necessary precautions to safeguard third par-
ties. In general, they are reflected in the protec-
tion statutes as set forth in Section 823 (2) BGB 
(see above). An operator or user who culpably 
violates such obligations is contractually 
obliged to compensate for the damage and pay 
for pain and suffering (Sections 630a, 280 
BGB).

Attribution
The culpability of the acting nursing staff or 
treating physician, respectively, shall be attrib-
uted to the hospital operator provided said per-
sons are acting as the operator’s vicarious agents 
(Section 278 sentence 1 alternately 2 BGB). 
This liability for the fault of others presumes 
that the “principal” freely decided to delegate 
responsibility, chose his vicarious agents of his 
own volition and has authority to issue instruc-
tions to said agents. However, the vertical au-
thority (privity) to issue instructions is initially 
only given in his own department. According to 
the application of POCT in inpatient depart-
ments, RiliBÄK offers a centralized and a de-
centralized model for the allocation of respon-
sibilities for quality assurance. The centralized 
organization concept is characterized by the 
laboratory management, or on behalf of it, the 
POCT coordinator, being responsible, by con-
trast, the transfer of responsibility and organi-
zation on the POCT coordinator by the clinic 
management is not possible in the decentral-
ized concept, where responsibility is on the de-
partmental level (7 Chapter 31, [20]).

Non-contractually, hospital operators, phy-
sicians as well as nursing staff may also be 
 personally liable by virtue of legislation govern-
ing torts (Sections 823 ff. BGB). In spite of their 
responsibility to implement the tasks they are 
charged with, employees are hereby entitled to 
be generally exempted from liability by their 
employer. As principal, the hospital operator is 
liable for the action of his vicarious agents (Sec-
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tion 831 (1) sentence 1 BGB). In derogation 
from Section 278 BGB, however, the principal’s 
liability does not extend to faults by others, but 
only to his own fault, namely faults in the selec-
tion and guidance of the vicarious agent as well 
as in the procurement of materials for said 
agent. However, this does not apply, if he can 
prove that he exercised reasonable care (Sec-
tion 831 (1) sentence 2 BGB). As long as the 
principle has done this, he has no fault of his 
own. Decentralized exculpatory evidence is 
possible in larger hospitals, if the hospital clinic 
management exculpate itself in its relationship 
to the persons responsible for selection and su-
pervision. Notwithstanding, organizational 
culpability under Section 823 BGB may in turn 
apply (see below).

Malpractice
Medical malpractice can be classified as fol-
lows: errors in diagnosis (diagnostic error); er-
rors in the selection of therapy and diagnostics; 
errors in collecting findings required for thera-
py and diagnosis (medical examination fault), 
incorrect performance of the correctly selected 
therapy or diagnostics, errors in follow-up care, 
in ensuring the success of treatment (obligation 
to provide information) and in errors in the ter-
mination of treatment [10, 14].

Assessment standard
An objective standard of care has to be applied 
to assess errors. Insofar, special circumstances 
relating to the treatment situation or a particu-
lar individual’s level of proficiency, like inade-
quate training or experience, are not usually 
exculpable for the physician [14]. The fact that 
the manufacturer has complied with the perti-
nent safety requirements by affixing the CE 
mark to the POCT device is equally as irrele-
vant [11, 16].

According to a more recent, albeit hitherto 
isolated judgment, a treating physician faced 
with a conflict with requirements in medical 
device legislation may act primarily in accor-
dance with the medical standard of care if 
 necessary to reinstate the health of the patient 
[13].

POCT-relevant liability 
 constellations
In terms of medical malpractice, the right selec-
tion of tests is of paramount important in the 
use of POCT. The physician is obliged to check 
that the test procedure used for diagnosis or 
therapy monitoring corresponds to the state of 
the art in science and technology. In spite of 
lower quality compared to laboratory tests, 
POC tests must satisfy an adequate medical 
standard for the concrete medical problem. 
This standard may not be sacrificed to expedi-
ency [19].

 > The selection of the suitable test for a 
medical problem must satisfy an ade-
quate medical standard.

Users and operators of POC devices must pri-
marily follow the requirements of MPBetreibV. 
In this context, Sections 3 and 4 MPBetreibV 
contain the most important general require-
ments in terms of person-related and substan-
tive issues.

Medical devices may only be operated, used 
and maintained by persons who have the re-
quired training or knowledge and experience 
(Section 4 (2) MPBetreibV in conjunction with 
Section 14 MPG). For example, an operator can 
also be a physician with hospital rights who 
brings and operates his own POCT devices 
there (Section 4 (5) MPBetreibV).

Not only operators, but users are also re-
sponsible for compliance with the substantive 
requirements. In particular, medical devices 
may only be operated and used for their intend-
ed purpose (Section 4 (2) MPBetreibV). Fur-
thermore, the generally accepted standards of 
technology (good engineering practice) must be 
observed (Section 4 (1) MPBetreibV). Beside 
every operator (cf. Section 3 (1) MPBetreibV) 
every user must additionally check the func-
tionality and proper condition of the device and 
follow the instruction manual as well as all other 
safety-related information and maintenance 
 instructions (Section 4 (6) sentence 1 MP-
BetreibV). The function test must not only cov-
er the medical device but also include all medi-
cal products, accessories including software or 
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other parts connected to or with the medical 
device and its application alongside any combi-
nation thereof (Section 4 (6) sentence 2 MP-
BetreibV).

Private and statutory health insurance 
companies and nursing care insurers are not 
operators of medical devices, but – in the inter-
ests of their insured persons – must assume the 
obligations of an operator with respect to med-
ical device safety (Section 3 (1) sentence 1 MP-
BetreibV). Since the entitled medical care is 
generally provided by third parties such as 
medical supply houses, the tasks arising from 
the operators’ obligations can be transferred to 
these third parties (Section 3 (1) sentence 2 
MPBetreibV). In such cases, the provider initi-
ating the provision must take the necessary 
precautions to ensure that these tasks can be 
accomplished properly (Section 3 (1) sentence 
3 MPBetreibV).

 > No POCT device should be operated 
without a prior function test.

Moreover, MPBetreibV contains further provi-
sions relevant to liability, such as its Section 7 
which regulates the requirements on mainte-
nance measures in more detail. According 
thereto, the operator is liable for the proper con-
duct of maintenance when employing personnel 
not authorized by the manufacturer [23].

The RiliBÄK provisions are also particu-
larly relevant to the application and operation 
of POC devices. As set forth in Part B, obser-
vance of the minimum requirements governing 
internal and external quality assurance of the 
results of quantitative and qualitative POC tests 
deserves mention here.

 > Only strict compliance with the RiliBÄK 
and the provisions of the legislation on 
medical devices protects against liability.

Organizational culpability
Organizational culpability exists when the re-
sponsible party has not organized the delega-
tion of obligations in a way that ensures proper 
selection and continuous supervision of opera-
tional processes and activities of the personnel 

and prevents damage to third parties within the 
realms of possibility [14].

RiliBÄK contains the relevant minimum 
standards. In particular, responsibilities for the 
conduct of POC tests and individual tasks like 
those charged to the POCT coordinator or 
POCT supervisor must be clearly defined. 
Training, continuing education and instruction 
of the personnel must be in guideline-compli-
ant. Section 12 (1) German Occupational Pro-
tection Law (ArbSchG) [6] stipulates that the 
employer shall give any users who are employ-
ees sufficient and appropriate training in device 
handling [23]. Finally, the provisions of Ger-
man act governing medical technical assistants 
(MTAG) [9] have to be observed when skilled 
and competent persons are employed. Essen-
tially, only the following specially qualified per-
sons may conduct POC tests:
 5 Persons who, by virtue of their university 

diplomas, have the required expertise, 
 capabilities and skills (physicians, natural 
scientists) as well as alternative medical 
practitioners (Section 10 (1) No. 1 MTAG).

 5 Medical technical laboratory assistants 
(Section 9 (1) No. 1 MTAG),

 5 Persons undergoing an education in the 
above-mentioned profession (e.g. medical 
students) (Section 10 (1) No. 2, 5 MTAG),

 5 Persons with diplomas for other medical 
training, such as nursing staff, who with-
out being authorized under Section 10 (1) 
No. 1 to 5 MTAG, work under the super-
vision and responsibility of a person 
 defined under Section 10 (1) sub-section 1 
MTAG (Section 10 (1) sub-section 6 
MTAG) [19].
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27.1 Introduction

This chapter aims to discuss the options available 
through the electronic networking of POCT de-
vices in hospitals and inpatient settings. Here, 
the term connectivity is explicitly not to be un-
derstood as an electronic data connection of de-
centralized analytical systems in satellite labora-
tories to a central laboratory, frequently also de-
scribed as “POCT connection to a central labo-
ratory” [3]. Rather, the concept is understood to 
mean a complex architecture of online devices 
distributed peripherally across departments 
linked to a central information system. Connec-
tions to external stakeholders are also optional 
solutions. This entails the use of a server from an 
external supplier (e.g. private-practice laborato-
ry). Advantages of networking include
 5 Fast, simple and error-free data transfer
 5 Electronic transmission of diagnostic data
 5 Obviation of manual tasks
 5 Central control/configuration of devices
 5 Central operator management
 5 Central equipment and batch management
 5 Invoicing of services
 5 IT-supported implementation of quality 

management schemes (e.g. RiliBÄK 
 requirements in Germany)

 5 Generation of performance statistics

27.2 The POCT data manager

Characteristically, the IT infrastructure of a 
hospital consists of multiple components. The 
hospital information system (HIS) is the over-
arching system for the collection, processing 
and transfer of medical and administrative 
data. A laboratory information system (LIS) is 
used to manage the workflow of a clinical labo-
ratory test from the receipt of the order to re-
lease of the test result. The POCT data manager 
forms the interface between POCT devices and 
the hospital’s IT systems. The data manager has 
three main basic functions:
 5 Connecting POCT devices to an IT net-

work (across manufacturers or manufac-
turer-bound)

 5 The POCT findings are integrated in the 
laboratory report and/or the HIS-based 
electronic medical record

 5 POCT coordination and organization 
 (devices, operator, patients, quality 
 controls, reagents, device control, device 
reports etc.)

Accordingly, the POCT data manager should 
meet the following requirements [11]:
 5 Bidirectional connection to the LIS/HIS to 

capture patient master data and transmit 
to the individual devices

 5 Transfer of the POCT patient data from 
different devices, possible further valida-
tion and release

 5 The patient’s measured values are trans-
mitted as POCT reports to LIS and HIS for 
further processing in the patient’s medical 
record.

 5 Automatic monitoring of quality controls
 5 Report on quality control data as table or 

chart (the documented reports must be 
 archived on the server for years)

 5 Graphical presentation of the values
 5 Understandable color-coding to convey 

 incomplete or deficient quality controls to 
the POCT coordinator

 5 Locking of systems/individual analytes in 
the event of deficient quality control

 5 Remote-access to POCT devices (control 
and remote maintenance of individual 
 devices, e.g. sensor calibration of blood gas 
systems)

 5 Central master data administration of 
POCT locations, devices, reagents, control 
materials etc.

 5 Operator management, including operator 
authorization and transferring this infor-
mation to the individual devices

 5 Independent monitoring of all process 
 sequences and report on status and error 
messages generated by the networked 
POCT devices

It is complicated and time-consuming to assign 
authorizations to every POCT operator. There-
fore, modern systems enable the allocation of 
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operators to groups. These groups can in turn 
be assigned roles with the required authoriza-
tions. Operator accounts that are not assigned 
to any one specific person, but to an entire 
ward, for example, pose impediments to quality 
assurance and should therefore be precluded. 
Neither is it generally sufficient to work with 
numbers as identifiers and not release the real 
names of the operators. Exactly as with every 
other medical report on findings, a medical 
 laboratory test must be clearly attributable to 
the person responsible. An institutional agree-
ment is a suitable recommendation to preclude 
the unauthorized use of operator data, e.g. for 
performance evaluation of staff. Operator data 
can be manually entered into the POCT data 
manager. Alternatively, the appropriate inter-
faces can be used to connect the devices to a 
hospital’s centralized HR department. This 
helps avoid redundant data entries.

. Tab. 27.1 contains a current market over-
view of the POCT data management systems 
available in Germany and Europa [11]. Larger 
manufacturers of POCT systems frequently 
supply a matching POCT data manager with 
their devices. If several devices from various 
manufacturers are used together, it may be nec-

essary to run several POCT data managers in 
parallel and not to compile the data until they 
are aggregated in the LIS. By supporting a broad 
portfolio of POCT devices, manufacturer-inde-
pendent POCT data managers claim to avoid 
such complicated and time-consuming dupli-
cate structures. In Europe, device-independent 
software products such as POCTopus by OSM 
(Essen, Germany) and POCcelerator by Con-
worx (Berlin, Germany) have a strong share of 
the market, whereas the likes of Quick-Linc/
QML, a comprehensive POCT data manage-
ment and connectivity system by TELCOR Inc. 
(Lincoln, NE, USA) [2] and RALS-Plus, a re-
mote automated laboratory system, from Alere, 
formerly Medical Automation Systems (Char-
lottesville, VA, USA) [12] are more frequently 
encountered in the USA. Further service pro-
viders are listed in the references [5].

27.3 Connecting POCT devices  
to a network

POCT devices designed especially for profes-
sional use are interoperable to enable net-
worked operations. The following routes of 

 . Tab. 27.1 Market overview of data management systems in Germany (status: April 2018)

Manufacturer Proprietary, one 
 method/device

Proprietary, several 
methods/devices

Independent of 
 device manufacturer 

IMP Computersysteme AG
(OSM Group)

– – POCTopus

Conworx (now Siemens) – – POCcelerator

TELCOR – – QML

Abbott QC Manager Info HQ 
Manager

– –

Siemens – RapidComm

Instrumentation Labora
tory (Werfen Group)

GEMweb Plus – –

Radiometer – AQURE POC –

Roche Diagnostics – Cobas IT 1000

Alere Informatics – Alere RALS
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transmission can be used to integrate the POCT 
systems into the in-hospital network:
 5 Serial (RS-232) to ward PC
 5 Local area network (LAN) box; converts 

serial interfaces to a network protocol
 5 Cable-bound via router
 5 Wirelessly via WLAN (a proper encoding, 

e.g. WPA2 protocol, must be used to pro-
tect sensitive patient data. Furthermore, 
sufficient net coverage must be ensured so 
that the data can be transmitted without 
any time lags).

Frequently, docking stations are also used for 
charging the batteries of a mobile POCT device 
and exchanging its data at the same time. In 
these devices, the data are not transmitted con-
tinuously, rather transmission takes place once 
the device is placed in the docking station. Many 
POCT devices additionally have interim storage 
for data in case the network connection is inter-
rupted. The data exchange then takes place once 
the connection is reinstated. Other wireless 
standards (Bluetooth, mobile communications) 
are not widely used for the transfer of POCT 
data in the hospital or the physician’s practice.

In an environment with several operators 
and patients, the device operator and patient 
whose values are measured can be entered. 
Usually, this is done by scanning barcodes.

Paired with the matching software, a suit-
able POCT device can then support the follow-
ing functions:
 5 Uploading operator data from POCT 

 software
 5 Uploading patient data from POCT soft-

ware
 5 Patient query (e.g. devices query the 

POCT software for a patient name belong-
ing to a case number)

 5 Lock or release function on device accord-
ing to operators or operator groups

 5 Uploading configuration data from POCT 
software

 5 Locking of device or measuring channel 
upon QC excursion

 5 Individual entry of operator ID when 
 performing QC as well as patient tests

 5 Commenting any QC violation on device 
by operator

 5 Discarding/deleting measurements
 5 Remote access (e.g. for control, remote 

maintenance, recalibrations)
 5 Warning displays on limit excursion or 

 after the difference between two values 
 exceeds defined delta check criteria

Generally, this type of connectivity is not possi-
ble with simple tests such as lateral flow assays. 
Increasingly, however, automated read-out 
units that enable networking, are sold [1].

27.4 Networking strategies  
in inpatient settings

27.4.1 Networking strategies  
with internal POCT data 
management

The following system structure is usually ap-
plied for networking decentralized in-hospital 
POCT devices [8]:

POCT devices ↔ Data management system 
↔ LIS ↔ HIS.

That way, decentralized POCT analyses can be 
carried out in a hospital and then centrally 
monitored and documented by the central 
 laboratory [9]. Nevertheless, this results in an 
additional outlay for logistics, materials and 
 human resources for the laboratory. The de-
scribed network options represent the most 
feasible process for complete documentation of 
POCT quality control data. Any other non-in-
formation technology-driven solutions without 
transfer of quality control data to the central 
laboratory, for example with manually generat-
ed lists, are not only time-consuming for the 
operators, but also prone to errors and more 
likely to discourage operating staff.

Exceptions include operation in a central 
laboratory of POCT devices like blood gas ana-
lyzers, viscoelastic coagulation analyzers or 
read-out devices for urine dipsticks. These tests 
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meet all the criteria for a POCT system and 
could also be conducted near the patient. If, 
nevertheless, these tests are run in a central 
laboratory – usually for organizational reasons 
–, the devices can naturally be ported directly 
with the LIS just like any other normal labora-
tory devices.

Depending on the hospital’s setup, barcode 
numbers can be used to identify the patients 
and the POCT operators. All patient-related 
POCT measured values are designed to be 
stored long-term on the POCT server and 
made available as secured patient identity after 
transmission to the clinical wards as separate 
POCT report for the electronic medical record 
[13].

A statement issued by the Working Group 
for POCT of the German Society for Clinical 

Chemistry and Laboratory Medicine (DGKL) 
from 2005 [11] emphasized the advantages of 
such an IT network, namely the significant 
time-savings on the part of both the ward staff 
operating the devices and the POCT coordina-
tor in the central laboratory, while stressing the 
advantages in terms of completeness of data 
collection and documentation [10]. In . Fig. 
27.1, a schematic is presented depicting an ex-
ample of intranet connectivity for POCT with 
blood glucose and blood gas analyzers operated 
on different wards and managed by a central-
ized POCT server.

After linking up with the matching patient 
master data, coupling the POCT server to the 
LIS gives the central laboratory the option to 
generate a cumulative POCT findings report of 
the results from the measurements performed 

 . Fig. 27.1 Example of a POCT network at a medical center. HIS Hospital information system; HCS Hospital com
munication system; QC Quality control
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on the patients’ specimens and feed the report 
back to the hospital. Occasionally, these reports 
do not reach the treating physician in a timely 
manner because of the sometimes considerable 
delays that take place before the data is trans-
ferred to the POCT server. In some hospitals, 
POCT results are therefore transferred in paral-
lel a priori to other subsystems such as a patient 
monitoring system on an ICU (Patient Data 
Management System, PDMS).

 > In the case of networked POCT devices, 
hazards associated with any failure of 
the IT infrastructure should be taken into 
 account. It should be avoided that a 
POCT measurement is thereby made 
 impossible to perform.

Many devices display the measured data and 
have internal memory that stores the results un-
til to data transfer functions work again. The 
effectiveness of many process sequences at a 
medical center may nevertheless be significant-
ly limited. Annotations on the “Application of 
risk management for IT-networks incorporat-
ing medical devices” can be found in the DIN 
EN 80001–1 standard.

27.4.2 Strategy for networking 
with an external POCT data 
management system

If the objective is to find an external solution for 
POCT data management, it entails using the 
server of a service provider situated outside the 
hospital. The service provider (e.g. a laboratory 
physician in private practice) is thus responsi-
ble for the proper functionality of both software 
and hardware. The hospital is spared the costs 
for both hardware and software maintenance 
and care. This solution involves the installation 
of a decentralized data management system 
where the patient’s findings and quality control 
data are stored and secured in compliance with 
the regulatory rules. This system transmits the 
patient data via an HL7 interface to the HIS/
LIS. The POCT coordinator in the hospital is 
granted access to the data management system 

and can thereby monitor the QC data. It is ob-
vious that data security must be upheld and 
maintained. For that reason, any service pro-
vider connecting several hospitals in this way 
must be ensure strict separation of hospitals’ 
measurement and operator data (multi-client 
capability).

Prior to the technical implementation, sev-
eral issues must be cleared up. For this purpose, 
the following systematics have proven their 
merits:
 5 Checklists
 5 Project plan
 5 Data flow chart
 5 Master data record

Checklists
 kQuestions relating to IT structure
 5 How does the flow of patient data work?
 5 How does the data flow of requested 

 orders work?
 5 Is the existing IT infrastructure  

adequate?
 5 Are enough electrical connections 

 available?
 5 Is additional IT hardware (switches or 

hubs) required?
 5 Which IP addresses have been assigned for 

the devices in the hospital?
 5 Will it be necessary to convert the network 

data, e.g. Network Address Translation 
(NAT) and who will complete this?

 5 Which ports will facilitate the access of the 
devices to the data management system? 
Which ports must be activated?

 5 How many digits and which syntax is 
needed for operators’ barcode numbers?

 5 How many digits and which syntax is 
needed for the patient number (case 
 number)?

 5 Should pseudo case numbers be stored for 
emergencies?

 5 Are the names of staff documented by the 
data management system in addition to 
the numbers? If not, who manages the 
 assignment?

 5 Should data on findings be captured and 
transmitted to a LIS or HIS?
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 5 Should patient data from the LIS or HIS be 
sent to the POCT data manager software?

 5 Are the parameters stored in the LIS or 
HIS?

 kAspects relating to IT organization
 5 Who is the hospital’s POCT coordinator?
 5 Has a POCT committee been constituted?
 5 How does the operator log himself on? 

Barcode + keyboard/barcode only – 
 device-independent?

 5 How is the case number captured?  
Barcode + keyboard/barcode only – 
 device-independent?

 5 Who provides training on which devices?
 5 Who regulates the implementation of Part 

A of the RiliBÄK?
 5 Which devices should be networked with 

which parameters?
 5 Should devices be monitored offline?
 5 Should only QC data be captured and 

 evaluated?
 5 Definition of responsibilities for:

 5 Quality control
 5 Devices (maintenance, exchanges, 
 repairs)
 5 IT (hardware, software, network)
 5 Organization/master data entry/ 
maintenance

Project plan
To ensure streamlined implementation, the 
hospital should prepare a project plan outlining 
the necessary steps and the way this will be pro-
cessed in a time-limited manner. In this case, 
the contact person for all IT issues should be a 
staff member of the in-house IT departments. 
The POCT coordinator can assume responsi-
bility for timely implementation of the project 
plan. In this context, there are also aspects that 
need to be clarified individually in checklists.

Data flow chart
With a view to the proper flow of measured pa-
tient and quality control data, it is important 
that the hospital be presented with a graphical 
chart of the data flow. This graphic should be 
structured as simply and understandably as 

possible. Next, it is then the responsibility of 
each IT department to set up their own network 
according to this simple, easy-to-understand 
chart. It is recommended to document the cor-
responding network configuration on this 
chart.

Master data record
A master data record should be designed to 
present all data keys to the installation and con-
figuration of devices in a manageable form. 
Likewise, the contents here can best be reviewed 
in advance by means of checklists. When scru-
pulously maintained, this master data record 
can also be used as a statistical instrument.

It is the electronic data connection between 
hospital and supplier that is of paramount im-
portance for the technical implementation of 
the decentralized solution. Generally, an ade-
quately sized data line is required between the 
hospital and the service provider. The commu-
nication between POCT devices and the hospi-
tal’s laboratory and the data management 
 system should be realized via this data trans-
mission line.

In addition to the IT network, questions of 
logistics must be addressed and their imple-
mentation defined in detail.

It takes complex systematics to network a 
large number of POCT devices. Not only is it 
imperative to ensure that POCT devices are 
networked in order to comply with all relevant 
directives, but also that the service be setup sat-
isfactorily. Service plays a substantial role in the 
system being accepted by the nursing staff.

27.4.3 POCT networking in  private 
practitioners’ offices

The obligation to control quality also applies to 
the general practitioner’s setting. Documenta-
tion in the practices is primarily written by 
hand. Depending on type and number of the 
measuring devices, this handling method is 
 unproblematic. In practices that run more 
 complex POCT devices (e.g. blood gas or he-
matology devices), manual documentation and 
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interpretation is very time-consuming. In this 
context, it would be logical to network the de-
vices with a data management system; however, 
this is usually difficult to implement in the phy-
sician practice setting. Alternately, Internet 
platforms are offered (e.g. Conworx, Berlin, 
Germany) that perform the analysis after entry 
of the QC data. In addition to professional and 
accurate analysis, the IT service provider also 
guarantees legally compliant data security. 
These costs for the physician are calculable and 
manageable.

27.5 POCT1-A standard

Generally, the POCT server will be connected 
to the HIS via a Health Level 7 (HL7) protocol, 
whereas an American Society for Testing and 
Materials (ASTM) protocol or the POCT1-A 
standard will be used for connection to the LIS. 
The POCT1-A medical communication proto-
col was developed to standardize the communi-
cation pathways between POCT devices and 
HIS, while ensuring quality assurance that 
complies with the statutory requirements [15]. 
POCT1-A derived from draft standard devel-
oped, prototyped and piloted by the Connectiv-
ity Industry Consortium (CIC) membered with 
medical devices manufacturers, in-vitro dia-
gnostics companies and vendors in the health-
care system. This CIC was founded in 1999 
 after market research initiated by the Industry 
Liaison Division of the American Association 
for Clinical Chemistry (AACC) had shown that 
at any point in time in the USA only around 17  
of all POCT devices in a hospital had connec-
tivity with a POCT server [8]. As early as 2001, 
an international specification emerged from 
collaboration with the Clinical Laboratory 
Standards Institute (CLSI), HL7 and Institute of 
Electrical and Electronics Engineers (IEEE), 
that was recognized by the CLSI [6] and was 
congruent with the statutory provisions of the 
participating countries [4]. Integrating the 
Healthcare Enterprise (IHE) – an international 
initiative of users and manufacturers with the 
objective of standardizing the data sharing be-

tween IT systems in the healthcare system – 
similarly designed their Laboratory Point-of-
Care Testing (LPOCT) profile according to this 
specification.

The standard consists of two communica-
tion interfaces: a device interface (DI) and an 
observation reporting interface (ORI). The DI 
links the POCT device with the POCT server 
and describes the transfer of measured data via 
an existing infrastructure (hospital network). 
The ORI is concerned with the transfer of these 
data to the HIS. POCT connectivity according 
to the CIC standard is presented in . Fig. 27.2.

The POCT1-A standard envisages the use 
of messaging in the XML format for sharing 
data between a POCT device and the server. 
POCT1-A is aligned along the structure of HL7 
messages. The second part of the standard 
 describes the further processing of the mea-
sured values in HIS and LIS as well as how 
POCT1-A data is converted into HL7-compli-
ant syntax.

The POCT1-A standard simplified the con-
nection of individual devices, but did not create 
any plug-and-play functionalities [14]. This 
standard allows the individual manufacturer 
room for interpretation in POCT implementa-
tion. Therefore, extensive adjustments can be 
required, particularly when POCT systems of 
several manufacturers are operated simultane-
ously. However, the introduction of a new POCT 
device is not a commonplace event. Indeed, it 
should be a well thought-through step that is 
preceded by a long decision-making phase. 
Against this backdrop, any true plug-and-play 
functionality is of secondary importance.

27.6 eLearning and POCT

The use of POCT extends the circle of persons 
performing medical laboratory testing consid-
erably. Moreover, a high-frequency fluctuation 
of staff can take place. Therefore, regular train-
ing of all operators is associated with high 
 expenditure. As a consequence, many POCT 
software packages feature integrated eLearning 
solutions to help structure training courses 
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more efficiently. Alternatively, eLearning can 
be run independently of the POCT software 
and thereby be available for other training 
courses at a hospital (. Fig. 27.3).

If possible, the contents of a training course 
should be supplied by the POCT system manu-
facturer and then adapted by the operators to 
the local circumstances. The Sharable Content 

Object Reference Model (SCORM) offers such 
a data format. A successful training course is 
distinguished not only by a sensible selection of 
contents, but by the didactic teaching thereof. 
After completion of an eLearning course, indi-
vidual authorizations can be adapted in the 
POCT software accordingly. For this purpose, 
the users of the eLearning training course must 

 . Fig. 27.2 POCT connectivity according to the CIC standard/IHE Laboratory Point of Care Testing (LPOCT) profile
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be assigned to the operators in the POCT data 
manager. In principle, it is possible to make 
these assignments manually. A centralized elec-
tronic ID management with interfaces to both 
the POCT and the eLearning software can 
 nevertheless facilitate this task immensely. 
Valuable information on the implementation of 
an eLearning POCT educational concept can 
be found in the application guide titled “Train-
ing of professional users of devices for near-
patient testing” (VDE-AR-E 2411-2-101) is-
sued by the German Association of Electrical 
Engineering, Electronic Information Technol-
ogy (VDE).

27.7 Advantages and disad-
vantages of a POCT network

The advantages of an IT solution for POCT 
are as follows:
 5 For POCT operators:

 5 Time savings for ward and nursing staff
 5 Information about the quality control 
status per device (time at which the next 
quality control measurement is sched-
uled, any upper and lower excursions 
from the permissible measuring range)
 5 Electronic, storage of quality control 
data (including operator ID codes)
 5 Timely troubleshooting of defective 
POCT devices
 5 Use of pre-defined comments
 5 Aggregation of the POCT results into a 
cumulative finding report

 5 For POCT coordinators in the central 
 laboratory:
 5 Remote function for the POCT coordi-
nator – facilitates implementation of 
higher-level organizational administra-
tive tasks (management of operator IDs, 
control batches, the measuring device 
ID, working groups etc.)
 5 Time savings for the POCT coordinator 
in the central laboratory
 5 Option to adapt control- and batch- 
specific data
 5 Option to adapt quality control rules

 5 Online recalibrations, e.g. of blood gas 
analyzers
 5 Quick problem-solving in the case of 
erroneous quality controls (including 
remote locking of the POCT device 
when appropriate)

 5 For the hospital:
 5 Generation of performance statistics, 
costs-benefit profiles etc.
 5 As-needed guidance for reinvestment 
into new POCT equipment
 5 Enhanced quality awareness among the 
nursing staff and thereby the associated 
intensification of outwardly presentable 
quality assurance measures

Disadvantageous aspects of networking all 
POCT devices, however, include:
 5 The added financial outlay for purchasing 

of network-compatible blood glucose and 
blood gas analyzers as well as for retrofit-
ting existing systems for online operations,

 5 Possible difficulties with POCT data man-
agement when networking certain models 
of manufacturers with each other and

 5 Cementing the spectrum of device – 
switching a POCT system to another 
 incurs financial and organizational outlay 
(manufacturer-independent POCT server 
software however will facilitate such a 
change in terms of connectivity).

27.8 The road ahead

The legislative requirements in terms of ensur-
ing high analytical reliability in qualitative and 
quantitative laboratory tests will certainly con-
tinue to mount in the future. This primarily 
affects POCT. Currently, the documentation of 
POCT results (complete patient master data) 
and quality assurance are both areas that have 
been recognized as needy of improvement in 
many hospitals. This particularly applies to 
simple lateral flow tests, in which the results 
frequently must be manually documented. Au-
tomated read-out systems offer substantially 
more safety and convenience [7].
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The turnaround time (TAT) of a POCT 
measurement often only allows retrospective 
quality assurance. That means that an isolated 
erroneous measurement might not be identified 
until a time when the result has already had im-
plications on the patient’s further medical treat-
ment. This risk can be reduced by electronic 
warnings. When a POCT measurement e.g. de-
viates too strongly from a previous value, the 
proper software will directly trigger a warning 
on the POCT device. In a hospital, the same 
analytes are frequently measured both by POCT 
and the central laboratory. By applying suitable 
mathematical methods such as “Data mining 
EMRs to Evaluate Coincident Testing” (DE-
TECT), the two measurements can be compared 
to identify errors and inconsistencies [16].

The newly created models of integrated 
care, e.g. in the form of medical care centers, are 
especially interesting for hospitals which treat 
the chronically ill. Participating hospitals can of-
fer new services with regard to the quality assur-
ance of patient self-measurements. All neces-
sary data can be exchanged from and to a POCT 
server over the Internet very simply from indi-
vidual hospitals, patients and physician’s prac-
tices. With suitable IT connectivity, preclinically 
obtained POCT results [18] can also be captured 
directly in the HIS. After highly specialized 
treatments, POCT offers the possibility for the 
hospital to monitor patients at home, i.e. home 
monitoring [17]. In addition to the IT issues to 
be solved, a number of organizational questions 
still need to be answered for these scenarios.
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28.1 Introduction

Economic pressures, patient empowerment and 
the increasing recognition of the need to reor-
ganize the delivery of care based on patient- 
centered models are transforming healthcare. 
Although the dominant model of laboratory 
testing throughout the world remains the cen-
tralized laboratory, alternative models are being 
increasingly considered [26]. Recent advances 
in miniaturization, sensor technologies, micro-
fluidics and wireless communications have 
 allowed diagnostic testing to be moved closer to 
the patient and be used outside the traditional 
central laboratory setting.

Referring “to any diagnostic test performed 
at or near the patient“ to help determine which 
medical care is needed [13], the term “point-of-
care testing (POCT)” as such does not formally 
show up in the literature until 1994, even 
though blood glucose determination, urinalysis 

and pregnancy testing for human chorionic 
 gonadotropin had all been available on POCT 
devices prior to 1994 [11]. The rapid and wide-
spread implementation of POCT systems has 
led some to question whether we are using this 
technology appropriately.

As shown in . Fig. 28.1, POCT impacts a 
wide variety of healthcare providers, patients, 
and settings: It affords access to laboratory ser-
vices in low- as well as high-income countries 
[9], in primary care, home care and during di-
sasters and pandemic outbreaks. POCT may 
provide an excellent solution to certain critical 
testing needs in rural areas and hard-to-reach 
places. Prime examples are the dispersed popu-
lations in Australia and on the African conti-
nent. Given this background, the term “point-
of-need” might be more aptly than “point-of-
care” to define this type of laboratory testing.

Notwithstanding the above, particularly in 
developed countries, the use of POCT has been 

 . Fig. 28.1 Clinical settings of POCT deployment
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widespread across hospital settings, namely in 
emergency departments, intensive care units 
and operating rooms for answering the clinical 
needs of critical care.

The use of POCT is particularly attractive 
as, at least from a theoretical viewpoint, it per-
mits immediate access to test results for better 
and more effective management of patients. 
Yet, there is the need to minimize the time to 
treatment initiation by adopting POCT without 
compromising the quality of the laboratory 
 information obtained.

28.2 POCT and performance 
 criteria

“The core principle underlying POC measure-
ment has been described as reducing turna-
round time without compromising the quality 
of information on which clinical decisions for 
patients are based” [3]. This quote should guide 
our debate on the quality required to enable the 
right decision-making.

In turn, performance criteria or quality 
specifications are defined as “the level of perfor-
mance required to facilitate clinical decision 
making” [4]. Performance characteristics fall 
into two categories:
 5 Practicability, i.e. the methodological 

 details on how to execute the test, including 
speed of analysis, volume and type of 
 sample required

 5 Reliability, i.e. the scientific facets of the 
methodology such as precision, bias, limit 
of detection and measuring range

Quality specifications governing the reliability 
of a laboratory test, particularly its precision 
and bias, are absolutely necessary for analytical 
quality management, for obtaining an appro-
priate answer to clinical questions asked and for 
meeting patient needs. In POCT, the consider-
ations that speed and shorter turnaround times 
(TAT) surpass all others does not work. Indeed, 
the rapid availability of POCT results and the 
immediate diagnostic and therapeutic implica-
tions of many POCT tests amplify the likeli-

hood that erroneous results from these tests will 
cause preventable adverse events [16]. This fact 
clearly represents a patient safety issue.

As mentioned above, theoretically, there is 
no reason why different quality specifications 
should apply to the same test when measured 
by POCT or in the central laboratory. To enable 
proper decision-making and monitoring, it is 
obvious that a test result should be comparable 
over time within the same laboratory and across 
different clinical laboratories. Therefore, results 
of clinical laboratory measurement procedures 
should be equivalent within clinically meaning-
ful limits – a dictum that cannot be upheld 
without everybody adopting the same quality 
specifications.

As we move towards full electronic report-
ing of laboratory results, we appreciate more 
fully that differences in analytical and extra-
analytical quality specifications may affect the 
interchangeability of laboratory information 
[22, 23]. This, in turn, requires a careful exami-
nation of the analytical characteristics of any 
method used in centralized laboratories or with 
POCT before its introduction into clinical prac-
tice. Evidence accumulated on this basis shows 
that POCT assures valuable quality specifica-
tions for some measurands (e.g. electrolytes, 
blood gas analysis, INR), but does not yet do so 
for others (e.g. high-sensitivity cardiac tropo-
nin). A recently published paper allows a better 
understanding of the implications of the previ-
ously described requirements: Mirzazadeh and 
colleagues demonstrated that the POCT of 
electrolytes and calcium is reliable and that 
there is a sufficient agreement between the 
 results obtained by POCT and those produced 
by laboratory analyzers [17]. This conclusion is 
even more important given that previous 
 studies had shown that only about one-third of 
clinicians relied on POCT to guide their clinical 
decisions, with most preferring to wait for labo-
ratory confirmation before making important 
clinical decisions [6, 10].

One exception to the previously described 
rule regarding the need for equal analytical per-
formance characteristics between POCT and 
central laboratory, however, deserves mention: 
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when the same measurand is used for different 
clinical needs and goals. Glucose monitoring 
embodies the paradigm of this situation. In fact, 
when used for monitoring, POCT may provide 
reliable analytical results [12], while the same 
technology cannot achieve the more stringent 
goals required for diagnosis [8]. It is not only 
the analytical quality of glucose meters that fails 
to meet the requirements for a diabetes diagno-
sis, but it is doubtful whether they can be safely 
used for insulin dose adjustment either [1].

28.3 POCT and patient safety

The link between POCT and patient safety 
 appears at the intersection of technical limita-
tions, rapid availability and the therapeutic im-
plications of this seemingly new genre. POCT 
grouped into pre-, intra- and post-analytical 
phases according to the traditional framework 
adopted by central laboratories for evaluating 
the quality of the total testing process would 
help ensure patient safety (7 Chapter 4). In the-
ory, POCT does eliminate some of the more 
problematic steps in the testing process, includ-
ing specimen collection, transport and result 
distribution. In practice, however, POCT cre-
ates other challenges from a risk management 
perspective, namely analyses performed by 
non-laboratory personnel, poor quality con-
trol, non-conforming quality assessment work-
flows and great vulnerability in the pre-analyt-
ical phase [20].

28.3.1 Pre-analytical sources  
of errors

Pre-analytical factors, such as altered sample 
integrity (e.g. hemolysis, lipemia, icterus, and 
so on) that would be identified and considered 
as causes of preanalytical errors in the laborato-
ry setting where serum or plasma are tested, 
often go unrecognized in POCT systems that 
use whole blood samples or do not have a de-
fined mechanism for assessing sample integrity. 
In fact, visible hemolysis, as a hallmark of a 

more generalized process of blood cell damage, 
is usually not apparent until the serum or plasma 
has been separated off. According to the litera-
ture:
 5 There is no quick and reliable way to 

 determine whether hemolysis is present in 
a whole blood specimen.

 5 Hemolysis is more than 5 times higher in 
whole blood gas analysis than in serum.

 5 42 % of potassium results are upgraded 
from normo- to hypokalemic or downgrad-
ed from hyper- to normokalemic [7, 15].

Another issue affecting the pre-analytical phase 
is the parameter selection on some POCT de-
vices that require a pre-defined number of tests 
regardless of the clinical question. A case in 
point is the simultaneous measurement of car-
diac biomarkers with cardiac troponin, such as 
myoglobin and CK-MB, despite evidence that 
they do not add valuable information to the re-
sults. Similarly, such examples are available for 
other common clinical chemistry tests. The po-
tential sources of errors in the pre-analytical 
phase are shown in . Tab. 28.1.

28.3.2 Analytical sources of errors

Evidence is available to show that POCT pre-
sents a higher risk of errors in the intra-analyt-
ical phase than central laboratory testing [18]. 

 . Tab. 28.1 POCT and potential errors in the 
pre-analytical phase (modified from [20])

Latent condition for 
error

Potential reduction 
with POCT

Inappropriate/excessive 
ordering 

No

Mistimed testing No

Patient identification No/yes

Specimen identification Yes

Specimen collection No

Specimen attributes No
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As previously reported for some measurands 
(e.g. blood gas, electrolytes), analytical perfor-
mance characteristics are valuable whereas they 
do not comply with current recommendations 
for other measurands (e.g. cardiac troponin) 
[19]. Additional evidence indicates that quality 
control procedures are poorly followed and 
documented [14].

28.3.3 Post-analytical sources  
of errors

In several studies, the post-analytical phase was 
an important source of errors and risk to pa-
tient management. In particular, despite pro-
gress in POCT device connectivity, manual 
transcription of data still remains a common 
procedure for POCT blood glucose and other 
tests, thus leading to a high risk of errors. In one 
study, 3.2 % of glucose concentrations were 
 incorrectly reported, the time of blood sam-
pling was recorded in an imprecise manner and 
12.1 % of results were missed [2]. The survey 
from a more recent publication shows that the 
majority of results (77 % of respondents) were 
hand-transcribed into patient records even 
though most of the meters had connectivity 
 capacity and that this clearly represented a risk 
of error [25]. Nevertheless, the most relevant 
source of errors derives from the rapid availa-
bility of results and the immediate therapeutic 
implications engendered by many POCT tests. 
This fact, in turn, amplifies the likelihood that 
erroneous results from these tests will cause 
preventable adverse events [16]. In the final 
phase of the testing process, all potential defects 
that can occur at previous steps should be rec-
ognized and fixed by repeating the analysis, 
removing the interference and by other appro-
priate corrective actions. As the rapid result 
availability has been found to be an amplifier of 
POCT error, appropriate strategies should be 
implemented to minimize the risk related to the 
notification of wrong results which may cause 
adverse events and patient harm.

28.4 Conclusions

Quality in laboratory medicine should be 
 defined as the guarantee that each and every 
step along the total testing process is performed 
correctly and accurately to ensure valuable 
 decision making along with safe and effective 
patient care [21]. This definition applies to tests 
performed in central laboratories as equally as 
to decentralized testing, including POCT. 
While it is often suggested that for POCT 
 considerations of speed of analysis surpass all 
others, evidence shows that quality in the pre-, 
intra-, and post-analytical phases is required to 
assure clinicians receive valuable information 
and to avoid patient harm. Even if most labora-
tory errors do not impact patient outcomes, the 
potential to injure patients is inherent and, for 
that reason, every potential risk of error de-
serves commensurate investigation, response 
and prevention (7 Chapter 40). POCT’s advan-
tages and disadvantages should be weighed 
carefully when implementing it in clinical prac-
tice; appropriate actions for assuring adequate 
training to operators, effective procedures for 
quality control and assessment should be put in 
place.

Finally, the outcomes of introducing POCT 
can be strongly influenced by local factors. The 
same testing approach may produce benefits in 
one setting but not in another [24]. This rein-
forces the view that clinical governance [5] as a 
systematic approach to quality assurance 
should be applied to all aspects of healthcare 
and laboratory testing, not only POCT.
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29.1 Tasks and objectives

One important feature of POCT is that findings 
obtained from near-patient tests translate into 
immediate implications for diagnosis and/or 
therapy.

Independent of this, basic hygiene measures 
for infection protection must be applied to 
near-patient laboratory diagnostics. Conse-
quently, in the context of POCT, two important 
areas for infection control arise in settings 
where maintaining basic hygiene measures are 
paramount.
 5 Compliance with hygiene measures when 

using POCT on the patient
 5 Compliance with hygiene at the POCT 

workplace

It should be pointed out that POCT procedures 
are also developed as an option to assess infec-
tion risks. This is discussed in more detail in 
7 Section 29.4 (PCR-based risk-adapted screen-
ing).

Applying basic hygiene measures can pre-
vent the transmission of most pathogens. Basic 
hygiene measures include hand disinfection, 
the use of personal protection equipment 
(PPE), environmental surface disinfection of 
near-patient areas as well as, potentially, those 
further away from patients, the reprocessing 
and handling of medical products (MP), along-
side proper laundering, safe injection tech-
niques and cough etiquette. Although not in-
cluded in the CDC Directive [6], vaccination of 
staff and antiseptic measures are part of basic 
hygiene measures.

29.2 Hygiene compliance in POCT

The focus of hygiene and infection control in 
POCT diagnostics is to protect patients from 
infections and to protect microbiological sam-
ples from environmental contamination. Staff 
protection must also be ensured.

Note

Hygiene requirements are specified in the 
institutional hygiene plan. In consultation 
with the relevant staff, the plan must be 
updated annually as part of the enforce-
ment of German Infection Protection Act 
(IfSG) [22].

