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Introduction

Laboratory tests are an integral part of the clinical decision-making process, providing invaluable information in the diagnosis and diagnostic-therapeutic monitoring of diseases. The term clinical laboratory science includes several specialities such as clinical chemistry, haematology, immunology, microbiology, serology, toxicology and urinalysis. In this teaching guide, we will explore in particular the most important speciality, namely clinical chemistry, which involves a wide range of analyses and is a fundamental area of hospital and laboratory activities.

Clinical chemistry is based on many different methodologies, with manual and fully automated analyses, and aims to examine both very common and rare analytes, combining basic chemistry knowledge with biochemistry, computer science, technical skills and other disciplines, overlapping with other areas of interest, such as toxicology and endocrinology. Given the scope and depth of clinical chemistry, many interesting books have been written on the subject. These texts are continually revised and updated to keep pace with developments in this dynamic discipline.

This teaching guide is intended to be a simple introduction to the subject, an introduction to the fundamental concepts that illustrate the minimum basic knowledge. The guide is intended to answer basic questions about clinical chemistry and stimulate further interest in the subject. Although most laboratory test results do not generally reveal clinical conditions that require prompt medical intervention, on some occasions the values may differ significantly from the reference interval adopted (cross-sectional comparison) or from previous data of the same patient (longitudinal comparison) so as to imply potentially serious clinical situations that require prompt notification of the data to the clinician, who will implement effective and reasonably urgent interventions in order to improve the patient’s critical state. The concept of critical value, therefore, expresses a result.

Although most laboratory test results do not generally reveal clinical conditions that require prompt medical intervention, on some occasions the values may differ significantly from the reference interval adopted (cross-sectional comparison) or from previous data for the same patient (longitudinal comparison), so as to imply potentially serious clinical situations that require prompt notification of the data to the clinician, who will implement effective and reasonably urgent interventions in order to improve the patient’s critical state. The concept of critical value, therefore, expresses an unexpected result, beyond the population or individual reference interval, or beyond the therapeutic range, which may be associated with an imminent danger to the patient’s health and therefore requires immediate medical intervention.

The critical value is associated with an imminent danger to the patient’s health, and its highlighting has the purpose of promptly focusing on situations that may be decisive for the diagnosis and modification of therapies, representing an important moment of interaction between the clinic and the laboratory. Based on the traditional cross-sectional comparison, the critical value is defined as such when it exceeds a decision level, defined on the basis of evidence and clinical experience. Understanding and interpreting laboratory tests is the doctor’s task.

Blood test values, in fact, very rarely say anything individually. They can take on a true (and reliable) meaning only if seen as a whole and associated with the conditions for which they were requested, and with the characteristics of the patient, with his symptoms, his age and his characteristics. The purpose of the information that can be found below is therefore not to induce a dangerous (we emphasise: dangerous, not just useless) do-it-yourself in reading blood tests, but rather to provide a cultural basis for better understanding with the doctor, and preparing, if necessary, to ask the right questions. Today, with the growth.





Chapter 1


1.1 Introduction

Laboratory Medicine, with its multidisciplinary nature, has become a fundamental component of diagnostic-therapeutic processes in recent years, supporting the provision of essential services for patients and participating in the four fundamental phases of medicine: screening, diagnosis, therapy and rehabilitation, understood as the restoration of the state of health. Laboratory Medicine is divided into different sectors, listed below, each of which works with different methodologies and automations:


	Clinical chemistry


	Immunochemistry


	Haematology


	Flow cytometry


	Molecular biology


	Microbiology/parasitology


	Haemostasis


	Electrophoresis—immunofixation


	Allergology and autoimmunity


	Transfusion medicine




For each sector, different analytical lines are identified, characterised by a wide range of tests that, with an ever-increasing sensitivity and specificity, support the provision of essential services for diagnosis and treatment. For example, the clinical chemistry sector is divided into clinical chemistry (measurement of substrates, enzymes, electrolytes in plasma or serum) and urine chemistry; the immunochemistry sector includes various analytical lines such as drugs and medicines, hormones and markers and infectiology. These two sectors, together with haematology, represent the bulk of routine activity and use automated instrumentation. The microbiology/parasitology sector includes all the investigations aimed at ascertaining the presence in the sample of microorganisms or biological markers that indicate their current or previous contact with the organism; in particular, bacteriological analyses search for the bacteria present in the sample through wet tests, with stains suitable for detecting the microorganisms, cultures, analysis of the biochemical and enzymatic actions of the bacteria, response to antibiotics (antibiogram).

