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Preface

We are happy to write the preface for the book entitled “Hospital Administration
and Planning.” This book is a compilation of work by experts from different domains
working in the healthcare industry, ranging from hospital planning to quality man-
agement, and clinical services to disaster management. Since healthcare organiza-
tion is a very diverse, sensitive, and intricate area, it demands a thorough and
flawless planning. The structure should not only be operationally efficient, but also
be safe for its occupants and visitors. The book starts with a brief introduction of the
healthcare sector at different levels. It also attempts to justify how the changing
healthcare landscape has paved the way for establishing a contemporary and ever-
evolving specialty of hospital planning and designing, which is dynamic in nature
and requires continuous improvements and updates frequently.

This book has been planned in a way wherein clinical and nonclinical depart-
ments have been separately classified and their respective standards and guidelines
have been incorporated while describing the planning concepts. Critical areas of a
hospital such as ICU and CCU have been detailed specifically as the operational
requirements and level of different sophistication required.

A chapter on security aspects and disaster management has also been thoroughly
envisioned based on the current scenario at global level. Issues and management of
hospital-acquired infection have been discussed in different chapters based on its
relevance and application in that particular area. Further, the book introduces the
concept of green and eco-friendly self-sustainable hospitals. The book also focuses
on the planning requirements and statutory considerations as per the “International
Patient Safety Guidelines.”

We believe that the book would immensely benefit the clinicians, scholars, and
researchers working in the field of hospital administration or healthcare manage-
ment, biomedical engineering, dental studies, paramedical courses, and relevant
industries. People working in the field of healthcare, health insurance, policy mak-
ing, accreditation, and quality management would avail additional knowledge from
this book.

The important features of the book include the incorporation of the fundamentals
of project management techniques and its implementation in a hospital setup. It
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provides notes on the planning of facilities with respect to international standards
and guidelines suggested by organizations such as the ASHRAE, JCI, WHO, and
LEED. The book includes case studies and good practices of healthcare organiza-
tions at global level and their methodology. Several illustrations pertaining to the
different departments and functional areas, complementing theoretical explanation,
have been added to the book to provide better understanding to the audience.

Shillong, Meghalaya, India Dinesh Bhatia
Patan, Gujarat, India Bhupinder Chaudhary
New Delhi, Delhi, India Prabhat Kumar Chaudhari
Patan, Gujarat, India Sushman Sharma

New Delhi, Delhi, India Kunaal Dhingra
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Chapter 1
Hospital Designing and Planning

Himanshu Bansal, Riya Mittal, and Vijay Kumar

Abbreviations

EPA Environment Protection Agency

MEP Mechanical, electrical, and plumbing

NIH National Institutes of Health

SOP Standard operating procedure

WHO  World Health Organization

NABH National Accreditation Board for Hospitals

1.1 Introduction

The word hospital has been derived from the Latin word “hospice”; in fact, the
words hospital, hotel, and hostel all are derived from the general Latin root “hos-
pice,” which means a place or an establishment where the guest should be received,
also known as hospitium or hospitale. The term hospital at different times has been
utilized to refer to an institution for the care of the sick and injured people;
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providing stay for the pilgrims and the wayfarer was also one of the important func-
tions of the hospital. In its earliest forms, the hospital was usually aimed at poor
people’s care and the destitute providing the aura of “almshouse.” A hospital was no
longer an institution where public, i.e., people, went to die. Today, hospital means
an institute in which sick or wounded persons are taken care of and treated. As per
Stedman’s Medical Dictionary, a hospital is defined as “an institution for the care,
cure and treatment of the sick and wounded, for the study of diseases and for the
training of doctors and nurses.” The WHO defines hospital as follows: “A hospital
is a combined or an integral part of social and medical organization, function of
which should be to provide complete health care to the people in population, both
curative and preventive, and whose outpatient services reach out to the family and
to its home environment. The hospital is also an institution where training of the
health workers and biomedical-research is conducted.” The quality and suitability
of the hospital environment are key contributors to the patient experience. Early and
consistent clinical engagement is an important aspect to enable true alignment of
clinical services and facilities. It is necessary that the planning of hospital facilities
must respond to changing models of care and is undertaken through an authentic
“whole system” approach [1]. Most hospitals are planned and designed for super-
specialized medical functions. This purpose might conflict with the need to design
the hospital services to evolve and change functions with time [2]. This challenge
raises very important questions: Can both our current needs and future demands be
met by hospital planning? What is optimal design? Is it a design that fits in a specific
function or which supports future change of function [3]? The unprecedented rate of
social, technological, and medical change has led to the development of different
healthcare architectural approaches to design for a specific medical program while
planning for its future change [4, 5]. A more extreme approach by Llewelyn-Davies
and Weeks declared that functions change so rapidly that designers should no longer
aim for an optimum fit between building and function. The real requirement is to
design a building that will allow change of function [6]. Zeidler declared that the
concept of “form follows function” does not meet the modern-day requirements of
a hospital, and therefore, the true gestalt of a hospital lies in the acceptance of the
unpredictability of future needs [7]. Huge hospital building projects provide an
ideal opportunity to implement change through the planning and design phases.
This will require a planning team approach by doctors, nurses, allied health profes-
sionals and administrators, architects, and simulation engineers [8].

1.2 Need of Hospital Planning

An essential service is rendered by the hospital, and hospital planning plays a major
role in fulfilling this responsibility and requires certain universally acknowledged
principles by providing:

(a) High-quality patient care
(b) Effective community orientation
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(c¢) Orderly planning

(d) Economic viability

(e) A sound architectural plan

(f) Regionalization of hospital service

1.3 Hospital Planning Process

Once the idea to construct a hospital is formulated, a multidisciplinary planning
team should be constituted. This is the first step in planning a hospital project. In the
very starting, the planning team may consist of:

e Owner/representative of the governing/local body
e Hospital and nursing administrators

* Financial expert

e Architect of hospital

* Health statisticians

At later stage, addition to the planning team is done with:

e Specialist doctors for planning of different areas of hospital
e Hospital consultants

e Engineers

e Landscape architects

 Interior designers of competence

1.3.1 Hospital Planning Team

A suitable qualified and competent planning working staff is required to complete
the technical requirements of patients, community, and owners. Participation of pro-
fessional doctors, specialists, nurses, technical staff, architects, engineers, hospital
administrators, and consultants must be involved in a hospital planning team.

1.3.2 Hospital Consultant

A class of professionals known as hospital consultants were firstly emerged in
Europe and the USA, which are different from the professional hospital administra-
tors. A hospital consultant is trained like a hospital administrator with proper expe-
rience who can profitably do the job of consultant and administrator and provides
expert guidance in the areas which cover:

* Local and regional surveys of the medical and health care
* Analysis of demand and need for hospital facilities
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Assessment of the range, type, and extent of services required
Selection of equipment
Administrative and institutional relationships

1.3.3 Techniques Adopted by the Planning Team

Techniques adopted by the planning team are the following:

Each member takes a lead in formulating a proposal, and each proposal is
reviewed and modified by the team either in the conferences or through written
comments.

Circulation of questionnaires to medical staff members.

Need and demands of the population.

Discussion with other people involved in similar situation.

Auvailability of land.

Means of communication: tele-, rail, road, and air.

Meteorological data consisting of temperature range, average annual rainfall,
humidity, wind velocity, etc.

Geographical characteristics such as terrain, soil structure, seismic data, subsoil
water level, and rivers.

Demographic pattern: factors such as age, sex, occupational characteristics, and
economic and literacy status.

Mortality and morbidity trends in the population.

Visit to other hospitals to inspect the units and equipment.

Existing healthcare facilities’ data including use of such patterns.

Models are constructed to test the room size and arrangements discussed.
Review of plans in hospital to inspect a specific unit or a piece of equipment.
Further plans for development of the area including development of industries.

1.3.4 Feasibility Analysis Done by the Hospital Planning Team

Hospital planning team should be aware of the feasibility analysis which is a major
component in hospital planning project [9, 10].

Feasibility analysis has the following components:

1.

Data collection: Demographic data, epidemiological data, geographical data,
existing facilities’ data, and pattern of the diseases should be recorded.

2. Need assessment:

(a) Types of health, i.e., preventive, rehabilitative, curative, general, or special-
ized healthcare, should be assessed.

(b) Types of vulnerable health, i.e., elderly, children, women, and specified dis-
ease group.
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3.

4.

5.

6.

7.
8.
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(c) Financial status and source of earning.

(d) Extent of utilization of present healthcare facilities.

(e) Level of leadership and motivation among people.

(f) Housing and education facility for hospital staff family.

Transport and communication:

(a) Better to have close access to railhead or bus stand.

(b) 24-h public transport and private taxis available.

(c) Nearby telephone exchange/line with adequate number of pairs.

(d) Easy access to transmission towers for uninterrupted communication.

Water supply and electricity:

(a) Availability of deep table subsoil water.

(b) Adequate water supply from corporation/Jal Board (400 L/bed/day).

(c) Good maintained sewerage system (300—-400 L/bed/day).

(d) Easy access to sewerage treatment plant.

(e) Facility for biomedical waste disposal nearby.

(f) Electric substation in close vicinity.

(g) Availability of three-phase electric supply with adequate load (1 kW/
bed/day).

(h) Dedicated electric supply line.

(1) Standby generator.

Demographic pattern:

(a) Type of residents—high, middle, and low class.

(b) Status of affordability.

(c) Extent of the people to be covered, i.e., villages and towns.
(d) People, beliefs, attitude, traditions, practices, and culture.
(e) Availability of rest houses, lodges, hotels, and dharamshalas.

Environmental study:

(a) Area should have clear sunshine, must avoid big buildings, and trees nearby.
(b) Climate must be moderate.

(c) No noise nearby or smoke/chemical-emitting industries.

(d) Fresh airflow.

(e) Should be away from roads having heavy traffic.

Prioritization of need
Site selection:

(a) Availability of sufficient land depending on the size of the hospital and its
future expansion.

(b) Land required for 25 beds—5 acres, 100 beds—15 acres, 200 beds—25
acres, 500 beds—50 acres, 750 beds—80 acres, 1000 beds—100 acres
approximately [11].

(c) Must have good approaching roads.
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(d) Soil condition suitable for construction, not landfill area.
(e) Proper drainage of rainwater.
(f) Subsoil water and mineral level.

Feasibility analysis includes estimation of the level of expertise required, quali-
tative and quantitative assessment of the possible outcomes, determination of the
skill set that is required, and identification of the crucial factors, probable risk, and
operational gaps. Feasibility study determines the viability of an idea or a business
initiative in the hospital planning process. A feasibility study also contains a detailed
analysis report of what is needed to complete the proposed project. The report may
include a description of the new product or venture, a market analysis, the technol-
ogy and labor needed, as well as the sources of financing and capital. Feasibility
analysis establishes a base of hospital planning project and hence is the most impor-
tant phase in hospital planning.

1.4 Size of the Hospital

Two methods can be adopted for determining the size of the hospital [12]:

1. Bed death ratio: 0.5 general bed is needed per annual death rate. If we presume
200 deaths per year in a given community, then 0.5 x 200 = 100 general beds will
be needed for that community.

AxS§x100
365x PO
where A = no. of inpatient admission, S = average length of stay, PO = percent-
age occupancy.
If the statistics is not available, then the formula can be used on the assumption
from data of other regions.

2. Bed population ratio =

1.5 Site Selection

Factors necessary to keep in mind for site selection are the following:

(a) Area and land required: This depends on the proposed bed strength and the
specialized services to be provided. Hospitals should be planned keeping in
view the growth of hospital in near future, say 10 years, 25 years, or even up to
50 years. The site should be large enough to enable to expand further.

The usual minimum space occupied by a bed and its accessories is about
100 sq. ft. Minimum area covered in a hospital is about 60-80 square meters
per bed.

(b) Accessibility: The hospital should be within easy reach of the community. As
per the NIH, New Delhi members of the community must be able to reach
within 30 min of travel time.
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(c) Environment: The hospital should have fresh air and sunlight. It should be free
from smoke and hazardous industrial emissions.

(d) Availability of resources: (1) Water: 500 L of water per patient/day is required.
Water should be available 24 h. Storage facility for 7 days must be planned in
the form of underground water or overhead tank. (2) Electricity: Requirement
of energy for a hospital with no central air-conditioning and vertical transporta-
tion should be 1 kW/bed. In super-specialty hospitals, 7 kW/bed is required for
functioning of all the equipment. At present, the trend is at 2 kW/patient/day
since the electrical consumption and energy will be required for lighting the
area other than the building also. Power supply should be from public utility
and at least from two sources with substation in the vicinity of the hospital; it
should be continuous, and provisioning of generator should be there. (3) Waste
disposal: The centralized sewage system should be available near the site
selected so that the sewage system of the hospital can be connected to the cen-
tral sewer. Rate of solid waste should be 1 kg/bed/day, and rate of liquid waste
must be 450 mL/bed/day.

1.6 Hospital Architect

The architect has to collect the perception of the complete technical and administra-
tive desires of the hospital. His or her accountability is to translate medical and
administrative requirements into architectural and engineering realities, which
encompass land site selection, orientation of buildings, supervision of construction,
utilities, and electrical and mechanical installation. Architectural creativity is an
assignment requiring high inventive approach, an excessively high degree of expert
skills, and ingenuity. An architect is of price solely if he or she has experience in
medical institution/hospital construction and architecture.

1.7 Preparation of Detailed Architectural Report

Early employment of the hospital architect is the first step towards planning a suc-
cessful hospital building project. The architect brief (including all the dimensions of
the project) is discussed with users and administration and if necessary modified.
Then, the architect prepares a detailed report including:

e Architectural drawings/models

e Cost estimates

e Time frame for completion of the project
* Maintenance facilities
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1.7.1 Major Departments of a General Hospital

A general hospital is likely to have the following departments:

. Administration

. Outpatient department
. Inpatient department
. Hospital services:

AW N =

(a) Sterilization
(b) Dietary

(c) Laundry
(d) Transport
(e) Stores

91

Emergency department
6. Engineering services:

(a) Civil engineering: building maintenance, horticulture, water supply,
and plumbing
(b) Mechanical engineering: air-conditioning and refrigeration

1.8 Identifying Equipment Needs

Equipment needs usually generate from the user departments. The need for the new
equipment arises from the professional staff to improve the quality of patient care,
i.e., both diagnostic and therapeutic services.

The need for equipment falls under three categories:
(a) Acquiring new equipment

(b) Addition of equipment

(c) Replacement of old and obsolete equipment

1.8.1 Acquiring New Equipment

Provision of efficient patient care services of an acceptable standard depends on the
right sort of equipment available and maintained in good order. So, careful planning
should be done in equipping any health facility whether it be a dispensary in a vil-
lage or a referral hospital. The following fundamental principles should underline
the choice of equipment for all new hospitals:

(a) Reliance on mechanical or electrical should be kept to the absolute minimum.

(b) All equipment should be simple to function.

(c) The equipment chosen should be that which requires locally available spares
and maintenance facilities.
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The following checkpoints should be applied in the evaluation of the need for

new equipment:

(a) Does it suit the socioeconomic environment of the community to which the
hospital is providing healthcare?

(b) Type of services provided by the hospital.

(c) Range of services provided by the hospital.

For example, a defibrillator or a ventilator may not be of much use in PHC,
whereas an autoclave and routine surgical instruments will serve the purpose.

1.8.2 Addition of Equipment

Expansion of patient care services requires additional equipment. Limiting factors
in this aspect are limited resources and limited availability of technical people to
maintain the equipment.

Questions coming to mind before going for additional equipment are the
following:

(a) Is there increased workload for the existing one?

(b) Is the existing equipment time consuming?

(c) Is it professionally the best method of treatment?

(d) Are there some better alternatives?

(e) Is the extra expenditure justified?

1.8.3 Replacement of Old or Obsolete Equipment

Replacement of old equipment with the new one depends upon the following

factors:

(a) Economic factor/analysis: In making economic analysis of a potential equip-
ment, capital purchase has to compare the proposed new equipment with the
existing old one. The comparison is to determine the measure of profitability.

(b) Technological and engineering factors: These factors must be compatible
with the buyer’s existing equipment, process, and layout. They must also be in
accordance with standards established by state and central governments such as
occupational safety and environmental protection.

A few major considerations should be kept in mind:

1. Physical sizes and mounting dimensions: Will the equipment fit into the exist-
ing available space satisfactorily? Can it be tied to existing supporting structures
without difficulty?

2. Flexibility: Can equipment be moved or relocated easily?

3. Power requirements: Can existing power supplies be used?
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4. Safety features: Are the safety features comparable with those of existing
equipment?

5. Pollution characteristics: Does the equipment perform in accordance with the
EPA requirements concerning pollution and contamination discharge levels?

1.8.4 Calculation of Requirement of Equipment

Once the need for equipment is over, the next thing is to estimate the requirement of
equipment. The estimation should be realistic and should consider the future needs.
The estimation of requirement of equipment depends upon:

Type of equipment

Quantity required

Anticipated patient load in future

Type and range of services provided by the hospital
Expansion plans of the hospital

Financial resources

A

1.8.5 Collection of Information

The next step after assessment of needs and estimation of equipment is to

gather the following information:

(a) Ifthere is a purchase department, it keeps a watch on the developments in major
equipment industries.

(b) The purchasing department regularly provides information about the new
developments of equipment technology to the user department.

(c) The purchasing department’s responsibility is to locate the vendors and secure
the information required by the user department.

(d) It is the duty of the purchasing department to arrange the display and demon-
stration of new equipment so that user department can test and compare them.

(e) The purchasing department arranges meeting between potential suppliers and
user department.

(f) The purchasing department arranges user’s trials.

(g) Arrange visits to other hospitals which are using the proposed equipment
already to know more operating and technical details.

1.8.6 Product Evaluation and Specification Audit

The last step is to produce evaluation and specific audit. The product evaluation
involves numerous factors:
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(a) Evaluation of professional audibility of equipment

(b) Cost comparison and cost-benefit analysis

(c) Compatibility with the existing system

(d) Existing maintenance capability

(e) Utility and facility requirements like water, power, air-conditioning, sew-
age, and hygiene

In specification audit, all the technical specifications of proposed equipment
should be written as functionally as possible and clearly by the user department.
Most of the users hold bias for and against some specific brands, so every effort
should be made to prevent this bias in the specifications. The hospital administrator
should persuade the user departments to serve the hospital’s best interest in unbi-
ased functional specifications.

1.9 Equipping a Hospital

Mechanical and electrical installations and the plant and the equipment component
in a modern general hospital have been estimated to cost about 40% of the entire
hospital project, out of which about half of it is required for the medical equipment.
Universal application of the equipment in a hospital can be classified as:

(a) Physical plant

(b) Hospital furniture and appliances

(c) General-purpose furniture and appliances
(d) Therapeutic and diagnostic equipment

1.9.1 Plants and Equipment Required in the Hospital

(a) Physical plant

» Lifts

e Refrigerators and air-conditioning
* Fixed sterilizers

* Incinerators

* Boilers

e Pumps

» Kitchen equipment

e Mechanical laundry

e Central oxygen, suction

e Generator

(b) Furniture and appliances in a hospital

e Wheelchairs
e Bedside lockers
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(c)

(d)

* Beds

e Stretchers

e Trolleys

e Dressing drums

e Operation tables
e Instrument trolleys
» Kitchen utensils
* Bedside lamps

* Movable screens
e Handwash stands
* Bedpans

*  Waste bins

* Hospital linen

General-purpose furniture appliances
Office machines

Intercom sets

Calculators

Filing systems

Electronic exchange

CCTYV cameras

Computers with scanners and printers

Office furniture
Chairs, tables, sofa sets, resting beds
Crockery and cutlery

Therapeutic and diagnostic equipment
Equipment for general use:

Surgical instruments

BP instruments

Suction machines

Sterilizers

Equipment for clinical laboratory
Rehabilitation department equipment
Physiotherapy department equipment
Glassware washers

Voltage stabilizers

Refrigerators

Chemical analyzers

Microscopes

H. Bansal et al.
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Equipment for therapeutic and diagnostic procedure:

e Short-wave diathermy machines
* Electric cautery machine

* Defibrillators

* All radiological machines

* Monitoring equipment

* Respirators

e Incubators

1.10 Interiors and Graphics

It was not until recently that the need for interior design was considered important
for the better functioning of a hospital. The attitude engaging the services of an inte-
rior designer was out of the question in early times, but at the present time after the
birth of hospital administrators and hospital consultants, they took the responsibility
of design services. Of all the component elements, that form a completed interior of
a hospital, the single most important element is space, which can be exhilarating,
serene, and cheerful and on the other hand distasteful, depressing, or dreary. The
effects of these on the emotional state of patients, patients’ families, visitors, and
personnel should be considered by a designer. Other components are the ceilings,
floors, windows, walls, doors, furniture, accessories, lighting, and fabrics.

1.10.1 Graphic Art and Design

In interior designing, graphic art is gaining its importance. The image of a hospital
that a patient and visitors carry with them out of the hospital depends upon the hos-
pital graphics. Elements or components of graphic design are the traits that are
applied in a piece of work. Each element of graphic design is combined to create the
desired visuals. While the methods may vary, all works of graphic design of a hos-
pital consist of a combination of the following seven elements:

1. Line: In graphic design, lines are used for multiple goals such as connecting
contents, highlighting a word or a phrase, and creating patterns.

2. Color: Color adds vivacity to an art. It impacts the psychology of a viewer pro-
foundly. In graphic design, color is utilized to create visual interest, generate
emotions, establish importance, and consolidate branding.

3. Texture: Texture adds depth and visual interest. Texture can be applied graphi-
cally in the form of a pattern or through the choice of printable surface.


https://inspiria.edu.in/10-benefits-of-being-a-graphic-designer/
https://inspiria.edu.in/10-benefits-of-being-a-graphic-designer/
https://inspiria.edu.in/10-benefits-of-being-a-graphic-designer/
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Size: In graphic design, size is employed to communicate the importance, draw
attraction, and create variation.

. Shape: Various shapes are essential for creating visually pleasing and alluring

designs. The three essential shape types in graphic design are:

(a) Geometric (circles, squares, triangles, etc.)
(b) Natural (leaves, trees, people, etc.)
(c) Abstract (icons, stylizations, and graphic representations)

Space: Space is a crucial component of any good graphic design. Space indi-
cates any area around the elements in a design. Space can be used to separate or
group information. Space should be used effectively to give rest to the eyes. It
also defines the importance and directs the focus to wherever you want it
to move.

. Value: Value is everything from the shadiest of black through the brightest of

whites. It is used to create depth, contrast, and emphasis.

1.10.2 Types of Graphics

1.

Directional Graphics or the Signage System: A mass of information must be
transmitted visually to the patients, visitors, and personnel to save time and
motion. The directional signs must be present both inside and outside of the
hospital. Effective signage system (Fig. 1.5) is an art, and hospital administra-
tors should select appropriate terminology supplemented with visual symbols,
maps, and directories of floors and rooms. The rooms should be numbered
(Fig. 1.2). They should also produce a consistent lettering. Letter style and
size are outlined with the design, placement, and color code of the entire
hospital.

Apart from the directional signs (Fig. 1.1), there are other very impor-

tant signs such as safety signs (Fig. 1.7) that a hospital should be concerned
of. Examples are fire emergency, smoking, restricted areas, and safety at work-
place. Most of these are warning signs.
The Printed Matter Including Hospital Logo: This is a part of interior func-
tions such as pamphlets, various forms for laboratory testing, OPD slips, admis-
sion cards, and discharge slips. Hospital logo (Figs. 1.3, 1.4, and 1.6) should be
thought early so that the interior designer can participate in the total concept of
the hospital.
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Fig. 1.1 Example of
directional graphics : Trauma Unit >
(source: www.alamy.com) = Cardiac Services =
Theatre Direct Admissions =
Ambulatory Monitoring - |
Radiology (X-Ray) Level1=>
Raediatric:intensive Care Unit -8
Coronary Care Unit = |

Intensive Care Unit =

Emergency Department = |
Children’s Emergency =
Clinical  Decisiop, Mnit =

Medical Assessment Unit =

Fig. 1.2 Doctors’ i
nameboard with room do
number (source: Www. ' E——

city-graphics.co.uk)

Hospital Signs - Doctors Name Board

I T B
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Figs. 1.3-1.4 Examples of
hospital logo (source:
www.vectorstock.com)

6. Bra e b . =
Dmamesmacom s o
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Fig. 1.5 Universal symbols in healthcare (source: www.pinterest.com)

Fig. 1.6 Symbol of health/
medical/doctor (source:
www.zilliondesigns.com)
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Fig. 1.7 Safety signage/warning signs (source: www.healthfacilityguidelines.com)
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BOX

1.10.3 Use of Decorative Colors in Hospitals

We have been associated with white color in healthcare since so long. It is clean and
sterile. Doctors put on it. So do nurses. But as healthcare plan becomes extra state
of the art (i.e., patient centered and supportive of wellness), there is a growing
awareness of how necessary it is to fine-tune color palettes. Besides the psychologi-
cal influence on an affected person (and the pace and probability of their recovery),
colors are additionally utilized as a verbal exchange device and signaling device
among healthcare staff.

The Cultural Meanings of Colors in a Healthcare Setting

We have made a statement which is that white is related with cleanliness and health.
This may additionally be nearly universally authentic in the West and consequently
appropriate for a setting that promotes well-being; however, that is not the case
everywhere. In China, for example, white symbolizes dying and mourning, no lon-
ger the principles you would choose to invoke the place the sick are convalescing.


http://www.healthfacilityguidelines.com
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If we look to older references like Greek and Roman mythology and the Old
Testament, the meaning of colors is derived from nature. Yellow was once related
with warmness and fertility because of the sun; green color symbolized youth, new-
ness, and hope because of spring; and red color represented strength because it was
the shade of blood.

Colors additionally carry psychobiological signals: black could suggest mold,
decay, and excreta. “Red is related with blood, mother and baby ties, battle, and
hunting. And white coloration is linked with semen, mother’s milk, and
reproduction.”

Psychological Impacts of Colorations in the Healthcare Environment

There are a few broadly held theories on colors’ specific effects on patients. Again,
however, it is necessary to notice that variations in cultures could alter these effects.
Red is believed to be energizing and encourage alertness: It is encouraged for
patients with dementia, who want the brain stimulus. It is additionally awesome for
memory care offerings in senior homes. On the other hand, red is not encouraged for
patients who need a lot of relaxation and sleep, as it can cause anxiety and
overstimulation.

Blue, green, and purple, specially in cool muted hues, can be very calming. They
are super for health center rooms, wards, waiting areas, and health wellness centers
like spa. Perhaps more important, however, is developing stability and contrast with
specific colorations and saturations. For example, a room that is predominantly
“cool” desires to be balanced with “warm” but some neutral elements like wood.
Retirement amenities cannot be predominantly vibrant red, even though a lot of
warm, relatively saturated shades against dark and/or neutral backgrounds can sup-
ply them a bright, homey environment. In children’s hospitals, or even in hospitals
that have areas where kids can be active and creative, contrasting colorings can
provide that stimulation, or at least a sign that being energetic is encouraged in
this area.

A wise use of shade is to preserve most of a patient’s room cool or impartial and
then use something bold behind the patient’s bed. “If someone is coming to visit,
they’ll stroll in the room and have the sense of something a little extra colourful
instead of neutral colour walls. There will be some feel of colour in there, however
it’s now not something the affected person would be staring at all day,” says Jackie
Jordan, director of coloration advertising for Sherwin-Williams.

Corridors’ partitions ought to reflect light, so honey yellow, gray green, and mild
cedar are some of the choices. Colors avoided in patient’s rooms are shiny blues,
soft purples, lavender tones, and brilliant or strong yellows. Since the affected per-
son stays in the room for 24 h, melon green, dusty rose, rose tone, aqua, pecan grey,
and honey yellow are used with a fantastic deal of success. Ceiling of the room is
also completed in the same coloration as of side partitions as the affected person is
normally in the lying position and sees extra of the ceiling than any other section of
the room. Nurseries ought to be decorated with pink or blue color. Pink and blue
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colors are the traditional shades of the infants. Color in operating rooms, delivery
rooms, and workrooms must be restful to the eyes, and as a result an ideal choice is
gray-green color.

Colors as a Signage System in Hospitals

Color is additionally a way for hospital workers and individuals to communicate.
The International Organization for Standardization (ISO), the Occupational Safety
and Health Act (OSHA), and the American National Standards Institute (ANSI)
have installed suggestions for markers in hospitals.

Red is a signal for hazard and an indication to stop. It is additionally used to mark
safety equipment and apparatus (like fire exits, fireplace extinguishers, stop buttons,
and electrical switches).

Green shows safety and the region of first resource equipment like a dispensary,
stretchers, and protection deluge showers.

Dangerous parts of machinery or electrical gear that can cut, crush, or injure are
marked orange (exposed pulleys, gears, rollers, energy jaws, and more).

Caution and hazards that involve tripping, falling, stumbling, getting caught in
between (like building equipment, handrails, and guardrails), and others use yellow.

Purple on yellow signifies radiation dangers like radioactive materials, and con-
tainers, burial grounds, and storage areas for radioactive materials.

Black, white, and combinations of black and white are used to direct visitors and
for housekeeping (indicating dead ends in aisles, areas and widths of aisles and
hallways, etc.).

International and NABH-Accepted Medical Institution Signage Criteria

The National Accreditation Board for Hospitals & Healthcare Providers (NABH)
standards for hospitals: This type of standard has been approved by means of the
International Society for Quality in Health Care (ISQua). The approval of ISQua
authenticates that NABH standards are in consonance with the international bench-
marks set by way of ISQua. The hospitals accepted via the NABH will have world-
wide recognition. This will provide improvement in clinical tourism. NABH
pointers advise that all the signages are in twin languages (sometimes three lan-
guages) and use symbols to help in guiding the sufferers around the hospital. Most
of the hospitals in India lack an exact signage system and that is why the NABH
focuses on enforcing a magnificent signage format as one of the assessment criteria.

Criteria for an excellent signage plan acceptable by the NABH are as follows:
1. Good-quality signboard in terms of materials
2. Readability factor—distance vs. visibility
3. Multilingual—English and one local language acceptable (if you can con-
vince them)
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Usage of symbols

Internal and external wayfinding
Services offered

Doctors’ directory

Availability and nonavailability of doctors with days/timings
9. Patients’ safety instructions

10. Fire safety instructions

11. Fire exit plans

12. Services for physically challenged
13. Locating lifts and staircases

14. Locating public utility places

15. Patients’ rights and responsibilities
16. Service areas

17. No-entry zones

® Nk

A good wayfinding and a good internal signage system, implemented in a sys-
tematic manner, will bring you one step nearer to achieving better client (patient/
visitor) satisfaction.

Chromotherapy

Some health practitioners trust in the physical restoration power of light and colors
in solving medical health problems. There are, however, virtually many who doubt
such medical treatment. Indeed, there exists little authentic scientific research in
favor of these beliefs.

A chromotherapist applies particular shades or lights to specific points on the
body called “chakras.” Different colorations have specific effects. For example, red
is the concept to high pulse rate, blood pressure, and respiration rate. Therefore, it
is regularly used for circulatory conditions. Blue is believed to bring relaxation and
calm. Therefore, blue is used for headaches, pain, cramping, stress, and different
conditions.

Though this method can be neither encouraged nor discounted due to a lack of
conceivable research, it is a fascinating thought that builds upon the recognized
psychological and physiological outcomes of color, imparting one use of integrating
the psychology of color in healthcare design.

Color and Health

Color is everywhere, and it influences our moods and feelings greater than we real-
ize. A 2014 article in CodeCondo, “How to Use Color Psychology in Your Web
Design Projects,” mentioned the feelings often evoked by popular colors. Whereas
red conveys power and ardor and increases aggression, blue conveys peace and
trustworthiness and conjures up tranquility. Yellow suggests vibrancy and cheerful-
ness, and orange conveys friendliness and creativity.
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There is no scientific research to exhibit that a blue wall in an affected person’s
room speeds up the healing procedure or that a crimson wall slows recovery. It is
noticeably unlikely that coloration has any direct influence on physical health.
However, simply as in advertising and retail, coloration in healthcare services can
have an effect on mood, which does have an impact on health. The fitness benefits
of color are indirect. It is important, then, that designers think about the psychology
of color when designing healthcare facilities. The colors they pick out could be
extra impactful than they realize.

1.11 Construction

Working, drawing, and specs are prepared by using the architect to furnish to the
contractor a precise picture of the work to be done, materials and techniques to be
used, and obligations to be assumed for the project. Based on these, contract bidders
prepare their proposals and estimates for the construction and put up their tenders
when invited to bid competitively. The award of the contractor is made to the lowest
bidder and additionally thinking about his or her experience and recognition in the
building trade. The architect supervises the construction development to ensure that
the work is being carried out as per contract, right high-quality material is used, and
all the specifications are followed.

1.12 Commissioning

The medical institution is equipped to be commissioned when its building is ready,
all tools have been installed, and the group of workers and manpower has been
engaged. The plant, machinery, and therapeutic and diagnostic tools ought to have
undergone many check runs before this. The scientific, clinical, medical, and para-
medical workforce have to have been recruited and placed a few weeks in advance.

1.12.1 The Commissioning Team

The key individuals of commissioning team who will be linked to the new health
facility ought to be the hospital consultant, hospital administrator, senior nurses,
chiefs of medical services, personnel manager, material supply officer, and chiefs of
all the departments.
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1.12.2 Scheduling the Sequence of the Services

Some offerings of the health center/hospital require readiness, while others none-
theless have adequate time. For instance, CSSD requires prolonged trial runs and
bacteriological test installation, and calibration of X-ray equipment is a lengthy job.
The sequence of opening the departments should be planned carefully.

1.12.3 Categorization of Services [13]

Services are categorized into four groups:
Group 1: Services required immediately

e Telephone

* Domestic services
e Works department
e Linen department

Group 2: Requiring lengthy duration of preparation

e (CSSD (for trial runs)
e X-rays/CT/MRI

e OT

e Pharmacy

Group 3: May be partially opened before the admission of patients

e Paramedical service
e OPD

Group 4: Will not be now operational till all the above departments
are opened

¢ Wards

Shake-Down Period

From the time of commissioning of the hospital, some time is taken for functional
integration of one-of-a-kind units, services, staff, affected person, and community.
This period of duration is known as shake-down period. It is the duration all through
which a hospital experiences its teething troubles and till it settles down into a sat-
isfactorily functioning unit and into its normal routine.
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Chapter 2
Importance of Hospital Management

Kinjal Jani and Bhupinder Chaudhary

2.1 Healthcare

Healthcare cannot refer merely to medical care, but all the areas of pro-preventive
care [1]. It is related to preventive and curative aspects along with the management
of illness. It covers the preservation of mental and physical well-being via services
presented by the medical, nursing, and associated health professions. In line with
the World Health Organization, healthcare encompasses all the services and goods
to uphold health, with the inclusion of “preventive, curative, and intervention of
palliative care, regardless of individuals or the community” [2].

Healthcare is one of the service sectors that are going through revolutionary change.
The nature and framework of healthcare are continuous, as depicted below (Fig. 2.1).

Growing and changing healthcare has built pressure on management to monitor
and evaluate the health system and generate efforts to strengthen the response of the
health system to overcome the evolving health challenges [4]. Chronic conditions
are one of such challenges. Chronic conditions are the twenty-first century’s leading
public health challenge [5]. It was estimated that by 2020, heart disease, depression,
stroke, and cancer would be the bigger contributors to the burden of noncommuni-
cable diseases (NCDs), along with mental disorders contributing to 60% of total
mortality in the globe. The number of individuals that need healthcare is quickly
growing, and it is estimated to rise at a higher rate in the people of lower socioeco-
nomic class [5]. This has created a need for surveillance, prevention, and control of
NCDs. If not handled properly, then it can become the most expensive burden faced
by the healthcare industry of the globe [6].
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Fig. 2.1 Healthcare is changing [3]

This has created the need for reorganization of the healthcare system to handle
the chronic conditions in an optimum way and eventually resulted in the demand
for people-centric care [7]. The nation’s ability to strengthen the health system to
achieve health goals significantly depends on its personnel. The WHO’s “Building
Block™ or the six core components of analytical framework demand a need for
quality health services [8]. The establishment of the high-quality healthcare sys-
tem comprises the population and their health-related expectations and need, good
governance of healthcare and partnership across the various sectors, workforce
with skills and in good numbers, platforms for delivery of care, resources and
tools, and strengthening of a system from medicine to data. A high-quality health
system has four values; they are meant for people, and they are resilient, equitable,
and efficient [9]. This global health commission endorses a requirement of system-
wide action and health system leaders through which visionary quality of care,
strong regulation, a clear strategy of quality, and continuous learning can be
achieved [8].

Berman [10] stated reformation of the health sector as a purposeful and sustain-
able change, to enhance the efficiency, effectiveness, and equity of the health sector.
To implement health system reformation in large-scale political sensitivity, strategic
thinking and higher order management capacity are in demand.
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Government (healthcare centres, district hospitals, general
hospitals)
Private (nursing homes, mid-tier & top-tier private hospitals)

Includes manufacturing, extraction, processing, purification &
packaging of chemical materials for use as medications for
humans or animals

Pharmaceutical

Comprises businesses & laboratories that offer analytical or
diagnostic services, including body fluid analysis

Includes establishments primarily manufacturing medical
equipment & supplies, e.g. surgical, dental, orthopedic,
ophthalmologic, laboratory instruments, etc.