Three obstacles that are the most frequent caus-
es of neglected hygiene rules need to be over-
come: Lack of time, shortages of personnel and 
lack of trained staff.

29.2.1 Personal hygiene

Personal hygiene measures, including occupa-
tional, specialist and protective clothing for 
medical staff, are intended to prevent nosoco-
mial infections and their spread, as well as to 
protect staff from infections.

The principles of employee hygiene in 
 Germany are specified in the following statu-
tory provisions: IfSG [22], Federal Hygiene 
 Directive, German Biological Agents Ordi-
nance (BioStoffV) [30] and TRBA 250 [28], 
 accident prevention guidelines for the health 
service (BGV C8) [11]. These include the 
KRINKO guideline [24], particularly the re-
commendations for hygiene requirements for 
the cleaning and disinfection of surfaces (2004) 
[15], for hospital hygiene, health and safety 
 requirements, for hygienic work clothing and 
personal protective equipment (2007) [25], 
for hygiene measures in infections or coloniza-
tion with multiresistant gram-negative rods 
(2012) [17], recommendations for the preven-
tion and control of “methicillin-resistant 
Staphylococcus aureus (MRSA) in medical and 
care institutions (2014) [18], for the preven-
tion of infection in the care and treatment of 
patients with infectious diseases (2015) [19], 
for hand hygiene in health care institutions 
(2016) [20]. Further details can be found in 
recommendations by specialist associations 
(e.g. AWMF, DGKH; selected recommenda-
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tions are listed separately in the references) 
[8–10, 12–14].

Occupational clothing The legislators man-
date that professionals in this field wear occu-
pational clothing. From a hygiene perspective, 
short-sleeved tunic and trousers are most ap-
propriate.

Protective clothing Protective clothing is to 
be worn in addition to occupational clothing 
for tasks that carry a higher risk of contamina-
tion (e.g. when attending to patients in isola-
tion, intensive care patients, immunocompro-
mised patients). Depending on the task, this 
includes non-sterile or sterile protective gowns, 
waterproof aprons, non-sterile or sterile gloves 
[21], face shields or masks, goggles and hair 
protection. Long hair should be tied back. In 
cases where close patient contact is not antici-
pated, non-sterile protective fleece gowns are 
sufficient for contact with patients in isolation; 
they should be disposed of when leaving the 
isolation or intensive care unit.

Non-sterile gloves must be donned before 
any planned or potential contact with blood, se-
cretions, excretions, body fluids or pathogens 
which often occurs during POCT procedures. 
Gloves should only be kept on for dealing with 
one and the same patient. After the task has 
been carried out, the gloves must be disposed of.

A face shield or mask must be worn during 
tasks where aerosol generating or spray from 
infectious materials can be anticipated. The 
same applies when caring for patients in reverse 
isolation. Staff members who suffer from a cold 
should wear a face mask to prevent transmis-
sion to patients or to other staff members (e.g. 
influenza). Face shields or masks must fully 
cover the mouth and nose. They should be 
worn for a maximum of 2 hours and must be 
changed when over-moistened. It is not accept-
able to re-doff and re-don (put on and off) 
masks or letting them hang around the neck 
like a bib.

Goggles must be worn where a possible 
spray event of infectious material is anticipated.

Hand hygiene [8, 20] In general, hand hygiene 
is one of the most important measures to pre-
vent the spread of nosocomial infections. It is 
estimated that up to 90°% of all exogenously 
transmitted nosocomial infections are caused 
by transfer of pathogens from the hands.

Measures comprise hand disinfection and 
hand washing alongside skin protection mea-
sures and skin care.

29.2.2 Reprocessing of accom
panying medical products  
for POCT

Basic hygiene rules apply when handling all 
kinds of POCT systems. When operating a de-
vice, gloves should only be worn when there is 
possible contact with sample material. It should 
be noted, however, that without interim dis-
infection, contamination with pathogens can 
occur via the device work surface.

Unit-use POCT devices mostly use indi-
vidually packaged reagents and strips with 
 analytical sensors incorporated into strips or 
cartridges that are discarded after analysis. 
When using strips, e.g. in blood glucose meters, 
gloves can be worn from the time of taking 
blood to the end of the analysis process [3].

Benchtop devices are usually located in 
separate areas in hospital departments or 
practices. When built-in centrifugation analyz-
ers or micro ventilation and micro pumps are 
used, it is important to ventilate the system and 
avoid aerosol generation when processing po-
tentially infectious material [3].

 > It is important to carry out a risk assess-
ment of the POCT device to ensure 
 hygiene safety and infection control by 
putting standard operating procedures 
(SOP) in place and offering regular infec-
tion prevention training [16].

Work surfaces that have had contact with po-
tentially infectious material should be routinely 
wipe-disinfected at least once daily as well as 
after visible contamination.
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Blood glucose meters should, if possible, be 
personalized to each patient. If used for more 
than one patient, the device must be disinfect-
ed prior to use. Wipe systems are well-estab-
lished, practical and therefore particularly suit-
able. It is essential they are stored in closed 
containers, their use-by dates checked and that 
they are cleaned with disinfectant after use; the 
compatibility of the disinfectant and wipes 
with the POCT devices should be checked as 
well (according to the manufacturer’s instruc-
tions).

Adherence to the manufacturer’s instruc-
tions is important as not all POCT devices are 
compatible with all disinfectants.

If such information is lacking, the manufac-
turer must be consulted before operating the 
device and its release documented. Any repro-
cessing must be documented in the hygiene 
plan. The required effectiveness against viruses 
and spores should also be considered in the case 
of reprocessing, as the spectrum is only guaran-
teed if stated by the manufacturer.

Failure to implement basic hygiene mea-
sures can, in individual cases, have legal con-
sequences, e.g. in the event of non-compliant 
reprocessing or neglected hand disinfection. If 
an infection occurs from a preventable situa-
tion, exonerating evidence has to be provided 
by the user or the institution [26].

29.2.3 Disposal

Containers for the disposal of test strips or car-
tridges should be kept in close proximity to the 
device.

29.2.4 Vaccination protection

Vaccination is an important individual and col-
lective preventive measure, also to protect staff 
working in POCT settings [7].

Vaccination is “publicly recommended” by 
the state health authorities pursuant to Sec-
tion 20 (3) IfSG and must be offered to employ-
ees. Proof of effective vaccination protection is 

required for affected employees who have con-
tact with immunodeficient patients.

Vaccination protection is recommended for 
the following diseases that carry a higher 
 occupational risk: Hepatitis A and B, measles, 
meningococcal disease, mumps, pertussis, 
pneumococcal disease, rubella, varicella and 
viral influenza (for vaccination instructions, 
see STIKO 2015) [27].

29.2.5 Immediate action after 
 accidental contamination

Note

Employees exposed to biologically haz-
ardous materials must be educated about 
risks from accidental contamination as 
well as about the necessary prevention 
measures by means of operating instruc-
tions and hygiene plans. Post-exposure 
procedures should be practiced [5].

The focus is on the following protective actions: 
Structured, well-thought through working pro-
cedures, availability of break-proof and punc-
ture-resistant containers for the disposal of 
used cannulas etc., the use of safety devices as 
well as the provision and use of PPE.

In the event of injury, the following imme-
diate measures are recommended:
 5 After a needlestick or sharps injury, forced 

bleeding of the puncture site should be 
 introduced, followed by rinsing with water 
or a skin antiseptic.

 5 Afterwards, a wound antiseptic should be 
applied.

After oral or eye exposure, rinsing with tap water 
followed by an antiseptic rinse containing a mu-
cosal or eye antiseptic is recommended. Every 
exposure to blood or similar infectious material, 
even when the infection status of the index per-
son is unknown, must be reported internally as a 
work-related accident. The accident insurance 
physician decides about further procedures re-
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garding vaccination, post-HIV exposure proph-
ylaxis and serological testing [5].

29.3 Compliance with hygiene 
measures when using/ 
employing POCT devices 
and procedures

At POCT workstations on clinical wards and at 
outpatient centers, infection risks for the gener-
al public must be prevented due to the potential 
release of pathogens during analysis or from 
improper disposal due to the failure to use suit-
able protective measures [1].

The building-related requirements for 
working with microorganisms are specified in 
the German Biological Agents Ordinance 
(BioStoffV) Sections 10 and 11, in its Annex II 
and III as well as in Section 5.2. to 5.5. of the 
technical regulations for biological materials 
(TRBA 100). TRBA 100 and/or 250 substantiate 
the requirements of BioStoffV, particularly of 
Appendix II. All surfaces need to be waterproof, 
easy to clean and resistant to the cleaning prod-
ucts and disinfectants used.

Note

As part of an exposure assessment, prior 
to working with biological material as well 
as for major changes, the employer must 
specify appropriate protective measures in 
the hygiene plan prioritizing hand hy-
giene, PPE, disinfectant surface cleaning 
and waste disposal [1].

Surfaces where POCT procedures are carried 
out can be contaminated with pathogens. 
Therefore, the following basic rules need to be 
followed strictly:
 5 Spatial separation of workplaces where 

there is a burden from infectious versus 
non-infectious material.

 5 Regular cleaning and/or disinfection of 
work surfaces (after each procedure, at the 
end of the working day and immediately 
after any visible contamination).

 5 Prohibition of eating, drinking, smoking 
and storage of food items in the laboratory.

 5 While working with infectious material, 
neither the face nor technical devices such 
as telephone or computer keypads should 
be touched.

Aerosols can be generated when carrying out 
the following procedures: Opening sample 
 containers that are closed with a lid, mixing of 
samples, pipetting and emptying of syringes 
and sample containers [1]. A microbiological 
safety bench may be required.

The principles of the German federal work-
ing group for waste (LAGA, 2015) must be fol-
lowed for waste disposal [23] and specified in 
the hygiene plan.

POCT devices must be cleaned daily after 
use, when necessary by the operating person-
nel. See 7 Section 29.2 for the relevant proce-
dures. The disinfectant contact time should be 
5 minutes for a bactericidal and fungicidal ef-
fect and 30 minutes to destroy HBV and HIV.

29.4 PCRbased, riskadapted 
screening

The rapid detection of carriers such as MRSA, 
Enterococci or Gram-negative bacteria with 
particular resistance characteristics and pre-
ventive isolation is only possible if screening 
results are available quickly. This is done by us-
ing bedside tests that do not require sample 
preparation. Diseased carriers who suffer from 
toxin-producing strains of Clostridium difficile 
infection can be identified as quickly as patients 
infected with Noro or Influenza viruses. The list 
of rapidly detectable molecular biological path-
ogens is continually expanding (7 Chapter 10 
and 20). The simultaneous detection of the en-
tire pathogenic species spectrum (multiplex 
analyses) for defined severe infections, e.g. of 
the lung or of the CNS, is important in this con-
text. Ready-to-use reagents for diagnostics de-
liver results in approximately 1–2 hours. Major 
cost savings can be made if screening is restrict-
ed to patients with defined risk factors and not 
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extended to the general patient population. At 
the same time, this reduces the nosocomial 
MRSA infection rate significantly [2, 4].

Alternatively, immunochromatographic 
tests (lateral flow assays) can be used as qualita-
tive strip tests to identify single pathogen strains 
such as Clostridium difficile. Here, the results 
are available within 10–15 mins.
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30.1 POCT cost analysis

Frequently, the higher price for POCT analysis 
is cited when comparing the costs of POCT ver-
sus laboratory diagnostics [4]. However, this 
perspective needs to be subjected to closer scru-
tiny because it generally only accounts for the 
proportion of costs spent on materials. When a 
hospital laboratory pays for an analyte, it is less 
expensive because it is usually purchased in 
large volumes and the measurements are per-
formed with a high degree of automation [5]. 
The contrary applies to POCT where irregular-
ly occurring single analyses are carried out [6]. 
Indeed, the cost calculation for the laboratory 
not only include purely material costs for rea-
gents, control and calibration materials but also 
the device-specific costs like investments, 
maintenance, running overheads for electricity, 
water, consumables etc. On top of this come the 
not insignificant costs for laboratory staff. All of 
these factors must be seen in aggregate for each 
individual analysis. The administrative and 
management costs (overhead) should not be 
neglected either (. Tab. 30.1).

30.2 Costs for the pre- and  
post-analytical phases

Besides the actual analytical process itself, the 
POCT cost analysis must also examine costs for 
the pre- and post-analytical phase. That means 
accounting for sample-taking and the subse-
quent transport of the sample to the laboratory, 
quality controls and transmission of the analyt-
ical findings to the sender, usually supported by 
IT systems. For this purpose, the corresponding 
costs for the infrastructure similarly should be 
included in the calculation [1, 3] (see below).

Costs for the pre- and post-analytical 
phases
 5 Blood draw systems
 5 Person-hours for blood draws
 5 Request forms or hospital information 

system HIS (order entry)
 5 Person-hours for laboratory request
 5 Person-hours for sample transport
 5 Laboratory information system (LIS)
 5 LIS / HIS server
 5 Printer, fax etc.
 5 Person-hours for documentation,  

filing of finalized results
 5 Person-hours for quality control 

 measures

By definition, POCT analyzers are near or at 
bedside or the relevant analyzers are brought to 
the patient where the analysis is carried out. 
Marked time advantage can be achieved because 
capillary blood samples are usually taken [2].

In many hospitals in Germany, venous 
blood is generally drawn by the physician, 
whereas capillary blood draws are reserved for 
the nursing staff. Clear financial differences in 
sample collection result from this. As illustrat-
ed, sample transport is obviated and does not 
need to be accounted for financially. The subse-
quent processes performed in the laboratory 
such as technical and medical validation, print-
ing out the findings etc. are frequently not con-
sidered in the POCT analysis on the wards and 
at outpatient centers. The personnel costs that 

 . Tab. 30.1 Cost types

Personnel Salaries
Allowances
Continuing education
Other personnel costs

Materials Reagents (lab supplies)
Consumables
Office supplies
Other supplies

Devices Device maintenance
Repairs
Leasing agreements (for devices 
and reagents or price per result)
Investment costs (amortized over 
the planned term, depreciation)

Other costs Occupancy costs (costs directly 
attributable to maintenance, 
energy, telephone, cleaning etc.)
Administration/management



297
30.3 · Cost coverage for POCT  services within the German healthcare system

30

are directly attributable to POCT are markedly 
lower than the comparable personnel costs in-
curred by the laboratory. Yet, the post-analyti-
cal phase, e.g. result transmission, technical and 
medical validation, quality control evaluation 
etc. must be taken into account for POCT anal-
ysis. According to RiliBÄK, these measures are 
mandatory and generally conducted by the 
POCT coordination office.

Not only the time advantage and the quality 
differences should be mentioned here, but also 
questions relating to the medical and economic 
utility. “An important criterion for point-of-
care laboratory testing is the immediate com-
munication of therapeutic recommendations 
based on the laboratory analysis.” This is the 
literal definition found in the English version of 
RiliBÄK. This underscores the benefit con-
ferred by POCT methods, provided the rapid 
analysis permits immediate medical action.

Using the example of capillary blood glu-
cose testing, the POCT method is contrasted 
with conventional laboratory practice, while 
. Tab. 30.2 compares the necessary person-
hours and costs incurred. The costs for nursing 
and laboratory staff are calculated to average 
€ 40,000 and € 50,000, respectively, per job and 
year. Since POC glucose testing is performed 
by the nursing staff exclusively as single mea-
surements, the necessary person-hours can be 
multiplied directly by the gross hourly wages 
previously mentioned. The work expenditure 
for quality control and validation is calculated 
based on approx. 10 single measurements per 
day. In the central laboratory, the glucose 
 measurements are generally processed in se-
ries; the average series length is assumed to be 
approx. 30 single samples per run. That is why 
the person-hours necessary for the individual 
glucose measurement are calculated propor-
tionately (as based on the authors’ time and 
cost calculations). Usually, several persons in 
the laboratory are responsible for capillary 
blood draws; it is estimated that an average of 
10 patients are on their get lists. Transport 
times and blood draw per staff member and 
patient are set at 3 min, equaling € 1.56 per-
sonnel costs.

It can be stated that the costs for capillary 
blood glucose measurement at the POC are 
comparably as high as glucose testing in the 
central laboratory. This is due to the more than 
twice as high material costs for the test strips 
and the lower person-hours or personnel costs. 
The comparison however depends on each hos-
pital’s situation (e.g. on the question of whether 
a pneumatic delivery system is available).

When considering each single performance 
of a capillary blood glucose measurement, the 
fact that the fast availability of the analytical 
 results not only enables direct therapeutic mea-
sures to be implemented, but is also important 
for the patient´s convenience should be addi-
tionally thrown into the balance. These are 
 significant criteria for the entire treatment 
 process, but are difficult to reflect on a simple 
spreadsheet.

30.3 Cost coverage for POCT 
 services within the German 
healthcare system

Within the German healthcare system, re-
imbursement for (POC) diagnostics is predi-
cated upon whether the test is performed on an 
outpatient or inpatient basis within the scope of 
statutory or private health insurance. Neverthe-
less, the (POC) test is always an integral part of 
the physician’s services. In their procedures for 
approving new services for inclusion in the 
 statutory health insurers’ reimbursement cata-
log, the German Uniform Assessment Standard 
(EBM), the responsible parties within the phy-
sicians’ self-governance do not fundamentally 
differentiate whether the laboratory service in 
question involves a method performed as 
POCT or in the central laboratory. It is neces-
sary for diagnostic (POC) tests to be given an 
EBM remuneration code because otherwise 
they are subject to the “right to reserve permis-
sion” in the outpatient care setting. That means 
that reimbursement is only possible for services 
approved by the responsible bodies.

Which body is responsible for the proce-
dure for approving a new diagnostic (POC) test 
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 . Tab. 30.2 Capillary blood glucose testing costs comparing POCT versus laboratory at a hospital site

Laboratory POCT

Average 
times [s]

Average 
costs [€]

Average 
times [s]

Average 
costs [€]

Analysis order (order 
entry)

 30 0.1901 Analysis order  20 0.1381

Preparation of a work-
station list*

120 0.0342

Travel time to blood draw 
(laboratory – ward)

 60 0.5212 Transport time to 
the patient (ward – 
hospital room)

 30 0.2081

Blood draw  60 0.5212

Transport time after 
blood draw (ward – 
 laboratory)

 60 0.5212

Preparation of analyzers* 360 0.1042 Quality control –  
device (technical 
status)**

120 0.0831

Analysis* 300 Personnel 
costs 0.0862

Material 
costs 0.126

Blood draw and 
measurement

180 Personnel 
costs 0.8321

Material 
costs 0.262

Quality control (daily)*  30 Personnel 
costs 0.0082

Material 
costs 0.001

Quality control (1× 
weekly)**

180 Personnel 
costs 0.0171

Material 
costs 0.008

Quality control (monthly)*  60 0.0012 Quality control 
(monthly)**

 60 0.002

Technical validation* 120 0.0342 Technical validation**  30 0.0191

Medical validation*  20 0.0113 Medical validation**  20 0.0343

Result printout (on the 
ward)*

 30 0.0082 Result documentation  60 0.4171

Presentation to physician - Presentation to 
physician

 30 0.2081

Total personnel costs 2.039 Total personnel costs 1.955

Total costs*** 0.127 Total material costs*** 0.270

Aggregate total 2.166 Aggregate total 2.225

* Average series length: 30 single samples per run
** Average series length: 10 single samples per day
*** Exclusive repair/maintenance costs
1 Personnel costs nurses, 2 Personnel costs laboratory, 3 Personnel costs academics
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depends on the test’s intended purpose. The 
Federal Joint Committee (G-BA) is the respon-
sible authority when the service involves a new 
examination and treatment method, including 
diagnostic agent, or a laboratory diagnostic ser-
vice as part of early detection (e.g. laboratory 
services within the scope of the maternity pro-
tection directive). A competence of the assess-
ment subcommittee to approve new catalog 
entries is also given for all other laboratory test 
services rendered within the scope of care pro-
vided by physicians under contract with the 
National Association of Statutory Health Insur-
ance Funds (GKV). This separation grew his-
torically. The present trends, e.g. in personal-
ized medicine, currently show a tendency in 
favor of the G-BA if it deems a diagnostic test 
method to be socially relevant, e.g. the labora-
tory test helps in the decision for or against ad-
juvant chemotherapy in breast cancer. In July 
2015, Section 87 (3e) of the 5th Book of the Ger-
man Code of Social Law (SGB V) adopted into 
law that associations, professional and medical 
societies as well as individual companies are en-
titled to information regarding the competence 
of the body approving a new product.

One of the main differences in responsibili-
ties lies in the groups of persons who are per-
mitted to apply for approval to perform a labo-
ratory test: In the G-BA, this is reserved for the 
public benches, i.e. the GKV, National Associa-
tions of Statutory Health Insurance Physicians 
(KBV) and Dentists (KZBV), German Hospital 
Federation (DKG) as well as the patient advo-
cacy group. That means that third parties only 
have the possibility to submit an application by 
proxy via one of the stakeholders.

If the procedure is held by the assessment 
subcommittee, the right to submit an applica-
tion is transferred in the code of procedure to 
the stakeholder institutions, GKV and KBV for 
approving innovative laboratory parameters for 
the Chapter 32 of EBM. By contrast, medical 
device associations, medical and professional 
societies are granted the right to submit pro-
posals; in other words, it is not mandatory that 
their proposals for accepting new laboratory 
services are to be considered.

Even the procedure differs substantially 
across institutions. The scientific expertise at 
the G-BA is fundamentally obtained by its com-
missioning of the Institute for Quality and 
 Efficiency in Health Care (IQWiG); the assess-
ment subcommittee has established a pro-
cedure that includes the laboratory center of 
competence.

The laboratory working group of the assess-
ment subcommittee developed a questionnaire 
for approval of new laboratory services. The 
questions cover a new (POC) test’s diagnostic 
performance, its costs-benefit ratio and any 
substitution potential.

Whereas the G-BA designs its method 
transparently, the decisions made by the assess-
ment subcommittee are closed to the public. 
The reasons for an innovative (POC) laborato-
ry service being approved for inclusion in or 
rejected from the catalog of services covered by 
the statutory health insurers therefore often 
 remains unclear. Neither do relevant third par-
ties have any legal remedy to object to assess-
ment subcommittee decisions, whereas legal 
recourse is available to all stakeholders in many 
proceedings before the G-BA.

One fundamental rule for accepting a new 
(POC) laboratory test states that the name of 
the test manufacturer is not included in the 
 invoicing code. Rather, the laboratory test 
method must be described under the perfor-
mance category in the code item.

Mobile laboratory diagnostic systems fun-
damentally beg the question as to whether the 
associated material costs have already been in-
cluded as a flat-rate in the remuneration code. 
This could theoretically lead to a disadvantage 
given that the materials for POCT methods 
mostly cost more than for conventional labora-
tory diagnostics. This is because the EBM stan-
dard does not generally differentiate its perfor-
mance descriptions into “classic” and POC 
methods; there are only very few cases where 
the rendering of laboratory services on pre-
fabricated reagent slides is expressly limited or 
excluded. One example, however, is the quanti-
tative measurement of D-dimer which is explic-
itly prohibited by the EBM to be carried out as 
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a POCT. Sometimes, such restrictions are also 
contained in the guidelines of the medical soci-
eties, even if they are not binding for the re-
imbursement. EBM (to date) has envisaged the 
levying of a possible material surcharge for the 
use of a POC system.

If a (POCT) method is not listed in the cata-
log of services of the Statutory Health Insurance 
Funds, it can alternatively be offered to the 
 patients as a self-payer service (IGeL) to be 
 invoiced by the fee schedule for privately ren-
dered medical services.

Laboratory test services rendered within the 
scope of private health insurance are invoiced 
according to the German physicians’ fee sched-
ule (GOÄ). Chapter M lists laboratory diagnos-
tics although invoicing using what is called an 
analogous code in Article 8 of the general provi-
sions is taking on ever greater dimensions.

An established system for the approval of 
new services, as envisaged by the GKV does not 
exist for the GOÄ. The analogous invoicing set 
forth in Article 8 thereby allows a new service 
to be invoiced using a pre-existing code as long 
as it is equivalent “in type, costs and time ex-
penditure”. This invoicing option thus already 
allows today’s innovative (POC) services to find 
relatively uncomplicated entry into the prac-
tices of physicians who treat the privately in-
sured.

In hospitals, services are invoiced according 
to a rate per case or Diagnosis-Related Group 
(DRG) system, and nationwide defined addi-
tional charges. DRGs cover all services ren-
dered in hospitals. Moreover, the main advan-
tage over the outpatient care setting is that the 
principle of the mistake of law applies, i.e. only 
services explicitly excluded by the responsible 
committees may not be rendered. Diagnostic 
devices that bear the CE mark can therefore be 
invoiced in the inpatient setting.

New diagnostic POCT services can there-
fore also be introduced into the provision of 
care without an application procedure or offi-
cial approval as a DRG being as the laboratory 
service is remunerated within the rate per case 
for the underlying disease the patient is receiv-
ing treatment for. The advantage of this aspect 

is that a hospital – in simple terms – more or 
less has the freedom to decide which methods 
it chooses to render the necessary laboratory 
diagnostics. In addition to a test’s medical ben-
efit or utility, the key factors for the decision by 
the hospital operator to use it are therefore fis-
cal ones. When a (POC) laboratory service bur-
dens the DRG to the extent that the affected rate 
per case is no longer cost-effective, a medical 
benefit or a substitutions potential ought to be 
apparent elsewhere in order for the payor to 
 decide to use that innovative (POC) method.

If the use of a new laboratory method causes 
the currently existing DRG to be exceeded, the 
hospital using it can nevertheless submit a DRG 
application to the Institute for the Hospital 
 Remuneration System (InEK) for remuneration 
of a new examination and treatment method. 
The InEK is then tasked to further develop the 
DRG system to keep step with medical pro-
gress. If approved, then an annual additional 
charge must be negotiated with the statutory 
health insurers.
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31.1 Introduction

POCT has been employed in hospital settings 
for a long time now. In the times before clearly 
defined quality assurance standards and the 
DRG-based fee per case system were in place, 
the implementation of POCT methods into the 
clinical workflow was the almost exclusive do-
main of the clinical operators. Even when a cen-
tral laboratory existed at the same time in the 
hospital, the devices used were neither evaluat-
ed nor were any costs analyzed. Often, quality 
controls were lacking to a significant extent, 
and the nursing personnel was rarely instructed 
or supervised accordingly. Meanwhile, clear 
rules have been established in Germany 
 (Rili BÄK) and internationally that govern the 
quality management and quality assurance of 
laboratory testing, including within the scope 
of near-patient laboratory diagnostics. Guide-
lines and process descriptions on how to imple-
ment POCT in the hospital setting are now 
widely available. One example worthy of citing 
is a review by the Australasian Association of 
Clinical Biochemists (AACB) [5] that made a 
comparison of prescribed implementation pro-
cedures and quality specifications in different 
countries.

In terms of clinical utility and laboratory 
medicine, the undeniably relevant advantages 
of POCT diagnostics are the fact that no speci-
men transport is required and that there are 
fewer pre-analytical problems with unstable 
analytes. The rapid availability of results should 
also be mentioned here. Applying POCT can 
specifically lead to a reduction in the length of 
stay in emergency departments [13]. As repeat-
edly described in the literature, the time saved 
with POCT in the hospital, however, is not al-
ways associated with medical and economic 
advantages [8, 14, 15, 18, 19]. Moreover, a pre-
mature introduction of POC test methods not 
coordinated with all the organizational struc-
tures of the hospital will often lead to structural 
weaknesses [16].

Note

For the implementation of POCT in a hos-
pital with the central laboratory’s partici-
pation, it is therefore necessary to develop 
an integrative concept that coordinates  
all major stakeholders and demands asso-
ciated with this diagnostic test. At the 
same time, quality management and 
 quality assurance measures must be 
 implemented to assure the quality of the 
clinical laboratory.

In each case, this concept must be adapted to 
space and resources available and account for 
the medical alignment of each hospital. At hos-
pitals with modern pneumatic tubing and/or 
cassette conveyer systems and a well-organized 
central laboratory, sufficiently short laboratory 
test turnaround times are also generally guar-
anteed in emergencies and urgent cases [21]. 
Therefore, an introduction or expansion of 
POCT diagnostics at these hospitals needs 
 critical scrutiny, especially in view of the costs 
[1, 12].

31.2 Stakeholders and 
 responsibilities

In Germany, there are a large number of suc-
cessful programs on the quality management of 
POCT in hospitals. Many were started years ago 
and already boast a track record of continuing 
further development. The pertinent progress 
reports and suggestions as to how these suc-
cesses can be replicated elsewhere have been 
published [6, 10, 11, 17, 20].

The aggregation of all these reports is the 
unanimous consensus on how to form a suit-
able management structure [7]. This empirical 
evidence has been incorporated into the nu-
merous international recommendations 
(7 Chapter 38). The DIN EN ISO 22870 stan-
dard [3] clearly focuses on the responsibility of 
management for POCT in terms of organiza-
tional requirements. Central responsibility is 
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transferred to the management of both the 
healthcare facility and of the laboratory. The 
hospital’s management is expected to define the 
medical goals, provide the facilities, personnel 
and the necessary resources for POCT imple-
mentation. The laboratory’s management is 
 responsible for developing a concept for the 
selection and performance evaluation of POCT 
devices as well as for formulating quality re-
quirements and objectives.

In order to organize POCT in a clinically 
and economically sensible way while comply-
ing with the statutory regulations for quality 
assurance, DIN EN ISO 22870 recommends 
that the hospital management appoints a POCT 
committee, headed by a POCT coordinator. 
Members of this committee are the:
 5 POCT coordinator
 5 Head of the central laboratory
 5 IT officer at the hospital
 5 Head of the hospital’s quality and risk 

management
 5 Representatives of the departments 

 implementing POCT (POCT officers)
 5 Representatives of the nursing directorate, 

pharmacy, and medical engineering 
 department

 5 Representatives of the Commercial Direc-
tor (responsible for purchasing)

Depending on the organizational structure and 
situation of the hospitals and/or the hospital 
group, additional persons can be appointed to 
the committee.

As defined by DIN EN ISO 22870, a quali-
fied staff member is named POCT coordinator 
by the central laboratory manager and con-
firmed by the hospital’s management. The 
POCT coordinator acts according to a written 
description of his responsibilities and compe-
tence, which should also be confirmed by the 
hospitals management. Since the introduction 
of the POCT concept has far-reaching impacts, 
the participation of the responsible quality and 
risk management representative on the com-
mittee is recommended [1].

The area of responsibility of the coordinator 
and the committee extends to the selection of 

equipment, the selection of the analytical pro-
cedures used as POCT as well as to the respon-
sibilities and powers of the staff within the 
 departments, including RiliBÄK-compliant 
quality control and the required process se-
quences. Furthermore, the POCT coordinator 
must also organize the complete documenta-
tion of certified end-users, along with their 
training and continuing further education. The 
POCT coordinator and the head of the central 
laboratory can also be one and the same person.

The POCT officers of the individual POCT-
implementing clinical areas are crucial for the 
functioning of the system, as they are an inter-
mediate link between POCT coordination and 
the end-users of the POCT devices. According 
to DIN EN ISO 22870, the multidisciplinary 
POCT committee must make and implement 
all decisions for the use of POCT procedures. 
The clinical requirements (indications) for 
POC tests, their financial impacts (costs/bene-
fits), technical feasibility (resources) and inte-
gration into the functional processes of the 
 individual departments must all be taken into 
account. Additional central tasks of the com-
mittee include the evaluation and selection of 
devices and systems for POCT. In addition to 
costs, the key criteria for the procurement of 
POCT devices are analytical performance, 
practicability and the possibility of integration 
into existing data processing systems. Frequent 
system changes should be avoided due to the 
associated (re-)training expense.

Note

In accordance with the administrative 
structures of the hospital institution, 
 strategic orientation and related financial 
decisions should therefore be made at an 
early stage, in order to give the POCT 
committee a planning and financial scope 
for decision-making.

The formation of a POCT committee requires 
all parties involved to understand the necessity, 
commitment and patience involved to get such 
a body to become – and remain – operational. 
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A general policy decision made by the hospitals 
management will simplify the implementation 
of POCT.

It is important to note that the implementa-
tion of POCT procedures should not be dis-
cussed solely between interested clinical 
 departments and the central laboratory [1]. In 
the long run, satisfactory solutions can only be 
found if all participants/stakeholders in the 
POCT process, with their different interests 
and views, are involved in the decision-making 
process and in solving fundamental problems 
and conflicts that arise (. Tab. 31.1). The com-
mittee should not only meet in response to cur-
rent incidents but also regularly (at least once a 
year).

31.3 Quality management  
and tasks of the POCT 
 coordinators

In a hospital with a central laboratory, the indi-
vidual clinics or clinical departments should be 
given the opportunity to either implement 

POCT on their own under full compliance with 
the RiliBÄK or – more expediently – to accept 
quality management by the POCT coordina-
tors. In this case, the quality assurance meas-
ures – especially internal quality controls – 
 demanded by the current RiliBÄK [2] are 
 organized, monitored and documented by the 
POCT coordinator. Under certain conditions, 
the participation of the individual departments 
in external quality assessments is therefore not 
required (7 Chapter 38).

The currently valid version of the RiliBÄK 
results in extensive tasks for the POCT coordi-
nator:
 5 Internal quality control must be carried 

out twice daily (with the exception of most 
unit-use devices). The POCT coordinator 
should organize, monitor and document 
this. The POCT coordinator should be 
 entrusted with the decision-making power 
and responsibility for the procurement and 
use of various materials for quality control.

 5 The results of the internal quality control 
must be evaluated retrospectively by cal-
culating the root-mean-square of the 

 . Tab. 31.1 Different tasks and perspectives of the participants/stakeholders in the POCT process

Participants Primary focus

Laboratory Analytical process and quality assurance, patient safety, communication of rules 
in the event of system disturbances outside of regular working hours or worst-
case failures (IT down) and (where applicable) training responsibility

Hospital Fast results and uncomplicated organization

Medical Engineering 
Department

Resources (devices, consumables, and auxiliary materials) and their mainte-
nance

Medical Director Medical outcome, patient safety, and satisfaction, resources deployed

Director of Nursing Integration of POCT analytics into existing workflows, reduction to the bare 
essentials to streamline nursing workflows, implementation on the operative 
level, the operator‘s viewpoint and (where applicable) training responsibilities 

IT (Computer Center) Integration of data into existing laboratory and hospital information systems 
(LIS & HIS)

Pharmacy, Laboratory 
and Economic Depart-
ment (purchasing)

Cost-effective and efficient use of reagents and auxiliary materials along with 
the associated costs, negotiation of the best purchasing conditions, compliance 
with contract award regulations with the involvement of operators. 

Patients Benefits for diagnostics and therapy
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 measurement deviation. The POCT coor-
dinator must organize this calculation and 
its evaluation.

 5 Each POCT-operating organizational unit 
must participate in external quality assess-
ments (exception: This requirement can be 
waived if different organizational units – 
together with the central laboratory – are 
combined to form one single hospital-wide 
organizational unit for clinical laboratory 
analyses. The organizational help of the 
POCT coordinator is also required for this.

 5 Each POCT-operating facility must have a 
Quality Management Manual describing 
its own organizational and analytical 
framework. Instructions and assistance 
from the POCT coordinator are required 
for the RiliBÄK-compliant creation of this 
manual.

Further responsibilities of the POCT coordina-
tor are listed below [2]. Some of the aforemen-
tioned points are supported by software pack-
ages on POCT servers (7 Chapter 27):
 5 Spatial requirements. POCT examina-

tions must be performed in rooms and 
 under ambient conditions conducive to 
work being carried out without impairing 
the quality of the analysis or the health and 
safety of staff and patients. The POCT co-
ordinator has the right to monitor and, if 
necessary, issue specific instructions. After 
an initial audit, s/he can delegate the re-
sponsibility for ensuring that local regula-
tions are complied with to the POCT 
 representative of the respective hospital, 
who is then responsible and must notify 
the POCT coordinator of any changes.

 5 Equipment. All POCT devices must be 
 recorded in an inventory list specifying the 
manufacturer, model and serial number or 
another unique identifier of the device, as 
well as the installation site and date of 
commissioning. In addition, records of 
 periods for maintenance/servicing, mal-
functions, repairs and the like must be kept 
in a device logbook. An operating manual 
must be accessible at all times.

 5 Analytics. Reagents, test equipment and 
performance of the device must be 
checked prior to routine use and all results 
documented. Records must be kept of the 
materials and reagents procured so that 
they can be traced back to each individual 
test during an audit. Up-to-date and 
 detailed standard operating procedures 
(SOPs) must always be available for each 
test procedure.

 5 Data processing of results. The POCT 
 coordinator organizes – as far as possible – 
the transfer of all patient results to the 
 hospital information system so that the 
POCT results received can be called up at 
the wards at any time and documented in 
the medical record. In this context, the 
 values must be labelled specifically as 
POCT results. Also, it is important that the 
examiner be identifiable.

 5 Training and qualification. The POCT 
 coordinator is responsible for the critically 
important qualification of POCT operators. 
In consultation with the nursing service,  
s/he organizes regular training courses and 
competency tests for the users, which is 
generally associated with a high expendi-
ture of time and effort due to the high staff 
turnover common in many hospitals. 
Training courses on handling the devices 
can be organized in cooperation with the 
device manufacturers, while important 
 topics such as pre- and post-analytics must 
be dealt with by the POCT coordinator 
and/or his/her staff (7 Chapter 4).

 5 In addition, efforts to ensure the quality-
compliant POC testing can only be suc-
cessful over the long term when informa-
tional and training events are repeated on 
a regular basis [14].

. Fig. 31.1 summarizes the tasks involved with 
central POCT coordination.
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31.4 Quality assurance of POCT 

results, assessment criteria 
for comparison measure-
ment and implementation

When a POCT system is introduced in a hospi-
tal, the same analyte is often analyzed both in 
the central laboratory and with the new POCT 
system. Besides the general  requirements for 
clinical laboratory tests, this results in some 
 additional special features relating to the eva-
luation of the new device.

Conformity with European directives for 
medical devices must be fundamentally en-
sured for any new POCT system. This is con-
firmed by the CE marking. The manufacturer 
also determines the medical intended use of the 
device for this conformity assessment.

Before purchasing a POCT system, the ana-
lytical requirements for that type of  testing 
must be determined. The RiliBÄK already pre-
scribes minimum requirements for important 
analytes. In some cases, however, even-higher 

analytical requirements may be necessary due 
to specific medical needs.

If the same analyte is measured both in 
the central laboratory and in a POCT system, 
both types of analysis should be entered into 
a  central patient file (e.g. in the LIS), but 
they should still be clearly identified, thereby 
remaining distinguishable from one another. 
This enables the treating physicians to assess 
the parameters over time and to take into 
 account the different  metrological characteris-
tics of both tests.

Deviations between the central laboratory 
method and the POCT method must be mini-
mized in order to prevent incorrect medical 
evaluation. For this reason, the Working Com-
mittee on Point of Care  Testing (POCT) (NA 
063-03-11 AA) within the DIN Standards 
Committee  Medicine (NAMed, NA 063) 2015 
[4]  crafted a document which establishes eval-
uation criteria for comparative measurements 
when implementing a POCT  method. First, a 
sufficient number of  specimens must be col-

POCT coordination 
POCT committee

Transmit reports on 
patients' �ndings

Manage instruments
and test reagents

Consolidate new 
POCT systems

Manage QC 
materials

Evaluate new 
tests and devices

Keep an overview
of system access events
based on operator IDs

Block access 
to defective 

POCT devices

Troubleshoot in the
case of errors and issues

Quality control and 
risk management

File quality 
control reports

Transmit quality
control reports

Administrate and 
train POCT operators

Provide continuing education
to operating personnel

Generate and 
manage operator IDs

 . Fig. 31.1 Tasks of centralized POCT coordination
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lected within the  reference range, but also in the 
gray and the pathological ranges of the para-
meter to be examined. If possible, routinely 
 collected specimens should be analyzed. How-
ever, POCT devices often measure in a different 
matrix than tests in the central laboratory. For 
example, capillary blood is used for POC test-
ing of glucose, whereas traditional tests meas-
ure glucose in blood plasma. In order to com-
pare methods, additional samples may have to 
be taken under certain circumstances; the 
 ethics committee responsible may have to be 
involved for this purpose.

In any event, the comparative measure-
ments must be carried out by those  persons 
who also work with the devices during daily 
operations. If a new device has been introduced, 
it must be ensured that the operator has a good 
command of the new test before carrying out a 
method comparison.

When evaluating the results, it must then be 
examined whether both analytical methods 
lead to the same result interpretation and to the 
same therapeutic consequence. The compari-
son of methods takes place at the level of a 
 medical concordance analysis and thus takes 
into account the different error components of 
POCT and  laboratory methods (e.g. different 
pre- analytics, different competence of the 
 operators).

If the medical question is aimed at a classi-
fication of patients (infected/non-infected; 
pregnant/non-pregnant), 4-field panels are 
suitable for a concordance analysis. If measure-
ment inaccuracies lead to a gray area, the 
4-field panel can be extended  accordingly. The 
quality of the agreement of the two tests can 
be appraised; this is done by using the kappa 
statistic to test the interrater reliability and 
then expressed as a kappa coefficient [9]. 
100°% agreement produces a kappa coefficient 
of 1. Compared to other measurands, the kap-
pa co efficient has the advantage that it delivers 
meaningful results even with an unbalanced 
number of samples in the individual ranges.

In order to visualize the conformity of the 
medical interpretation over the entire concen-
tration range, the use of error grids is recom-

mended. Error grids are complicated and take 
time to create while demanding vast clinical 
experience as well. Such error grids have al-
ready been published for some areas, e.g. the 
determination of blood  glucose or INR. If these 
are adopted for  in-house evaluation, it must be 
ensured that the medical procedure is com-
parable among that institution’s treating phy-
sicians.

It is often difficult to define general accept-
ance criteria for the simultaneous opera tion of 
a POCT system and a laboratory method. For 
reliable operation of both tests, the concrete 
clinical situation is always important; the eval-
uation therefore requires close cooperation 
between the  laboratory and treating physi-
cians.

31.5 Nursing staff and POCT

The nursing staff is one of the key stakeholders 
in POCT. As a rule, their tasks include:
 5 Identifying the patient
 5 Preparing the patient
 5 Collecting the sample
 5 Carrying out the measurement
 5 Reporting the result to the physician and, 

as appropriate, documenting it in the 
 patient’s file

Additionally, further tasks can accrue. These 
are dictated by the organizational framework 
and human resources in the department where 
POCT is conducted. In particular, however, the 
ability or lack thereof to cooperative with other 
departments (e.g. laboratory, medical engineer-
ing, pharmacy) is a critical factor. Examples of 
such additional tasks include:
 5 Organization and execution of quality 

 control according to regulatory demands if 
the hospital’s own laboratory was closed or 
outsourced;

 5 Maintenance and ordering repairs on 
 measuring instruments if a medical 
 engineering department is not available, 
cannot or will not do maintenance or 
 repairs.
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 5 Monitoring of the ward’s stocks of reagents 
and necessary auxiliary materials.

Performing both standard as well as additional 
tasks can place a significant time burden on 
nursing staff. In hospitals where a POCT com-
mittee is in place, one nurse should therefore be 
a member on the Committee in order to artic-
ulate the specific concerns of the nursing staff 
with regard to POCT.

The redistribution of tasks between the dif-
ferent professional groups can also make sense 
from an economic point of view. More and 
more responsibility is being placed on the med-
ical and nursing staff – especially with respect 
to on-site quality assurance, handling of medi-
cal devices, the task of the Medical Device Act 
officer, as well as the acceptance of specific 
documentation and POCT device training for 
employees across all occupational groups.

31.5.1 Device selection

The analyses most frequently carried out by 
nursing staff on a routine basis are blood glu-
cose and blood gas analyses, including electro-
lyte measurements. For the selection of devices, 
it is necessary to have a sustainable overall 
POCT concept in place. Automatic data pro-
cessing of the patient- and user-related data, as 
well as software-supported quality control doc-
umentation and evaluation are becoming more 
and more important for various reasons 
(7 Chapter 27).

The following must be included in any 
equipment planning decisions:
 5 Where should the device be used, e.g. 

 peripheral ward, intensive care unit, out-
patient clinics, surgical area?

 5 Which parameters should be measured?
 5 What are the analytical requirements?
 5 Which sample volume is required or only 

available in limited quantities?
 5 What is the training level of the operators?
 5 How much maintenance is required?
 5 How intuitive is the usability and, there-

fore, how much training is required?

 5 How can quality management be carried 
out in accordance with regulatory de-
mands (RiliBÄK)?

 5 Is a IT network connection possible?
 5 Is a remote control connection available 

(7 Chapter 27)?
 5 How are the issues of infection prevention 

associated with operation, cleaning and 
maintenance solved (7 Chapter 29)?

