
123

Clinical 
Laboratory 
Management

Shakti Kumar Yadav
Ruchika Gupta
Sompal Singh
Editors



Clinical Laboratory Management 



Shakti Kumar Yadav 
Ruchika Gupta  •  Sompal Singh
Editors

Clinical Laboratory 
Management



ISBN 978-3-031-46419-5        ISBN 978-3-031-46420-1  (eBook)
https://doi.org/10.1007/978-3-031-46420-1

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, 
whether the whole or part of the material is concerned, specifically the rights of translation, 
reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilms or in any 
other physical way, and transmission or information storage and retrieval, electronic adaptation, 
computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Paper in this product is recyclable.

Editors
Shakti Kumar Yadav
Department of Pathology  
and Lab Medicine
All India Institute of Medical Sciences
Bhopal, Madhya Pradesh, India

Sompal Singh
Department of Pathology
North Delhi Municipal Corporation 
Medical College and Hindu Rao Hospital
New Delhi, India

Ruchika Gupta
Division of Cytopathology
ICMR-National Institute of Cancer 
Prevention and Research
Noida, India

https://doi.org/10.1007/978-3-031-46420-1


Dedicated to Our Parents and Teachers



vii

Clinical Laboratory plays a vital role in the modern healthcare by assisting 
physicians in screening, diagnosis, and prognosticating various diseases. This 
book Clinical Laboratory Management has been brought out at a very appro-
priate time. The book focuses on multidimensional aspects of laboratory 
management, tackling everything from resource management and quality 
control to the integration of technological advancements and a sneak peek 
into the marketing aspects of clinical laboratories.

Recognizing the need for a systematic approach in clinical laboratory 
management, the authors have methodically curated the content of this book 
that will guide the beginners as well as the professionals in the field. This 
book offers readers an essential tool to navigate this evolving field. The 
authors delve into the important but hitherto neglected aspect of recruitment, 
selection, and performance management of laboratory personnel. Careful and 
due attention has been paid to the subject of quality control in a laboratory, 
both internal and external quality assurance. Laboratorians would find this 
book a useful guide for quality control in different types of laboratories—
ranging from hematology and biochemistry to histopathology to molecular 
laboratories. Laboratory errors (pre-analytical, analytical, and post-analyti-
cal) and various hazards in a laboratory have also been discussed in adequate 
detail in this book.

Since many laboratory managers, especially pathologists, also manage 
blood transfusion services, the organization and quality control of a blood 
bank have also been included in this book. The contemporary topics of ethical 
and legal issues, the vitality of consent, and the concept of negligence and 
malpractice in a laboratory have also been touched upon. Laboratorians man-
aging their own laboratory practice would find the section focused on market-
ing activities useful to them.

The exemplary work and dedication of the editorial team, Dr. Sompal 
Singh, Dr. Ruchika Gupta, and Dr. Shakti Kumar Yadav, along with their col-

Foreword



viii

lective expertise, knowledge, and years of professional experience in the 
field, give this book an indispensable authority and relevance.

Each of the editors and the distinguished authors have contributed their 
unique insights and deep understanding of pathology and laboratory manage-
ment. Their diverse backgrounds and holistic approach has helped create a 
book that would serve as an exhaustive guide for anyone interested in Clinical 
Laboratory Management.

I wish the entire team of this book great success!!!

Hematopathology�  Tejindar Singh
DRG-Unipath Lab, New Delhi, India

Department of Pathology, Maulana Azad  
Medical College and associated hospitals, New Delhi, India

Foreword
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Medical and paramedical personnel acquire considerable knowledge of 
“management” with experience over the period. However, for a young pro-
fessional who is just starting their own clinical laboratory setup or is recruited 
in a managerial position in a clinical laboratory, there is a felt need for an 
understanding of the managerial aspects, especially in an institutional setting. 
Although this knowledge can be acquired from books on general manage-
ment subjects, there is a paucity of books dedicated to clinical laboratory 
management. Hence, there is a need for a simple and concise text for manage-
ment in clinical laboratory practice.

This book has been written by experts from all the major fields of clinical 
laboratory, viz. pathology, biochemistry, and microbiology, as well as by pro-
fessionals from the fields of community medicine and research. It has been 
designed keeping in mind the need for scientific management and total qual-
ity control in a laboratory practice. Hence, this book shall be useful for clini-
cal laboratorians, students of medical laboratory technology, laboratory 
managers, and hospital managers.

The book has been logically divided into ten parts with 50 chapters written 
in an easy-to-comprehend language, especially for those who have not been 
trained in the core management concepts. The first part “Introduction to 
Laboratory Management” makes the reader familiar with the general aspect 
of management. This is followed by “Human Resource Management” that 
describes the basic principles, and topics like job analysis and job evaluation, 
recruitment and selection, performance management, staff scheduling, and 
conflict management. This section will help readers to efficiently manage the 
workforce in their clinical laboratory setting.