Medical Equipment and
Supplies

Includes health insurance & medical reimbursement facility,
covering an individual's hospitalization expenses incurred due to
sickness

Medical Insurance

Has enormous potential in meeting the challenges of healthcare
delivery to rural & remote areas besides several other
applications in education, training & management in the health
sector

Telemedicine

il

Fig. 2.2 Major segments in India’s healthcare sector
2.2 Healthcare Industry

Health is considered as wealth. The health of people holds a social value. In the past,
services of healthcare were believed to be philanthropic activities. At that time, the
meaning of healthcare was only hospitals. It was beyond imagination to consider the
healthcare industry as a commercial industry. But now, the narration of the health-
care industry has changed. It encompasses comprehensive meaning [11]. In the
words of the World Health Organization, healthcare holds all the services intended
to promote health, i.e., preventive, curative, and rehabilitative related to individuals
and/or populations. The provision of organization of such services encompasses a
healthcare industry [2]. The healthcare sector is complex with several goals, prod-
ucts, and beneficiaries. This industry encompasses hospitals, medical equipment and
devices, health insurance, telemedicine, clinical trials, and medical tourism (Fig. 2.2).

2.3 Classification of Healthcare Industry

2.3.1 Based on Funding and Governance

The healthcare system in India is pluralistic based on funding and governance, pub-
lic sector, and private sector. Public healthcare is mainly delivered by the govern-
ment via the national healthcare system. However, private healthcare is delivered
via “for-profit” hospitals and freelancer practitioners along with nongovernment
providers who are “not for profit” [12].
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Public Sector in Healthcare

The public healthcare industry includes amenities governed by central and state
governments. These public health facilities offer free or subvention rates to the fam-
ilies of the lower income group in urban and rural areas (Fig. 2.3).

In India, responsibilities of health-related actions are divided between the central
and state governments by the Constitution of India. The national government shoul-
ders the responsibility to conduct medical research and maintain technical educa-
tion, whereas state government maintains the responsibility for employment,
infrastructure, and delivery of services. The states have ample autonomy to manage
their health system, while the national government works out financial control over
the health system of the state government.

Private Sector in Healthcare
India has been uplifting the investment in the healthcare sector for years. The pri-

vate sector has played a significant role in all the areas of medical education and
related training, diagnosis and medical technologies, pharmaceutical sales and
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manufacture, hospital construction, and allied ancillary services along with the core
focus on medical care. Approximately, 75% of manpower and advanced technolo-
gies of medical care, 37% of total beds, and 68% of hospitals in the nation are
counted in the private sector [2]. The numbers of solo practitioners and/or nursing
homes with bed capacity make the composition of the private sector in India.
Moreover, there are corporate bodies, pharmaceutical segment, and numbers of
nonresident Indians (NRIs), whose investments in Indian healthcare are also a part
of the private sector [13]. In addition, traditional healthcare providers, i.e., Ayurveda
and Yoga, are also counted in private sector providers.

Nongovernment hospitals, based on the pattern of ownership [14], are classified
as below:

Private (personnel)
Partnership

Private (family) trust
Public charitable trust
Cooperative society
Private limited company
Public limited company

Nk wbd =

2.3.2 Based on Service Delivery

Based on the areas of service delivery, the healthcare industry is divided into three
core segments:

1. Healthcare providers
2. Healthcare financiers
3. Life sciences [15]

Healthcare Providers

Hospitals and other related medical centers: They perform diagnosis and treatment
of illness, research, academic work, and pertaining training. Hospitals are opera-
tional with medical equipment and amenities of all kinds together with medical
professionals.

Nursing homes and centers of rehabilitative care: In this segment, short-term and
long-term care-related services are offered. Short-term services encompass rehabili-
tative care after undergoing surgery, injury, or illness. Physical therapy, speech-
language therapy, or occupational therapy may be included in this segment. Services
for sick, disabled, and elderly are included in long-term care.

Ambulatory service providers: Physicians and allied health professionals deliver
outpatient health services and/or nonhospital-based care.
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Healthcare Financiers

Government agencies and companies of private firms are the healthcare financiers
that provide funds and health insurance policies to healthcare services. They pool
the medical funds via the contribution of employer and/or individual insurance poli-
cies. Healthcare financiers state the accessibility of people for healthcare and cover
the type of healthcare.

Life Sciences

This segment encompasses firms of pharmaceutical industries which produce drugs
and chemical products required for the healthcare ambit. It also includes manufac-
turers who produce high-tech equipment for medical care and a biotechnology firm
that organizes research work and develops new drugs and new methods of treat-
ment. The rest of the miscellaneous services fall in this ambit which provide ser-
vices related to diagnosis, treatment, and patient monitoring.

2.3.3 Classification of Healthcare Based on Nature of Work

According to available literature, healthcare consists of three kinds of services.
Based on their nature of work, there is a distinction among the three services [16]:

e Line services
e Staff services
* Auxiliary services

The line services are responsible to perform direct work for the attainment of
organizational goals. The line services encompass outpatient services, inpatient ser-
vices, and emergency services. The agencies of staff services assist the agency of
line services in their respective activities. The staff services include diet, central
sterile supply department, laboratory, laundry, nursing, and radiology services.
However, the auxiliary services are important too as they are in demand to ensure a
nurturing and comfortable work environment where they provide a helping hand to
line agencies [17]. It encompasses indoor care records, registration, engineering,
transport, stores, and mortuary.

2.4 Value Chain of the Healthcare Industry

A Harvard Business School Professor and Economist, Michel Porter, states that
value chain as the chain of end-to-end production begins from input to output as the
input of the raw materials to the final services and/or product output. Value chain of
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Fig. 2.4 Healthcare value chain [18]

an industry is also narrated as a supply chain [3]. The chain is named a value chain
because the value is added by each link to the input [18] (Fig. 2.4).

Nowadays, value and quality are pluralistic convergent concepts of healthcare. In
healthcare, the management of the value chain is a bit complex as it involves several
stakeholders. Value chain or supply chain is the management of the relationship of
upward and downward streams aligned with suppliers and customers to convey
superior customer value at a lower cost as a whole.

Currently, hospitals are in the search of new sources to gain competitive advan-
tages and measurement of cost cutting, whenever feasible. It is necessary to take a
look into the supply chain management ambit and to identify the feasible area of
patient-centric care to improve the quality of care [19]. From the management point
of view, resource management, supply management, optimized goods, and service
delivery promote an efficient value chain in healthcare.

Hospitals occupy a majority of the healthcare industry, and the terms healthcare
management and hospital management are used interchangeably. As the hospital is
the point that provides the services to maintain health, it is significant to run at full
efficiency, particularly related to the quality of services, affordable pricing, material
consumption, turnaround time, and largely outputs. In the current scenario, as every
patient invests time, mind, and money into maintaining their well-being, “hospital
management” turns into more pivotal to run and set up the best healthcare systems.

Hospital management acknowledges to set a benchmark and to lead to improve-
ment in healthcare delivery. A systematic approach motivates innovations to be
developed at every sign of challenges and issues. Hospital management accords in
the coordination with medical professionals, pharmacies, paramedical services,
nurses, and other nonmedical staff who are related with the hospital industry.

Hospital management helps in the healthcare’s structured functioning and makes
the easy and smooth delivery of various services. An expanded hospital offers the
following:

* To follow better financial decisions by effective planning of fund flow, and to
control expenses and better investments
* To maintain patient-doctor confidentiality secure the data
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* To eradicate and control errors by benchmarking of process, lean management,
and continuous improvement in services

* To make improvised delivery of treatment

» To enhance patient satisfaction by providing better services and innovations at
affordable prices

* Through accreditation of organization, to enhance quality ratings and standards

* To maintain record keeping and track digital reports in the scenario of paperless
operations

e To build a harmonious relationship with doctors, nurses, paramedical staff,
investors, suppliers, vendors, etc.

The various services, i.e., outpatient, inpatient, lab or clinical services, record
keeping, imaging services, waste disposal, and store operations, need to be fulfilled
with accuracy and close coordination. Hospital management lets these operations
happen smoothly and effectively. Moreover, on the economical aspect, it also helps
to market and promote the services of the hospital to generate noteworthy sales and
revenue. Profit shows its evidence. Thus, hospitals are a complex structure, and they
need to be run by an efficient management system.

2.5 Healthcare and National Economy

A healthy society portrays the qualitative well-being of a country as a significant
contributor to the growth of the economy. On top of it, the nation’s future healthcare
needs will be decided by the growth of population and economic aspirations. In the
Indian economy, a segment of healthcare has emerged as one of the largest ambits,
in the phrases of employment and revenue. In terms of revenue since 2016, it has
been on the rise at a Compound Annual Growth Rate (CAGR) of 22%, and in terms
of employment, the health sector has been creating an opportunity for employment
of 4.7 million individuals directly [20].

e The Indian health market is about to attain $372 billion at a CAGR of 39%
by 2022.

* The hospital industry occupies 80% of the total healthcare, and it is expected to
account for $132 billion by 2023 and is creating an influx of investment oppor-
tunities in the domestic and global market.

* The primary healthcare sector is estimated at $13 billion.

* The contribution of health insurance is 20% to the business of the nonlife insur-
ance, becoming the second largest portfolio.

* The digital health market is expected to reach INR 485.43 billion by 2024.

e The market of telemedicine is expected to reach $5.4 billion by 2025 expanding
at a CAGR of 31% [20].

e According to the report of KPMG and FICCI, in 2015, the healthcare sector
emerged as the fifth largest employer, employing 4.7 million people directly [21].

e In India, the health sector has potentially produced 2.7 million additional jobs
between 2017 and 2022, approximately 500,000 fresh jobs every year.
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2.5.1 Investment Opportunities in India

Over the last two decades, India has grown as one of the fastest-developing econo-
mies and received hefty FDI inflows that have increased from USD 2.5 billion to
USD 50 billion in the year 2019-2020. The nation’s comparative cost competitive-
ness and presence of skilled labor have attracted medical tourism, and the country
has emerged as a favored destination for treatment.

In the segment of hospitals, the expansion and relocation of private players to tier
2 and 3 cities provide an attractive investment opportunity. As per the words, avail-
able from India’s investment grid, 600 investment opportunities are lying in the
nation’s medical/hospital infrastructure that is worth $32 billion (2.3 lakh crore INR).

In the segment of medical equipment and devices, expansion and development of
pathology and diagnostic centers show higher potential to grow. Moreover, medical
value travel has bright prospects to attract foreign individuals, and eventually, it also
shows new opportunities to invest.

The emergence of advanced health technology, i.e., artificial intelligence, offers
several investment avenues. Even the development of facilities of emergency care,
medical infrastructure, patient-facing mobile health education, robots, and com-
plete technology-driven optimization open the door for investment opportunities.

2.5.2 Healthcare Drives the GDP Growth

The strong healthcare industry generates GDP growth related to adequate invest-
ments and an encouraging environment. It not only drives productivity and employ-
ment but also stands as a magnet to bring foreign exchange opportunities along with
entrepreneurship and innovation (Fig. 2.5).

Thus, healthcare is a productivity enhancer, employment generator, a driver for
entrepreneurship and innovation, and a foreign exchange generator.

Inputs required for stronger Stronger healthcare system will
healthcare system augment GDP growth via

u GDP
@ Growth
Condusive ecosystem Healthcare
System

Productivity

Entrepreneurship

Fig. 2.5 Healthcare drivers for GDP growth [21]
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Quality of Care and Economy

In lower income and middle-income nations (LMICs), more than eight million indi-
viduals die per year from the treatable illness. In 2015 only, it is estimated that there
was $6 trillion economic loss in the USA due to treatable conditions. Poor-quality
care can emerge as a bigger barrier in the reduction of mortality in comparison to
insufficient access. 60 million people shifted to below poverty line due to high spend-
ing on healthcare, which directly affects the national economy [22]. In terms of mac-
roeconomics, the majority of estimates narrate that the NCDs in India account for a
higher economic burden that ranges between 5 and 10% GDP, which hampers devel-
opment. It requires precise management to deal with “chronic emergencies” [23].

2.5.3 Key Drivers of Healthcare Growth

1. Epidemiological, demographic, and health transition
Trends of demography and epidemiology are about to boost the high demand
for healthcare, for instance, economic capacity; it is estimated that 8% of indi-
viduals of India will earn $12,000 annually and more by 2026 [21, 24]. The life
expectancy of India is prone to exceed 70 years by 2022. On the other hand,
India is facing a dual burden of disease. There is also a rise in lifestyle disorders.
2. Medical value travel
MVT is a strong magnetic driver to boost wellness and medical tourism.
3. Enabling policy environment
Recently released several policies will help to boost the expansion of health-
care. For instance, GDP spending on public healthcare is expected to increase
2.5%, with an announcement from the government to spend $200 billion by
2024 in medical infrastructure, by implementation of Ayushman Bharat.
4. Demand-supply gap
Currently, India witnesses availability of 1.3 hospital beds/1000 population,
skilled worker shortage, 0.65 physicians/1000 people, and 1.3 nurses/1000
individuals.
5. Other factors
The utilization of telemedicine and technologies in the COVID era has
increased the demand for public—private partnerships. Accreditation of hospitals
and development of new healthcare models are observed.

2.5.4 Post-COVID Analysis of Healthcare

Kapoor et al. [25] state the state-wise estimation of hospitals, hospital beds, inten-
sive care units, and ventilators in post-COVID time. Estimates suggest 25,778 hos-
pitals in the public sector, 43,487 hospitals in the private sector, and 69,265 total
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hospitals in India. Approximately, 19 lakh hospital beds, 48,000 ventilators, and
95,000 ICU beds are on hand in the nation. The majority of beds and ventilators are
strenuous in seven states: 14.8% in Uttar Pradesh, 13.8% in Karnataka, 12.2% in
Maharashtra, 8.1% in Tamil Nadu, 5.9% in Telangana, and 5.2% in Kerala. The
influx of COVID-19 patients demands a rapid expansion of ongoing capacity or
alteration in inpatient care.

In the 15th Finance Commission, the World Bank narrated “fault lines” in the
health system of India just after the influx of COVID-19 patients [22]. They found
large and persistent gaps between the states. The World Bank’s presentation found
insufficient focus on main functions of public healthcare, i.e., disease surveillance,
contact tracing and testing, weaker service delivery irrespective of improvement in
the access, quality of care with high variations, and insufficient attention to the urban
health system. On the economical aspect, a team from West Bengal said that India
will pay the highest economic cost in Asiarelated to healthcare, surpassing China [22].

India is one of the worst-hit nations by the impact of COVID-19. As a result of
this, the healthcare system has faced alarming collapse, and numbers of entities
were in chaotic conditions to manage the second wave. The mismanagement of the
supply chain was evident. Scarcity of essential resources, i.e., oxygen supplies, hos-
pital beds, and medicines, forced people to struggle for the endurance of their loved
ones [26]. Moreover, healthcare seemed unable to manage and absorb the quick and
constant pressure on their functions, particularly in acute care [27]. Licensing, cre-
dentialing, reimbursement, and problems related to technology, privacy, security,
litigation, and safety are still challenges of healthcare [28, 29].

Thus, COVID-19 has proved to be a reality check for the healthcare industry. It
acts as a catalyst of transformation. There is a need for the development of political,
legislative, and healthcare management systems (Fig. 2.6).
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Fig. 2.6 Influencing domain to healthcare in pandemic [27]
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Actors affected by other dimensions are shown in the model of the
WHO. Coordination of management, technology, and economy are emphasized in
the manuscript to deal with the post-COVID era. Eventually, the challenges of the
healthcare industry will turn into opportunities. For instance, in 2020, our health
technology (health-tec) industry reached a $1.9 billion value, and it is expected to
mark $5 billion at a CAGR of 39% by 2023.

2.6 Health System Performance

As the healthcare sector is complex and multilayered, it generates difficulty to
unlock its utmost potential and to provide true quality services. Accessibility,
quality, and efficiency are the three dimensions of health system performance.
These three dimensions together determine the extent to which services are
achievable [30].

e Accessibility refers to the degree to which patients are supposed to get the right
care as per their needs and when they require it.

e Quality refers to the degree to which the right quality of care is provided in the
right way.

» Efficiency explains the degree to which effectiveness and accessibility are opti-
mized related to resources.

Thus, health system performance is concerned with the measurement of these
three quantities, their understanding, and focus on the factors that influence the
performance. Moreover, it is significant to discover and evaluate the ways to enhance
the performance. The expectation of healthcare consumers for the performance of
the health system is about to rise over time because access to qualitative care is the
ultimate goal of patient safety and satisfaction. To meet these requirements, hospital
management can offer noteworthy opportunities to change and to build up the over-
all performance of healthcare.

Performance measurement extends a major opportunity to policymakers to
secure the accountability of healthcare delivery and the health status of individuals.
It plays a significant role in the improvement of qualitative decisions taken by all the
individuals within the health system, for instance patients, doctors, personnel of
management, and government at each unit. Recent foremost advances in the seg-
ment of information technology and influx of demand for the accountability of ser-
vice delivery and particular patient preference have determined rapid advances in
the performance measurement of the health system. Health system performance has
several aspects, i.e., population health, outcomes of health from treatment, quality
of care, responsiveness, productivity, and equity [31].
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2.6.1 Performance Management Challenges in Healthcare

Along with doctors and nurses, healthcare has support staff that includes personnel
from front desk to backside transactional operations. It is indeed a fact that this
healthcare sector is considerably workforce intensive [32]. Several performance
challenges in the healthcare sector affect the performance of institutions currently
or lately, and they are depicted in Fig. 2.7.

To manage such a big task force of employees in healthcare and to take a patient-
centric decision are pressing issues in healthcare. To manage an individual’s perfor-
mance, to improve the quality of services, and to build a motivated, productive, and
occupied personnel that delivers qualitative healthcare need effective management
to streamline all the said outcomes in the conceptual framework.

There is a need for a decisive link between organizational operational aspects
and manpower. Growing and changing health challenges have built pressure on the
management ambit to monitor and evaluate the service to strengthen the healthcare
delivery system.

To set a robust conceptual framework within the system is the first necessity of
the performance measurement system. To develop a conceptual framework, hospital
management plays a contributory role. For instance, to fulfill patient safety, statisti-
cal surveillance, presentation of data of performance measurement, obtaining the
feedback from the practitioners and patients, and principles of hospital management
are useful. A proper mechanism can be placed to monitor such tendencies.

2.7 Application of Hospital Management Principles
to the Healthcare

According to the WHO, management and effective leadership are significant to
scale up the quality and quantity of health services and to enhance population health
[33]. Henri Fayol (1916) stated the rule book of management. In a simple world,
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management is getting things done by people. Management is a set of processes to
forecast and plan, organize, lead, coordinate, and control the organizational
resources in the effective and efficient attainment of specified goals of an organiza-
tion [34].

Streamlined operations, improved administration, controlling, patient care with
priority, strict cost control, and enhanced profitability are the outputs of hospital
management [35]. For instance, Tamil Nadu Medical Services Corporation
(TNMSC) has administered an admirable logistics management framework for the
coordination of the activities, i.e., purchase, storage, and distribution of medicines
and drugs in Tamil Nadu [36]. This framework deals with 75 vendors for 600 items
of 120 crores per annum. It assures the ready availability of qualitative medicines
through the 11,000 government medical institutions that comprise 9000 subcenters,
1500 PHCs, and 250 headquarter hospitals. Several other states, i.e., Rajasthan and
Maharashtra, have planned to follow this example.

Hospital material management can help to meet the challenges of cost reduction
in healthcare. Healthcare should take a proactive stance to meet up the challenges of
technology crosswise industry [37].

Alverson [38] mentioned the significance of inventory management for health-
care to surpass the missed contract compliance, lack of inventory control, workflow
interruption, and requirement of manpower.

Three significant concepts of hospital management apply to the healthcare indus-
try: effectiveness, efficiency, and equity.

2.7.1 Effectiveness

Effectiveness is a concept of goal measurement that how well a person or an orga-
nization is attaining its goals.

In healthcare: If the goal of healthcare is to provide quality services and people are not satis-
fied and the provision of healthcare is poor, it results in ineffective services.

If a healthcare provider has set an objective to allocate 400 malaria bed nets annually
and succeeds in the distribution of only 100 nets, then the service is not effective.

2.7.2 Efficiency

Healthcare uses land, labor, and capital as resources. Efficiency measures the goal
of healthcare and how well they are achieving the goal using its resources. Efficiency
involves the occurrence of the right thing, with the right resources with mini-
mum waste.

In healthcare: If any health center receives a drug, i.e., antimalarial drug or iron folic acid
tablets with the remained shelf life of only 1 month, then it will result in wastage of
resources. Moreover, staff shortage, cost inflation, and demand of services point out the
need for efficiency in healthcare [39].
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2.7.3 Equity

Equity means providing healthcare to the patient when they need it irrespective of
their sociodemographic profile.

In healthcare, inaccessible areas and all the diversified groups of people should be treated
with equality. Social and economical barriers need to be eliminated.

In the current era, the health sector is going through several unparalleled chal-
lenges in an ambit of a patient-oriented environment. Nowadays, intensive medical
care along with personal care is the requirement of health problems [40]. On the
other hand, the healthcare industry has been restructured in the ambit of maturation
of the industry, increased competition, and increased cost of care. Professional
experts and technically skilled individuals are highly in demand who can relate their
skills and knowledge along with their expertise. Here, hospital management per-
forms a significant role in organizing the functional setting of hospitals. In the
aspect of patient care, hospital management utilizes resources of healthcare, people,
and advanced technology to execute organizational goals.

2.7.4 Patient-Centric Care

The focus on patients is reflected by the need assessment of the population. This
impulse planning of services and information management drive a redesign of inter-
nal processes to enhance patient satisfaction in service outcomes [41]. Management
helps staff to reach their goals through proper channels of open communication,
motivation, and incentive programs.

To summarize: The healthcare industry is extremely interdependent, and merely
one ambit cannot achieve efficiency parting behind others. Healthcare providers are
beneath the enormous pressure as a result of increased competition, regulation of
governments, mounting costs, rising demand for services with higher quality, and
patient-centric care. To meet this requirement, hospital management can offer note-
worthy opportunities to change and build up the overall performance of healthcare.
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Chapter 3
Hospital Management Challenges

H. K. Mamatha, N. Shalini, Divya Rao, and Arehally M. Mahalakshmi

3.1 Introduction

Healthcare organizations are complex and constantly changing entities. In terms of
functions and resources, they are dynamic and diverse. Healthcare services are fre-
quently delivered through systems and organizations that are made up of three dis-
tinct levels of care—primary, secondary, and tertiary care. They all share a common
purpose of serving the public irrespective of the nature of the organization whether
government-owned, private, not-for-profit, independent, or commercial healthcare
providers [1]. Employees working in healthcare organizations have deeply ingrained
professional values and culture and possess a belief in their contribution to society
in terms of value. They also have self-interested motivations related to reward, rec-
ognition, and career advancement.

Healthcare systems are also complex environments, as evidenced by the diversity
of their structures, cultures, and services. Managing this complexity by fostering
teamwork is regarded as an effective and efficient model [2, 3]. Management is the
process of creating and maintaining an environment in which people work in groups
to achieve specific goals [4].

Any organization’s structure is made up of units and functions. These units and
functions have positions where job holders are held accountable for results.
Relationships exist between these positions that necessitate the exercise of authority
and the exchange of information. That is what is commonly referred to as a “chain
of command,” which begins at the top and defines a hierarchy of positions.
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Managers must work with teams comprised of members with diverse back-
grounds whether it is professional, organizational, or cultural backgrounds, and
managing these diversities can be difficult. Furthermore, in healthcare, it is very
difficult for professionals to relate to only one team, hence pressures related to
diverse agendas and time management. Managers have to be sensitive and under-
standing in managing these employees.

3.2 Hospital Management

Management of healthcare organizations necessitates people with strong concep-
tual, technical, and interpersonal skills. The manager of a hospital is not only at the
top level but also at multiple levels depending on the size of the hospital. Management
positions exist at three levels: lower, middle, and upper, with delegation and control
at each. A hospital’s hierarchy is a top-down approach with power and authority
concentrated at the top. Management models for organizational structures can be
functional, matrix, team based, or line based. Managers are responsible for plan-
ning, staffing, directing, and controlling. Decision-making and analytical abilities
are critical at all levels of management.

Healthcare organizations are changing their business models to keep up with
technological advances. The incorporation of technology into various hospital pro-
cesses has resulted in a paradigm shift in hospital operations. Human resources
must adapt and equip themselves to provide quality care, so training is an ongoing
process in a hospital. Managers must identify training needs and provide opportuni-
ties for employees to upskill and upgrade their knowledge.

According to Evans [5], healthcare reform is based on three important questions
which are as follows:

*  Who pays for care (and how much does it cost)?
*  Who receives care (what type, when, and from whom)?
e Who is paid how much and for what?

The patient care process can be infinitely adapted or customized to individual
patient needs, disease circumstances, and responses to treatment. However, in mod-
ern healthcare, processes are more complex, requiring multiple handovers between
healthcare professionals, shortened length of stay, and more risks and complexities
of new healthcare interventions. This has made the traditional patient care model
increasingly unreliable, unsafe, and prone to error and unexplained variation [6].
Care pathways, treatment plans, and clinical guidelines are increasingly being used
by healthcare organizations to have a structure and transparency to the healthcare
process.
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3.3 Challenges in Hospital Management

Living in the twenty-first century has made everyone adapt to the rapid rate of
change in every sector of society, and healthcare is no exception in that. In devel-
oped nations, the drivers of change are based on outdated traditional methods, cost
containment tools, and increasing consumer demands on quality and sophistication
in healthcare.

Healthcare has witnessed a significant amount of evolution. The factors that
influence more changes in the healthcare system are:

e Health transition—demographic changes, epidemiological changes, emergence
of infectious diseases

e Technological advancement—diagnostic, therapeutic, preventive, and robotics
and artificially intelligent computer-assisted medical interventions

e Quality management

Any organization’s environment comprises the forces and circumstances that
encircle and pervade it. An organization’s success or failure is entirely dependent on
how well it manages the conflicting demands of its environment.

Like any organization, hospital also has two environmental components:
e External
e Internal

The external environment can again be categorized as the macro (general) and
the micro (operating) environment.

e The general environment consists of several dimensions such as political, legal,
economic, sociocultural, technological, and international dimensions. These
dimensions might influence its activities and may act as a threat or an opportu-
nity to it.

e The operating environment includes groups and forces which are external to the
organization and with whom the organization has direct contact and transactions.
These groups are the patients, healthcare professionals, competitors, regulators,
suppliers, agencies, unions, and professional associations.

The basic components of the internal environment include self, tasks, process
and skills, formal design of the organization, organizational culture, individual
employees, or people system, together.

The management should develop strategies and structures to meet the demands
by assessing the forces in the macro environment and the interactive effects these
have on the micro and internal environments.
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3.3.1 Demands for Change
Demographic

Demographic conditions are a key factor in the business environment wherein
healthcare dealers must compete. For the physicians, hospitals, and bed supply in
the hospitals, the predictors include the size of the population and demographic
changes in terms of age, structure, and income [7].

According to Grone et al.’s study, [8] demographic trends are constituting chal-
lenges to health systems because of the increase in the need for health and social
services at the retirement age and further increase after the age of 75.

There is a significant impact of population dynamics on the healthcare labor
force shortage. These factors combine to increase the size and proportion of the
population in need of care, namely the elderly. This also decreases the availability
of physicians and nurses to care for the growing elderly population [9].

Economic

Healthcare costs are a concern for every country. Several factors influence the choice
of services by the patients; one important factor is the influence of the general prac-
titioners who recommend the best of the services and help them find such services.
The cost of healthcare in the world has increased drastically over the decades
owing to several changes in healthcare delivery. Medical procedure and hospital
stay costs have also risen over the last decade and are expected to rise further.
“Part of the reason we spend more on health care each year is the nation’s grow-
ing and aging population,” said Dr. Joseph Dieleman [10], Institute for Health
Metrics and Evaluation, University of Washington. Further, he said, “factors associ-
ated with health care spending are population growth, population aging, disease
prevalence or incidence, service utilization, and service price and intensity.”

Technological

Healthcare IT provides insights into new medical technologies as well as updates on
new healthcare technologies. The present healthcare sector is dealing with cost
issues and at the same time trying to implement new technologies. As a result,
healthcare technology is becoming increasingly important. Healthcare technology
incorporates tools that integrate technology in every step of the healthcare experi-
ence to determine quality and efficiency.

The latest health and technology news can teach us a lot about the prospects of
medical care. Healthcare technologies apply skills and knowledge in the form of
tools and devices, as well as inventions, to solve healthcare challenges. The primary
goal of healthcare technology is to increase productivity and manage staff and oper-
ational processes in healthcare.
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Trends in Healthcare Technology

Due to rapidly establishing new technological innovations, healthcare trends are not
a new phenomenon in the healthcare industry. Customers are becoming more tech-
nologically savvy and are continuously seeking convenience.

In the future, several existing and emerging technologies will have a positive
impact on the healthcare industry. Artificial intelligence, machine learning, virtual
reality, augmented reality, and wearable technology will all become essential tools
for healthcare providers and organizations to improve their performance.

Considering the reforms and changes in healthcare, the future trends in

healthcare are as follows:

e Growth in telehealth can precisely aid critical care facilities to a great extent.

» Digital health is progressively capturing a considerable position in our lives with
several wearable devices, health sensors, and trackers being used, and combining
it with the Internet of Things can enable patients to view their data on their
devices.

* Improvement in data science and predictive analytics.

 Artificial intelligence will influence trends in healthcare as it has increased the
accuracy of diagnosis through automatic assistance in the workforce, optimiza-
tion of clinical operation, quantitative imaging, etc.

e Cloud computing makes it easy to share medical records, automate backend
operations, and even create and maintain telehealth apps.

* The blockchain system will generate identical blocks whenever a linked device
is involved in any form of transaction.

e With the introduction of virtual reality and augmented reality, healthcare tech-
nologies have improved drastically. Virtual reality assists patients in certain con-
ditions such as cancer, depression, autism, and vision therapy.

Technological advancement in healthcare is a major driver of cost growth. It also
provides effective training, cure, and care by using interactive ways.

Quality Management

Quality of healthcare has a big impact on both the providers of healthcare and the
patients who receive it. Quality is a continuous process of improving the quality
of what we do. It means doing the right thing the first time and doing it better the
next time. As in other industries, where quality is customer centric, healthcare
should be likewise customer focused to meet customer needs and expectations
effectively and efficiently. Quality can be described in terms of eight dimensions:
effectiveness, efficiency, interpersonal relationships, safety, technical compe-
tency, access, continuity, and amenities. Each of the dimensions of quality should
be met at least minimally to meet the definition. Efforts must be made by everyone
at every level at various phases of the healthcare delivery system to acquire and
maintain quality.
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There has been an increasing interest as well as concerns about the quality of
services rendered by hospitals as standards of living change. Service quality has
become increasingly important for hospitals in their efforts of satisfying and retain-
ing patients.

Patient satisfaction is a valid indicator of measuring service quality [11], where
dissatisfaction helps to improve service. Patient satisfaction explains the degree to
which expectations of a patient are fulfilled by medical services. Besides, patient
satisfaction is a decisive indicator to understand the patient’s expectations.

Patient Satisfaction

Satisfaction means the fulfilment or gratification of a desire, need, or appetite.

The extent of patient content with the care they received from their healthcare
provider is a measure of patient satisfaction [12].

Factors influencing patient satisfaction are appropriateness, timeliness, respect
and concern, safety of the patient, continuity, effectiveness, efficacy, and availability.

Patient Safety

One of the basic principles of the healthcare system is patient safety. Patient safety
is a term used to refer to several actions taken by the healthcare system to protect the
patients from any harm during treatment, which includes blunders such as infec-
tions, injuries, accidents, and medication errors, and to ensure patient safety and
quality of services.

According to the WHO statistics, 1 in 10 patients is harmed during hospital care
in developed countries, and studies showed that around 4,40,000 patients die owing
to the lack of patient care at hospitals. These results suggest that patient safety is
very much important as the healthcare system becomes more complex.

Human Resource Development

Despite technological developments, one cannot rule out the significance of man-
power in hospitals. Most recent and new technologies cannot substitute the contri-
bution made by specialized manpower in the healthcare industry. Human resource
managers in the healthcare industry are responsible for various issues like employee
retention, legal matters, and recruitment of staff.

The issues that face healthcare HR professionals today and tomorrow are:
e Recruitment in healthcare

*  Wage competition

e Turnover and retention
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e Burnout

e Training and development

* Doing more with less

e Compliance with quality standards

* Implementing diversity planning and culturally competent care
* Preparing healthcare workers for new technologies

» Balancing professional and personal lives

* Succession planning

In the research conducted by B. E. Smith, for the annual Healthcare Trends white
paper, numerous challenges to healthcare executive teams include the following:

e Leadership compensation and competencies
* Succession planning

* Physician leadership

*  Workforce engagement

Each of these trends presents unique opportunities for human resource execu-
tives to strengthen their healthcare organization throughout the year.

Leadership and Beyond

Theories about management and leadership keep changing over time. Some people
hold strong beliefs about the attributes and behaviors that a natural leader should
exhibit. Situational leadership, however, postulates that there is no universal “best”
leadership style.

Effective leadership behaviors adjust to the specific situation, particularly the
degree of direction or support that a particular employee requires from their super-
visor to perform tasks successfully.

Effective healthcare leaders should possess:
* Emotional intelligence

* Technological management

e Adaptive and quick decision-making

* Relationship development

e Powerful communication

Effective healthcare leaders lead organizations through service delivery and help
them flourish by improving patient outcomes in an ever-changing environment. The
dynamic nature of healthcare delivery requires competent, innovative leaders to
drive the organization through human resources, technological and service quality
concerns, and improvements. Healthcare leaders should manage complex opera-
tional arenas, maintain service consistency, and help the organizations stay abreast
of medical advancements.
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3.4 Conclusion

Hospital management is confronted with a variety of challenges and problems.
These are often caused or aggravated by external factors, which are out of the hos-
pital management’s control.

Hospital management needs to tackle these challenges and issues in a systematic
and sometimes creative way. There is no guarantee of a final resolution, but mitigat-
ing a problem is already an achievement. A manager needs to develop a good under-
standing of the issues, their underlying causes, and the resources, techniques, and
tools available to tackle the challenges.
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Chapter 4
Human Resource Management
in Hospitals

H. K. Mamatha, N. Shalini, Divya Rao, and Arehally M. Mahalakshmi

4.1 Introduction

Human resource management (HRM) is managing human resource in an organiza-
tion. The human resource of an organization is comprised of the capabilities, efforts,
and skills of all the people working for that organization. Human resources are
regarded as valuable assets and are vital for the growth and development of the
organization. Competent and motivated human resources with their dynamism help
achieve their goals and build dynamic organization. The quantity and quality of
human resources determine largely an organization’s performance and productivity,
thereby emphasizing the need for effective and efficient management of its people
for sustenance and continued growth.

HRM is a multidisciplinary concept and is an integration of many fields such as
management, sociology, economics, psychology, and organizational behavior. It is
with this integration that human resource management practices and functions
affect the performance outcomes of organizations. As HRM involves people and is
all about managing people at work, there is no best way to manage. Human beings
are complex beings with complex needs, and most often these needs are dynamic
and ever changing. Hence, for effective HRM, causes and conditions provided by
the organization are essential. In an organization, three basic components—people,
purpose, and structure—are important, and the most important among these is the
people component.
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Human resource management is both a science and an art as it encompasses
well-organized knowledge, principles, and techniques and deals with human beings
with feelings and emotions. It requires knowledge, skill, and humane approach to
deal effectively with people at work to achieve the organizational objectives. This is
even more relevant in a hospital as it is a service industry dealing with patients and
the service is rendered by humans.

4.1.1 Meaning, Definition, and Objectives
Meaning

Human resource management is constituted by two major terms: (1) human
resource and (2) management. HR means people at work, and management has
drawn its concepts and principles from several disciplines such as psychology, soci-
ology, economics, anthropology, and statistics.

Human resource management (HRM) is the process of several related aspects
starting from employing people, providing training, appropriate compensation,
developing policies, and strategies to retain them.

Definition

Leon C. Megginson referred to the human resources as “the total knowledge, skills,
creative abilities, talents, and aptitudes of an organization’s workforce, as well as
the values, attitudes, approaches, and beliefs of the individuals involved in the
affairs of the organization [1].”

The American Management Association said:

“Human Resource Management is that field of management which has to do with
planning, organizing, and controlling various operative functions of procuring,
developing, maintaining, and utilizing a work force in order that:

(a) the objectives for which the company is established are attained as efficiently
and economically as possible.

(b) the objectives of all levels of personnel are served to the highest degree; and,

(c) the objectives of the community are duly considered and served.”

Edwin B. Flippo defined human resource management as “the planning, orga-
nizing, directing, and controlling of the procurement, development, resources to the
end that individual and societal objectives are accomplished.”

Objectives

The primary objective of HRM is to ensure the availability of competent and willing
workforce to an organization.
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Scott, Clothier, and Spiegel [2] explained the objectives of human resource
management as follows:

To obtain optimum individual development and cordial working relationships
between employers and employees and between employees

To mold human resources to adapt to the requirement unlike other physical
resources

These objectives of HRM can be categorized as follows (Fig. 4.1):

. Societal objectives: To ensure social responsibility of the organization wherein

the needs and challenges of the society are given consideration and decrease the
influence of such demands on the organization. The organizations should utilize
their resources for the benefit of the society in ethical ways, and failure to do so
may lead to restrictions.

. Organizational objectives: To ensure organizational effectiveness by making

HRM department assist the organization in achieving its primary objectives.
This department should serve the rest of the organization and not as a standalone
department.

. Functional objectives: To maintain the contribution of the department at an

appropriate level to the needs of the organization by ensuring that human
resources meet the demands of the organization. The value of the department
should not be expensive than the cost of the organization.