 5 How is the economic advantage of the 
standardization of the devices evaluated?

 5 What are the follow-up costs, especially for 
accessories, data transfer and interfaces?

As an example, blood gas analysis systems will 
be presented in more detail in the following. 
The future of blood gas analysis lies in systems 
that require as little personal maintenance as 
possible, i.e. self-calibrating and self-monitor-
ing devices with cartridge technology and inte-
grated quality control systems that can be 
 combined and assembled on-site by the opera-
tor with regard to parameters, number of meas-
urements and the longest possible service life-
time. The less time spent on device operation 
and maintenance, the more time is freed up for 
patient-centered basic care and treatment.

The technical setup of complex blood gas 
analyzers can vary greatly in terms of mainte-
nance requirements: Labor-intensive servic-
ing is particularly necessary for multi-compo-
nent systems. Frequently, regular checks of the 
filling levels of operating solutions and elec-
trodes as well as visual inspection of sample 
inlets, hoses, connections and pumps for dam-
age and wear are prerequisites for trouble-free 
operation. The presence of many individual 
components makes troubleshooting time-con-
suming and requires some experience – even 
after the necessary training – in order to quick-
ly eliminate a problem and restore the device 
back to a ready-to-measure state.

Less time-consuming and complicated 
maintenance work is required for devices that 
consist of combinations of cartridges and indi-
vidual components. The amount of time re-
quired depends largely on which parts of the 
device are equipped with automated compo-
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nents and to what extent errors can be remedied 
manually or by simply exchanging component 
cartridges.

A minimum of maintenance work is re-
quired for devices that contain all the reagents 
required for measurement in one cartridge. 
With this type of device, after a cartridge is 
 installed, no further maintenance work is 
 generally required during the entire lifespan of 
the cartridge.

31.5.2 Operator training

For efficient workflows and accurate results, a 
team must be put together that is responsible 
for operating the devices as well as for training 
operators and that “owns” these tasks.

Initially, the central training topics to be 
covered include:
 5 Software training for the responsible 

 persons in the central laboratory
 5 Initial training (blood glucose devices, 

blood gas devices, ...) of the device repre-
sentatives of the respective departments by 
the industry partners/suppliers

 5 Authorization and device training of the 
POCT operators by the POCT coordinator 
or their officers

Besides contact persons knowledgeable on the 
subject of POCT in the laboratory, there should 
be at least one person for each area of application 
who is highly familiar with POCT, its impor-
tance and all facets of its daily application. This 
will depend on the organization, allocation of 
responsibilities and the size of the department, 
but applies to conveying this POCT knowledge 
within one’s own team. This function can very 
well be assumed by a member of the nursing 
staff. Those persons are to be thoroughly trained 
in the equipment and familiarized with the data 
processing of measured values, quality controls 
and the pitfalls of the systems so that they can act 
as multipliers. If the hospital decides to stand-
ardize with a single line of devices, it is advisable 
to involve competitors in the training of opera-
tors as early as the tendering process. On-site 

training should be a matter of course. The con-
tractual conditions should also include the swift 
availability of the service technicians in the event 
of a malfunction. Frequently, the adoption of le-
gal obligations is not sufficiently taken into ac-
count when new medical devices are introduced 
as part of larger-scale equipment standardiza-
tion projects.

If there are suitable IT infrastructures in the 
hospital (e.g. as part of the hospital’s own con-
tinuing education institute), E-Learning pro-
grams can help consolidate acquired knowl-
edge in a simple way (recertification of staff 
members) and introduce new employees to the 
topic in the work area. More details are provid-
ed in 7 Chapter 27.

31.5.3 Storage and care

Storage of reagents, control materials and ac-
cessories should be as centralized as possible, so 
that only daily-use items and consumables need 
to be stocked in individual areas to ensure 
smooth operation.

Possible central storage locations, depend-
ing on the structure of a hospital’s purchasing 
and warehousing operations include:
 5 Central medical inventory
 5 Pharmacy
 5 Central laboratory

31.5.4 Quality assurance

Even years after its entry into force, many oper-
ators are still not truly familiar with the regula-
tory affairs, such as the RiliBÄK, which also 
govern POCT. A shift in thinking must take 
place in this regard, as only then can training 
measures really be successful. The RiliBÄK 
2014 [2] places higher demands on the nursing 
staff involved in POCT quality assurance than 
before. In particular, a quality management 
manual summarizing all documents relevant to 
POCT is prescribed for each institution. Soft-
ware products in which the QM documents are 
centrally managed are recommended. In this 
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way, all documents for controlling POCT-rele-
vant documents and their validity can be mon-
itored at all times and made available within the 
scope of the certification aspired to by the 
 organization. All quality management meas-
ures should be structured and implemented 
together with the POCT coordinator of the 
 hospital (7 Chapter 38).
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32.1 Introduction

POCT is already established in many health
care sectors, for example in the private practi
tioner setting (7 Chapter 1 and 7 Chapter 2). 
As in other sectors, the following aspects 
should be considered whenever POCT is intro
duced:
 5 Diagnostic accuracy
 5 Organizational advantages
 5 Cost effectiveness
 5 Practical performance
 5 Quality assurance

32.2 Diagnostic implications

The most important advantage of POCT dia
gnostics in the hospital – faster delivery of dia
gnostic results near the patient – only plays a 
subordinate role in the private practitioner 
 setting. Unlike the priorities of the inpatient 
 environment, those of the private practitioner 
setting mainly focus on organizational aspects 
and the issue of patient satisfaction and/or 
compliance. There are isolated cases in which 
one could accordingly speak of a necessity for 
“emergency testing”, e.g. aimed at detecting spe
cific pathogens prior to antibiotic therapy or to 
determine the blood count before initiating 
chemotherapy.

As in hospital settings, the first step is to ask 
questions as to what are the possible indications 
for the corresponding test. Afterwards, one 
should look at whether the deployment of 
POCT will produce medical or organizational 
advantages.

The spectrum of possible analyses is huge. 
The overview below presents a selection of pos
sible POCT applications in different medical 
disciplines.

The respective chapters of this book contain 
detailed descriptions of the individual diagnos
tic options. Here, the aim is merely to mention 
some examples of a few applications so that the 
reader gets a general impression of the multi
tudinous facets of the medical considerations 
relating to the use of POCT in the physician 
practice setting [6].

32.2.1 Cardiovascular markers

The test of cardiovascular markers in a physi
cian’s practice comprises BNP (brain natriuret
ic peptide), cardiac troponins and D dimer.

BNP is measured for the differential diagno
sis as well as the longterm monitoring of heart 

Selected examples of POCT in the 
 physician practice setting
 5 Urologist: Prostate-specific antigen 

(PSA) for cancer screening
 5 Gynecologist: Human chorionic 

 gonadotropin (β-HCG) for pregnancy 
testing

 5 Cardiologist: Brain natriuretic peptide 
(BNP) for monitoring the clinical 
course in patients with heart failure

 5 Oncologist: Blood count prior to 
chemotherapy

 5 Sports physician: Lactate as perfor-
mance check

 5 General practitioner: INR for monitor-
ing anticoagulation

 5 Diabetologist: Blood sugar and HbA1c 
for monitoring the clinical course of 
blood glucose control

 5 Pediatrician: Rapid streptococcal de-
tection test prior to antibiotic therapy

 5 Nephrologist: Albumin (urine) as 
 microalbuminuria screening in 
 diabetic nephropathy

 5 Psychiatrist: Drug screening during 
therapy for withdrawal
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failure. Nevertheless, it is questionable as to 
whether performing POC laboratory tests con
fers benefit in the private practitioner setting. 
Generally, the clinical care of the patients in 
emergency situations is required, regardless of 
any measured results, whereas the measure
ments in a central laboratory alone should then 
be sufficient when it comes to longterm moni
toring. The same deliberations apply to D 
dimer as a ruleout test for deep vein thrombo
sis (7 Chapter 17).

The measurement of cardiac troponins 
represents the main diagnostic criterion in 
acute myocardial infarction. Measurements 
taken during acute emergency situations are 
not uncritical, given that the results produced 
may still be negative up to 2 h after the acute 
event, even if ultrasensitive tests are used. In 
other words, a negative result thus cannot be 
relied on to rule out an acute myocardial infarc
tion. In the event of a myocardial infarction, 
after a repeat measurement in the practice 2 h 
later, valuable time would be lost up to hospital 
admission and initiation of therapy.

32.2.2 Infectious diseases

Alongside CRP assays, the direct or indirect 
 detection of pathogens is an integral part of 
 infectious diseases diagnostics. In particular, 
this involves the ability to make early decisions 
about the necessity for antibiotic therapy. 
Whether the use of POCT for infection markers 
actually lowers the amount of antibiotics pre
scribed or makes their administration more 
targeted is the subject of controversial debate.

In American studies, POCT is generally as
cribed with cost effectiveness because it reduces 
analysis in the laboratory. However, this only 
applies when the costs for POCT are of a similar 
magnitude as the equivalent laboratory test [3, 
5, 13].

By contrast, when assessing the concrete 
case of the frequently used rapid streptococcal 
antigen detection tests, the authors of different 

studies concluded that the result of POCT only 
insignificantly impacts clinical decisions for 
therapy, albeit with the same applying to tests 
done in the laboratory [9]. Moreover, if the 
POCT result is negative and complications 
arise, an additional laboratory test is recom
mended – meaning that duplicated analyses are 
sometimes performed [10].

In terms of qualitative aspects, numerous 
pathogen detection tests have been demon
strated to show sufficient analytical sensitivity 
and specificity [10, 11, 12]. Conversely, the Ger
man Federal Joint Committee (GBA) of the 
statutory health insurances and physicians has 
issued a recommendation on the annual screen
ing of genitalia for infections caused by Chla
mydia trachomatis. This recommendation 
 expressly points out that POCT systems should 
not be used. Although not explicitly mentioned, 
it can be assumed that the lack of sensitivity of 
the immunological methods compared to 
 molecular biological tests is the reason for this 
(7 Chapter 9 and 7 Chapter 20; [4]). Ultimately, 
it is thus a matter of the underlying quality stan
dard.

32.2.3 Diabetes monitoring

The regular selfmonitoring of blood glucose 
by the patients has long become established 
practice. Physician’s practices are nevertheless 
well advised to reserve the option for blood glu
cose measurements in emergency situations.

One important task incumbent upon prac
tices specializing in diabetes is the inspection of 
the blood glucose meters used by their patients 
in the homecare setting. However, only analyz
ers that determine glucose by means of the 
 reference method may be considered for use as 
comparator devices. There is, at present, no 
POCT device available that can do this (7 Chap-
ter 12).

Currently, POCT methods for measuring 
HbA1c are primarily employed in diabetes 
 outpatient centers. This fast feedback saves 
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 patients from having to wait unnecessarily for 
their laboratory result. In future, HbA1c moni
toring by POCT might gain greater importance 
now that it has been proven that POCT devices 
can be used for the diagnosis of diabetes melli
tus (7 Chapter 12; [8]).

32.3 Economic aspects

32.3.1 General considerations

In principle, the use of POCT has economic im
pacts across all levels of the healthcare systems. 
This can produce considerable conflicts of in
terests.

One key aspect that is currently preventing 
a further dissemination of POCT analyses in 
the private practitioner setting – at least within 
the German System – is seen in the limited op
tions for invoicing the analytical tests.

Generally, POCT in the physician practice 
setting was initially characterized by markedly 
higher costs compared to conventional labora
tory analyses, without being commensurately 
accounted for in the physician’s invoicing 
 system. For example, costs for the additional 
workload affecting the physician practice staff 
are added to the expenditure for the actual anal
ysis (measuring instrument, reagents, test 
strips, control material, paper, electric current, 
disposal, documentation, room etc.).

Hence, on the level of physician’s practice, 
any savings or at least a costeffective perfor
mance of the tests are only achievable to a very 
limited extent, if at all.

Savings potentials can also be realized by 
reducing the number of second contacts with 
the patient, including telephone calls for dis
cussing the results. This could likely trigger 
 better compliance on the part of the patients, 
which in turn benefits the overall system. 
Greater patient satisfaction might also be an
other positive impact.

32.3.2 Remuneration

According to the German Uniform Assessment 
Standard (EBM) for patients covered by the 
statutory health insurers’ schemes, laboratory 
tests as described above should either be carried 
out by each private practitioner themselves or 
can be delegated. The ways and means are not 
stipulated: It is left to each physician’s discretion 
to render the services themselves, e.g. using in
house laboratory analysis systems or POCT, or 
alternatively, to have them carried out by labo
ratory physicians. One special group includes 
the specific codes for invoicing analyses per
formed as single measurements with unituse 
reagents in the practice’s own inhouse labora
tory. This mainly involves analyses classifiable 
as basic diagnostics (clinical chemistry, hema
tology etc.). In such cases, however, the remu
neration is only marginally higher to account 
for the additional workload borne by the physi
cian’s practice. In most cases, it is therefore 
hardly possible for physicians to render these 
POCT services costeffectively in their own 
practice. Unless a service ideology is given 
precedence, the services are therefore not ren
dered in the physician’s practice.

However, for some time now, parameters 
like cardiac troponins or – just recently added 
– BNP tested outside the laboratory can be 
 invoiced by the physician in private practice 
in addition to analyses classifiable as basic dia
gnostics. Whereas the inpractice testing of 
 cardiac troponins is borderline costeffective, 
the situation looks entirely different for BNP: 
The reimbursement allows the service to be 
provided in a costcovering manner; macro
economically, a positive development might 
result from savings on echocardiographic ex
aminations [7]. On the other side of the balance 
hangs the fact that the physician’s practice 
would have to forego income from echocardio
graphic examinations.

The German physicians fee schedule (GOÄ 
for privately insured patients) similarly incor
porates the option to invoice laboratory analy
ses as optionalreserve services to be kept avail
able in the practice. These are mainly basic 
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 diagnostic services. In general, however, there 
is the option that the patient can be invoiced for 
all payerrelated analyses without consider
ation of the tested parameters. Given the low 
amount, it is less likely that the services can be 
performed costeffectively [1]. As with the pa
tients covered by the statutory health insurance, 
the service ideology is paramount.

32.4 Performance and 
 organization

The practical performance of POCT in the 
 physician’s practice is usually tasked to the 
nonmedical professionals in the physician’s 
practice.

One major point for the successful applica
tion of POCT methods is the safe handling of 
devices, test strips and reagents – proper train
ing is therefore a prerequisite. Whereas simple 
strip tests are essentially selfexplanatory, more 
complex devices such as automated hematology 
devices require individual instructions. Special 
focus should be placed on quality assessment. 
Not least, the use of POCT depends on the in
frastructural human resources and facilities. 
Therefore, a number of aspects need to be 
 observed with regard to performance, among 
others:
 5 Are suitable workplaces available for 

 carrying out the analysis?
 5 Who will perform the measurements 

 (human resources)?
 5 Who is responsible for quality control?
 5 How are the measured and control values 

documented?
 5 What storage capacity is required at which 

temperature for reagents and accessories?
 5 How is the waste disposed of?

These questions should be answered parallel to 
the medical and economic issues because sen
sible and successful POCT integration is funda
mentally only possible when suitable precondi
tions are installed.

32.5 Quality management

Within the German system, RiliBÄK [2] also 
governs the use of POCT in the physician prac
tice setting. Accordingly, simplified rules are 
only applicable if unituse reagents and the 
matching analytical systems are used. With re
gard to all other laboratory tests performed in 
the physician’s practice (e.g. measurements us
ing small hematology analyzers), the full scope 
of the provisions of RiliBÄK apply to the qua lity 
management and internal quality assurance, 
e.g. two controls within 24 h on each day of use, 
at the latest after 16 h. Further details can be 
found in 7 Chapter 37.
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33.1 Self-monitoring of glucose 
metabolism in diabetes 
 mellitus

33.1.1 Self-monitoring require-
ments

At the beginning of near-patient diagnostics, 
the clinical course of diabetes was only moni-
tored by the attending physicians or their med-
ically qualified staff. As technology advanced 
– with easier- and faster-to-operate glucose 
monitoring systems – additional applications in 
the daily routine of people with diabetes were 
made possible.

However, as these devices are now mostly 
used by laypeople, additional criteria must be 
met in order to enable patients to self-monitor 
while preventing the risk of errors arising from 
the use and interpretation of glucose measure-
ments. These are:
 5 Physicians should identify people with 

 diabetes who are willing and able to per-
form glucose self-monitoring, as non- 
compliance, i.e. improper handling, may 
be associated with additional therapeutic 
risks and is therefore not cost-effective and 
ultimately futile.

 5 There must be a medical indication for 
glucose self-monitoring. Indeed, blood 
glucose does not always need to be moni-
tored in the same way or with the same 
frequency, i.e. it is not necessarily indicated 
for all forms of metabolic control [5, 6].

 5 People with diabetes capable of taking an 
active and responsible role in their own 
treatment under the routine conditions of 
everyday should be offered motivation. 
Through intensive training courses, the 
patients can be educated in the technical 
basics of glucose self-monitoring, test 
 results documentation and taught to 
 immediately adjust their treatment indi-
vidually [18].

 5 Regular medical follow-up is required, in-
volving discussions about self-monitoring 
data and their use in treatment, e.g. diet, 
variable physical activity or decisions 

about calculating the right insulin dose. 
This also includes spot-checks for quality 
assurance of self-monitoring during 
 medical consultations, during which 
 parallel measurements of blood glucose are 
taken and the patients’ technical perfor-
mance during self-testing is observed.

 5 Rules should be applied that meet the 
 standards of the Federal Joint Committee 
(G-BA) in Berlin and the respective insur-
ance providers in Germany governing 
 coverage of costs for glucose self-monitor-
ing equipment, i.e. glucose meters, test 
strips and/or sensors, finger prickers, 
 lancets for capillary blood sampling etc.

Two main test system principles are available to 
patients with diabetes mellitus to help them 
control their glucose metabolism: Self-moni-
toring of urine and of blood-glucose levels.

33.1.2 Urine glucose  
self-monitoring

The first glucose meters available for everyday 
use in Germany were mere semi-quantitative 
test strips to measure urine glucose. However, 
diagnosing hypoglycemia in a timely fashion or 
achieving targeted insulin dose adjustment was 
not possible because the urine glucose meas-
urement only reflects a mean blood glucose 
level over a particular urine sampling period. 
Also, urine glucose is only detectable when the 
individually variable renal excretion threshold 
is exceeded. As a result, self-monitoring of 
urine glucose is no longer applied in Germany, 
although the costs are considerably lower than 
for the alternative, blood glucose self-monitor-
ing. Nevertheless, this form of glucose self-mon-
itoring is still used to a large extent internation-
ally due to cost considerations and the lacking 
availability of blood glucose self-monitoring 
meters.
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33.1.3 Blood glucose  
self-monitoring

Over the past 50 years, technological develop-
ments were driven not least by requirements at 
hospitals and in physicians’ practices for rapid 
POC monitoring of real-time blood-glucose 
levels where immediate treatment adjustments 
can be made. Now, after a ten-year delay in 
 development, test strips viable for everyday use 
can also be supplied to people with diabetes. At 
the beginning, it was test strips alone, but now 
these are always supplied in combination with 
the matching device.

The standard method usually involves sin-
gle measurements taken on freshly sampled 
capillary blood, typically taken from the finger-
tip or earlobe. However, alternative sites can be 
used under specific circumstances (7 Chapter 
12). In addition, continuous blood glucose 
monitoring devices have been available for 
some years now, where the needle sensors mea-
sure glucose in the subcutaneous interstitial 
fluid with subsequent conversion to the equiva-
lent blood glucose values (7 Chapter 13).

A summary of the measurement technology 
principles deployed in these blood glucose me-
ters was provided in 7 Chapters 12 and 13 as 
these devices are also used for clinical course 
monitoring by healthcare staff. Blood glucose 
self-monitoring meters are medical devices 
governed by Section 3 (4) of the German Med-
ical Devices Act (MPG). Quality criteria that 
need to be considered for CE mark approval are 
regulated according to DIN EN ISO standard 
15197:2015. This is essentially identical to the 
international ISO standard 15197:2013 [8, 11]. 
It should be noted that such blood glucose me-
ters are not licensed for the primary diagnosis 
of diabetes and are therefore not allowed for use 
in this indication.

Unlike laboratory devices, quality assurance 
measuring of market-approved meters used by 
patients for self-monitoring has not been legis-
lated yet and therefore the related costs are not 
covered by the statutory health insurers. This is 
serious given that published data has highlight-
ed considerable differences in the measurement 

accuracy (in some cases even exceeding the per-
mitted error margins) between different mea-
suring systems and across individual test strip 
batches of the same system [3, 9, 10]. To date, 
manufacturers only recommend regular inspec-
tions using their own device-specific control 
solutions at various concentrations to verify that 
devices are functioning correctly. However, 
these are not sufficient to detect the aforemen-
tioned variations in measurement accuracy.

As a result, there is a serious need – at least 
in Germany – to close this legal loop-hole as 
quickly as possible. In order for costs to be re-
imbursed by statutory or private healthcare 
payers, each new test strip batch should be sub-
jected to measurement quality control by an 
independent institution and their permissibili-
ty published in a timely fashion, similar to the 
Scandinavian model, for example (SKUP) [15].

Errors in blood glucose self-monitoring are 
not only due to analytical errors made by the 
glucose measurement system but also result 
from pre-analytical errors caused by ineffective 
skin cleaning (or even skin disinfection) or by 
mistakes in handling the self-monitoring 
equipment [11]. Frequent sources of error (and 
their consequences) include, for example:
 5 Lack of hand washing after contact with 

fruit (glucose residuals on the puncture 
site)

 5 Hands not dried (dilution of the blood 
sample)

 5 Residuals of alcohol, lotions and soaps 
 (reaction on the test strip, sample 
 contamination)

 5 Test strip containers not closed (causing 
damage to the test enzymes, mainly due to 
moisture)

 5 Test strip storage at ↑or↓ temperature 
 (interference with the enzyme activity)

 5 Test strip use after expiry date (↓ enzyme 
activity)

 5 Measurement by approx. >3000 m  
(↓ pO₂, ↓ temperature, ↓ humidity)

The following should also be considered: In 
general, localized or systemic infection risks of 
capillary blood sampling for everyday blood 
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glucose self-monitoring can normally be re-
duced through compliance with the following 
measures regarding relevant skin site and sam-
pling environment:
 5 Washing off contaminants such as soil, 

natural fertilizer, foreign blood or other 
dirt

 5 Thorough surface disinfection and drying 
of the skin

 5 Use of sterile lancets/needles
 5 Verified hygienic disposal of all lancets/

needles, test strips/sensors and swabs 
 contaminated with blood

The relevance of these measures – applied in 
isolation or together – in reducing the risk of 
localized or systemic infections in this context, 
however, has not yet been systematically eva-
luated. According to the current German 
 Diabetes Association, further general skin dis-
infection is not necessary for everyday blood 
sampling other than in the specific examples 
given. This opinion is based on experience ac-
cumulated over decades [7].

Finally, blood sampling aids such as finger 
prickers and lancets can, when used incorrectly, 
lead to incomplete blood sampling. If unneces-
sary pain is caused, poor motivation can detract 
from compliance with the prescribed self-mon-
itoring – all preventable by targeted patient 
education, including practical exercises.

To enable patients with diabetes to better 
operate such meters, it is also important to save 
blood glucose measurements with the date and 
time of day and, depending on the device, mark 
them as pre- or postprandial so that the mean 
values over 7, 14, 30 and 90 days can be calcu-
lated. Various analysis programs allow numeri-
cal and graphical presentation of blood glucose 
along with telemetric data transfer to the at-
tending physician. Various manufacturers offer 
blood glucose self-monitoring systems with 
integrated calculators that indicate the appro-
priate insulin dose. However, such a variety of 
data analysis systems exist that there are no 
 uniform standards. Alongside blood glucose 
measurements, some devices feature extra 
functions like voice output of test results or the 

measurement of additional blood parameters 
(e.g. ketones, hematocrit) [18].

33.2 POCT of INR during 
 treatment with vitamin K 
 antagonists

33.2.1 Importance of INR levels

Given the significant inter-individual varia-
tions in pharmacokinetics, patient self-man-
agement in vitamin K antagonist treatment re-
quires regular INR monitoring, usually once 
per week. Although the conversion of pro-
thrombin time into Quick values (in %) is still 
common in German-speaking countries, this 
measurement unit has globally been replaced 
by INR for monitoring treatment with vitamin 
K antagonists.

As early as 1983, the WHO introduced the 
International Normalized Ratio (INR) to 
 improve the reliability of anticoagulation treat-
ment with vitamin K antagonists and, in par-
ticular, to standardize the comparability of 
 values determined with different thromboplas-
tins at different laboratories using various 
methods [2, 19]. The prothrombin time, mea-
sured in seconds, is converted to INR based on 
the sensitivity of thromboplastin used in the 
test and calibrated against an international 
WHO reference thromboplastin. INR is there-
fore independent of method and laboratory, 
and hence also comparable in international 
studies.

By definition, INR is 1.0 in individuals with 
normal coagulation and not on medication. 
Treatment with vitamin K antagonists causes 
this value to rise. In most patients treated for 
almost all indications such as thromboem-
bolism, atrial fibrillation and status post heart 
valve replacement, the target INR nowadays is 
usually 2.5 with a target range of 2.0–3.0. The 
target INR may be higher in isolated cases of 
severe thrombophilia (e.g. antiphospholipid 
syndrome with high titers of antiphospholipid 
antibodies) or particular cardiac and valvular 
diseases or cardiac procedures.



323 33
33.2 · POCT of INR during  treatment with vitamin K  antagonists

The prothrombin time measured by POCT 
is converted into the INR and thus allows self-
monitoring and management at home.

33.2.2 Clinical importance  
of INR POCT

During vitamin K antagonist therapy, INR test-
ing by the patients themselves at the point of 
care leads to significant improvements in the 
clinical course and quality of life. This has been 
proven unequivocally in numerous meta-anal-
yses. A meta-analysis by Heneghan et al. [12] 
included 14 clinical studies with more than 
1400 patients using POCT and a similarly large 
control group, whose INR was tested in a co-
agulation laboratory by conventional methods. 
The result showed unequivocally that the rate 
of thromboembolic events was halved and the 
rate of severe bleeding complications reduced 
by a third in the self-monitoring group. A sig-
nificant reduction in the number of deaths on 
vitamin K antagonist treatment has also been 
shown [16].

This was associated with a significant im-
provement in the INR “time in therapeutic 
range” (TTR in %). In Germany, when INR is 
measured by general physicians and laborato-
ries, the TTR is usually about 50–65 %, in INR 
POCT (depending on patients) about 70–90 %. 
Depending on the study, self-monitoring im-
proved the TTR by 3–20 % [4].

33.2.3 INR POCT in Germany

In Germany, certain pre-conditions must be 
met before health insurance companies will 
cover the costs for educational programs, pro-
vision of devices and equipment such as test 
strips and lancets.

Note

The German Federal Gazette (BAnz.) dated 
9 August 2002 (Volume 147, p. 18805) 
 defines the indications:
 5 “Patients with mechanical heart valves 

directly post-operatively,
 5 or requiring other long-term vitamin K 

antagonist therapy. There must be a 
demonstrable therapeutic benefit and 
essential need for self-monitoring, e.g. 
status post complications such as 
thrombosis or bleeding on conven-
tional treatment, other situations such 
as difficulties attending the physician’s 
practice for regular INR checks (shift 
work, unfavorable local conditions, 
 immobility, nursing care etc.), poor 
 venous status, long-term anticoagula-
tion in children”.

Education centers have to check that patients 
are able to carry out the measurements, docu-
ment the results in the patient’s INR log book 
and subsequently dose the medication them-
selves. A distinction is made between INR 
self-testing (patients themselves measure the 
values, but the vitamin K antagonist dose is de-
termined by the physician) and INR self-man-
agement (patients are responsible for both the 
INR measurement and dosing). In Germany, 
self-management is the preferred choice; how-
ever, health insurance companies only cover the 
costs after patients have undergone compre-
hensive standardized training courses.

It can sometimes be useful (for example, in 
elderly patients or those with poor venous 
 access) to allow the patient to perform the mea-
surement themselves or with help from health-
care staff in the physician’s practice. The dosing 
of medication is determined by the physician. A 
special invoicing number was introduced for 
this reason (EBM 33026), so that now various 
physicians’ practices and some hospitals can 
perform INR POCT themselves in difficult 
 patients, urgent cases or acute emergencies 
such as bleeding, suspected overdoses etc.
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In many typical vitamin K antagonist indica-
tions, the relevance of INR POCT has  declined 
since the market launch of direct oral anticoagu-
lants (NOAC) like rivaroxaban, apixaban, edox-
aban, dabigatran. This does not  include me-
chanical heart valves! At present, many patients 
who have problems taking vitamin K antago-
nists are treated with these newer drugs, which 
do not require treatment monitoring.

The most frequently used INR POCT de-
vices in Germany are the CoaguChek XS Plus 
and the XS Pro from Roche Diagnostics. The 
INRatio from Alere was withdrawn from the 
market in 2016.

33.2.4 Measurement quality  
of INR POCT

The correlation between INR POCT and pro-
thrombin-time measured in the laboratory us-
ing venous citrated blood samples is excellent 
(correlation coefficient 0.8–0.95 [1, 4, 17]. In 
84–87 %, parallel measurements did not differ 
by more than 0.5 INR units [13, 14]. Therefore, 
INR measured with POCT can be deemed 
equal to that measured by the laboratory.

The test strip principles of INR analysis for 
POCT devices are explained in 7 Chapter 6.

According to RiliBÄK 2014, regular quality 
controls must be carried out in near-patient 
INR measurement. In the physician’s practice, 
weekly analyses with a manufacturer’s control 
solution with known target values must be car-
ried out when INR is measured with the Coa-
guChek system. A control analysis must also be 
carried out with each batch change. Participa-
tion in ring trials is not compulsory for physi-
cians in private practices. This also does not 
apply to hospitals if the central laboratory man-
ages the POCT coordination.

33.2.5 Costs for INR POCT

Costs for the CoaguChek (over 5 years) amount 
to approx. € 450–500. These include device, re-
agents, test strips (one measurement per week) 

and finger prickers. After the 5th year of depre-
ciation of the device, the costs are approx. € 210.

When measured by the physician, the costs 
are currently estimated at € 4.70 per analysis. 
Therefore a two-weekly measurement per pa-
tient and per year would be € 122 (calculation 
by the Working Group coagulation and heart 
valve patients).

References

 1. Azarnoush K, Camilleri L, Aublet-Cuvelier B, et al. 
(2011) Results of the first randomized French study 
evaluating self testing of the International Normal-
ized Ratio. J Heart Valve Dis 20(5):518–525

 2. Barthels M, Bergmann F (2016) Global- und 
 Gruppentests. In: Barthels M (ed) Das Gerinnungs-
kompendium. 2nd ed. Thieme, Stuttgart New York, 
p 359–370

 3. Baumstark A, Pleus S, Schmid C et al. (2012) Lot-to-
lot variability of test strips and accuracy assessment 
of systems or self-monitoring of blood glucose 
according to ISO 15197. J Diabetes Sci Technol 
6:1076–1086

 4. Dauphin C, Legault B, Jaffeux P, et al. (2008) Com-
parison of INR stability between self-monitoring 
and standard laboratory method: preliminary 
results of a prospective study in 67 mechanical 
heart valve patients. Arch Cardiovasc Dis 101 
(11–12):753–761

 5. Deutsche Diabetes Gesellschaft (2015) Praxis-
empfehlungen: Therapie des Typ-1-Diabetes. 
 Diabetologie 10 (Suppl 2) S129–S139

 6. Deutsche Diabetes Gesellschaft (2015) Praxis-
empfehlungen: Therapie des Typ-2-Diabetes. 
 Diabetologie 10 (Suppl 2) S140-S151

 7. Deutschen Diabetes Gesellschaft (2016) Stellung-
nahme 11 February 2016: Notwendigkeit der 
Desinfektion der Haut vor der Kapillar-Blutgewin-
nung für die Glukosemessung im Krankenhaus. 
http://www.deutsche-diabetes-gesellschaft.de/
stellungnahmen/stellungnahmen.html

 8. DIN German Institute for Standardization (2015) In 
vitro diagnostic test systems – Requirements for 
blood-glucose monitoring systems for self-testing 
in managing diabetes mellitus (ISO 15197:2013); 
English Version DIN EN ISO 15197:2015

 9. Freckmann G, Schmid C, Baumstark A et al. (2012) 
System accuracy evaluation of 43 blood glucose 
monitoring systems for self-monitoring of blood 
glucose according to DIN EN ISO 15197. J Diabetes 
Sci Technol 6:1060–1075

10. Freckmann G, Link M, Schmid C et al. (2015) System 
accuracy evaluation of different blood glucose 



325 33
References

monitoring systems following ISO 15197:2013 by 
using two different comparison methods. Diabetes 
Technol Ther 17:635–648

11. Freckmann G (2016) Patientensicherheit bei der 
Blutzuckermessung. Thieme Praxis Report 8 (3): 
1–20

12. Heneghan C, Alonso-Coello P, Garcia-Alamino JM, 
Perera R, Meats E, Glasziou P (2006) Self-monitoring 
of oral anticoagulation: a systematic review and 
meta-analysis. Lancet 367(9508):404–411

13. Hentrich DP, Fritschi J, Muller PR, Wuillemin WA 
(2007) INR comparison between the CoaguChek S 
and a standard laboratory method among patients 
with self-management of oral anticoagulation. 
Thrombosis Research 119(4):489–495

14. Ryan F, O’Shea S, Byrne S (2010) The reliability of 
point-of-care prothrombin time testing. A compari-
son of CoaguChek S and XS INR measurements 
with hospital laboratory monitoring. Int J Lab 
 Hematol 32 (1 Pt 1):e26–e33

15. Scandinavian evaluation of laboratory equipment 
for primary health care (SKUP): http://www.skup.nu

16. Siebenhofer A, Berghold A, Sawicki PT (2004) 
 Systematic review of studies of self-management  
of oral anticoagulation. Thromb Haemost 91(2): 
225–232

17. Torreiro EG, Fernandez EG, Rodriguez RM, Lopez CV, 
Nunez JB (2009) Comparative study of accuracy 
and clinical agreement of the CoaguChek XS por-
table device versus standard laboratory practice in 
unexperienced patients. Thromb Haemost 
101(5):969–974

18. Verband der Diabetes-Beratungs- und Schulungs-
berufe in Deutschland e.V.(VDBD) (2014) Leitfaden 
zur Blutzucker-Selbstkontrolle in Beratung und 
Therapie 2–39; Eigenverlag

19. WHO Expert Committee on Biological Standardiza-
tion (1983) Thirty-third report. World Health Organ 
Tech Rep Ser 687:1–184



327 34

© Springer-Verlag GmbH Germany, part of Springer Nature 2018
P. B. Luppa, R. Junker (Eds.), Point-of-Care Testing
https://doi.org/10.1007/978-3-662-54497-6_34

POCT in non-medical settings
Norbert Gässler, Andreas Bietenbeck, Gerhard Eiselen

34.1 Introduction – 328

34.2 POCT in the pharmacy  setting – 328
34.2.1 POCT framework – 328
34.2.2 Quality Control – 328
34.2.3 Test procedures/methods – 329

34.3 POCT in nursing care facilities – 329

34.4 Conclusion – 330

 References – 330



328 Chapter 34 · POCT in non-medical settings

34

34.1 Introduction

Frequently, POCT is also carried out in 
non-medical settings. This chapter deals with 
POCT applications that mainly apply to phar-
macies and nursing homes. Thematically, the 
patient self-tests discussed in 7 Chapter 33 will 
be addressed separately.

Clearly defined rules for the application and 
quality assurance of POCT at old-age homes 
and special nursing care facilities (e.g. nursing 
homes for dementia patients) are lacking. The 
German non-profit Federal Association of 
 Geriatric Care (DBVA) sees a need for action in 
this sector. There are hardly any other service 
providers in the healthcare system where the 
assured quality of a product is so pivotal to their 
interests as with pharmacies; indeed, the con-
cepts of efficacy, safety and harmlessness are 
intricately linked with the concept of medicinal 
products like no other. Pharmacists are subject 
to perform quality assurance. How this is done 
is left to his own discretion.

34.2 POCT in the pharmacy 
 setting

34.2.1 POCT framework

Blood and urine tests are offered as rapid, 
near-patient tests in pharmacies. Because indi-
viduals oftentimes would like to find out for 
themselves first whether they are suffering 
from a metabolic disorder or disease, they will 
frequently turn to the pharmacist first. The 
pharmacist will then carry out the rapid test in 
the pharmacy or sell the corresponding test kit 
to the patient for self-diagnosis at home. The 
classic among these diagnostic kits is the pre-
gnancy test. The POC tests offered by pharma-
cies are frequently carried out there. A variety 
of specimens like blood, urine, stool, saliva, 
sweat or secretion are applied to the respective 
test procedure.

Prerequisites for the reliability of screening 
tests include the proper blood drawing tech-
nique, an error-free analytical system and its 

correct operation [9]. Quality assurance mea-
sures are also required. Enacted in June 2012, 
the new German Ordinance on the Operation 
of Pharmacies (ApBetrO) stipulates that self-
inspection and regular participation in mea-
sures for external quality auditing should be 
conducted within the scope of any quality man-
agement system (ApBetrO Section 2a) [7].

34.2.2 Quality Control

The Central Laboratory of German Pharma-
cists (ZL) sends out interlaboratory test samples 
to enable the quality of the results to be verified. 
After the correct analysis result is submitted, it 
will then be certified by the ZL [4].

All pharmacies that routinely carry out 
blood tests and have in place or would like to 
introduce quality assurance measures for this 
sector are eligible to participate. Every regis-
tered pharmacy receives two interlaboratory test 
samples from a company commissioned by the 
ZL. The two interlaboratory test samples con-
tain varying concentrations of glucose, HbA1c, 
total and HDL cholesterol, triglycerides, liver 
enzymes ALT, AST and γ-GT, uric acid, creati-
nine, hemoglobin, CRP and microalbumin. The 
pharmacies are then supposed to measure these 
samples under routine conditions. These inter-
laboratory test samples are sent out once ev-
ery  quarter. The results obtained are entered 
into the results sheets provided and forwarded 
to the ZL.

The assessment is device-specific, i.e. a tar-
get value is determined for every model of 
POCT analyzer and every characteristic clinical 
chemistry and hematology variable. Despite 
identical samples, there are different target val-
ues for every measuring device. This is due to 
the strong influence of the sample matrix on the 
measured values; each matrix differs depending 
on the measuring device. The respective me-
dian of the results obtained by all interlabora-
tory test participants is taken as the target value. 
The acceptance limits also differ for each char-
acteristic variable and are listed in the annexes 
to the guidelines of the Federal Chamber of 
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Pharmacists (BAK) [4]. The assessment limits 
for the relevant characteristic variables of the 
interlaboratory test are based on the require-
ments set forth in RiliBÄK, Table B1 [8].

In its guidelines on quality assurance, the 
BAK has set forth exact requirements govern-
ing the performance of blood tests. This 
 describes a system check of the measuring 
 devices, similar to the blood testing procedure. 
Beyond this, extensive commentaries and 
 recommendations are made on the individual 
topics [4].

Internal quality assessment covers the 
 inspection of the devices at regular intervals, 
including optical systems and system controls; 
here, the manufacturer’s instructions should 
always be observed. The system controls should 
be conducted on each day of use at a minimum. 
Here as well, the requirements set forth in 
 Rili BÄK [1] are binding. The percentage that 
the single values obtained from control samples 
deviate from the target value must not exceed 
the maximum permissible deviation listed for 
each analyte in Table B1 Column 3 of RiliBÄK 
[8], e.g. glucose 11 % and total cholesterol 7 %.

Beyond this, the “Model Statutes for the 
quality management systems of German phar-
macies”, enacted by ABDA and adopted by the 
Pharmacy Chamber of the German Federal 
States, can be considered as an informative 
quality assurance tool.

34.2.3 Test procedures/methods

The past few years have seen a fast growing 
trend that pharmacies are more and more be-
coming healthcare and communication centers. 
This also extends to medical-technical services. 
Section 1a of the German Pharmacies Act 
(Apothekerordnung) is the legal foundation 
governing the performance of services com-
monly rendered by pharmacies. Oftentimes, 
POCT tests represent a simple and fast way to 
measure such health variables [5].

The breadth of the spectrum of laboratory 
diagnostic parameters and the increase in spe-
cialized and cost-intensive tests also harbors 

the danger that laboratory tests will be ordered 
indiscriminately and in excessively high num-
bers. This applies to a high degree to the easy-
to-run, rapid tests, i.e., that can be conducted by 
essentially anyone at any time.

34.3 POCT in nursing  
care facilities

Many elderly, multimorbid persons reside in 
nursing homes where they are cared for and 
supported in activities of daily life by profes-
sional nursing staff. The prevalence of diabetes 
mellitus among nursing home residents is par-
ticularly high, estimated at approx. 25 % [2]. In 
nursing homes, therefore, blood glucose is 
commonly measured by POCT methods 
(7 Chapter 12). By contrast, other POCT tests, 
such as the urine stick test or INR measure-
ments for monitoring oral anticoagulant thera-
py, hardly play any notable role in the nursing 
home setting.

In formal legal terms, the use of such quick 
tests in nursing homes continues to be regarded 
as patient self-testing, although there are com-
parably few systematic studies on the subject 
[3]. De facto, quality assurance in German 
nursing homes only takes place sporadically 
and can be especially challenging for the nurs-
ing home’s management.

The mental, physical and manual abilities of 
nursing home residents can vary greatly. For 
example, an individual with impaired mobility 
might still be able to measure his blood glucose 
levels independently. One study conducted in 
the German county of Borken showed that 
7.8 % of diabetics in inpatient nursing facilities 
self-tested their own blood sugar [6]. However, 
most residents are dependent on the support of 
nursing staff for taking measurements. In the 
nursing home setting, not rarely, the extent of 
support will increase with time. This is how 
helping a patient measure their blood glucose 
can turn into a measurement completely car-
ried out by one of the caregivers. The legal 
 requirements differ greatly when it comes to 
self-measurements and POCT tests performed 
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on third parties. Even when self-measurements 
are ordered by a physician and instruction 
courses are recommended, there are no com-
prehensive quality assurance measures that are 
mandatory. However, measurements taken by 
caregivers are subject to the current version of 
the German Medical Devices Operator Ordi-
nance (MPBetreibV).

Insofar as they were ordered by a physician, 
the requirements of RiliBÄK apply to all medi-
cal laboratory tests on patients, even when con-
ducted as POCT (7 Chapter 38). To navigate 
this minefield responsibly while ensuring opti-
mal care of their residents, nursing homes 
should account for blood glucose tests in their 
quality management systems. Unlike in a hos-
pital, residents will usually have their own 
 measuring devices. If agreement can be reached 
for standardization of glucometers, it is easier to 
put uniform in-house rules in place. The de-
vices in nursing homes are designed for private 
use; accordingly, they lack important functions 
like a barcode scanner for operator identifica-
tion that would otherwise greatly facilitate 
quality management within the nursing home 
(7 Chapter 31). RiliBÄK requires regular qual-
ity control measurements and participation in 
external quality assessments. In a nursing 
home, however, the test strips are prescribed to 
be patient-specific. Given the number of test 
strips, quality control measurements are not 
considered as part of the total testing volume.

Another neuralgic point is the interface be-
tween the physician attending to the patient 
and the caregiver who frequently carries out the 
actual POCT measurement. The blood glucose 
target values set by the physician are critical for 
interpreting the measured values. Oftentimes, 
however, this value is not known to the nurses. 
The LIVE-GERI study conducted in 2010 
 demonstrated that the targets were not com-
municated in 84 % of the patient cases [11]. 
Conversely, the values measured in the nursing 
homes were scrupulously taken down in the 
nurse’s record, but in most of the instances, no 
standardized data exchange took place with the 
treating physicians. Communications are fur-
ther complicated by the high number of physi-

cians – sometimes averaging up to 20 – who 
work with the nursing home [11]. That brings 
with it the danger that deviations from target 
blood sugar levels are detected too late.

34.4 Conclusion

Decisions regarding the implementation of 
POCT must consider the fact that well-func-
tioning internal and external quality assurance 
systems have been established for more than 
two decades in laboratory medicine, handled as 
by professionally run laboratories. Pharmacists, 
however, are not fundamentally bound to the 
requirements of RiliBÄK. The reason is that 
RiliBÄK is only valid for the practice of medical 
science being reserved for licensed physicians. 
Nevertheless, pharmacists are aware of their 
 responsibility in handling patient data and, 
with it, the importance of applying internal and 
external quality controls [10].