The next part on “Finance and Accounting” gives a brief overview of 
financial decision making and general accounting principles that should be 
known at least to individuals operating their own laboratories. The 
“Organization and Operations” part is dedicated to organizational structure 
from the hospital to individual laboratory level. This part also gives insights 
on important aspects of factors affecting the decision of location of a labora-
tory and its facility design, equipment and inventory management, supply 
chain management, selection of reference laboratory services, management 
of remote collection center and sample logistics, and point of care testing. 
Aspects of clinical laboratory design pertaining to persons with disabilities 
have been covered in a dedicated chapter.
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An elaborate part on “Quality Control” explains internal quality control 
and external quality assessment in various sections of a clinical laboratory 
(not restricted to hematology and biochemistry laboratories) and blood trans-
fusion services. The part on “Documentation and Information Systems” 
explains the importance of document control, SOP writing, role of informa-
tion technology, and electronic health record management. The book also 
includes parts on “Laboratory Hazards and Safety” to describe hazards man-
agement and key aspects of biomedical waste management in a clinical labo-
ratory setting, and “Legal and Ethical Aspects” including the concept of 
negligence and malpractice and the role of consent pertaining to a laboratory. 
The part on “Planning, Accreditation and Licensing” gives a detailed outline 
on how to plan a clinical laboratory and a blood bank, and explains the impor-
tance and the process of accreditation of a laboratory and obtaining a blood 
bank license.

The last part covers management aspects like market basket analysis, pro-
motional activities, corporate social responsibility, customer feedback, risk 
management, internal audit, and management review meeting pertaining to 
clinical laboratory management.

We hope that this book will be useful for readers to understand the mana-
gerial aspects of a clinical laboratory and serve as a guide for more efficient 
clinical laboratory managers.

� Shakti Kumar Yadav  
� Ruchika Gupta  
� Sompal Singh  
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1Role of Medical Laboratory 
Technology in Health Care

Alekh Verma and Ruchika Gupta

�Background

Health is defined by the World Health 
Organization as “a state of complete physical, 
mental, and social well-being and not merely 
the absence of disease or infirmity.” In today’s 
world, evidence-based medicine is the norm in 
healthcare. Medical laboratory technology 
(MLT) is a branch of science related to labora-
tory procedures performed in medical practice. 
The technical personnel in a medical laboratory 
not only assist the physicians in the diagnosis, 
monitoring, and appropriate management of 
diseases but also have a role in human and com-
munity health.

To understand the role of medical laboratory 
technology, we need to make ourselves aware of 
the various ramifications of laboratory techniques 
that have expanded in the last few decades. In the 
world of modern medicine, the medical labora-
tory has several specialized sections including 
microbiology, hematology, biochemistry, cytopa-
thology, histopathology, immunology, blood 
banking, molecular biology, and cytotechnology. 
Through these specialties, medical laboratory 
technology plays a crucial role in many facets of 
healthcare such as screening, diagnosis, prognos-
tication of various diseases, and so on and so 
forth (Fig.  1.1). We shall discuss these roles 
briefly in the ensuing sections.

A. Verma 
Kailash Hospital, Noida, India 

R. Gupta (*) 
Division of Cytopathology, ICMR-National Institute 
of Cancer Prevention and Research, Noida, India

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-46420-1_1&domain=pdf
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Fig. 1.1  Various roles of a medical laboratory

�Screening

Screening is the application of laboratory tech-
niques to healthy (asymptomatic) individuals to 
detect diseases before it becomes clinically 
apparent. The best example of this role of MLT is 
cervical cancer screening where the staining and 
screening of cervical smears done by a cytotech-
nologist help in the early detection of cervical 
cancer. Similarly, hemoglobin electrophoresis or 
high-performance liquid chromatography 
(HPLC), genetic testing, or non-invasive prenatal 
testing performed by laboratory technical person-
nel help in the detection of hemoglobinopathies 
during the antenatal period, thereby preventing 
the birth of a thalassemia major child.

�Diagnosis

The diagnostic role of medical laboratory tech-
nology is far-reaching and well accepted that is 
exemplified by hematological techniques, bio-
chemical tests, and microbiology tests, fine nee-
dle aspiration cytology, histopathological 
techniques to name a few.

�Disease Prognosis

Once a diagnosis of a disease is made, prognosti-
cation of the disease, especially malignant disor-
ders, is an essential aspect where clinicians rely 
on laboratory results. Hormone receptors and 

A. Verma and R. Gupta
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c-erbB2/Her2neu expression in breast cancer or 
BRAF mutations in thyroid tumors have become 
the standard practice in cancer management 
today.