In an analysis laboratory, the activities that follow one another are generally divided into three sub-processes:


	Pre-analytical phase: consists of the preparation of the sample to be analysed, from the prescription of the services to the procurement of the biological material, up to the transport, pre-treatment and acceptance in the laboratory.


	Analytical phase: refers to the execution of the analytical determinations.


	Post-analytical phase: consists of the collection of the results in a single validated report, up to its delivery to the client, and also includes the management of the storage of the samples; the report, a tangible document summarising the entire production process in the laboratory, is exhaustively identified as the final product of the activities carried out.




The equipment present in an analysis laboratory can, therefore, be grouped by sample processing phases into: pre-analytical instrumentation, in which the biological sample, collected at the sampling point, can be aliquoted, treated or transferred into containers suitable for the subsequent processing phases; analytical instrumentation, dedicated to measurement; and post-analytical instrumentation, for producing reports and storing samples.

In a laboratory, most analyses are performed on whole blood, serum, urine or other biological samples (liquor, tissues, genetic samples, cell cultures, MOGM—genetically modified microorganisms), taken from both healthy people (donors, screening programs) and patients.

Analysing biological samples means performing qualitative and quantitative assessments, in particular:


	Measuring the concentration of substances (analytes) dissolved in physiological fluids, in order to establish whether it is in a physiological or pathological range.


	Performing the counting, per unit of volume, of particles or cells.


	Evaluating the presence of microorganisms;


	Determining the chemical-physical parameters (for example, in the case of urine analyses, generally associated with urinary sediment analyses).


	Look for morphological alterations in tissue cells, since alterations in morphology correspond to alterations in functionality, which, consequently, lead to pathological situations.




Since the end of the last century, when the organisational revolution was already underway and was appearing on the European side of the Atlantic, many articles have addressed the issue of the future of laboratory medicine, in terms of the structuring of laboratories, of the health policies connected to it, of the type and methods of providing the service, of the consequences on the discipline and its professionals and have evaluated the state of progress of reorganisations in the United States, in the United Kingdom, in European areas and in Italy. The set of sensitivities represented in the articles allows us to summarise some common visions:


	The inevitability (and the charm) of change, together with the fear that mega-laboratories and a decrease/ageing of employees will lead to the end of the discipline and the definitive transformation of laboratory tests into a commodity.


	Awareness of necessary structural and organisational transformations, driven by technology, which should be possibly governed (the issue of quality and its certification), but which can/must lead to overcoming traditional disciplinary and professional boundaries;


	Research into the possibilities of demonstrating the added value of Laboratory Diagnostics, with the rediscovery of the report, the commitment to communication work at the clinic-laboratory interface and outcome studies, in the light of an increasingly accepted EBLM (evidence-based laboratory medicine).






1.2 According to the Author, the Main Strengths of the Laboratory are:


	The presence of a young and motivated management staff.


	Excellent standards of practice with a specific focus on excellence, comparison and accreditation—attractiveness of laboratory medicine with educational and professional growth opportunities.


	Possibility of receiving funding for research.


	Technological development prospects, especially for biotechnology. The weak points are:


	The year-after-year growth in requests for work commitment with low strategic investments.


	Less and less time to think about strategic development, suffocated by incremental routine.


	The battle against inappropriateness in requesting and using test results;


	The decimation of staff.


	An inadequate funding policy, especially for infrastructure.


	The awareness of the distance from clinical reality and the perception of laboratory medicine as invisible and misunderstood, also because of the laboratory operators themselves.




The opportunities are considered enormous in relation to both the progress of diagnostics and its pervasiveness in contemporary medicine, and to the discovery of the specific points where the added value of the laboratory product is created, in relation to the prospects of personalised medicine, research networks and roles in the management of the restructuring of the organisation of laboratory medicine. The risks are those of marginalisation in decisions, invisibility, fragmentation on the one hand and erosion on the other of disciplinary and professional contents, in the lack of an adequate analysis and reconstruction of roles and powers of the discipline and its workers.