In nursing care facilities, the blood glucose 
level is a decisive reference value guiding the 
treatment of diabetes mellitus. Despite the pit-
falls described, it is therefore to be demanded 
for the future that quality assurance in blood 
glucose monitoring at nursing homes be im-
proved by unequivocal rules issued by national 
medical associations. The communication 
problems between attending physicians and 
nursing care facilities described are not limited 
to POCT settings alone. For that reason, solu-
tions should be sought in the telemedicine sec-
tor to at least reduce the interfacing problems in 
this area (7 Chapter 35).
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35.1 Introduction

Telemedicine makes it possible to overcome 
spatial separation between healthcare providers 
and patients by offering remote clinical dia
gnostics, consultations or medical emergency 
care via data and communication technologies. 
Particularly in rural areas, telemedicine has the 
potential to become an important component 
of medical care.

In laboratory medicine, the majority of 
samples are analyzed at specialized central 
 laboratories, often far away from the patient. 
The results are then transmitted electronically 
to the attending physician. Support in inter
preting the findings can be provided by the 
laboratory physician either personally or on the 
telephone as a teleconsultation. In that regard, 
telemedicine has long figured prominently in 
laboratory medicine, without being named as 
such. In the POCT sector, telemedicine fosters 
the development of new treatment and health
care models [4].

Many countries politically encourage the 
increasing use of telemedicine to close gaps in 
service provision and design more costeffi
cient medical treatments. In the USA, the  
HITECH Act (Health Information Technology 
for Economic and Clinical Health) was passed 
back in 2009, which was drafted to promote the 
increased use of data and communication tech
nology in healthcare. In Germany, the Act on 
secure digital communication and applications 
in the health care system (EHealth Act) aims to 
promote networking between the various 
stakeholders. Depending on the type of applica
tion, the concept is either referred to as teledi
agnostics or telemonitoring.

35.2 Requirements governing 
POCT in telemedicine

With or without POCT, telemedicine requires a 
technical infrastructure and organizational set
up. Data transfer in telemedical projects relies 
on multifaceted and extremely complex tech
nologies. Before online transmission, however, 

data awaiting transmission are usually aggre
gated and encoded near the place where they 
are collected. Data should be protected from 
unauthorized access but still needs to be quick
ly and reliably accessible, if required. A meas
urement must always be reliably linked to the 
correct patient. A telematic infrastructure with 
this capacity is currently being set up across 
Germany.

In order for laboratory results to be ex
changed, a universal interoperability standard 
must be defined. LOINC (Logical Observation 
Identifiers Names and Codes) has established 
itself worldwide as common terminology for 
laboratory test orders and results. This common 
language relies on six dimensions, called Parts: 
1) Component (Analyte), 2) Property, 3) Time, 
4) System (Specimen), 5) Scale and 6) Method.

As a set, they allow unique identification of 
each analysis. All of these dimensions can be 
represented in POC tests corresponding to 
their analogous analyses in the central labora
tory. Despite this, the strength of a POCT find
ing is often lower, for example because of the 
compromises made in terms data accuracy as a 
result of the highly integrated design of a POCT 
device. POCT measurements also need to be 
identifiable as such after data transfer to ensure 
accurate interpretation of the findings.

35.3 Telediagnostics using POCT

POCT is primarily used for telediagnostics in 
emergencies or other unusual circumstances. 
Although a diagnosis is seldom based on POCT 
alone, its findings are a valuable component of 
any telemedically supported treatment regimen.

Telediagnostics have been successfully de
ployed in specialized emergency ambulances, 
for example, in mobile stroke units equipped 
with CT (computed tomography) scanner to 
diagnose strokes. The images taken of the pa
tient onsite can be transmitted to a specialist 
who may be able to diagnose a stroke even be
fore the patient is admitted to a hospital. 
Strokespecific laboratory tests (e.g. small 
blood count, INR, aPTT, γGT, glucose), car
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ried out as POCT procedures, complete the 
diagnosis and thereby make early thrombolytic 
therapy possible [3, 11].

POCT and telediagnostics also play pivotal 
roles in medical disaster assistance and human
itarian relief efforts [12]. Quick, essential labo
ratory tests can be carried out using POCT, 
even lacking any central laboratory infrastruc
ture basics. Data exchange can also consider
ably facilitate coordination, logistics and treat
ment provision. Experts can also be called upon 
to render teletherapy, while utilizing limited 
resources efficiently [6]. In addition, telemedi
cine does not just facilitate the treatment of 
 individual patients. The joint evaluation of all 
tests also helps to solve public health issues, e.g. 
for infection control etc. [7].

Telediagnostics has a higher risk if carried 
out without any direct physician involvement. 
If it is possible for patients to selfdiagnose 
problematic conditions such as HIV using a 
POC test, this may lead to misinterpretations 
[10]. Telemedical consultations, e.g. by phone, 
can help avoid such problems, while still mak
ing diagnostic tests accessible to the wider pop
ulation. Access to diagnostic tests is, however, 
not a widespread problem in Germany with its 
nearly comprehensivecoverage health insur
ance. In addition, the (Model) Professional 
Code for Physicians in Germany prevents them 
from giving patients indepth and individual 
counseling if this is only carried out via com
munication media unless the patients is seen by 
a physician in person at some time [1]. There
fore, treatment may not be solely based on POC 
selftesting either.

35.4 Telemonitoring using POCT

Telemonitoring of POCT results is widely used, 
particularly for chronic conditions. That way, 
patients can be spared frequent visits to the 
physician without refraining from undergoing 
monitoring at close intervals. Telemonitoring 
often involves selftesting. To make telemoni
toring work, the patient needs to be trained ac
cordingly to carry out selftesting reliably.

A large number of projects have focused on 
the telemonitoring of blood glucose in patients 
with diabetes mellitus. Glucometer measure
ment data were sent to the attending physician 
and analyzed there in a timely manner. In some 
cases, additional information such as counsel
ing on insulin dose, meals or exercises were also 
transmitted. Frequently, asneeded advice was 
given, for example, about adjusting insulin ther
apy or interpreting glucose readings. Many pro
jects also try to use the telemedical infrastruc
ture for better patient education. Most studies 
reported hardly any technical problems and a 
high acceptance rate by physicians and patients. 
Especially compared to errorprone manual 
data collection, telemonitoring provided con
siderably better data quality. Clinical outcomes 
were improved in many, but not all studies [5, 9]. 
Therefore, further studies are needed to clarify 
which aspects of telemonitoring are promising 
in the care of diabetic patients.

Alongside blood glucose, INR is often self
tested by patients, especially in Europe. This 
test is important for optimal adjustment of 
therapy with vitamin K antagonists. Here too, 
patients seem to benefit from telemedical help 
with correct dosing when their results are 
transferred electronically to the attending phy
sicians [2, 8].

35.5 Summary and outlook

POCT is well suited to developing telemedical 
healthcare strategies while facilitating the pro
vision of medical services, primarily in rural 
areas. POCTbased, diagnosticfocused tele
medical concepts have been primarily directed 
at emergencies, medical disaster assistance and 
humanitarian relief efforts. Nowadays, tele
medicine is already being used successfully to 
monitor chronic conditions, primarily diabetes 
mellitus, or longterm therapies like with vita
min K antagonists. The future will see a diverse 
range of disease data being integrated and ana
lyzed at telemedical centers.

It is difficult to make generalizations about 
the economics and costbenefit analyses of tele
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medicine applications. Usually, a relatively so
phisticated infrastructure is necessary for data 
exchange. However, this infrastructure can 
then readily be used for a large number of 
 patients. This economy of scale will lead to an 
increasing number of specialized telemedical 
centers that can offer extended services.

Laboratory medicine is only one medical 
discipline where telemedicine is employed. 
Other specialties, such as radiology, are increas
ingly implementing these new technologies as 
well. The aim is to improve the diagnosis by the 
joint evaluation of all telemedically collected 
data. In future, algorithms will also support this 
evaluation process [4].

A smartphone can be useful when numer
ous measurements are taken on a patient. It 
works like a central interface that aggregates the 
data collected on the individual sensors and 
then transmits the encoded data via the Inter
net to the telemedical center. Another concept 
is mostly used in the setting called “ambient 
assisted living” (AAL). Here, homes are 
equipped in such a way that a range of measure
ments – including POCT data – is analyzed to 
support residents discreetly.
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36.1 Healthcare in the  
Third World

In most developing countries, access of the 
population to better healthcare is an extremely 
urgent problem. The structures of Western 
healthcare systems, e.g. at large central hospi-
tals, are often less helpful, although decentral-
ized healthcare will usually represent the more 
effective approach. Within this scope, decen-
tralized diagnostics with POCT systems that 
are utilizable by the primary care support staff 
can play an important role. This must also be 
considered against the background of a strong-
ly increasing number of patients with diabetes 
mellitus, cardiovascular diseases and infec-
tions. Diabetes in particular is a global epidem-
ic afflicting 415 million patients, requiring ap-
prox. 11–12 % of global healthcare resources 
per year [5]. Furthermore, there are 318 million 
persons with a pathological glucose tolerance 
worldwide [5] (. Fig. 36.1). Indeed, approx. 
46 % of diabetics worldwide have not even been 
diagnosed yet; in Africa, this number is as high 
as two thirds! In developing countries, there is 
also a very high number of patients with AIDS, 
tuberculosis and malaria. The annual  diabetes 
mortality (approx. 5 million) in these countries, 
however, exceeds the aggregate mortality 
caused by AIDS (1.5 million), tuberculosis (1.5 
million) and malaria (0.6 million) [5]. Although 
a multitude of HIV, tuberculosis, malaria and 
other analytical methods are already used in 
developing countries [3], many systems still re-
main too expensive, too complicated in their 
handling and too prone to error under critical 
ambient conditions (e.g. heat, moisture) to en-
joy broader use. In the future, the increased use 
of mobile telephones and smart wearables for 
analytical purposes will certainly facilitate the 
development of robust systems.

The American National Institute of Bio-
medical Imaging and Bioengineering (NIBIB) 
started a joint venture with India to develop 
devices more suitable for use at the “point of 
need” [6, 8, 9]. The International Council for 
Standardization in Hematology (ICSH) is also 
engaged in drafting globally applicable guide-

lines for POCT hematology devices that can 
primarily be used in developing countries [2].

In the past years, after decades of often-
ideological state-run development aid pro-
grams particularly joint ventures between the 
public and private sectors, i.e. public private 
partnerships (PPP) have become more success-
ful in the Third World. These primarily concen-
trate their main focus on the research and 
 development of vaccines against the prevailing 
infectious diseases like malaria, HIV, tubercu-
losis etc. These international PPP increasingly 
dictate which healthcare projects are funded in 
poor countries [4].

In the past, supranational organizations like 
the World Health Assembly of the WHO, where 
190 nations are represented, have unfortunately 
not proven their merits in terms of implement-
ing effective healthcare funding programs in 
developing countries. The World Health As-
sembly essentially assumes no international 
coordinating function whatsoever, since every 
country has its own vote. That means, impor-
tant decisions can quickly be blocked. More-
over, many resolutions are pure declarations of 
intent without any concrete financial commit-
ment [4]. Similar criticisms apply to UNICEF 
and the World Bank. Therefore, the following 
will present the most important private founda-
tion and the two most important PPP.

36.2 Challenges and advances  
in setting up POCT infra-
structures in the Third World

Urgent challenges faced by developing coun-
tries in setting up POCT infrastructures in-
clude a lack of regulatory standards for bringing 
POCT methods to market, a lack of qualified 
personnel and pre-existing infrastructures as 
well as financial means to pay for the various 
diagnostic applications. Currently, many coun-
tries around the world simply have too few 
healthcare experts in comparison to their con-
stantly growing populations. The expenditure 
on diagnostic measures in these countries is less 
than 10 % of overall expenditures in the respec-
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tive healthcare system; consequently, the funds 
spent on research into and development of new 
POCT methods and devices are inadequate in 
relation to the need for them.

In the past years, great advancements have 
been made in the field of blood glucose test-
ing. Specifically when cost effectiveness and 
easy-to-use POCT devices are involved, nu-

merous examples can already be cited such as 
the small iHealth Align (iHealth Lab, Mountain 
View, CA, USA) that can be connected to a 
smartphone. The great efforts hitherto under-
taken to supply non-invasive glucose analysis 
systems that produce valid analytical results 
and are affordable at the same have nevertheless 
failed [11].

 . Fig. 36.1a–d Overview of the number of persons 
afflicted with diabetes and chronic infections in 2015 
and projected into 2040. a,b Number of patients with 
diabetes and pathological glucose tolerance (IGT) in 
2015 (a) and projected into 2040 (b). c Healthcare costs 

for diabetes in 2015 and projected into 2040. d Adult 
mortality for diabetes, HIV/AIDS, tuberculosis and ma-
laria. The global figures derive from the Diabetes Atlas, 
7th Edition 2015, International Diabetes Federation [5]
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Lateral flow assays (LFA) for HIV testing are 
supplied by Alere, OraSure Technologies (Beth-
lehem, PA, USA), Bio-Rad, MedMira (Halifax, 
Canada) and Trinity Biotech PLC (Wicklow, Ire-
land) and require whole blood, serum or plasma 
as specimen material [3]. There are also many 
malaria LFA on the worldwide market. Recently, 
an FDA-approved POC test was specifically de-
veloped for the detection of two antigens (histi-
dine-rich protein 2 (HRP II) plus aldolase [12]) 
of the parasite Plasmodium falciparum. It is the 
BinaxNOW malaria test supplied by Alere. Neg-
ative results must be verified by microscopic tests 
with thin and/or thick smears.

Suitable tuberculosis LFA are difficult to 
establish. To date, only one mycobacterium tu-
berculosis (MTB)-specific immunogenic gly-
colipid of the mycobacterial cell wall has been 
found – the mycobacterial lipoarabinomannan 
(LAM). This is the reason why up until now all 
MTB-LFA show suboptimal specificity and 
very low sensitivity [13]. Effective tuberculosis 
treatment by slow and less-sensitive microbio-
logical diagnostics is difficult to achieve in 
Third World countries, while at the same time, 
the antigen quick tests are less suitable for early 
diagnostics. Thus, there is the hope that POCT-
capable molecular biological detection meth-
ods will emerge. Boehme et al. [1] therefore 
conducted an on-site assessment of an auto-
mated molecular test for Mycobacterium tuber-
culosis (MTB) and resistance to rifampin (RIF). 
The study was performed on the GeneXpert 
MTB/RIF already presented in 7 Chapters 10 
and 20. Specimen material constituted the spu-
tum of patients from Peru, Azerbaijan, South 
Africa and India. The authors concluded that 
the MTB/RIF test is sensitive and rapid (<2 h 
hands-on time), detecting MTB and RIF di-
rectly from untreated sputum. The test was spe-
cific in 604 of 609 patients without tuberculosis 
(99.2 %). Their drug-resistance testing cor-
rectly identified 200 of 205 patients (97.6 %) as 
carriers of rifampin-resistant bacteria and 504 
of 514 (98.1 %) patients with rifampin-sensitive 
infectious pathogens. Despite the difficult on-
site conditions, the POCT capable device 
proved its mettle without restrictions. Intensive 

training of operating personnel is, however, an 
absolute prerequisite for successful use.

As discussed, developing countries usually 
lack financial resources as well as the necessary 
infrastructure for clinical laboratory testing 
(electricity, cooling options, technical staff 
etc.). For that reason, the WHO has demanded 
the characteristic “ASSURED” for diagnostic 
methods [10]. This acronym stands for:

ASSURED
 5 Affordable
 5 Sensitive
 5 Specific
 5 User-friendly
 5 Rapid and robust
 5 Equipment-free
 5 Deliverable to end users

The following shall describe two exemplary an-
alytical trends that illustrate the fulfillment of 
these characteristics.

36.2.1 Microfluidic paper-based 
analytical devices (µPADs)

In 2010, Martinez et al. [7] introduced a micro-
fluidic paper-based analytical device that al-
lows multiplex-like colorimetric assays with 
reflection detection. The authors concluded by 
mainly stressing the many, long-known advan-
tages of paper-based carriers for biochemical 
analysis. This technique involves producing the 
microfluidic channels on the paper matrix by 
photolithographic or other means (inkjet etch-
ing, plasma etching, wax printing): The chan-
nels are formed by the hydrophilic cellulose 
fibers (approx. 190 µm in width) that soak up 
the sample fluid along of the channel. The walls 
of the channel are formed by hydrophobic bar-
riers (approx. 250 µm in width). These are 
made of paper treated with additives (e.g. wax). 
A paper chip produced by photolithography 
(µPAD) is shown in . Fig. 36.2.

Using the example of this urinalysis µPAD, 
the authors illustrated the feasibility and low 
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production costs of the system for protein and 
glucose analysis. Paper microzone microtiter 
plates and 3-dimensional µPADs can also be 
made affordably and reproducibly. However, 
the matching analyzers are not yet commer-
cially available.

36.2.2 HIV therapy monitoring

The CD4 Initiative was established at the Impe-
rial College of Medicine in London (7 Section 
36.3) to devise an easy-to-use POC test for mea-
suring the number of CD4+ T-lymphocytes in 
HIV-infected patients. The aim was to ensure 
better anti-retroviral therapy monitoring. For 
their part, Zyomyx (Hayward, CA, USA) then 
developed the first POCT device for quantita-
tive CD4-counting [17]. The test was designed 
to be as easy to use as a thermometer. It was 
based on the principle that CD4-binding re-
agents will “draw” CD4 lymphocytes flowing 
out of a blood sample and allow them to flow 
into a measuring device from which the cell 
count could be read off by simple visual means. 
The quantitative CD4 cell count delivered in-
formation on the efficacy of HIV therapy. This 
test is no longer on the market.

36.3 Foundations and public- 
private partnerships

36.3.1 Bill & Melinda Gates 
 Foundation

The Bill & Melinda Gates Foundation [14] fo-
cuses on funding the research and development 
of vaccines in the Third World. The founda-
tion’s headquarter is in Seattle, Washington; it 
has a trust endowment of $40.3 billion and cur-
rently employs a staff of 1,453. Since 1994, the 
foundation has invested more than $25 billion 
in promoting global health. The Bill & Melinda 
Gates Foundation is the largest foundation in 
the world. In 2006, the Foundation received a 
large endowment when the billionaire Warren 
Buffet decided to donate a large part of his 
wealth to the pursuit of worthy causes.

As much as €1.5 billion have been donated 
to the GAVI Alliance (see below) that develops 
vaccines and vaccination programs for chil-
dren. The Gates Foundation estimates that 
90 % coverage with lifesaving vaccines in devel-
oping countries would secure the survival of 
about 7.6 million children under 5 years of age 
from 2010–2019. Furthermore, the foundation 
provides $100 million annually to the Global 
Fund which operates like a PPP (see below).

The Foundation also supports the develop-
ment of simple POCT applications for the ther-
apy monitoring of AIDS patients. The CD4 
Initiative has already been discussed in 7 Sec-
tion 36.2 above. The “Collaboration for AIDS 
Vaccine Discovery (CAVD)“, similarly initiated 
by the Gates Foundation, is additionally spon-
sored by the “Global Fund to Fight AIDS, TB, & 
Malaria,” the “President’s Emergency Plan for 
AIDS Relief ” (PEPFAR), UNAIDS and the 
“Clinton Health Access Initiative” [14].

36.3.2 The GAVI Alliance

The GAVI Alliance [15] is a unique PPP that 
takes a novel approach to increase vaccination 
rates in developing countries. In pursuing its 
mission, GAVI brings together important 

 . Fig. 36.2 Paper chip produced by photolitho-
graphy (µPAD)
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stakeholders who contribute to accelerating ac-
cess to vaccines for children in the poorest 
countries in the world. The governments of 
 developing and donor countries, the WHO, 
UNICEF, the World Bank, vaccine manufactur-
ers from numerous countries, research institu-
tions and development agencies, civil society, 
the Bill & Melinda Gates Foundation and other 
private donors and influential private individu-
als all work collaboratively to reach goals that 
no organization can achieve on its own. The 
German Federal Government is a committed 
partner within the GAVI Vaccine Alliance and 
has been providing financial support since 
2006. This amount raised in 2014 from €30 mil-
lion to €38 million annually.

36.3.3 The Global Fund

The Global Fund, founded on the initiative of 
the former United Nations Secretary-General 
Kofi Annan [16], is a globally operating PPP 
dedicated to the prevention and treatment of 
AIDS, tuberculosis and malaria. The partner-
ship is constituted of national states, inter-
national development organizations and pri-
vate-sector organizers as well as affected part-
ner countries and regions. It represents a novel 
approach to international healthcare funding. 
As part of its approach, the Global Fund collab-
orates with other bilateral and multilateral or-
ganizations. More than 50 partners have finan-
cially invested – including many nations, but 
also the WHO and the UNAIDS (joint program 
of the United Nations on fighting HIV/AIDS) 
as well as commercial businesses and founda-
tions (Clinton Health Access Initiative). The 
largest sponsor is the USA; Germany similarly 
participates by contributing large amounts each 
year.
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37.1 Cross-institutional POCT 
management at five  
public general hospitals  
in  Vorarlberg, Austria

Peter Fraunberger, Sylvia Gruber

37.1.1 Introduction

The joint operating conglomerate of five gener
al hospitals, Vorarlberger Krankenhausbetriebs
gesellschaft, introduced a centralized POCT 
management for blood glucose monitoring in 
2014 (Radiometer, Wiener Neudorf, Austria). 
The need for a centralized quality monitoring 
and control of POCT strategy grew from eco
nomic, organizational as well as medical con
siderations. Usually a variety of device types 
from different suppliers are already being used 
within individual hospitals. Without central 
management, this leads to significant and cost
ly complexity. Due to the larger order volume, 
hospital management receives – from an eco
nomic point of view – better conditions by uni
formly allocating POCT systems within the 
operating company than by allocating individ
ual devices. Standardization by switching to a 
single vendor facilitates operations for medical 
personnel and prevents interpretation errors 
caused by the use of different measurement 
techniques and units. In addition, centralized 
device monitoring and quality controls should 
help to ensure a high standard of quality in 
POCT. However, considerable organizational 
effort is associated with the spatial separation of 
the different locations, the large number of 
wards involved and the high number of POCT 
users. All of these factors call for a clear organ
izational structure.

37.1.2 Quality requirements

The current guidelines for POCT management 
have been published in DIN EN ISO 22870 
“PointOfCare Testing (POCT) – Require
ments for Quality and Competence” (as of 
2006) [1]. ÖNORM EN ISO 22870 is the equiv

alent Austrian version of the German standard, 
which is why the requirements it contains are 
binding for accreditation in Austria in addition 
to Germany. This standard governs hospitals, 
clinics and healthcare facilities where out
patients are cared for, except for measurements 
that are taken by the patient at home or in com
munal facilities. ISO 22870 is intended to be 
used in conjunction with its normative refer
ence, ISO 15189 “Medical laboratories – Re
quirements for quality and competence” [2].

According to Section 4 of ISO 22870, the 
management of the laboratory service is 
 responsible for planning and developing the 
processes required for POCT. The head of the 
laboratory “must appoint a multidisciplinary 
Steering Group (...) representing the laboratory, 
administration and clinical programs, includ
ing nursing, which advises on the setup of 
POCT”. Responsibilities must be defined and 
clearly communicated within the group. The 
Steering Group shall define the scope of the 
POCT (Chapter 4.1.2.1), taking into account 
the clinical need, financial impact, technical 
feasibility and ability of the organization to 
meet these requirements. Chapter 4.1.2.4 states 
that “the Steering Group must advise on the 
evaluation and selection of devices and systems 
for POCT”. The assay performance criteria 
should include accuracy, precision, detection 
limits, limits of application and interference 
factors, as well as practical feasibility.

The duties of the laboratory service (Chap
ter 4.2.2.1) include, in particular, establishing 
quality objectives for POC systems, introduc
ing adequate quality monitoring processes, de
fining standard operating procedures, provid
ing documentation (e.g. SOPs and enrollment 
forms), validating and monitoring POCT activ
ities and appointing a “POCT coordinator”. 
Laboratory management must carry out a 
costbenefit analysis at regular intervals as well 
as an assessment of the clinical need and effica
cy. Potential opportunities for improvement 
must also be considered.

Chapter 5 of ISO 22870 contains details on 
the technical requirements for POCT. Accord
ing to ISO 22870 5.1.1 Section B, POCT meas
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urements may only be carried out by “person
nel who have completed the training and have 
proven that they possess the appropriate exper
tise”. It is mandatory that corresponding re
cords be kept. The POCT requirements for per
sonnel include understanding its correct use, 
knowledge of the theory and measuring system 
as well as preanalytics (sampling, clinical ben
efits and limitations, procedures, storage of re
agents, quality assurance measures, technical 
limits of the device, procedure given results 
outside of the defined limits, infection control 
and documentation). The staff ’s performance 
must be monitored.

Further technical requirements involve the 
unequivocal identification of each sample and 
its traceability to the individual patient, as well 
as identifying the employee who took the sam
ple. To differentiate them from laboratory find
ings, POC results must be clearly identified and 
permanently stored.

Key messages on POCT findings
 5 POCT findings must be clearly labeled 

as such
 5 The patient unequivocally identified
 5 The performing employee unequivo-

cally identified
 5 The results must be documented in 

the medical record

37.1.3 Organizational structure 
using the example  
of Vorarlberg, Austria

Each ward with a blood gas analyzer must des
ignate a device manager and a deputy who are 
the direct contacts for the device and are 
 authorized to train new system operators. In 
addition, each hospital in the operating con
glomerate has its own POCT coordinator with 
a deputy, who is an employee of the medical 
central laboratory. Although the POCT coordi
nators are the direct contact persons in case of 
organizational problems and responsible for 
the administration of onsite operators, they do 
not provide technical support (see “Failure 
Concept” below). Higherlevel strategic issues 
are forwarded to and clarified by the POCT 
manager in collaboration with the hospital 
management or the POCT manufacturer. One 
possible POCT organizational structure is 
shown in . Fig. 37.1.

Important documents such as work instruc
tions, device manuals and relevant forms are 
available on the respective hospital’s intranet 
and, if required, can be updated by the POCT 
manager.

The required reagents are stored on each 
ward to be readily available when needed. The 
manufacturer automatically supplies consuma
bles with the order and adapts the cassette size 
to the ward’s consumption. The nursing staff is 
responsible for accepting deliveries of and 

 . Fig. 37.1 Chart of the POCT organizational structure in Vorarlberg, Austria
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properly storing reagents. Complaints about 
device malfunctions can be reported very easily 
by faxing the device error message to the man
ufacturer. Replacement reagents will be auto
matically sent to the respective ward by the 
manufacturer upon receipt of the error mes
sage.

If, for example, a blood gas sample is meas
ured, the POCT system operator is identified by 
a measurement authorization barcode that 
must be scanned on the blood gas analyzer to 
unlock the device for analysis. The system thus 
prevents untrained personnel from taking 
measurements. After scanning the operator ID, 
a device prompt requests the patient ID, which 
is used to assign the patient within the POCT 
IT network (see next section). Because patient 
data is automatically retrieved from the blood 
gas analyzer after scanning the patient ID, it can 
also be displayed on the device printout.

37.1.4 Documentation  
(results/system operators – 
IT solutions)

The results of the POCT measurement are 
transmitted via middleware to the Laboratory 
Information System (LIS), where a separate 
order is generated for each measurement. The 
results are then transmitted from the LIS to the 
Hospital Information System (HIS) and into 
the medical record. The order is clearly marked 
as POCT findings according to the specifica
tions of ISO 22870 and lists the measurement 
results, patient’s data, specimen collection ac
cessories, device used and operator’s name.

For a better overview, POCT findings can 
be displayed separately from other laboratory 
results in the HIS via a separate, cumulative 
view.

In addition to the electronic transmission, 
the device generates a printout which also in
cludes the patient data (patient ID, surname, 
first name and date of birth), the specimen col
lection accessories, the operator’s name and 
device description. Device descriptions include 
the hospital identifier and the ward to which 

the device is assigned. For example, “FK_
IMCU” designates the POCT device of the In
termediate Care Unit at the Feldkirch general 
hospital.

If the data transmission is interrupted, the 
device remains ready for measurement; the or
ders are stored locally and, after the network 
connection has been restored, automatically 
forwarded to the IT system.

The POCT middleware guarantees the 
traceability of the reagent and control batches. 
Performed maintenance, calibrations and QC 
results are automatically stored and can be re
trieved and statistically evaluated as needed.

37.1.5 Training system

The prerequisite for obtaining an operator’s 
measurement authorization is demonstrated 
training by the manufacturer of the POCT 
 device or the device manager(s). Training by 
designated device managers enables timely 
training of new employees. In addition to inter
nal training, additional training is provided by 
the manufacturer if required. In the case of 
 repeated measurement errors, evidence of 
preanalytical errors or failure to meet interlab
oratory test specifications (see “Quality Assur
ance” below), retraining courses are compul
sory.

Device managers receive additional, in
depth training once a year to be taught about 
new product developments and learn advanced 
troubleshooting.

The medical central laboratory is responsi
ble for administration of the authorized POCT 
system operators. New training sessions are 
documented using a preprinted form and 
 forwarded to the responsible POCT coordina
tors. The POCT coordinator creates the new 
operator in the middleware and issues a meas
urement authorization with the employee’s 
name and barcode (. Fig. 37.2). No authoriza
tions are issued without a record of staff train
ing. Because only one type of blood gas analyz
er is used throughout the hospital network, 
permissions obtained are not limited to indi
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vidual wards or hospitals, but are valid for all 
devices in the hospital network, regardless of 
location.

Note

Only qualified staff trained in POCT are 
 allowed to perform POC measurements.

37.1.6 Quality monitoring

The POCT devices perform fully automated 
internal quality control (QC) measurements 
every eight hours. When replacing consuma
bles, calibration and QC measurements are also 
automated. The site’s POCT coordinator or 
their deputy monitor device performance and 
maintain a QC history using the middleware. 
The responsible POCT coordinator checks the 
status of the devices once a day. If neither the 
coordinator nor their deputy is available, mon
itoring can also be carried out by another facil
ity’s coordinator. The results of the QC meas
urements are automatically documented by the 
POCT middleware. Annual evaluations are 
 retrieved by the POCT manager from the mid
dleware’s statistics module and allow perfor
mance comparisons between similar devices.

The POCT coordinator resolves any devia
tions in QC directly with the ward’s device 
manager and, if necessary, with the POCT man
ufacturer. The corrective action taken is either 
documented automatically by the middleware 

(e.g. reagent replacement) or by the POCT co
ordinator. The laboratory management assigns 
and stores maintenance and repair logs for the 
affected device in a separate software program. 
This ensures that all work done on any specific 
device can be clearly displayed and evaluated 
according to cost and frequency. Recurring QC 
deviations are processed by the POCT manager 
in cooperation with the POCT coordinator, the 
device managers and the medical director of the 
affected ward. If required, selective followup 
training courses will also be offered and docu
mented by the POCT coordinator.

EC controls in the form of interlaboratory 
tests are carried out twice a year for all wards. 
The ward itself carries out this measurement, 
after which the POCT coordinator of the hos
pital inputs the results and evaluates the inter
laboratory test. If the specified goal is not 
achieved, for example, because of poor prean
alytics, the defective result is reported to the 
device managers and an attempt to ascertain 
the reason for the erroneous measurement is 
made. In the event of a failed interlaboratory 
test, retraining with appropriate documenta
tion is mandatory for the ward in question. 
Failed interlaboratory tests should also be re
ported to the POCT manager.

37.1.7 Contingency concept

At least one backup device with a compatible 
parameter profile has been defined for each 
POCT device, which operators can use to avoid 
device failures. This is mainly facilitated by uni
form device types, allowing operators to also 
operate POCT instruments on other wards 
without difficulty. If the problems are simple 
(e.g. inlet seal obstruction), employees can try 
to troubleshoot the problem on the spot. Device 
managers receive special training for this; a hot
line providing telephone support by technicians 
is available at routine times. If the problem can
not be solved by the operator or the device 
manager, the manufacturer will provide a re
placement device no later than the following 
working day. Measurements must be carried 

 . Fig. 37.2 Example of an operator’s measurement 
authorization

Operator’s authorization BGA
Smith, John  June 1977
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out using the specified backup device until the 
faulty device is replaced. Technical support is 
provided exclusively by the manufacturer; lab
oratory staff do not receive training for this.

37.2 POCT quality assurance  
in Switzerland

Franziska Amiet, Martin Fiedler

37.2.1 Introduction

In recent years, POCT has been growing in 
popularity in Switzerland. This is mainly due to 
the massive increase in cost pressure on the 
hospital sector resulting from introduction of 
the fixed rate per case system (SwissDRG) in 
January 2012. Changes in hospital structures 
and processes are currently emerging as a re
sult. The decrease in laboratory compensation 
in 2009 had already led to greater awareness of 
service processes and their optimization. To
day, laboratories are frequently closed at night 
in small hospitals and emergency analysis is 
carried out using POCT. Another aspect is the 
special status that primary care medicine enjoys 
in Switzerland. Following pressure from politi
cians and general practitioners (GPs), primary 
care medicine is currently being taken into ac
count. On January 1, 2015, the Swiss Federal 
Department of Home Affairs (FDHA) created a 
list of “rapid analyses” [1] that are carried out as 
POCT diagnostics by inpractice laboratories 
and charged at a higher rate. A further revision 
of the analysis list is expected soon.

In recent years, POCT has been developed 
and professionalized in Switzerland. POCT 
 coordinators and commissions are active at 
cantonal and university hospitals. Their central 
tasks are the creation of regulations, the im
provement and monitoring of quality assurance 
and the optimal networking of POCT devices 
with data management, laboratory, clinic or 
hospital information systems. In smaller hospi
tals, POCT is usually implemented in coopera
tion with the laboratory and operated with its 
support. Continuous improvement of laborato

ry analyses is also an objective of primary care 
medicine. Since 2012, GPs are required to take 
part in a course on “Inpractice laboratory cer
tificate of competence”. Their certificate of 
competence is automatically renewed when 
they participate in external quality controls on 
annual basis [2].

37.2.2 Legal regulations  
and quality assurance

The Swiss Commission for Quality Assurance 
in the Medical Laboratory (QUALAB) regu
lates quality assurance in the medical labora
tory in the form of a basic contract and concept 
[3, 4]. QUALAB supplemented or modified the 
criteria for the operation of medicalanalytical 
laboratories (KBMAL) [5]. KBMAL Version 1.0 
[6], a checklist compiled by QUALAB, aims to 
successively assist all medical laboratories in 
meeting the criteria for the operation of medi
calanalytical laboratories defined in KBMAL 
and to ensure quality at a uniformly high qual
ity standard. The legal basis for KBMAL is the 
Swiss Health Insurance Act (KVG), the Swiss 
Health Insurance Ordinance (KVV) and the 
basic contract QUALAB [3].

QUALAB’s concept of Quality Assurance in 
the Medical Laboratory [4] summarizes imple
mentation rules and regulations. These are 
mandatory for analyses charged to a patient’s 
compulsory basic insurance. Internal and ex
ternal quality control is obligatory; external 
quality control is carried out at a recognized 
quality control center in Switzerland [7–10]. 
Other centers located abroad are coordinated 
by recognized quality control centers in Swit
zerland.

External Quality Control is performed four 
times a year. The list of parameters, assessment 
criteria, fulfillment criteria and the quality con
trol center recognized for these parameters are 
listed in the document “Mandatory External 
Quality Control” [11].

The frequency of the internal Quality Con-
trol depends on whether it is a simple or com
plex analyzer. Simple analysis systems meet 
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certain criteria and are listed in Annex B of 
QUALAB’s internal quality control guidelines 
[12]. All other analysis systems are considered 
complex analysis devices. For complex analysis 
systems, internal quality control is performed 
twice a day with each series or by continuous 
measurement. For simple analysis systems, in
ternal quality control is performed at regular 
intervals, but at least every 2 weeks (see Internal 
Quality Control Guidelines for exceptions 
[12]).

 > External quality control is carried out 4 
times a year; parameters and criteria are 
listed in the QUALAB document “Manda-
tory External Quality Control” [11]. The 
frequency of internal quality control 
 depends on the type of analysis system 
(simple vs. complex).

37.2.3 POCT in hospital  
and practice

People in Switzerland are satisfied with health 
care, as demonstrated by surveys conducted an
nually in the Health Monitor [13]. Patients ex
pect quality and efficiency. POCT meets the 
expectations of patients and physicians. De
mand and pressure for the latest technologies 
are growing and the SwissDRG system is forc
ing an optimization of processes and quality. 
For POCT, this means documented results 
without any media discontinuity in the HIS. 
Opportunities for POCT include projects to 
improve patient medication process safety 
 using bedside scanning as well as the use of 
 patient arm bands with barcodes or RFID. Ap
propriately configured and equipped POCT 
devices are a prerequisite for the use of patient 
wristbands for continuous data documenta
tion. Some hospitals are already using patient 
wristbands or are planning to use them. Sur
veys and studies show that the topic is becom
ing ever more current [14, 15].

Areas of application and analytics
Compared with Germany and Austria, areas of 
application and analytics hardly differ in Swit

zerland. In recent years, more and more emer
gency clinics have emerged within hospitals or 
as independent centers. POCT analyses include 
vital parameters for immediate intervention or 
therapy in the hospital, for process optimiza
tion in outpatient clinics or for frequent meas
urements on wards (e.g. glucose). Blood gas 
devices that measure electrolytes, metabolites 
and bilirubin (in neonatology) with small sam
ple volumes are highly popular. Thromboelas
tography is used in trauma, surgical and inten
sive care settings. Analysis takes place either at 
the POC, or centrally in the lab using digital 
result transmission.

In the primary care setting, patients benefit 
from POCT performed by the inpractice labo
ratory. Since 2015, GPs have been able to charge 
a higher fee for POCT performed by the 
inpractice laboratory (7 “Lists of rapid analyses” 
and “Supplementary analyses” as part of the anal-
ysis list p. 226–229 [16]).

Staff and responsibilities
POCT is generally performed by nurses in hos
pitals, whereby the responsibility lies with the 
attending physician. Other administering occu
pations may include health professionals (FAGE, 
new occupation since 2002), midwives, physi
cians, nurses and doctor’s assistants in outpa
tient clinics. Device requests, device  evaluation, 
installation, networking, quality control, main
tenance and upkeep fall into the competence 
areas of the laboratories, POCT coordinators, 
medical technology and the clinics’ device man
agers. Newly hired POCT staff receive training 
when they start their job. The training expendi
ture for caregivers and physicians is enormous. 
The resources required for consistent, regular 
refresher courses in POCT are lacking in many 
places. At inpractice laboratories or joint prac
tices, the responsibility for analysis and device 
maintenance lies with the doctor’s assistants or 
biomedical analysts certified by a college of pro
fessional education and training.

Networking status
Many POCT devices are networked with an IT 
system. Hospitals use the system to document 
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quality controls, calibrations, reagent and de
vice management, performance reporting and 
troubleshooting, as well as to route results to the 
LIS, the HIS, and other clinic information sys
tems. These systems are used e.g. in intensive 
care units, anesthesia, dialysis, or the Emergen
cy Department. All of these systems use patient 
identification (patient ID, case ID, others); only 
a few use personal POCT operator login/iden
tification on the devices. Centralized operator 
management with assigned roles and device 
authorization are rarely used. These assess
ments are based on an oral survey of different 
POCT representatives.

Quality
Analytical quality has improved greatly in the 
more than 7,500 inpractice laboratories and at 
several hundred hospital and private laborato
ries. The course on “Inpractice laboratory cer
tificate of competence” (FAPL) for physicians 
and compulsory participation in External Qual
ity Control program are proving to be effective. 
The CSCQ President commented on analysis 
quality in the editorial of Vision CSCQ No. 10 in 
September 2015. Quote by Dr. Olivier Boulat: 
“The educational function performed by the 
Swiss External Quality Control Centers (EQK) 
has led to a significant improvement in analysis 
quality (the number of compliant results has ris
en from 89 % to 98 % in the last ten years) [17]”.

37.3 POCT in Spain

Maria Luisa Hortas, Miguel Cantero, Francisco 
Javier Lirón-Hernandez, Paloma Oliver

On behalf of the Spanish Society of Clinical 
Bio chemistry and Molecular Pathology (SEQC) 
POCT Commission.

37.3.1 Introduction

At the end of the nineties, the interest in POCT 
came up with contributions in national and in
ternational congresses [6, 8, 17]. Spanish legal 
requirements for laboratories are ruled below a 
general process; an administrative authoriza
tion for clinical laboratories, depending on 
each region in the country. There is no other 
specific or mandatory regulation for point of 
care testing, although it is accepted that are 
 included in the different local regulations for 
authorisation of clinical laboratories. That is 
the reason why the recommendations of clini
cal societies are so relevant.

POCT Switzerland
 5 The SwissDRG system is forcing an 

 optimization of processes and quality.
 5 POCT meets the current expectations 

for new technologies, efficiency and 
quality.

 5 Most POCT systems are networked 
and implementing patient identifica-
tion; the hospitals still lack personal 
operator identification, central opera-
tor management with role assignment 
and device authorizations.

 5 More time is required to achieve trace-
able data documentation without any 

media discontinuity in the HIS for 
POCT, gaps have to be closed, process-
es checked and systems adapted.

 5 Because adequate training requires 
 resources (cost pressure), initial and re-
curring training for POCT system oper-
ators in the hospital is a challenge.

 5 Legal provisions, the implementation 
of Swiss quality control centers and 
compulsory interlaboratory tests have 
led to a significant improvement in 
analysis quality in the last ten years.

 5 Participation in the FAPL course is 
compulsory for GPs. Since January 
2015, medical in-practice laboratories 
have been able to charge higher 
standard rates for POCT analyses 
found on the list of rapid and supple-
mentary analyses.
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37.3.2 POCT guidelines in Spain

It is in 2003 when the Spanish Society of Clini
cal Biochemistry and Molecular Pathology 
(SEQC) [20] created a workgroup for develop
ing Spanish guidelines (POCT Commission) 
the “Guía para la implantación de pruebas de 
laboratorio en el lugar de asistencia al paciente”, 
published in 2006. The good point for these 
guidelines were that the consensus came from 
laboratory professionals and diagnostics man
u facturers involved in POCT, taking care of 
 different guidelines from other countries, re
commendations from bodies like the College of 
American Pathologist or the CLSI [1, 2].

As there was the first time to focus on POCT 
as a national view; tasks as a deeply discussed 
definition of point of care testing; the impor
tance of laboratory professionals play in order 
to maintain quality in these tests or the struc
ture of human resources, their duties from an 
organisational point of view and the interest in 
having an interdisciplinary committee for the 
better implementation.

A recent review of these guidelines [14] has 
been conducted and is published in press. The 
main differences are focused on the denomina
tion of point of care testing in Spain following 
the international recommendations instead of 

Spanish way of expression (POCT vs. test at the 
side of patient care); a better description rea
sons to justify implementing POCT (clinical, 
organisational or economic criteria) and a 
 special remark for patient safety in POCT. 
On the other hand, the group considered rele
vance to include recommendations from care 
international standards such as ISO 17593: 
2007 [9]; ISO 15197:2013 [10]; ISO 22870:2006 
[12] and ISO 15189:2013 [11] and a huge num
ber of webs of interest. The Spanish guidelines 
can be resumed in 11 recommendations (. Tab. 
37.1).

37.3.3 The situation in Spain

In 2012, The POCT Commission promoted 
and conducted a national survey, achieving 126 
full responders (unpublished data). As approx
imately 90 % of the participants agree with sup
porting POCT as long as necessary and justify 
and only 6.5 % of the hospitals have no devices 
in POCT; we can say POCT is widely use in 
Spain. We have found it must be improved 
strategies to ensure analytical quality; as in 
56.5 % POC devices are not under quality con
trol programs; they do without laboratory par
ticipation or they didn’t even know if there is a 

 . Tab. 37.1 Final Spanish recommendations for optimal quality in POCT

1 Identify point of care testing (definition)

2 Justify the incorporation of POCT

3 Create of a working group led by laboratory professionals

4 Establish traceability and analytical limits of a test to be used in POCT environments

5 Choose simple devices, if possible. Consider minimum risk of error

6 Have current procedures

7 Be able to performed the test, through a competency training program

8 Design quality control programmes and execute them

9 Participate in external quality control programmes

10 Preferably, connect the equipment to integrate the clinical information

11 Breach of the above points should be considered a nonconformity, so you will have to take correc-
tive actions
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quality control profile; as previously published 
by others groups [13].

Selection of analyzers  
and quality assurance
One of the main objectives of the POCT Com
mission is to report on instruments evaluations, 
promoting evaluation on a device in microbiol
ogy and recommendation on glucose meters. 
As there are numerous publications related to 
the selection of instruments made by Spanish 
groups, we can stand out [16] study, as they 
evaluate 23 blood gas analyzers according to the 
CLSI protocols and compared one of them with 
the devices used previously in the hospital.