. Personal objectives: To assist employees in fulfilling their personal goals and

ensuring that these goals enhance the individual’s contribution to the organiza-
tion. It is very important to meet the personal goals of employees to maintain,
motivate, and retain employees. If employees are not satisfied, employee turn-
over may increase in addition to decrease in performance.

Organizational Functional Personal
compliance with * Human resource * Placement * Placement
law planning « Appraisal * Training and

i ¢ Recruitment and .

Employee Benefits At o Bvelveien develo'pment
Management and election * Appraisal of
Union relations * Placement employees

e Training and » Compensation

development « Evaluation of
¢ Evaluation individual
* Appraisal employees

* Employee relations

Fig. 4.1 Objectives of HRM
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Fig. 4.2 HRM functions
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4.1.2 Scope and Functions

The scope of HRM is very vast and includes all major activities in the work life of
a worker—from the time of their entry into an organization until they leave the
organization. The important activities of HRM include human resource planning,
job analysis, job designing, hiring, remuneration, employee motivation and mainte-
nance, and industrial relations.

HRM is a staff function, and the role of human resource manager is to advise line
managers across the organization and supply human resources in the right number,
right quality, right time, and right cost (Fig. 4.2).

The functions of HR managers can be broadly classified as managerial functions
and operational functions. The managerial functions include planning, organizing,
staffing, directing, and controlling. The operational functions include hiring, job
analysis, human resource planning, recruitment, selection, placement, induction,
training and development, appraisal, management development, career growth and
planning, compensation, job evaluation, administration of wages, salary, incentives,
bonus, fringe benefits, and maintaining employee relation (Fig. 4.3).

Role of HR Managers

The HR managers must wear multiple hats and manage diverse functions. They
must have a thorough knowledge of the organization and its intricacies and com-
plexities. The manager’s profession can be defined as “playing several roles or
planned sets of actions linked to his position” [3]. These may be classified into three
folds—informational, interpersonal, and decisional (Fig. 4.4).
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Dave Ulrich [4] stated that HR plays four key roles:

1. Strategic partner role—converting strategy into outcomes and building organiza-

tions that create value

Change agent role—ensuring that change happens and to make it happen faster

. Employee champion role—talent management of knowledge capital within the
organization

. Administrative role—ensuring that things happen at a pace required to meet
the needs

W
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4.1.3 Skills Required for HR Managers

Considering the diverse role to be played by the HR managers, it should be consid-
ered that skills required for them are also multiple. They should possess qualities of
head and heart to conduct their functions effectively and efficiently. These skills can
be considered as:

Technical skills
Cognitive skills
Interpersonal skills
Communication skills
Empathetic

Tolerance
Temperament
Pleasant

Confident

. People loving

. Multi-knowledgeable—finance, sales, marketing, operations, etc.

—Fove N LA LD~

—_

The competencies expected of a HR manager are business mastery, HR mastery,
change mastery, and personal credibility [5]. In healthcare organizations, the
demand for quality service at minimal cost may pose challenges in terms of resource
management and optimum utilization of available resources.

4.1.4 Recruitment

Recruitment is an important function of HR managers, and hiring right candidate can
provide an asset to the organization. Recruitment is a step in the process of hiring fol-
lowed by selection and placement of the candidate. Human resource planning and job
analysis are the preliminary steps which provide inputs for the recruitment process in
organizations. The quantity and quality of people to be recruited are based on the plan
and the need. The supply of right candidate at the right time and right position ensures
smooth functioning of the organization without compromising the productivity.
Considering the diverse workforce in healthcare organizations/hospitals is particu-
larly important to plan the requirement beforehand for recruitment. Recruitment is
“the process of attracting candidates towards a job in an organization.” When a
vacancy for a job exists, recruitment is initiated. Selection is a “process of hiring right
person for a right job at a right time at a right cost.” Selection follows recruitment.
Edwin B. Flippo [6] defined recruitment as “the process of searching the candi-
dates for employment and stimulating them to apply for jobs in the organization.”
Dale Yoder [7] defined recruitment as “a process to discover the sources of man-
power to meet the requirements of the staffing schedule and to employ effective
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measures for attracting that manpower in adequate numbers to facilitate effective
selection of an efficient working force.”

The purpose of recruitment is to

1. Assess the present and future requirements of the organization’s HRP and job
analysis

2. Enhance the pool of job candidates at minimum cost

. Ensure the success of selection process

4. Determine the composition of workforce to meet the organization’s legal and
social obligations

5. Identify potential job applicants and appropriate candidates

6. Increase the effectiveness of both organization and individual in terms of short-
term and long-term goals

7. Evaluate the effectiveness of recruitment process

(O8]

Creating a suitable recruitment policy is the first step in the efficient hiring pro-
cess. According to Dale Yoder, “the recruitment policy is concerned with quantity
and qualifications of manpower.” The policy gives broad guidelines for the staffing
process. Recruitment policy helps ensure recruitment process. Recruitment policy
depends upon the organization system. Every organization formulates recruitment
policy, which enables to find the best qualified person for each job and retains the
best and most promising opportunities for the lifetime, i.e., career growth.

Recruitment process involves planning, strategy development, searching, screen-
ing, evaluation, and control. Both direct and indirect methods of recruitment are
considered for hiring candidates. Sources of recruitment can be internal or external
[8]. Internal recruitment is filling vacant jobs with the employees working in the
organization, and external recruitment is recruiting people from external labor mar-
ket to fulfill the labor requirements. Sources of internal recruitment include the
existing employees, former employees, and employee referrals. Sources of external
recruitment include employment exchanges, job agencies, advertisements, campus
recruitment drives, walk-ins and write-ins, online/internet recruiting, raiding, or
poaching.

Recruitment is initiated because of one of the following reasons [2]:

* Vacancies: arising due to expansion and growth of business, diversification, need
of more workforce, or employee separation as a result of promotion, transfers,
retirement, termination, employee’s permanent disability, or death to address
shortage of manpower

* Competitive advantage: organizational concerns to achieve more business than
formerly

* Expand business: during the recovery period of business cycle

* Market demand: increased demand due to population growth requiring more
goods and services to fulfill the requirements of the people

e Increase in standard of living: increased demand for same goods and services
and emerging new wants to be fulfilled
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4.1.5 Training and Development

Training and development are an ongoing process in an organization. Training is
essential for the employees to perform their duties effectively. Training is the pro-
cess of imparting specific skills.

Development refers to the learning opportunities with the objective of providing
help for employees to grow, which need not be skill oriented. Development provides
the employees required knowledge and attitudes which will be helpful for them in
higher positions.

Edwin Flippo [9] defined training as “the act of increasing the skills of an
employee for doing a particular job.” It is “a process of learning sequence of pro-
grammed behavior.”

According to Michael Armstrong [10], “training is systematic development of
the knowledge, skills and attitude required by an individual to perform adequately a
given task or job.”

Reasons for Training

Organizations are dynamic systems and need continuous change in process and
techniques. This necessitates dynamic workforce who are continuously upskilling
and enhancing their knowledge. This forms the basis for training of employees in
organizations.

The training process starts with assessing the training needs of employees. This
includes ensuring employees’ readiness for training, providing a learning environ-
ment, ensuring transfer of training, selecting appropriate training method, and in the
end evaluating the training program (Fig. 4.5).

provide role &
career

flexibility
To enhance Increase in
quality of goods Knowledge

& services

Globalization & -

change :

Fig. 4.5 Reasons for training of employees in organizations
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Fig. 4.6 Types of training
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* Computer based training
¢ Internet based training

e Active learning

* Job rotation

* Management games

 University related
programs

¢ Qutside seminars

Training depends on the needs assessment and the method of training. The training
methods can be broadly classified as on-the-job training and off-the-job training
methods and sometimes a combination of both. The approaches to training are

(Fig. 4.6):

» Skill training—explain, relate, respect, encourage, give feedback

e Refresher training

e Cross-functional training

e Team training

e Creativity training—breaking away, generate innovative ideas, delaying
judgement (brainstorming)

e Diversity training
e Literacy training
e Orientation training

Depending on the need and objective, the appropriate training method must be
selected. The outcome of the training depends on the commitment by both the man-
agement and employees in realizing the objectives.

The training in a hospital is provided to employees for the following needs:
* Providing better services to patients

e Minimizing waste
e Filling higher posts

e Promoting safety measures
* Ensuring that employees are taught to efficiently operate new machines which
are installed or are likely to be installed soon

At the end of the training, evaluation of training outcomes is done to understand
the effectiveness of the training. Benefits of training are both to the employee and to
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the employer. The evaluation process is explained as “any attempt to obtain infor-
mation (feedback) on the effects of a training programme and to assess the value of
the training in the light of that information” [11].

4.1.6 Performance Appraisal

Once employees join organizations, their appraisal is a critical component.
Performance appraisal is the assessment of the performance of an individual with
respect to their job and their potential for development in that job. Performance
appraisal is a one-time event done annually, and performance management is a con-
tinuous, dynamic, and ongoing process.

According to Edwin B. Flippo [6], “performance appraisal is the systematic,
periodic and an impartial rating of an employee’s excellence in the matters pertain-
ing to his present job and his potential for a better job.”

In the words of Dale Yoder, [7]“Performance appraisal refers to all formal pro-
cedures used in working organizations to evaluate personalities and contributions
and potential of group members.” Performance appraisal is a formal program in an
organization which not only assesses contribution of the members to the organiza-
tion, but also aims to recognize the potential of the people.

According to the International Labour Organization, “A regular and continu-
ous evaluation of the quality, quantity and style of the performance along with the
assessment of the factors influencing the performance and behavior of an individual
is called as performance appraisal.”

Performance appraisal is conducted to meet certain objectives, which includes
decision about increase in salary, promotion opportunities, identifying needs for
training and development, providing employees with feedback, setting targets, and
subjecting employees to stress for better performance. An ideal performance evalu-
ation process should not just provide the basis for managing the business of today
but also for developing it in the future [12].

Performance appraisal methods are classified as traditional or conventional and
modern methods, and the choice of evaluation is based on the need (Fig. 4.7).

They can also be classified as:

(a) Individual evaluation methods: MBO, BARS, critical incident technique

(b) Multiple-person evaluation methods: 360-degree method, ranking method,
paired comparison method, and forced distribution method.

Uses of performance appraisal as HRM function areas include:
1. Salary administration

2. Selection program

3. Employee training and development program

4. Decisions about employees’ promotion, transfer, and layoffs
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 Confidential Records

* Essay Method

» Cost Accounting method

» Comparative Evaluation Method (Ranking
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Fig. 4.7 Performance appraisal methods

5. Grievance and discipline program
6. Human resource planning

Performance appraisal is often followed by appraisal interview. This interview
involves both supervisor and subordinate, wherein the supervisor and subordinate
review the appraisal to identify strengths and weaknesses and remedies to overcome
the weakness. Appraisal interview is conducted to achieve the following goals:

e Change the behavior of employees who lack performance and who do not fulfill
either organizational or individual goals.

e Maintain the behavior of employees whose performance meets the requirements.

* Recognize employees who exhibit excellent performance behaviors and ensure
that they continue to do so.

4.1.7 Laws Related to HRM

Labor law is the “body of laws, administrative rulings, and precedents,” which
encompass the relationship between and among “employers, employees, and labor
organizations” pertaining to the issues of public law. The term “labor” means ““pro-
ductive work,” especially physical work done for wages.

Labor law, also known as employment law, is “the body of laws, administrative
rulings, and precedents which address the legal rights of, and restrictions on, work-
ing people and their organizations.” It includes different aspects covering relation-
ship between trade unions, employers, and employees. Labor law defines the rights
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and obligations of each of them as workers, members of the union, and employers
in the workplace. Scope of labor law includes:

 Industrial relations—Union certification, labor management relations, collective
bargaining, and unfair/unethical labor practices.

* Employee safety at workplace.

* Employment standards’ minimum wage, working hours, leaves, holidays, unfair
dismissals, procedures related to layoff and severance pay.

Labor laws can be broadly classified into two categories

e Collective labor law which is the tripartite relationship between employee,
employer, and union.

* Individual labor law which is about employees’ rights at work and through the
contract for work.

Objectives of labor law are:

¢ Protection of workers

¢ Promote cordial industrial relations

* Preserve health and safety of workers

¢ Protect the interest of women and children
e Establish a legal system

In hospitals, the role of an administrator will be to ensure safety of their own
employees from healthcare-associated infections and protect them with preventive
measures. Employee safety and benefits are crucial for retention of staff.

The principles of labor legislation are the following:

1. Social justice: Equitable distribution of profit b/w employer and employees.
Protection of workers against harmful effects to their health, safety, and morality.

2. Social equality: Flexibility in labor legislation to adjust to the needs of labor
society.

3. Social security: Collective action against social risks.

4. Social justice: Provides standards to be set for labor legislation.

There are many labor laws but those which are applicable to HRM are:
(a) Employees’ State Insurance Act 1948

(b) Employees’ Provident Fund and Miscellaneous Provisions Act 1952

(c) Payment of Gratuity Act 1972

(d) The Minimum Wages Act 1948

(e) The Maternity Benefit Act 1961

(f) The Payment of Bonus Act 1965

(g) The Payment of Wages Act 1936

In addition to the knowledge about these Acts, the HR professionals working in
hospitals should also possess knowledge about the Consumer Protection Act 1986,
Industrial Disputes Act 1947, Principles of Natural Justice, etc. to conduct their
work efficiently and effectively.
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4.1.8 Challenges for HRM in Healthcare

Human resource management is one of the most important and complex responsi-
bilities of hospital administration. Human beings being the epicenter of hospitals, it
is imperative to have good HR practices. The product of the hospital is service to
people provided by its personnel with a variety of skills. The consumers of these
services are physically and/or mentally ill and are rendered services within the four
walls of the hospital. Individual patients require unique needs, and hence, it must be
personalized and customized to meet their requirements. The nature of service
required is also variable depending on the patient need, most often under dire cir-
cumstances. In a hospital, the situation also varies ranging across birth, suffering,
illness, and death. All these unique circumstances necessitate people who have
combination of skills and abilities. The service that is rendered may not be by an
individual but a team of dedicated members but with a common goal of patient care.
Communication, coordination, and teamwork are crucial for delivering quality care.

There are many changes happening in healthcare especially in the VUCA
environment, which increases the existing challenges:

e Organizational consolidation

e Declining margins affected by lower reimbursements

e Advancement in technology

e Consumers demanding improvement in clinical performance

e Volatile environmental forces

e Uncertain market forces

Key issues for HR management include:

* Doing more with less due to shortage of workforce

e Comply with quality standards

e Implement diversity planning and provide culturally competent care

e Train healthcare workers for modern technologies

e Achieve balance in professional and personal lives

e Succession planning strategies

e Address any imbalance in practices by management compared to national policy
objectives

For example, the aim of health policies is to develop PHC, while the objective of
training programs is to train specialized doctors:

e Demand and supply mismatches in manpower

e Disparity in quality: because of gaps between the training programs and the
requirements of the nation’s health policy

e Unequal distribution of workforce: between regions, areas, professions and cat-
egories, health organizations, and specialties

e Paradigm shift in patient expectations from clinical outcome to complete service
experience
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Fig. 4.8 (a, b) Unique environmental circumstances of employees—industry/hospital

e Demand for promotive and preventive care along with curative and therapeutic
services

e Training and retention of workforce

e Developing multi-tasking workforce

* Ensuring accountability by the workforce (Fig. 4.8)

4.1.9 Emerging Trends

Hospitals are also evolving with time and so are its employees. Advancements in
technology and its integration in operations have necessitated innovations and
reforms across the functions of a hospital. Digitalization of operations, electronic
patient record management, and increasing awareness on employees’ and patients’
rights have all made hospital administration a complex unit. Right from recruitment
of employees to providing training and assessment technology plays a crucial role.
Employee management through Human Resource Information System (HRIS) and
HR auditing ensures reliability and transparency in its functions. Training of work-
force to meet the challenges posed by technological advancements is a dynamic and
continuous process for HR managers. Employee welfare practices and benefits help
in employee retention. Quality of services through accreditations and certifications
has been mandatory. Information technology and internet have changed the way
hospitals function, with telemedicine and teleconsultation being preferred for rou-
tine appointments. Medical tourism is yet another aspect where hospitals with good
reputation and quality of services can admit international patients and enhance their
branding. All these require dedicated, qualified workforce to meet the challenges
and function efficiently. Considering the diverse nature of work and increasing
workload, many of the HR functions have been outsourced like payroll manage-
ment, recruitment, training and audits, and other activities.
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Telehealth, remote care, or home care is the next change influencing the manage-

ment of human resource in hospitals. This necessitates a diverse set of employees
who are tech savvy with required digital knowledge and flexibility to adapt to
diverse working conditions. Robotics, artificial intelligence, and technological
advancements will transform healthcare delivery across disciplines.
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Chapter 5
Quality Management and Patient Safety
in Healthcare Domain
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5.1 Introduction

A healthcare organization (HCO) is a complex association ordinarily attributable to
the elusive result of service and a blend of different expert staff. Quality administra-
tion in medical care is fundamental and often standardized. However, quality itself
is not an actual trait of administration. As such, replacing the term “healthcare” by
“medical care services” further characterizes the field as a subject of survey, obser-
vation, and improvement. The quality control framework in an HCO is character-
ized as “appropriate, available, accessible, reasonable, effective, proficient,
coordinated, safe, and patient-related” [1]. In addition to medicine and surgery,
medical care services also include allied healthcare services, like dentistry, gynecol-
ogy, radiology, optometry, diagnostic imaging, and physiotherapy.

Quality in healthcare is often synonymous with patient safety. The World Health
Organization (WHO) defined patient safety as prevention of errors and blunders,
which negatively affect patients of medical care services [2] and to cause no damage
to patients [3]. Hazardous healthcare practices are attributed to injury, disability, and
even death of innumerable patients globally and consequently occupy scarce organi-
zational resources to deal with the damage. Therefore, patient safety is acknowl-
edged as being fundamental to quality medical care services, and patient safety
strategies are being adopted as integral components of HCO across the world [4].
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Although patient safety in primary level medical centers has not been as extensively
investigated as in hospital settings, primary and outpatient care centers are becoming
more popular in such research given the recent research findings [5, 6].

Almost 20-25% of the patients in primary care settings experience harm due to
organizational causes, in both developed and developing nations [7]. Such unsafe
organizational causes include diagnostic errors, discontinuity in care delivery, haz-
ardous drug practices [8], and poor-quality management. However, the safety of
patients and the quality of services delivered can be improved by identifying and
rectifying glitches in patient journeys through primary and secondary care.

Both the recurrence and extent of clinical errors in hospital settings attract public
health concern worldwide. As such, current research aims to devise thorough strate-
gies for improving and supporting the health outcomes of hospital patients. Hospital
accreditation is a commonly employed strategy to enhance healthcare quality and
patient safety, which has become fundamental to healthcare frameworks in >90
nations [9]. Developing nations commonly employ hospital accreditation as a strat-
egy to ensure quality and patient safety in its healthcare services. Nonetheless, exe-
cution of license guidelines is a tedious task, especially since the research evidence
on the advantages of the license is scanty. According to the Joint Commission
International (JCI) certification technique, most HCOs transition through certain
stages when gaining accreditation [10]. JCI is an international organization, which
authorizes healthcare services, institutions, and frameworks outside the USA. JCI
had authorized almost 500 medical care associations globally by 2013. To gain JCI
accreditation, a hospital is surveyed every third year to evaluate its adherence to
JCI’s quality and patient safety standards. The surveyors evaluate the healthcare
services provisioned and authoritative cycles and aim to promote continuous quality
improvement for the organization under study. In India, the National Accreditation
Board for Hospitals & Healthcare Providers (NABH) is the highest organization for
quality control in hospitals. It is the leading authority for accreditation of hospitals
and is responsible for protecting the stakeholders and partners and setting bench-
marks for quality, safety, and development of Indian hospitals. The NABH is an
autonomous body and is also an institutional member of the International Society
for Quality in Healthcare (ISQua). Although inconsistent, evidence supports that the
accreditation has a substantial effect on HCO. The evident degree of quality
enhancement and value consistency accomplished after the first accreditation sur-
vey is almost certainly sustained by HCO. Additionally, repeated surveys decrease
variations in quality execution, thereby resulting in long-term quality control,
enhanced safety, and high dependability in HCO [11]. Despite the evident business
improvement, accreditation can lead to complex organizational dynamics, which
makes it difficult to sustain a workforce. While there is theoretical evidence about
the advantages of accreditation, observational proof to support it remains inade-
quate. Greenfield and Braithwaite [12] reported that the experimental proof for jus-
tifying accreditation lacks considerably, which is a significant challenge for
accreditation institutions, researchers, and policymakers. Considering that accom-
plishing and maintaining the accreditation status occupy significant organizational
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resources, it becomes necessary for healthcare organizations to determine if accred-
itation demonstrates a quantifiable and significant enough difference in the provi-
sion of medical care services and the outcomes.

5.2  Quality

Quality of healthcare services can be defined both in strategic and customary terms.
It is defined by the American National Standards Institute (ANSI) and American
Society for Quality (ASQ) as the integration of characteristics of healthcare or its
services, which enables it to fulfill the standard necessities. Quality in itself is a
complex and unitless organizational factor, which can be defined along various
organizational factors, like patient safety and satisfaction. However, quality in
healthcare services is an ambiguous term and includes several technicalities in addi-
tion to clinical quality. Content quality is defined in terms of healthcare provider’s
expectations, whereas delivery quality is defined in terms of consumer expectations
and satisfaction [13].

5.3 Quality in Healthcare

Healthcare is a learned profession, wherein the healthcare providers’ sole objective
is preventive maintenance, rather than total service maintenance. Accordingly,
Donabedian suggested employing a tridimensional framework of infrastructure,
process, and outcomes for quality assessment in medical services. The infrastruc-
tural component is defined by the material and workforce resources to efficiently
deliver quality healthcare services. It also includes the ability of both healthcare
providers and administrative workforce and the coordination between the two to
meet the healthcare requirements of the incoming patient population.

Quality control in medical care as a concept has gradually evolved from solely
focusing on the reduction of errors to delivering the ideal patient experiences and
satisfaction. Supporting this notion, Philip Crosby advocates that the quality control
framework is one centered in prevention and not in appraisal. Considering that a
significant proportion of deaths in primary care centers is due to negligence and
hospital-acquired infections, it is preventable by establishing quality control frame-
works centered in prevention to improvise patient experience. Patient satisfaction is
fundamental to quality control frameworks and necessitates patient-centered care
and adherence to professional standards. The Institute of Medicine defined patient-
centered care as one that is considerate and respectful of patient’s preferences and
acknowledges it as foundational to all the clinical care decisions. Another compo-
nent of patient-centered care is shared decision-making, wherein the healthcare pro-
fessionals assist patients in making most appropriate care-related choices and
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Fig. 5.1 Steps of implementation of quality improvement

decisions. Shared decision-making is also central to patients’ inclinations when
choosing a healthcare provider [14]. Quality control and management have become
most central to the healthcare sector and its services since patient safety and satis-
faction are being increasingly recognized as a constituent of quality and administra-
tive outcomes. While the conventional definition of quality control was centered on
reducing medical errors, it is now becoming more inclusive of damage prevention,
continuous improvement, and result-driven strategies based on the care needs of the
patients. Therefore, there is an immediate need to both acknowledge and assimilate
that this changes the perspective of quality into organizational frameworks in HCO
[15, 16]. Figure 5.1 demonstrates the steps that can be undertaken to achieve quality
control and improvement in a HCO.

5.4 Quality Improvement Strategies

Quality control strategies in HCOs aim to establish an administrative framework to
ensure the delivery of efficient and effective healthcare service. This can be achieved
through the Total Quality Management (TQM), which is defined as an administra-
tive approach centered on human resources and organizational processes to
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maintain consumer loyalty [17]. It incorporates Content Quality and Delivery
Quality. It diminishes the weight of mistakes, guarantees ideal use of foundation
and clinical staff, and oversees quality control. It is rooted in both content and deliv-
ery quality and aims to reduce service delivery errors, ensure effective utilization of
material and human resources, and oversee quality control.

The core elements of TQM are client centeredness, emphasis on quality, scien-
tific approach, cooperation, continuous enhancement, workforce training, and
autonomy in the long term [18]. TQM aims to identify and rectify the immediate
issues in service delivery but also aims to maintain and continue the developments
in the long run. Within the workforce, the nursing professionals and the quality
control department are the key executioners of TQM strategies [19, 20]. Together,
they aim to ensure quality improvement in service provision, efficient damage con-
trol, decreased costs, and elimination of errors before they cause harm. However,
evidence on the execution of TQM in developing nations, like India, is limited [21].
Other than TQM, other approaches to quality control and management include the
International Organization for Standardization ISO 9000, Zero Defects, Six Sigma,
Baldrige, and Toyota Production System/Lean Production. Additionally, the in-
house quality maintenance frameworks double-check organizational processes and
identification of issues that are likely against the accreditation authority’s standards,
including documentation and credentialization [22].

In healthcare, TQM is often used synonymously with continuous quality
improvement (CQI). CQI is employed as a means to enhance clinical practice [23].
It is an approach, which encourages healthcare providers to persistently inquire:
“How are we doing?” “Would we be able to do it better?” And specifically would
we be able to do it all the more proficiently? Can we be more effective? Would we
be able to do it quicker? Would we be able to do it in an all the more convenient
manner? [24]. However, instead of integrating CQI into the organizational culture,
the more appropriate way to establish CQI strategies is to evaluate the existing orga-
nizational processes and consequently develop frameworks to achieve the idealized
future state. Popular CQI strategies include empowering the workforce to actively
evaluate the existing service delivery status and formulate strategies to enhance it.
Employing an appropriate CQI approach will facilitate the development of an effec-
tive strategy based on the existing organizational level and aiming towards the ideal-
ized quality and service delivery standards. Accordingly, research evidence reports
strong evidence for association between an appropriate CQI strategy and high orga-
nizational performance [25]. Therefore, besides improving organizational statistics,
employing CQI strategies also facilitate establishing a proactive framework for
identification and rectification of errors and organizational improvement.

The steps to drafting an efficient CQI strategy should include [26] the

following:

 Identify and employ an appropriate CQI model.

 Install and evaluate performance metrics to periodically assess improvement and
outcomes.

* Ensure that all employees understand and acknowledge the established perfor-
mance metrics.
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* Ensure that all the stakeholders, including patients, families, and suppliers, are
involved in the CQI framework.
» Establish electronic health records and IT as an evaluation criterion.

Focusing on quality may necessitate changing goals, rules, perspectives, and
processes, which can be challenging to do on the organizational level. Consequently,
such changes are made gradually over a long time period, rather than overnight.
Unlike the private HCOs, quality assurance frameworks can more effectively be
established in public sector HCOs considering that they are funded and run by the
state, which has significant power and resources.

In terms of healthcare workforce, the healthcare providers undertake medical
schooling under expert supervision and the academic curriculum is primarily cen-
tered around disease prevention and management. Unfortunately, there is very little
consideration on the education of to-be healthcare providers on professional and
organizational issues, like patient communication, collaborative care, organiza-
tional culture, and behavior. As such, the healthcare professionals only learn about
such aspects of care individually, depending on their field of specialty. For instance,
a nurse, physiotherapist, and surgeon will have different perspectives on such quali-
tative aspects of healthcare, which are mostly autonomous and independent of other
specialists. Consequently, these differences in professional practice are also signifi-
cantly reflected on the quality, safety, and satisfaction of healthcare services.
Therefore, healthcare provider workforce and their professional practice are essen-
tial aspects of quality control and assurance, as advocated by CQI [27].

5.4.1 Patient Safety

Guaranteeing patient safety is a significant challenge for healthcare providers and a
crucial factor of service delivery for patients in a primary care setting. Considering
that the direct healthcare provider-patient communication in a primary care setting
is usually scarce, patients should assume a more prominent responsibility in under-
standing and taking ownership of their illness and well-being. Although resource
consuming, it is achievable if the driving forces are identified correctly. Three of
such driving forces that impact patient safety in a primary care setting are [28]:

e Behavior of the patient and caregivers
* Role of healthcare professional-patient communication
* Role of healthcare frameworks and the community

Although effective, the above-stated factors also have evident flaws. Intrinsic
defects in the healthcare framework may increase the risk of clinical errors, spe-
cially like drug and diagnostic errors, which are fundamental to ensure patient safety
in service delivery in a primary care setting [29]. Additionally, poor health literacy
and ineffective patient education add to the increased risk of clinical errors since
patients are unable to fully comprehend their medication, its indication, dosage, use,
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and potential adverse effects, which can all lead to hazardous clinical errors [30].
Moreover, overseeing test results also adds to the increased risk of missed or misdi-
agnosis in primary and outpatient care centers. All the above-identified factors lead
to significant patient safety and service delivery issues, like [31]:

e Increased mortality

e Increased morbidity (temporary or permanent)
e Treatment delay

e Extra visits to the healthcare providers

* Preventable r-admissions to emergency clinics
 Dissatisfied patients and healthcare providers

5.4.2 Incident Reporting in Primary Care

Although incident reporting is perceived as an ideal strategy to evaluate patient
safety, it may be ineffective if not undertaken appropriately. An evaluation of local
Incident Reporting Procedure (IRP) revealed that it was ineffective in preventing
and managing serious clinical errors because the procedure overlooked the emo-
tional and psychological needs of the involved healthcare providers [32]. However,
it was also observed that local IRPs empowered healthcare providers to better evalu-
ate incident reports than a centralized rectification framework. Unlike the local
IRPs, a centralized system seemed more effective in gathering numerous incident
reports and identifying and rectifying repetitive safety issues more successfully.
Therefore, it is only justified to combine local and centralized IRPs to achieve more
efficiency and better outcomes [33].

Evidence reveals that the most common clinical errors in primary care centers
were the communication failure among healthcare providers themselves, followed
by errors associated with medicine and misdiagnosis [34]. Analysis of the nature,
cause, and outcomes of likely clinical safety incidents at primary care centers
revealed that the incidents occurred mostly in out-of-hours primary care centers.
While treatment errors were the most common type of safety incidents, there was no
harm resulting in 70% of incidents. Additionally, it was revealed that erroneous
clinical reasoning was the cause of the majority of the safety incidents, including
unavailability of previous patient records, lack of clinical information, and criti-
cal cases.

5.4.3 Transition of Care

Transition across different segments of the healthcare framework makes patients
vulnerable to being subjected to clinical errors. The transition of care refers to the
patient entering different phases of healthcare, shifting to different physical
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locations to receive medical care, or switching from one healthcare provider to
another [35]. This includes the transition between home, hospital, primary care
centers, and residential care and even consultations with different healthcare
providers.

The transition of care becomes even more complex at the primary care level.
When patients report at different primary care centers, they may face a new diagno-
sis or new clinical findings and may be administered a new management plan.
Generally, the geriatric patients, who suffer from complex health problems, remain
the most vulnerable to the adverse safety and quality incidents since they have to
continuously undergo transition of care. As such, managing such service delivery
challenges is fundamental to improving patient satisfaction and safety in healthcare
services [36].

5.4.4 Current Scenario of Patient Safety in India

Over the recent years, the Indian Government has become more acknowledging and
accepting of the quality issues in the Indian healthcare sector and has become con-
siderate to rectifying these quality issues to match the Universal Health Coverage
standards. Patient safety is becoming more integral to quality and safe healthcare
services, and both the central and the state regulatory authorities are undertaking
initiatives to ensure safety in healthcare service delivery [37]. The various patient
safety issues in the Indian healthcare system include:

e Poor and fragmented legal and regulatory context for healthcare practice and
service delivery.

* Negligence of the Consumer Protection Act and patients’ rights.

e Private healthcare sector’s low acceptance and adherence to patient safety
strategies.

e Lack of consumer awareness and initiative to drive policy changes.

* Poor engagement of public hospitals in the NABH accreditation.

* Lack of motivation among healthcare providers in the public healthcare sector to
improve patient safety and lack of training frameworks for them.

» Lack of adequate infection control guidelines and frameworks in HCOs.

e Although other infrastructural components, like fire security, device safety, and
earthquake resistance, are adequate in Indian HCOs, they are not commonly
included in patient safety measures.

* Nonadherence to hospital-acquired infection reporting strategy among majority
public and private HCOs.

e Lack of active research in the field of patient safety and its lack of a research-
based policy-making framework.

* Lack of funding for patient safety-based research in India.
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5.4.5 Strategies for Improving Patient Safety

Patient safety is a complex concept consisting of several organizational and profes-
sional factors. Consequently, this necessitates multidimensional strategies to
improve patient safety in HCOs [38]. Few of these strategies are as follows:

1. Engagement of patient and their families:
Patient safety in service delivery in HCOs can be improved by employing four
evidence-based strategies to increase engagement of the patients and their fami-
lies in the healthcare service framework.

(a) Encourage encouragement: This strategy aims to increase readiness among
patients and their families to actively engage in their healthcare journey.
Patients and caretakers are often unprepared when they visit a primary care
center or a healthcare provider. Encouragement strategies will involve giv-
ing patients a “Be Prepared” sheet, where they are urged to document their
complaints, queries, and health goals. This will enable patients and families
to plan their healthcare visits in advance and ensure that they are more pre-
pared to question, enquire, and interact with their healthcare providers.
Consequently, the healthcare provider will be able to better address the
health issues of the patients. This improves efficiency in healthcare service
delivery and outcomes like patient satisfaction.

(b) Make a medication list together: This strategy will include the patient and
their caregivers to bring all their prescriptions to the healthcare provider.
The healthcare provider then engages the patient and their caregiver to plan
a complete medication list and then the clinician oversees it. This strategy
aims to increase the post-consultation engagement of the patient and their
caregivers and increase their interest and control over all aspects of their care.

(c) Actively educate: This strategy requires the healthcare provider to actively
educate the patient and their caregivers about all the aspects of their health,
so it becomes easier for them to follow and adhere to the plan of care. It is
an evidence-based strategy to improve patient safety, commitment, and
safety in their healthcare journey.

(d) Face-to-face handover: This strategy includes a face-to-face patient hando-
ver between two healthcare providers, in the presence of the patient and their
family. This strategy makes the patient feel actively included in the treat-
ment process and facilitates trust-building between the patient and the
healthcare providers [39].

2. Medication Reconciliation
Drug-related errors are the most frequent type of clinical error, and nearly 40%
of these drug-related errors occur due to inadequate handover, especially during
hospital admission and discharge. Almost 1/5th of these drug-related errors lead
to evident patient harm. An evidence-based approach to identify and rectify such
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drug-based errors is medical reconciliation, which requires comparing the
patient’s current medication prescription to all the previous or discontinued drug
prescriptions of the patient. This helps the healthcare provider identify similar,
synergistic or antagonistic medications that the patient might take or even simi-
lar medications with different brand names. Consequently, previous prescrip-
tions may interfere with the current medication, and this may affect the quality
of healthcare services delivered to them.
3. Sharing Information

Another strategy to improve patient safety and security in a primary care setting
and especially in a transition of care is information-sharing through “yellow” or
“release” envelopes. All the information regarding the patient’s condition, treat-
ment, management, and care is mentioned in these envelopes, including men-
tioning the information valuable for handover on the back of the envelope. This
is a favorable, dynamic, quick, and cost-efficient method in conveying patient
information effectively.

5.5 Conclusion

Medical care services are a more humane and science-based process, instead of just
being fundamentally commercial. Skilled healthcare professionals are obliged to
guarantee quality and safe healthcare services. Quality improvement in HCOs may
require changing organizational perspective, policies, rules, and goals, which can be
challenging and can only occur gradually. Additionally, quality and safety assurance
in healthcare services is fundamental when trying to accomplish a universal health
coverage system and sustainability in healthcare service delivery. As such, it is fun-
damental from even the policymakers’ perspective to target quality and safety of
care services in primary and outpatient care centers regardless of the tediousness.
This requires HCOs adopting a TQM approach alongside strengthening the medical
education and training framework to produce skilled healthcare providers.
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Chapter 6 )
Dental Office Layout and Design ST

Lata Goyal, Amrit Preet, Arshad Eranhikkal,
Prabhat Kumar Chaudhari, and Kunaal Dhingra

6.1 Introduction

The key steps for smooth functioning and efficient patient care delivery are planning
and designing of a dental office [1]. Workplace design supports the procedures and
various activities carried out in that area; it leads to better patient flow, ease of move-
ment, and better time management. It also helps to create an identity in the competi-
tive era. The architectural design of a complete dental office with its interiors
including clinical, reception and even sterilization areas will convey a message to
every visitor so as to make judgments about dentists’ practice, capabilities and exper-
tise based on what they see around [2]. Dusty and dark offices communicate lack of
maintenance while neat, well-organized and equipped offices enhance ideal patient
experience. Architectural and ergonomics design can help decrease workplace-

related stress and promote an atmosphere of teamwork and collaboration.
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Meticulous planning of the dental office is required to strike an operative balance
between comfort of the patient, regulatory specifications, clinical efficiency, inte-
grating advance technology and ergonomic design. As there are multiple activities
and services involved in rendering care to the dental patient, its design involves
consideration regarding collaboration between designer, electrical, civil, plumbing
equipment manager and dentist.

6.2 Dental Office

6.2.1 Administrative/Reception Areas

Administrative areas are the spaces meant for the management of financial and
other clerical works. Various operations like management of insurance claims and
receiving of payable amounts are done here. Patient records are also kept in this
area. Nowadays, dental firms are running speciality-oriented clinics as compared to
general and interdisciplinary dental practice. So, it has many dental clinics depend-
ing upon the different speciality services being provided.