1.3 Recipients and Beneficiaries of the Project


1.3.1 Danger in the Laboratory

The analysis laboratory is identified as a high-risk work environment, as there are a series of dangers, identified as situations, substances or objects that can cause harm to workers. Therefore, the operator who accesses the laboratory must respect a series of rules of correct behaviour, in order not only to protect themselves from the dangers present, but also to protect the laboratory from the external environment, reducing the probability of contamination of the biological samples present in it. The multiple activities carried out in laboratories involve exposure to dangers of different kinds: from the flame of a Bunsen burner to the extreme cold of nitrogen or liquid helium, from the aggressiveness of acids and bases to the aerosols of pathogenic agents or carcinogenic or mutagenic substances, from optical radiation to ionising radiation.

In summary, the main risks that can be found inside a laboratory are related to:


	Biological agents


	Chemical agents


	Physical agents


	Biomechanical factors


	Mechanical factors


	Environmental factors


	Relational factors.




In this high-risk context, collective protection measures alone cannot prevent the risk of contamination and protect workers against the numerous physical, chemical and biological hazards present. The residual risk must be countered by adopting Personal Protective Equipment (PPE) appropriate to the context in which one operates.




1.4 Chemical Risk

There are many chemical substances present in an analysis laboratory; however, the chemical risk is rather limited for various reasons. Nowadays, in analysis laboratories, the use of pure chemical products is increasingly reduced with the introduction of automatic analysers that work with kits and reagents ready for use; therefore, the probability of having to handle bottles containing chemical substances is significantly reduced. Furthermore, the identification of chemical agents is now made much quicker and more comprehensive by the obligation imposed on producers and suppliers to affix labels describing the dangers associated with the substance on the containers and to attach safety data sheets that report all the information necessary for the use of the product in conditions of maximum safety, specifying the dangers and the actions to be taken in the event of accidental contact with the substance.



1.5 Physical Risk

Physical agents, related to the use and operation of the equipment and systems present in an analysis laboratory and capable of causing damage to people’s health, can be classified into six categories:


	Heat.


	Electricity.




Non-ionising radiation (visible light, ultraviolet rays, infrared rays, radio frequencies, microwaves).


	Ionising radiation.


	Cryogenic liquids and gases.


	Noise and mechanical vibrations.




Similar to what has been said for chemical risk, physical risk is also limited by current regulations and by the choices made at the design level; therefore, when entering an analysis laboratory, it is advisable, in any case, to observe the surrounding environment, in order to have an adequate perception of it, and to follow the rules of correct behaviour. For example, visible light, even if apparently harmless, when emitted by very powerful sources (e.g., spectrophotometers, photocopiers) can produce glare; therefore, these dazzling instruments must be clearly identified.

Ultraviolet and infrared rays are emitted by the light sources used by analysers, both automatic and manual (spectrophotometers), which must therefore be identified as hazards. Noise is an almost ubiquitous physical agent. It is therefore present in laboratories, especially in environments where automatic analysers and centrifuges are located, but it can also arise from protection or prevention devices, such as the aspirators necessary for the operation of hoods.



1.6 Biological Risk

Biological risk is defined as the possibility of contracting an infectious disease during work activities and is found at all levels in hospitals and outpatient settings. Legislative Decree 81/2008 Consolidated text, health and safety at work, classifies biological agents (viruses, bacteria, fungi) into four groups, based on the following four characteristics:


	Infectivity: the ability of a microorganism to penetrate and multiply in the host


	Pathogenicity: the ability to produce a disease following an infection


	Transmissibility: the ability of a microorganism to be transmitted from an infected subject to a susceptible subject


	Neutralizability: availability of effective prophylactic measures to prevent the disease, or therapeutic measures for its treatment.






1.7 Pathogens can Determine


	An infectious action, which consists in the generation of a disease following the colonisation of the host by microorganisms: work activities in the healthcare sector can expose both patients (hospital infections) and staff (occupational infections) to infectious risk, particularly blood-borne.



An allergenic action, connected to allergic reactions triggered by metabolites produced by pathogens.


	A toxic action, as the metabolites produced may be able to induce inflammatory and immunological responses or tissue necrosis.





1.8 The Methods of Transmission of Pathogens are as Follows:


	Direct contact with the pathogen (mucocutaneous transmission) or indirect, by touching contaminated objects that act as intermediaries (e.g., contaminated needles, dirty gowns and gloves)


	Airborne, by breathing small droplets or aerosols that carry microorganisms


	Parenteral route, which consists of the inoculation or contact of mucous membranes or damaged skin with blood, blood products or other biological material.