Patient safety
Any quality management system has to propose 
indicators to evaluate processes; and NACB 
guidelines recommend that specific measura
ble indicators related to POCT organization 
must be identified, monitored and evaluated. A 
Spanish group [3] has proposed a set of indica
tors to investigate quality error rates related to 
preanalytical and analytical phases associated 
with POCT. They have developed this study in 
the neonatal unit and the indicators were com
pared between central lab and POCT. These are 
few indicators to suit IFCC WGLEPS recom
mendations [19] . Tab. 37.2).

With regard to deal with critical values, a 
redefinition of values is proposed when an en

vironment of POCT is set, coming from the 
close collaboration between healthcare unit and 
laboratory professionals [4].

Professional competency in POCT
The feeling of losing power in their responsibili
ties in a group of professionals and the change in 
the way of exercising the clinical activity have 
slowed the growth of POCT in Spain. In fact, 
there is a relatively discomfort among techni
cians as they interpret they are the professionals 
trained to use analytical devices. Nowadays, it is 
increasingly understood as an opportunity for 
professional development. The reviewed Span
ish guidelines include recommendations for ini
tial and continuous training as a core of success 
in POCT, with a minimal set of aspects the 
 professionals should know and a protocol to 
evaluate the competency that must be reached 
including, among all, evaluation of technical 
performance; supervision of reports and han
dling information; evaluation of results in inter
nal and external quality control programs, and 
capability of solving problems. There are several 
national training programs. One of them come 
from the Spanish Society of Clinical Biochemis
try and Molecular Pathology (SEQC) which by 
POCT Commission promote and execute nu
merous specific training activities, The focus of 
this course, organized by Roche Dia gnostics in 
collaboration with the Complutense University 
of Madrid, are the clinical laboratory profession

 . Tab. 37.2 Quality indicators for POCT

Quality indicator Related to

Percentage of requests with errors concerning patient identification per 
month

Total number of requests

Percentage of samples aborteda per month Number of samples

Percentage of insufficient sample volume per month Number of samples

Percentage of unacceptable results in EQAPb per year Number of EQAP parameters 

Percentage of unacceptable results in IQCc per year Number of IQC parameters

a Samples aborted, could be due to clotted samples or inability of operators
b EQAP: External quality assessment program
c IQC: Internal quality control
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als, giving them training in POCT coordination 
duties, teaching experiences in other countries 
having an specialty for this type of testing and 
enhancing the role of POCT coordinator.

Based-medicine evidence  
in POCT in Spain
There are some studies of interest developed in 
Spain [18]. We can distinguish some studies; 
one of them as they evaluate clinical, operation
al and economic outcomes of POCT in pulmo
nology offices compared with clinical laborato
ry measurements; offering better results the use 
of blood gas analyzers in POCT organization 
[15], other is related to the study of an intra
operative POCT intervention’s related costs in 
extracorporeal cardiac surgery to decrease hos
pital complications [5] and the oldest one study 
the likely impact of critical outcomes in critical 
care management through implementing 
pointofcare in primary care [7].

In conclusion, Spain is doing a good job in 
POCT considering there are laboratory profes
sionals conducting interesting studies and the 
national societies support them. However, there 
is an opportunity to improve.

37.4 France: an experience on 
POCT QM based on a 
 mandatory EN ISO 22870 
 accreditation

Michel Vaubourdolle, Benedicte Beneteau-Burnat, 
Pascal Pernet

37.4.1 Introduction

Until 2010, French legislation had specific 
guidelines for medical laboratories (mainly the 
“GBEA” for good analysis performance guide
lines) but did not allow to perform pointof
care testing (POCT) in private laboratories. 
However, POCT analyzers were installed in 
public hospitals where no specific regulation 
applied. Since 2010, a new French legislation (n  
201049 dated January 13, 2010) [1] replaces 
GBEA decree by a national law on biology, con

strains a mandatory accreditation for all medi
cal laboratories (public and private) under in
ternational standard EN ISO 15189 [2] and le
galizes POCT for medical laboratories under 
the condition of an complementary EN ISO 
22870 [3] accreditation.

The French Committee for Accreditation 
(COFRAC) is the independent organism in 
charge to authenticate the competences of the 
medical laboratories in France.

Medical laboratories have to achieve ac
creditation of all activities before 2020. France 
is one of the first countries to take such drastic 
measures to give medical laboratories recogni
tion that their practices are in compliance with 
this international quality standard.

37.4.2 POCT perimeter

In France, regulations differentiate between the 
medical biology examinations with analytical 
phase realized outside the laboratory, placed 
under the responsibility of a specialist in labo
ratory medicine on one hand, and diagnostics 
guidance tests, listed in a decree, which can be 
done by patients or by specified health profes
sionals in defined contexts and medical indica
tions, on the other hand.

In the first case, we find usual POCT and/or 
critical care testing examinations: biochemistry 
(blood gases/COoximetry/electrolytes/glu
cose/lactate, cardiac markers, HbA1c, CRP…), 
hemostasis (ACT, viscoelastic and aggregomet
ric tests), hematology (Hb)… These tests are 
submitted to a mandatory ISO 22870 accredita
tion to beachieved before 2020 for all tests. We 
will call testing placed in that category “POCT” 
in France. This will be developed more precise
ly in this paper. Furthermore, law requirements 
add a restriction of use for these tests to the 
strict context of “urgent therapeutic decision”, 
to regulate the POCT situations to critical care 
testing and avoid a costly sparse of POC devices 
without demonstrated justification of medical 
needs.

In the second case, no accreditation is need
ed and the laboratory is not involved. We find in 
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that category patient selftests (glucose, HbA1c, 
INR), health professionals (physician, nurse, 
midwife, pharmacist) tests (capillary glucose, 
urinalysis, transcutaneous bilirubin, pulse oxi
metry, amniotic fluid detection, infectious dis
eases tests: Influenza, HCV, HIV etc.). There are 
requirements for quality management for these 
tests (minimum operator training, traceability). 
This is not in the field of this paper.

37.4.3 POCT processes and  
quality indicators

ISO 22870 requires to identify processes need
ed for the quality management system of POCT 
and to determine criteria and methods needed 
to ensure that operation and control of these 
processes are effective. Then, one major chal
lenge to ensure quality improvement is to select 
adequate tools to monitor the different process
es involved in POCT practice.

We present here some quality indicators 
(QI) selected and implemented by our labora
tory to monitor POC blood gas testing. Quality 
indicator (QI) is a requirement of ISO 22870 
chapter 4.12.12. We identified on the process 
map of our medical laboratory, the processes 
affected by POCT which required specific QI. 
There was two specific processes: the POCT 
device implementation process from the clini
cal needs expression to the start of POCT use 
including the POCT management group (crea
tion and followup), and a second process cor
responding to the examination process. These 
processes are summarized in . Fig. 37.3.

For the management of many risks, POCT 
processes to be managed were the same than for 
regular laboratory activities (EN ISO 15189): 
for example, purchasing process or internal au
dits. In this case, we used the same indicators 
which are not presented here. These processes 
identified to be affected by POCT were:
 5 for operational processes: preexamina

tion, examination and postexamination 
phases;

 5 for supporting processes: management of 
training;

 5 for management processes: multidiscipli
nary POCT management group, review of 
contracts. At least, one specific QI was 
 implemented to monitor each of these 
 processes. When appropriate, QI were 
 analyzed for each POCT location.

The QI were adequately chosen to both assess 
processes and fulfill specific EN ISO 22870 
 requirements regarding management. A QI 
synthesis is reviewed each year and presented in 
management review.

In 2013, selected QI [quantification index 
– periodicity – target] were:
 5 For operational processes

 5 Evolution in the number of analyzes 
 related to the number of patients: this 
QI helps to fulfill the management re
view requirements (ISO 22870 – § 4.15) 
regarding a periodic review of the medi
cal need with clinicians, a costbenefit 
analysis, and a cost efficiency of POCT 
analysis. [ratio amount of analyzes/
amount of patients hospitalized in the 
clinical unit – annual – stability]
 5 Amount of preexamination noncon
formities from clinical units users (mis
identifications on the analyzers, review 
of aborted analysis): this QI helps to ful
fill preexamination requirements about 
identification (§ 5.4.2) and quality of 
training (§ 5.1.5); repeated aborted 
analysis may also help to detect opera
tors who need a new training, indeed 
nonauthorized operators using the 
code from someone else. [amount of 
nonconformities – monthly – <5 %]
 5 Effective participation of external quality 
assessment (EQA) (§ 5.6.4) [ratio amount 
of samples analyzed/amount of samples 
of the EQA program – biannual – 100 %]
 5 Comparability of the POCT analyzers 
results to those of the central laboratory 
(POCT specific § 5.6.2) using EQA or 
split samples [ratio amount of samples 
analyzed and reviewed/amount of 
 samples planned to be analyzed and 
 reviewed – quarterly – 100 %]
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 5 Turnaround time of integration of vali
dated results by the medical biologist in 
the patient medical record: this QI helps 
to fulfill the requirements regarding 
 review of contracts (§ 4.4) and report
ing of POCT results (§ 5.8) [percentage 
of analysis under the maximal turna
round time defined in the contact be
tween the laboratory and the clinical 
unit – biannual – >80 %]

 5 For supporting processes
 5 Clinical unit authorized users’ fol
lowup; [amount of operators with  
out of time competency assessment – 
biannual – 0]

 5 For management processes
 5 Audit of the mandatory missions of the 
multidisciplinary POCT management 
group (POCT specific – § 5.8) [amount 
of missions not fulfilled – annual – 0]
 5 Global amount of nonconformities; this 
QI helps to fulfill the requirement to 
evaluate where continual improvement 
of the effectiveness of the quality man
agement system of POCT can be made 
(§ 4.1) [amount of nonconformities – 
quarterly – decrease]
 5 Periodical costbenefit analysis and 
reevaluation of the clinical need (POCT 
specific § 4.15) [out of time or no review 
between the managers of the laboratory 
and the clinical units – annual – 0]

Monitoring ISO 22870 accredited POCT is dif
ficult without a pertinent choice of specific QI. 
This selection associated with QI in common 
with the medical laboratory allows controlling 
the whole process of POCT.

37.4.4 An experience in  
Saint-Antoine Hospital

The public medical laboratory of the SaintAn
toine Hospital in Paris was one of the first med
ical laboratories applying for ISO 22870 accred
itation in France and accreditation certificate 
was obtained on the 1st of July 2011. In 2012, we 

had our first followup audit and accreditation 
was renewed. We present in detail our first 
2year experience of POCT accreditation.

A quality group (2 medical biologists, 1 
technical supervisor) specialized in POCT was 
created and focused on:
 5 the specific requirements of the ISO 22870 

standard, compared to the ISO 15189 
standard: quality policy, process control, 
creation of a pointofcare coordination 
group, document control, training/habili
tation of nonlaboratory staff, verification 
of performance, environmental conditions 
control, selection and establishment of a 
new equipment, nonconformities manage
ment, audits.

 5 the additional specific requirements of the 
French legislation [1]: external quality 
 control program, a posteriori biological 
validation (review) of results.

The specialists in laboratory medicine worked 
particularly on technical requirements of 
ISO  22870 chapter 5: performance specifica
tions for each analysis were verified on all ana
lyzers: precision, trueness, measuring range (if 
pertinent), interferences. Measurement uncer
tainty was calculated for each analysis. Results 
for precision and uncertainty were compared 
to those from the French Society of Clinical 
Biology [4] and from C. Ricos [5] specifica
tions: all were found below fixed limits. Com
parability of POCT analyzers results were ver
ified with those obtained with central laborato
ry analyzers in order to allow a good patient 
followup.
 5 Analyzers

 5 In 2010, at the time of the initial audit, 
POC blood gas activities were per
formed in 3 different locations on GEM 
series analyzers (2 GEM 4000 and 1 
GEM 3000 – Instrumentation Labora
tory, USA)
 5 In 2012, at the time of the followup 
 audit, one location with a GEM 4000 
was closed and a new one with an 
ABL800 (Radiometer, Denmark) was 
audited.
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 5 Initial audit
 5 In 2010, the use of the GEM analyzers 
significantly facilitated our work be
cause of its features: disposable meas
urement cartridge, integrated QC man
agement (IQM), remote control with 
information management software for 
complete control of the POCT process 
(GemWeb Plus), biological safety and 
easy training of nonlaboratory staff.
 5 In November 2010, the initial audit car
ried out by 2 Cofrac evaluators (one 
technical auditor specialized in bio
chemistry and one quality auditor) 
 revealed 5 gaps, including 1 critical gap, 
to be corrected within 6 months. Non
compliance situations concerned com
petence assessment, formalization of 
 responsibilities, external quality assess
ment (EQA) for COoximetry, docu
ment control. Cofrac accepted our 
action plan and delivered our accredita
tion mid2011 for the following analysis 
in total blood: pH, pCO2, pO2, Na+, 
K+, Ca++, lactate, glucose, hematocrit, 
COoximetry.

 5 Follow-up audit
 5 In 2012, Cofrac evaluators came back for 
the first followup audit: they audited 2 
of the previous locations and the new 
one with the ABL 800 previously accred
ited according to ISO 17025. They veri
fied that 2010 gaps were  settled and 
 revealed 3 new gaps: environmental 
conditions, metrology, lack of healthcare 
provider/patient/client feedback.
 5 Cofrac renewed our accreditation 
 including the new location.
 5 Another followup audit in 2015 
showed no new noncompliance situa
tions.

37.4.5 Conclusion and 
 perspectives

Our experience of POCT accreditation in 
SaintAntoine hospital was beneficial for the 

entire staff, laboratory and clinical units, and 
particularly improved communication. The 
 extension of accreditation to other POCT activ
ities (cardiac markers, glycated hemoglobin 
etc.) is scheduled before 2020 in our hospital.

Globally, in 2016, there is now about 10 ac
credited laboratories for EN ISO 22870 stand
ard in France. This is a small number compared 
to the very rapid growth of EN ISO 15189 ac
creditations (about 700/1000 accredited labora
tories in the beginning of 2016 and mandatory 
target of 100 % partial accreditation in Novem
ber 2016). This discrepancy is explained by the 
flexibility granted to the laboratories to achieve 
the total accreditation in 2020. The regulation 
objectives (50 % accreditation in 2016, 70 % in 
2018) are based on the relative number of 
 accredited acts and POCT quantitative part is 
relatively weak compared to core laboratories 
activities. Furthermore, the exact number of 
laboratories concerned with POCT is still un
known.

At the national level, the objective of a com
plete POCT accreditation, in public and private 
sectors, is now possible and useful for a better 
management by quality and for an improve
ment of patient care.

37.5 The UK perspective

Laura Tooth, Paul Collinson

37.5.1 Introduction

Point of care testing (POCT) in the UK has 
largely been based on provision of blood gas 
analysis. This has been extended to include a 
range of additional tests, such as electrolyte and 
renal function in critical care areas and emer
gency departments, plus blood glucose testing 
in the community. In 2006, the Department of 
Health commissioned an independent report 
into NHS pathology services in England. The 
report, chaired by Lord Carter of Coles, identi
fied the increasing use of point of care testing 
and suggested that pathology was moving to
wards a more accessible community based ser
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vice [1]. This model, of moving services out of 
hospitals, and into the community, was suggest
ed for London in Lord Darzi’s report – Health
care for London: A framework for action, which 
recommended urgent care centres offer basic 
pathology services by POCT, to ensure a rapid 
turnaround, and to facilitate diagnosis and 
treatment [3]. In addition, the UK National In
stitute for Clinical and health care Excellence 
(NICE) [4], began recommending patient self 
testing and selfmonitoring, in areas such as 
anti coagulation.

37.5.2 Quality management 
framework

POCT was increasingly being undertaken by 
members of the health care team with no refer
ence to laboratory services. The Carter report 
(2006) [1] identified fragmentation of point of 
care services and highlighted the importance of 
proper management of POCT devices. The UK 
health regulatory authority, the Care Quality 
Commission (CQC), mandates that staff should 
receive the support, training, professional devel
opment, supervision and appraisals necessary 
for staff to undertake their roles and responsibil
ity. It is therefore important that staff involved in 
the delivery of pathology services, including 
technical and support staff, should participate in 
relevant continuous professional development, 
as part of maintaining competence.

The Carter report [1] also stated ‘pathology 
service providers should be subject to mandato
ry accreditation by an organization independent 
of the providers and the professions’. This man
datory accreditation, which includes point of 
care testing, gives members of the public and 
other NHS staff the confidence that the quality 
of the service has been independently verified as 
meeting objective service standards. Hospitals 
in the UK aim to accredit POCT services against 
ISO22870, but this is currently separate to pa
thology laboratory accreditation status.

Accreditation requires full participation in 
External Quality Assurance (EQA) schemes. In 
the UK, WEQAS and NEQAS are the main 

EQA providers. Schemes available for POCT 
include Bilirubin, Blood gases, BNP, Cardiac 
Markers, Cooximetry, Creatinine, Glucose/
Ketones, Haemoglobin, HbA1c, HIV, Lipids, 
Pregnancy, Preterm Labour Markers, Urinaly
sis and Urine Drugs of Abuse. Samples are sent 
monthly and are analysed by those who use the 
device.

37.5.3 Implementation of POCT

The local hospital pathology laboratory is ex
pected to play a key role in the development and 
management of a POCT service [2]. In the UK, 
each hospital has a point of care coordinator, 
who works with a POCT team to liaise with 
companies, evaluate and compare POCT devic
es, and help with the implementation and man
agement of devices. The POCT team usually 
consists of scientists and administration assis
tants from the pathology laboratory. They are 
responsible for issuing Standard Operating 
Procedures (SOPs), which are regularly up
dated, managing training programs, and parti
cipating in clinical audit and other clinical 
 governance activities, as a further means of 
 underpinning quality. Having a point of care 
coordinator discourages companies from sell
ing directly to the wards, which allows stand
ardization of devices through the trust. Before 
any device is implemented it is assessed for bias 
and imprecision to check the device is fit for 
purpose. The comparison is performed using 
EQA and patient samples. The device is then 
trialed in the department to assess ease of use 
and impact on patient pathways.

Users must be deemed competent before 
performing POCT, and this is enforced with 
connectable, operator lock out devices. Many 
POCT companies offer online training mod
ules for operators to regularly update their 
competencies. Companies also offer monthly 
training sessions and link trainers are used to 
cascade training to those unable to attend set 
sessions. EQA results are reviewed by the point 
of care team and any poor performances inves
tigated. The POCT team also reviews Internal 
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Quality Control (IQC) data. IQC is performed 
on all POCT devices and this is enforced by 
connectable meters that allow device lock out, 
if the IQC has not been performed within a cer
tain timeframe. The frequency of IQC testing is 
established in local guidelines, as there are no 
national recommendations.

EQA poor performance criteria are set by 
the EQA scheme steering committee, in consul
tation with the scheme organiser, and with the 
agreement of the relevant National Quality As
sessment Advisory Panels [5]. When an analyte 
shows poor performance the head of depart
ment is contacted by the scheme organiser. The 
laboratory is then expected to perform a de
tailed investigation and report any findings 
back to the EQA provider. If laboratories do not 
reply, or the poor performance continues, EQA 
providers can report the laboratory to the 
NQAAP for further investigation [5]. NQAAP 
expects 100 % compliance on EQA returns and 
laboratories that fall below the ideal are report
ed [5]. If any manufacturer problems are iden
tified with an assay, the Medicines and Health
care Products Regulatory Agency (MHRA) is 
informed. This is a government agency that 
ensures all medicines and medical devices work 
correctly and are acceptably safe in accordance 
with European Union directives.

The POCT team can help to write business 
cases for funding of POCT devices. A Service 
Level Agreement (SLA) is then written, which 
details the range of products and operational de
tails, as well as formally defining the responsibil
ities and expectations of each party. SLAs set out 
the lines of accountability, which is especially 
important when the hospital assists the commu
nity with purchasing POCT devices, training, 
quality assessment and health and safety.

Within the hospital, the POCT team report 
to the POCT committee, which is a multidis
ciplinary group including clinicians, nurses, 
scientists, IT, finance and pharmacy, and is 
chaired by a hospital consultant. The POCT 
committee assesses the clinical need for POCT, 
and raises any issues with POCT management 
to the trust risk committees and medical devic
es and management committee (MDMC).

37.5.4 Patient safety and  
device regulation

The POCT group are responsible for identify
ing patient safety issues arising from the use of 
POCT. Any adverse incidents are reported to 
the MHRA, who will further investigate and 
take necessary action to safeguard the public. 
The MHRA also issue medical device safety 
alerts that detail all faults identified. These 
alerts must be acknowledged by each hospital 
and a reply sent detailing if actions are or are 
not required. The MHRA deals directly with 
companies to improve devices and rectify any 
faults identified. It is an effective system that 
collates incidents from across the country, and 
makes recurring patient safety issues easy to 
spot. Manufacturers are also obliged, under 
medical devices regulations, to report certain 
adverse events to the MHRA [2].

37.6 POCT in Japan

Naoto Shimetani

37.6.1 Introduction

In the quality assurance of POCT, the objective 
is to conduct a clinical trial with POCTcom
patible devices and reagents and to ensure the 
accuracy of the test result according to standard 
laboratory practice.

A Japanese guideline for POCT has been 
presented by the POCT Technology Commit
tee of the Japan Society for Clinical Laboratory 
Automation. For the quality assurance of 
POCT, the 11th chapter of the 3rd version [1] of 
the Japanese POCT guideline provides safe
guarding of the test data. This primarily in
volves uniform monitoring of all phases of the 
clinical testing process and means that uniform 
administration of the preanalytical, analytical 
and postanalytical phases (application of the 
results) is required.
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37.6.2 The core issue behind POCT 
quality management

To meet the requirements of POCT quality 
management, ISO 22870 “PointofCare Test
ing (POCT) – Requirements for quality and 
competence” [2] and ISO 15189 “Medical labo
ratories – Requirements for quality and compe
tence” [3] must be observed.

In Japan, a POCT coordinator or a medi
caltechnical laboratory’s assistant is usually 
responsible for assuring quality throughout the 
process.

37.6.3 IT applications for POCT 
quality management

The POCT device must have network/LAN 
 access (“connectivity function”) in order to 
 organize the data flow during quality assurance 
and data transmission. The network/LAN 
 access function must meet the requirements of 
the CLSI (Clinical & Laboratory Standards In
stitute) Directive [4]. Frequently, device manu
facturers will have developed their own man
agement software. Such software features a 
routinely automated calibration system, a 
POCT cartridge performance test system, the 
ability to detect deviceinternal errors, an 
 administration system for the results of quality 
control and a data management system interop
erable with LIS/HIS. Therefore, when selecting 
and operating POCT devices and quality con
trol materials, the POCT Technology Commit
tee of the Japan Society for Clinical Laboratory 
Automation recommends those devices that 
can establish a network/LAN connection and 
provide quality management using proprietary 
software.

37.7 POCT in Norway

Lutz Schwettmann

The special topographical conditions in the ru
ral and northern areas of Norway often impede 

rapid sample analysis outside the hospitals. The 
distance to the nearest hospital is often long and 
it is sometimes only possible to transport the 
sample by air. POCT is therefore especially im
portant outside the hospitals POCT, as it ena
bles timely analysis of important measurands.

In Norway, POCTinstruments are used in 
a centralized or decentralized way in hospitals 
as well as in small laboratories outside the hos
pitals. Outside the hospitals, POCT is primarily 
used by communal and private general practi
tioners (GP) as well as private specialists. Gen
erally, the doctor’s practices are located in med
ical centers. In their common laboratories, 
sampling, analysis by POCT devices and ship
ment to the hospital laboratory are done by 
nurses and doctors assistants. POCT instru
ments are further used in rest homes and 
 ambulant nursing services, among others for 
analyzing of CRP and glucose, as well as by oc
cupational physicians and on oil platforms. 
Here sampling and analysis is often done by 
personnel with limited education in laboratory 
medicine. This fact could fundamentally call 
into question the quality of the analytical 
 results.

In Norway the organization of quality man
agement inside the hospitals and outside the 
hospitals generally differs. The responsibility 
for the quality management of decentralized 
POCT instruments in hospitals is up to the cen
tral laboratory belonging to the hospital. The 
central laboratory assumes the supervision of 
internal and external quality control as well as 
the training of the users of the POCT devices. 
To this, many central laboratories establish a 
POCT quality coordinator. The participation in 
external quality assessment in hospital labora
tories is coordinated almost solely by the organ
ization NKK (Norwegian Clinical Chemistry 
EQA program). NKK is a nonprofit organiza
tion established by the Norwegian Society of 
Medical Biochemistry. NKK serves Norwegian 
laboratories within medical biochemistry in the 
fields of external quality assessment (EQA), 
standardization and other quality development 
issues. The shipment of the external quality 
control samples occurs directly from the pro
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vider to the laboratory. Noticeable changes in 
quality, significant changes of the levels be
tween different POCT instruments and feasible 
actions for quality improvement are discussed 
with representatives of all hospital laboratories 
on the annual meeting for quality management.

In Scandinavia, the quality assurance of 
 laboratory analysis is of great historical impor
tance. As early as the 1980s, the requirement for 
the improvement of quality of POCTinstru
ments used outside the hospitals was recog
nized. In 1992, Noklus (Norwegian Quality 
Improvement of Primary Health Care Labora
tories) was established.

Noklus is a national nonprofit organization 
aimed to ensure that all laboratory analyses that 
are ordered, performed and interpreted outside 
of hospitals will safeguard the patient’s needs 
for investigation, treatment and followup. 
Funded by the Norwegian Medical Association 
through a quality improvement fund, Noklus 
offers access to external quality assessment pro
grams to all Norwegian GP surgeries, nursing 
homes and other health care institutions. The 
participation in EQA programs is voluntary. 
Noklus provides guidance and tuition through 
site visits, telephone consultations and courses. 
For this purpose, more than 100 employees in
cluding medical technicians and specialists in 
laboratory medicine, are at disposal. Noklus, 
headquartered in Bergen, has regional subsi
diaries throughout Norway. Depending on the 
geographical situation, each state has one or 
more Noklus offices, based at local hospitals 
with regional representatives and specialists in 
laboratory medicine. The local presence in all 
states enables Noklus a close communication 
with the users of POCT devices. Noklus em
ployees are available to assist laboratories in all 
matters regarding all questions addressed to 
POCT analysis. 99 % of the Norwegian GP lab
oratories and 95 % of the nursing homes use 
Noklus. Thus, Noklus ensures comprehensive 
quality monitoring of nearly all laboratories 
outside the hospitals. The participation in 
 external quality schemes is funded by the 
 Norwegian Medical Association and is free of 
charge for the public GPs. For private GPs, 

nursing homes, occupational health services 
laboratories and the oil industry, participation 
is charged.

Also many hospital laboratories participate 
in Noklus’ EQAschemes (subject to charges) 
which are communicated by NKK. Noklus usu
ally ships control material it produces itself. The 
programs offered comprise about 20 para
meters for POCT analysis and cover the most of 
the measurands performed at the GPs. The 
 collected results are statistically evaluated cen
trally and every participant receives an individ
ual report concerning precision and accuracy 
of the results achieved. The field Noklus repre
sentative is informed about the results of all the 
participants in his area. If a laboratory failed the 
quality specifications, the Noklus representa
tive contacts the laboratory and discusses pos
sibilities for quality improvement. The nation
wide surveyed results are also used for central 
supervision of changes in quality between dif
ferent reagent lots. Close cooperation with the 
IVD manufacturers means that unacceptable 
quality differences can be promptly addressed 
by Noklus.

The Norwegian market is basically open for 
all manufacturers of POCT devices. The quality 
of the devices is mostly scrutinized critically 
before purchase. Noklus, a wellestablished in
stitution nationwide, provides advice to munic
ipalities and laboratories on issues related to 
quality of the devices and the analytics. Because 
of a central and nationwide registration of all 
results of external quality assessment, the 
Noklus employees have a complete picture of 
the strengths and weaknesses of the POCT de
vices on the market and can help laboratories 
select the most appropriate instruments for 
their purpose.

Additional information about the assess
ment of quality and operator convenience of 
POCT devices is provided by SKUP (Scandina
vian Evaluation of Laboratory Equipment for 
Primary Health Care). SKUP is a joint organi
zation between the Scandinavian countries 
Norway, Denmark and Sweden for independ
ent testing of POCT devices. The main task is 
to improve the quality of POCTin Scandinavia 
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by providing objective and manufacturerinde
pendent information regarding quality of anal
ysis and operator convenience of the devices. 
SKUP tests POCT devices according to uni
form criteria and produces test reports. SKUP 
test reports are not necessarily required to offer 
POCT equipment on the Scandinavian market, 
but they are often used by the manufacturers for 
documentation of analysis and device quality. 
The manufacturers themselves are the ones 
who contract out the generation of the test 
 reports and commission SKUP with the prepa
ration of a test report before launching their 
products on the Scandinavian market. The test 
reports can then assist all laboratories to select 
suitable instruments during the process of pur
chasing or replacing of POCT devices. Since 
SKUP is organizationally linked to Noklus in 
Norway, the Noklus field representatives have 
direct access to the test reports and can provide 
this information to the laboratories during re
gular visits to the laboratories.

After more than 20 years of activity, it can 
be documented that the various quality assur
ance and improvement organizations have 
 substantially improved the analytical quality 
carried out with POCT devices inside and out
side the Norwegian hospitals.

37.8 The Dutch Perspective

Robbert Slingerland, Bert Dikkeschei

37.8.1 Introduction

The last few years a significant number of POC
tests have been introduced in the Dutch health
care system to cope with financial cutbacks and 
diminished number of people able and willing 
to work in the health care system and a signifi
cant increase in the number of patients with 
chronic disease. Due to doubling of e.g. the 
number of patients with diabetes and the in
creased average age of population, in this dec
ade in the Netherlands the cost of health care 
will rise tremendously. To counter this process 
the Dutch authorities focus on downsizing the 

volume of highcare hospitals by providing 
more care at the General Practitioner (GP)  level 
or even via homecare. Especially for the four 
chronic diseases, diabetes, chronic obstructive 
pulmonary disease/asthma, heart cardiovas
cular risk management, the home care point
ofcare testing will play a significant rule.

New area’s for pointofcare testing will be 
chemotherapy treatment monitoring in the 
home setting. This might prevent patients from 
unnecessary travelling to a hospital for their 
next treatment, because their blood values are 
not good enough yet or to better monitor con
comitant but unwanted fever processes.

The main manufacturers for POCT in the 
Netherlands are currently Abbott, Alere, Nova 
Biomedical, Roche, Radiometer, Philips and 
Samsung (via Thermo Fisher Scientific). Most 
glucose measurement in the Dutch hospitals 
are already done with POC glucose meters or 
blood gas analyzers able to measure glucose. 
Microbiological POCmarket will be a growing 
area for manufacturers from 2017. Continuous 
glucose monitoring intravenously is planned to 
be introduced in 2016 in the Dutch market al
lowing to better control glycemic conditions in 
patients on ICU.

In hospitals, nursehomes and GP offices 
POC instruments must be operated under the 
guidance of a central laboratory, connected to a 
central database (indirect connection via dock
ing station or direct via wireless), a quality con
trol program must be installed and (re)educa
tion must be implemented for all users (e.g. by 
elearning). This was mandated by the Dutch 
healthcare inspection service several years ago 
for hospital and nursehomes settings. Last year 
a new Dutch guideline for the use of POCT in 
GP offices was released [1].

There exists an everlasting dilemma be
tween analytical quality specifications for the 
glucose measurement apprehended by manu
facturers on the one hand and professional 
medical communities on the other. The failure 
of the European InVitro Diagnostic medical 
devices directive to define specifications critical 
for the clinical usefulness of POCT systems 
paved the way for this dilemma (a revision of 
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the IVD directive is currently prepared and will 
be voted for in 2016 by the EU parliament) [2].

For several POCT assays e.g. glucose, the 
combination of analytical quality and preana
lytical conditions provides a total variation 
budget which often by far exceeds medical pro
fessional requirements for safe diagnosis and 
monitoring, even though specifications by ISO 
and CE marking are not violated. Outsourcing 
POCT systems to GP’s or patients undertaking 
measurements on their own adds significantly 
to the total variation due to variability in 
enduser’s skills and insights in the use and in
terpretation of POCT assays.

37.8.2 Quality management 
framework

Dutch Guideline for the use POCT in GP offic
es describes that POCT must be applied under 
the responsibility or in close cooperation with 
an ISO 15189 accredited central laboratory. It 
gives guidance what needs to be arranged in 
order to run safely POCT in GP offices. Accred
itation requires full participation in External 
Quality Assurance (EQA) schemes. In the 
Netherlands the SKLM is the EQA provider. 
Many schemes are available for POCT applica
tions. Samples are sent monthly and are analyz
ed by those who use the device.

37.8.3 Implementation of POCT

The local, ISO 15189 accredited, clinical chem
istry laboratory is expected to play a key role in 
the development and management of a POCT 
service in the neighborhood of a hospital [1]. In 
the Netherlands, it is nowadays a common 
practice that each hospital has a PointofCare 
coordinator, who works with a POCT team to 
liaise with companies, evaluate and compare 
POCT devices, and help with the implementa
tion and management of devices. The POCT 
committee in a hospital provides an education
al resource for the indications for use, achieva
ble device performance, potential variables, 

technical issues, and risks of error when utiliz
ing POCT.

The POCT committee consists of at least a 
clinical chemist and a POCcoordinator and 
situational determined medical staff members, 
provides the necessary quality oversight to 
 ensure reliable POCT results for the various 
 patient populations being tested. An important 
role of the POCT committee is creation and 
oversight of the device validation process, 
 development of written policies and proce
dures, and implementation of the training/
competency plan after a device has been select
ed. The POCT committee plays a key role in 
program development and management. An 
important responsibility of the POCT commit
tee is the selection of a POCT device that meets 
specific laboratory testing needs and can be 
 utilized throughout an institution.

Users must be competent before perform
ing POCT, and this can be enforced with con
nectable, operator lock out devices. In general, 
a customizable elearning program must be 
provided by manufacturers of POCT instru
ments. EQA results are reviewed by the Point
ofCare team and any poor performances in
vestigated. The POC team also reviews Internal 
Quality Control (IQC) data. IQC is performed 
on most POCT devices. A validation process 
for new lot numbers is in time performed. EQA 
poor performance criteria are set by the EQA 
scheme steering committee, in consultation 
with the scheme organizer. When an analyte 
shows poor performance, the head of depart
ment is contacted by the scheme organizer. If 
the poor performance continues, the ISO 15189 
accreditation of the laboratory is at stake.

All POCT devices in hospitals are under the 
responsibility and authority of the central labo
ratories.

New POCT are based on a business case pro
posal and will be purchased by the central labo
ratory. A Service Level Agreement (SLA) with 
the departments of the hospital describes usual
ly details of product and operational details, as 
well as defines formally responsibilities and ex
pectations of each party. Special trained nurses 
for POCT are the backbone of the system in 
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hospitals. In each department such a well
trained or specialized nurse is present to answer 
the first questions of other endusers and if 
needed they can rely back on the POCT coordi
nator and or clinical chemist. SLAs are also in 
use outside the hospital, which is especially im
portant when the hospital assists the GP offices 
with purchasing POCT devices, training, quali
ty assessment and health and safety.

37.8.4 Patient safety and  
device regulation

The POCT group are responsible for identify
ing patient safety issues arising from the use of 
POCT. Any adverse incidents are reported to 
the Dutch healthcare inspection service and in 
case of glucose meters also to the Dutch Society 
for Clinical Chemistry (NVKC), who will fur
ther investigate and take necessary action to 
safeguard the public. The Dutch healthcare in
spection service also issues medical device safe
ty alerts that detail all faults identified. The 
Dutch healthcare inspection service deals 
 directly with companies to improve devices and 
rectify any faults identified. It is an effective 
 system that collates incidents from across the 
country, and makes recurring patient safety 
 issues easy to spot. Manufacturers are also 
obliged, under medical devices regulations, to 
report certain adverse events to the Dutch 
healthcare inspection service.

37.9 A Perspective from  
the United States

Elizabeth Lee-Lewandrowski

37.9.1 Introduction

PointofVare Testing (POCT) is widely uti
lized in the United States in both the inpatient 
and outpatient settings [1]. Bedside glucose 
testing is the dominant POCT technology in 
terms of the total test volume and the number 
of instruments deployed within hospital sys

tems. However, a number of other POCT tests 
are commonly utilized including arterial blood 
gases and electrolytes, coagulation, urinalysis, 
hemoglobin A1C and many others. The num
ber of tests available in POCT formats contin
ues to expand with a corresponding increase in 
utilization of these technologies. Managing the 
quality of POCT is an ongoing challenge [2]. At 
a minimum health care organizations must 
comply with federal regulations mandated by 
the Clinical Laboratory Improvement Amend
ments of 1988 (CLIA88), in some cases regula
tions imposed by individual states and with 
those required by various accreditation agen
cies including the College of American Pathol
ogists (CAP) and the Joint Commission (JC). 
To achieve regulatory compliance organiza
tions rely on a combination of three key com
ponents:
 5 Continual improvements in the testing 

technologies themselves including builtin 
features to eliminate sources of error  
(e.g. quality control lockouts, lockout of 
untrained operators, lockout of expired 
test strips).

 5 POCT informatics and data management 
software to ensure documentation of test 
results and other parameters related to 
testing (e.g. operator, quality control, 
 patient identifcation).

 5 Establishment of an organizational POCT 
oversight program usually managed by 
clinical laboratory professionals including 
laboratory directors and POCT coordina
tors.

Collectively these three components have pro
gressively improved the quality of POCT and 
allowed the establishment of formalized quality 
management programs in most health care or
ganizations.

37.9.2 Role of federal regulations 
and accreditation agencies

POCT has existed in American hospitals  almost 
since their inception but was largely unregulat
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ed throughout most of the 20th century [3]. 
CLIA 88 was enacted by the US congress in 
 response to concerns regarding the quality of 
laboratory testing and included guidelines per
taining to POCT. The regulations are overseen 
at the Federal Government level by the Center 
for Medicare Services (CMS) and are based on 
the complexity of the test method. Some tests 
are “waived” from these regulations if they 
cleared by the Food and Drug Administration 
(FDA) for home use or if the tests use such sim
ple and accurate methods that the probability of 
patient harm resulting from an inaccurate re
sult is negligible [4]. The waived status of a test 
is most relevant to outpatient practices where 
the practice need only obtain a certificate of 
waiver to perform waived testing and is not 
subject to further regulatory requirements in
cluding outside inspections. In contrast health
care organizations such as hospitals must be 
accredited by either CMS or other organiza
tions with “deemed status” who perform onsite 
inspections on behalf of CMS such as the CAP 
and JC. Both the CAP and JC have quality and 
compliance standards that pertain to waived 
testing hence the waived status of a test is less 
important than in the community outpatient 
setting.

Organizations planning to perform POCT 
laboratory testing must apply to CMS for a 
CLIA certificate in one of three categories:
 5 Waiver: Permits the site to perform waived 

tests only.
 5 Provider Performed Microscopy (PPM): 

Applies to sites performing provider 
 performed microscopy.

 5 Registration: Applies to sites performing 
moderate and/or high complexity testing 
(in addition to waived testing).

The site is then inspected and, if found to be 
CLIA compliant, it is issued a renewable certi
ficate of compliance. If the site is inspected by 
an organization with deemed status (such as the 
CAP or JC) the site is issued a certificate of ac
creditation. Testing sites are then inspected 
every two years to ensure ongoing compliance. 
Two states are CLIA exempt in that they have 

state requirements that meet or exceed CLIA 
(New York, Washington) [4]. For nonwaived 
tests CLIA88 and its subsequent revisions sets 
regulations that must be complied with in order 
to perform testing including [5]:
 5 Personnel qualifications
 5 Training and competency of testing 

 personnel
 5 Quality control
 5 Quality systems
 5 Patient test management
 5 Proficiency testing
 5 Test validation/performance verification

CLIA regulations combined with regular in
spections by outside regulatory agencies ensure 
that POCT conforms to a basic level of quality 
standards. Testing sites that fail to meet CLIA 
regulations or that fail to remediate deficiencies 
may be subject to loss of their CLIA certificate 
and must then cease testing. However, experi
ence has shown that POCT can be very difficult 
to manage in a manner that achieves regulatory 
compliance and ensures the quality of the test
ing. There are many reasons for this including:
 5 Personnel performing POCT frequently 

have no background in the clinical labora
tory and do not understand the basics of 
quality control and quality management of 
laboratory testing.

 5 Personnel may be poorly trained or may 
perform testing so infrequently that com
petency is difficult to maintain.

 5 Some testing devices are complex to oper
ate or are poorly designed and do not have 
adequate built in features to prevent opera
tor errors.

 5 Many POCT tests are manually performed 
visually read tests that may be subjective to 
interpret or require manual documenta
tion of results, quality control and other 
required elements.

 5 Sample acquisition may be highly operator 
dependent (e.g. fingerstick samples, 
 respiratory swabs).
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37.9.3 POCT management 
 programs

In response to these issues most hospitals have 
established POCT management programs to 
ensure ongoing oversight of regulatory compli
ance and testing quality [6]. Typically these 
 programs report to a more senior hospital exe
cutive or committee to ensure that the program 
has the authority to oversee POCT throughout 
the organization. The organizational chart for 
the POCT program in our hospital is shown in 
. Fig. 37.4. Each testing site is required to 
 appoint a site director who is responsible for 
regulatory compliance at the local level. The site 
director reports to the director of the POCT 
program. The vast majority of issues are 
 resolved at this level. When issues cannot be 
resolved the POCT program director can refer 
the site to the Director of Clinical Laboratories 
who may report the issue to the Senior Vice 
President for Quality and Safety.

In most hospitals an individual or team of 
laboratory technologists work with a POCT 
medical director to manage the day to day 
 activities of the program. In some cases the 
 program is managed by nursing or other 
 specialty (e.g. respiratory therapy). Large 
 hospitals typically have a dedicated team that 
focuses exclusively on POCT. In smaller organ
izations the task may fall to an individual that 
spends only part of their time on POCT in 
 addition to other duties. As POCT has expand

ed in the hospital setting, the skills and fund of 
knowledge required of the POCT coordinator 
has likewise increased. The American Associa
tion for Clinical Chemistry has established a 
PointofCare Specialist Certificate Program 
reflecting the recognition that POCT has 
 become a true specialty within laboratory 
 medicine. The POCT program may oversee a 
number of activities related to testing performed 
outside of the clinical laboratory including:
 5 Selection and evaluation of new instru

ments and methods
 5 Validation of reagents and replacement 

 devices
 5 Oversight of POCT data management 

 information systems
 5 Establishment and management of stand

ard operating procedures
 5 Oversight and management of operator 

training and ongoing competency
 5 Oversight of regulatory compliance in

cluding performance of regular testing site 
inspections

 5 Quality assurance and quality improvement
 5 Oversight of the POCT budget
 5 Management of the organizational CLIA 

certificates
 5 Preparation for and management of in

spections by outside regulatory agencies

One of the most important functions of the 
POCT coordinator is the performance of regu
lar inspections of testing sites throughout the 
organization. These inspections have been 
shown to be essential to maintaining regulatory 
compliance and to ensure the quality of POCT 
testing [7]. Inspections may also include assess
ment of employee safety and of the environ
ment of care.

37.9.4 Role of informatics and 
electronic data manage-
ment systems

Patient testing requires documentation of a 
number of data elements including patient 
identification, operator, test result, quality con

 . Fig. 37.4 Organizational chart for the POCT pro-
gram at the Massachusetts General Hospital
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trol, reagent lots and expiration dates, date and 
time, instrument used and other data. For some 
tests this must be managed through manual 
data entry, a process that is error prone and 
 frequently proves unreliable. In addition the 
test results may not be available in the patient’s 
medical record or may not be readily available 
to the clinician. Wherever possible is best to 
convert manually read tests to instrumented 
readers a number of which are available (e.g. 
urinalysis readers, rapid strep A, influenza). 
Most instrumented tests have onboard data 
management software that will automatically 
capture the required data elements or may 
 require the operator to enter in any missing 
data. Optimally these devices are then inter
faced to a POCT data management system 
 (several commercial systems are available) that 
can then transmit the test results to a laboratory 
or hospital information system including the 
electronic medical record.

In the US, most commercial POCT data 
management systems are vendor neutral in that 
they can receive and process data from devices 
manufactured from many different vendors. 
Electronic data can be monitored remotely by 
the POCT coordinator who can then correct 
any deficiencies and ensure compliance with 
testing quality parameters. In the most ad
vanced case the process is entirely automated. 
The operator and patient are outfitted with 
 either barcoded or radiofrequency identifica
tion badges/wristbands, all reagents /test strips 
are manufactured to include automatic reco
gnition of lots and expiration dates, quality 
 control is mandatory or the instrument will 
“lockout” and all data flows wirelessly into the 
POCT data management system. Only a few 
instruments at present are currently equipped 
with wireless transmission. Some devices re
quire a fixed location to connect to an electron
ic interface while others must be manually 
brought to a docking station to download test
ing information.