Parking Areas

The design and location of parking area should be taken into account at the begin-
ning of the site planning so that the forefront and entrance to the dental office are
not obscured by unsightly parking areas. Distance from the parking area to the main
entrance should not be very long. It should include parking for patients, staff, differ-
ently abled users, accompanying persons, medical transport and service vehicles.
The parking spaces must have designated areas for disabled users and should be
accessible for all of them who require assistive devices to move around. The mini-
mum parking requirements are typically determined by the occupancy group (doc-
tors including all staff members) and floor area of your office building (main
determinant is the number of dental chairs).

Other key points of adequate parking include easy way finding and exit; clear
signing; separate parking for staff and visitors; designated areas for two wheelers
and four wheelers; and security against unauthorized parking, vandalism and theft.

Entrance

The main entrance is the place of arrival and departure of the patients and visitors.
It further function as an enquiry and information point, security check and waiting
area. This area does make the first impression on the visitor about dental settings in
a particular dental clinic. So, its planning must include these qualitative effects like
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warmth, welcoming, considerate, helping, reassuring, efficient, comfortable and
clean. These qualitative effects include combinations of appropriate infrastructural
lighting, right and warm colour combinations, proper and spacious settings, appro-
priate displays and most importantly affectionate and considerate human behaviour
as this is the first point of contact [3]. Qualitative requirements of this area include
ramps and stairs with proper inclination and step width, width of the entrance door,
flooring with tactile tiles and other indicators for direction, taking into account all
types of visitors including persons with disabilities both sensory and physical, pae-
diatric patients and old-age patients.

Another important consideration is separate entrances for patients and for dentist
and the staff. It may be from the back.

Reception

The reception area is immediately inside the lobby after crossing the entrance. It
should have a reception desk for enquiry, information and concierge services. It will
be the first stop for patient reorientation and the last place to pause before departing.
It should be immediately inside the entrance, slightly located back from patient
circulation route, clearly signed and should have sufficient space at the reception
front for queuing up without obstructing the passage [4]. Signposting to all key
destinations should be located beyond the desk.

Desk design: The desk should be visually prominent within the entrance area and
designed with good-quality materials. It should be accessible and convenient for
patients and accompanying persons, at the same time safe and user friendly for the
staff working there. Ideally, a low-level desk in the open main space creates a wel-
coming quality and provides better patient or visitor and staff contact.

The desk design details will be according to the number of staff members behind
it and their functions other than enquiries by visitors. Additional functions may
include patient registration, information distribution in the form of leaflets, coordi-
nation between different clinics and laboratories, entrance and waiting area supervi-
sion, general patient assistance and facilities for persons with disabilities. As the
scope of functions in this area increases, provisions should be made for computers,
printer and scanners, cabinets for storage requirements, internet router installations,
internet and communication connections to other services, security alarm controls
and central fire controls, staff security and protection, location suitable for entrance
supervision, etc.

Concourse Area

Concourse is the public space in a dental clinic connecting the main entrance to dif-
ferent clinics with other services, laboratories or X-ray room. It ought to be appro-
priately sized to accommodate communication and circulation for patients, other
visitors and equipment. It should preferably be naturally lit.
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Main Waiting

The main waiting area should be immediately after the reception desk within its
sight. The need for main waiting area space is usually small as after enquiry and
registration patients move directly to departmental entrance waiting areas.
Therefore, the main waiting area should be planned for small seating groups,
with special arrangements for kids and persons with disabilities. Stands or cor-
ners for information leaflets and videos are recommended. It is essential to have
small waiting areas in front of each dental room with good-quality seating and
fabrics. There should be separate washrooms for males and females with infra-
structural facilities for persons with disabilities in the main waiting area only.

Waiting areas include seating and walking spaces for the patients. This space
also includes entrance doors and access to reception area and operatory area. A
minimum of 120 square feet is required for six patients. Waiting area should be
utilized for patients arriving early than their appointment time and for emer-
gency patients who are planning to wait until doctor’s appointment. Waiting
area should be equipped with television and different types of reading maga-
zines. For paediatric patients, a separate area should be maintained inside the
waiting room. This area should be equipped with toys and other playing materi-
als. This helps the child to reduce the stress and anxiety before entering the
operatory.

Public Area

It includes reception, waiting area, private office/consult, toilets for patients and
refreshment area. These areas should preferably be around the entrance only. Toilets
for the patients should be close to the waiting area.

6.2.2 The Dental Operatory and Accessory Clinical Area

Dental operatory is the treatment/working area with specially equipped dental treat-
ment delivery systems to perform dental procedures along with all associated tasks
by the dentist and his/her team. It is the place where a dentist does all the dental
treatments. Various types of instruments and tools for doing dental procedures are
kept in a single room. Dental operatory can be found in hospitals, schools, govern-
ment offices and other health-related establishments. Often, though not always,
low-cost treatments are performed. It includes dental treatment room, sterilization,
radiographic room, dressing room, clinical photography room, refreshment room,
private room for staff and service room.
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Dental Operatory

Dental treatment rooms include clinical area with additional clinical spaces like
X-ray room, sterilization room, photography area and documentation area. The den-
tal treatment area is the most vital part of a dental set-up as it will determine den-
tists” treatment efficacy, productivity and ergonomic well-being, and it is the single
major decisive factor and determinant of patient experience. Dental room design
should be modified according to speciality practices. Various speciality clinics like
oral and maxillofacial surgery operatory, implant, periodontics, endodontic, orth-
odontic, paediatric or multi-speciality set-up can be made.

This includes the operatory areas where the treatment of the patient is done. The
dental operatory consists of the dental chair, work surfaces, light unit and some area
for storage of consumables. The dental chair should have either inbuilt ultrasonic
scaler, curing light and intraoral camera or separate units attached to it. The advanced
type of dental chairs have digital radiography units attached to it. The operatory should
be very spacious enough for accommodating all equipment, and wheelchair access
should be available to the operatory. Depending on the budget and scope, there can be
more number of dental operatories inside a service room. Hand-washing stations
should be provided inside each operatory or can be shared by two or three operatories.

The optimum size of an operatory usually recommended is 10 x 11 ft. It should
not be less than 9 x 8 ft. Equal amount of spacing should be given on both sides of
the chair if the operatory is used by both left- and right-handed dentists. According
to the Americans with Disabilities Act (ADA) wheelchair accessibility require-
ments, the entrance of an operatory should have a width of 32 inches. This will help
in easy entry of wheelchair patients and their transfer from wheelchair to the dental
chair. The sterilization areas may be constructed centrally to all the operatories. This
helps in easy transfer of instruments from the sterilization area to the dental opera-
tories. If placement of windows is possible, clinics should be designed in such a
manner that operatories are equipped with windows. This provides natural light to
both the dentist and patient. Claustrophobic patients will be more relieved in such
operatories. Moreover, natural light aids in accurate selection of shades and choice
of asthetic procedures.

Dental treatment room planning in modern day has prerequisites, which include
investment in technology for better patient experience, better efficiency and better
patient perception with minimalist design, which allows more modern open designs
with no unsightly wires, cables, cords and foot controls [5]. The operatory space
should be flexible at the time of the first set-up so that it can easily accommodate the
new equipment with the advent of new and advanced technology.

X-Ray Room
X-ray rooms should be having protection barriers on walls and entrance door.

Signage should be properly displayed. Rooms should be having an internal camera
system and also technical control.
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Sterilization Area

Sterilization room have autoclaves and other sterilization equipments. The steriliza-
tion area is one of the most important support areas in a dental office. Due to the
widespread increase in different types of life-threatening diseases, sterilization is
one of the key factors to be maintained. There are more chances that contaminated
instruments can cause the spread of infections from one person to another. Due to
this, dental offices should have dedicated sterilizing areas meant for cleaning, pack-
aging and storage of instruments.

In order to promote efficiency of sterilization and to comply with standards, the
Centers for Disease Control (CDC), sterilization area should be having such a
design which incorporates collection of contaminated instruments for their storage
after sterilization process. Initially, there should be an intake area for unloading the
trays. Sharp instruments should be placed in sharp containers. Colour-coded foot-
tap trash storage should be present for disposal of different types of infected and
non-infected wastes.

Changing Rooms and Washrooms

These areas should be part of the clinical area. There should be a provision for sepa-
rate changing room for staff and doctors. Similarly, separate washrooms should be
there for staff and doctors with restrooms to have lunch or refreshment.

System Room for Technological Equipment

This room is called the “heart and lung” of the dental clinic as it includes high-
quality vacuum and dental compressed air piping equipment. These potential equip-
ment can be located in a dedicated dental plant room or within the dental surgery.
Recently, designing experts have been suggesting different rooms for these instru-
ments for a hassle-free, efficient experience of the patient with future expansion
scope for business and staff growth. Power backup system can also be stationed in
this room preferably with acoustic insulation system.

Laboratory

Every dental office should have a laboratory area. It is the place where study models
and initial impressions are poured up. Fabrication of custom trays and repair of
dentures are also done in this area. Laboratory should have a minimum size of
5 x 7 ft with a small sink along the wall. Basic instruments required inside labora-
tory include cast trimmer, finishing and polishing instruments and burner. Materials
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like wax sheets, different types of stainless steel wires, screws, sandpapers, emery
papers, finishing and polishing burs, and self-cure acrylic materials should be pres-
ent in dental laboratory. Fire and safety precautions should be strictly followed in
laboratory as there are more chances of accidents to happen.

Storage Area

Ready-made/manufactured cabinets and custom-made cabinets are the two types of
cabinets available. Manufactured cabinets are readily available in the market under
standard cabinetry designs. They are aseptically designed for easy cleaning and
long life. There is ease of installation and can be easily shifted from one place to
another. The disadvantage is that sometimes they may not fit properly and cost may
be higher than custom made. Custom-made cabinets are less expensive, and unlim-
ited colour choices will be available. Moreover, there will not be wastage of any
space, and the dentist can be actively involved in the design process.

6.3 Design Considerations

With all the prerequisites in mind, the dental room layout can be configured follow-
ing these ideas:

6.3.1 Layout
Open Entry

It is an open cove with many patient dental chairs without partition in-between in
the room. It can accommodate more dental chairs, so it is highly cost friendly, but
patient privacy is usually compromised in this type of setting.

Single Entry

The dental bay is open from one side only with single entrance into the room, and
the dental chairs are separated by walls. Walls are usually translucent, but excep-
tions can be there. The advantage of this kind of set-up includes patient privacy,
more dental chairs’ placement in limited office space and high economical benefits.
However, restricted staff movements during treatment should be managed by proper
planning.
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Dual Entry

This dental bay resembles single-entry operatory with dual entrances allowing staff
entry from either side of the dental room. As in single entry, the treatment area is
divided by partitions to separate clinical area and also at the same time maintain
reasonable patient privacy. This design requires more space and wider room design
as compared to other settings as it permits a second entry.

SinGLE Ewra
£ r! DUAL E~tly
CARINGT CABINET —

Single Entry Dual entry type

6.3.2 Size

It depends on the room layout, equipment and instrument placement, and delivery
while doing patient work, type and site of delivery system such as front, rear, side
and over-the-patient systems. During the initial set-up, it may have minimum num-
ber of dental chairs installed, but provision should be kept for further expansion.
The dental rooms nowadays accommodate portable digital radiography for images
to be taken intraoperatively or certain wall-mounted radiographic machines with
display screen.

Room should also accommodate equipment like dental room assistant carts,
operating microscopes, dental lasers and computers.

6.3.3 Acoustic System Design

In a dental office, different types of instruments like high-speed air rotors, low-
speed straight and contra-angle hand piece, high-vacuum suction machine, scaling
and root planning ultrasonic instruments, vibrators, model trimmers, lathe for pol-
ishing the dentures, and cutting and vibrating instruments are used [6]. They
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produce continuous sounds of different frequencies, which causes auditory effects
of noise on health. It is important to decrease the amount of exposure to these sounds
for the staff and for better patient experience. Dental operatory should be having
soundproof walls and ceilings. Barriers and shields should be considered to absorb
or filter the noise. Low-speed devices and low-volume suctions tend to produce less
noise and should be preferred. Ultrasonic frequencies can also damage hearing due
to the generation of subharmonics, and thus hearing should be protected against
these frequencies.

6.3.4 Delivery System Style and Location

The delivery system style selection depends upon the practice to be followed: end-
odontic, periodontal, orthodontic, oral surgery, prosthetics, oral radiology and diag-
nosis, oral pathology or pedodontics. There can be multiple delivery locations/styles
used within a treatment area. This is named as per clock diagram according to the
location of the operator in relation to patient, instrument delivery positioning and
assistant positioning. Within the set standard, the clock diagram depicts a patient’s
head at the midnight or 12 o’clock position and patient’s feet kept at 6 o’clock posi-
tion. Instrument delivery systems are basically of three types: side delivery, over the
patient or from back or rear end for efficient workflow settings to be customized.

A. Front End Delivery. B. Rear End Delivery

6.3.5 X-Ray Systems

Two types of X-ray systems are used in dental offices:
1. Intraoral X-ray machine
2. Panoramic X-ray machine
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Intraoral X-Ray Machine

The intraoral X-ray machine can supply radiation for both digital and traditional
film systems. Traditionally, fixed type of X-ray machines were used in dental offices.
Nowadays, portable types of machines are available. Intraoral periapical radio-
graphs, bitewing radiographs and occlusal radiographs can be done with this
machine. X-ray machine can be installed between the operatories so that two opera-
tories can use the same machine and also be cost effective. If the traditional film
system is used, darkroom should be made for processing of the radiographs.
Darkroom should have a minimum size of 4 x 6 ft, containing processing tanks for
developer and fixing solutions. Safe lighting can be done in darkroom, and the
colour of the bulb is preferably red.

Portable X ray machine

IOPA X ray machine IOPA Radiograph
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Panoramic X-Ray Machine

Panoramic radiography is a type of extraoral radiographic technique which is widely
used in dentistry. It provides only 2D information about oral and other maxillofacial
structures. It is an essential and valuable diagnostic tool, which can provide a one-
time image of all teeth, maxilla and mandible, paranasal sinus, temporomandibular
joints, inferior alveolar nerve and palate. Through proper positioning of patient and
applying standardization techniques, good quality of panoramic images can be
obtained. This type of images are less expensive than computerized tomography
(CT) images.

For the fixation of panoramic X-ray machine, “5 x 5 ft of clear floor space is
required. It is efficient and user friendly to locate the panoramic X-ray machine
space near the clinical area.

Panoramic X ray machine Panoramic X ray

6.3.6 Data Collection

Dental records may include treatment planning notes, radiographs, diagnostic study
models, investigations, clinical photographs, prescribed medication and progress of
patient and medical history. This information is very essential and should be main-
tained in an easily accessible manner. Electronic or digital records maintained by
computer-assisted methods are of high quality and are very beneficial for patients in
terms of safety [6]. Another advantage of storing digital records is that less space is
required for storage than paper records [7-9]. Moreover, photographs of casts can
also be stored in some cases [8].
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6.3.7 Waste Management System

Different types of wastes are generated inside a dental office including general
wastes, chemical wastes, infectious wastes and sharp wastes. Proper segregation
and disposal of waste are required in order to prevent the spread of infections. Two
types of wastes are generally produced in a dental clinic which include:

1. Hazardous wastes
2. Non-hazardous wastes

Hazardous waste Non-hazardous waste

Infectious waste Disposable paper towels

Pathological waste Paper mixing pads

Sharps Disposable covers of operating surfaces

Chemical waste
Cytotoxic waste
Radioactive waste

Non-hazardous wastes also constitute a major bulk of wastes produced in dental
offices but should be managed properly. There are different steps to be taken for
waste management. These include the following:

1. Waste survey: identify different types of wastes.

2. Waste segregation: different types of wastes are placed in different colour-coded
containers.

3. Waste accumulation and storage: accumulation means keeping waste for shorter
duration and storage is meant for longer duration.

4. Waste transport: transport of materials in designated vehicles.

5. Waste treatment: treatment of waste by different techniques like decontamina-
tion or disinfection.

The most essential part of waste management is the segregation of biomedical
waste. For this, colour coding of the container is done. Colour coding for different
types of waste categories is listed below as per biomedical waste management rules
2018 by the Central Pollution Control Board (Table 6.1).

General Waste Management

This includes all types of wastes produced in a dental office other than biomedical
waste. These wastes are not in contact with any infectious, chemical or biological
secretions. Moreover, waste sharps are also not included in this group. General
office wastes can be reduced by using materials with minimum packaging. Moreover,
plastic containers and cardboards, if clean, can be sent for recycling. The clothing
materials used in dentistry should be sent to laundry in red laundry bags labelled as
biohazard. Otherwise, disposable aprons or uniforms should be used.
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Table 6.1 Color coding of biomedical waste
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Option

Waste category

Treatment and disposal

Colour coding

1

Human anatomical waste,
extracted tooth, cotton
contaminated with blood, alginate
impression material

Incineration/deep burial

Yellow-coloured
non-chlorinated plastic
bags

2 Infected plastic waste, disposable | Incineration/autoclave Red-coloured non-
suction tips, gloves, syringes, chlorinated plastic bags
broken dentures

3 Waste sharps—needles, scalpels, | Disinfection/autoclaving/ | White-coloured
blades that may cause puncture microwaving and translucent puncture-
and cuts—both used and unused mutilation/shredding proof, leak-proof

containers

4 Glassware and metallic body Disinfection/autoclaving/ | Blue-coloured

implants

microwaving and
mutilation/shredding

puncture-proof,
tamper-proof containers

Infectious to Potentially Infectious Waste

This includes any materials contaminated with blood or any other secretions. Gauze
pieces and cotton rolls infected with blood should be segregated in yellow-coloured
bags and should be discarded properly. Wastes like suction tips and gloves must also
be placed in leak-proof red bags and labelled appropriately. Once the waste is col-
lected, licensed biomedical waste management team should be informed for proper
waste disposal.

Mercury-Containing Wastes

Mercury is a natural metallic element which is a bio-accumulative toxin. It can
cause potential risk to human health. A major constituent of dental amalgam fillings
is mercury, and thus a large amount of mercury waste is produced in dental clinics.
So proper management of mercury wastes is very important in a dental clinic.
Amalgam-containing traps should not be rinsed in the sink. Moreover, any mercury-
containing materials like broken amalgam restorations, extracted teeth having amal-
gam and filters containing amalgam should not be mixed with normal solid waste.
Instead, it should be segregated and stored in an airtight container designated as
“scrap dental amalgam”. Apart from this, staff should be properly trained for mini-
mal usage and disposal of mercury without wastage, and precapsulated dental amal-
gam should be preferred than bulk elemental mercury.

After the segregation of wastes, the next area is meant for cleaning of the debris
from the instruments and trays. Ultrasonic cleaners and undercounter instrument
washer system can be used for efficient removal of debris from the contaminated instru-
ments. A sink is required for the rinsing of contaminated instruments and for hand-
washing purpose. Sterilization areas can be equipped with suction devices to remove
water from the surface of instruments and for emptying of the instruments at a faster rate.
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After cleaning and drying of instruments, there is a need of packaging of instru-
ments. Wrapping of the cleaned instruments and cassettes is done in the area. Proper
bagging of instruments is required for ready access to different types of instruments.
Actual sterilization space should be separated from cleaning and processing area so
that splattering of wastes will not happen over cleaned instruments. A space for cold
sterilization should also be present for sterilizing instruments which cannot tolerate
heat and for disinfecting trays and lids. Autoclaves should be installed for proper
sterilization of instruments with in-built vacuum for cleaning of water reservoirs.

The last step is the storage of sterilized items. Storage can be done in different
types of cabinets and drawers. Instruments can be divided according to the order of
use and type of procedures. This type of organization process is effective for storage
of surgical, endodontic and prosthodontic procedures.

X-Ray Processing Wastes

Even though most of the dental clinics now use digital radiography techniques,
there are some centres that still use conventional radiographic techniques. Different
types of chemicals like developer, fixer and cleaning agents are used during the
process, and each of them requires special techniques for proper management. The
fixer and developer solutions should not be mixed. Waste developer solution can be
poured to the normal drain if the pH of the developer solution does not exceed pH
standard of the local sanitation agency. In most cases, developer is caustic in nature,
which recommends a separate disposal of the developer rather than draining to sew-
age. The fixer solution will be having silver, which is valuable and should be recy-
cled. Two techniques are generally used of which one is onsite treatment. Onsite
treatment and disposal involve the usage of silver recovery units or electrolytic
units. If onsite treatment is not possible, offsite treatment can be done. In such cases,
the used fixer should be collected and stored in a plastic container labelled as
“Silver-containing Used Fixer—To Be Recycled” and sent for recycling.

6.3.8 Internal Network for Water, Osmotic, Suction,
Electricity Systems

Internal network and storage within the delivery cart give a neat appearance to the
operatory. A single tube should be placed for the passage of compressed air, electri-
cal wires, computer cables and other wires. This allows for a neat arrangement and
should be routed to either an in-wall or an in-floor junction box. Another aspect to
be considered during clinic design is the placement of the foot control. The foot
control tubing can be kept under the floor through a conduit from the junction box
to the patient dental chair. This helps in creating easy access to the foot control
without tubing running across the floor [10].
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6.4 Summary

Planning and designing of dental clinic are one of the important steps, which should
be done with utmost care and precision. A dental clinic should be designed in such
a way that smooth functioning of the clinic and proper patient management will be
possible. Dental office should be designed not only according to recent technolo-
gies, but also anticipating future advancements. The architectural design and struc-
tural framework should be pleasing to the patients. In this post-COVID period,
patients are more concerned about the hygiene, sterilization and infection control.
At any cost, proper waste management and sterilization protocols should be fol-
lowed. The clinical environment should be maintained in such a manner that a posi-
tive attitude can be induced in patients regarding the treatment. Architectural and
ergonomic design can help decrease workplace-related stress and can promote an
atmosphere of teamwork for the dentists and supporting staff. So, it is very impor-
tant to plan and design dental office to meet the clinical and functional demands.
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Chapter 7
Hospital Information System

Divya Rao, Venkatesh, H. K. Mamatha, and N. Shalini

Objectives
This unit on HIS fulfils the following objectives:

1. Understanding the basic structure, layout, and design of hospital information
system (HIS)

2. Functioning of hospital information system (HIS)

. Decision-making and support

4. International coding of disease

O8]

7.1 Introduction

Healthcare is a crucial component of our society; healthcare professionals must
carry out their duties properly and efficiently. Hundreds or thousands of patients
enter medical facilities every day expecting the administration to handle the work.
And to do that, the staff must integrate and manage the clinical, operational, and
financial data that is changing along with the practice.

All of this data was initially organized manually in the absence of a system,
which was not only time consuming but also fell short of expectations for efficiency.
As a result, to increase efficiency, the majority of professionally managed clinics
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and hospitals today rely on hospital information systems (HIS) to manage all of
their administrative and medical data.

In the era of intense competition, the healthcare sector is seeing a greater empha-
sis on patient care quality and successful clinical outcomes. Therefore, in order to
keep up with the changing market, hospitals and other healthcare providers must
streamline procedures and models while cutting operational expenses.

The administrative, financial, and clinical aspects of hospitals and healthcare
facilities are managed by modern hospital information systems (HIS), which are
extensive, integrated, and specialized information systems. They are regarded as
one of the most crucial hubs on which the provision of healthcare within hospitals
and various types of medical facilities depends [1]. These systems’ play a very criti-
cal role in maintaining patient data and information, including vital information
about the patient and other comprehensive medical data, as well as in documenting
all medical services provided to the patient, including examinations, diagnoses,
treatments, follow-up reports, and crucial medical decisions, makes their signifi-
cance clear [2].

7.2 Information

According to Wikipedia:

“Information can be recorded as signs, or transmitted as signals. Information is
any kind of event that affects the state of a dynamic system that can interpret the
information”.

Conceptually, information is the message (utterance or expression) that is being
conveyed. Hence, in a general sense, information is “knowledge communicated or
received, concerning a particular fact or circumstance”. Information cannot be pre-
dicted and resolves uncertainty [3].

7.2.1 Information vs. Data

Information Data

Raw facts that are organized, structured, and Raw facts which are unstructured,
interpreted and created into a useful message unprocessed facts and figures and collected
are information plainly

Interpreted data: they are created from Groups of non-random symbols that depict
processed, organized, and arranged data in a objects, actions, and numbers in text,
specific environment graphics, and voice

According to Davis and Olson [4]:

“Information is data processed to give meaningful content and which is real and
has perceived value in the current action or in the future action or for decision mak-
ing process by the recipients”.
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Professor Ray R. Larson of the School of Information at the University of

California, Berkeley, provides an Information Hierarchy, which is

* The

Information

* Someone's

* Knowledge

* Information

« Distilled and

information's organised and that has been combined

basic presented read, heard, knowledge

components data observed, or and
understood. information

Information Continuum as explained by Scott Andrews’ [5]

* A fact, piece of knowledge, or collection of related information. I

 Information

* Knowledge discerned from data.

* Business Intelligence

« Information management relating to the policies or decisions of an
organisation, especially when connected to operational or strategic goals.

7.3 Management Information System (MIS)

“The study of people, technology, organisations, and their relationships is known as
management information systems (MIS). MIS specialists assist businesses in get-
ting the most out of their investments in people, technology, and operational
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procedures. MIS is a people-centric approach with a focus on providing services
using technology”.

Management information systems can be utilized by any level of management,
and executives who are in charge of business typically make decisions about which
management information system (MIS) to adopt and business’s entire technology
strategy, including assessing how a new technology might benefit the firm. They
make decisions on the new MIS’s implementation.

The MIS is a product of contribution of functional features from various fields,
which depicts its nature and scope [6].

1.Computer
Science

1.Behavioural

Qience

1.Accounting

1.Management 1.Operational

\ \Research

7.3.1 Types of MIS [7]

Hossein states that there are different forms of information systems that help middle
and operational level managers prepare reports, extract data, and make decisions.
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Decision support systems (DSSs)

Executive information system (EIS)

Marketing information systems

Accounting information systems

Human resource management
systems

Office automation systems (OAS)

School Information Management
Systems (SIMS)

Enterprise resource planning (ERP)

Local databases
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* Are computer software programmes that middle and higher
management utilise to assemble data from a variety of
sources to enhance problem-solving and decision-making.
For unstructured and semi-structured decision issues, a
DSS is typically utilised.

* |t is a tool for providing easy access to summaries of reports
from various organisational levels and divisions, including
accounting, human resources, and operations.

* They are designed specifically for managing
the marketing aspects of the business.

* Are focused accounting functions

* Are used for the personnel management

* OAS can automate the workflow and remove bottlenecks,
the organisation may increase communication and
efficiency. OAS can be used to implement at all levels of
management.

* Cover school administration, often including teaching and
learning materials

* Software which links to external stakeholders and supports
the flow of information between all business operations
inside the organization's borders

* Forms the primal or base level data base for managers
which are small and simplified version of MIS
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7.3.2 Advantages and Disadvantages of MIS [7]

ADVANTAGES DISADVANTAGES

* Boost creativity and the creation of new goods, * Retrieval and dissemination are dependent on
increase operational efficiency inside a firm, and technology hardware and software.
aid in managerial decision-making. « Potential for inaccurate information.

* Due to the availability of revenue data, staff
performance records, etc., businesses may
evaluate their strengths and limitations. A
company can enhance its business operations and
processes by identifying these factors

* Helps the organistion to gain competitive
advantage in the market

« It also helps to reduce the downtime of actionable
items in the organisation

« align the business process according to the needs
of the customer

7.4 Hospital Information System

The modern-day challenges in the delivery of healthcare services are addressed by
applications of information technology-enabled services known as hospital man-
agement information system (HMIS) with emphasis on cost-effectiveness, conve-
nience, and extensibility. This helps healthcare providers to achieve revenue growth
and substantial savings.

HIS was developed to address the challenges of organizing all the patient paper-
work for each department of a hospital stay while maintaining patient anonymity.
HIS makes it possible to handle all patient paperwork in one location, which frees
up staff members from having to organize and analyse patient information.

For efficient management and seamless operations, HMIS should offer 360°
solutions through different modules covering every requirement of the hospital. It
should be practically tested and proven to be implementable across healthcare facil-
ities, and the HMIS provider should have enough experience in implementation.
The solution should be highly scalable to fulfil most of the requirements of various
kinds of healthcare facilities and providers when they grow and scale up in terms of
business and introduction of newer facilities.

Any HMIS should be designed keeping in mind the needs of the customer and
should be easy to learn and use. The needs of the hospitals should be met by tailor-
ing the functions within the modules.



7 Hospital Information System 101
7.4.1 Development [8]

Since its introduction in 1960, hospital information system has evolved and kept
pace with technological advancements while improving healthcare facilities. In the
modern world, patient needs are met by starting the management of healthcare in
the hands of patients through their mobile phones.

7.4.2 Definition

The general meaning of management information system (MIS) is a structured and
systematic arrangement and presentation of facts (information) that is generally
required and helps the management of an organization in taking effective and better
decisions for the organization. The MIS derives data from several units of the orga-
nization or from other sources linked to it.

The term “Hospital Information Systems (HIS) refers to the component of health
informatics that places focus largely on the administrative, financial, and clinical
needs of hospitals. These systems augment the ability of healthcare professionals to
coordinate care by providing a patient’s health information and visit history at the
place and time that it is required” [9].

7.4.3 Objectives of HIS

The main goal of any organization is to manage itself in an improved manner by
utilizing the potential of the HIS and gain competitive advantage.
Following are the basic objectives of the HIS [10]

Capturing * Processing ¢ Information ¢ Information Information
Data Data Storage Retrieval Propagation
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Characteristics of HIS [11]

The HIS exhibits the following characteristics:

It is designed for a long-term planning providing a holistic view of the dynamics
and the structure of the hospital by comprehensively interconnecting sub-systems of
the organization.

The hospital manager’s needs, such as strategic, operational, and tactical infor-
mation, should be met; it should also report any exceptional situations which are
detrimental to the users and hospital.

Decision makers or users should be able to make estimates and forecasts, gener-
ating advanced information which provides a competitive advantage.

All sub-systems within the hospital should be linked between each other and
provide an integrated view, which helps the decision maker to take the right decision.

The redundancy and duplicity of data will be avoided by allowing easy and clear
flow of information through various sub-systems, simplifying the operations with as
much practicability as possible.

Although the HIS is an integrated system linking all sub-systems, it should also
be able to function as a stand-alone sub-system without interfering with other sub-
systems, thus providing autonomy between each sub-system and vice versa.

The backbone of any HIS is its database without which the HIS cannot fulfil the
needs of the hospital management and the users.

With the advancement in the computer hardware and software configurations,
the HIS should be capable of processing data accurately and with high speed.

Since the hospital generates large amounts of raw data, both related and unre-
lated in nature, from various internal and external sources related to the organization
related to the various activities, this data should be collected, organized, and updated
for processing meaningful information.

As there will be constant activities being exhibited in a hospital, the HIS should
provide real-time information of these activities without delay and provide support
for various output formats. It should be compatible as per the current rules and regu-
lation in practice. Extreme flexibility in data storage and retrieval is important.

HIS is used globally by most of the healthcare providers and has promoted an
inclusive approach in technology for long-term care and acute care. The interoper-
able cloud-based platforms empower nursing homes, hospitals, home care, clinics,
remote patient monitoring, disability centres and telemedicine. With HIS, the launch
of any new service is possible for healthcare providers with least possible time on
the cloud with comprehensive access.



7 Hospital Information System 103

Functioning of HIS

The hospital information system functions online and uses the intranet to access the
relevant hospital network. Information about the medications needed to treat perti-
nent ailments is stored on database servers. Additionally, it monitors patient finan-
cial information and makes online appointments for doctors.

7.4.4 Features or Modules of HIS [12]

Features/Outlook of the Modules

The modules could possess features like:
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Example of HMS Workflow with Associated Activities

Patient
registration

Scheduling
appointment in

HMS Insurance plan

Work with heal
records

.
Data transfer between l 1 .
lab and doctor
Digital Healthcare! m
Records e

Treatmen

Patient

: | P
Automated patient . monitoring

[ database ,—'/

Functioning of HIS

See Fig. 7.1.
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Fig. 7.1 Eye hospital functions and key data generated [13]
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Benefits of HIS [14]

The provision of high-quality patient care, especially ambulatory and outpatient care.

diagnosed

. No duplication of information entries |

. Improved turnaround time for Reports and Results

. educed re-testing aue to commaon mrormation snowing wnat has already been |

Reliable storage and immediate retrieval of shared information

Limited patient access

Y

{
Heightened integrity of information

7.5 Decision Support System (DSS)

7.5.1 Introduction

The HMIS acquires data and processes the data to form a useful information which
is used by the organization for taking better decisions, which involves the user dis-
cretion and interpretation ability based on the individual’s capability and require-
ment [15]. Furthermore, when the same information is presented by the system/
program itself which can support determinations, judgments, and course of action
in the hospital or business, it is termed as decision support system. The DSS is a
computerized program which shifts through and analyses large amounts of data,
compiling comprehensive information which can help to solve problems and can be
used in decision-making [16].

7.5.2 Definition

“A decision support system (DSS) is a computer programme application that helps
businesses make better decisions. Large volumes of data are analysed, and the best
solutions are then presented to an organisation. To give users information beyond
the typical reports and summaries, decision support systems combine data and
knowledge from several fields and sources. This is meant to assist people in making
defensible decisions” [17].
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The hospital information system incorporates a clinical decision support system
(CDSS), which analyses large data within electronic health records to provide
prompt reminders to help doctors and clinicians in implementing evidence-based
clinical guidelines at the point of care [18].

CDSS helps to improve the delivery of healthcare and enhance physician deci-
sions with goal-oriented clinical acumen supported by a software program, which
aids in clinical decision-making known as clinical decision support system or
CDSS. The traditional CDSS consists of a software program, which helps clinicians
to take decisions based on the information available pertaining to a particular patient
such as patient-specific assessments, disease history of the patient, earlier medica-
tions used, laboratory investigations, and other inputs.

CDSS can be used to provide care in multiple ways: for example, by reminding
providers to screen for certain (cardiovascular) diseases’ risk factors, highlighting/
flagging cases of high blood pressures or hyperlipidaemia, providing info on treat-
ment protocols, prompting questions on medication adherence, and offering cus-
tomized recommendations for health behaviour changes.

Thus, the CDSS software presents with certain recommendations to the clinician
for arriving at a decision. Nowadays, the CDSS are used at the point of care, where
the clinicians use his/her knowledge and discretion along with the suggestions pre-
sented by the system (CDSS). The advantage of today’s CDSS is the availability of
software program that can process large volumes of data and interpret meaningfully,
which will help clinician to arrive at a best possible option of treatment. Otherwise,
normally these large volumes of data cannot be processed and interpreted by human
capabilities. Quality of care in screening, testing, and treating patients can be
increased significantly. However, there is lack of evidence to suggest that CDSS
directly affects health outcome.

7.5.3 Evolution [19]

Evolution of DSS started early in the 1950s and 1960s from the research conducted
at the Carnegie Institute of Technology, but came into practical usage in the form of
executive information system (EIS), group decision support system, organizational
decision support system, and clinical decision support system in the early 1980s, i.e.
when all the organizations worldwide were focusing on data-driven decision-
making and the decision science or decision intelligence started gaining prominence
[19]. Decision scientists emerged as the new professionals who can unlock the
potential features of decision science systems. By combining together applied data
science, managerial science, social science, and design science and focusing on
selecting between options, thus reducing the effort required to make higher quality
decisions, the DSS started delivering its output.

The computer-based CDSS emerged during the early 1980s with limited devel-
opments and poor system integration; back then, it was time consuming and was
only limited to academic activities. There were many unanswered questions such as
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the use of computers in medicine, physician independency, and responsibility of
wrong decision when computers used for decision-making were not clear, as ethical
and legal framework for usage of computers in medicine was not specified. With the
advancement in the field of IT, there are lot of Web applications available which can
integrate with electronic health records (EHR) and computerized provider order
entry (CPOE). Also, the accessibility of CDSS through desktop, tablet, smartphone,
and wearable health devices which may or may not produce outputs directly on the
devices or be linked into EHR databases has popularized the usage of CDSS.

7.5.4 Functioning

A clinical decision support system works by combining the raw data with document
and personal knowledge, associated with business models to help users make deci-
sions. The data sources used by a clinical decision support system are from various
sources, input data captured at various points in the electronic medical records
(EMRs), and projections from marketing departments and finance departments such
as revenue projections, sales projections, data warehouses, and more.

7.5.5 Components

There are generally three components in DSS [20]:
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and what can be done
to make it better.
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7.5.6 Types of DSS [21]
Data-Driven DSS

A computer programme that bases “its judgments on information from either inter-
nal or external databases” is known as a data-driven DSS. A data-driven DSS typi-
cally uses data mining techniques to identify trends and patterns, which allow it to
foretell future events. Data-driven DSS are frequently used by businesses to support
decision-making on inventories, sales, and other business activities and are utilised
to aid in decision-making in the public sector.

Model-Driven DSS

Model-driven decision support systems are “tailored in accordance with a preset set
of user needs to help analyse various situations that satisfy these requirements.
These systems are built on an underlying decision model”. A model-driven DSS
might help with scheduling or creating financial statements.

Communication-Driven and Group DSS

Using a number of communication channels, such as voice chat, instant messaging,
or email, a communication-driven and group decision support system enables mul-
tiple people to work on the same task at once. The purpose of this kind of DSS is to
boost user-system collaboration while also enhancing the system’s overall efficacy
and efficiency.

Knowledge-Driven DSS

“The information that powers this kind of decision support system is stored in a
knowledge base that a knowledge management system continuously updates and
maintains”. Users of a knowledge-driven DSS receive information that is in line
with the business procedures and expertise of the firm.