In conclusion, the risk of infection by pathogens is a well-known phenomenon and essentially attributable to three methods:


	Nosocomial (from the environment to patients or cross-transmission between patients)


	Occupational (from infected patients to operators)


	From infected operator to patient.




Despite this, a first simple form of prevention consists in adopting a non-superficial, but rather more aware attitude, which translates into the application of the principle of distrust, that is, imagining everything around us as contaminated.



1.9 Regulatory Aspects

This section will discuss the regulatory aspects that involve the technologies used within an analysis laboratory, with particular reference to the context of in vitro diagnosis. The analysis of the regulatory framework is the basis for a series of activities (coding and inventorying of technologies, testing, management of procurement phases, management of surveillance, product certification, planning and HTA, management of IS).

In the context of the analysis laboratory, we refer to technologies of high, medium or low complexity that, in the diagnostic routine, can relate to the pre-analytical phase of sample preparation, in which all the necessary conditions are created for it to then be managed analytically (the moment in which a test tube, or a slide, takes on a value, a clinical meaning), up to the final phase of production of the report and possible storage of the analysed sample, the post-analytical phase (Figure 1).

[image: Pre-analytical lab equipment including a centrifuge, analytical devices like computers, and post-analytical storage units are shown in sequence.]

(Figure 1) Operational flow of the analysis laboratory: pre-analytical, analytical and post-analytical phases

Today, technological evolution, which finds its maximum expression in the chains of large-scale automation, allows the existing demarcation between the three aforementioned phases to be filed down, allowing for integration between them.



1.10 Automation in Laboratory Diagnostics

Worldwide, the number of laboratory diagnostic tests processed annually is more than 9 billion. Of these, more than 800 million concern the serum area, the part of Clinical Chemistry and Immunochemistry. The instrumentation currently available on the market allows the analysis laboratory to provide results that have an impact on clinical and therapeutic decision-making of more than 60%.

Total Lab Automation (Figure 2, next page) refers to a chain capable of physically transporting biological samples to the analysers and pre- and post-analytical modules: in this way, it is possible to connect all available instrumentation to the automation system, without conditioning or compromises.



[image: A modern lab with advanced medical equipment including analyzers and computers. Large windows provide ample natural light, creating a clean, efficient atmosphere.]

(Figure 2) There are many reasons why there is a need to implement automation solutions in the analysis laboratory.

A first aspect concerns the system of territorial reorganisation that, in recent years, has involved the analysis laboratory: in fact, the habit of having a large laboratory (Hub) in a specific geographical area and other small laboratories located throughout the territory (Spokes) that manage specific or emergency tests is increasingly widespread. The Hub, which receives a large number of test tubes, must ideally be organised with highly automated systems.

Furthermore, automation allows for the optimisation of both economic and human resources, provides the guarantee of growth through the management of increases, even sudden ones, in workloads without necessarily having to change the organisation of the laboratory, allows for the best response, and in adequate times, to the needs of clinicians and patients and, finally, allows for the standardisation of all processes in order to increase the quality and safety of the laboratory, while increasing its prestige.

The choice of the most appropriate automation solutions to implement is a very long and complex process, as it has a strong impact on the future of the laboratory, and must best satisfy its real needs: there are laboratories that are very different from each other and, therefore, it becomes of fundamental importance to be able to provide solutions that are different from each other, adaptable to individual contexts and various workflows.

Over the years, the needs have changed: if at first there was a tendency to propose predefined automations, characterised by a very specific number of instruments and equipped with a single type of connected pre- and post-analytical modules, today the focus is on the search for customised automations on the other hand, we have moved from a focus on a single discipline (concentrating on the automation of single areas, mainly Clinical Chemistry and Immunochemistry) to a multidisciplinary focus (extending automation from the serum area to the whole blood and plasma areas) furthermore, the operator’s activity is no longer focused on the management of the single sample, but on the management of the entire process.

In general, and specifically for the laboratory, when deciding to automate a process, it is important to consider a fundamental principle: only if the process is efficient, automation allows for increasing its efficiency. An automation solution, in general, includes the following main components:


	Data management


	Analysers


	Transport system (track, chain on which the samples travel)


	Pre- and post-analytical modules.