While in principle informatics should have 
solved most of the quality issues with POCT, 
the reality does not yet reflect this potential. 
Several examples are listed below:

 5 Operators discover workarounds to 
 bypass recording of testing data such as an 
untrained operator using another opera
tors ID.

 5 Operators may enter nonsensical data such 
as 123456 for an operator ID.

 5 Specimen collection may be operator de
pendant resulting in poor quality samples.

 5 Some devices do not have mechanisms to 
detect expired reagents. Others require re
frigeration of reagents up to the time of use 
but the devices cannot detect reagents car
tridges that have been stored at room tem
perature for an extended period of time.

 5 In one case it was observed in an operating 
room that a patient wristband was placed 
on an I.V. pole to make it easily accessible 
to testing personnel. Between cases the 
wristband was not removed before the 
start of the next case and was used for pa
tient identification of the second patient 
resulting in test results being entered into 
the wrong patient’s medical record.

For the above reasons ongoing oversight by the 
pointofcare coordinator is essential to main
tain quality testing. POCT coordinators must 
also stay abreast of new developments in infor
matics/data management and incorporate these 
into their POCT programs to improve the per
formance of POCT in their organizations.

37.9.5 Improving instrument/ 
testing performance

A number of POCT devices do not perform 
testing at the same level of accuracy and preci
sion as the central laboratory. In some cases this 
is not necessary as the clinical use of the test 
does not require highly accurate laborato
ryequivalent results. For example, some bed
side glucose meters may give results that are 
different by ±15 % from the central laboratory. 
Medically, the results from these devices are 
 acceptable for routine monitoring of diabetic 
patients. However, it has recently become ap
parent that some of these same devices have not 
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been adequately evaluated for use in critically ill 
patients who may be hypotensive and receiving 
vasopressors. In some cases the results from 
POCT devices are unacceptable as the inaccu
racy of the tests may result in inappropriate 
clinical decisions.

A key function of the POCT program direc
tor is to oversee the performance validation of 
all POCT technologies to ensure that they will 
perform at an acceptable level for the specific 
clinical indication in which the device will be 
used. Manufacturers of POCT tests are aware of 
the issues with their testing devices and have 
devoted significant research to improve the 
 accuracy and reliability of their tests. They have 
also devoted resources to better engineer the 
devices to eliminate as many of the potential 
sources of error as possible. Many POCT direc
tors/coordinators work collaboratively with 
their colleagues in industry to improve the per
formance of POCT testing. End user input is an 
important component in the development of 
new POCT technologies and in the surveillance 
of tests that are already in use in the field. These 
activities may include:
 5 Reporting of errors, sources of interfer

ence, biases and other analytical problems
 5 Reporting of software issues and problems 

with results transmission.
 5 Reporting of instrument and reagent 

 reliability issues
 5 Field validation of instruments and tests
 5 Serving on advisory boards and focus 

groups to provide input on devices and 
tests under development and to elaborate 
on unmet needs in POCT

37.9.6 Conclusion

Quality management in POCT in the United 
States had its origins in CLIA88 and has been 
championed by accreditation agencies such as 
the CAP and the JC. These regulations were in
tended to ensure a basic level of quality control/
quality assurance for POCT. The majority of 
hospitals have established POCT quality man
agement programs which are usually overseen 

by a clinical laboratory director working with 
POCT coordinators. The POCT coordinators 
perform a variety of functions all designed to 
ensure the appropriate selection of devices and 
testing systems, regulatory compliance and 
quality management. Informatics is progres
sively becoming a critical tool to provide over
sight of POCT and to ensure that reliable data 
resulting from testing is directed to the elec
tronic medical record. Although the analytical 
quality of many POCT tests has improved over 
time, there still remain significant issues. The 
POCT program must evaluate new and existing 
tests and devices to ensure that they meet ac
ceptable quality standards for their intended 
clinical applications. Finally it is important for 
laboratory professionals to work closely with 
manufacturers to promote improvement in the 
performance of POCT testing.
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38.2 · Introduction of a quality management system  (RiliBÄK A)

38.1 Introduction

Since August 1, 2009, Section 4a of the Medical 
Devices Operator Ordinance (MPBetreibV) on 
the installation, operation and use of medical 
devices has regulated quality assurance in med
ical laboratory testing in Germany [9]. Since 
April 1, 2010, RiliBÄK has been binding for all 
facilities where medical tests are performed. 
Updated versions of RiliBÄK were published in 
2014 [2, 3], defining further requirements (see 
below).

Quality assurance of POCT follows the 
principle that laboratory findings at the POC 
and in the central laboratory should be col
lected with the same reliability. This means that 
the established quality standards governing 
conventional medical laboratory testing apply 
to POCT as well. Therefore, the current Rili
BÄK issued on 19 September 2014 – with one 
exception – no longer has separate rules for 
POCT.

The guideline is divided into:
 5 Part A: Basic requirements for quality 

 assurance in medical laboratory examina
tions

 5 Part B: Special parts
 5 B1: Quantitative medical laboratory 
 examinations
 5 B2: Qualitative medical laboratory 
 examinations
 5 B3: Direct detection and characteriza
tion of infectious agents
 5 B4: Examination of ejaculate
 5 B5: Moleculargenetic and cytogenetic 
medical laboratory examinations

 5 Part C: Advisory Board
 5 Part D: Expert Groups
 5 Part E: General requirements for reference 

institutions conducting external quality 
 assurance programs

 5 Part F: Temporary regulations
 5 Part G: Entry into force

Part A of the guideline applies to all areas of 
clinical laboratory diagnostics, i.e. to conven
tional hospitalbased central laboratories, labo
ratory groups, doctor’s offices with small labo

ratories as well as to POCT diagnostics.  
This was the first time in Germany that the 
 implementation of a comprehensive quality 
management system became mandatory. The 
main content was derived from standard 
DIN EN ISO 15189 [4, 12]. However, the con
tents of RiliBÄK and DIN EN ISO 15189 are not 
congruent and are therefore mutually exclusive 
of each other.

 > This chapter presents the requirements 
for quality assurance in POCT in concise 
form. For detailed and further informa-
tion, please refer to the currently amend-
ed version of RiliBÄK.

38.2 Introduction of a quality 
management system 
 (RiliBÄK A)

Sections 4–7 of RiliBÄK Part A detail all meas
ures to be complied with when introducing a 
quality management system (QMS). Whereas, 
a number of provisions are only relevant to 
 central or joint laboratories, each individual 
case where POC diagnostics are applied must 
be examined separately to determine if the cir
cumstances are actually governed by these QM 
regulations.

Rules for the following items must be put in 
place:
 5 Definition of responsibilities for overall 

QMS at the POC
 5 Organization of POCT
 5 Rules for the preanalytical phase 

 (RiliBÄK 6.1)
 5 Rules for conducting medical laboratory 

examinations (RiliBÄK 6.2)
 5 Rules for the postanalytical phase 

 (RiliBÄK 6.3)
 5 Staff training
 5 Tasks and responsibilities for conducting 

quality controls

Many practical procedural proposals have been 
published [1, 6, 7, 11]. All documents should be 
compiled in a quality management (QM) man
ual required for each organizational unit. The 
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contents of the Quality Manual are stipulated in 
RiliBÄK 7.1. However, if the hospital has a 
 global QMS in place, the organizational unit 
can refrain from stipulating in its own quality 
manual those parts already regulated on the in
stitutional level. An appropriate reference 
thereto suffices. As appropriate, reference can 
also be made to documents in the central labo
ratory’s quality manual. In general, duplications 
across various manuals should be avoided. The 
onsite manual must contain the documents 
required for the routine work. Generally, the 
minimum requirement includes the operating 
instructions for all devices with maintenance 
and repair plans, comprehensible standard 
 operating procedures for the preanalytical, 
 analytical and postanalytical tasks, an organi
zational plan for quality assurance and a list of 
contact persons who will deal with the various 
questions and deviations. The manual must 
 always be kept uptodate. At smaller organiza
tional units, it appears useful to closely colla
borate with the central laboratory to stipulate 
contents and scope of the manual unless the 
organization of POCT has not already been 
transferred to the central laboratory/contract 
laboratory.

38.3 Conducting quality 
 assurance of quantitative 
 examinations (RiliBÄK B1)

All quantitative clinical laboratory diagnostic 
tests are subject to internal quality assurance 
and – if listed in Table B1 of RiliBÄK – to exter
nal QA as well. As indicated, there are no spe
cial rules for POCT methods in terms of con
ducting quality control with an exception. This 
also applies to the assessment of a single meas
urement of a control sample. The permissible 
deviation of the measurand in internal and ex
ternal quality controls is identical for serum/
plasma and blood, irrespective of whether the 
values were obtained as POCT or generated by 
the central laboratory (. Tab. 38.1).

38.3.1 Internal quality control

 5 A single measurement of a control sample 
must be carried out in the case of clinical 
laboratory methods like those used for 
POCT, e.g. on blood gas analyzers. The 
time interval is at least twice within a 24
hour period and, at the latest, after 16 
hours.

 5 A single measurement of a control sample 
additionally has to be performed after 
 every intervention on the measuring 
 system, i.e. after:
 5 Restarting the device after a complete 
switchoff
 5 Calibration by the user
 5 Repairs or maintenance work
 5 Reagent batch changes

 5 Control samples with target levels ranging 
across different medically relevant concen
trations (low, around the cutoff and high) 
should be alternated.

 5 The results must be evaluated according to 
RiliBÄK Table B1, column 3.

 5 If the prescribed limit is exceeded, the 
 responsible physician may nevertheless 
 release the method for further measure
ments as long as the reasons are docu
mented and the medical relevance con
sidered.

 5 At the end of the control cycle (which 
 g enerally lasts one month), the results of 
the single measurement of a control 
 sample must be immediately used to 
 calculate the relative root mean square of 
the deviation of measurement [8] accord
ing to the following formula:

  

1 0

2

n
x x

i n

n
( )i

where Δ is the root mean square of the devia
tion of measurements, x0 is the target value of 
the control sample, xi the value of the single 
measurement and n the number of single re
sults.
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 . Tab. 38.1 Deviations permissible in control sample results when controlling the quality (QC) of blood 
gas analyses and POCT according to RiliBÄK 2014 (excerpt)

Analyte Internal QC [%] 
(column 3)

External QC [%] 
 (column 5)

Validity range of columns 3 
and 5

Activated partial throm-
boplastin time (aPTT)

10.5 18.0 20–120 s

Chloride 4.5 8.0 70–150 mmol/L

Potassium 4.5 8.0 2–8 mmol/L

Calcium, ionized 7.5 15.0 >1–2.5 mmol/L

14.0 18.0 0.2– ≤1 mmol/L

Erythrocytes 4.0 8.0 1.5–7×1012/L

Glucose 11.0 15.0 40–400 mg/dL
2.2–22 mmol/L

Hematocrit 5.0 9.0 10–60 %
0.1–0.6 L/L

Hemoglobin 4.0 6.0 2–20 g/dL
1.2–12.4 mmol/L

Urea 10.5 20.0 15–200 mg/dL
2.5–33 mmol/L

HbA1c 10.0 18.0 30–140 mmol/mol Hb

Lactate 11.0 18.0 9–90 mg/dL
1–10 mmol/L

Leukocytes 6.5 18.0 2–30×109/L

Sodium 3.0 5.0 110–180 mmol/L

pCO2 6.5 12.0 >35 mm Hg

7.5 12.0 ≤35 mm Hg

pH 0.4 0.8 6.75–7.80

Platelets 7.5 13.0 >300–700×109/L 

8.5 15.0 >150–≤300×109/L 

13.5 18.0 40–≤150×109/L 

Thromboplastin time 
(Quick‘s test)

11.5 23.0 10–120 %

The relative root mean square of the devia
tion of measurements is calculated by dividing 
Δ by the target value x0.
 5 The evaluation is carried out as described 

in RiliBÄK Table B1, column 3.
 5 If the prescribed limit is exceeded, the 

method must be blocked to further mea

surements until the device’s functionality is 
secured by suitable means. Such a case can 
only occur if several single measurements 
of a control sample had already shown 
 limit excursions during a control cycle.
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38.3.2 Documentation

All results of internal quality assurance have to 
be documented. These should be ordered by 
analyte and specimen type, taking into con
sideration the measuring method and the 
 respective device. The documentation on the 
performed quality assurance must be ar
chived for a minimum of 5 years, unless longer 
archiving periods are stipulated by other regu
lations.

Documentation must include the following:
 5 Name of the medical laboratory (and/or 

organizational unit)
 5 Name of the measuring device
 5 Date and time of the measurement
 5 Analyte, specimen material and unit
 5 Measuring method
 5 Manufacturer, name and lot number of the 

control sample
 5 Target value of the control sample
 5 Measured value of the control sample
 5 Relative or absolute deviation of the mea

sured value of the control sample from the 
target value

 5 Evaluated according to Table B1a to c, 
 column 3 or the other Tables B2, B3 and 
B5 provided that these analyses were per
formed at the POC

 5 Release or lock flag, depending on whether 
there was any excursion from the deviation 
limits

 5 Corrective measures taken
 5 Investigator’s name, initials or signature
 5 Additionally the control sample measure

ments should be plotted on a graph

38.3.3 External quality control 
 (interlaboratory testing)

 5 Every organizational unit must take part in 
4 interlaboratory tests per year (once a 
quarter) concerning the parameters ana
lyzed.

 5 An “organizational unit” is defined as a 
separate area (functional unit) of a hospital 
that meets the following criteria:

 5 Staffed by a defined group of users 
(physicians, nurses)
 5 A pool of measuring stations/devices is 
assigned solely to it
 5 Only a defined circle of users operate 
the devices. Examples: Central labora
tory, surgical area, intensive care units, 
delivery rooms, lung function lab

 5 The interlaboratory testing for each orga
nizational unit is compulsory unless multi
ple organizational units – together with the 
central laboratory – are combined into a 
single organizational unit that conducts 
the clinical laboratory analyses. This must 
take place by written instructions on the 
part of the hospital management. In this 
case, it suffices for the central laboratory to 
take part. It is not mandatory that separate 
interlaboratory testing be performed for 
the POCT methods provided that the 
 central laboratory also runs the parameters 
itself. Nonetheless, in practice, it is recom
mendable to also run quality controls on 
the POCT methods with an interlaborato
ry test offered for this purpose. This helps 
to obtain a direct impression about the 
quality of the respective POCT method.

Note

If the interlaboratory test produces a not-
pass result, the causes must be investigat-
ed and eliminated as far as possible. If the 
causes cannot be found and eliminated, it 
is not permitted to continue to use the 
POCT system. The overall procedure must 
be documented.

In Germany, interlaboratory tests are offered by 
the Reference Institute for Bioanalytics (RfB) of 
the German Society of Clinical Chemistry and 
Laboratory Medicine (DGKL) located in Bonn 
and by INSTAND e.V., an interdisciplinary, 
notforprofit, scientific medical society for 
quality assurance in laboratory medicine situat
ed in Düsseldorf. These institutions are cur
rently under commission by the German Med
ical Association as ring trial organizations.
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38.4 Special rules for POCT  
with unit-use reagents

RiliBÄK prescribes a more simple procedure for 
unituse reagents. Unituse reagents are reagents 
that have been portioned for single determina
tions and are consumed within one single test.

38.4.1 Internal quality control

Quality controls of the unituse reagents and 
their respective measuring devices must be 
 carried out according to the manufacturer’s 
 instructions. If there are derogations from 
 RiliBÄK 2014, the stricter criteria apply. Some 
POCT devices use an electronic/physical 
standard on a daily operational basis. This 
feature or an integrated function test can 
prevent false results from being reported. On 
such analyzers, a single measurement of a 
control sample must be carried out at least once 
a week. Additional controls are required after:
 5 Calibration by the user
 5 Repairs or maintenance work
 5 Reagent batch changes

Whenever patient samples are tested on devices 
not equipped with an electronic physical stand
ard or an integrated function test, such analyz
ers – like all other devices – must be quality 
controlled by a single measurement of a control 
sample at least twice every 24 h.

It is not necessary to calculate the square 
mean of the deviation or plot the measured val
ues in a graph. Documentation as stated above, 
however, is required. If the prescribed limit is 
exceeded, the method must be blocked to fur
ther measurements until the device’s function
ality is secured by suitable means.

38.4.2 External quality control

The obligation to participate in ring trials does 
not apply to
 5 Private medical practices or medical 

 services without a central laboratory

 5 Hospitals where the central laboratory is 
responsible for internal quality assurance 
and also determines the measurand itself, 
i.e., also takes part in interlaboratory test
ing of the measurand in question. Here, 
the determination method in the central 
laboratory and at the POC does not have 
to be identical.

If the interlaboratory test produces a notpass 
result, the causes must be investigated and 
eliminated as far as possible. If the causes can
not be found and eliminated, it is not permitted 
to continue to use the POCT system. The over
all procedure must be documented.

A “central laboratory” is defined as the one 
single organizational unit that generally con
ducts all clinical laboratory diagnostics for a 
hospital. This can also be an external laboratory 
that is operated by a third party. The central 
laboratory is responsible for monitoring inter
nal quality control at the individual organiza
tional units of the hospital. This does not mean 
that the control sample measurements and their 
evaluation are conducted by central laboratory 
staff. The laboratory is authorized to block 
POCT systems if they do not meet RiliBÄK 
 criteria.

38.5 Quality assurance of 
 qualitative examinations 
(RiliBÄK B2)

In principle, qualitative clinical laboratory tests 
are also subject to internal and external quality 
controls. The manufacturer’s recommenda
tions must be followed for the internal controls.

RiliBÄK Table B21 lists 50 tests that are 
mandatory for internal quality assurance; Table 
B22 lists 38 tests required in order to partici
pate in interlaboratory testing. However, these 
tests are not carried out at the POC. Urine 
 sediment is the exception: for this test, once
yearly participation in an interlaboratory test is 
mandatory, but not an internal quality control.
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38.6 Quality assurance for 
 characterization of infectious 
pathogens after their direct 
detection (RiliBÄK B3)

In principle, direct detection and characteriza
tion of infectious pathogens are procedures 
subject to both internal and external quality 
controls. When conducting internal controls, 
the manufacturers’ recommendations must be 
followed. Table B31 lists by group a large num
ber of various test methods that are subject to 
mandatory internal quality assurance; Table 
B32 and B32a list the tests that require partic
ipation in interlaboratory testing. Not all meth
ods in this diverse range are available as full 
POC tests yet. However, all tests that can be 
conducted with POCT devices are also subject 
to mandatory ring trials.

38.7 Quality assurance for mole-
cular-genetic and cytogenetic 
medical laboratory 
 examinations (RiliBÄK B5)

Meanwhile, moleculargenetic methods are 
falling into the sphere of POCT. These methods 
are likewise subject to internal and external 
quality controls in principle. The manufac
turer’s recommendations must be followed for 
the internal controls. According to the require
ments in RiliBÄK Tables B51 and B52a, the 
frequencies of tests and quantities listed therein 
must be observed. The quality assurance of the 
tests not listed in those tables must be carried 
out as deemed medically necessary. Table B51 
lists a number of methods that are subject to 
internal quality assurance (e.g. weekly) and 
where participation in interlaboratory testing 
(e.g. semi or annually) is mandatory. So far, 
cytogenetic test methods have not become es
tablished as POCT.

38.8 Administrative offences

Legally, an improperly conducted quality assur
ance of medical laboratory tests constitutes an 
administrative offence and is punished accord
ingly.

38.9 Pertinent legislation

 5 German Medical Device Law (MPG) [10]
 5 EU Directive on invitro diagnostic 

 medical devices [5]
 5 German Medical Devices Operator 

 Ordinance (MPBetreibV) [9]
 5 Guideline of the German Medical Asso

ciation on Quality Assurance in Medical 
Laboratory Examinations (RiliBÄK 2014) 
[2, 3]

38.10 Remarks concerning 
 on-board controls

Several companies have developed onboard 
controls to simplify the handling of POCT 
quality assurance. These are inherent to the 
 devices and measure automatically according 
to the manufacturer’s specifications. The aim is 
to ensure flawless functionality of the devices. 
However, the overall method, which should 
also include specimen handling, is not exam
ined in this procedure. Future trends will 
 certainly continue to improve on this aspect of 
onboard controls. To date, RiliBÄK has not 
envisaged an exception for this procedure.
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39.1 International standards  
for in-vitro diagnostics and 
POCT

39.1.1 European harmonized 
standards

Due to the associated presumption of conform-
ity, the application of harmonized standards is 
of central importance to medical devices, in-
cluding in-vitro diagnostics (IVD). The safety 
concept set forth in the IVD directive stipulates 
that manufacturers, conformity assessment 
bodies, operators and users of IVD must set up 
quality assurance systems to ensure the quality, 
safety and performance of IVD (7 Chapter 25).

Usually, diagnostic tests are carried out in 
the controlled environment of a medical labora-
tory. The quality management (QM) systems in 
this sector have been implemented in Germany 
and other Western and Central European coun-
tries since the mid-1990s. These apply firstly to 
the accreditation and certification procedures 
based on international standards [1, 23] and sec-
ondly to total quality management models, like 
the Excellence Model of the European Founda-
tion of Quality Management (EFQM) [1, 26].

The most important procedures for the ex-
ternal quality control of medical laboratories 
have become accreditation according to DIN 
ISO/IEC 17025 [5] and since 2003 according to 
DIN ISO 15189 [3]. Diagnostic laboratories 
 additionally commissioned as testing laborato-
ries for clinical studies on medical devices and 
performance evaluation studies of IVD are 
moreover subject to national requirements un-
der the Act on Medical Devices (MPG) [11, 12]. 
The Central Authority of the Länder (= Ger-
man federal states) for Health Protection with 
regard to Medicinal Products and Medical De-
vices (ZLG) in Bonn is the competent authority 
for this field in Germany and which accredits 
laboratories that demonstrate their legal com-
pliance within recognized procedures [6, 7, 8, 
11, 12, 13]. Although this regulatory approval is 
generally built on an accreditation, the accredi-
tation of medical laboratories has not basically 
been mandatory to date.

The increasing spread of POCT with all its 
advantages like the rapid availability of test re-
sults for time-critical therapy management 
runs parallel with the aim to control and/or to 
minimize the risks and disadvantages associat-
ed with POCT in terms of patient safety and 
thereby guarantee the appropriate and effective 
use of POCT diagnostics. These risks and dis-
advantages primarily pertain to the improper 
operation of POCT devices by non-pre-trained 
medical technical personnel, a lack of under-
standing of quality assurance on the part of the 
operational staff, inadequate documentation of 
results, increased costs incurred by the uncoor-
dinated use of various POCT devices and their 
varying results as compared to results generat-
ed by the central laboratory [18, 20].

The QM systems for the POCT sector are 
therefore primarily implemented for the guided, 
controlled purchasing and installation of de-
vices, provision of adequate consumables and 
test reagents, securing the qualification and 
competence of the operating personnel, docu-
mentation of all analytical, pre- and post-analyt-
ical processes as well as the technically correct 
performance and evaluation of quality control.

EN ISO 22870 was the first international 
standard on quality management published in 
the area of POCT. The standard was written by 
the Technical Committee ISO/TC 212 “Clinical 
laboratory testing and in vitro diagnostic sys-
tems” in collaboration with the Technical 
 Committee CEN/TC 140 “In vitro diagnostic 
medical devices” [15]; the German version was 
published in June 2006 as DIN EN ISO 22870 
titled “Point-of-Care Testing (POCT) – Re-
quirements for quality and competence” [4]. It 
was designed to be applied in combination with 
standard DIN EN ISO 15189. The international 
and/or European Standardization Committee 
has already resolved and extensively imple-
mented an editorial revision of ISO 22870. The 
aim was to coordinate the ISO 22870 – at least 
structurally and editorially – to meet the  current 
requirements of ISO 15189:2012. The German 
version is DIN EN ISO 15189:2014. The modi-
fied version of DIN EN ISO 22870 was pub-
lished in 2017.
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39.1.2 German accreditation 
 system in the context  
of regulations under 
 European law

With the founding of the German accreditation 
body, Deutsche Akkreditierungsstelle GmbH 
(DAkkS), an authority entrusted by the federal 
government and operating (albeit privately) 
under administrative law, the German accredi-
tation landscape lost its erstwhile heterogeneity. 
Indeed, the DAkkS has been the sole national 
accreditation body in Germany since January 
1, 2010. As in other sensitive areas of healthcare 
and consumer protection, the law with respect 
to the technical auditing of conformity assess-
ment bodies and accreditation decisions in the 
medical device sector envisages close collabora-
tion between the DAkkS and the two authori-
ties issuing the permit: the Central Authority of 
the Länder for Safety Engineering (ZLS) and 
Central Authority of the Länder for Health Pro-
tection with regard to Medicinal Products and 
Medical Devices (ZLG) [10]. This permit  covers 
the statutory recognition (for laboratories) and/
or notification (for certification bodies) and is 
generally accompanied by a competence-con-
firming accreditation. As stipulated by Regula-
tion (EC) No. 765/2008, the DAkkS must 
 submit to a regular peer evaluation by the 
 European Cooperation for Accreditation (EA) 
within the scope of an intra-European com-
parison.

39.2 Accreditation versus 
 certification in an intra- 
European comparison

In the 1990s, the increasing importance of QM 
systems in medical laboratories was accompa-
nied by a controversial discussion about the 
application of standards in the laboratory diag-
nostic sector and the selection of the procedure 
for demonstrating competence of a laboratory. 
Since there was a lack of adequate standards 
that accounted for the special demands placed 
on medical laboratories, most European coun-

tries introducing QM systems preferred to 
adapt EN 45001 [9] and/or EN ISO 9001 [14] 
standards to the clinical laboratory setting 
 followed by subsequent accreditation and/or 
certification based on these standards.

The United Kingdom has an accreditation 
system for medical laboratories in place as early 
as 1994, whereas other European countries did 
not start with accreditations based on EN 45001 
until the second half of the 1990s. However, 
there were many instances where no compre-
hensive accreditation criteria had been estab-
lished for the special field of laboratory testing. 
For example, in Germany starting in 1996, 
 private accreditation bodies were issuing ac-
creditations to medical laboratories although 
there were neither accreditation criteria spe-
cific to the field nor had any qualifications been 
defined relating to expert reviewer competence. 
Up until DIN EN ISO 15189 was introduced, 
medical laboratories were sometimes treated 
like chemical laboratories – a situation that did 
not do justice to the specific features of medical 
laboratories.

The creation and publication of DIN EN 
ISO 15189 led to accreditation asserting itself 
over other external quality testing procedures 
for medical laboratories. The revised DIN EN 
ISO 15189 has been available since 2012 (in 
German: since 2014). In the introduction to 
this ISO standard, a certification based on this 
standard is actually explicitly excluded [3]. DIN 
EN ISO 22870 is the relevant standard govern-
ing the application of POCT. Because it is 
bound to DIN EN ISO 15189, the accreditation 
of POCT – and not certification – is to be 
 regarded as the internationally recognized pro-
cedure for affirming competence in this field.

Nevertheless, the application of standards 
and the setup of QM systems in Europe con-
tinue to be heterogeneous. In Austria, for 
 example, the method of choice is to certify 
medical laboratories according to EN ISO 9001 
before accreditation [22]. In other countries, a 
substantial number of laboratories get them-
selves certified and accredited – often both for 
reasons of economics and as an advertising 
strategy. At present, the majority of European 
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accreditation bodies offers medical laboratories 
accreditation according to both EN ISO/IEC 
17025 and EN ISO 15189 [24]. In France, the 
accreditation of medical laboratories has been 
mandatory since 2016 [19].

39.3 Accreditation of POCT accor-
ding to DIN EN ISO 22870

Back in 1998, Germany issued recommen-
dations for introducing quality assurance for 
POCT within the scope of the accreditation of 
medical laboratories [1]. The DIN EN ISO 
22870 standard laid the groundwork for accred-
itation in the area of POCT. Together with the 
POCT Working Group of the German Society 
of Clinical Chemistry and Laboratory Medicine 
(DGKL), the ZLG developed a guidance docu-
ment on the application of the standard accord-
ing to a checklist concept, which is also applied, 
to other areas of accreditation [24]. This guid-
ance reflects the specific requirements for a QM 
system according to DIN EN ISO 22870 and 
was recently updated by a checklist of the na-
tional accreditation body in Germany Deutsche 
Akkreditierungsstelle GmbH (DAkkS), which 
is downloadable from the website www.dakks.
de. A guidance document by the European 
 Cooperation of Accreditation (EA) in 2014/15 
was published to enable interpretation of the 
requirements of DIN EN ISO 22870 [27].

The numerous references in DIN EN ISO 
22870 to DIN EN ISO 15189 indicate that an 
accreditation according to DIN ISO 22870 is 
deemed sensible exclusively in conjunction 
with the accreditation of the central laboratory 
of a healthcare facility according to DIN EN 
ISO 15189. This viewpoint was also shared by 
the ILAC resolution GA 13.25 dated October 
2009 [21]. This concept resulted in the adapta-
tion of DIN EN ISO 22870 being structurally 
close to the DIN EN ISO 15189. As in the case 
of DIN EN ISO 15189, the standard is currently 
divided into two main areas of requirements: 
those for management and those for technical 
specifications. This structural concept is con-
sidered controversial by standardization com-

mittees, especially among the laboratory medi-
cine experts, because it too inaccurately reflects 
the nature and scope of responsibilities of a 
medical laboratory. This does not correspond 
to the structure of the EC4 criteria on which the 
standard DIN EN ISO 15189 was essentially 
based [16, 17]. However, this dual classification 
of the standard was ultimately also chosen for 
DIN EN ISO 22870 because it could simplify 
the practical accreditation process under cer-
tain circumstances and markedly delineate the 
accreditation process from the certification 
procedure.

39.3.1 Organization and 
 management

In terms of the organizational requirements, 
DIN EN ISO 22870 clearly delineates the re-
sponsibilities for planning, development and 
quality of the processes required to implement 
POCT: The responsibility for this is clearly as-
signed to the laboratory management of the 
healthcare facility. For example, the laboratory’s 
management is responsible for establishing 
 policies for selecting and evaluating the perfor-
mance of POCT diagnostics and defining qual-
ity requirements and objectives.

Irrespective of whether the responsibility 
for conception and planning lies with the labo-
ratory’s management, DIN EN ISO 22870 stip-
ulates that a multidisciplinary POCT commit-
tee be nominated that makes and implements 
all decisions relating to the use of POCT meth-
ods. The minimum criteria governing the com-
position of the POCT committee are defined: 
The committee must be constituted of persons 
representing the central laboratory, the health-
care facility’s administration, the nursing staff 
and the clinical wards at the least. In practice, 
the implementation of the requirements set 
forth in the standards can be difficult, because 
the laboratory managers responsible for the 
processes to be implemented during the POCT 
often do not hold the authority to issue orders 
to staff members in the individual hospital 
 departments. This issue should be regulated 
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 locally within the purview of the POCT com-
mittee.

39.3.2 Quality management  
and documentation

The laboratory’s management is deemed re-
sponsible for implementing the POCT QM sys-
tem. Management, however, must nominate a 
POCT quality officer (corresponds to the 
POCT coordinator) who is appropriately edu-
cated and experienced to execute the tasks 
 assigned. Many different training courses and 
educational programs are offered in the POCT 
sector. Nevertheless, it has been neglected to 
make special courses mandatory as part of the 
accreditation process because the competence 
and experience of a POCT quality officer are 
not necessarily bound to such training courses.

The same requirements relating to docu-
mentation and document control apply to 
POCT accreditation as to other diagnostic 
 areas. The exclusive use of authorized QM doc-
uments and the seamless documentation of 
procedures must ensure the traceability and 
transparency of processes at all times. This is 
the challenge relating to continuing operator 
training in the areas where POCT is used.

39.3.3 Corrections and 
 improvements

POC methods that deviate from quality man-
agement standards must be documented and 
rectified immediately. In that way, uncontrolled 
processes that characterize the known disad-
vantages of POCT, such as the indiscriminant 
use of different devices or inadequate quality 
control, can be rapidly eliminated. DIN EN ISO 
22870 specifically names the ways and means to 
continually improve the QM system: For in-
stance, the laboratory’s management should 
define characteristic data on the basis of which 
the system’s effectiveness can be reviewed and 
that allow POCT performance and the satisfac-
tion of patients and operators to be evaluated. 

Specifically for meeting the requirements of 
POCT accreditation, the results of internal au-
dits as an instrument for system improvement 
must be forwarded to all members of the POCT 
committee.

39.3.4 Management reviews

Any economic disadvantages arising from the 
use of POCT are primarily addressed by the 
 annual management review. Accordingly, the 
laboratory’s managers are obligated to carry out 
a review that includes a cost-benefit analysis, an 
evaluation of the clinical infrastructure needed, 
an evaluation of clinical effectiveness and an 
evaluation of cost effectiveness. Any areas for 
potential improvement of the POC methods 
should be included as well. The results of this 
review must be submitted to the POCT com-
mittee which then decides whether the POC 
methods should be modified or not.

39.3.5 Personnel

According to DIN EN ISO 22870, it is the main 
responsibility of the POCT quality officer to 
create and maintain the procedures required for 
POCT quality management and to make sure 
they are accepted by the affected parties. Be-
sides the laboratory’s managers, the POCT 
quality officer, as a notified person, is automat-
ically a member of the POCT committee.

DIN EN ISO 22870 describes the function 
of both the POCT quality officer and the POCT 
training officer. The POCT training officer and 
the POCT quality officer can be the same indi-
vidual. The training officer must put into place 
and run a continuing education program for 
POCT operational staff. According to DIN EN 
ISO 22870, only trained personnel explicitly 
nominated by the POCT committee may carry 
out POCT. In addition, the training officer eval-
uates the competency of the operational staff.
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Note

That the standard places great value on 
the testing staff’s competence to assure 
the quality of POCT analysis is reflected by 
the high level of qualifications required of 
operators.

39.3.6 Laboratory equipment  
and pre-analysis

As in other areas, the responsibility for the se-
lection and procurement of POCT devices and 
reagents lies with laboratory management. The 
aim to ensure the traceability of every single test 
can be achieved by keeping seamless documen-
tation of the procured equipment and reagents. 
Moreover, the QM system must ensure that 
each specimen is identifiable and traceable back 
to the patient. The risk of improper patient 
 assignment must be minimized.

39.3.7 Quality of testing methods 
and findings reports

The laboratory management responsible for 
quality assurance must put a quality control sys-
tem in place that, at a minimum, meets the legal 
and statutory requirements (e.g. RiliBÄK in 
Germany [2, 25]). Participation in an external 
quality assurance scheme, if available, is manda-
tory for the individual variables. More over, a 
detailed performance evaluation of the POCT 
devices must be performed with regard to the 
different performance parameters, e.g. linearity 
and accuracy, also encompassing POCT sys-
tems used at different locations. Compliance 
with the requirement for documenting the per-
sons carrying out the tests can pose certain chal-
lenges to the routine work on the wards.

The DIN 58964 national standard published 
in 2015 on “Quality assurance of POCT results 
- Assessment criteria for comparison measure-
ment and implementation” [28] concretizes the 
requirements for the quality assurance and the 

performance evaluation of POCT test methods 
as compared to conventional laboratory meth-
ods. Therefore, this standard addresses both 
operators and users of POCT devices as well as 
manufacturers of in-vitro diagnostic medical 
devices in POCT settings. It also contains valu-
able instructions on how to compare diagnostic 
results obtained and analyzed by POCT as com-
pared to laboratory methods.

39.3.8 Outlook

The implementation of requirements according 
to DIN EN ISO 22870 can lead to an institution 
being compelled to implement a serious num-
ber of changes that mainly affect organizational 
and communication processes. Nevertheless, 
these requirements address exactly those as-
pects relating to the risks and/or disadvantages 
of POCT which can be brought under control 
by a DIN EN ISO 22870-compliant QM system. 
It should be mentioned that the checklist pre-
sented in [24] reflects all the essential require-
ments of the DIN EN ISO 22870 standard. Yet, 
to date, the list does not take into account the 
diagnostic aspects of all the special demands 
placed on the quality of specific analyses, such 
as those pertaining to blood gas analysis or 
blood glucose measurements. A future check-
list should also take those aspects into account.

On the European and international stan-
dardization level, the necessity was recently re-
cognized to put the requirements of the former 
DIN 58964 into an international context and set 
up a new standardization project at CEN. 
Moreover, the ISO/TC 212 Technical Commit-
tee is currently drafting a new guidance aimed 
at defining the quality requirements relating to 
operators and users of POCT devices – without 
explicitly referring to a laboratory context (ISO 
TC 212 Preliminary Work Item (PWI) “Medical 
laboratories - Guidance for supervisors and 
 operators of point-of-care testing (POCT) 
 devices”). However, the two standardization 
projects are still in their preliminary phases. 
 Finalization of the documents can be presum-
ably expected by 2018 at the earliest.
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40.1 Introduction

Point-of-Care Testing (POCT) has the potential 
to provide rapid turnaround of laboratory test 
results with the potential for faster medical ac-
tion. However, this assumes the test results are 
correct and reliable. POCT presents increased 
opportunity for errors by moving testing out of 
the well-controlled environment of a laboratory 
and placing the tests in the hands of nurses and 
clinical support staff with little training and 
 experience in laboratory diagnostics. The 
near-patient testing workflow is different from 
central laboratory testing, with more staff and 
locations involved, creating greater potential 
for errors. Managing POCT quality requires 
managing risk for errors. This chapter will dis-
cuss common sources of POCT error, review 
quality control (QC) as a means of controlling 
analytical errors, identify risk management as a 
total quality assurance process, and describe 
recent regulatory changes in the United States 
(US) that allow adoption of risk management 
principles in the clinical laboratory.

40.1.1 Medical Errors

A medical error is an adverse event or near miss 
that is preventable based on the current state of 
medical knowledge [15]. The Institute of Med-
icine estimates that medical errors kill 44,000 
– 98,000 patients in US hospitals each year [11]. 
The Public Health expert Lucien Leape claims 
that medical errors are the “number one pro-
blem facing health care” [12]. The 2002 Com-
monwealth Fund report estimates that one in 
five people in the US have experienced a medi-
cal error, personally or through at least one 
family member, at a cost of US $17–29 billion 
annually [7].

The laboratory contributes to medical er-
rors. A mini-review of the literature found the 
majority of laboratory errors occur in the pre-
analytical and post-analytical phases of testing 
rather than in the laboratory analytical phase 
[3]. Many mistakes are called, “lab errors”, but 
are actually due to poor communication, 

 actions by others involved in the testing process 
or poorly designed processes outside the labo-
ratory’s control. While medical errors can occur 
in prevention, diagnosis or drug treatment, 
laboratory errors are primarily diagnostic. 
Among the types of diagnostic errors, 50 % are 
failure to use the indicated test, 32 % failure to 
follow-up on results of ordered tests and 55 % 
involve avoidable delays in diagnosis [13]. Re-
cent surveys find that most people will experi-
ence at least one diagnostic error associated 
with inaccurate or delayed diagnosis in their 
lifetime, sometimes with devastating conse-
quences [2].

The literature studying errors surrounding 
POCT, however, is sparse. POCT eliminates 
several steps of the testing process including, 
specimen transport, processing and result com-
munication. However, POCT creates a different 
workflow with the potential for new types of 
errors. As referred to above, two-thirds of the 
POCT-related errors tend to be reported in the 
analytical phase of testing, whereas central 
 laboratory errors occur primarily in the pre-
analytical and post-analytical phases [14]. 
These errors were assessed by the reporting 
staff as having minimal actual impact on pa-
tient care. On the other hand, the same report-
ing staff rated the perceived potential for ad-
verse impact much higher with 15 % and the 
potential to produce moderate adverse patient 
outcomes and 4 % as having potential to pro-
duce substantial adverse patient outcomes. 
POCT processes thus present different risks for 
error, where the number of staff, devices and 
decentralized operations involved in the man-
agement of testing pose challenges to obtaining 
reliable, quality test results.

40.1.2 The role of QC

QC has historically been used to reduce errors 
and prevent the release of incorrect test results 
from the laboratory. QC takes a stabilized sur-
rogate sample that is analyzed like a patient 
sample and contains a known amount of meas-
ured analyte.
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 > Performance of QC sample mimics the 
performance of patient specimens.

If the QC sample achieves the target test result 
and this result is within an acceptable range for 
assay imprecision and bias, then the test system 
is assumed to be stable and producing quality 
patient results. If a shift is noted in QC results 
above or below the expected target, then patient 
results can be expected to show similar shifts in 
performance. QC thereby provides a warning 
of test performance issues before patient results 
are released to physicians.

The use of QC to monitor assay perfor-
mance was born from the pre-World War 
 industrial models of assessing quality in factory 
processes. Products, like car or plane parts, are 
inspected as they are being assembled on a 
 factory line. If the inspected products meet 
 expected performance specifications at each 
stage of assembly, then the remaining products 
are assumed to be of similar quality and perfor-
mance. For laboratory systems, QC provides an 
assessment of how the analyzer, reagent, envi-
ronment, operator and other factors all come 
together to produce the final result. QC, when 
achieving target results, has the advantage of 
assessing the performance of the entire system 
without having to separately determine the per-
formance of each component.

Historically, a QC sample is analyzed with 
each batch of patient specimens to determine if 
the system is performing to specification and 
the patient results can be released. If QC results 
are outside the target range expected, the lab 
must troubleshoot the test system and deter-
mine the cause for the QC failure. Patient re-
sults are held until the problem is resolved and 
QC results return to the expected “in-range” 
performance. For batch analysis, it is customary 
to bracket patients on whose tests QC was per-
formed. QC is analyzed before and after patient 
specimens to document stable performance 
across the run of patient samples. However, for 
continuous analyzers, like modern chemistry 
and hematology systems, test results are auto-
matically released as soon as the analysis is 
complete. In the central laboratory, QC is per-

formed periodically, every few hours through-
out the day in order to bracket every 20th, 50th, 
100th sample, depending on the number of 
specimens being analyzed, or, alternatively, ev-
ery few hours depending on the test’s stability. 
The Clinical Laboratory Improvement Amend-
ments (CLIA) require analysis of at least two 
concentrations of QC each day of testing, based 
on the rationale that a batch or continuous ana-
lytical run should not be longer than 24 hours. 
The College of American Pathologists (CAP), 
Commission on Office Laboratory Accredita-
tion (COLA), the Joint Commission and ISO 
standards have all adopted minimum require-
ments for performance of QC.

QC is excellent at detecting systematic er-
rors, especially those that affect every test in a 
constant and predictable manner from one 
point in time forward. Problems with reagent 
deterioration or preparation, improper storage 
or shipping conditions, incorrect operator tech-
niques with dilution or pipette settings and 
calibration errors with incorrect set-points are 
easily detected by shifts in the performance of 
the QC sample. However, QC does a poor job 
at detecting random errors, i.e. those that affect 
individual samples in a random and unpredict-
able manner. Bubbles, clots and interfering sub-
stances like hemolysis or drugs that are unique 
to a single sample, are poorly detected by QC.

Consider the example in . Fig. 40.1 which 
represents a timeline for analysis on an auto-
mated chemistry laboratory analyzer. Two con-
centration levels of the QC sample are analyzed 
at 09:00 every morning. At 11:00, the analyzer 
experiences a line leak which dispenses only 
25 % of the expected volume of reagent, affect-
ing all test results forward. This systematic 
 error would not be detected until the next QC 
event at 09:00 the next day. In that time, a num-
ber of patient results may have been released 
and acted on by physicians. So, the frequency of 
QC needs to be adjusted based on specimen 
volume, consideration of the analyte stability 
and the consequences of taking clinical action 
before confirmation of the next QC. Once a 
problem is detected, the laboratory must 
trouble shoot, correct the problem and reana-



396 Chapter 40 · How to achieve quality for POCT through risk management  

40

lyze patients, correcting results as needed. Re-
calling and correcting results causes clinicians 
and staff to lose faith in the reliability of test 
results. The figure also shows a random error: 
A hemolyzed sample is analyzed at 01:15 in the 
morning, falsely increasing the potassium re-
sult. QC is not going to detect the problems 
caused by a random error, in this case a hemo-
lyzed sample. The laboratory must implement 
other quality processes, such as visual inspec-
tion of each specimen or serum spectrometric 
indices, in order to catch specimen hemolysis 
before verifying and releasing the test result.