Document-Driven DSS

“An information management system that employs documents to retrieve data is
known as a document-driven DSS”. Users can conduct searches on websites and
databases or for particular search phrases using document-driven DSS. A document-
driven DSS might access documents like policies and procedures, meeting minutes,
and company records.



110 D. Rao et al.
7.5.7 Types of CDSS [22, 23]

Knowledge based: It requires a data source, and a particular rule is created and the
system retrieves data and examines or evaluates it with the rule to generate an output
or action. The rules are based on the literature, practice, or patient-directed evi-
dence [16].

Non-knowledge based: It does not need a rule to be created to evaluate the data,
but still the data is required and the decision is arrived at with the application of
artificial intelligence (Al), machine learning (ML), or statistical pattern recognition
[17]. Non-knowledge-based CDSS is rapidly growing but with a lot of challenges,
and understanding the logic that Al uses to generate recommendations is a puzzle in
itself, combined with problems of data availability; these types are yet to have wide-
spread implementation. Both types of CDSS have common components with a few
subtle differences (Fig. 7.2).

Knowledge based single system CDSS

. Recommendations

Communications . Knowledge Base
Interface Engine
<code>

Interface

Knowledge User

User Choices

Clinical Data

Non-knowledge based single system CDSS

Recommendations

Communications Al-Powered :'9?:;“‘::;
Interface Interface Engine 9. neu
network

Knowledge User

User Choices

Clinical Data

Fig.7.2 Diagram of key interactions in knowledge-based and non-knowledge-based CDSS. [Image
Courtesy: npj Digital Medicine (npj Digit. Med.) ISSN 2398-6352 (online)] [16]
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7.5.8 Features [16]

They are composed of the following:

1. Base: The data provided, the algorithm used to model the decision (non-
knowledge based), and the rules that are coded into the system (knowledge based).

2. Inference engine: The inference engine uses the programmed or Al-determined
rules and data structures to process the clinical data of the patient and provide an
outcome or action that is displayed to the user (e.g. physician).

3. Communication mechanism: The front-end interface of a website, app, or EHR
that the user uses to interact with the system [18].

7.5.9 Implementation [24)

For implementing CDSS, there are several considerations, such as the following:

1. Areas of usage: Although healthcare providers are using CDSS in various ways,
very few studies are available about the usage as the systems used may be differ-
ent. CDSS is used primarily for outpatient care and hence lacks the evidence
supporting and justifying the implementation of CDSS.

2. Policy and law-related guidelines: The vendors should fully disclose the
sources used to build the knowledge base for their CDSS since they interpret and
translate the guidelines into algorithms used by the HMIS-CDSS systems, i.e.
software along with its limitations and drawbacks. In order to account for
changes in evidence and guidelines, the providers must ensure that CDSS is
updated regularly, for changes in clinical evidence and guidelines. The HMIS
having CDSS feature should track complete and up-to-date information about a
patient’s medical histories and hypersensitivity and allergic details. If not, the
CDSS would not be able to offer comprehensive output and the providers would
be burdened and avoid the CDSS guidance, which would become a barrier for
successful implementation and outcome, and hence it should be mandatory to
have repeat trainings about CDSS implementation and guidelines.

3. Implementation: In order to implement the CDSS, various guidelines available
from different sources must be used as it requires vast and unique inputs specific
to certain diseases and conditions so that the CDSS would work better. By com-
bining the processing of data with inferential models, deductive logics, and pre-
dictive algorithms that enable not only the search for relationships among data
but also existing trends, causes, and consequences, the incorporation of the
“intelligent” characteristic to the “decision support system” seeks to address this
challenge. To create a decision system with low uncertainty and exceptional
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accuracy, it is crucial to properly combine and complement all these statistical,
inferential, and predictive methods.

7.5.10 Functions and Advantages of CDSS
Patient Safety

This helps in reducing medication errors, drug—drug interaction errors [19], dosing
and prescribing errors, contraindication warnings, and more [25]. These are done
through drug safety software, which are designed with safeguard features for dos-
ing, identifying duplication of treatment patterns and drug—drug interactions; CPOE
systems use this software.

Clinical Management

Traditional clinical guidelines and care pathways have demonstrated difficulty in
implementing and practice due to very low adherence by the clinicians [26]. If these
guidelines can be formulated as a rule and encoded into CDSS, it can serve in a
variety of forms, such as standardized order sets for a customized case, alerts to a
specific protocol for a specific patient, and reminders for testing. CDSS can also
help in managing patients who are on observation protocols on research/treatment.
Follow-up for referrals and ensuring preventative care is possible [27].

Cost Reduction

By reducing test duplication, prescribing cheaper drug alternatives [28], and sug-
gesting lower cost treatment, thus reducing insurance denials and decreasing length
of stay for inpatients by timely clinical interventions, CDSS can help in cost reduc-
tion and help providers to offer cost-effective healthcare.

Administrative Tasks

CDSS helps in quick patient triage by providing support to physicians in arriving at
quick decisions in selecting the most suitable diagnostic coding and ordering of
tests and procedures through specifically designed algorithms. As per a study, CDSS
was conceived to address the inaccuracy of ICD-9 emergency department (ED)
admission coding (ICD is International Statistical Classification of Diseases, stan-
dardized codes used to represent diseases and diagnosis) [29]. CDSS helps in
improving the quality of clinical documentation. An obstetrics CDSS protocol can
adopt an enhanced alerting system, which helps in improving the documentation of
indications for labour induction and estimated foetal weight as compared to control
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parameters of the organization [30]. Proper documentation helps in effective imple-
mentation of clinical protocols.

It is not very popular due to negative perceptions of the physicians and their
biases; inaccuracy due to lack of data availability and system integration has
prompted for a manual entry of data [31].

Diagnostics support has a huge potential, especially in countries with resource
shortage in terms of established clinical experts, where there are also desires for
systems that can supplement specialist diagnostics [32]. Electronic reference-based
systems offer probable diagnosis on the basis of patients’ clinical presentations of
signs and symptoms [33].

DDSS in Radiology and Imaging

Diagnostic radiology and imaging use knowledge-based CDSS for image ordering;
radiologists use this to select the most appropriate test to run; and the DDSS system
sends reminders of best practice guidelines and gives alerts on contraindications to
contrast [34]. It was also known to reduce the number of investigations which were
not necessary by assessing the signs, symptoms, and clinical queries prior to image
ordering (POC). Moreover, if an image was denied, an alternative was suggested by
the system.

There is a great emphasis on non-knowledge-based clinical decision support sys-
tems for enhanced imaging and precision. With large amount of data and image
acquisition, interpreting manually is difficult and limited. With the advanced pixel
recognition and image classification algorithms such as deep learning (DL), several
companies are at the forefront of developing solutions for tumour detection, medi-
cal imaging interpretation, and diagnosis. IBM Watson has developed “Eyes of
Watson”, which can combine image recognition of a brain scan with text recogni-
tion of case descriptions to provide comprehensive decision support system called
as “‘cognitive assistant” [35].

The Google-invented deep convolutional neural network can detect diabetic reti-
nopathy with high sensitivity and specificity from a data set of 130,000 retinal
images. The system algorithms’ performance was on par with the US board-certified
ophthalmologists.

CDSS in Laboratory and Pathology

CDSS is used extensively in laboratory testing and interpretation. Reminders are set
for abnormal lab results in EHR systems. Artificial intelligence is used to enhance
accuracy where multiple tests are combined (serum markers, imaging, and gene
tests); the CDSS is used in the interpretation where test’s reference ranges are highly
personalized and are age, sex, and disease subtype specific [36]. CDSS is used in
tumour grading and estimating recurrence with 93% accuracy in urinary bladder
tumours and brain tumour classification and grading. It is also used in arterial blood
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gas interpretation, protein electrophoresis reports, computerized ECG analysis, and
blood cell counting [37].

With the invention of personal health record (PHR) decision support system use-
ful to patients, the CDSS functionality is integrated, similar to EMRs, with the
patient as the end user or manager of the data, which is a great move towards patient-
centric care, and the CDS-supported PHRs aid in the implementation of shared
decision-making between patient and provider; this will help in removing the bar-
rier and help in patients’ participation in their care.

Several PHRs are available, which can be fully integrated into the institutional
EHR. This helps the patients in deciding the level of care they need and then help
them seek treatment [38].

The data collected by the PHRs is limitless such as allergies to insurance cover-
age to prescription and medications. Also, data from other wearable devices can be
integrated to PHRs to create an actionable insight for providers.

Challenges of Clinical Decision Support System [16]
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Drawbacks of CDSS [39]

! Affects user skills

*Whenever any
medication is
administered or
dispensed the
prescriptions and the
physical medicines are
cross-checked twice by
the healthcare
providers whereas now
with the advent of
CDSS and CPOE it has
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the instructions
generated or dispensed
by CDSS is always
right leading to non
checking by the
providers

'updated Knowledge
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integration and
transportability

' Lack of system

* The main challenge of
CDSS is lack of
interoperability where
there are technical
incompatibilities.

CDSS may exist as
independent systems or
even they are
incorporated in a
system but lack
efficient
communicability with
other systems. The vast
and diverse Clinical
data source itself is a
big challenge.®®

7.6 International Classification of Diseases (ICD)

Diseases have to be analysed in terms of prevention, treatment, and allocation of
resources. To understand this, a measurement system has to be followed.
Measurement must be accurate to enable cogent summarization of massive amounts
of data as well as reliable comparisons between locations and over time. For this
measurement, a classification of diseases and related issues is necessary [40].

The International Classification of Diseases (ICD) has been the primary basis for
comparable statistics on causes of death and non-fatal diseases for more than a cen-
tury and was adopted by the International Statistical Institute in 1900 in Paris [41,
42]. This was followed with the updating in every decade, till the task was handed
over to the WHO in 1946. It started with the ICDI1 to the various versions that have
come into vogue after that. The ICD-9 was adopted in 1985, and after an interval of
17 years, the ICD-10 was adopted in 1992 [43].

The WHO started working on the ICD-11 in 2007 with the involvement of
experts from over 90 countries. The ICD-11 was adopted in May 2019 (27 years
after the ICD-10) by the World Health Assembly, to be effective for use from
January 2022.

The ICD is used widely and diversely all over the world. The use of data coded
according to the ICD supports a majority of what is understood about the scope,
causes, and effects of human disease globally.

Since the inception of the ICD-10, medicine has developed significantly, and our
understanding of many diseases has also evolved significantly. The adjustments
required to consider these developments were beyond what could be accomplished
by merely revising the tenth edition. The advent of the digital age, as an extrinsic
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element today, influences practically all aspects of life and is another justification
for conducting a significant overhaul of the ICD [40].

Inadequacies of the ICD-10 were addressed in the 11th revision, which was
approved by the 72nd World Health Assembly in May 2019 after much debate and
consultation. The overall changes are significant; the ICD-11 is not just the ICD-10
with a few extra categories. The ICD-11, on the other hand, is a distinct and more
potent health information system built on formal ontology, intended for use in con-
temporary IT infrastructure, and flexible enough to be altered in the future and used
with other classifications and terminologies.

7.6.1 ICD-11 Design

The key distinction between the ICD-11 and previous editions is its adaptability to
the digital age based on a computable knowledge framework. Although the ICD-11
can be utilized in paper-based systems, the framework’s features and capabilities are
expected to make electronic use appealing to the majority of users.

7.6.2 Framework of the ICD-11 [40)]

Biomedical
Ontology

Foundation Classifications
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ICD-11 had 28 chapters, 6 more than ICD-10. ICD-10 has around 10,607 codes and
ICD-11 has 14,662 codes.Three new chapters, among the first 25 chapters, are [40]:
Chapter 4 Diseases of the immune system
Chapter 7 Sleep-wake disorders
Chapter 17 Conditions related to sexual health
The other 22 chapters are almost similar to the chapters of the ICD-10 [40].

ICD-10 Corresponding

chapter ICD-11 chapter

I Certain infectious and parasitic diseases 1

I Neoplasms 2

1 Diseases of the blood and blood-forming organs and 3and 4
certain disorders involving the immune mechanism

v Endocrine, nutritional, and metabolic diseases 5

\Y Mental and behavioral disorders 6

VI Diseases of the nervous system 8

Vil Diseases of the eye and adnexa 9

VIII Diseases of the ear and mastoid process 10

IX Diseases of the circulatory system 11

X Diseases of the respiratory system 12

XI Diseases of the digestive system 13

XII Diseases of the skin and subcutaneous tissue 14

X1 Diseases of the musculoskeletal system and connective 15
tissue

XIV Diseases of the genitourinary system 16

XV Pregnancy, childbirth, and the puerperium 18

XVI Certain conditions originating in the perinatal period 19

XVII Congenital malformations, deformities, and chromosomal | 20
abnormalities

XVIII Symptoms, signs, and abnormal clinical and laboratory 21
findings, not elsewhere classified

XIX Injury, poisoning, and certain other consequences of 22
external causes

XX External causes of morbidity and mortality 23

XXI Factors influencing health status and contact with health 24
services

XXII Codes for special purposes 25
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New chapters and sections in the ICD-11-MMS [40]

Title Reason for addition
Chapter 3: Diseases of | These two chapters were split from a single chapter in the ICD-10,
the blood or blood- recognizing differences in aetiology, manifestations, and care

forming organs

Chapter 4: Diseases of
the immune system

Chapter 7: Sleep-wake
disorders

This topic has become more prominent since the tenth revision. The
chapter mostly includes new concepts with some concepts moved from
other chapters in the ICD-10

Chapter 17: Conditions
related to sexual health

This topic has become more prominent since the tenth revision. The
chapter mostly includes concepts moved from other chapters in the
ICD-10, combined with some new concepts

Chapter 26: Traditional
medicine conditions

This entirely new supplementary chapter in the ICD-11 enables coding
in terms of traditional medicine concepts, where required

Extension codes
section

Codes in this section can be combined with a stem code to provide
additional information

Functioning section

Some national modifications of the ICD-10 added sections to allow
patient functioning to be recorded. The ICD-11 provides a
supplementary section for functioning assessment, aligned with the
WHO International Classification of Functioning

7.6.3 Coding Tool as an Index

The ICD-10 and older editions advise using the index book to locate the correct
code for diseases. The ICD-11 offers users a new method for locating and choosing
categories. The WHO developed a Web-based coding tool that takes advantage of
partial word matching, word-order independence, synonym management, hierarchy
traversal, and other digital capabilities. The tool can return the completed cluster
when a search word corresponds to a cluster rather than a single stem code [43, 44].

Benefits of ICD-11 [40]
Global Reach, Accessibility, and Standardization

The ICD-10 is utilized extensively in several nations, but not at all in certain others.
The ICD-11-MMS’s digital and Web-based design will remove several obstacles to
the ICD’s more widespread implementation. It will be simple for someone with
online access to have virtually equal access to the same version of the ICD-11-
MMS, thanks to the improved language support, the coding tool, the API on which
it is built, and the expected apps that will tap the potential of the APL
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Health Metrics

ICD-coded data have served as the foundation for both international and national
statistics on cause-specific death for many years. More recently, assessments of the
global and local burden of disease and injury have relied heavily on mortality data
as well as ICD-coded morbidity data.

The ICD-11-MMS has been created to offer statistical continuity for main causes
as well as numerous specific causes, and these measures frequently deal with rather
broad types of causes (e.g. tuberculosis, suicide).

Integrated Support for Hospital Case Data

Patient records that have been admitted to the hospital as well as several other kinds
of healthcare data have long been coded using the ICD. Many users felt that the
WHO-published version of the ICD-10 lacked enough specificity for clinical appli-
cations as well as for a related goal of enabling activity-based billing and payment
systems. To achieve these goals, a few WHO member nations created “clinical mod-
ifications” of the ICD. While there are some similarities across the various clinical
modifications, there are also many differences that make them an inadequate basis
for cross-national comparisons.

Capability to Operate Within Health Information Systems

The ICD-11-MMS is a “native citizen” of the age of networked, cooperative health
information systems, thanks to its digital foundation. For administrative or research
purposes, it is becoming more common to merge data from several sources, which
increases the value of already existing data. When the combined sources contain
information on mortality and morbidity, for instance, classification of the data in
both sources in accordance with the ICD-11-MMS will assist analysis and
interpretation.

ICD-11-MMS Support for Activity-Based Funding Systems

Codified diagnosis data are utilized in activity-based systems, which are frequently
used to manage and distribute payments for hospital care. It is reasonable to antici-
pate that the ICD-11-MMS will serve as a solid foundation for activity-based sys-
tems given the parallels between the ICD-10 and ICD-11-MMS and the new
revision’s enormous expressive potential.
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Quantitative Derived Measures

Case mix cost weights are well-known quantitative measurements that are primarily
obtained from ICD-coded data. Other ICD-based quantitative measures have come
into existence, such as those that assess the likelihood of surviving to discharge and
the occurrence of post-injury persistent disability. It is anticipated that the ICD-11-
MMS’s significant expressive capability, particularly with regard to features of case
severity, will facilitate more effective quantitative measures across a larger range
of issues.

Governance, maintenance, and updates: It is believed that getting the ICD-11-
MMS ready for use in various contexts will highlight omissions and other areas that
could use improvement that was not seen during pre-release testing. Naturally, as
long as the ICD-11-MMS is in use, new information regarding diseases will also
call for modifications. ICD-11 updates will be made in an open and transparent
manner. This updating approach, along with the adaptable ICD-11 framework, may
prevent the need for another significant modification for a while.

Since the introduction of the ICD-10, information systems have evolved more
than they did in the preceding century. Health information has not yet fully adapted
to the era of globally networked and nearly real-time data systems, which have
altered many other parts of life. The ICD-11 has been created to make that shift pos-
sible right now, from its foundation, information framework, and API to a range of
tools for users.

The ICD-11 can be accessed at icd.who.int.

7.7 Conclusion

One of the health information systems that have seen extensive use is the hospital
information system (HIS). The quality of these systems is a source of concern.
Therefore, it is essential to regularly assess HISs. The implementation of HIS also
needs a significant financial commitment. To meet administrative needs and enhance
healthcare efficacy and efficiency at a reasonable cost, hospitals have established
health information systems that deliver timely and accurate information. The pri-
mary requirements for hospital information systems are accurate data storage,
dependable utilization, quick access to data, secure data storage, and decreased
usage costs. According to Damen [45], the goal of the hospital information system
is to elevate “managing” to a level of system insight, system knowledge, and system
problem resolution from one of fragmentary patchy information, intuitive guess-
work, and isolated problem-solving. The information system in an organization
must be user friendly, and regular training of the employed system will help the
employees to use the available software and help in delivering quality care to the
patients.
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Chapter 8
An Intensive Care Unit Design
of the Future

Anil Kumar Chillimuntha, Kashipa Harit, and Sushman Sharma

In the era of pandemics, ICU is the most critical department in a hospital. It is a
specialized and self-contained place where critically ill patients, whose life hangs in
the balance of life and death, are lodged and cared for. It is a highly specialized and
sophisticated area furnished, equipped, and manned by unique skilled expert per-
sonnel who handle very complex machinery. Based on the capability of an ICU to
handle the varied medical complexities and the level of clinical expertise, ICUs are
segregated into different levels of care such as level 1, level 2, and level 3.
Consideration of standards and specifications in each level varies, so while design-
ing the ICU, care needs to be taken for accommodating future upgrade of lower levels.

An intensive care unit is a separate self-contained area within the hospital
equipped with highly specialized facilities designed for bedside close monitoring
and rapid intervention of staff. Intensive care unit represents the highest level of
care, which is a multidisciplinary and inter-professional specialty, treating patients
with potential recovery from life-threatening diseases. The patients in ICU either
have developed an organ failure or are at a risk of developing one. The capacity to
temporarily support or if need be replace the function of these organs such as lungs,
kidneys, and cardiovascular system is the critical care medicine domain. Since these
critical patients are housed in a designated unit, the planning and designing go a
long way in facilitating their recovery.

The planning and development should be futuristic and applicable to the working
needs and demands. Designing with requisite standards and specifications to create
optimal size cubicles that house the patient bed which is surrounded 360° by com-
plex equipment, personnel, and hand hygiene stations is to be planned appropri-
ately. Providing the right electrical, civil, and engineering controls is of paramount
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importance. Integrating information technology into the planning of medical records
will enable proper monitoring in ICU and at home. Designing a robust critical care
system capable of interfacing, collating, and analyzing information and providing
connectivity envelope with the patients, relatives, staff, and doctors is a real need.

A good ICU operates on standard operating procedures and policies having com-
plex quality controls and infection control protocols and facilitates training and
research. Therefore, planning and designing an ICU with optimal space design,
environment-friendly patient flows, and easy staff maneuverability are very intricate
and crucial for a futuristic ICU. Before designing an ICU, it is important to under-
stand the departmental relationships for critical care units as shown in the
figure below:

In-patient
acute
services

Infection control
CRITICAL

CARE
UNIT

Sterile supplies

Emergency '
Care Radiology

Departmental relationships for a critical care unit

The key result outcome of a well-designed ICU lowers morbidity and mortality;
facilitates a lesser length of stay; minimizes the cost of care delivery; and results in
higher revenue per bed and a high happy quotient for all stakeholders.

A well-designed ICU with structures and processes will provide a good work
environment. It should support the care processes and relationships within the unit.
This results in job satisfaction and motivation of staff, thereby providing high-
quality care for patients. A conducive work environment is brought through appro-
priate ICU planning and design, which is directly proportional to the satisfaction
and productivity levels of staff. Therefore, establishing a well-planned modern ICU
is imperative in today’s modern-day healthcare scenarios.
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8.1 History of Critical Care

The concept of ICU has started with the Copenhagen polio epidemic in 1952. Many
patients that time were experiencing respiratory paralysis and bulbar palsy. The
mortality rate was historic 85-90%. More than 300 patients needed artificial support
or ventilation for many weeks. To facilitate manual hand ventilation of lungs through
tracheostomies, more than 1000 medical and dental students were used. In the year
1953, after a year into the polio epidemic, Bjgrn Ibsen, an anesthetist from
Copenhagen working in Blegdam Hospital, suggested that the treatment of choice
is positive-pressure ventilation for the polio epidemic-struck patients. He devised
the first ICU in Europe in December 1953 by gathering physicians and physiologists
to manage these patients. Thus, the specialty of intensive care was born. After this
intervention, the mortality dropped from 80 to 40%. Many today consider him to be
the father of intensive care. Dr. Henning Sund Kristensen took over as the in-charge
of this unit. Adjusting ventilation parameters as per blood gas analysis (pH, pCO,,
pO,) electrodes which are invented by Astrup, Siggaard-Andersen, and Severinghaus.
The pH monitoring technology was invented by the Danish Carlsberg brewing com-
pany, which greatly helped Dr. Henning and his team in the ICU. Max Harry Weil
is widely known as the father of modern intensive care since he established in 1960
a four-bed “shock ward” in Los Angeles County, University of Southern California
Medical Center, USA. The first microprocessor-controlled ventilator was invented
in the year 1971. With the development of many new equipment and drugs, the rapid
growth got stimulated for intensive care medicine. Intensive care units got a huge
metamorphosis since its inception 68 years ago. Many emerging trends are bound to
be seen in the coming years creating an ICU of the future.

8.2 Planning and Development Team

To develop an ICU, we need to meet the aspirations and demands of patients and
staff using it. Therefore, a multidisciplinary approach in planning and developing an
ICU is needed. A team should be formed to do this. Usually, an intensivist or an
administrator heads the team. The team members are intensivist, administrator,
senior experienced nurse, respiratory therapist, chief finance officer, and architects
and engineers. The team coordination is vital. The team should determine the bud-
get needed, location of ICU, level of care in ICU, number of ICU beds, engineering
and safety, design for infection prevention, central nurse station and utilities, man-
power needs, case mix of ICU, etc. If there is a renovation of the existing ICU, then
temporary relocation should be planned.
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8.2.1 Typesof ICU

Intensive care units can be classified as per the pathologies or conditions treated. It
can be medical intensive care unit, surgical intensive care unit, cardiac intensive
care unit, neurological intensive care unit, transplant ICU, trauma care unit, burns
intensive care unit, etc. It can also be grouped as per age criteria such as geriatric
ICU, adult intensive care unit, pediatric ICU, and neonatal intensive care unit.

The department of health in the UK produced a document in 2001 called
“Comprehensive Critical Care” in which the levels of care are summarized. Level one
is ward-based care where the patient does not need organ support. For example, the
patient might need I'V and oxygen support through face mask or nasal prongs. In level
two, there is a high dependency unit where single-organ support is required and ven-
tilator not warranted, e.g., renal dialysis or invasive BP monitoring or inotropic sup-
port. Mostly, the nurse:patient ratio here is 1:2. In level three, care is intensive where
a patient will need support for two or more organs and need mechanical ventilation.
The nurse:patient ratio here is 1:1 with a duty doctor with RMO or intensivist or a
registrar round the clock. The Indian Society of Critical Care Medicine (ISCCM) has
used different levels such as Level I, Level 11, Level IITIA, Level I1IB, and Level IIIC.

In India, there are usually four zones for an ICU such as patient care zone, observa-
tion area, support area, and lastly family support area. In patient care area, it includes all
the area which is around the patient’s bed. The observation area constitutes the central
nursing station which is the nerve center of the ICU. Doctors’ station and nursing sta-
tions are kept there. Usually, chairs with computers are placed here and quick investiga-
tions such as electrolytes with ABG and other investigations are performed. There are
drug trolleys with crash carts too. Other support services are usually accommodated
here. The support area usually includes doctor’s duty room, counselling room, ICU
office, discussion and teaching rooms, change rooms, stores, and toilets. The family sup-
port area constitutes the waiting area where they have access to relax and get water, food
and beverages, and refreshments. Separate toilets with bath facility and sleepover
couches with storage facility will make the life of family members comfortable. A
prayer room is usually kept here. A social worker counselling room is good to have here.

8.2.2 Location of ICU

An ICU should be a safe place with easy accessibility and transport of patients. It
should be well connected with spacious corridors, ramps, and large bed lifts. A criti-
cally ill patient should be wheeled in and out of ICU freely and safely. The ICU
should be in close proximity to emergency, operation theatres, HDU, trauma wards,
and diagnostic facility with pharmacy. First floor is the most ideal location, but if
lifts are present, then any top floor will be ideal. There has to be a single entry and
exit with provision made for emergency exit points too. The ICU should have access
to pneumatic tube system used to transport the samples, medicines, laundry, etc.
One of the main aspects of planning an ICU is to make sure that there is a cohe-
sive movement of staff, patients, and visitors. Ensure that there is adequate space for
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equipment and medicine storage cupboards with crash carts and double-lock nar-
cotic cupboards. Location of nurse station with hand-wash facility and medicine
preparation area with clean and dirty utility rooms requiring adequate space arrange-
ments will go a long way in workflow management. One of the ICU designs is a
dormitory like ICU where all patients are in one single area. The second type is a
single accommodation cubicle or room where a patient is lodged alone. The third
type is a partition between two rooms or beds. The final one is the isolation-type

design with positive and negative pressure.
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While deciding the number of ICUs and number of ICU beds, a hospital should
have it determined by a good brainstorming on space requirements and availability,
trained manpower, budget, and need analysis. Usually, a tertiary hospital require-
ment of ICU beds is around 5-25% of total beds.

8.2.3 Bed Space

The bed space is a very critical parameter while designing an ICU. As per interna-
tional standards, we need to have 25.5 m? for each bed to accommodate the patient
bed and all accessories. The space per bed has been a contentious issue for planning
an ICU. In the Indian context, it is recommended to have 150-200 sq. ft and even
higher recommendation of 250-300 sq. ft per bed. The staff should be able to access
the patient from all sides. The space should be such that the staff can handle all
equipment and accessories safely. There has to be a space for minimum five persons
around the patient, especially during an emergency code blue situation. Each bed
should be designed as a cabin or divided by washable medical grade curtains to
ensure visual and auditory privacy. Every bed should receive natural light and good
outside view wherever necessary. This will boost the morale of the staff and positive
outcome of patients. The ICU lighting should have the option to dim them so that
surgical interventions are possible.

8.2.4 Patient Bed Space

The patient bed space should have an electric bed, which has chair and Trendelenburg
positioning preferably with remote. A pressure-relieving mattress is essential. A
UPS-powered ceiling-mounted pendant with two arms is preferable and can be eas-
ily used by staff of different stature. To accommodate the use of pendants and hoists,
a minimum ceiling height of 3 m is mandated. The ceiling should have weight-
bearing capacity. The pendants should be capable to accommodate medical gases,
suction, data, and electrical wiring with UPS to house the equipment. The UPS and
IPS points need to be color coded. The pendants need to have a minimum 3—4 oxy-
gen outlets, 2 air outlets with 4 bar pressure, one 7 bar air outlet to use surgical
instruments, and 2—4 medical vacuum for suction outlets. If inhalation antibiotics
are administered, then anesthetic gas scavenging points need to be enabled in the
pendants. There needs to be a patient and staff emergency call systems with crash
call system. Telephone outlets and TV connection outlet need to be kept. Data points
to house the IP camera need to be in place. The equipment placed on pendants are
computer with flat screen, patient monitor, 3—6 infusion pumps, 4-10 syringe
pumps, feeding pump, blood warmer, ventilation, and humidifier equipment.
Positioning of the pendants is important to provide proper access to staff. To achieve
infection control at each bedside, a washbasin to facilitate hand-washing is a must.
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A ceiling-mounted hoist is needed to lift the patient. Patient bedside locker or stor-
age cabinets are needed to store drugs and consumables. Some personal items such
as family pictures or God’s pictures are kept at patient bedside to provide emotional
support.

An ICU should create and adopt a minimum sound environment to facilitate
faster healing of the patient. When we have a normal conversation in an ICU, it
produces 55 dB of sound, and while using a vacuum cleaner, it produces 70
dB. International sound council recommends sound levels during daytime and eve-
ning hours to be not more than 40—45 dB and in the night not more than 20 dB. This
has proved to be a significant contributor towards the recovery of the patient.

8.2.5 Heating, Ventilation, and Air-Conditioning (HVAC)

There are different technologies used to control temperature, humidity, and purity
of air in the ICU. Usually, if air changers are there, then we need to have six air
changes per hour per room. If cubicles are there, 15 air changes per hour are advis-
able. Facilities for temperature and humidity regulation need to be facilitated.
Neonate and pediatric patients need to be placed where higher temperature is facili-
tated. The high heat gains from medical equipment need to be factored to ensure
that sufficient cooling is available and adjustable in patient areas. All the air is fil-
tered 99% till the least size of 5 pm. The passages of ICU patient rooms and isola-
tion rooms should also be adequately ventilated.

In negative-pressure isolation rooms, they have a higher level of exhaust than
fresh air supply. A pressure difference of 2.5 pascals is advisable. A clean to dirty
airflow is designed. The exhaust air is reused provided that there is a HEPA filter
available.

8.2.6 ICU Power Supply

The ICU power supply should be planned very meticulously. In a well-designed
ICU, the main electrical circuit breaker should branch out to all the individual ICU
feeder lines in the hospital. There has to be a generator power backup with stabilizer
and uninterrupted power supply (UPS) facility. The number and capacity plug
points should be planned as per the number of envisaged equipment and their elec-
trical rating. The light switches should be strategically located at appropriate places
for staff comfort and convenience and patient control if needed. The lighting distri-
bution board should be different from the power supply board.

An ICU should be designed to get more natural light through windows. This will
elevate the staff morale, and patient recovery will be faster. Usually, while examining
a patient, lighting should be a minimum 350 lux and during a procedure approx. 1000
lux. During night, while the patient is sleeping, just 5 lux is sufficient. Dull blue light
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in the night is known for contributing to good sleep and patient outcome. Maintaining
the circadian rhythm will help in patient healing too. Providing blinds with blackout
curtains will facilitate the patient to rest during daytime too. Emergency lights should
be appropriately located with electrical connection for its battery recharge.

8.2.7 Bedside Equipment

The intensive care unit equipment are mostly aimed at life support and support of
various organs in the body (e.g., lungs, heart, and kidneys). The equipment used in
ICU vary from general simple instruments such as BP apparatus and glucometer to
specialized equipment such as ventilators and bedside multiparameter monitors.
These equipment are used to monitor and treat the illness of patients. Each patient
has one or two nurses dedicated to him/her for constant monitoring and care.

There is a continuous or intermittent need for some of the bedside equipment
which can be used on patients. Some of these equipment are defibrillators, invasive
and noninvasive ventilators, ECMO machine, hemodialysis, peritoneal dialysis
machine, hemofiltration machine, portable X-ray machine, electrocardiography
(ECG) machine, echocardiography machine with sonography, electroencephalo-
gram (EEG) machine, bronchoscopes and endoscopes, invasive cardiac output mon-
itoring devices, and gamma cameras. Provision should be made for dialysis within
the ICU. A wall-mounted renal dialysis unit needs to be kept with reverse osmosis
(RO) water supply and drainage system. A digital clock is placed with elapsed time
control visible at each bed.

8.2.8 ICU Beds

The ICU beds differ from the common ward beds in their design and functionality.
As per the critical care unit planning and design notes of the Department of Health
and Social Care Guidelines, U.K., an ICU bed should include “an electric bed capa-
ble of attaining chair and Trendelenburg positions, and fitted with a pressure-reliev-
ing mattress.” Therefore, the bed preferably needs to be electric and connected with
a UPS power supply. It can be operated with a handset or control panel that provides
options to maneuver the bed positions. The cardiac chair and Trendelenburg posi-
tions facilitate for improving respiration and circulation of patient and help in the
bodily functions. A pressure-relieving mattress with foam or air should have a
pressure-redistributing ability, which enables to evenly disperse the weight of the
patient on bed surface. It prevents bed sores on a chronic long-standing patient in
the ICU.
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8.2.9 Emerging Trends

Significant changes are happening in ICU design due to changes in medical infor-
matics, equipment, and technology. Despite a need for patient-centered approach,
technology still rules the decisions taken for the ICU design. That is the single most
consideration brought about while considering and developing an ICU design
model. Technology progress and greater versatility are possible. This accommo-
dates the most important concerns of patients and designers of modern ICU. Merging
all ICUs into one single area will be the trend of the future to save costs and give
quality care through incorporation of proper planning and design of ICU. Same ICU
bed is adjusted to the level of care needed. For example, Bellevue Hospital in
New York City boasts of 55 ICU beds capable of flexing into any acuity levels of
care. This helps the staff to be cross-trained to handle different levels of care where
the medical team can transform into lesser or greater levels of care. This helps the
patient’s relatives deal with single team all through different levels of care. The staff
will get to know the family and their needs. This resolves the most important feed-
back of non-familiarity with a myriad of medical and nursing staff at different levels
of care.

With a glimpse into the potential future, the intensive care is transforming into a
digital ICU. Today, many research projects in the lab are showing promising results
for the future. The emergence of bioartificial organ transplants and organ regenera-
tion is going to transform the way critical care is given in the future, which warrants
strict isolation and stringent design. Some other interventions at the immunological,
cellular, and genetic levels will need the use of sophisticated technologies, and ICU
design parameters will change.

8.2.10 Decentralized Charting

The emergence of paper charting to electronic medical records has made the archi-
tects and designers of ICU to provide individualized configurations of ICUs. The
focus on patient and family care has emerged from centralized nursing station to
individualized decentralized nurse station, which is in close proximity to the patient.
Electronic surveillance is supplemental but is not a substitute to a critical care staff.
The centralized monitoring system is moving towards a patient-centered decentral-
ized monitoring system to provide more patient safety. The medications, supplies,
equipment, and documentation should be close to bedside to enable less travel
within the ICU. The ability of physicians, nurses, intensivists, and other healthcare
workers to visualize patients is of high priority. Therefore, the new ICU designs lay
emphasis on patients’ high visibility and flexibility.

With the support of telemedicine technology, artificial intelligence algorithms,
and machine learning ability, the critical care staff can know the trends analyzed and
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predict patient status by minutes and hours. The proximity of documentation and
caregiving enables the capacity of staff to predict and anticipate interventions.

The technology of the future will enable ICU at home to be a commonality and
will use virtual reality and artificial intelligence. The future ICU will have two
design approaches where there will be a physical space divided with transparent
LCD glass for visibility and monitoring. Another design is to have a virtual space
where you have multiple patients in one place with virtual walls of privacy. The ICU
environment will have a programmed room control where there is automatic tem-
perature control, light, sound, and air controls too. Automated surveillance systems
flag the airborne microbes present in the devices, equipment, skin, and furniture,
which activates targeted decontamination, sterilization, and purification systems.
Large visual displays with diurnal and seasonal graphics and sounds with family or
home pictures will be displayed all around the patient to make him/her feel homely.
Holographic interactive displays of family can also be incorporated to make the
patient believe that he/she is interacting and communicating to family members.

The bed will be like an environmentally controlled ICU biosphere capsule with
biometric display using noninvasive sensing technology. Diagnostic, imaging, and
therapeutic management will be done through mini robots, holographic nurse, and
doctor all directed and instructed by an advanced informatics system. Patient com-
munication and interaction will be through virtual reality visor display. The mattress
and the exoskeletons will be reprinted with 3D computing and printing. There will
be automated biomedical waste management where the waste is put into closed
evacuation system and elimination chambers. Advanced cameras and holographic
systems with a human touch capacity will be introduced to enable virtual visitation
by relatives resulting in adherence to infection control protocols. The visor will
bring pictures and sounds of home to make the patient oriented and not get into
delirium. The patient beds will be linked to artificial intelligence (AI). Many critical
care datasets, current research and experiences, and algorithms of care will be used.
This provides deep learning and data analytics.