In recent years, new automation solutions for the entire analytical process have been proposed on the market, with the aim of offering customised solutions that better adapt to the different reorganisation needs of the various laboratories. In this case, automation allows, on a single platform, to consolidate the three phases of sample processing (pre-analytical, analytical and post-analytical). Thanks to different sample loading modules and particularly large storage systems, it has been possible to achieve complete traceability of the entire process, without the need for additional pre- and post-analytical modules. These are highly customisable solutions, with tracks of different shapes, in any case adaptable to the spaces that the laboratory has available and to the different organisational models. Furthermore, a unique middleware allows the management of the sample from the request to the reporting, in a single operational step, guaranteeing traceability, multidisciplinary and proactivity of the process.

In the varied world of proposals offered by the various competitors, in which increasingly advanced knowledge is required, it is possible to make some reflections in order to orient oneself in the choice of the solutions most suited to individual needs.

Laboratory diagnostics assumes importance for the purposes of a therapeutic treatment that is early, timely and adequate.

Clinicians and patients need answers at every stage of life, and the evolution as human beings cannot ignore diagnostic tests for the assessment of the state of health, the early identification or diagnosis of a disease. In vivo and in vitro diagnostic tests represent the heart of clinical decision-making: 60-70% of decisions to be made for diagnosis, therapeutic treatment, admission or discharge of a patient are based on the results of diagnostic tests. The questions that are posed by the market to companies as solution providers and to laboratories as service providers are:


	How to increase the quality and productivity of a laboratory, while maximising the performance of the resources involved—how to satisfy the criteria of rationalisation, process consolidation and cost containment?



The criterion of the individual is clearly not applicable to such a varied context. However, through experience and common sense and through high-tech instrumentation, it is possible to identify shared organisational methods for the standardisation of processes and the optimisation of the workflow.

From the perspective of standardisation, rationalisation and roles imposed on healthcare facilities and, therefore, on analysis laboratories, it is necessary to define a reference parameter that is significant for the quality and efficiency of the services offered: we will therefore speak of Turn Around Time (TAT). This is a parameter usually used in analysis laboratories for monitoring activities and on which appropriate corrective strategies are designed. The TAT is universally recognised as the indicator of the efficiency of the processes in place in the laboratory and of the quality of the services offered.

A look at the literature highlights a variety of different approaches aimed at defining the TAT, two in particular: the Therapeutic TAT and the Intra-Laboratory TAT.

The Therapeutic TAT is understood as the time interval between the request for the test and the start of the therapeutic treatment undertaken on the basis of the results obtained. There are countless variables that can influence the Therapeutic TAT, including the times and methods of collection and transport of the samples to the laboratory. Therefore, most clinicians are oriented towards using the Intra-Laboratory TAT, which represents the total time between the arrival of the sample in the laboratory and the availability of the validated and reportable result: therefore, this parameter includes all activities, from check-in by scanning the barcode (which certifies the receipt of the sample by the laboratory) to the delivery of the final report.

In literature there are several examples that show how TAT can be reduced through adequate training of healthcare personnel and the adoption of high-tech instrumentation.The laboratory automation model that seems to best meet the characteristics in terms of TAT is represented by the concept of Open Automation, which consists of the possibility of connecting to the automation system all the instrumentation that the customer deems suitable to best meet the needs of their laboratory. In particular, from the perspective of customisation (Custom Made Automation), Open Automation is configured as a new trend, which can make a difference in the awarding of a contract for the supply of an analysis laboratory.


1.10.1 Nowadays, When Talking About a Unified Solution, We Refer to Two Important Concepts:


	Consolidation of different analytical areas: concentration of different analytical areas on the same instrumental platform and use of the single test tube in place of dedicated test tubes (i.e., moving parameters that can be determined on the same material or by sorting the container itself to a single container).


	Integration between the various analytical phases: optimisation on a single system of all the phases of the analytical process, including pre- and post-analytical ones.




In


	Capacity, understood as the number of samples that the system or module under examination can host simultaneously, in order to guarantee an adequate walk-away throughput, understood as the maximum number of samples/hour that the system or module can process.






1.10.2 The Modules That Make Up a Total Laboratory Automation System are:


	

	

	

	





1.10.3 Below, a Brief Description of the Various Pre-Analytical Modules:
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