As demonstrated by . Fig. 40.1, successful 
QC performance alone is not sufficient to en-
sure quality results. Despite analyzing a mini-
mum of two concentration levels of QC sample 
on each day of testing, we have all experienced 

errors in laboratory results. Ergo, quality is 
more than QC. Quality is testing that is safe and 
reliable, appropriately selects the technology to 
meet medical needs and, above all, produces 
test results that can be trusted for medical 
 management. After all, a laboratory’s reputa-
tion depends on the quality of its test results.

What then should be the quality goal for 
laboratory errors? Consider Sigma metrics, an 
industrial measure of quality in a factory pro-
cess. Sigma metrics allow an industry to esti-
mate the rate of defects in products produced. 
Sigma metrics provide a means of improving 
customer satisfaction by balancing the number 
of rejected, non-complying products, i.e. those 
that do not meet expected specifications, 
against the costs of improving operations to 
lower defect rates. Six Sigma equates to error 
rates of 0.00034 % or 3.4 parts per million 
(ppm) (. Tab. 40.1). This means that companies 
will discard only about 3 products for every 
million produced. Companies can certainly de-
crease error rates below Six Sigma and discard 
fewer products, but costs increase exponential-
ly for the minimal gains in improvement be-
yond the Six Sigma level (discarding fewer than 
2 products per million produced). This is the 
reason that Six Sigma has become a target for 
many industries and a hallmark of manufactur-
ing quality.

Laboratories in the US conduct more than 7 
billion tests annually and laboratory testing is 

 . Fig. 40.1 Quality control and laboratory errors. A 
chemistry analyzer is continuously analyzing and au-
toverifying results. External liquid QC is analyzed once-
a-day at 09:00. At 11:00, an analyzer line leak occurs 
which dispenses only 25 % of the expected reagents. 
This systematic error continues until detected by unsuc-
cessful control results at the next QC event, at 09:00 the 
next day. At that point, the laboratory must trouble-
shoot the problem, fix the line and reanalyze patient 
specimens from the time the error started, i.e., at 11:00 
the previous day. Then it must send the corrected re-
sults from most of the day to physicians. Analyzing QC 
samples more frequently than one-a-day would reduce 
the chance of releasing incorrect test results by detect-
ing a QC failure earlier. Analysis of a hemolyzed speci-
men which leads to an elevated potassium finding – a 
random error – occurs at 01:15 a.m., and QC of the sam-
ple analyzed the next morning at 09:00 does not detect 
the random error. The laboratory must take additional 
actions such as visually inspecting every specimen or 
analyzing each specimen spectrophotometrically 
 (hemolysis index) in order to detect such a randomly 
occurring hemolysis error

Hemolyzed
sample

09:00 11:00 01:15 09:00

Line leakage

QC QC

 . Tab. 40.1 Sigma metrics and percent (%) or 
parts per million (ppm) error rates

Sigma Errors % Errors (ppm)

1 69 % 691,462

2 31 % 308,538

3 6.7 % 66,807

4 0.62 % 6,210

5 0.023 % 233

6 0.00034 % 3.4

7 0.0000019 % 0.019
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estimated to influence more than 70 % of all 
medical decisions [19]. With 7 billion tests, Six 
Sigma (3.4 ppm) translates to releasing 23,800 
incorrect laboratory tests in the US each year! 
Any single result error could mean a misdiag-
nosis, failure to treat an illness or incorrect 
treatment selection. These errors could cause 
virus transmission in a blood transfusion, in-
correct cancer diagnosis or a missed heart at-
tack: erroneous results that affect living human 
beings not mere auto parts. For medical labo-
ratories as an industry, Six Sigma is an unac-
ceptable goal.

 > We need to go “beyond six-sigma” for 
laboratory performance, with a goal of 
zero errors that eventually reach the 
 patient.

40.2 Risk management

Risk management is a way for laboratories to 
achieve zero errors. Risk is defined as the 
chance of suffering or encountering harm or 
loss. Essentially, risk is the potential for an error 
to occur. Risk can be estimated through a com-
bination of the probability of occurrence of 
harm and the severity of that harm [10]. Risk 
can be calculated with the following equation:

Risk = (Frequency) × (Severity Harm)  
× (Detectability)

As the number of errors or the error rate in-
creases, risk also increases. Errors that cause 
greater harm also lead to increased risk. Detect-
ability in the clinical laboratory setting is the 
ability to catch an error before it is released by 
the laboratory. Processes without systems to 
detect errors lead to greater risk. Risk calcula-
tions provide a simple rating scale to rank the 
order that errors should be addressed. When 
time and staffing resources are limited, labo-
ratories will want to address those errors of 
greatest risk first.

As errors occur, the temptation is to blame a 
person for not following policy or making a mis-
take. It is easier to blame a person for a failure 

than an entire institution. Indeed, in the airline 
industry, more than 90 % of quality lapses are 
deemed blameless. Most errors are active failures 
due to how a person interacts with a system. La-
tent conditions in some processes setup a person 
to fail due to weaknesses in the system, design 
flaws or hierarchical decisions that are required 
to complete a process. In most plane crashes, the 
plane doesn’t crash itself. An accident happens 
because technology, controls and/or the envi-
ronment allow the pilot to make an error [16].

. Fig. 40.2 demonstrates a process with sev-
eral layers of analytical checks and detection 
systems. Each defense is a layer, like slices of 
Swiss cheese. When working, these defenses 
prevent an error from transversing the defenses 
and allowing an erroneous result to be reported. 
Unfortunately, no check is entirely foolproof. 
There are holes in each layer of defense that 
may allow errors to pass undetected. As we 
place multiple levels of defense together, most 
errors are caught. However, there is the rare 
possibility of a perfect confluence of events 
which let all of the holes in our defenses and 
detection systems to align and permit the error 
to occur. We need to engineer systems that pre-
vent dangerous errors and are able to uncover 
errors and contain their effects [16]. In the 
laboratory, assays fail because of weaknesses in 
the testing process that enable an error to occur 
without warning the operator of a problem. 
Our role as laboratory professionals is to better 
understand our testing processes and build 
safety checks and preventive measures that can 
avert or detect result errors before release. This 
is risk management.

To identify risk in the laboratory, staff needs 
to understand that there is no perfect device. 
Any instrument can and will fail, when used un-
der non-complying, predisposing or limiting 
conditions. The role of the laboratorian is to de-
termine those limitations and prevent use of the 
device under any risk-prone conditions. Lab 
tests are not foolproof, especially for POCT op-
erators who may deviate from standard  practice.

 > Risk management should start by asking, 
“What could possibly go wrong”?
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Risk management requires
 5 Mapping our processes
 5 Understanding the weak points in 

those processes where errors could 
 occur

 5 Taking action to create defenses that 
will detect errors and mitigate hazards

While analysis of 2 concentrations of QC sam-
ples on each day of testing is a regulatory re-
quirement, every device is different. Universal 
requirements for daily QC do not fit every 
 device or setting. Some devices may require less 
frequent QC because the assay is stable for 
many weeks and staff is experienced and profi-
cient, while other devices may need to analyze 
QC multiple times a day because the reagents 
and calibration are unstable or staff turnover 
frequently. Newer devices have built-in control 
processes which run checks on the analyzer 
and the chemistry of the reactions and thereby 
may duplicate the need for daily liquid QC. 
Some of these control processes are performed 
with every specimen, such as the creation of a 

control strip on a pregnancy test, or sensor and 
flow resistance signals to detect sample clots or 
bubbles on chemistry and blood gas analyzers. 
Other checks may be engineered into the 
 instrument such as the barcoding of reagent 
bottles and cartridges to prevent use past their 
expiration dates, QC lockout features that 
 require QC analysis before patient testing or 
disposable analyzer cuvettes or pipette tips to 
prevent sample carryover. Optimizing the use 
of liquid QC with these internal control pro-
cesses was the rationale for developing the CLSI 
EP23-A: Laboratory Quality Control Based on 
Risk Management document [5]. This guide-
line describes good laboratory practice for de-
veloping a quality control plan based on manu-
facturer’s information, applicable regulatory 
and accreditation requirements, while taking 
the individual healthcare and laboratory setting 
into account. EP23-A introduces industrial 
risk management principles to the clinical lab-
oratory.

A laboratory quality control plan for a test 
is developed by collecting information about the 
test, the medical requirements for the test (clin-
ical performance tolerance), the regulatory re-

 . Fig. 40.2 Swiss cheese model of errors. A hazard or 
error trajectory can transverse the laboratory mitiga-
tions and actions taken to prevent errors whenever 

holes in each defense layer align to allow the error to go 
undetected

Danger

Error
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quirements and the test limitations and weak-
nesses (. Fig. 40.3). Those limitations may come 
from the manufacturer’s package insert, other 
information available from the manufacturer or 
from discussion with colleagues to determine 
what problems they may have encountered. 
Other considerations are the healthcare setting 
(inpatient, outpatient, clinic), where the test is 
being conducted (inside a well-controlled labo-
ratory or susceptible to the environment with 
mobile nursing), and the type of test operators 
(medical technologists or clinical staff).

This information is processed through a 
risk assessment that starts by following the 
sample through the testing process (. Fig. 40.4). 
Starting from the clinician assessing the need 
for a test and placing an order on to patient 
preparation, specimen collection and transport 
of the specimen to the laboratory, staff should 
look for weaknesses in the pre-analytical pro-
cesses and steps where mistakes may take place. 
Staff should pay particular attention to how 
specimens are collected, labeled and handled 
prior to analysis. Additionally, they should fol-
low the sample through laboratory receipt, pro-
cessing, analysis, result reporting and post- 
analytical result communication, acknowledge-
ment and treatment. The laboratory should 
review the quality of the entire testing process 

and again assess where errors may occur. For 
each step, ask “what could possibly go wrong” 
(. Fig. 40.5)?

 > Common sources of error can come from 
samples, operator, reagents, environ-
ment and measuring system.

Staff should consider: sample integrity (lipemia, 
hemolysis clots, bubbles and collection tube ad-
ditives); operator training, competency and 
staffing levels (continuity versus turnover); re-
agent, control and calibrator shipping, storage 
and expiration; the laboratory environment 
(dust, temperature, humidity, water quality and 
electrical power); and measuring system main-
tenance and failures. The CLSI fishbone dia-
gram outlines similar sources of error found in 
the CLIA interpretive guidelines for laborato-
ries, which emphasizes that laboratories should 
consider errors from the test system, the envi-
ronment and the operator [6].

 kPOCT versus laboratory processes
POCT processes are different than laboratory 
processes and specimens follow different work-
flow pathways. That means, the same hazards 
(weaknesses in the testing process) identified 
for central laboratory testing may not pose the 
same risks as POCT, while the different work-

 . Fig. 40.3 Process to develop and continually improve a quality control plan
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flow may engendered different hazards to con-
sider. For each hazard identified, the laboratory 
should define an action or mitigation that will 
minimize the risk or chance that an error will 
occur at that step. The QC plan is a summary of 
all the hazards identified in the testing process 
and actions the laboratory will implement to 
minimize risk. Once implemented, the QC plan 
is monitored for effectiveness by tracking for 
any trends in performance or continuing er-
rors. For each incident, the laboratory should 
troubleshoot, determine the cause of the error, 
reassess the risk and modify the QC plan ac-
cordingly.

 > Risk management is a continuous and 
holistic approach to quality assurance in 
the clinical laboratory that incorporates 
all phases of testing: pre-analytical, 
 analytical and post-analytical.

40.2.1 Risk management in action

Manufacturers have engineered a number of 
quality processes into laboratory and POCT 
devices to mitigate hazards and reduce the 
 possibility of specific errors. Laboratory pro-
fessionals should be familiar with how these 
processes work in order to incorporate them 
into their QC plans. The final QC plan will ul-
timately be a mix of manufacturer-engineered 
quality processes and actions taken by the lab-
oratory to address the variety of hazards identi-
fied in the risk assessment. The following are 
examples of how manufacturer-derived quality 
processes can catch and prevent specific errors.

The laboratory was called with a complaint 
from the intensive care unit (ICU) about spo-
radic, falsely decreased glucose meter results. 
Immediate repeat of the test on the same meter, 
gave significantly higher, clinically sensible val-
ues. POCT staff inspected the meter and found 
that nurse operators were taking procedural 
shortcuts with the glucose meters in order to 

 . Fig. 40.4 Steps in the testing process. There are three phases in the testing process: the pre-analytical, analyti-
cal and post-analytical phases
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save time. Staff found the neck of the glucose 
test strip bottle was too narrow to get a finger 
into the bottle for retrieving a test strip with 
gloved hands. So, the strips are dumped on the 
counter where they can more easily be grabbed 
by staff. After testing is completed, the opera-
tors toss the used test strips in the garbage at the 
end of the counter. Sometimes the strips make 
it to the garbage. Other times, the used strips 
land back on the counter where they intermix 
with the other test strips. The next operator then 
picks up a test strip from the counter that may 
already have been used. The chemicals of the 
glucose test strip reaction are consumed during 
the first test, so reapplication of sample to a used 
test strip generates falsely decreased results.

Some meters have built-in quality checks 
that can catch reuse and display an error code 
on the meter, preventing an erroneous result, 
whereas other meters do not have such control 
processes and will allow double-testing to occur 
[18]. Despite training to keep the test strips in a 
tightly capped bottle, nurse operators were 
 taking shortcuts in order to expedite the testing 
process. The operators did not intend to get a 
wrong result. They just wanted to get back to 
their primary focus – the patient. The operators 
did not understand that their actions could 
 affect the test result. Thereupon, all operators 
on the ICU were retrained and warned to keep 
the test strips in the bottles. However, this error 
uncovered the possibility of obtaining incorrect 
results from test strip reuse. The glucose meter 
allowed staff to reuse a test strip and gave a re-
sult without warning of the problem! As a con-
sequence, the hospital changed glucose meters 
to a model that would detect and display an er-
ror code if staff attempted to insert a used strip 
into the meter. Manufacturers of newer models 
of glucose meters can also detect test strip dam-
age or strip exposure to humidity and extreme 
temperatures. Some models of meters also 
 autocalibrate, and can compensate for patient 
hematocrit, environmental temperature and 
oxygen biases.

Specimen volume is another hazard to 
consider in POCT. Some glucose meters re-
quire operators to visually inspect test strips for 

uniform color development after each test in 
order to detect under-filling or bubbles applied 
to the strip. Operators, though, may forget to 
check the strip once a test complete and the re-
sult is available. Some meters have a fill-trigger 
that is designed to prevent underfilling. The test 
will only start when enough blood has been ap-
plied to the strip. This quality check ensures 
that the appropriate volume of sample is applied 
and prevents underfilling, overfilling or reap-
plication of blood once the test has started.

Timing can also be a concern. Tests like 
urine pregnancy, rapid strep and urine dip-
sticks require the operator to manually read the 
test results at a specified time after sample ap-
plication. Reading the results too soon can lead 
to underdevelopment and false negatives, while 
reading the results too late can lead to either 
overdevelopment or fading of the signal caus-
ing false positives or false negatives. Many 
POCT devices have sophisticated data manage-
ment that automates the analytical steps and 
timing of the test result. Operators can apply a 
sample, walk away to attend to patient care du-
ties and pick up results later on a result printout. 
Automated timing features reduce the possibil-
ity of result misinterpretation due to test timing 
errors. Automated readers also reduce operator 
variability from color discrimination (such as 
urine dipsticks) and ensure correct interpreta-
tion of results. This applies to tests like preg-
nancy, drugs of abuse or rapid strep, where the 
appearance or disappearance of a line can be 
confused as either positive or negative.

POCT device data management also en-
sures regulatory compliance. CLIA, CAP, 
COLA and the Joint Commission require 2 
concentration levels of QC each day of testing. 
For manual POCT, operators must remember 
to analyze the QC, document the results, and 
then ensure the QC results were successful and 
recovered within the expected range before 
 patient testing. With pregnancy and urine dip-
sticks, it is possible for operators to perform 
patient testing without running QC or worse, 
failing QC and continuing to test patients with-
out troubleshooting. Fortunately, automated 
POCT devices like coagulation, blood gas and 
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glucose meters have QC lockout. This quality 
feature requires staff to analyze QC daily or the 
device will lock and prevent patient testing. In 
addition, the QC results are analyzed and, if 
outside expected range, the device will lock and 
require staff to troubleshoot and achieve suc-
cessful QC before allowing patient testing. This 
ensures that every result, successful or not, is 
documented, and QC is analyzed at the fre-
quency required by law. Operator lockout func-
tions in a similar manner using a personal iden-
tification (ID) code for each operator. After 
completing training and documenting compe-
tency, the device will allow operators to access 
patient testing through their operator ID. Upon 
starting, the POCT device will ask for the op-
erator’s ID. If the operator’s training is valid, 
then the device allows patient testing. Opera-
tors will be locked out from patient testing if 
annual competency expires and is not renewed.

Patient ID can be another source of error. 
Data management on POCT devices allow the 
electronic transfer of test results from the de-
vice to the electronic medical record. Yet, entry 
of an incorrect patient ID can fail to transfer 
POCT results. Because the result is available on 
the device, clinicians can institute treatment 
without a permanent record of the result in the 
patient’s chart. In addition, incorrect entry of 
another patient’s ID can chart results to the 
wrong patient’s medical record, lead to inap-
propriate medical decisions and cause inappro-
priate billing. Hence, correct entry of patient ID 
is important, because that ID gets tied to the test 
result and device-inherent information, such as 
date, time, operator, serial number, reagent lot 
and QC records.

Many institutions have implemented bar-
coded wristbands to streamline data entry and 
reduce the chance of making mistakes when 
manually entering several numbers for patient 
ID. However, barcodes are not foolproof either. 
Patients can have another institution’s identifi-
cation on their barcode (when transferred from 
an outside facility), outdated admissions infor-
mation or even another patient’s identification. 
In other words, there is a residual risk of error 
even when using barcoded ID bands. Barcoded 

data entry also does not satisfy the Joint Com-
mission and CAP National Patient Safety Goals 
for use of at least 2 means of identifying patients 
before collecting a specimen or performing a 
procedure. Positive patient ID is a new quality 
feature that satisfies the National Patient Safety 
Goals and is appearing on newer POCT devic-
es. This feature utilizes the hospital admission/
discharge/transfer (ADT) data to upload a 
list of active patients in the hospital and their 
medical unit. When a barcoded wristband is 
scanned or a patient ID is manually entered, the 
POCT device displays the patient’s name and 
requires the operator to enter the birth date or 
a second identifier to ensure the ID matches the 
right patient before the device will open and 
allow testing. Additional checks are conducted 
within the data management system to ensure 
the serial number of the device is assigned to 
the medical unit where the patient is registered. 
Discrepancies between the medical unit where 
the device is assigned and the patient’s medical 
unit will generate an error message for the op-
erator. Implementation of positive patient ID 
can reduce data entry errors from barcoded 
wristbands [1]. This feature thus ensures com-
pliance with the Joint Commission and CAP 
National Patent Safety Goals while reducing the 
possibility of mistakes during patient ID entry.

Incorrect calibration of POCT can lead to 
result bias. Some glucose and coagulation me-
ters require use of a calibration code chip or 
entry of a calibration factor with every change 
of reagent lots. If operators forget to update the 
calibration upon receiving a new lot, then all 
results will be generated against the previous 
calibration and will be biased by the difference 
between the two calibration curves. There are 
POCT devices that have the calibration factors 
embedded in the reagent barcode. Each time a 
test strip or cartridge is scanned, the calibration 
is automatically loaded for that lot and specific 
cartridge. Thus, the operator does not need to 
verify the correct calibration codes. This pre-
vents the possibility of analyzing samples using 
previous calibrations.

Use of expired reagents is another con-
cern. The Centers for Disease Control and Pre-
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vention (CDC) and US Food and Drug Admin-
istration (FDA) recommend operators “check 
and record expiration dates of reagents/kits, 
and discard any reagents or tests that have ex-
pired” [4]. “As a test strip ages, its chemical 
coating breaks down. If the strip is used after 
this time, it may give inaccurate results” [9]. An 
operator must check the manufacturer’s expira-
tion dates on reagents and controls prior to test-
ing. However, for POCT, most manufacturer 
expiration dates are only valid if the bottle of 
test strips or controls is unopened and stored to 
manufacturer recommendations. Once opened, 
strips and controls have less stability and will 
expire 30, 60 or 90 days after opening. Opera-
tors must remember to manually cross-out the 
manufacturer imprinted expiration and write a 
new expiration date upon opening a fresh 
 bottle. This is an additional step that is easy to 
forget.

Accordingly, nursing units can have open 
bottles of strips and controls without a hand-
written expiration date. These containers 
should be discarded as no one can attest to how 
long they have been in use. Some manufactur-
ers have individually packaged test/kits which 
prevent this problem because each test is stable 
to the manufacturer imprinted expiration date, 
provided of course that the packaging is not 
opened. For bottled reagents, manufacturers 
have started using serialized barcodes that indi-
vidually identify every bottle within a specific 
lot of tests. The first time an operator scans that 
bottle, the POCT data management system 
starts a timer which counts down to the new, 
open expiration date. If an operator attempts to 
use the bottle past its open expiration, the de-
vice will warn the operator of the expired re-
agent or control and lock-out further testing 
until a new bottle is opened and scanned. This 
quality process assists staff in managing re-
agents and prevents use past expiration.

Managing reagent storage and operating 
temperatures is also challenging for POCT. Re-
agents contain enzymes and chemicals that are 
sensitive to heat and humidity; devices and re-
agents can fail if used under extreme tempera-
ture conditions. Some reagents are only stable 

to the manufacturer’s expiration date if refriger-
ated and require warming to room temperature 
before use. Other reagents and controls have 
reduced stability when stored at room tempera-
ture and require updating of manufacturer ex-
piration dates when removed from refrigerated 
storage. Close monitoring of room temperature 
and refrigeration conditions are required. 
POCT is portable and particularly susceptible 
to environmental exposure. Traveling nurses, 
helicopter and ambulance transports all risk 
storing devices or test strips and controls in ve-
hicles during summer heat and winter cold. 
Snow, rain, tropical humidity, dust, sand and 
other environmental factors are issues associ-
ated with testing outside of a well-controlled 
laboratory.

Increased temperature errors on an ambu-
lance service were experienced the first winter 
after implementing a new model of glucose 
 meter. The old meter had temperature specifi-
cations of 0–46°C, while the new meter had a 
narrower 15–40°C range. The emergency 
 medical technicians (EMT) complained that 
they could not get a glucose result with the new 
meter when caring for patients outdoors or in a 
home without heat, and the meter took more 
than 15 minutes to reset after returning to a 
warm room. This was a problem for two rea-
sons:
 5 The EMTs could not effectively care for 

their patients.
 5 The meter was warning of environmental 

conditions outside of manufacture speci-
fication that could impact the accuracy of 
glucose test results. The old meter could 
no longer be used, as that model had been 
discontinued.

As it turned out, a bioengineering student de-
veloped a carrier to protect the meter from en-
vironmental conditions and allow continued 
testing outdoors in the winter [17]. This was a 
clever way to protect the device from environ-
mental conditions without altering its opera-
tion or analytical performance.

POCT devices are sometimes shared be-
tween hospitalized patients. This presents a risk 
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for transmitting nosocomial and antibiotic- 
resistant infections. The US FDA recommends 
that point-of-care blood testing devices, such as 
glucose meters and PT/INR anticoagulation 
meters, should be used on only one patient and 
not shared [8]. If dedicating POC blood testing 
devices to a single patient is not possible, the 
devices should be properly cleaned and disin-
fected after every use as described in the device 
labeling [8]. Repetitive cleaning with harsh 
chemicals can crack and cloud device screens 
and plastic casings, causing premature device 
failure and shorter-than-expected equipment 
life spans. Decontaminating solutions take time 
to dry on surfaces, allowing liquid to egress into 
device ports with potential to short circuit sen-
sors. POCT devices need more durable plastics, 
fewer crevices and seams and designs that pre-
vent liquids from accessing the electronics and 
sensors critical to POCT methodologies. Test 
strips, reagents, control bottles and POCT car-
riers can also be contaminated and transmit 
organisms [20].

When POCT operators touch a patient or 
surface on the patient’s bed or room with gloved 
hands, their gloves become contaminated. If 
they pick up a bottle of test strips, that contain-
er can also be contaminated. Fingertips reach-
ing into a bottle can contaminate test strips as 
well as the inside of test strip bottles. If controls 
or the outside of sterile-wrapped lancet pack-
ages and the carriers that bring supplies to pa-
tient’s rooms are touched, that action can con-
taminate products and provide additional 
sources for transmission of organisms to an-
other patient. Changing gloves does not pre-
vent the transmission, since the containers, 
strips and carriers are contaminated. Operators 
should be aware that not only the device can 
transmit infectious organisms, but also all the 
products that are touched or utilized for POCT 
are potential sources of infection that should be 
controlled.

The risk assessment should consider the 
 entire testing process, including the postana-
lytical phase. POCT results may not get re-
corded in the patient’s medical record because 
transcribing results into an electronic record is 

an additional step that may be skipped once the 
result is available. This is especially problematic 
for manual tests, like urine dipsticks, pregnancy 
and rapid strep tests. Data management on 
POCT devices provides a means of automati-
cally capturing test results and electronically 
transferring those results to a laboratory infor-
mation system or hospital medical record. So, 
all results get documented. However, some de-
vices require operators to physically dock the 
devices or push send buttons in order to trans-
mit results from the device to the medical re-
cord. Wireless data transfer has eliminated 
those steps and ensures that results are available 
in the patient’s chart as soon as testing is com-
plete. This reduces delays and staff confusion 
looking for POCT results in the medical record 
that may not have been transmitted.

A number of hazards thus exist with POCT. 
Workflows and operations can differ between 
sites, creating a variety of possible errors. Risks 
on one nursing unit may be different than risks 
in another setting even for the same POCT de-
vice. The benefit of developing a QC plan is 
having the laboratory step through the testing 
process with the clinical operators as a multi-
disciplinary team to optimize and standardize 
the details of the workflow. When conducting a 
risk assessment, staff should consider the risk of 
errors from a variety of sources, as depicted in 
. Fig. 40.5. These include patient ID, specimen 
collection, sample application, test timing, QC 
performance, operator training/competency, 
device calibration, expiration dates, storage and 
environmental exposure, infection control, and 
result transmission to the medical record. Man-
ufacturers have developed unique control pro-
cesses to address specific hazards that can re-
duce the chances for error. Understanding how 
these control processes work and their limita-
tions allows institutions to determine what 
 additional actions must be taken to minimize 
risk. Together, the manufacturer’s control pro-
cesses and laboratory-implemented actions 
constitute the institution’s QC plan.
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40.2.2 Individualized Quality 
 Control Plans (IQCP)

Risk management principles have been incor-
porated into the new CLIA interpretive guide-
lines that were implemented on January 1, 2016 
[6]. These changes allow laboratories to develop 
an Individualized Quality Control Plan (IQCP) 
that incorporates many of their existing quality 
practices and information. The QC plan is “in-
dividualized” in that every site is unique, with 
different tolerance for risk and choices in how 
hazards are addressed. The IQCP is based on a 
laboratory’s patient population, environment, 
test system and, most importantly, how the 
physician intends to use the test result. The 
clinical application defines the tolerance for 
 analytical performance, accuracy and impreci-
sion. Laboratories have a choice:
 5 analyze two concentration levels of QC 

each day of patient testing or
 5 develop an IQCP.

This change applies to all existing tests and any 
new tests or test systems coming on the market 
in the future. For now, CMS is applying the 
change to CLIA non-waived testing, but anyone 
conducting laboratory testing, particularly 
POCT, can benefit from conducting a risk 
 assessment that enables them to better under-
stand associated weaknesses and ways to ad-
dress those hazards.

 > An IQCP has three parts; a risk assessment, 
the QC plan and a quality assessment.

An IQCP has 3 parts that state inspectors will 
be reviewing: a risk assessment, the QC plan, 
and the quality assessment (. Fig. 40.3). The 
risk assessment is a map of the testing process, 
identifying the weak steps in the process where 
errors could occur. These hazards may be ad-
dressed by a manufacturer’s control process or 
a manufacturer-engineered quality process or 
by a check built-in the instrument. The labora-
tory could also take an action, such as more 
frequent maintenance, competency verifica-
tion, site compliance audits, temperature mon-
itoring or other means of reducing the chance 

of a specific error or enhancing the ability to 
detect that error before the result is reported. 
The list of hazards identified by the process 
map and actions taken by the laboratory consti-
tute the IQCP. The IQCP is the laboratory’s first 
guess at a plan to ensure quality and reliable 
results when implementing the test. Once 
 implemented, the IQCP is monitored for effec-
tiveness by the quality assessment. Test perfor-
mance is tracked for trends. Errors and physi-
cian complaints are investigated and actions 
taken to prevent future recurrence. Risk is reas-
sessed and the IQCP modified in a continuous 
cycle of quality improvement (. Fig. 40.3).

Developing an IQCP provides several 
 benefits. An IQCP identifies the weak points in 
the testing process. These weak points are the 
steps in the testing process that are most likely 
to fail, i.e. areas that the laboratory should focus 
additional defenses or activities on in order to 
prevent errors. Those may include increased 
maintenance, manual test or specimen checks, 
additional training or similar actions.

For single-use POCT cartridges or test kits 
with built-in controls, an IQCP allows the labo-
ratory to decrease the frequency of liquid QC to 
the minimum recommended by the manufac-
turer. The internal QC can substitute for exter-
nal QC in reducing the chance of certain errors 
when used in conjunction with preventive ac-
tions that consider all phases of the testing cycle 
and focus on weak steps in the testing process. 
The IQCP saves on non-patient test expenses 
and time to perform and document those tests, 
thereby reducing costs and enhancing efficien-
cy. This can amount to significant savings. If a 
hospital is conducting urine pregnancy testing 
and performing two QC each day of testing, 
this is 60 tests per month that are used for qual-
ity assurance and regulatory compliance. Per-
forming an IQCP allows the hospital to swap 
internal QC on each test for daily QC and 
 reduce the frequency of liquid QC to once or 
twice a month, saving 56–58 tests each month. 
The savings are even greater if urine pregnancy 
is performed at 10 locations in the hospital: 
emergency room, operating room, catheteriza-
tion lab and outpatient clinics.
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Developing an IQCP brings the laboratory 
and clinical staff together to discuss workflows 
and enhances collaboration and communica-
tion. This provides an opportunity to uncover 
inconsistencies in operations and POCT man-
agement between nursing units and to harmo-
nize these processes.

While developing an IQCP for blood gases 
conducted on a life-flight helicopter service, it 
was discovered that each of the service’s 7 loca-
tions were separately managing the ordering, 
stocking and validations of their blood gas car-
tridges. Blood gas testing is a CLIA moderate-
complexity test and requires verifying cartridge 
reactivity prior to patient testing for each ship-
ment (even if of the same lot), regular QC and 
6-month calibration verification and result cor-
relation between devices (. Tab. 40.2). Each site 
was conducting QC (2-levels) for each ship-
ment of cartridges every 4–6 weeks (approxi-
mately 140 tests/year). Lot changes occurred 
frequently, at least every other shipment (5 
times/year) and required 2 levels of QC on 
 every device (8 devices and 5 times a year for 80 
tests/year). QC was performed monthly on 
each of 8 meters (192 tests). Calibration verifi-
cation and 20 patient correlations were per-
formed on every meter twice a year (304 tests/
year). When developing the IQCP, the low, nor-
mal and high QC was found to be the same so-
lutions sold by the manufacturer as part of the 
5 level linearity kit. That meant, performing 
6-month calibration verification (3-levels) was 
redundant to the monthly QC if 3-levels are 
analyzed as these constituted the same solu-
tions. When the laboratory considered that the 
chemistry of the reactions is contained within 
the cartridges, the device is only a voltage meter.

So, by controlling lots of cartridges rather 
than the individual meters, the number of qual-
ity tests consumed could be reduced without 
compromising result reliability. After imple-
menting the IQCP, cartridge shipments were 
consolidated to one site which performed veri-
fication of 3 levels of QC and then distributed 
the validated cartridges to the other 7 sites. Lot-
to-lot comparisons were started to include 5 
patients and were also performed by the central 

site before distributing cartridges. Monthly QC 
required the same number of tests each year to 
verify stability of cartridge storage at each site, 
but the spare meter at the central office could be 
rotated with the patient testing analyzer. Since 
cartridges were used rapidly and shipment or-
ders were reduced to once a quarter, 6-month 
calibration verification was no longer required 
because it was already being performed with 
monthly QC. Six-month patient correlations 
also became unnecessary because 5 patients 
were now included with every lot validation. 
This new workflow improved efficiency and 
reduced non-patient tests by half, without al-
tering the quality of patient results (. Tab. 
40.2). In fact, quality was improved, because 
one was now controlling each lot of cartridge, 
i.e. the chemistry of the method, rather than 
focusing on the devices which were already 
controlled by the manufacturer’s built-in 
checks and processes.

Developing an IQCP provides several 
benefits to the laboratory
 5 Promotes multidisciplinary communi-

cation and collaboration
 5 Identifies weaknesses in the testing 

process, steps where errors may occur
 5 Uncovers discrepancies in processes 

between sites allowing for harmoniza-
tion of workflow and operations

 5 Establishes the rationale for actions, 
why QC is performed and what haz-
ards are addressed by staff actions

 5 Identifies areas for improving efficien-
cy and saving costs

40.3 Conclusion

Risk management is a process to identify weak-
nesses in the testing process and reduce error in 
the clinical laboratory. Newer devices and lab-
oratory instruments have a variety of built-in 
control features that can minimize the chance 
of certain errors occurring. POCT presents dif-
ferent workflows and has unique challenges 
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and risks to consider. Developing a quality con-
trol plan must be individualized because of the 
variety of ways that POCT and laboratory tests 
can be deployed, the many options that labora-
tories can take to minimize errors and the insti-
tutional tolerance for risk. The CLSI EP23-A 
guideline is a resource that introduces industri-
al risk management principles to the clinical 
laboratory. Changes to CLIA-interpretive 
guidelines in the US have incorporated risk 
management principles and enable laboratories 
to reduce the frequency of QC provided the lab-
oratory develop an IQCP.

 . Tab. 40.2 Comparison of non-patient testing required for QC, validations and regulatory compliance 
before and after developing an IQCP at a life-flight helicopter service for blood gas and electrolyte testing. 
Before developing the IQCP, reagents were ordered independently at each of 7 sites. QC was analyzed on 
each analyzer at each site. After developing the IQCP, reagent ordering was consolidated to one central-
ized office to perform validations prior to distributing cartridges to other sites. In addition, QC was now 
performed on each lot of cartridge rotating the devices. This change in operations reduced the number of 
non-patient cartridges consumed and ensured every lot of cartridge was being controlled with liquid QC. 
Every device was controlled by the manufacturer’s built-in checks and processes. Italics show maximum 
number of cartridges consumed, assuming each site receives a new lot of cartridges with each shipment

Before IQCP (7 sites and 8 devices)

Cartridge shipments 10 shipments/yr × 2 levels QC × 7 sites = 140 tests

Lot validations 5 times/yr × 2 levels×8 meters = 80 tests

QC monthly 8 meters × 2 levels × 12 months 192 tests

6-mo calibration verification 8 meters × 3 levels × 3 triplicate ×v 2/yr = 144 Tests

6-mo patient correlation 10 patients × 8 meters × 2/yr = 160 tests

Sum Total QC and validations = 716 tests

After IQCP (7 sites and 8 devices)

Cartridge shipments 4 shipments/yr × 3 levels QC × 1 site = 12 tests

Lot validations Maximum 4/yr – already included with shipment QC

Maximum 4/yr x 5 patients x 2 lots (old vs new) = 40 tests

QC monthly 7 sites × 3 levels × 12 months = 252 tests

If additional lots are present 7 sites × 3 levels × 12 months = 84 tests

6-mo calibration verification already completed with monthly QC

6-mo patient correlation already completed with lot validations

Sum Total QC and validations = 304 tests

Sum if additional lots are present (388) tests
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41.1 Introduction

The POCT market in Europe currently registers 
annual sales of around € 3.5 billion. The home 
care sector, primarily consisting of diabetes 
monitoring, clearly makes up the largest pro-
portion. In the past decade, the growth rates in 
the POCT sector have been risen at a continu-
ously fast pace of more than 10 %. The first 
question to be asked is thus how to explain this 
trend and, secondly, what will near-patient 
 laboratory diagnostics look like in the future. 
The fast pace of these developments is not only 
to be explained by the trends in personalized 
healthcare and personalized therapy monitor-
ing, but also by the growing number of contin-
uous monitoring options that can be subsumed 
under the catchphrase mobile healthcare 
(mHealth) [7]. Notably, the past few years have 
seen smartphone-coupled analytical systems 
becoming the embodiment of future technolo-
gies for POCT applications while registering 
their spread on a global scale.

Nevertheless, it is not to be feared that fu-
ture device generations and fields of applica-
tions for POCT will make the professionally 
operated central laboratory superfluous – just 
as the introduction of notebooks, tablet PCs 
and smartphones did not make large data pro-
cessing centers obsolete either. Instead, a para-
digm shift is taking place that is bringing simple 
tests nearer to the patients and general prac-
titioner. This will free up capacity at central lab-
oratories for the more complicated and 
time-consuming procedures such as next- 
generation sequencing or mass spectrometric 
proteome analyses [2].

When talking about such forecasts for the 
future, it is important to point out that even 
though it keeps becoming easier to put sophis-
ticated analytical technologies into the hands of 
the informed and empowered patient, it is not 
quite as easy to hand over to them the vast ex-
pertise possessed by the laboratory physician. 
Thus, the scenario described above will most 
likely be limited to laboratory values that do not 
require special interpretation skills (for exam-
ple clinical follow-ups) or that can be readily 

interpreted by an attending physician without 
laboratory skills. Their broader use will certain-
ly not become reality until POCT analytical 
systems will be incorporated into telemedical 
networks such that they allow transmission of 
abnormal values to experts for professional 
 assessment (7 Chapter 35).

41.2 Smartphone-based  
POCT systems

41.2.1 Bioanalytical applications

Thus far, smartphone-based applications for 
POCT devices have been developed for lateral 
flow and immunoassays, for electrochemical 
and colorimetric assays, as well as for micros-
copy and flow cytometry, spectrophotometry 
and SPR-based biosensors (. Fig. 41.1a–e). 
Others link smartphones with lenses to create 
a compact and light-weight device for applica-
tions based on light, fluorescence, dark field, 
transmission and polarizing microscopes [3, 
13, 19]. A portable optofluidic fluorescent im-
aging  cytometry connected to a cell phone 
screens for parasites in whole blood [20]. An-
other  example is a miniaturized, affordable 
cyto metry platform designed to measure the 
Hb concentration and number (density) of 
RBC and leukocytes in whole blood by light 
and  fluorescence imaging [21].

Numerable examples can be cited for smart-
phone-based POCT applications for colorimet-
ric tests [12] and immunoassays [14]. The same 
applies to fluorescence and (chemi)-lumines-
cence measurements [9]. A fluorimeter proto-
type [18] is presented in . Fig. 41.1c; It can cov-
er the fully emission spectrum.

41.2.2 Personalized mHealth 
 applications

The determination of vital parameters and rou-
tine activities has meanwhile become a move-
ment that is a serious business for consumers 
(“quantified self”). Multiple smartphone and 
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wristband applications already allow personal-
ized mHealth monitoring of body weight, blood 
pressure, pulse rate, ECG, blood glucose, oxy-
gen saturation (SpO2), and exercise activity [15] 
(7 Chapter 42). There are numerous vendors in 
this sector. It is interesting to observe how the 
major smartphone manufacturers are pumping 
high sums into new application technologies. 
The aforementioned (7 Chapter 36) iOS-com-
patible iHealth Align glucometer (iHealth Labs, 
Mountain View, CA, USA) represents a com-
pelling technological step towards the next 
 generation of plasma glucose monitoring 
(. Fig. 41.1d). The AliveCor heart monitor 
(. Fig. 41.1e) is a CE-labeled, smartphone- 
coupled ECG device manufactured by AliveCor 
Inc. (San Francisco, CA, USA), that uses a 
 single-lead rhythm strip to record, store and 
then evaluate cardiac rhythm and heart rate. 
The Kardia Band is a medical-grade ECG band 
integrated in an Apple Watch. The Onyx II 
model 9560 finger pulse oximeter (Nonin Med-
ical, Plymouth, MN, USA) is a compact, 
non-invasive device used to measure SpO2 and 
pulse frequency.

41.3 Miniaturization

The term total analysis system refers to analyt-
ical platforms capable of performing all required 
processes for the automated analysis of a param-
eter ranging from sample-taking, (plasma) sep-
aration and dilution to implementation, detec-
tion and analysis [8]. This term took on a new 
dimension in connection with micro total anal-
ysis systems (µTAS): Thanks to microfluidics, 
chip technology and electrochemical detection 
methods, the architecture of these analytical 
systems can be miniaturized down to the micro-
meter scale. The catchphrase here is a chip-sized 
analytical laboratory or lab on a chip. It is cur-
rently possible to design such miniaturized sys-
tems that can directly detect and measure DNA 
or RNA of a sample in the upper nanoliter range. 
Immunoassays and electrophoretic analysis of 
proteins can also be conducted with such µTAS 
[5].

The technical advantages of miniaturization 
are uncontested: Fluid volumes in the nano- and 
picoliter range not only cut back on the reagent 
consumption, but also save on the time required 
for analytical basic processes like mixing and 
tempering. For example, those PCR cycles that 
last minutes on the conventional microliter scale 
take only seconds in a lab on a chip.

A constantly growing number of microflu-
idics-based cartridges for diagnostic test sys-
tems are presently flooding the market. Look-
ing forward, universally applicable, modular 
microfluidic systems are open platforms that 
can integrate molecular-biological, immuno-
logical and clinical chemistry tests on a single 
instrument. The system architecture is de-
signed on a broad palette of different cartridges 
that allow certain functionalities such as valves, 
fluid reagent supplies, zones for heating or de-
tection processes to be defined at pre-formed 
sites [1]. This type of architecture also covers all 
geometric, optical and electrical interfaces be-
tween cartridge and measuring device. This 
also defines the possible system components 
and the functional limitations of the device. 
The main objective is always to have all reagents 
available in cartridge – either in liquid or ly-
ophilized form. This obviates the necessity for 
an external reagent supply from the device to 
the cartridge, which minimizes the risk of con-
tamination or leaks. Additionally, it simplifies 
the design of the devices and makes the system 
more affordable overall because it is not neces-
sary to integrate pumps or pressure controllers. 
The internal valves are generally designed as 
mechanical rotating valves.

Cartridges with a system architecture for 
various applications designed by microfluidic 
ChipShop (Jena, Germany) are illustrated in 
. Fig. 41.2 as examples of model assays for mo-
lecular-biological, immunological and clini-
cal-chemical tests. It should be pointed out that 
the cartridge on such open platforms does not 
necessarily have to exploit all possible function-
alities for the various applications. This concept 
is aimed at minimizing the costs for developing 
a diagnostic test by providing a pre-validated 
cartridge platform where the microfluidic 
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pouring and design rules have been previously 
defined. Such concepts offer chances to develop 
microfluidic POCT methods at affordable pric-
es, which would particularly benefit applica-
tions in third-world countries (7 Chapter 36).

Rissin et al. [10] reported on an immuno-
sorbent assay designed to detect serum proteins 
within the subfemtomolar concentration range. 
For this purpose, the authors used a single-mol-
ecule array consisting of thousands of wells, 
they called reaction chambers, of exactly 
50-femtoliter in size. Antibody-loaded micro-
beads fit into these wells when they consist of 
exactly one antigen and one enzyme-labeled 
secondary antibody. The principle of this digi-
tal ELISA method is illustrated in . Fig. 41.3. A 
commercial application of this new analytical 
principle was successfully implemented in the 
Simoa HD-1 analyzer by the Quanterix Cor-
poration (Lexington, MA, USA).

For the future, it will also be important to 
further optimize the speed, sensitivity and 
specificity of such immunoassay formats. Saka-
moto et al. [11] reported recently that reactions 
with sandwich immunoassays using function-
alized, fluorescent submicrometer magnetic 
beads yielded significantly faster assay times. 

The glycidyl methacrylate polymer-coated mi-
crobeads consist of a conglomerate of ferrite 
nanoparticles and fluorescent europium com-
plexes.

41.4 Parallelization

Another advantage of chip technology is the 
possibility to incorporate numerous measuring 
channels or spots onto the smallest of spaces. 
Photolithographic techniques have made it 
possible to etch fluid channels and reaction 
chambers for 10 or 100 simultaneous measure-
ments onto one wafer, as depicted in . Fig. 41.4. 
The most well-known example of a currently 
available commercial multiplex system is Agi-
lent’s Bioanalyzer which performs DNA, RNA, 
protein and cell analyses based on capillary 
electrophoresis.