The patient needs to wear a customized suit, which has embedded sensors that
will provide noninvasive monitoring for the external and the deep internal organs.
Physiological imaging devices monitor the blood and organs at cellular, genetic, and
plasma levels. 3D printers will provide individualized implants, devices, and stents.
Manpower with highly trained nurses with complete knowledge of computers and
informatics is needed for a hospital. Most of the doctors and specialists will do
remote consultation, and they rely heavily on bedside techs, virtual reality, and mini
robots. The biosphere capsule looks like the early 1950s’ ventilator capsule called
“iron lung” box. The irony is a return to the past to achieve the future.
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8.3 Conclusion

As the debate over critical care unfolds, while designing a new ICU, we need to
recognize the need for patient-centered, family-conscious approach that will care
for the physiological, psychological, and spiritual needs. The future ICU promises
to be a true place of healing and rejuvenation where all 360° dimensions are met and
advanced technology will accommodate the subtle needs of patients, family,
and staff.
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Objectives

This unit on transportation fulfills the following objectives:

1. Need and development of patient transportation system

2. Enumerate the types of ambulances and their role in the care of patients

3. Ambulance design, staffing pattern, and essential equipment of an ambulance

4. Enumerate the types of intramural transport system for patients and materials
within the hospital

9.1 Introduction

The process of transportation explains the ways and means by which men or mate-
rial is transported from one place to another. Transportation is essential to access
goods, services, and activities such as emergency services and healthcare. Patient
transportation is the service of transporting patients to and from medical facilities in
emergency and nonemergency situations. Hence, patient transportation not only
encompasses ambulance but also a wide range of mechanical systems and transports
in and outside the hospital used to lift and carry the patients. Ambulance, lift, escala-
tor, trolley, stretcher, train, ambulance train, car, truck, rickshaw, bicycle, bullock
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cart, helicopter, aircraft, and animals like horses and mules are used for transporta-
tion of patients depending upon the location, type of patient, economic status, social
strata, terrain, physical facilities, and degree of illness [1].

Hospitals have to pay attention to the planning and organization of the transportation
service to and from the hospital as caring for the sick is the primary concern of a hospital.

In the current era, trauma is one of the main causes of emergency. In the event of
an emergency, the patient is transported by emergency medical services to a facility
that can provide a higher level of care or is more specialized. It can also be used to
transfer patients from a specialty facility to a local hospital or nursing home when
they no longer need this specialty care.

Medical transportation services allow patients to reach their destination rapidly
and conveniently as all along the way, highly trained drivers, emergency medical
technicians (EMTs), and paramedics provide reliable healthcare needed to ensure a
safe arrival to the hospital and also ensure stress-free modern hospital logis-
tics system.

Patient transport is the process of moving a patient to the medical facility which
forms the extra mural form of transport, with ambulance playing a very vital role. In
addition to this, the patient also moves from one area to another within the health-
care facility which forms the intramural form of transportation.

9.1.1 Types of Medical Transportation

* Nonemergency medical transportation
* Emergency medical transportation

The transportation system in the hospital can be divided basically into two types.

i Bike Ambulance
; Ambulance \ .
."/. T — ..
/ - Motor vehicle
R 4
e - Ambulatory ' \
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Helicopter
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9.1.2 Extramural Transport System

The main form of extramural transport is the ambulance.

An ambulance is a medically equipped vehicle that transports patients to treat-
ment facilities, such as a hospital [2]; usually, out-of-hospital medical care is pro-
vided to the patient.

“Ambulance is a specially equipped and ergonomically designed vehicle for
transportation/emergency treatment of sick or injured people and capable of provid-
ing out of hospital medical care during transit/when stationary” (IGNOU Manual).

9.1.3 Development of Ambulance Service

Historical record has sparse documentation about transportation of patients. Animals
like horses and carts were used to transport the injured to places to receive care.

Spanvish forces were first to use ambulances (ambulancias in Spanish) in 1487 for

emergency transport, during the siege of Malaga (Civil War Ambulance Wagons, 2017)

vIn 1762 , “Hospital Ambulant” meaning mobile hospital was first organised transport for
moving people.

v/1880, wheeled trolleys were used in France

v'20" century beginning, horse drawn vehicles were used

v'1903, motorised ambulance was introduced into civil practice, leading to the inception
of ambulance service

¥'The world wars played a major role in the development of the patient transportation
system

With advances and development in the field of science and technology, saw the
development of ambulances like train ambulances, air ambulances, over a period of
time.
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9.1.4 Definition of Ambulance

The term ambulance comes from the Latin word “ambulare,” meaning “to walk or
move about,” which is a reference to early medical care where patients were
moved by lifting or wheeling [3, 4]. The word originally meant a moving hospital,
which follows an army in its movements [4] [“Essex Ambulance Response
Cars,” 2007].

Webster’s dictionary defines ambulance as an “Organization for rendering first
aid,” leading to the use of it as a vehicle equipped for transporting those who are
wounded, injured, or sick (Oxford dictionary).

Ambulance “is defined as a vehicle for emergency care, which provides a driver
compartment and patient compartment, which can accommodate two emergency
medical technicians and two lying patients, so positioned, that at least one patient
call be given intensive life support during transit, which carries equipment and sup-
plied for optimal emergency care at the scene as well as during transport, for two
way radio communication, for safeguarding personnel and patients under hazardous
conditions and for light rescue procedures and which is designed and constructed to
afford maximum safety and comfort and to avoid aggravation of the patient’s condi-
tions, exposure to complication and threat to survival” [5].

9.1.5 Objective of Ambulance Services

The main objective of the ambulance service is to transport the sick and injured as
quickly and comfortably as possible to the hospital so that they can receive prompt
medical care at the hospital.


http://www.carpages.co.uk/honda/honda_essex_ambulance_chooses_honda_power_24_07_04.asp
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9.1.6 Types and Classification of Ambulances
Types of Ambulances

Ambulances were required for transporting not only accident and emergency trauma
cases but also other emergencies like myocardial infarction, cerebral hemorrhage,
foreign bodies, gunshot wounds, fractures, and associated injuries which require
immediate treatment at the site by expert medical staff and a proper evacuation by
trauma or critical care medicine trained staff of the ambulance, which forms a vital
factor in saving the life of the patient [5] IGNOU Manual).

Ambulances can be grouped into types depending on whether they transport
patients and under what conditions [6].

( i ™ B 4 ™
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The classification of the ambulances is done on the basis of
1. Modes of ambulance

2. Level of care [7]

3. Structure [8]
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1. Modes of ambulance

2. Types of road ambulances based on the level of care

designed as per CMVR

Type A Road Ambulance /Medical
First Responder not able to transport patients in supine position

medical facilities are not there in the vehicle

emergency patients are not transported

BASED ON THE
LEVEL OF CARE

Type B Road Ambulance/ Patient

Transport Vehicle Usually staffed by people less qualified than the

emergency ambulance fleet

c) transporting patients to, from or between places of
medical treatment.

An ergonomically designed, suitably equipped, and
staffed vehicle to transport and treat patients
requiring noninvasive airway management/basic
monitoring.

Type C Road Ambulance: Basic Life
Support Ambulance

An ergonomically designed, suitably equipped, and
properly staffed vehicle to transport and treat emergency
patients requiring invasive airway management/intensive

monitoring

Type D Road Ambulance: Advanced
Life Support Ambulance

3. Based on structure

Structure

l—|—|

Winger Winger

flat roof high roof
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9.1.7 Role and Functions of Ambulance Service

The ambulance is part of the hospital’s emergency medical service. Efficient,
responsive, well-equipped ambulance service with a team of competent personnel is
considered one of the essential elements of a well-organized emergency service.
The survival of an injured patient after arrival at the hospital depends not only on the
nature of the injuries, but also on the adequate first aid received and efficient trans-
port from the scene of the accident.

Providing life Transport Transportation Air transport o
support logistics like of staff from patie o the
transfer to drugs vaccines hospital to ospital and
accident etc for points place of escue 0
victims and of use outreach e site 0
their programs accide

immediate
transfer to
hospital

. B,

According to a World Bank report, India has only 1% of the world’s vehicles, but
11% of the world’s road traffic deaths occur in India. About 450,000 accidents hap-
pen in India every year, of which 150,000 people die [9] (World Bank Report).

“India has the highest number of casualties in road accidents,” stated the report.
“There are 53 road accidents in the country every hour and one death every 4 min.”
Indian roads generally witness 415 deaths/day due to accidents, the highest in the
world, and 70% of these deaths are in the working age group of 18—45 years old [10]
(Economic Times).

It was reported that in 2019, states and union territories (UTs) reported a total of
449,002 road accidents, killing 151,113 people and causing injury to 451,361 per-
sons. 449,002 accidents and 151,113 deaths in 2019 translate into an average of
1230 accidents and 414 deaths every day and nearly 51 accidents and 17 deaths
every hour [11] (Road Accidents in India 2019).

Mackay [10] emphasized in a research report that in 43.0% of motorcyclists and
occupants who died, they could have a better chance of survival if they received
immediate medical treatment at the accident scene within 10 min.
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9.1.8 Utilization of Ambulances [12]

Ambulance service request can arise from different organizations, services, as well
as individuals like:

* General practitioners

* Police control room

* In the hour of need by general public
¢ Nursing homes

e Polyclinics

e Other hospitals

Scale of Authorization of Ambulance [13]

Authorization can only be established scientifically when the number of patient
cases in a district or dependent area of is established and the standard is formulated
taking into account all the variables.

KN Rao Committee 1968 recommend the scale of authorization to meet the
requirement at:

100-200 beds 3 Ambulances
200-300 beds 4 Ambulances
300 beds and above 6 Ambulances

Uses of Ambulance Services to Patients [14]

Patients requiring admission

Patients who require transportation to
another hospital

Patients requiring investigation in another
organization
7 .
In case of emergency transportation of the
staff to the organization
Conveyance of children and staff for
immunisation programs
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Priority for the Usage of Ambulance [1]

Ambulances, if used for other purposes than patient care and emergency, would lose
patient time and lead to the wear and tear of the vehicle in the long run. Traditional
priorities for the ambulance service in case insufficient transportation requests arise
simultaneously are:

* Emergency call or accidents

» Patient conveyance to hospitals or clinics

* Transferring of patients between the hospitals
* Discharged patients returning home

9.2 Staffing Pattern, and Equipment of an Ambulance

As per the Committee on Ambulance Design Criteria (1973), an ambulance is a
vehicle that has been designed, built, equipped, and staffed to cope with emergen-
cies outside and en route to the hospital.

9.2.1 Ambulance Staffing Pattern [1, 5]

Stretcher bearer/nursing orderlies at 4 per ambulance + leave
Ambulance | Drivers reserve + staff for three-shift system
02 07 10
03 12 15
04 16 20
05 20 24

* requirements are for basic ambulances

Doctors: They may accompany the team in the ambulance depending on the type
of emergency or accident or at times of disaster.

Critical care medicine (CCM) trained nurse: They can manage the emergency as
well as supervision of the case.
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Nursing orderly and stretcher bearer: They help in lifting the accident victims
and seriously ill or comatose patients. They are trained in first aid, resuscitation
procedures, as well as lifting of serious accident victims without causing further

injury to the patients.

Call response time: The team with the ambulance should be in a position to move

in less than 2—3 min once the call is received.

All the different categories of staff must be available in all the shifts around the
clock. Periodic rehearsing must be carried out to keep the staff in readiness in times

of need.

D. Rao et al.

9.2.2 Equipping of Ambulances [15, 16] (National Source:

National Health Mission)

The equipment in ambulance will depend upon the type of ambulance service.
Specifications of medical equipment for ERS ambulances under the National

Health Mission and the type of ambulances:

S. no. Medical equipment Type of ambulance
1 Suction pump, portable electric Cand D

2 Suction pump, foot operated A,B,C,and D
3 Suction pump, hand operated A,B,C,and D
4 Laryngoscope Cand D

5 Flowmeter with humidifier bottle A,B,C,and D
6 Oxygen cylinder “B” type A and B

7 Oxygen cylinder “D” type Cand D

8 Bag and mask ventilation device (adult) A, B, C,and D
9 Bag and mask ventilation device (child and neonatal) | A, B, C, and D
10 Trolley stretcher with back tilt facility and collapsible | A, B, C, and D

wheels

11 Canvas stretcher folding Aand B

12 Stretcher scoop A and B

13 BP instrument aneroid A,B,C,and D
14 Stethoscope A,B,C,and D
15 Pneumatic splints A, B,C,and D
16 Cervical collar A,B,C,and D
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S. no. Medical equipment Type of ambulance
17 First-aid box A,B,C,and D
18 Spinal board A,B,C,and D
19 Double-head immobilizers Cand D

20 Fetal Doppler D

21 Portable handheld glucometer A,B,C,and D
22 Electric nebulizer A, B, C,and D
23 Automated external defibrillator A, B, C,and D
24 Monitors Cand D

25 Syringe pump D

26 Transport ventilator, both adult and pediatric D

27 Transport ventilator, neonatal and pediatrics D

28 IV cutdown sets Cand D

29 Pulse oximeter A,B,C,and D
30 Automatic noninvasive BP (NIBP) A and B

31 Supraglottic device (LMA), all sizes A,B,C,and D

9.2.3 Essential Accessories in the Ambulance [17]

According to NHRM the essentials accessories in the ambulance are:

(a) Head light, tail and rear light, reversing light, and turn signals
(b) Cabin lights

(c) Speedometer/odometer

(d) One spare wheel with tire and tube

(e) Suitable jack and handle

(f) Seat belt for driver and co-driver

(g) Front seat belt for driver and co-passenger
(h) Stretcher

(i) Siren

(j) Flashing light on top (as per standard)
(k) Oxygen cylinder holder

(1) Saline bottle holder
(m) Anti-skid floor
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9.2.4 Additional Equipment Required in the Ambulance Other
Than for Patient Treatment (Emergency Ambulance) 15,

18, 19, 20]

Two-way radio

Mobile data
terminal

Tail lift or ramp

-Trauma lighting

.Data recorders

*Forms one of the most important devices in modern
emergency care, allowing communication with the hospital
regarding the priority and arrival of a critical patient and the
condition of his status

*Mobile data terminals are connected to central computer at
the hospital, are installed in some ambulances to pass on
information

* The ambulance may be equipped with a tail lift or a ramp
to facilitate the loading of the patient into the vehicle
without the need for lifting. This is especially important a
when the patient is obese or when intensive care vehicles
require large and bulky equipment.

[ In addition to normal working lighting, ambulances may
be equipped with special lighting (usually blue or red) to be
used if the patient becomes photosensitive.

[1 Ambulances are often equipped with a separate air
conditioning system in the work area, which helps to
maintain an appropriate temperature for the patient being
treated, but may also include additional features such as-
filtration. against airborne pathogens.

[ They are often placed in ambulances to record information
such as speed, power and braking time, activate active
emergency warnings such as lights and sirens, and use
seat belts. They are often used in conjunction with GPS
units
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The report of the World Health Organization’s National Committee on
Macroeconomics and Health on India states that an average person in India, who
does not own a motor vehicle, has to travel more than 2 km to get paracetamol tab-
let, more than 6 km for blood tests, and nearly 20 km for hospital care [17].

9.3 Intramural Transportation

Transporting patients, material, and staff within the healthcare facility is called
intramural transportation.

9.3.1 Wheelchair Transportation

The World Health Organization defines a wheelchair as “a device providing wheeled
mobility and seating support for a person with difficulty in walking or moving
about.” Wheelchair transportation is necessary for patients who are confined to a
wheelchair or who are unable to walk independently [21].

Wheelchair Designed for Temporary Use

These are the most commonly used wheelchairs in hospitals and clinics called as the
orthopedic or “hospital” wheelchairs (Fig. 9.1). They have a basic design and function
that is simple to maintain while still being durable enough to last for years. These
wheelchairs are self-propelled, making them ideal for short-term uses like postopera-
tive care, transfer of patients from wards, or occasional use by people with minor
mobility limitations. They are not designed to give a close fit, postural support, or
pressure relief to the user [22]. A wheelchair requires a space of 1.0 m sq. ft [23].
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Wheelchair Designed for Long-Term Use

A wheelchair must fit well and provide appropriate postural support and pressure
relief for long-term users (Fig. 9.2). A variety of seat widths and depths, as well as
the ability to alter at least the footrest and backrest height, are essential for proper
wheelchair fitting. Cushion kinds, postural supports, and a changeable wheel posi-
tion are all standard adjustments and possibilities [21].

Wheelchair Designed for User with Postural Support Needs
Long-term users with particular postural needs require wheelchairs that are highly

adaptable or specially adjusted (Fig. 9.3). Additional components are frequently
added to such wheelchairs to aid in the user’s support [22] (Fig. 9.4).

Fig. 9.1 Wheelchair designed for temporary use (Source: adapted from Who.int. [22])
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Fig. 9.2 Wheelchair
designed for long term use
(Source: adapted from
Who.int. [22])

Fig. 9.3 Wheelchair
designed for user with
postural support (Source:
adapted from Who.int.
[22])
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Fig. 9.4 Partsof a
wheelchair (Source: push handles
adapted from Wheelchair -
Design) [24] Physiopedia

backrest

armrest
rear wheels

cushion

push rings seat

frame
brakes calf strap

footrest

castor wheels

9.3.2 Stretcher Medical Transportation

Stretcher medical transportation is designed for patients who are unable to rise up
or move into a sitting posture because they are bedridden.

Hydraulic Stretchers

Within a healthcare facility, mobile stretchers are utilized to carry a patient safely
and quickly. A mobile stretcher is often constructed out of steel, aluminum, or plas-
tic patient platform installed on a wheeled frame with mechanical, electrical, or
hydraulic mechanisms for regulating the platform’s height. Adjustable-height
stretchers are often lighter and less complicated than fixed-height ones, but the latter
can match the elevation of other surface levels, making patient transfers easier and
safer. Intravenous poles, patient monitors, oxygen tanks, articulating headpieces,
and other equipment can all be added to most stretchers. They can also be used as
beds. Mattresses, adjustable side rails, and straps are included in most stretchers
(Fig. 9.5).

The height of the stretcher platform can be changed in a variety of ways: some
utilize a hydraulic pump or an electronic control, while others use a mechanical
hand crank or support bars that fit into grooves to raise or lower the platform [22].

Scoop Stretcher

The scoop stretcher is an adjustable device with two hinged interlocking compo-
nents that separate along its longitudinal axis. Each half is wedge shaped; they can
theoretically be inserted beneath the patient without requiring the body to be rolled
or lifted [25] (Fig. 9.6).
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Fig. 9.5 Hydraulic
stretcher (Source: adapted
from Who.int. [22])

Fig. 9.6 Scoop stretcher
(Source: adapted from Del
Rossi [25])
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Stretcher Trolley

In a hospital, a stretcher trolley is used to transport patients who are unable to move
from a lying posture. The stretcher trolley requires two people to operate. Patient
trolleys are designed to make it as easy as possible to move patients (Fig. 9.7).
Folding Emergency Stretcher

It is used by the rescue crew to rescue patients in the event of a fire, flood, or other

disasters. One of the foldable support rails on the stretcher bed is included in the
collapsible storage of the stretcher bed (Fig. 9.8).

9.3.3 Lifts and Elevators

Lifts are the most common mode of transport in high-rise building structures. In
hospitals, lifts can be categorized and provisioned based on the function as below:

General Passenger Lifts
These lifts cater to all types of passengers, including wheelchair users. A general

passenger lift serving clinical areas shall have a clear internal dimension of at least
2000 mm wide by 1700 mm deep, a minimum loading capacity of 1250 kg, and a

Fig. 9.7 Stretcher trolley
(Source: adapted from
Stretcher Trolley [26])
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Fig. 9.8 Folding
emergency stretcher
(Source: adapted from
Medical Emergency
Folding Stretcher [27])

minimum clear door opening width of 1100 mm and clear height of 2100 mm. This
is to provide adequate circulation room for wheelchair users and their companions.
The lifts for cleaning services could be part of a larger group of passenger lifts.
Housekeeping activities, on the other hand, should not be planned to coincide with
general peak passenger demand. As much as is practical, public passenger lifts
should be isolated from bed, service, and goods lifts, with distinct lift lobbies [28]
(Healthfacilityguidelines.com).

Bed Lifts

These lifts are designed to transport patients on beds or stretchers, as well as the
essential staff and support equipment. The bed lifts should have a rated load capac-
ity of 2500 kg and a clear internal dimension of 1800 mm width by 2700 mm depth
at a minimum. The width of the clear door opening must be at least 1400 mm and
the height must be at least 2200 mm. The internal height of a lift car shall not be less
than 2500 mm [28] (Healthfacilityguidelines.com).

Service/Goods Lifts

These lifts are designed to transport furniture, equipment, building materials, equip-
ment maintenance supplies, and waste, among other things. The service/goods lifts
should have a rated load capacity of 2500 kg and a clear car dimension of 1600 mm
width by 2200 mm depth at a minimum. The width of the clear door opening must
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not be less than 1200 mm and the height must not be less than 2200 mm. The inter-
nal height of a lift car shall not be less than 2500 mm. Smaller goods lifts may be
considered for smaller healthcare institutions (less than 50 beds) with adequate due
diligence. Larger goods/service lifts with wider door opening sizes should be
installed in facilities where heavier equipment is expected to be transported [28]
(Healthfacilityguidelines.com).

Ramps

Ramps are a sloped surface used to connect two places of varying heights. They are
frequently used instead of or in addition to stairs/steps to make spaces more acces-
sible. Ideally, the entrance of the ramp is immediately next to the stairs. Ramps are
primarily used in hospitals to move wheelchairs or stretchers in and out of the hos-
pital [29].

Ramps can have one of the following configurations (Fig. 9.9):

1800 mm is the preferred width of a ramp. 1500 mm is the minimum to be pro-
vided with an unobstructed path of minimum 900 mm. Ramps shall have a maxi-
mum slope of 1:20. Ramps should be provided with landings for resting,
maneuvering, and avoiding excessive speed. Landings should be provided every
10.00 m at every change of direction and at the top and bottom of every ramp. The
landing should have a minimum length of 1.20 m and a minimum width equal to
that of the ramp. A protective handrail at least 0.40 m high must be placed along the
full length of ramps [29].

9.3.4 Material Transport

Material transport is one of the most challenging areas in the intramural transport
services.

Fig. 9.9 (a) Straight run. (b) 90 turn. (¢) Switch back or 180 turn. (Source: adapted from 9
Accessibility Design Manual: 2-Architechture [29])
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It includes transport of

e Store equipment

e Medicines and other pharmacy goods
* Medical equipment

e Linen and laundry

* Biomedical waste

e Sterile instruments

e Medical records

e Laboratory samples

e Food and beverages

The most popular way of transporting materials from the source to the target
department is the trolley system. A variety of trolleys are used in hospitals for this
purpose.

Trolleys are goods vehicle with a platform body with four small wheels of equal
size, mounted underneath it.

To transfer sterile items for CSSD or fresh linen from the laundry to the user
departments, a closed shelved trolley is used (Fig. 9.10). Transfer of dirty linen to
the laundry is done with a laundry hamper with a lid (Fig. 9.11).

Dressing trolley is used in a hospital to carry out dressing or cleaning of patients
after a procedure (Fig. 9.12).

A food trolley is a cart that is used to provide hot and fresh meals. It features
heating elements that keep the food hot and fresh for a certain amount of time. The
trolley is propelled by its wheels. Food carts are used by hospitals to improve their
food service and food quality. In hospitals, the trolleys are preheated. The food is
separated by ward and transferred to large containers (Fig. 9.13) or packed in trays
from the kitchen (Fig. 9.14).

Fig. 9.10 Trolley for
transport of clean supplies
(Source: adapted from )
Trolley for clean supplies B
[30D
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Fig. 9.11 Dirty laundry
hamper (Source: adapted
from Dirty laundry hamper
[31D)

Fig. 9.12 Dressing trolley
(Source: adapted from
Dressing trolley [32])

The trays are then placed in the preheated trolley. The trolley is preheated for a
set amount of time and then transported to each and every room. As a result, the
meal is maintained hot and fresh throughout the process [33].

An emergency crash cart is a trolley created specifically for dealing with emer-
gency circumstances. It is used to bring medicines and equipment to the emergency
site for resuscitation efforts (Fig. 9.15).
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Fig. 9.13 Trolley for
supply of food 34 (Source:
adapted from Dressing
trolley [Internet] [32])

Fig. 9.14 Trolley for
transport of packed food
trays. (Source: adapted
from food trolley for food
tray [Internet] [35])
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Fig. 9.15 Emergency
crash cart (Source: adapted |
from Emergency crash cart
[Internet] [36])

9.3.5 Pneumatic Transport System

Pneumatic tubes (or capsule pipelines, also known as pneumatic tube transport) are
systems that propel cylindrical containers through networks of tubes by compressed
air or by partial vacuum. Pneumatic transportation system is a network consisting of
pipes and receiving-sending stations that is used for mechanized movement of sam-
ples or documents using compressed air force [37].

Components of the PTS:
e Blowers

e Three-way diverter

e Carriers
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e PVC tubes
e Delivery stations
e Computer control center (Fig. 9.16)

9.3.6 Dumbwaiters

Dumbwaiters are small freight elevators designed to transport goods rather than
people. Dumbwaiters are used to transport people between floors.

Dumbwaiter lift delivers quick, cost-effective, and comfortable vertical transpor-
tation for small freight elevators in a variety of buildings. It saves a lot of time and
labor resources [38] (Fig. 9.17).

They are generally installed in the CSSD to transport sterile instruments to the
OT, and in the laundry to carry clean linen to the wards and OT.

Fig. 9.16 PTS carrier and
delivery station [Source:
adapted from 18
(Pneumatic transport tube
[Internet] [37])

Fig. 9.17 Electronic
dumbwaiter [Source:
adapted from 19
(Electronic dumbwaiter
[Internet] [39])]
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9.4 Conclusion

Transportation of patients in a hospital is a crucial, yet frequently overlooked, stage
in a patient’s ongoing care. In addition to this timely transportation of materials too
aid in effective patient care. Hence, it is important for hospitals to ensure that they
plan and equipment their resources in terms of staff and infrastructure that would
help in the safe transfer of patients within and outside the hospital premises.
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Chapter 10 )
Central Service Sterile Department ST

N. Shalini, R. Sathish, M. V. Anitha, H. K. Mamatha,
B. J. Divya Rao, and Arehally M. Mahalakshmi

10.1 Introduction

Central sterile supply department (CSSD) is a service unit in a hospital that pro-
cesses, issues, and controls the sterile store supply to all departments of the hospital.

Bhattacharjee defined CSSD as that service, within the hospital, catering for the sterile sup-
plies to all departments, both to specialized units as well as general wards and OPDs [1].

CSSD is an independent department in the hospital with facilities to receive,

clean, pack, disinfect, sterilize, store, and distribute instruments as per well-
delineated protocols.

The essentials of CSSD are:

Correct design
Appropriate equipment
Skillful operators
Workflow
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10.2 History of CSSD [2]

N. Shalini et al.

e The Second World War led to the modern concept of practicing CSSD.
e The history of CSSD starts in 1928. The American College of Surgeons intro-

duced the word CSSD.

e Regular CSSD was established in the United Kingdom in 1955 at the Cambridge

Military Hospital.

e In 1965, the first CSSD was established in India at Safdarjung Hospital,

New Delhi.
e Now every hospital has CSSD unit.

10.3 Objectives of CSSD

* To supply the sterile instruments, linen pack basins, and other sterile items.
e To record and maintain an accurate effectiveness of the cleaning, disinfecting,

and sterilizing process.

* To enforce necessary controls to prevent cross infection according to infection

control policies.

» To constantly update the practices to improve the quality or service provided.
» To provide services to all departments requiring sterilization process.

¢ In hospitals, CSSD plays a vital role in infection control.

10.4 Functions of CSSD

See Fig. 10.1.

G Decentaminatio
Receiving: Sorting » (Wash &

p 4 Disinfest)

Inspect »  Packing Sterilizing

Fig. 10.1 Functions of CSSD

Storing Dispatch
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10.5 Planning of CSSD

The CSSD is broadly classified into two. See Fig. 10.2.

10.5.1 Central Unit

The following activities take place here:
e Receives dirty utilities

e Cleansing of dirty utilities

e Processing them

e Sterilization

e Storage

e Supply

10.5.2 Peripheral Unit

Sterile instruments are supplied to the different areas of the hospital (Theater Sterile
Supply Unit).

Fig. 10.2 Classification of CSSD CSSD

Central Unit Peripheral Unit
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10.6 Division in CSSD

See Fig. 10.3.
CSSD is divided into
Functional areas:

e Receiving area

¢ Decontamination area
e Packing area

e Sterilization area

e Storage area

¢ Distribution area

Administrative area:

Space for routine clerical procedures
Space for write-up and storage of stationeries

10.6.1 Receiving Area (Red Zone Area)

* Contaminated/soiled instruments are sent to the CSSD in closed bins wherein
they are prewashed in running water.

e Prewashed instruments are soaked in disinfectant solution (follow the disinfec-
tant protocol for disinfectant solution and protocol for procedure) after the pro-
cedure is completed.

e Later, the instruments are sent for ultrasonic cleaning.

e Ultrasonic cleaner should maintain the designated time, pressure, and tempera-
ture for effective and efficient cleaning to happen by following the manufactur-
er’s guidelines.

e Validation of the ultrasonic cleaners is checked by using aluminum foil test
based on the outcome of the result.

Fig. 10.3 Basic division in CSSD | Gleag fiee

m Drying Area

m Packing Area

 Sterilization Area

z
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— Good result—(The ultrasonic bath is working effectively.) The pinprick
holes, uniform in size, are seen evenly distributed throughout the foil.

— Bad result—(The ultrasonic bath is not functioning effectively.) There may
be little or no holes on the aluminum foil.

— “Hotspots”—Missing/ineffective sweeping frequency.

— Patchy holes—Combination of large holes in some parts and minimal or no
holes in the rest of the aluminum foil.

e Register is maintained at the department so that all the instruments along with
their respected department names are noted.

Requirements:

— Two sinks (washing and rinsing)

— Ultrasonic cleaner

— Tank/tub for chemical disinfection

— Solution for chemical disinfection of instruments

— Enzymatic solution for ultrasonic cleaner

— Scrub brush for removing the visible contamination of instruments

— Silicone gloves for the personnel working in this area, for washing and instru-
ment handling in ultrasonic cleaner

10.6.2 Packaging Area (Blue Zone Area)

Blue zone area is the area where there is restricted entry of work personnel; they
need to follow a protocol while entering here like a dress code or wearing of PPE.
Care is taken to see that all the instruments are free of any air molecules and they
are completely air-dried.
Instruments received in sets from their respected departments are put back in the
same order and covered by use of linen/plastic pouch and paper (medical
grade paper).
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Three-line label (stickers) are placed on pouches; following are the details
mentioned on the sticker:

e Batch number

e Machine number

e Date of sterilization

* Date of expiry

*  Which department the instrument belongs to

e Person in charge for sterilizing that batch of instruments

Instrument wrapping/packaging should provide resistance to punctures and tears
and should act as a barrier to microorganisms and moisture.
Requirements:

e Air dryer for drying washed instruments

e Material for wrapping of instrument (paper wrap, linen wrap)
e Sealing pouches with color indicators

e Sealing machines

e Three-line label with gun

e Ink to check the seal quality

10.6.3 Sterilization Area (Green Zone Area)

This is a completely restricted area wherein only the people working at that depart-
ment have access to remove the packed and sterilized (autoclaved) instruments from
their respective sterilizers and stored before they are distributed to their respective
departments.

Sterilizers which are present in their respective organization use their manufac-
turer’s guidelines on temperature, pressure, and time duration of each cycle along
with their maintenance guidelines for effective and efficient working process and
procedures.

Sterilization is a process wherein an article is free from all living organisms
including bacteria, fungal spores, and viruses.
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Heat Sterilization

Various methods of sterilization are as follows:

1. Dry heat sterilization—Here, sterilization is carried out at about 160 °C for 1 h,
e.g., glass syringes and cutting-edge instruments.

2. Sterilization by steam—Steam destroys microorganisms by irreversible dena-
turation or heat coagulation of cellular proteins.

Types of steam sterilizers:

(a) Gravity displacement or downward displacement sterilizer—The air from
the chamber and load is displaced by gravity.

(b) Pre-vacuum sterilizer—The air from the chamber and load is removed by
vacuum pump (IGNOU study material).

Ethylene Oxide Sterilization [2]

Ethylene oxide kills microorganism by altering the DNA by alkylation

process:

e Gas is used here for sterilization.

e Very time consuming, usually lasting until 12 h.

e If the instructions are not followed properly, it can lead to toxicity from the
gas used.
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Flash Sterilization
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Underwood Perkins defined flash sterilization as sterilization of an unwrapped object
at 132 °C for 3 min at 27-28 Ibs. of pressure in a gravity displacement sterilizer.

Time and temperature of sterilization depend upon the manufacturer guidelines
along with the items that need to be processed [3] (Table 10.1).

Table 10.1 Type of flash sterilizers

Type of sterilizer

Features

Gravity displacement

Nonporous instrument (metal instruments without lumen)
132 °C (270 °F)
3 min

Nonporous, porous instruments (instruments with lumen,
rubber, plastic all is sterilized together)

132 °C (270 °F)

10 min

Dynamic air removal (e.g.,
pre-vacuum)

Nonporous instrument (metal instruments without lumen)
132 °C (270 °F)
3 min

Nonporous, porous instruments (instruments with lumen,
rubber, plastic all is sterilized together)

132 °C (270 °F)

4 min

Steam flush pressure pulse

Nonporous and porous items V
132 °C (270 °F)
4 min
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Chemical Sterilization [2]

Chemicals are used here as a means of sterilization; this is an absolute process,
wherein spores are also destroyed along with the vegetative form.

Chemical agents used here are:

Cidex

Hydrogen peroxide

Formic acid

Chloramines (combination of chlorine and ammonia)

Radiation Sterilization

The gamma ray’s sterilization is used for sterilization of articles and is one of the
most effective methods of sterilization. This method is not used much in hospitals
because of high cost of equipment and safety standard requirements.

Requirements

— Front-loading autoclave (preferably double door)

— Trolley for carrying and loading of instruments into the autoclave

— Chemical indicators with devices for ensuring the working condition of the auto-
clave (e.g., process challenge device)

— Biological indicator

— Silicone gloves for the operator’s safety

10.6.4 Storage Area (Green Area)

Once the instruments are out of the sterilization machine, they need to be stored in
a place where they have maintained a relatively adequate temperature, pressure, and
proper air exchange:

* Maintain proper ventilation; it should be dust free and pest free.

e Clean and dry closed cabinets can be used.

e Stainless steel perforated racks can also be used.

e Instruments should be stored in such a way that instruments which are near
expiring should be used well before the ones that are going to be expired later.

e If there is any tear in the packaging, the whole set must be sent again for re-
sterilization following the entire steps again.

* Register is maintained regarding the issue of instruments to their respective
departments.
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10.7 CSSD Design/Layout [4]

Layout of the department should have a linear workflow pattern, wherein all the
contaminated/soiled instruments are brought into the CSSD in a separate entry point
and the exit point in which the packed and sterilized instruments leave the depart-
ment in a different exit point to their respective departments.

10.7.1 Linear Flow Instrument Processing Layout

See Fig. 10.4.

Fig. 10.4 Linear flow instrument processing layout
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10.7.2 U-Shaped Instrument Processing Layout

See Fig. 10.5.

10.7.3 Designing of the CSSD

e CSSDis constructed in such a way that they follow a unidirectional flow, wherein
contaminated instruments enter the department in one direction and exit in
another direction to prevent any cross contamination.

e It serves the purpose of cleaning and disinfection.

e Flooring in the department should be nonskid, smooth, and robust.

e Ceiling should be of flush type and sealed to the walls.

e Air filtration—proper air pressure should be adapted in CSSD so that there is no
room for any cross infection, HEPA filters along with air conditioners are main-
tained in the department, and air changes are usually done in relation to the size
of the hospital along with how many cycles of sterilization are carried out.

 Fixtures should be easy to clean.

e Relative humidity should be maintained.

e Maintain the proper air pressure within the department such that there is less
chances of infection/contamination. Clean zone maintains a positive air pressure.

e Regular cleaning of the department is preferred along with deep cleaning, which
is done at a regular interval which enhances better working of the department.

ENTRY EXIT
Contaminated area Sterilization/storage area
* Prewash disinfection
soaking area * Sterilization machines,
* Ultrasonic cleaning storage racks
area

Packaging area

* Drying area

* Wrapping
instrument by using
paper, linen peel
pouch

Fig. 10.5 U-shaped instrument processing layout
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Lighting

Lighting fixtures should be such that they are closed so that they prevent insects and
dust accumulation; light level should be at least 400 lux.

Signage/Displays in Functional Areas

The functional areas of the department should have the following displays:

— Manufacturer’s manual of the equipment used.

— Standard operating procedure.

— Material safety data sheet should be displayed near to their respective instru-
ments so that the working staff will be benefited in case of need.

— Signage regarding postexposure management.

— Proper signage along with directions should be made available at the department
for easy access and to prevent any misdirection, and a restricted entry board
should also be displayed.

— Physical separation/barrier should be present between soiled zone, clean zone,
and sterile zones.

— Therisk of cross infection spread by staff working in CSSD should be minimized.

10.8 Sterilization Monitoring

10.8.1 Physical Monitoring

Latest sterilizers are equipped with a digital printout at the start of each cycle
wherein the parameters such as

e Temperature
e Air pressure
e Time

are noted down in a printed format/cycle and done on a daily basis.