�Guidance for Treatment

Treatment of diseases, both malignant and 
chronic non-malignant has come a long way over 
the last century. “Targeted therapy” for various 
cancers such as the use of imatinib for treatment 
of tumors expressing c-kit protooncogene, trastu-
zumab for Her2neu-positive breast cancers, 
crizotinib for ALK-positive tumors are just a few 
examples. The institution of such targeted thera-
pies mandates confirmation of the target onco-
gene expression or a signature genetic change in 
the cancer cells using various sophisticated labo-
ratory techniques. Similarly, enzyme replace-
ment therapy for diseases such as Gaucher’s 
disease, glycogen storage diseases, lysosomal 
storage disorders, hemophilia, and others require 
laboratory confirmation of the absence of the 
specific enzyme or the factor. Hence, the science 
of targeted therapy or enzyme replacement ther-
apy requires close coordination and valuable 
inputs from the medical laboratory.

�Follow-Up

The use of effective therapy has helped in pro-
longing the life span of a lot of patients. In 
chronic diseases, including cancer, there is a 
requirement for regular follow-up with various 
laboratory tests to detect relapse of the disease 
early enough to allow for further control. There 
are numerous laboratory markers that fulfill this 
role of medical laboratories such as lipid profile, 
blood sugar, HbA1c, etc. for non-communicable 
diseases and tumor markers such as 
prostate-specific antigen (PSA), carcinoembry-
onic antigen (CEA), CA 19-9 for tumors of the 
prostate, colon, and ovary, respectively. Another 
instance of this role is the renal or liver function 

tests and protocol biopsies, sometimes with spe-
cial stains in post-transplant patients for early 
detection of graft rejection or graft-versus-host 
disease.

�Evaluation of Substance Abuse

Nowadays, laboratory techniques are being 
increasingly used in the evaluation of substance 
abuse. Laboratory tests to detect the use of 
banned substances such as lysergic acid diethyl-
amide (LSD), amphetamine, and erythropoietin 
are routinely performed on athletes during quali-
fying rounds for various competitions. Critical 
jobs like aircraft pilots, armed forces on the war 
front, and medical professionals in critical areas 
of the profession among others are evaluated for 
use of alcohol prior to critical placements. 
Identification of cotinine in urine helps to iden-
tify tobacco use in an individual. Confirmation of 
the use of banned substances is also required in 
medico-legal cases and some legal processes. In 
the era of the ever-enlarging arena of health 
insurance as well as term insurance, there may be 
a requirement for testing of blood and urine for 
substance abuse. For example, some insurance 
firms offer their term insurance products only to 
non-smokers.

�Investigation and Surveillance 
of an Epidemic

Investigation and surveillance of an epidemic 
also require intensive use of medical laboratory 
technology, both basic tests and advanced inves-
tigations for identification of the causative organ-
ism and guide about the methods of control. The 
most recent instance of this role has been the 
COVID-19 epidemic where laboratorians played 
a significant role in identifying the causative 
organism, defining its characteristics, providing 
guidance on control measures on an individual 
and organizational level, and developing a vac-
cine for prevention of severe infection.

1  Role of Medical Laboratory Technology in Health Care



6

�Teaching and Training

One of the less recognized roles of medical labo-
ratory technologists is their contribution to teach-
ing and training future laboratory technologists 
and passing on the tricks of the trade. In addition, 
the involvement of laboratory technologists in 
medical research cannot be overemphasized. For 
instance, vaccine development, the introduction 
of new diagnostic procedures, molecular genet-
ics, and others require the assistance of these per-
sonnel for the success of these procedures.

The following sections of this book intend to 
equip you with techniques and methods of run-
ning and managing your laboratory effectively, 

efficiently, and to a considerable extent error-free 
so as to provide the best possible care to the 
patient.
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2Overview of Laboratory 
Management

Alekh Verma and Sompal Singh

�Background

A clinical laboratory is an organization that 
requires multiple components for its function 
(Fig. 2.1). These include staff, machine, money, 

infrastructure, processes, material, supporting 
services, and information systems. Let us learn a 
bit about these components to understand the 
laboratory as an organization.
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�Workforce

The manpower employed in/for the laboratory is 
an extremely valuable asset of a laboratory that 
includes the combined skills, knowledge, and 
abilities of the laboratory personnel. Hence, the 
management of this asset is imperative for the 
success of any laboratory. We shall discuss fur-
ther this asset/resource in chapters on Human 
Resource Management (Part II).

�Machines/Equipment

For performing the required tests and providing 
service to the patients, a laboratory requires vari-
ous equipment. The accuracy and precision of 
such tests depend in large measure on the condi-
tion of the equipment used. Hence, knowledge 
about their procurement, maintenance, and cali-
bration is imperative and we shall discuss these 
further in the chapter on Equipment Management 
(Chap. 16).