At present, it is already state of the art to run 
10,000 to 100,000 measurements simultane-
ously, as is done with microarrays for genetic 
analysis. This involves printing or synthesizing 
microscopic spots in the form of gene probes 
onto solid surfaces and then hybridizing them 
with target analytes of the sample such as DNA, 

 . Fig. 41.2 System microfluidic cartridges manufac-
tured by Microfluidic ChipShop. a MTB (molecular bio-
logical assay); b HIV p24 (immunoassay); c ALT (clinical 

chemistry). (Courtesy of microfluidic ChipShop, Jena, 
Germany)

a

b

c
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mRNA or proteins. After washing, the bound 
substances can be demonstrated with fluores-
cent dyes by generating a computer image of all 
illuminated spots, which are then computed 
and evaluated mathematically.

The problems associated with such an ex-
treme degree of parallelization in medical dia-
gnostics are less their technological feasibility, 
but rather how to efficiently analyze and inter-
pret the vast amounts of data generated. To 
make such data volumes manageable and acces-
sible to solving complex challenges like the 
analysis of a malignant proteome, a new dis-
cipline has emerged at the cusp between biolo-
gy and informatics – the field of bioinformatics. 
Even though microarrays have driven the de-
velopment of highly parallelized analytical 
techniques and spurred on medical research, it 
is an unlikely prophesy that they will be har-
nessed for routine diagnostics in the near fu-

 . Fig. 41.3a,b Digital ELISA, based on an array of 
femtoliter wells. a Antibody-loaded nanoparticles 
 detect the antigen. b Loading of beads into nanowell 

arrays with nanoparticles and immunoreaction signal-
ing. (Courtesy of Nature Publishing Group (NPG) [10])

A single immunocomplex 
forms on magnetic

nanoparticles

Antigen added sequentially,
antibody and streptavidin-β-

galactosidase detected

Thousands of 
individual particles 

loaded into wells

a

b

1. Add enzyme substrate
2. Seal with silicone
3. Fluorescence detection

Magnetic
nanoparticles

Capture
antibody

Detection antibody
with biotin tag Antigen Streptavidin-β-galactosidase

 . Fig. 41.4 Photolithographically produced wafer
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ture. One of the reasons for this derives from 
standardization difficulties and the frequently 
poor reproducibility of results; another reason 
is the questionable benefit of 10,000 or 100,000 
measurements of different analytes in the same 
patient. Oligoarrays with up to 100 analytes, 
often supplied as beads (Luminex technology) 
[4] hold greater promise in this regard. Here, 
analysis is performed on a flow cytometer elim-
inating the characteristic of miniaturization. 
The same applies to mass spectrometry, which 
can likewise quantify several hundred analytes 
simultaneously, and is currently being widely 
implemented in microbiology, toxicology and 
therapeutic drug monitoring.

The medium-scale parallelization of analy-
sis offers significant practical advantages: It 
saves time and money, for example, when ad-
mitting patients to a hospital or in emergency 
settings where comprehensive lab profiling can 
be done fast and cost-effectively in order to 
 obtain a broadly applicable overview of a 
 patient’s pathological status within minutes. Af-
terwards, only a few of those parameters must 
be selectively followed up on that would man-
date additional diagnostics. This strategy, re-
ferred to as “diagnostic de-escalation”, is already 
being implemented in the USA.

This contrasts with Germany where only a 
small cross-section of the theoretically possible 
analytical spectrum of the conventional “esca-
lating diagnostics” is demanded in the first step. 
Next, the search is then narrowed down incre-
mentally and focused on a specific target. In any 
case, this is more economical given the current-
ly high reagent volumes, the long measuring 
times and the high analysis prices, but con-
sumes valuable time that is not available with 
lessening hospitalization times or when a pa-
tient presents with a life-threatening condition. 
That laboratory test profiles in certain situa-
tions make clinical and economic sense is ex-
emplified by the success of currently available 
POCT multi-channel analyzers that can deter-
mine blood gas and oximetric parameters, elec-
trolytes and metabolites at the same time.

Of course, it is not only the inadequacies of 
today’s large-scale analyzers that make many 

experts skeptical towards comprehensive base-
line profiles. The flood of false-positive find-
ings to be expected from unspecific orders is 
what prevents experienced diagnosticians from 
developing an affinity towards large-scale pro-
files. Because it documents parametric patterns 
instead of isolated parameters, there is no doubt 
whatsoever that microtechnology opens entire-
ly new diagnostic and prognostic horizons. The 
next challenge is now subjecting it to impartial 
and evidence-based scrutiny.
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42.1 Introduction

This chapter deals with current innovative ap-
proaches to future developments in POCT and 
addresses topics such as telemonitoring, ambi-
ent assisted living (AAL) and personalized 
health (pHealth). In essence, a rapid transfor-
mation in terminology can be observed that is 
not exclusively driven by technical develop-
ments. The abbreviation pHealth, previously 
used mostly as a synonym for personal health, 
now increasingly refers to the concept of per-
sonalized health. At the same time, health-re-
lated technology is becoming available to con-
sumers on a market evolving in parallel to the 
regulated medical technology industry. These 
trends are often driven by innovations in micro-
electronics and information technology. The 
latter not only allows ubiquitous data collection 
and transmission but also the fusion of data in 
different formats and from different sources as 
well as the analysis of vast amounts of data via 
relevant service providers and infrastructures, 
using intelligent algorithms. Expectations in 
new business areas to offer the “prognoses of 
later events on the basis of historical data” [19] 
are thereby high. Between 2011 and 2014, “pre-
dictive analytics companies in the interdepend-
ent sectors of predictive medicine and predic-
tive health increased their acquired venture 
capital investment by almost five-fold [15].

This chapter describes trends in and drivers 
of personalized health (pHealth) with a focus 
on self-monitoring and the technical basis that 
engenders these developments. Self-monitor-
ing often relies on wearables: intelligent minia-
turized components and/or computer systems 
integrated in wearable devices. In its extreme 
form, this is expressed by the Quantified Self 
movement.

Wearables generally interact wirelessly via 
networks; broadly speaking, their conceptualiza-
tion characterizes the Internet of Things (7 Sec-
tion 42.2). Methods for analyzing the measure-
ments collected are subsumed under the catch-
phrase Big Data Analytics (7 Section 42.4).

42.2 From medical records  
to the Internet of Things

Until now, most health-relevant data, particu-
larly about a patient’s diagnosis and therapy, 
was recorded or saved in their medical records, 
in databases or in the information system of the 
respective service provider. The use and trans-
fer of these data are largely subject to legal 
 restrictions. In recent years, the legislator has 
increasingly tried to facilitate cooperation and 
integration within the health care system and to 
strengthen the role of patients and citizens by 
using information technology (electronic 
healthcare cards, telemetric infrastructure) and 
by maintaining a high standard of data protec-
tion and security. As “owners” of their data, they 
should be able to decide which information is 
accessible to which service provider. Access to 
their own healthcare data should promote the 
patients’ awareness of, engagement in and 
 responsibility for leading a healthy lifestyle.

The collection of health-related data on 
larger population groups is now common prac-
tice and has almost become more important 
than data storage and processing. Viable  models 
for the reimbursement of telemonitoring appli-
cations hardly exist within the regulated health-
care market. Nevertheless, feasible payment 
models have been established for the private 
consumer market alongside relevant infra-
structures and service provision. The technol-
ogy applied in telemonitoring generally com-
prises components that are functionally similar 
to conventional medical devices and systems, 
but specially designed for use in private settings 
[35]. A telemonitoring system typically consists 
of sensors that communicate with a base station 
via a short-range wireless network, also called 
body area network or personal area network. 
The base station is located close to or worn by 
the user. It can store, processes and transmit 
sensor data to the telemedicine and telehealth 
service provider via a wireless or wired 
transmitter system. Nowadays, the base station 
is often a smartphone, but may be a dedicated 
device or computer that is connected to a fixed 
network system.
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The range of parameters collectable by tele-
monitoring extends from continuous and/or 
intermittently measured biosignals, e.g. ECG, 
oxygen saturation, and real-time readings like 
blood pressure up to POCT parameters. In 
principle, they can be measured automatically 
at regular intervals without intervention on the 
part of patient, sometimes using intelligent as-
sistance systems. Actuator components can be 
included in this infrastructure, e.g. “smart” de-
fibrillators that transmit cardiologically rele-
vant information immediately to a telemedicine 
center to prevent acute critical situations [37].

The safe and complete exchange of data is a 
critical factor for the success of all systems that 
exchange near-patient data for continuous 
health monitoring with telemedicine centers or 
other service providers [2, 3]. That is one rea-
son why the Personal Connected Health 
 Alliance (PCHA) operates as an international 
organization, dealing intensively with the in-
teroperability across all single components in 
this new, emerging market. This consortium of 
companies in the IT and healthcare industries 
has set relevant standards for a number of 
 pivotal communication technologies.

42.2.1 The Internet of Things (IoT)

The concept of fitting intelligent communica-
tion devices near humans as well as on and in 
the human body has existed since the introduc-
tion of electronic data transmission and pro-
cessing systems. In order to accomplish this, 
microelectronics and communication technol-
ogy provide more and more suitable electronic 
building blocks and transmission systems. The 
evolution of the Internet spawned ideas and 
concepts for an appropriate and comprehensive 
network infrastructure.

At the latest, beginning in the last decade of 
the 20th century, numerous authors have en-
gaged with such topics, only a few of which are 
touched on here. In his 1991 article “The Com-
puter for the 21st Century”, Mark Weiser [28] 
not only predicted the advent of smart homes 
and tablet computers, but also coined the 

phrase “ubiquitous computing” for the perva-
sive paradigm of systems that incorporate invis-
ible and discreet functionalities into everyday 
objects. The largely equivalent term, pervasive 
computing, is preferred by the industry. In 
1999, Kevin Ashton used IoT as a technical con-
cept to link and represent intelligent objects 
digitally for the first time. In 2010, Friedemann 
Mattern said it like this: “The IoT stands for a 
vision in which the Internet is extended into the 
real world and by which many day-to-day ob-
jects become part of the Internet.“

All approaches to defining the IoT revolve 
around the following main characteristics:
 5 A comprehensive (global) dynamic 

 (Internet) infrastructure
 5 Ability to configure autonomously
 5 Standards for interoperability and commu-

nication

The (material and virtual) “things” to be linked 
have identities and attributes and are integrated 
seamlessly into the infrastructure via intelli-
gent, standardized interfaces.

Outfitting objects with barcodes or Quick 
Response (QR) codes, radio frequency identifi-
cation (RFID) tags alongside automatic prompts 
using matching network reading devices can be 
seen as a rudimentary, widespread form of IoT. 
These methods are sufficient when it comes to 
retrieving data from physical objects and feed-
ing them into a central system. Applications 
 established for sample identification in the labo-
ratory can also be used for device and material 
logistics in hospitals (e.g. OPAL Health System, 
Fraunhofer IIS, Nuremberg, Germany) [20].

However, if it also involves receiving and 
processing information or carrying out actions, 
objects must be fitted with sensors, actuators as 
well as data processing and storage compo-
nents. Economies of scale permitting, the 
 appropriate hardware requirements in terms of 
reliability, energy efficiency and cost can be met 
best by a high degree of miniaturization and 
integration of components in the form of sys-
tems on chip. Microfluidics and biotechnology 
enable implementation of these trends in labs 
on a chip.
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Such miniaturized systems can take over 
some applications traditionally located at labo-
ratory or computer workstations, where the 
 latter increasingly compete with smartphones 
and tablet computers. The next stages in this 
development are termed “wearable computer 
systems” or “wearables”. These are already 
available on the market in many variations – as 
wristbands, glasses, forehead bands, watches, 
clips etc. While they only interacted initially 
with smartphones or similar fully functional 
and (Internet)-compatible communication de-
vices, they now feature all the required func-

tions themselves. It remains to be seen if the 
next computer generation, particularly in the 
peri-human environment (e.g. in the sense of 
AAL and smart home), will be placed in cloth-
ing (smart clothing) or even implanted in the 
human body.

All in all, long-term development contin-
ues: According to Cisco, in 2010, the number of 
net-linked devices already outnumbered the 
world’s total population. It is predicted that the 
existing number of 15 billion net-linked devices 
will rise to 40 billion in the years 2015–2020. 
Consistent with this way of thinking, such 

 . Fig. 42.1 Wearables: Products, functions, applications (overview). (Courtesy of Wearable Technologies AG)
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 figures can vary considerably, depending on 
whether, for example, single components, con-
nected indirectly with the net, are counted, e.g. 
a smartphone connected to a Bluetooth head-
set. In any case, it can be assumed that well over 
99 % of potentially net-linkable physical objects 
are not currently linked to a network. The 
much-cited “Internet of Everything” remains a 
utopian dream for the time being.

42.3 Wearables: Outlook  
for POCT in the IoT

42.3.1 Background and 
 classification

In a publication about self-monitoring by the 
Institute of Electrical and Electronics Engineers 
(IEEE), the authors [14] demanded back in 
2005 a wearable, user-friendly and affordable 
POC system for continuous monitoring. The 
aim was to promote the patients’ independence 
and their acceptance of new home-based 
healthcare technology. Configurability, inter-

operability and scalability were accordingly the 
important. It is not only necessary to meet these 
requirements, but also to foster an open market 
that allows competition and is reinforced by 
standardization.

The affordable miniaturized computer sys-
tems for near-body use called wearables [22] 
meet the essential requirements for self-moni-
toring systems (portable, user-friendly and 
scalable) in the market sectors fitness, wellness 
and lifestyle [17, 18, 21]. As intelligent devices 
that are automatically identifiable and interact 
with their equals, they embody future para-
digms of ubiquitous computing and the IoT 
(. Fig. 42.1).

A uniform definition of wearables does not 
exist. In addition to numerous standards for the 
clinical intensive care and monitoring sector, 
the international CEN ISO/IEEE 11073 group 
of standards includes a range of device special-
izations for personal health devices that specify 
wearable-typical technologies and functional-
ities such as blood pressure or glucose monitor-
ing. Alongside the responsible standardization 
committees ISO TC215 and the IEEE Personal 

 . Fig. 42.2 Wearables: Classification by where they are carried. (Courtesy of the International Electrotechnical 
Commission)
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Health Device Working Group, an IEEE struc-
ture for Fast Moving Consumer Goods (FMCG) 
started to establish itself in 2015. This structure 
was designed for involvement in non-medical 
areas. Other standardization organizations 
such as the International Electrotechnical 
Commission (IEC) have also been working on 
this topic that covers the wellness and fitness 
sectors, under the title Smart Wearable Devices.

In Germany, TÜV Süd 2015 has been work-
ing with the Wearable Technologies Group AG 
(WT AG) as one of the first certification orga-
nizations to develop an internationally available 
program for testing smart watches and fitness 
bands. The corresponding certification mark 
[27] is explicitly issued for wristbands for non-
professional use only: “Products for medical or 
therapeutic use, as well as the companion apps, 
are not covered by this test.”

Fundamentally, medical devices and health-
care-related consumer products are subject to 
different but similarly binding regulatory re-
quirements. It is foreseeable in the future that 
new questions will arise about the validity of 
information obtained by the collation of data 
from multiple sources.

The following consideration depicts the fu-
ture classification of wearables by location on 
the human body. This shows that wearables are 
intelligent solutions that can be worn in or on 
the body or carried near the body, thereby 
meeting the criteria for Ubiquitous Computing 
and IoT (. Fig. 42.2). No distinction is made 
between medical and consumer products. The 
reasons for this are:
 5 The convergence of basic functions used to 

collect health-related parameters.
 5 The assumption that it can be useful to 

link data from medical products to those 
from consumer devices, for example, to 
derive information relating to preventive 
behaviors.

 5 The fact that patients with certain, primar-
ily chronic diseases, belong to the most 
consequent and consistent users of wear-
ables from the fitness sector [24].

Moreover, traditional delineations are becom-
ing increasingly difficult. There are solutions 
on the market that are used invasively, but are 
not medical products.

There are a wide range of relevant R&D pro-
jects and pipeline products in all categories. 
 Potentially relevant in the POCT context are 
future devices that are implanted in the body. 
Not only are smart watches and intelligent wrist-
bands worn on the body. Indeed, stimulating 
whole body suits will be able to monitor health-
related parameters in the future. Intelligent con-
tact lenses will monitor glucose, while miniatur-
ized intelligent hearing aids or smart tattoos/
patches (see below) will similarly be worn as 
companions to smartphones or tablets installed 
with the matching apps. Wearables are to be dis-
tinguished from mobile solutions, such as:
 5 Systems that reach targets and/or people 

autonomously – such as the drones envis-
aged by Google which fly to the site of the 
emergency to deliver requested medication 
urgently

 5 Robots like the Watson-powered Pepper 
[30] by SoftBank, partnered with IBM, 
 deliver specialist medical knowledge

 5 Solutions requiring a specific geographical 
installation and/or stationary electrical 
power supply – particularly SmartHome 
and AAL applications

Wearables represent interfaces [7] between the 
users and their environment. Wearable devices 
detect parameters that describe the users them-
selves and those that characterize users’ envi-
ronments. Besides extensive sensor systems, 
they can also be equipped with actuators and 
complex user interfaces. For example, they can 
be used to operate SmartHome solutions. Be-
yond interoperability, widespread availability 
and reliability of the components, context-sen-
sitive interactions of the devices with the user 
and unobtrusive support are also required, so 
that their use is not perceived as disruptive. In-
telligent algorithms make it possible to draw 
conclusions, initiate activities and trigger actu-
ators. Sensor-based systems that can filter per-
sonalized information to and from the interact-
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ing surroundings [23] offer the potential for 
new diagnostic and therapeutic approaches. 
Data is stored, processed, fused and analyzed, 
often using cloud structures (7 Section 42.4).

 > Wearables are part of the global digital 
infrastructure where data from various 
sources are merged and processed. They 
are also subject to all interrelated risk 
factors.

42.3.2 From self-monitoring  
to the quantified self

In 2007, the term “quantified self ” was coined 
by Gary Wolf and Kevin Kelly, two authors of 
the technology magazine Wired. Since then, 
groups of private users have emerged world-
wide who engage with this topic. Their objec-
tive is expressed in the slogan “Self Knowledge 
Through Numbers”: enabling us to learn about 
our own bodies from measurements. The cap-
tured data are designed to foster a deeper (self-)
awareness that can also be used for self-im-
provement. While such possibilities are, of 
course, also available for patients, the self-aware-
ness achieved through the Quantified Self al-
ways assumes that measurements are initiated 
by the person concerned who is also responsi-
ble for them. As soon as a physician requests a 
measurement for a patient, it does not refer to 
the Quantified Self.

Quantified Self measurements are mainly 
conducted with wearables and reflect the every-
day lives of the persons measuring themselves. 
The acquired knowledge results from the inte-
grated analysis of as many data sources as pos-
sible, using effective analysis algorithms. Here 
too, POCT measurements can be included, for 
example, determining blood glucose concen-
trations. Numerous service providers have 
emerged in this field, also for clinical laboratory 
tests.

42.3.3 Wearables – an expanding 
market

The worldwide market for wearables has been 
growing steadily in recent years. According to 
the International Data Corporation (IDC) [8], 
the sales of the market-leading Fitbit wristband 
more than doubled in 2015 from 3.9 million 
items in the 1st quarter to 8.1 million in the 4th 
quarter. Alongside Fitbit, Apple, Garmin, Sam-
sung and Xiaomi are the top 5 providers of 
 devices worn on the arm, including fitness 
wristbands and smart watches. In the context of 
the product-relevant wearables, studies by 
Gartner showed that the market for smart 
watches shows the strongest growth worldwide. 
Gartner calculated their global sales for 2017 at 
66.7 million units. For comparison purposes: In 
2015, smartphones sales amounted to more 
than 1.4 billion units [9].

International comparisons have shown that 
12 % of the population in the USA uses a smart 
watch or a fitness band [13]. That is nearly twice 
the proportion of users than in Europe where 
the user proportion is only 6.6 % in the coun-
tries England, Germany, France and Italy.

42.3.4 Wearables as certified me-
dical devices in the regula-
ted healthcare market

The certification of wearables as medical devic-
es opens up access to the regulated market that 
is still fundamentally under the national juris-
diction of the respective healthcare systems. In 
recent years, there have been efforts to harmo-
nize the relevant standards, not only based on 
the Medical Device Directive (MDD) within 
the EU, but also by applying the standards of the 
U.S. Food and Drug Administration (FDA). Es-
timates, such as that by Soreon Research [12], 
predict that the regulated market for intelligent 
wearable devices will grow from $2 billion in 
2014 to more than $41 billion in 2020. Particu-
larly attractive indications for these wearables 
are diabetes, sleep disorders, obesity and car-
diovascular diseases. In the USA, the use of 
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wearables [12] is being promoted by an initia-
tive for “value-based healthcare” that promises 
physicians and hospitals financial incentives for 
demonstrating the treatment compliance of 
their patients.

42.3.5 Sensor systems for wear-
ables: Physical sensor 
 technologies

The wearables currently available on the market 
mainly fall under the fitness and wellness cate-
gory and are integrated with physical sensors 
optimized in terms of autonomy, miniaturiza-
tion, production costs and energy use. A broad 
range of technologies covers a diversity of 
measurable parameters, with some of the most 
important ones receiving mention here. Sen-
sors can measure acceleration, rotation and 
 position using integrated micro-mechanical 
systems (MEMS) that record movements and 
gestures. A low-G acceleration sensor that 
measures forces in the magnitude of the earth’s 
gravitational field is used to count steps. The 
gravitation vector that points downwards verti-
cally in a resting position describes a typical 
trajectory during a step. These measurements 
make it possible to both count steps taken and 
estimate step length. It is possible to calculate 
the distance by multiplying the step length by 
the number of steps. The calculation of distance 
and position is aided by information from the 
Global Positioning System (GPS).

Semiconductor-based optical sensors re-
cord pulse frequency, pulse wave and blood 
oxygen saturation. Here, the absorption or re-
flection of one or several LED-irradiated lights 
is measured photoelectrically. While green 
LEDs are particularly efficient for pulse fre-
quency or pulse wave determination (photople-
thysmography), defined frequencies in the (in-
fra-)red spectrum are used for pulse oximetry 
because of the specific absorption behavior of 
oxygenated and deoxygenated hemoglobin. 
Similarly, proximity sensors work photoelectri-
cally, detecting whether a smartphone is held to 
the ear or if wristbands are worn and can acti-

vate an automatic pulse measurement. Numer-
ous other sensors based on different technolo-
gies are suitable to capture environmental pa-
rameters such as UV exposure or air quality.

42.3.6 Multiparametric 
 applications

As mentioned above, sensor-recorded data 
from wearables can be amalgamated, for exam-
ple, with coordinates from the GPS. The corre-
sponding algorithms can then derive informa-
tion about a user’s movement behavior from 
these amalgamated data.

Generally, the integration of additional pa-
rameters and sensors allow the improvement of 
established applications. Polar, a company that 
manufactures sports watches and wristbands, 
also offers exercise and test programs that rely  
on sensor-captured parameters. The orthostatic 
test [16] provides regular balance monitoring 
between exercise and resting state and is based 
on exercise-related changes in the function of the 
autonomous nervous system. Results differing 
from the input measurement document the self- 
regulation of the cardiovascular system. External 
factors such as mental stress, sleep quality, ambi-
ent conditions (temperature, altitude) or hidden 
diseases can influence the test results. The quan-
titative assessment of these factors using corre-
sponding sensors and their correlation with test 
results seems a promising approach to improve 
the validity and quality of test results. Similar im-
provements promise multiparametric methods 
to measure calories burned or sleep quality.

42.3.7 Sensor technology for 
wearables: Biochemical 
sensors

Particularly relevant with regard to future 
POCT developments are those wearables that 
incorporate biochemical sensors (biosensors 
for short) without or without physical sensors 
and that use the corresponding techniques to 
amalgamate data as mentioned above.
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Electrochemical biosensors can detect sub-
stances in sweat, tears, saliva, but also in blood 
or tissue fluid (by minimally invasive measure-
ments or on open injuries). Such sensors are 
often mounted on a foil substrate and attached 
to the skin as tattoos, stamps or badges, but can 
also be integrated into armbands or sweat-
bands. Sweatbands allow the simultaneous de-
termination of glucose, lactate, sodium and 
potassium ions concentrations in sweat [5]. 
When body temperature is accounted for, new 
applications such as alarm functions can be in-
corporated therein to protect against dehydra-
tion and excess tiredness [11, 26]. Due to the 
fact that levels of the hormone cortisol in sweat 
are proportional to those in blood, its measure-
ment helps estimate stress levels. A wearable 
can be used to stimulate sweat production in 
targeted parts of the body, thereby facilitating 
the measurement of the physical effects of cer-
tain drugs. It would also be conceivable that 
such innovations make monitoring the concen-
trations of specific drugs in the body more 
 effective.

42.3.8 Invasive systems

In the category “smart implants”, the consumer 
market offers chips, featuring functionalities 
like radio frequency identification (RFID) and 
wireless near-field communication. Smart 
 implant chips are inserted under the skin be-
tween thumb and index finger using a needle or 
through a tiny incision in the index finger. 
These procedures [25] are not performed by 
medical staff but by an experienced piercer or 
“body modder” (body modification expert) 
[10]. In blogs [6], even physicians are voicing 
the notion of collecting patient data by such 
means. The development of regulations allow-
ing international competition regarding such 
innovations, on the one hand, and protecting 
the personal rights of users, on the other, is a 
political challenge.

42.4 From Big Data to Smart 
Data

In addition to the new ways of collecting data 
presented here, there are new possibilities for 
data analysis, particularly using machine learn-
ing techniques. Methods subsumed under 
catchphrase Big Data Analysis can crunch large 
amounts of heterogeneous data for associations 
too complex for evaluation by humans.

All methods available have very different 
theoretical backgrounds. In methods catego-
rized as “monitored learning”, interrelation-
ships are “learned” from known data during a 
training phase. For example, instead of coding 
a program with the hard fact that high CRP 
 levels indicate an infection, the program is fed 
with the CRP levels and infection status data of 
multiple patients. The machine learning meth-
od derives this association independently and, 
in the future, an infection is assumed when 
CPR levels are high. This process also works 
when multiple different parameters are fed into 
the system. In addition, machine learning 
methods can also deal with a quality of data that 
classical statistical methods cannot. The more 
data available, the more interrelationships can 
be elucidated. As a result of their emerging eco-
nomic potential, data are referred to known as 
21st Century Gold.

Extensive computing capacities are required 
to train machine learning models. Many com-
panies offer special environments for this. IBM 
with Watson or SAP with HANA, for example, 
are active in healthcare markets. Apache Spark 
is a popular framework, available under an 
open-source license. After an initial one-off 
configuration for a new data set, such models 
require only a fraction of the computing capac-
ity. When it comes to analyzing IoT data, it is 
not sufficient to apply a machine learning 
method to a mere static data set. In fact, the 
flow of accumulating data from different sourc-
es has to be processed continuously.

Machine learning can be applied to various 
tasks [2]. The purpose of detecting abnormali-
ties is to check and report unusual constella-
tions of measurements. Predictive analysis is 



430 Chapter 42 · The potential for POCT in the Internet of Things (IoT)

42

designed to forecast events. In the end, deci-
sion-support algorithms go the furthest and 
suggest final decisions based on the respective 
available dataset.

Such evaluation methods and new POCT 
procedures are mutually beneficial. Continuous 
measurement procedures generate data flows, 
where their sheer amounts make conventional 
analysis impractical. When further data are 
 collected besides the POCT measurement, they 
can also be incorporated into the electronic 
evaluation. It was only after the causal link 
 between blood glucose profiles and food intake 
was understood that conclusions could be 
drawn about how differently individuals re-
spond to similar meals [38]. A further advan-
tage of electronic data analysis is its speed – 
rapid analysis is optimal for supplementing 
rapid POCT measurements.

42.5 Outlook

Either for Quantified Self applications or to 
crunch the massive numbers from continuous 
data flows in the IoT, complex data analysis 
 often requires the transmission of raw data to 
external providers. Medical data are particular-
ly sensitive and must therefore be protected by 
special means. This protection is not guaran-
teed by many healthcare apps [33]. In fact, it is 
often part of the provider’s business model to 
sell the data [3]. Some statutory health insurers 
themselves support the collection of data from 
wearables. If these data are used to create a risk 
factor profile of the insured, this is contrary to 
the actual purpose of the insurance [35]. Cyber 
attacks on healthcare institutions have also in-
creased in recent years and sensitive data have 
been stolen [31].

Despite its many risks, the advantages of 
electronic data processing in medicine clearly 
outweigh the disadvantages. Although the joint 
development of IoT, wearables and POCT is 
still in a nascent stage, its huge potential is 
 undisputed [32]. In current medical practice, 
electronic data processing is already indispens-
able. As early as 2000, the influential report “To 

Err is Human” demonstrated how crucial it is to 
have all important information available when 
treating patients, while being able to detect data 
analysis-related errors retrospectively [1].

In the spirit of the Quantified Self concept, 
users of mobile devices receive their analytical 
results directly, without the attendant advice of 
a physician. Ongoing changes captured by 
 regular measurements can promote health-
conscious behavior in users [36]. Such mea-
surement collection devices like wearables or 
smart implants, however, are not yet subject to 
the regulatory requirements governing medical 
devices and therefore the validity of the results 
is not guaranteed. Wearables and smart im-
plants are therefore not classified as medical 
devices and should not be used for medical 
 purposes.

The interpretation of results by the users 
themselves and/or the use of data from wear-
ables by third parties is always tainted by the fact 
that the results are obtained from equipment not 
certified as medical devices. They may not be 
used by a physician to treat a patient. Also, re-
sults obtained from machine learning methods 
involving the aggregated analysis of data from 
complex mathematical procedures can only be 
used by the treating physician when obtained by 
means of certified methods and devices.

In the future, quality assessment in particu-
lar must be improved in order to establish the 
application of wearables in medicine and to 
fully exploit their potentials. As with POCT 
measurements, internal quality controls are not 
enough, but must be supplemented by exter-
nally verifiable quality assurance measures 
[34]. Conventional inter-laboratory testing, 
where samples are sent away, is generally not 
possible for wearables and other continuous 
measurement systems. Certifications based on 
comparative measurements on patients, as con-
ducted according to the ISO standard 15197 for 
glucose meters, may be a complex, albeit an ef-
fective alternative [4]. When complex algo-
rithms are deployed in the analysis of POCT 
measurements, they must also be externally 
verifiable. Here, the IoT can help thanks to its 
comprehensive dynamic infrastructure.
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43.1 Introduction

Companion diagnostics are in-vitro diagnostic 
devices that provide the physician with infor-
mation about the suitability and effectiveness of 
a corresponding medicine before administra-
tion to an individual patient. These devices 
serve as a basis for the stratification (pre-selec-
tion) of patients. Their areas of application in-
clude rendering sophisticated indications for 
therapeutic drugs already on the market and for 
pipeline pharmaceuticals that can be used as 
surrogate biomarkers. The tests themselves are 
designed to provide essential information relat-
ing to the treatments’ effectiveness, safety and 
metabolism: Effectiveness refers to the pres-
ence of a target; safety refers to the tolerability 
information based on interactions with other 
metabolic pathways and metabolism to the 
 dynamics of how the individual’s enzymatic 
makeup breaks down the therapeutic drug. 
 Examples include testing for amplification of 
the HER2 gene in a tumor prior to therapy with 
trastuzumab in breast cancer or exclusion of the 
presence of the HLA-B*5701 allele in the 
germline of an HIV patient prior to therapy 
with abacavir to avoid severe hypersensitivity 
reactions.

Companion diagnostics allow more effec-
tive treatment through improved evaluation of 
therapeutic outcomes and higher efficacy of a 
therapy or a drug in a subgroup of patients. 
Thereby, unnecessary treatments can be avoid-
ed, side effects reduced and the patient given 
the right treatment more expeditiously. Proof of 
the effectiveness of a drug along with evidence 
of its optimal dosing through the use of com-
panion diagnostics provides a strong argument 
for their application. For the future, it is becom-
ing increasingly apparent that the drug licens-
ing authorities expect concepts that allow those 
patients to be identified who are most likely to 
respond to a therapy, to exclude those in whom 
the risks of side effects are unacceptably high as 
well as to provide evidence for drug dosing and 
therapy monitoring. The FDA is a global stan-
dard bearer in requiring companion diagnostic 
tests as a prerequisite for approval of a targeted 

therapy. It can be assumed that Europe will 
soon follow in the FDA’s footsteps. How much 
companion diagnostics has already gained in 
importance is evident from the fact that 30 % of 
drugs are being developed in parallel with a 
 diagnostic biomarker in phase III clinical trials. 
The same holds true for approx. 50 % of drugs 
in phase I trials and for as much as 60 % in pre-
clinical phases.

What contribution can POCT make?
 5 Generate cost effectiveness
 5 Improve sample quality by shortening 

the pre-analytical phase
 5 Enhance patient compliance and 

 therapy optimization
 5 Counter ethical challenges (“accessible 

to everybody”)
 5 Enable integration of tests into exist-

ing therapeutic settings

43.2 Drug monitoring

Drug therapies are generally dose-guided to 
achieve the optimal clinical improvement with-
out any adverse drug reactions. Although 
 administered at the same dose, drug concentra-
tions in the blood can vary significantly from 
patient to patient due to individual differences 
in the liver enzymes that metabolize and eli-
minate drugs. The concentration of the active 
agents in circulating blood usually correlates 
satisfactory with the concentration at its site of 
action. Dosing calculations for many drugs, 
particularly for those with a narrow therapeutic 
window, rely on measuring blood drug concen-
trations (therapeutic drug monitoring).

Therefore, pharmacogenomics is often 
seen as a prime area of personalized medicine 
where companion diagnostics can be exemplar-
ily implemented. Yet, despite progress in mo-
lecular technologies, practical implementation 
remains a challenge [9]. Some of the reasons for 
this revolve around cost reimbursement issues 
and the diverse debates about the clinical ben-
efit. One notable problem also relates to the 
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required turnaround time of the tests, which 
creates specific barriers to application in clini-
cal practice. Typical turnaround times for ge-
netic tests are days to weeks, depending on the 
laboratory method used. Collaboration with 
external clinical laboratories, which have 
 additional logistics and separate information 
management systems, creates further challeng-
es to pharmacogenetic testing. To counteract 
this, POCT genotyping platforms have been 
developed, which could facilitate the integra-
tion of pharmacogenomics at the point of care.

43.3 Rheumatology

Rheumatoid arthritis is the most common au-
toimmune disease worldwide, affecting approx. 
70 million people. Early effective treatment can 
reduce the progression of severe complications 
of the disease and maintain a patient’s quality of 
life. Typically, there are no known scenarios in 
rheumatology that classify as clinical emergen-
cies and would therefore require clinical inter-
pretation for same-day decision-making based 
on supportive diagnostics. Despite this, early 
directional diagnosis has advantages for the pa-
tient in expediting their transfer to specialist 
care and management [11]. Early treatment 
with basic therapy mitigates the risk of func-
tional loss or organ damage and increases the 
chance of the patient remaining completely 
symptom-free.

This is particularly applicable to patients 
who need intensive therapy once a diagnosis 
has been made. To achieve this, it is currently 
necessary to involve a central laboratory, mean-
ing that the time between running a diagnostic 
process, initiating treatment and subsequent 
review of the patient can be considerably de-
layed. It is estimated that up to a quarter of all 
patients with rheumatoid diseases presenting to 
the emergency department for some type of 
critical care need to be admitted to the hospital 
and up to one-third require immediate treat-
ment. The detection of circulating autoantibod-
ies can contribute significantly in making a 
prompt diagnosis [8]. The selection of tests and 

interpretation of results is dictated by the com-
plexity of the clinical picture. Nevertheless, 
these methods, when applied in combination 
with biomarkers, can help to refine the diagno-
sis significantly. Both the positive and negative 
predictive values of the tests can be useful in 
this process. Unfortunately, laboratory tests for 
autoimmune diseases have considerable TATs, 
sometimes up to days.

Outpatient departments and general practi-
tioners face a different problem in this regard: 
Accurate assessment of the clinical picture, par-
ticularly in the presence of progressive organ 
damage. Under all circumstances, prompt de-
tection of suspected rheumatoid arthritis by the 
general practitioner is essential as he can im-
mediately refer the patient to a rheumatologist 
for targeted care. On average, patients have had 
symptoms for around one year before they 
present to a rheumatologist for the first time. 
Developing reliable biomarkers is a key mission 
of companion diagnostics, as this can help 
stratify patients accordingly. The chance of 
complete and sustained remission in patients 
with rheumatoid arthritis is increased when 
targeted and early therapy is initiated.

A quantitative analysis of autoimmune ac-
tivity is generally seen as less relevant, except in 
critical cases. This is because changes in auto-
antibody concentrations occur slowly and are 
less important for monitoring treatment out-
comes near the patient. However, this is not 
 applicable to certain autoimmune diseases  
such as systemic lupus erythematosus (SLE) 
and antiphospholipid syndrome (APS). Clini-
cal results based on autoantibodies can be im-
portant, particularly when organ damage has 
already occurred. However, the monitoring of 
autoantibodies is at present lengthy as well as 
labor- and cost-intensive.

43.4 Infectious diseases

Infectious diseases are rarely seen as models for 
the application of personalized medicine – very 
few theragnostic tests address infectious diseas-
es [2]. This is, however, slowly changing, par-
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ticularly with regard to immune responses in 
infections. A personalized approach can help to 
optimize the clinical course and management 
of acute life-threatening infections by docu-
menting clinically relevant genomic data on the 
causative pathogen and the patient. Molecu-
lar-diagnostic technologies that detect patho-
gens rapidly and reliably support the immediate 
initiation of treatment that corresponds to the 
patient. In primary care for example, POCT 
procedures can help identify antibiotic resist-
ances and thereby facilitate the initiation of 
 targeted treatment. Furthermore, the determi-
nation of a patient’s pharmacogenetic profile 
can additionally provide essential information 
on their capacity to metabolize an antibiotic or 
the risk of possible damaging interactions with 
other medicines. The on-site determination of 
the patient’s immune profile could also help 
judge an individual patient’s susceptibility to 
infections.

43.5 Liquid biopsy in oncology

The term “liquid biopsy” or “liquid profiling” 
describes the analysis of tumor cells or free nu-
cleic acids in blood and other body fluids, i.e. 
urine in oncology patients [3]. Similar to tumor 
tissue biopsy, information is yielded from a 
blood sample, which is analyzed for the pres-
ence of tumor cell and changes in DNA compo-
sition (mutations). On the one hand, the amount 
of circulating tumor cells or tumor DNA can be 
measured quantitatively, which allows conclu-
sions to be drawn about the tumor load at the 
time the blood sample was taken. On the other 
hand, blood samples can be tested qualitatively 
for the presence of certain mutations, which al-
lows personalized therapy stratification. For ex-
ample, testing for active mutations in the EGFR 
gene in the tumor is necessary prior to the ad-
ministration of the EGFR tyrosine kinase inhib-
itor gefitinib for non-small cell lung cancer 
treatment. The use of liquid  biopsy has been 
approved for testing mutations in tumor tissue 
and plasma. Unlike tissue testing, plasma testing 
for EGFR mutations prior to treatment with 

gefitinib had a positive predictive value of 99 % 
and a negative predictive value of 94 % in the 
IFUM study on 652 patients [4].

The tumor cells are mainly detected via 
(antibody-dependent) surface antigens. Cell-
free tumor DNA can be distinguished from the 
cell-free DNA of healthy body cells via tumor-
specific mutations (point mutations, chromo-
somal aberrations, methylation status). The 
great advantage of blood-based procedures is 
their minimal invasiveness and the possibility 
of repeating measurements for clinical moni-
toring purposes. The latter is particularly inter-
esting in oncology given that the mutation 
 status of tumor cells can change during the 
course of the disease and mutations, such as 
EGFR T790M, can indicate treatment resis-
tance. Treatment can be adjusted if such muta-
tions are detected through simple and timely 
diagnostic methods. Reasons that liquid profil-
ing should become established in future routine 
diagnostics include the possible quantitative 
determination of tumor cells or tumor DNA as 
residual markers or diagnosing a recurrence as 
early as possible during follow-up care.

PCR and sequence-based methods are used 
to analyze cell-free DNA in plasma. EDTA plas-
ma is the preferred sample material. In serum, 
cell-free DNA concentrations are 2–4 times 
higher than in the plasma; this is likely due to 
coagulation processes, which tend to hinder the 
analysis of tumor DNA. Nucleic acids are iso-
lated from centrifuged plasma using various 
techniques such as ion exchange chromatogra-
phy columns or phenol chloroform extraction 
and then quantified or analyzed via PCR ampli-
fication, fluorescence-based probes or sequenc-
ing. Tumor-specific DNA is detected either by 
PCR (detection of chromosomal aberrations 
such as translocations) or by mutation-specific 
DNA probes (detection of point mutations).

To date, no POCT devices have been estab-
lished for liquid profiling applications in oncol-
ogy. There are various reasons for this. Treat-
ment decisions in oncology are less time critical 
than, for example, in infectious diseases. Addi-
tionally, both nucleic acid extraction and muta-
tion detection create big challenges for device 
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miniaturization to a POCT format. However, 
early signs of progress can be seen. In circulat-
ing tumor cell analysis, developments in micro-
fluidic systems have emerged that allow the 
 accumulation of cell clusters from multiple 
 tumor cells over a few hours in a peripheral 
 venous catheter [5]. In cell-free DNA, small 
 lab-on-a-chip systems that employ dielectro-
phoresis-based methods can concentrate and 
extract free nucleic acids from whole blood [6, 
10]. More novel PCR methods, such as laser 
PCR using nanoparticles, can amplify and de-
tect defined DNA fragments in small sample 
volumes within a few minutes. Although these 
technologies have been initially designed for 
deployment in the diagnosis of viral infections 
like Ebola, their future use is also conceivable to 
screen cancer patients for tumor recurrence in 
ambulatory aftercare. Suspicion of tumor re-
currence would be raised on the basis of tumor 
DNA recurring in plasma via detection of 
 tumor-specific mutations. The result would be 
validated, using a second, more precise confir-
mation test in the laboratory.

Analysis of cell-free DNA is also suitable for 
non-invasive prenatal diagnostics to analyze 
fetal DNA, present about 10 % in maternal plas-
ma from the 10th gestational week [7]. Fetal 
trisomy 15, 18, 21 as well as abnormal numbers 
of sex chromosomes (Turner syndrome, Kline-
felter syndrome) can be detected with a high 
precision using the sequencing of total cell-free 
DNA and the quantification of the sequences 
per chromosome. In trisomy 21 (Down syn-
drome) the test sensitivity and specificity is 
above 99 % [1]. The MinION DNA sequencer 
(Oxford Nanopore Technologies, Oxford, UK) 
is a portable protein nanopore sequencing de-
vice supplied as a USB stick. If the error rate, 
which is still far above that of established larger 
devices, can be improved, an era of ubiquitous 
sequencing is conceivable. This could allow the 
detection of initial mutation blood profiles in 
oncology, thereby allow personalized stratifica-
tion and targeted therapy.

43.6 Outlook

Both companion diagnostics and liquid biopsy 
contribute to the future concept of personalized 
medicine (also called precision medicine). 
Therapies are designed to target the molecular 
changes specific to certain patient groups. 
POCT shortens the time and spatial distance 
between diagnostics and therapy induction. 
Near-patient companion diagnostics is of sig-
nificant importance, particularly in the moni-
toring of medications (with implications for 
adjusting the dose of a medicinal product). Im-
mediately available diagnostic and monitoring 
information could aid therapeutic decision- 
making, additionally improve patient compli-
ance and subsequent outcomes if also made 
available to the patient directly. POCT can 
moreover help make personalized healthcare 
more accessible to patients in rural and isolated 
regions.

Furthermore, high-molecular biomarkers 
show only limited stability after medical sam-
ple-taking (e.g. blood, urine or saliva). There-
fore, shortening the time between taking the 
sample and its testing from a few hours to a few 
minutes or even seconds will decisively contrib-
ute improving the quality of biomarker-based 
tests. Technologies range from test strips to 
complex immunochemical methods. Future 
applications are likely to be chip-based (lab-on-
a-chip technology).

The high technical hurdles to be overcome 
include adequate reproducibility of the analyses 
and data, better robustness of the devices, 
 parallel analysis technologies along with the es-
tablishment of networking via Internet tech-
nologies while keeping the costs commensu-
rate. Furthermore, reimbursement issues re-
main a challenge: Licensed drugs are basically 
reimbursable. This is totally different for com-
panion diagnostics, where this is not automati-
cally the case. In Germany, they are often part 
of an additional, usually complicated reim-
bursement process involving an application to 
the Federal Joint Committee (G-BA).
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