10.8.2 Biological Indicators/Spore Testing

They are inexpensive and easy to use and provide a positive result; it is one of the
most accurate means as it measures sterilization process directly by using the most
resistant microorganism.
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Table 10.2 Biological indicators

Spores Geobacillus stearothermophilus

Monitors e Steam

¢ Hydrogen peroxide gas plasma
e Liquid peracetic acid

Number of 10° spores
spores
Method of use * Ampoule is placed at the center over one or more packs within the

chamber
e Ampoules are later sent to laboratory for culture to obtain results

Incubation ¢ Done at a temperature of 55-56 °C for 14 days

e Check for turbidity
¢ Along with that incubate an unexposed spore ampoule simultaneously

Ideal properties of a biological indicator:

Nonpathogenic

Well characterized

Easily procurable

Cost effective

Easy to handle

Sterilization resistant compared to human pathogens

Should give rapid results

Should provide positive results when the sterilization parameters are inadequate
to kill microbial contaminants

Should be standardized (Table 10.2)

10.8.3 Chemical Indicators

These are the indicators which are placed on the packed units before they are sub-
jected to sterilization.

Change in temperature and pressure confirms that the sterilization process has

taken place or not; they are visible on the packed unit as they change their color
once they are out of the chamber.

For example:

Autoclave tapes
Bowie—Dick test
Temperature tube
Ink seal test
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10.9 Factors Affecting Efficacy of Sterilization [3]

See Table 10.3.

Table 10.3 Factors affecting the efficacy of sterilization

Factors

Effect

Cleaning

Ensure that there is thorough cleaning happening which will
reduce salt concentration, protein load, and bioburden, which
increases the sterilization efficacy

Bioburden

Around 100-103 organisms (primarily vegetative spores) are
considered as natural bioburden for surgical devices, which is
below 105-106 spores used with biological indicators

Type of the pathogen

Sterilization-resistant spore-forming organisms are used as test
organisms required for FDA clearance

Vegetative bacteria are the common contaminating microflora
on surgical instruments

Protein

The reason for decrease in the efficacy of sterilization is residual
protein
Protein load can be removed rapidly by appropriate cleaning

Salt

Other than protein load, residual salt also decreases the efficacy
of sterilization
Salt load can be reduced by cleaning process

Accumulation of biofilm

Sterilant exposure to microbial cell is impaired by biofilm
accumulation, hence reducing sterilization efficacy

Length of lumen

Sterilization penetration is directly affected by increase in
length of lumen

More force flow is required through the lumen to achieve
satisfactory sterilization

Diameter of lumen

If lumen diameter is decreased also, there will be reduced
sterilization efficacy

In that case, forced flow through lumen achieves satisfactory
sterilization

Flow restriction

Satisfactory sterilization is achieved when microorganism
comes in contact with the sterilant used

Devices with sharp bends and blind lumen will prevent the
contact of sterilant with microorganism, thus affecting
sterilization efficacy

Design and construction of
device

Sterilization efficacy also depends on the compatibility of
materials used in the construction of devices with various
sterilization processes

Design issues (e.g., screws, hinges) will also affect sterilization
efficacy
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10.10 Special Consideration [3]

Processing patient care equipment contaminated with blood-borne pathogens (HBYV,
hepatitis C virus, HIV), antibiotic-resistant bacteria (e.g., vancomycin-resistant
enterococci, methicillin-resistant Staphylococcus aureus, multidrug-resistant tuber-
culosis), or emerging pathogens (e.g., Cryptosporidium, Helicobacter pylori,
Escherichia coli O157:H7, Clostridium difficile, Mycobacterium tuberculosis,
severe acute respiratory syndrome coronavirus), or bioterrorist agents: Additional
care needs to be followed while treating the instruments/equipment used for these
patients, and they must be in harmony with the standard guidelines; follow the des-
ignated guidelines which are set in treating these instruments. Prion-related con-
tamination must be handled cautiously as it can cause transmission of disease if not
sterilized appropriately. Prion-contaminated instruments/equipment should be sub-
jected for protein denaturation/sustained heat at high temperature for several hours
along with standard sterilization protocol.

10.11 Quality Control [3]

e Conducting periodic training programs on the safety measures and procedures of
doing things will help the staff enhance their knowledge about the department
and improvise their skills on the effective methods of sterilization.

¢ Infection control should be conducted periodically.

* Maintenance of records.

e Periodic review of policies and procedures.

e Maintenance of incident reporting.

e Recall policy.

10.12 Documentation

Maintaining documents at CSSD is of prime consideration as it is a key factor of
patient safety as well as infection control purposes (Fig. 10.6).
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Documentation

/

Equipments Sterilization monitors/indicators
¢ Periodic maintenance Validation of chemical, physical, biological
« Calibration of equipments monitors.
¢ Incident reporting
* Recall policy
* Maintaining records

e Periodic check of air flow, temperature
And air pressure.

Fig. 10.6 Documentation

10.13 Incident Reporting

Incident reporting is usually observed at a workplace, wherein the process of record-
ing worksite events, including near misses, injuries, and accidents, takes place.

A complete reporting along with documentation of all facts of incidents hap-
pened has to be done.

Usually, any accidents occurring at a workplace, leading to injury to any workers
or any damage to equipment or property, are considered here.

10.14 Recall Policy

Registers are maintained at the department, which helps in easing the job of segre-
gating the instruments as received from their respective departments; in case of any
unacceptable situation, wherein there is a fault in the sterilization process or any of
that sort, then by having a look at the register which mentions the date and batch
number, the instruments are tracked and recalled back to the CSSD from their
respective departments. After the problem is fixed, negative biological spore test is
obtained, and the CSSD in charge after consultation with infection control can allow
sterilization to be returned to operation.

10.15 Condemnation Policy

An expert in IT and biomedicine engineering must provide a report on the item after
inspection of the following:
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* Is the item reparable or does it need to be replaced?

e Ifitis reparable, can it be done in-house or does it need to be sent to the vendor?

 If the item is to be repaired by the vendor, is the cost below or above the cost of
replacement?

e If it needs to be replaced, can the item be salvaged and used somewhere else or
does it need to be discarded?

One member from the store and one resident medical officer/medical superinten-
dent review the expert report, inspect items, provide approval sequence number
(manual), and determine how to physically discard the items, and the details will be
documented in the meeting minutes. Entry must be done in the inventory book
regarding the condemned items, mentioning the number of items condemned and
the total presently available items in stock.

10.16 Breakdown Policy

Breakdown of any equipment in hospitals will result in a lag in workflow; how we
manage the situation without a lag in the workflow is of utmost importance for a
CSSD personnel. Depending on the size of the organization, equipment are pur-
chased. In case there are two steam sterilizers, if one breaks down also work can be
managed by the other one left or if the organization is provided with only one equip-
ment, then the organization can have a MOA with its sister concern till it is repaired.

Once the repaired equipment is ready and back to work, biological indicators are
used on them to check the efficacy of the equipment.

10.17 Classification of Patient Care Items
(CDC Classification)

A rational approach to disinfection and sterilization of patient care items and equip-
ment was first introduced by Earle H. Spaulding almost 30 years ago.

Spaulding believed if instruments used for patient care are categorized as critical,
semicritical, and noncritical based on the degree of risk for infection, then the type
of disinfection procedures to be followed could be understood readily.

According to that, instruments are classified into
e (Critical instruments

e Semicritical instruments

¢ Noncritical instruments
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10.17.1 CDC Guidelines for Sterilization and Disinfection
of Patient Care Items [3, 4] (Table 10.4)

Table 10.4 CDC guidelines for sterilization and disinfection of patient care items

S.no. | Category Description Instruments
1 Critical * High risk of infection is Instruments in this category are:
instruments confirmed once they come in e Surgical instruments
contact with microorganisms e Cardiac and urinary catheters
* Usually are the ones which e Implants
penetrate soft-tissue bone e Forceps
* Have the greatest risk of e Scalpels
transmitting infection e Bone chisels
* Heat sterilization is the method |¢ Burs
of choice used for such
instruments
2 Semicritical | ¢ Usually seen when there is Instruments included in this
instruments contact with the mucous category are:
membrane or non-intact skin e Respiratory therapy, anesthesia
* Chances of spreading infection equipment
are comparatively low here * Endoscopes
¢ High-volume evacuator tips
e Rubber dam forceps
* Amalgam carriers
e Cystoscopes
3 Noncritical |+ Here there is least risk of List includes:
equipment infection transmission as they | ¢ Bedpans

contact only intact skin

* Blood pressure cuffs
*  Computers
¢ Lead apron
e X-ray unit tube head
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10.18 Conclusion

Nosocomial infection is a big threat to humans; hence, CSSD plays a very vital role
in reducing the chances of cross infection within the hospital and among individuals.

Department of CSSD ensures that a proper working process is followed so that
effective and efficient results are obtained.

Staff employed in this department should have a thorough knowledge about the
functioning of the department.

Regular training activities should be undertaken to improvise the knowledge and
to upgrade their skills to overcome any difficulties in the future.

Periodic maintenance of all the equipment is to be done to enhance the working
conditions so that there is no breakdown of them.

Maintenance of records should be followed on a regular basis.

Meticulous implementation of all types of sterilization indicators has to be car-
ried out for the best outcome of sterilization process.
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Chapter 11
Engineering and Biomedical Engineering
Department

Shubham Rathore, Dinesh Bhatia, and Sushman Sharma

11.1 Introduction

Any healthcare facility consists majorly two components: manpower and machine.
To distinguish with other setups and to provide best of the medical treatment, state-
of-the-art equipment are the foremost requirement for any hospital setup. There are
two types of machines in any healthcare facility:

1. Nonmedical
2. Medical

Department which deals with nonmedical machines, for example civil assets,
water, electricity, MGPS, and generator, comes under maintenance department, and
all medical machines come under biomedical department. To maintain the proper
working of all the nonmedical and medical equipment is the prime responsibility of
engineering and biomedical department.
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11.2 Biomedical Engineering Department: Functions,
Designs, Space Facilities, Utilities, Hospital
Wiring System

The major aim of biomedical department is to maintain the proper working of all the
medical equipment. If we broadly categorize the function of biomedical depart-
ment, then we can divide it into four major categories:

1. Planning
2. Organizing
3. Directing
4. Controlling

Let us discuss these four major categories in detail:

11.2.1 Planning

This is the first and foremost important function of biomedical department. At the
time of planning of any hospital setup, planning of medical equipment comes as an
important step according to which only even the planning of room sizes, electricity
points, backup power, etc. get finalized. The budgeting part also comes into this
planning phase only.

The team of biomedical and user department decides the specification of any
equipment with financial budgeting with the help of finance department. So basi-
cally, all the departments of any healthcare unit are closely interlinked and that
makes healthcare setup a complex setup.

The second phase of planning comes when biomedical department needs to plan
for all the machines’ maintenance plan.

There are three types of maintenance plan:

(a) Preventive maintenance plan (PMC)
(b) Annual maintenance contract (AMC)
(c) Comprehensive maintenance contract (CMC)

(a) Preventive maintenance plan (PMC): A periodical checking and calibration
of the machine come into the preventive maintenance plan. It is normally
decided according to the time or usage.

(b) Annual maintenance contract (AMC): After the warranty period, the manu-
facturing company provides annual maintenance contract in which the service
and maintenance charges are included, but if there would be any faulty part,
then that would be chargeable extra.
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(c) Comprehensive maintenance contract (CMC): This kind of contract
includes both service for repair and maintenance and change of any faulty
part. CMC contract can be done for a year and can extend to 5 years if both
the parties get consensus on this.

So, the major difference in AMC and CMC is that CMC includes the cost of
change of faulty parts, whereas AMC includes only service charges.

The third phase for planning includes the upgrade of technology and condemna-
tion of any equipment. For condemnation of any equipment, consensus of commit-
tee should be mandatory which will minimize the unethical activities.

11.2.2 Organizing

In day-to-day operations, biomedical department plays a vital role in organizing
repair visits, spare parts, and coordination with the parent company and with the
user department. The ultimate aim is to manage all the breakdown of machines, so
that the patient will not get hampered.

11.2.3 Directing

All the instruction for any equipment handling comes under this. This is one of the
major roles of biomedical department to teach handling of equipment to user depart-
ment. All the handling instruction and manuals are the responsibility of biomedical
department. For this, periodical training is one of the tools.

Other than the abovementioned categories, below are the simplified functions of
biomedical department:

11.2.4 Functions

From the first day of hospital setup, the role of biomedical department comes into
consideration. Whether it is about the selection of equipment or installation, bio-
medical plays a vital role in the coordination of other stakeholders. The major func-
tions are listed as below:

e Planning and installation of medical equipment

* To suggest to go for more advanced technology or stay with the existing one
* Training of user department to handle the equipment

* Management of spare parts
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e To manage the equipment with preventive maintenance plan

e Time-to-time calibration of the equipment

* To minimize the downtime for the equipment

* To maintain all the records related to a particular equipment

e To plan for (AMC) annual maintenance contract and preventive maintenance
plan (PMC)

e To distinguish the machine which should undergo PMC and which should
go to AMC

e Condemnation of any old equipment

11.2.5 Organogram

CEO/Unit Head

Head biomedical
Engineer

Regional
Biomedical
Engineer

Sr Executive Sr. Executive
/ Executive / Executive
Biomedical Biomedical

Engineer Engineer
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11.2.6 Location

This department does not come in contact with patients. The major coordination is
with the user department and the external agencies. So, biomedical and engineering
department comes under auxiliary services of a hospital. So normally, this depart-
ment has been seen on the administrative floor or user-friendly floor. A spare store
would be the requirement as per the bedded capacity to keep the new and essential
parts and to keep used and faulty parts till the time of condemnation.

11.2.7 Hospital Wiring System

A hospital is a place which will be full of people always and that too including a
variety of people like conscious and unconscious patients, visitors, doctors, nurses,
and staff. There are so many machines and added oxygen and other medical gases
with flammable material, which makes hospitals an extremely complex environment.

Because of these reasons, hospitals are difficult entities to be designed and
planned as per the safety standards.

For doing hospital wiring system, one should use fire-resistant cables for the
entire wiring system, which should be tested against the highest and lowest
temperatures.

11.3 Engineering Department: Functions, Location, Design,
Organization, Maintenance Management

Engineering department is one of the most vital utility departments in a hospital.
Any civil tasks, electrical supply, water supply, medical gas supply, air-conditioning,
lifts, TV, refrigeration, air compressor system, firefighting system, and communica-
tion units all come under the umbrella of engineering department. Any slightest
malfunctioning of abovementioned areas can lead to serious and harmful events.

The major function of engineering department is to repair and maintain the exist-
ing facilities with alignment of a patient’s safety and operationalization of the
hospital.

Engineering department is directly and indirectly related to all other units of a
hospital. The proper working of any other unit in the hospital depends largely on the
smooth working of engineering department.

There are lot many expectations from engineering department than from other
departments. At patient’s level, at doctor’s level, or at management level, mainte-
nance department plays a vital role.

Patients expect uninterrupted power and water supply from Engineering
Department and no failure of services which can hamper the line of treatment.
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Medical team expect from engineering department that the services should be
available in an absolute manner and that no interruption should happen and no dis-
comfort is given to patients. There should be no compromise in the treatment of
their patients. No delay in any treatment or investigation of patients should happen
due to interruption in the work of engineering department.

Management has very high expectation from engineering department. For exam-
ple, all the government compliances (lift license, etc.) should be in place, which are
related to engineering department. There should be no complaints from internal and
external customers regarding any of the tasks related to engineering department.
Safety of patients and internal staffs should be maintained. Management would
expect cost optimization.

11.3.1 Functions of Engineering Department

1. Providing a safe and hazard-free environment: This is one of the major tasks of
engineering department to provide the safe environment to patients and staffs
either by providing uninterrupted services or by managing the repair and
maintenance.

2. Managing the preventive maintenance: All the machines and other resources
demand regular servicing for which maintenance department has to maintain a
calendar for all the preventive services.

3. To maintain legal compliances: Engineering department is responsible for
maintaining all the legal compliances; for example, lift license and DG set
license come under engineering department.

4. To maintain the inventory: Engineering department takes care of all the spare
parts and other inventory related to any other machinery or of repair material.

5. Training of staff: It is one of the major responsibilities of engineering depart-
ment to provide continuous training to user departments or the staffs who are
handling those areas.

6. Managing the cost: The engineering department can reduce maintenance costs
significantly by carrying out timely repairs and by strictly adhering to the main-
tenance schedules from time to time.

7. Helping hand to management: Engineering department can help authorities in
new purchase or old condemnation and can save a lot of money with timely
maintenance.

8. Prompt response to breakdown: In-house maintenance team can help to imme-
diately rectify any sort of breakdown.

9. Maintaining records: Engineering department keeps record of all the daily data,
history card of machines, etc.

10. To maintain safe and hazard-free environment by following proper processes
and practices.

11. To provide documented manual and SOPs for maintaining quality program for
engineering department.
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11.3.2 Organogram

CEO/Unit Head

Head Engineer

Regional Engineer

Sr Executive Sr. Executive
/ Executive | / Executive
Engineer Engineer

11.3.3 Location

The engineering department can be located in the admin block or may be in the
basement or ground floor from where the user departments can access the depart-
ment easily.

Department should have office area, store area for spare parts, and workshop area
where minor repairs can happen.
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11.4 Summary

Any hospital setup requires uninterrupted services, and for providing these services,
biomedical and engineering department plays a vital role. Medical services are the
pillars of a hospital, and biomedical and engineering departments are the supporting
pillars for providing support to these main services, which may not connect with
patients directly, but without the support of these departments, it is really difficult to
maintain the smooth functioning of a hospital.
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Chapter 12
Mitigation of Fire Hazards in Hospital

Sandip Bag and Karabi Ganguly

12.1 Introduction

Hospital or healthcare institution is the place where treatment is provided to the criti-
cally ill patient with the specialized healthcare staff and medical equipment using
advanced health science. Therefore, safety is the utmost requirement for any hospitals
[1]. But it is quite unfortunate that fire is the most common and devastating hazard in
hospitals because complex hospital buildings are occupied by vulnerable people [2].

Problems in the electrical wiring as well as improper storage of hazardous and
combustible materials can cause fire hazards, which intimidate the safety and secu-
rity of patients and staff members alike and can transfer a hospital to a stalemate [3].
In comparison with the building used for office, school, and other general purposes,
it is a tenacious responsibility to vacate the people from hospitals.

Fire safety norms for healthcare, one of the most crucial parameters, need to be
followed strictly during planning and subsequently for the proper construction of a
hospital. It is very regrettable that there are still some hospitals where fire manage-
ment is still in written words fixed on the wall [4].

In most of the cases, the administration or management blames that a large num-
ber of hospital staffs do not know about or have awareness skills against the fire
hazards as well as the steps essential to execute to combat the calamity. In addition,
critically ill, bed-retained highly dependent and immovable patients make it a chal-
lenging task to clear the hospital building in a rush.

Therefore, mitigation of fire hazards in a hospital is a very serious and challenging
task [5]. So, each and every healthcare facility needs more attention on the adherence
of the safety rules and regulations. Furthermore, easy and safe move-out procedures
in healthcare services are also essential for the life of the people inside the hospital.
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12.2 Potential Fire Hazards in Hospitals

Prevention and management of fire are the most significant consideration in the
premises of medical and healthcare facilities especially in hospital, care home, or
medical practice of any kind because huge numbers of potentially vulnerable people
are in the premises that may be at risk in the vicinity [6]. With the probability of
numerous patients struggling with mobility and sickness, evacuation procedures
become more complex and being ready to understand what the common hazards
might be in these environments becomes all the more important [7].

There are several factors responsible for potential fire hazards in a hospital if we
do not follow the safety norms properly within the healthcare premises such as the
following [8]:

12.2.1 Medical and Surgical Equipment

Nowadays, some medical and surgical equipment utilize lasers and electrosurgical
tools quite frequently, which causes an ignition hazard, especially near oxygen cyl-
inders, surgical clothing, and flammable sterilizing liquids. Although fire safety
norms are kept in mind during designing, many materials like gas cylinders and
oxygen canisters used in hospitals are very combustible [9]. Therefore, such com-
bustible materials should be reserved and managed properly and there should be
strict adherence to protocols of electrical loading for energy-intensive equipment to
minimize fire hazards [10].

12.2.2 Hospital Kitchens

Fire hazards in kitchen apparatus of hospitals are most common due to generation
of flame from cooking fats, electrical ovens, toasters, open flames, etc. So, it is very
vital to clean the frying pans, grills, utensils, and other equipment routinely, and
cookhouse of the hospital building must be installed with the appropriate fire safety
equipment.

12.2.3 Overused Sockets and Cables

In any hospital, there is a large number of electrical equipment which are repeatedly
placed in overloaded sockets and cables. They sometimes use extension cords to
make daisy chain together to plug more equipment at a time, which is a contraven-
tion and can cause serious problems after overheating, ultimately creating a
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sparking of fire. So, defective or overloaded electric appliances are one of the popu-
lar and leading logics behind fire in hospitals. In addition, due to tons of medical
equipment required in each hospital, there are diverse risks involved such as circum-
vent, overloaded electricity points, and faulty or damaged wirings.

12.2.4 Smoking

Although most of the NHS hospitals have declared a complete prohibition on ciga-
rette smoking, there is a significant fire risk as most of the people still evade them
or, while smoking outside the building, do not dispose them properly. Unextinguished
cigarette counterfoil can cause ashtray fires that can spread quickly if not addressed
properly. Therefore, smoking zone in hospitals should be placed in a safe location
away from the major buildings of the hospital.

12.2.5 Fire Door Compliance

As per the report and literature survey, it is clear that most of the fire violations in
hospitals arise due to a number of fire doors not closing or latching properly. The
presence of holes in fire doors would cause them to be no longer fireproof as earlier.

12.2.6 Gas Cylinders and Combustible Fluid

In any hospital, large number of gas cylinders and medical oxygen cylinders are
available that need to be properly stored and secured. Hand rubs composed of alco-
hol that are highly flammable are used all over hospitals [11]. So, it is essential to
have a minimum 6 ft breadth between the sanitation site and any flaming origin.

12.3 Fire-Prone Area of Any Hospital

Fire occurs in different sections of patient wards for various factors, and the most
common sources are waste fires, combustible liquids and gases, cotton and curtains
in wards and nurses’ station, sparklers in central nurses’ station, sparks from electric
discharge lamps in warehouses, overuse of electrical sockets, defects in connection
systems and heating gadgets, smoking in lavatory, kitchen fires, and intentional fires
at the site of waste collection [12]. Some of the common fire-prone areas of a hos-
pital are described below:
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12.3.1 Central Sterile Supply Department (CSSD)

Central sterile supply department, commonly known as CSSD, plays a most vital
role in patient safety and in reducing hospital surgical infection. This department of
any hospital receives, stores, sterilizes, and provides sterile items in time to all sec-
tions including the wards, OPD, and other special units such as operation theatre.
The primary attention of a CSSD unit is the castration of items like catheters, tub-
ing, surgical appliances, treatment tray sets, and dressing materials. Although this
unit aims to providing sterile items so as to prevent the spread of infection and in
some ways to protect hospital staff and patients from biological hazards, it itself is
prone to various hazards including electrical, mechanical, chemical, biological,
environmental, fire, and physical. For sterilization, highly inflammable gas ethylene
oxide (EtO) is used frequently as a gas-sterilizing agent. Improper air circulation
system and fault in the gas line can cause accretion of EtO gas in CSSD, and the
usage of smoking materials by staff in this unit may create a fire outbreak or even an
explosion. Inappropriate stocking of flammable gases and liquids can lead to detri-
mental effects and may cause fire. Furthermore, erroneous maintenance of electrical
machinery and aging electrical cables, in the presence of water, can be a origin of
static electricity, sparks, or minor combustion, which can ultimately start the fire
outbreak due to the presence of a large number of combustible materials such as
gauze, linen cotton, boxes, and paper wrappers within this section.

12.3.2 Intensive Care Unit (ICU)

An intensive care unit, commonly known as ICU, is considered as either an inten-
sive therapy unit (ITU) or a critical care unit (CCU). This unit is so special in any
hospital or healthcare facility that dispenses intensive care medicine. So, ICU pro-
vides the demanding and life support care for acutely ill and injured patients.

An ICU setup in a hospital will have patient space, nurses’ station, oxygen cyl-
inder, and medication storage along with technologically advanced medical equip-
ment such as physiological parameter monitoring device, IV stand, suction machine,
alpha mattress, nebulizer, and DVT pump. Generally, 6—8 numbers of medical
equipment are connected to ICU patient round the clock based on the current health
condition. Therefore, in an oxygen-rich environment of positive-pressure ICU
setup, there is a higher probability of fire mishaps to take place if fire safety norms
are not followed properly [13]. The prospect of fire hazards is still high with exten-
sive usage of alcohol-based hand sanitizer across ICU and considerable use of dis-
infectants like sodium hypochlorite solution for cleaning surfaces and equipment.

Though sodium hypochlorite is not combustible, it is a strong oxidizer that inten-
sifies the combustion of other materials like paper and PPE kits. For example, a fire
mishap would happen when ICU patient is resuscitated immediately from cardiac
arrest using a DC defibrillator to deliver the desired electrical energy through paddle
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electrodes placed across the patient. The high-voltage electrical spark arises from
paddles of defibrillator and will transmit to the patient if high-impedance gel is used
mistakenly. These arcs from the electrodes can ignite body hair and spread to linens,
i.e., patient gown and blanket, resulting as fire outbreak. The recently repeated hos-
pital fire mishaps across the globe, especially in India, reported from hospital ICU,
have raised the question mark regarding safe environment and safe work practice
followed by hospital staff also [14].

12.3.3 Operation Room

Fire in operating rooms is a rare but disastrous incident that happens more than 500
times annually [15]. Three essential components of fire are always present in an
operation theatre for all surgical purposes: an oxidizer such as oxygen or nitrous
oxide, laser and electrosurgical equipment as an ignition source, and a fuel (alcohol,
ether, etc.) [16]. The unwanted fire events inside the surgical room result in some-
what 2-3 patient deaths every year, and its impact not only alters the mental condi-
tion of a patient but also spreads to the whole team of the surgical section as well as
the entire hospital arrangement. Therefore, safe utilization of surgical equipment,
oxygen cylinders, and chemicals is required along with the functional firefighting
system [17].

12.3.4 MRI Room

MRI machine is one of the most sophisticated and expensive equipment that are
quite often used to provide critical diagnostic services to a hospital’s mission. MRI
machines enforce an exclusive fire protection challenge for a hospital because this
machine requires tremendous energy, which is a potential source of fire, and also
due to nonavailability of traditional firefighting techniques in the close vicinity of
the machine’s magnets. The protection of MRI machine from fire is very indispens-
able from a hospital point of view as its replacement cost is too high and it interrupts
the hospital’s productivity and profitability.

12.3.5 Kitchen

Hospital kitchen plays an important supportive role to provide good-quality food
between mealtimes for patients, staffs, and visitors. The hospital cookery should be
planned and equipped in the best possible fashion by which they can meet the spe-
cial dietary demands with patient satisfaction and avoid contamination with com-
mon allergens. Blazes in kitchen facilities are quite familiar because of cooking fats,
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coiled heater, toasters, and open flames. So, there is a high chance of fire risks.
Therefore, it is very vital to clean the frying pans, grills, and other utensils regularly,
and canteen must be equipped with the appropriate fire safety like fire extinguishers
and smoke detectors. Make sure that grease traps and fryers are cleaned regularly
and cooks are well aware on fire safety.

12.3.6 Laundry Room

A reliable washing service is very crucial to any hospital as it provides acceptable,
clean, and uninterrupted supply of linen to all sections. The primary functions of
laundry system include sorting, cleaning, extricating, depleting, ironing, folding,
mending, and supply in time. Ideally, hospital laundry room should be positioned
away from the main service building but must be placed in a site having sufficient
daylight and natural ventilation. Large hospitals with 500 beds and above should
establish their own mechanism for laundry, and smaller hospitals should take the
help of cooperative mechanized laundry.

This washing unit is another familiar part of a hospital complex that is highly
vulnerable to fires due to generation of heat. All of us know that dryers get exces-
sively hot when they are used for parched sheets and clothes. Mix that aggressive
lint buildup in the lint trays and vents, and we have a potential fire waiting to hap-
pen. Make sure that laundry service room is kept away from the main building so
that the chance of potential fire hazards is less. The NABH also endorsed a lint-
cleaning chart that cleaners check and fill out to assure that dryers are always dredge
and lint free.

12.3.7 Basement

Basement of any construction means one or more floors that are partly or com-
pletely below the ground floor, which is mostly used as a storage space for furnace,
gas cylinder, water heater, air-conditioning system, car parking, etc. It is also uti-
lized as a space for amenities such as the electrical system and cable television
distribution point. Hospital basements are generally sluggish, dark areas where
unused equipment, spare beds, oxygen cylinders, and inflammable liquids are
stored. In addition, hospitals often utilize such basements as a shielding layer from
the earth for their nuclear chemistry and radiation therapy and diagnostic resources.
All the storage materials inside the basements are highly explosive, and the report
on recent fire hazards in hospitals shows that basement is the most fire-prone zone
of a hospital.
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12.4 Basic Principles of Fire Safety in Hospital

Healthcare facilities like hospitals and nursing homes are normally operated on a
24 x 7 basis as there is a continuous flow of patients. Hospitals not only take care of
patients but also ensure their safety on a priority basis [18]. Fire accidents at health-
care facilities are very common, but it is not desirable to force anyone to run for
their life.

Attention on fire safety in hospitals becomes very crucial as hospitals provide a
wide range of services including diagnostic and therapeutic functions, clinical test-
ing, imaging, emergency rooms, and operation theatre for surgery. Beyond this, they
have the role of hospitality such as food service and housekeeping. Its infrastruc-
tural houses consist of many heat-dissipating equipment, combustible gases and
fuels, chemicals, electrical wiring, and so on, which facilitate fire mishaps in the
hospital [19].

There are three fundamental principles that all hospitals could adopt to prevent
fire accidents as well as recover the life of vulnerable people and also forbid the
damage of the building property. The basic principles of fire safety are prevention,
suppression, and evacuation.

12.4.1 Fire Prevention

The most suitable way to execute fire safety management in any hospital building is
proper planning of fire prevention as prevention is better than protection. It is well
established that a facility is neither 100% perfect nor hazard free and none of the
plan can prevent every possible cause of a fire.

Primary focus on fire preventative strategy in a hospital includes (1) limiting the
occurrence of fire, (2) reducing the magnitude of fires, and (3) delaying the spread
of fires within the medical facilities [20].

Before consideration about fire prevention, first we have to grasp the three fun-
damental ingredients that establish fire, i.e., heat, fuel, and oxygen. These three
components are attributed as “fire triangle” as they interact together and create a fire
(Fig. 12.1).

Fuel: Any type of combustible material is known as fuel that can be used as the
origin of ignited fire. The examples of flammable material include paper, oil, wood,
ether, etc.

Oxygen: An oxidizing material that initiates the reaction with the fuel and
extends the fire. The magnitude of fire depends on O, concentration. Therefore,
lower concentrations of oxygen will turn down the fuel combustion.
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Fig. 12.1 The fire triangle
(source: http://thesymbiont.
blogspot.com/)

Heat: Heat allows fire to spread by drying nearby combustible materials and sur-
rounding air near the flame. For fires, it is essential to interact with oxygen and they
fuel each other at a temperature higher than the threshold value of ignition, which is
known as the “flash point.” Low flash point temperature means that flammable
materials are easy to ignite.

Depending on the types of combustion materials, fires are categorized into five
classes. These classes of fire include the following:

Class A: For such fire, ordinary combustible materials like wood, paper, plastics,
textiles, and rubber are the main concern.

Class B: In this type, mainly flammable liquids such as petroleum, grease, ether,
gasoline, oil-based paints, tars, solvents like alcohols, and incendiary gases are
involved that can be best extinguished by smothering.

Class C: This kind of fire involves electrical equipment like power tools, electri-
cal wiring, circuit panel, electrical gadgets and motors, and computers that is caused
by energized electrical elements like flawed power cords or overloaded electri-
cal socket.

Class D: Combustible flammable metallic substances like sodium, potassium,
magnesium, lithium, zirconium, and titanium are responsible for such fire, but this
fire is not normally found in a medical center.

Class K: This is another category of fires mainly associated with vegetable and
animal fat-based commercial cooking oils and greases that is unique to cooking.
These types of fires are effectively contented with a Class K fire extinguisher.
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(a) Planning Considerations for New and Existing Hospitals

One of the major attentions in an exorbitant hospital fire is to freeze the acceptance
of incendiary architecture like carpet space, partitions, roofs, staircases, and fire
escapes and some nonstructural components, mainly exits such as doors and win-
dows, false ceilings, furniture, insulation, and mechanical and electrical pipeline, in
a hospital structure [21].

For designing and developing new healthcare facilities, proper construction
codes and guidelines for effective fire avoidance and suitable building goods having
acceptable fire resistance category should be used. For both structural and nonstruc-
tural components of the facilities, the duration of fire resistance may range from Y2
an hour to more than 4 h.

In case of renovation or refurbishment of a hospital structure, the drawing or
plans of existing building are essential to resolve the fire-retardant backfit exigen-
cies of the facility. This drawing or plan should be produced for modification of
existing structure and/or creation of new furnishing for future correspondence and
submitted to the fire service department for accident at the medical services; first
responders will have prior familiarity of such a layout and part of emergency open-
ings, fire compartments, etc. allowing for a more efficient response in saving lives.

(b) Construction and Design Considerations
(i) New Medical Facilities

In recent years, most of the hospitals’ design and construction have been made of
noncombustible materials that have satisfactory fire resistance ratings and do not
release toxic smoke during a fire mishap. Firefighting ratings of the structural mate-
rials usually depend on layout process, occupancy technique, and utilization of the
facility [22].

In case of newly constructed healthcare facilities, the architecture should con-
sider the requisite fire rating of the structural elements of the building guided by
building code standards. Construction codes may differ from country to country.

Considering a large number of fire accidents in hospitals, architects, designers,
and engineers responsible for hospital building construction nowadays are paying
more attention towards fire safety in healthcare building construction [23].

A fire-resistant building material means any material that withstands fire for a
sufficient time without melt, and as a result, the residents of that complex can be
safely removed from the campus. Therefore, attention towards fire safety is very
vital especially in the construction of a healthcare building. To implement the much
higher fire-resistant materials to a building construction, considerable screening
should be paid on the properties of the materials used. The general data on the fire
resistance ratings of some commonly used building materials for hospital building
construction are illustrated in Table 12.1.
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Table 12.1 Construction materials and their fire resistance properties

Materials

Fire Resistance

Timber

Timber has remained considered as major construction material since ancient civilization. It
shows significant resistance to fire as it has low thermal conductivity and self-insulating nature.
When timber snaps fire, first it is charred up to a certain depth and that outer charred layers
behave like an active barrier and suppress the fire. This property of timber stops the fire by its own
property similar to that of the self-insulating behavior of concrete. To make more fire resistant,
sometimes such timber is impregnated with different fire-retarding chemicals known as
ammonium phosphate, ammonium sulphate, borax & boric acid, zinc chloride etc. The amount of
fire retarding chemical will vary depending on degree of protection. For example, in moderate
preservation, 32-48 kg chemical is recommended while for higher stability as much as 80-96 kg
chemical is mandatory. Currently, fire resistant dye is used on timber to make it more fire-resistant
building material. Most common types of timber have charring rates of 20 mm in 30 minutes and
40 mm in 60 minutes. Some hardwoods such as oak, teak and green heart have slower char rates
ranging from15mm in 30 minutes to 30 mm in 60 minutes.

Brick

Bricks, one of the oldest and fundamental materials used as construction material since archaic
civilizations, mainly used for the development of walls and pavement construction. Due to its
poor heat conduction nature, bricks do not show serious damage till 1200-1300°C. The
consideration of certain things makes the bricks as good fire resistance which includes Mortar
type, Quality workmanship, Clay type and method of masonry construction. Fire resistant bricks
are composed of fire kilns and have a high persistence value against much higher heat and
temperature. Remember to know that a single brick offers extra fire-resistant property than a wall
due to the incorporation of cement, sand and mortar. Walls constructed with bricks provide
sufficient protection from fire based on the thickness of the wall during construction. A brick wall
is considered as fire withstands material ranging from 60 minutes to 4 hours.

Concrete

Concrete is the most extensively used fire resistant building element for industrial construction
for quite a long time. Presently, its worldwide usage is more than double than that of combined
usage of steel, wood, plastic, aluminium altogether because its fire resistance ability is quite
outstanding. It offers greater resistance against fire to buildings as compared to steel due to its
insulation nature in terms of transmission of heat. Poor thermal conductivity of such material
makes the longer period of sustainability for structural, load-bearing capability. Concurrently, it
also reduces the spread of fire further. Although, the concrete strength deteriorates noticeably at
high temperatures but not much affected up to 250°C. Generally, reinforced concrete structures
can repel fire for at least one hour at 1000°C. The fire resistance behaviour of reinforce concrete
based on their marginal dimension and the concrete cover to reinforcement distance. For
example, 25 mm cover to reinforcement can provide 60 to 90 minutes of stability and up to 45
mm reinforcement can contribute 2 hours of safeguard depending on the structural element.

Now a day, reinforcement steel is a type of non-combustible fire-resistant material that is widely
used in building structures as a beam, lintel, purlin, walls etc. Additionally, this steel is considered
as suitable fixtures and fittings such as guard-rails, stairs, etc. However, this steel is non-combusti-
ble but softens as the temperature rises due to its low fire resistance value and this happens
because of decreased capacity to resist tension and compression. If temperature rises to 600°C, its
yield strength is reduced to 1/3 of its original value and starts melting above 1400°C or more. The
molten steel tends to contract when it comes in contact with water spread through fire
extinguisher. At that time twisting and distortion also begin because strength of steels already
diminished due to melting. As a result, the stability of the structure is affected and prone to
failure.