�Money

There are two facets of the role of money in a 
clinical laboratory:

�Finance

Money is the basic requirement for starting and 
running any laboratory. The required capital for a 
laboratory can be acquired in the form of equity 
(self/private/public) or in the form of debt. There 
are various advantages and disadvantages of 
either of these sources. Readers will get a better 
understanding of these concepts in Chap. 10.

�Accounts

Once a laboratory is started, all the monetary 
transactions related to it need to be recorded, 
classified, compiled, summarized, and published 
(publicly if required) as per the relevant and prev-

alent industry guidelines and taxation laws. The 
Accounting Principles are briefly explained in 
Chap. 11 of this book.

�Infrastructure

Infrastructure for an organization, including a 
clinical laboratory, includes the physical location 
and layout of the same.

�Physical Location

The location of a laboratory may vary from being 
standalone to within the premises of a small 
clinic or a big hospital. When located within a 
hospital, the clinical laboratory should be located 
at a suitable location with easy access from the 
outpatient department as well as the emergency 
unit and the wards. At the same time, the location 
of the laboratory should not hamper the move-
ments of other patients (not requiring the services 
of a laboratory) in the hospital. For a standalone 
laboratory, the location may be determined using 
appropriate management tools (center of gravity 
method, cost–profit volume analysis, point rating 
method, transportation method of linear pro-
gramming, and so on).

�Layout and Design

The layout of a clinical laboratory needs careful 
consideration to ensure optimum functionality as 
well as comfort for the patients and the labora-
tory personnel. The various sections of the labo-
ratory should be aligned keeping in mind the 
frequency of interaction of patients during the 
delivery of service. For instance, a reception desk 
at the front of the laboratory is desirable for any 
business, with a phlebotomy section adjacent to 
this, so that the patient may not need to traverse 
the laboratory for submitting a blood sample. The 
cabin of the customer care manager should also 
be as near to reception as possible. Within each 
room in the laboratory, equipment and furniture 
must be so arranged that the movement of techni-

A. Verma and S. Singh



9

cal persons and materials/reagents/samples is not 
interfered with or hampered. These topics are 
dealt with in more detail in Chap. 14.

�Processes

Considering the clinical significance of labora-
tory reports, the importance of standardization 
and calibration of the equipment, materials as 
well as testing procedures cannot be overem-
phasized. The best approach to achieve this is to 
prepare and make available a published docu-
ment or standard operating procedure (SOP) 
that is updated regularly and accessible at all the 
locations of its need. Of equal importance is a 
combination of internal quality control or exter-
nal quality assessment to assess and maintain 
the quality of laboratory services. The readers 
are referred to Parts V and VI of this book for 
details.

�Materials

A clinical laboratory uses numerous reagents and 
chemicals. Hence, material management/inventory 
management is an essential aspect of laboratory 
practice. Apart from guiding the laboratory per-
sonnel on what reagents are required according 
to the tests being performed, inventory manage-
ment also provides answers to questions such as 
when to order, how much to order and classify 
reagents depending on the need. Procedures such 
as ABC analysis can be utilized for this purpose. 
Details of inventory management are available in 
Chap. 17.

�Information System

With the increasing use of information technol-
ogy and the requirement of close interaction with 
the clinician, laboratory information systems 
(LIS) have become an indispensable part of a 
clinical laboratory (Chap. 33). A typical LIS 
allows for integration of clinical information, 
ordering laboratory tests with their tracking and 

receiving the results. Sometimes general office 
applications like email, word processor, power 
point presentations, spreadsheet application are 
required.

�Document Control and Record 
Keeping

Document control and record keeping in a clini-
cal laboratory should be as per the current guide-
lines of the relevant accreditation body such as 
College of American Pathologists in USA, 
National Accreditation Board for Testing and 
Calibration Laboratories (NABL) in India, or 
United Kingdom Accreditation Service in 
UK. Though such accreditation may not be man-
datory for a clinical laboratory, having this 
accreditation provides credibility to the processes 
followed and the results provided by the said 
laboratory. Kindly refer to Chap. 31 for further 
details on this topic.

�Ethical and Legal Aspect

Ethics and legal aspects are two inter-related but 
different concepts. Ethics is a positive concept 
that is voluntary and includes perception of the 
“right” and “wrong” of an action. Conversely, 
legal aspects are enforced by law and issues arise 
due to non-adherence or noncompliance. Patient 
consent and confidentiality of information are 
usually ethical aspects, though sometimes law 
such as Health Insurance Portability and 
Accountability Act (HIPAA) appliable in USA 
also covers this aspect, whereas malpractice and 
negligence are mostly legal in nature. These 
aspects are discussed in detail in Part VIII.

�Laboratory Hazards

A clinical laboratory is a multifaceted and huge 
organizational system. Irrespective of the size of 
the laboratory, all kinds of hazards like physical 
(fire, radiation, sharps, moving parts), electrical, 
chemical, and biological are possible. Efforts 
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