Glass

Due to poor conduction of heat and lower co-efficient of thermal expansion, glass become
automatic choice as excellent fire resisting material but cracks may develop under soaring
temperatures. Reinforced glass panes have been developed and used in glazed windows, doors to
solve such problem. Wire interlayer glass, intumescent laminated glass, and pre-stressed
borosilicate glasses are dual paneled fire-resistant glasses having high energy absorption rate that
makes it four times as stronger than a normal glass window that can achieve a fire rating of up to
60 minutes. Nowadays, PVC or steel frames along with fire-resistant glasses are used instead of
wooden frame will establish almost foolproof protection from fire.

Gypsum

Gypsum, a wonder mineral, commonly used as fire-resistant material suitable for interior design
of modern construction. Many structural constituents are put together to fabricate gypsum sheet
to achieve good fire-resistant ratings for mitigate any type of fire hazards. The most useful
gypsum derivative in the developmental stream is Gypsum Boards which is also known as
“dry-walls" These boards comprise a gypsum sheet inserted between paper sheets which are
processed through chemical modification to augment the fire-fighting capabilities of gypsum.
Presently, architect utilized multiple coats of gypsum layer on dry wall boards to make sure their
fire resistance properties of the underlying physical structure get enhanced.

(Source: https://civiconcepts.com/blog/fire-resistant-building-materials)
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(i1) Existing Medical Facilities

Refurbishment of existing facilities may improve their fire resistance rating than
earlier. For example, drywall gypsum board or reinforced concrete can be replaced
with light-framed wooden walls and floors, which can have 60 min of fire rating
depending on the board thickness [24].

Well-maintained fire compartment in a hospital building is very vital as it con-
fines fire and smoke to a limited area in the building as well as prevents the spread-
ing of fire vertically and laterally into the adjacent rooms. So, it is the primitive
option of passive fire protection because in healthcare occupancies, the primary aim
is to restrict the fire spread to the area of fire origin. Boards made of gypsum should
be used to intersect the sturdy concrete floors, walls, and others to create uninter-
rupted fire-retardant barriers. Every fire compartment must have 2 h of fire resis-
tance and also be detached by fire walls and doors. Hospitals are partitioned into
several fire cells, and each compartment behaves as a self-sustaining entity through
fire protection walls and flooring. In order to establish the integrity of individual
compartment, no disparity between the doors, walls, and ceilings is allowed in the
healthcare structure.

Fire doors and frames with fire resistance rating should be equipped between
individual fireproof chamber and at every landing height of staircase and fire escapes
because fire doors act as a passive fire prevention system for healthcare or hospital
buildings (Fig. 12.2). During opening, this type of doors provide a passageway for
occupants to evacuate to a safety place, and when closed it blocks the spread of fire,
smoke, and toxic gases, which may consist of dangerous chemicals. So, a fire exit is

Fig. 12.2 Fireproof
door used in hospital
(source: http://ggfire-
doorssolutions.com)
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a key safety ingredient of any healthcare building providing an impediment to avoid
or delay the escalation of fire and smoke while allowing a sufficient span to evacuate
the incumbent to a safer zone. Since no one can predict when fire hazards will occur
in hospitals, we must be prepared enough to respond against it. The presence or
installation of fire-rated doors in hospitals and other healthcare facilities minimizes
the fire outbreak and reduces the danger of a rapid fire spreading. It is desirable that
most of the fire exits installed in each isolated area and section have a minimum
30-90 min of fire rating. Fire gates should have auto-closure.

Existing incendiary materials like wood, flammable liquids, electrical equipment
and wiring, combustible metals, medical gases, and cooking appliances must be
covered with fire-retardant varnish or other forms of fire-insulating, noncombustible
materials; otherwise, discard altogether. Glass-based doors and windows should be
fire resistant and durable. In addition, ceiling stoneware, wall, and carpet finishes
should also be fire retardant.

(iii) Number of Floors

Number of floors is a major concern during emergency exit or evacuation as if the
number of floors in hospital building is more; the evacuation (patients’ evacuation
in both horizontal and vertical movement) plan of such a building is more
complicated.

If land space is not a constraint in healthcare premises, then design and construct
a new medical facility by reducing perpendicular elevation and number of floors of
the building. It is always preferable to build single-story or two-story, low-surge
buildings spread across the site as they provide easy and quick access to evacuation
before spreading of fire.

In an ideal building planning of any hospital, it is desirable to set up ICUs and
emergency units on the ground floor or first-floor level with devoted ramp facility.
Furthermore, high-traffic sections such as diagnostic services and outpatient depart-
ment are also located on the lower/ground floors.

(iv) Egress

In any hospital building, there is at least two numbers of sovereign egress avenues
and exits for every location on each floor. The ratio of floor space and opening num-
ber is fully dependent on building inhabitancy. This has endorsed to create at least
two independent exits for any room or suite of rooms of minimum 230 square
meters or more, and exit passages should be located maximum possible distant from
one another so that if one exit path is impassable with smoke or fire, then another
route can be operated. The passages towards emergency exits should be at least
2—4 m width so that this route will permit the easy transportation of hospital beds,
mattresses, and so on essential for the evacuation of nonambulatory patients. Exit
doors should have sufficient width necessary to accommodate a stretcher (minimum
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Fig. 12.3 Sign and direction to fire exit (source: https://www.protectorfiresafety.com/)

1.25 m width). Evacuation maps should be displayed at the hospital’s main entry
points and each floor to clearly describe the egress transmit and exits to all the occu-
pants. Some of the internationally accepted identifying signs are shown below
(Fig. 12.3):

The following approaches can also help to reduce the degree of fire hazards:

Prohibiting smoking within the facility—Nonchalance with cigarette flame and
other dangerous smoking materials is a predominant cause of fire in healthcare
facilities. Designated smoking area and incorporation of large metal ashtrays are the
key design to prevent smoke fire. Furthermore, there should be strict prohibition of
people from smoking near oxygen supplies and storage of gas cylinder. Proper care
is also necessary for electrical cords and electricity-powered tools and equipment as
they are one of the major causes for fire outbreak.

Periodical checking should be done to make sure that the electrical cables and
sockets are in good, healthy condition with no catastrophe, nicks, or frayed areas.
Do not utilize the electrical cables that are bent or carpets or overloaded electrical
channels or extension cords. Additionally, reinstate any gadgets, devices, or parts of
equipment that produce sparks, smoke, or unusual smells. Be cautious in the areas
where fire occurs more frequently. Extra safeguard should be kept in kitchens, din-
ing places, laundry rooms, and any other areas where fires are more likely to happen.

Proper cleaning of washer and drying of lint traps on a regular basis confirm that
chances of accumulation of vegetable oil and other flammable materials on kitchen
appliances are very little. Storage of flammable substances safely and securely in
proper places ensures less possibility of fire hazards.

12.4.2 Fire Suppression

Fire suppression is very crucial to reduce the damage of the property or keep down
the loss of human life. Fire response time in any hospital is challenged by limited
resident mobility. In order to avoid the worst-case scenario, i.e., evacuation of the
hospital, the prime consideration of fire safety system includes quick detection and
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extinguishing of fires in time. An active fire protection system is of utmost require-
ment to best protect the residents and other staff during fire in a hospital. The solu-
tion should cover several departments as a whole, and in some instances, it operates
independently in fire-prone department from the property’s electricity.

(a) Fire Alarm Systems

A hospital is a large, constructional complex which usually associates with multiple
buildings spreading over a wide area and where various activities go on that cannot
be disrupted, even by fire. If an evacuation process is still compulsory, then it is a
very tedious and tough performance with many immovable patients.

Fire alarm systems are an utmost important part for hospital safety because they are
usually used to notify staff and patients about a fire and also provide the instructions on
what to do during this situation. Due to large and complex construction of hospital build-
ings, the installation of fire alarm systems for healthcare facilities may create a chal-
lenge. Fire alarm systems in any hospital typically include smoke detectors, heat
detectors, and manual pull stations. The alarm system will activate while a fire is detected
and makes a loud sound alarm to notify everyone in the hospital of the fire (Fig. 12.4).

Fires can be detected easily and conveniently by a number of ways. In such exist-
ing facilities, well-established and conventional modes of detection are present where
when a person generally observes the fire and/or moldy smoke, a consternation sys-
tem must be activated by him or her or a proclamation issued. In limited incidents, a
designated “runner” relays the notification to others over voice messages. In few
cases, manually activated alarming devices are used to create sound as fire alarm.

Fig. 12.4 Fire alarm
system (source: https://
www.istockphoto.com/)

FIRE ALARM
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Fig. 12.5 Heat detector
alarm (source: https:/
www.getkisi.com/guides/
heat-alarm)

(b) Heat Detector

In any hospital, there are quite a large number of equipment starting from simple
ECG machine to complex MRI scanners that engender a lot of heat when they are
in operation. Sometimes, these instruments are extremely hot, so it is very crucial to
make clear that they do not reach the precarious temperatures, which could make a
short circuit. A heat detector will create an alarm sound when temperature goes
beyond the threshold value set to indicate the dangerous situation (Fig. 12.5).

This system prevents the fire hazards initiating from overheating of equipment.
Another substantive exposure is melting of electrical wire that occurs when the
electrical wiring is in contact with heated devices, which make the environment
precarious, and the wiring is liable for short-circuiting. A heat detector can fix such
a problem by an alarming sound. As a result, mishaps and impairment of equipment
are dissipated.

(¢) Smoke and Heat Detectors

In a few places of hospital building, there is a lot of overlapping electrical wiring,
which enhances the chances of short circuits and electrical fire risk. In those areas,
it is very indispensable to have a detector that can easily pick up both, so a fire mis-
hap is managed within a very short period of time (Fig. 12.6).

A range of smoke and heat sensors (ionized, photoelectric, and combined ion-
ized/photoelectric) can be equipped with a fire alarm system to detect fires that
begin in low-traffic areas away from personnel/staff. These sensors should activate
the intelligent system with flashing visible light and ringing sound alert to signal all
about the fire. Furthermore, these devices also identify the exact location where fire
was exposed, through a remote-control panel that lights up to indicate the area
where the fire detection device was triggered.
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Fig. 12.6 Combined
smoke and heat detector
(source: https://www.
indiamart.com/proddetail/
combined-heat-smoke-
detector-20529477112.
html)

In general, smoke detectors will detect fire much quicker than the heat detectors.
However, the designated personnel responsible for the explicit observation of smoke
and heat detectors should consider the possibility of any erroneous or unwanted
alarms. Otherwise, go for fixed-temperature heat detectors where a sudden rise in
temperature is normal for fire. The position of such detectors depends on two fac-
tors, i.e., which kind of radar is being used and the geometry and control of the
space. Customarily, the maximal covering ranges for smoke and heat detectors are
100 m? and 50 m?, respectively.

(d) Fire Extinguishers

After detection of fire, a suitable elimination process to extinguish the fire is essen-
tial to diminish the accident and bypass expulsion. A number of firefighting equip-
ment can be installed in different locations in any hospital to resist certain types of
fires, with exceptional attention to the patients possessing various departments and
the medical equipment residing within those areas. Six main types of fire extin-
guishers are available in the form of water, foam, CO,, powder, water mist, and wet
chemical. Each extinguisher is suitable for different classes of fire. Fire-extinguishing
devices are labelled with accepted symbols and letters that indicate the classes of
fires that they are equipped to fight. The brief description of each fire extinguisher
with diagram is given below.
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Water Extinguishers

Water extinguishers are called the most cost-effective extinguishers to fight type A
fires involving paper, wood, and textiles. Some of these are very safe on electrical
equipment although water is a good conductor. It has a red label and i considered as
a Class A rating (Fig. 12.7). Four different types of water extinguishers are available
in the market such as water spray, water jet, water with additives, and water
mist or fog.

Fig. 12.7 Water extin-
guisher (source: https://
www.safelincs.co.uk/
ultrafire-6ltr-water-with-
additive-fire-extinguisher/)

AQUA-SPRAY

FIRE EXTINGUISHER
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Foam Extinguishers

AFFF foam fire extinguishers having cream color label and that are highly impres-
sive on type A and B fires as a foaming agent help to inhibit reignition (Fig. 12.8).
They are highly competent in extinguishing fires involving combustible oil like pet-
rol or diesel and more useful than water jet extinguishers as they are highly effective
on solid materials like wood and paper. This device extinguishes liquid fires by
enclosing the surface of the liquid, preventing flammable vapor from meeting the
air, and starving the fire for fuel. They are not impressive against free-flowing lig-
uid fires.

Fig. 12.8 Foam
extinguisher (source:
laoisfiresupplies.com)
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Powder Extinguishers

Blue-labelled powder extinguishers are suitable for group A, B, and C fires and
promised for Class D (metal) fires (Fig. 12.9). So, these extinguishers are known as
multipurpose fire extinguishers. Although they are very effective on fires involving
electrical equipment, they do not cool down the fire and that is why it can reignite.
These extinguishers are either copper-based or sodium chloride-based powder that
extinguishes fire by isolating and smothering it. These extinguishers are mounted on
two-wheel carts and have an operating range of 3—6 ft.

Fig. 12.9 Powder
extinguisher (source:
indiamart.com)
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Carbon Dioxide Extinguishers (CO,)

CO, extinguishers are ideal for places where lots of electrical equipment are there
because they are safe to use on fires involving electrical apparatus and have a black
label. Unlike foam extinguishers, these extinguishers do not leave any residue
because it contains pure carbon dioxide which is a clean extinguishant. They can
also be effective for Class B fires involving flammable liquids such as paraffin or
petrol and therefore are considered to have Class B fire rating. CO, extinguishers
work on the principle of smothering the fire and obstructing the supply of air to the
fire (Fig. 12.10).

Fig. 12.10 CO,
extinguisher (source:
indiamart.com)
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Wet Chemical Extinguishers

Wet chemical fire extinguishers have a yellow label and are designed specifically for
use on Class F fires involving combustible cooking oil and deep fat fryers such as
lard, olive oil, sunflower oil, maize oil, and butter. They can also be useful on Class
A fires (wood, paper, and fabrics) and Class B fires (flammable liquids). If used
properly, they are extremely effective. The wet chemical rapidly knocks the flames
out, cools the burning oil, and chemically reacts to form a soap-like solution, which
seals the surface to prevent reignition (Fig. 12.11).

Fig. 12.11 Chemical
extinguisher (source:
safelincs.co.uk)
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They are known to have Class F rating and have a special type of lance appli-
cator nozzle. They usually have an additional Class A rating and are normally
not designed for use on Class B fires (petrol, diesel, paint, paraffin, etc.),
although the 3 L Gloria wet chemical fire extinguisher is an exception.

Water Mist Extinguisher

Deionized water mist fire extinguishers have a white label and are highly impressive
on Class A, B, and C fires and burning electrical equipment (Fig. 12.12). The unique
design of the water mist extinguishers having a supersonic patented nozzle creates

Fig. 12.12 Water mist
extinguisher (source:
https://www.justfiresafety.
co.uk/shop/3-litre-water-
mist-fire-extinguisher/)
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a microscopic mist curtain by producing over 22 billion water droplets from only
1 L of water, reducing the oxygen content. The droplets are so fine at usually 25 pm
in diameter and create an ultrafine mist which has superior firefighting capabilities.
Water mist extinguishers are safe and well suited for use on burning electrical equip-
ment as the deionized water mist does not conduct electricity and the water mist
does not form puddles which could lead to electrocution. This leaves almost no
trace and no collateral damage and leads to the extinguishers often being referred to
as “dry” water mist.

Methods of Fire Extinguisher Use

Anyone from fire wardens and hospital staff who is likely to have to use firefighting
equipment should be trained on how to use basic fire suppression devices. It is also
imperative to select the right type of extinguisher to be used to suppress the fire. The
four fundamental steps to be followed for using a fire extinguisher can be remem-
bered through a simple acronym: PASS (Fig. 12.13):

1. Pull the pin 2. Aim the nozzle

Fig. 12.13 Application techniques of fire extinguisher (source: https://www.dreamstime.com/
how-to-use-fire-extinguisher-pass-labeled-instruction-vector-illustration-safety-manual-
demonstration-visualization-all-image 204103504)
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e Pull: Stretching the pin will break the tamper seal. Hold the extinguisher with
the nozzle pointing away from the operator and release the locking mechanism.

* Aim: Aim low to point the nozzle or hose at the base of the fire. During opera-
tion, do not touch the horn on a CO, extinguisher as it gets very cold and can
damage the skin.

* Squeeze: Compress the lever slowly and evenly to release the extinguish-
ing agent.

* Sweep: Clear the nozzle from side to side at the base of the fire until the fire is
stopped.

(e) Sprinkler System

Apart from fire alarm and fire extinguisher, there are other fire suppression devices
that can be installed in a hospital to improve the facility’s resilience to fire hazards.
A sprinkler system is an active firefighting device that is installed in most of the
buildings of any hospital as a preventative measure. The head of the sprinklers is
fixed in the ceilings facing towards the floor or any fire hot spots. The other end of
the sprinkler system is connected to a water supply system having adequate pressure
and flow rate to a water distribution piping system. When a fire outbreak starts, the
seal in the sprinkler head ruptures at a predefined temperature and a steady stream
of water flows at high pressure. So, a sprinkler system implemented in fire control
in a hospital means protecting a building against fire by causing an automatic dis-
charge of water, usually from pipes near the ceiling (Fig. 12.14).

Fig. 12.14 Sprinkler system: (a) wall mounted and (b) operational procedure (source: https://
www.123rf.com/photo_25658719_close-up-image-of-fire-sprinkler-on-white-fire-sprinklers-are-
part-of-an-integrated-water-piping-sys.html)
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Therefore, sprinkler systems are intended to either control the fire or suppress
the fire in hospital buildings, and it is installed either by building codes or as per the
recommendation of insurance companies to reduce potential property losses or
business interruption. Automatic sprinklers are placed at specific locations after
connected to the water pipeline system. A high-pressure water sprinkler system can
turn down the effect of fire without requiring much water. In fact, they are reported
to reduce injuries by up to 80% and reduce property damage by up to 90%.

Fire sprinkler systems (both water and mist sprinkler) are suitable for outdoor
areas and spaces where electrical wiring is not too much. This system is also useful
in the cafeteria, canteen, or terrace to save precious time and gain control over
the fire.

The main drawback of sprinkler systems is its high cost; that is why they are
quite expensive to incorporate into existing hospital facilities. A fire safety specialist
should investigate the building’s structural and architectural layouts to determine
the feasibility of installing a sprinkler system.

(f) Fire Hose Reels

Fire hose reels are commonly installed in areas with a high fire risk to provide a
reasonably accessible and controlled supply of water to enhance firefighting capac-
ity compared to conventional fire extinguishers (Fig. 12.15). The length of a fully
extended fire hose is typically 18-36 m with an internal diameter varying from 13
to 19 mm. These appliances are designed in such a way that it can deliver a mini-
mum 330 mL of water per second. Depending on the size of the medical facility, the
size of the hose reel is determined.

Fig. 12.15 Properly
installed fire hose reel
(source: https://www.
indiamart.com/proddetail/
fire-hose-reel-with-30-
meters-hose-13724517973.
html)
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The direction and flow of water to the fire are controlled by attaching a nozzle to
the end of the hose reels. All fire hose reels typically consist of a unique ball valve
shutoff device, a plastic or solid brass hose reel nozzle, and mounting bracket. Fire
hose reels are used to fight Class A fires only.

The operating procedure of fire hose reels is as follows:

e Make sure that the jet-type nozzle is in the closed position.

e Swivel the main valve.

e Turn the hose off the drum and direct towards the fire.

e Unlock the nozzle or valve and direct the flow of water to the fire.

(g) Smoke Extractors

In any event of fire, there are highest risks of human life due to the rapid spread and
faster accumulation of smoke. One of the possible ways of minimizing this danger
is by incorporating smoke extraction systems conventionally in the initial design of
heat, ventilation, and air-conditioning (HVAC) systems.

Smoke extraction systems are basically mechanical systems, which can be man-
ually or automatically activated after the triggering of the alarm.

These systems are specially designed to discard the hazardous smoke from the
fire area and intercept the spread of smoke to other areas of the building through the
vents and the high-pressure pumping of air to specified areas to arrest the ingress of
smoke (Fig. 12.16). The incorporation cost of the smoke extraction system in the
existing facility is quite high.

(h) Planned Preventative Maintenance

One of the most crucial features of an effective suppression system to mitigate fires
is planned preventative maintenance. Inspection of fire suppression systems should
be performed regularly and documented as a part of standard healthcare facility
management system [25]. After checking, the equipment should be properly tagged
and signed off for safe use with an indication of any action taken, and also mention
the next scheduled check date.

The National Fire Protection Association (USA) endorses that smoke detectors
must be replaced after 10 years. However, if they are battery operated, smoke detec-
tors should be checked every month as part of standard hospital maintenance [26].

Water sprinkler systems should require both planned preventative maintenance and
robust reactive maintenance procedures. Particularly, heads of the individual sprinkler
are typically maintenance free. Therefore, costs are mainly related to maintaining the
system through weekly tests and upkeep of water supplies and pump equipment.

Fire hose reels should be checked properly and signed off periodically.

The hospital administration should ensure that the ISO-certified hose reels are
used to combat fire hazards by the fire service each year. Inspections of equipment
should be carried out on an ad hoc basis after its use in a fire incident.
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Fig. 12.16 Designing of smoke extractor (source: https://labmonline.co.uk/features/
understanding-design-application-smoke-shafts/)

12.4.3 Evacuation

This is a crucial component that is aimed to save the life in extreme emergency situ-
ations like fire outbreaks in hospitals [27]. An exhaustive and clear evacuation plan
needs to be placed in such a location where all staff members are aware of and are
experienced in carrying out this procedure. The evacuation procedure will vary for
every healthcare facility because there is no standard method of evacuation [28].
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Once the fire alarm is triggered, the designated personnel should carefully inves-
tigate the reason for the alarm and also identify the degree of the threat. In addition,
they must also determine whether the fire can be suppressed by the firefighting
system or evacuation is essential [29].

Those persons must communicate with the receptionist of the hospital to trans-
mit the information to the rest of the staff very quickly and explain the sequence of
evacuation that needs to be followed.

Notification of External Agencies

If fire threat is neither small nor controllable by the existing firefighting equipment
and the decision is made for evacuation, there should be a designated person respon-
sible for notifying the entire facility for evacuation by providing order using appro-
priate systems like overhead pages, emails, text messages, and internal hospital
communication systems with loudspeakers.

The emergency operations center (EOC) of a hospital should inform the appro-
priate agencies such as the Ministry of Health, fire brigade, police station, army
services, and/or national disaster offices after proper notification.

Types of Evacuation

A time frame for evacuation is very decisive, and it may vary based on the nature of
the threat and the period required to prepare for moving patients. Definite types of
evacuation are shown in Table 12.2.

Movement

Based on the report of the designated personnel assigned for fire detection, the hos-
pital’s incident commander decides what type of evacuation is required. There are

three different types of movement possible during evacuation, i.e., horizontal, verti-
cal, and shelter in place. Each type of movement for evacuation is mentioned below:

Table 12.2 Types of evacuation vs. required steps

Types Steps

Immediate | Emergency move means there is no time to prepare; evacuate the patients and staff
immediately

Rapid Evacuate the occupants as quickly as possible and safely from the area. There is

very limited time to prepare, i.e., 1-2 hrs. Follow the evacuation procedure

Gradual No immediate danger as there is sufficient time for evacuation process (many
hours to several days)

Prepare Although patient movement is not required, begin to prepare for evacuation
only
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Horizontal: The most fundamental way of evacuation is the horizontal type that
involves eloquent patients in immediate vicinity of danger being taken away from
the warning zone but kept on the same floor in a safe position.

Vertical: This movement usually concerns about the complete evacuation of a
specific floor in the hospital. Patients and staff will be evacuated out of the hospital
through such movement only if required.

Shelter in place: The staff may be instructed to “shelter in place,” which means
they remain in their units and wait for further instructions.

Evacuation Routes

Evacuation routes should be clearly established and displayed in each floor prop-
erly. All hospital staff should have a clear idea about evacuation routes and, based
on the type of evacuation, take one route as instructed by the hospital’s incident
commander. After that, wardens or health and safety officer will direct patients and
visitors to evacuate the area orderly and patiently. Proper evacuation planning must
be considered for all the spaces surrounding the hospital premises, which will assist
in the expansion of emergency transit routes, gathering areas, estate, and so on.

Level of Evacuation

The scale of evacuation during emergencies can be divided into two categories
namely:

1. Full evacuation

2. Partial evacuation

In most emerging situations, a complete evacuation will not be essential. Due to
the complex building setup and vulnerable condition of many hospital patients,
evacuation is generally considered as the final step of rescue. Evacuation should be
ordered only during extreme emergency and when there is a forthcoming or inher-
ent unmitigated threat to patient/staff safety if there are serious hazards due to fire,
smoke, and structural breakdown of the facility.

Evacuation Transport Equipment

For safe evacuation of patients having functional disability or mobility impairment
from a hospital building during emergency, it is essential to have proper transporta-
tion equipment available for them. This evacuation transport equipment may include
blankets, wheelchairs, beds, canvas stretchers, backboards, sked stretchers, etc.
Some of the transportation equipment like backboards and sked stretchers are usu-
ally not kept in the hospital but provided by the national disaster office, the fire
brigade service, or the defense force members.
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There are some important practical points to be considered when using transpor-
tation equipment in a hospital for emergency evacuation such as the following:

(a) Adequate number of transportation aid should be available to evacuate each
floor of the facility.

(b) Transit facility should be stored in areas that are easily accessible at all times; it
should not be stored in locked closets.

(c) All the mobile carriers should be part of the regular facilities planned for pre-
ventative maintenance program.

12.4.4 The Important Safety Measures in Hospital
to Mitigate Fire

Fire safety in a hospital is a prime benchmark that needs to be contemplated during
the design and construction of a hospital building. In comparison with the normal
buildings, it is a very tough exercise to expel people from the wards as most of the
patients are in serious condition. It is so deplorable that there are some hospitals
where fire safety norms and guidelines are not followed properly.

The hospital training and learning aim to criticize that most of the staff did not
have any knowledge on fire safety and the steps that need to be applied to face the
hardship. In addition, the highly reliant, immovable, and critically ill patients make
it a harder and arduous task to vacate the hospital building in a scramble.

Hospitals and other medical premises need to concentrate more on the easy and
safe evacuation methods as healthcare practices are responsible for the safety and
security of the people inside the hospital wards and they are expected to adhere to
the legally approved fire safety measures and codes.

Emergency management plan (EMP) against fire outbreak should be updated
with national as well as international standard so that it can stand against the unex-
pected mishaps of a fire in a hospital. Some of the important fire safety measures of
a hospital that are highly effective are shown below.

e Detailed Action Plan—During fire disasters in any places especially in hospital,
there are no time and space for thinking. Comprehensive plan will save time for
thinking and support us to react instantly in the right way. For a successful execu-
tion of the action plan, involvement and coordination between all the depart-
ments of the hospital are essential.

e Establish the Incident Command Structure—Proper transmission of com-
mand has an imperative influence in diminishing the catastrophe caused by a fire
accident. Therefore, establishment of a functional incident command structure
having groups and subgroups is a prerequisite to mitigate fire hazards. The peo-
ple present in groups and subgroups will form an effective tree of communica-
tion and follow the instructions that are circulated from the group leader.
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Fig. 12.17 Fire safety evacuation aids: (a) chair, (b) mattress, and (c) sheet (source: https://www.
fltrain.co.uk/Evacuation-Mattress/)

e Instructions for a Fire Safety Management Team—Fire safety management
team should involve in the hospital planning from the very beginning, and open-
ing the doors of conversation with this team well in advance will minimize the
devastation caused by the fire mishap. Keeping the communication gates always
open with the fire safety management team will keep the disaster to a minimum.

e Fire Safety Evacuation Aids—The fire safety evacuation aids will help us to
evacuate the patient smoothly and safely as hospital evacuation procedure is a
very challenging task due to immovable patients (Fig. 12.17). There are three
variants of evacuation aids available in today’s market such as the following:

— Evacuation chairs—This type of safety aid is ideal when electronic support
is needed for the evacuation or rescue of people very fast on stairs, both up
and down the stairs. They are convenient for all stairs except round stairs and
stairs more than 40° steep. Evacuation is possible with one person, but there
is no problem to evacuate two people at a time.

— Evacuation mattresses—It is a suitable alternative when evacuation chair is
not available. With this, a patient is literally towed away from his or her
immediate surroundings. Evacuation mattresses are suitable for all types of
stairs for two people always.

— Evacuation sheets—This aid is ideal for evacuating bedridden patients. The
evacuation process is successfully applied with the mattress of the hospital
bed beneath which an evacuation sheet is attached. An evacuation sheet can
be useful for vertical and horizontal evacuation, on all types of stairs.
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So, the hospitals must be equipped with expulsion chairs, sheet, and mats that
could grip the patient securely while sliding to a safer location within a short period
of time.

e Checking of Firefighting Equipment—A number of firefighting equipment
used in hospitals such as smoke detectors, fire extinguishers, fire alarms, emer-
gency exit signals, and other fire-protecting devices should be checked regularly
for satisfactory fire management to combat outbreak. Conduct a performance
checking of all the firefighting apparatus while doing the fire drills to ensure the
smooth function to combat the disaster.

* Fire Safety Training—Fire safety training is one of the most important consid-
erations to reduce the damage and save lives during a fire outbreak mainly in
healthcare premises. In any modern hospital, it is expected that all the staff mem-
bers of this organization have sufficient knowledge about fire safety and also
undergone the fire safety training programs and participate in mock drills. This
program will not only build a responsive and reliable team against fire but also
establish a safe and secured ambience that intercepts fire accidents.

Prevention is always better than cure. So, prepare a list of hazards that can
create fire accidents and make the system aware of those fire hazards and their
preventive methods.

A hospital should always carry a high-risk symbol of fire accidents for all its
oxygen cylinders and medical equipment utilized for patient care. In the present
situation, it should be ensured that the whole system of any hospital is intricate
with fire prevention by taking proper safety measures, make sure that all the fire
safety equipment are intact and operational, and all the staff members are reliable
during emergency and have undergone the fire safety training.

12.5 Innovative Equipment for Firefighters

To mitigate fire hazards, some innovative equipment are evolving as new firefight-
ing equipment that include firefighting robots, impulse firefighting gun, horn and
strobe, etc. The details of some innovative equipment are explained here briefly.

12.5.1 Firefighting Robots

Firefighting robots can battle some utmost fires where people stay cautiously at a
safe distance as they are unable to reach. A US-based company has designed such
firefighting automatic devices that can be impressive against the fires which are too
treacherous for human firefighters. Currently, two firefighting robots named
Thermite and FireRob are fabricated using aluminum of aircraft-standard and
high-quality steel, which is able to combat the exceptionally soaring fire
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Fig. 12.18 Firefighting
robot (source: https://www.
indiamart.com/proddetail/
fire-fighting-robot-
22971638388.html)

temperatures. Both the robots can inject 2500 gallons and 1250 gallons of water per
minute, respectively, which is a strength that is comparable with the aggregate force
of as many as eight people to control.

Considering certain assignments in mind, robotic firefighting systems are
designed, which include inspecting and finding fires, performing inquiry and relief,
and investigating hazardous factors along with the most fundamental exercise of fire
management and elimination (Fig. 12.18).

Firefighting robots are of two types: fixed robotic system and mobile robotic
system. Fixed firefighting robotic systems are used in heavily populated and hazard-
ous areas for rapidly extinguishing any threat which is just like a sprinkler and
alarm. This type of robotic system is based on UV or IR sensors. On the other hand,
mobile robotic firefighting systems are available in the form of remote-controlled
vehicles affixed with fire suppression tools like water or foam hoses. They are com-
petent to travel into those areas not safe for people through an array of sensors,
visual camera, and more other technologies that transmit information for navigation
to a remote operator. For example, Varun is an all-round compact unmanned ground
vehicle specially designed to support the troops and firemen in the risk zone. This
system is specially built for Indian condition that is able to move on all types of ter-
rain. This robot will be actuated and monitored from a far distance from the fire
zone and controlled by a remote control with multiple functions.

So, firefighting robot system is designed to supplement the function of fire work-
ers by keeping them out of extremely dangerous situation but not to replace the
human firefighters. This advanced technology can be operated from a quarter mile
away and helps to reduce the people’s exposure to extreme fires. Firefighting robots
can run for about 20 h without refilling.
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12.5.2 Impulse Firefighting Gun

As time is the most crucial factor during fighting against fire, the impulse firefight-
ing gun can control the flames and smokes within a few minutes. The impulse fire-
fighting gun fabricated by IFEX Technologies behaves more like a shotgun than a
fire-eating device, but it has incredible power to control and diminish small and
large fires (Fig. 12.19). Due to its portable shape, this system can be executed very
fast to conceal the fires prior to spreading and it substantially lowers the reaction
time between alarms and firefighting response. This instinct gun exploits a mixture
of compressed air, water, and foam additives to smother the blazes from a secure
length ranging between 20 and 52 ft, but it is most effective from a distance between
20 and 32 ft.

The impulse gun is featured with two cylinders, i.e., one cylinder is loaded with
a fire-extinguishing material and the second cylinder is packed with compressed
gas. Once firefighting gun releases the water valve, water is pushed into the pipeline
for discharge. Pulling the trigger makes compressed air to expel the water or water-
foam combination at a speed of about 400 km/h. Only water may be used to douse
the fires caused by electrical machineries with high voltage, but foam additives can
provide additional power to fight against liquid sparks.

Firemen operate this gun in consolidation with a backpack or trolley that enables
an easy and faster attack on fires. This gun is different from traditional or typical
firefighting arrangements due to higher pace of water. The tremendous kinetic
energy of an instinct shot enables a firefighter to precisely invade into a large, cool-
ing blast deep into the heart of a fire. The rapid variation in air pressure caused by
the solidified air also refrains the fire of oxygen, annihilating it expeditiously.

Fig. 12.19 The impulse
firefighting gun (source:
https://www.ifex3000.com/
en/impulse-firefighting-
gun/1-litre-impulse-
firefighting-gun-3001/)
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12.5.3 Horn and Strobe

The horn and strobe (sound and light) device is a fire alarm device that is a very
crucial unit to any installed fire system. It is intended to notify the presence of fire
to the occupants through high-pitched alarm along with a beaming light. This device
is designed to be a part of reliable emergency evacuation and fire-alerting systems
in high-rise buildings, hospitals, hotels, and public facilities (Fig. 12.20).

The horn produces a loud sound for a quick evacuation while the strobe flashes
the light for people with hearing impairment. In addition, beaming lights can act as
a guidance for the residents through the smoke during a safe evacuation. The strobe
must be installed everywhere in the building like hallways, restrooms, and corridors
to make sure that the alarming light is clearly visible. Horn and strobe fire alarms
offer flexible application features that are installed with any desired system.

This modern fire alarm system can be set off either publicly or privately depend-
ing on the requirements. In a hospital, it should be set in public mode so that all the
occupants of the target area are notified to self-evacuate. The visual intensity of the
strobe is adjusted as per the need and situation. The strobe’s light covers a wide area
where the beaming light would be visible to the residents of that place. Horn-strobe
alarm systems are ideal for people with hearing impairment during an emergency
event because loud noise accompanied by beaming light will alert them about the
fire. This alarm device is perfect for big buildings having many floors, units, sec-
tions, etc. Major advantages to this system include adjustable volume settings, low
current requirement, and being economical to use.

Fig. 12.20 Modern fire
alarm system—horn and
strobe (source: https://
www.indiamart.com/
proddetail/fire-alarm-
hooter-21111761191.html)
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12.6 Conclusion

In the present scenario, fire hazard is more common in hospitals because in the last
10 years there have been several large and medium fire mishaps in hospitals. So,
prevention of fire hazards in hospital premises is one of the most challenging and
tough jobs. To mitigate fire hazards, several steps are considered for existing facili-
ties and new hospitals are planned by adhering to the NABH guidelines and main-
taining rules and regulation with proper building codes and safety measures.
Sufficient numbers of smart evacuation transport equipment should be kept in the
hospital to save the life of endangered people. In addition, some innovative firefight-
ing equipment such as firefighting robot, impulse firefighting gun, and horn and
strobe are developed for rapid cushioning of fire that can be installed as a safeguard.
Therefore, proper planning, suitable fire suppression equipment, and fire safety
training to all the staff members will effectively mitigate the fire outbreak in a
hospital.
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Chapter 13

Principles and Implementation of Quality
Management and Patient Safety Systems
in Hospital

Maheshkumar Patel and Kiran Harikumar

13.1 Healthcare Quality Management: Journey

Quality management in healthcare is a promise made to the public by various health
sectors, working towards the goal of providing the best possible services for each
patient. First, in 1914, Dr. Ernest Codman initiated a healthcare quality initiative
and challenged physicians to take a responsibility for the patient [1]. He invited
physicians for the compilation of information and data and analysis of surgical out-
comes. Dr. Ernest recorded relevant patient information on a pocket-sized card,
which he used to evaluate and study outcomes. After these next few decades, focus
preliminarily remained on assessing the poor outcome and identifying deficiencies
in healthcare practitioners and possible measures taken for improvement. During
the 1960s, Avedis Donabedian created the Donabedian model framework for exam-
ining health services and evaluating the quality of healthcare. According to this
model, the information about the quality of care can be drawn from three categories:
structure, process, and outcomes [2].

This model influenced many practitioners to identify different ways to improve
patient outcomes in the broad area of the structure, process, and outcome.

Quality management in healthcare has observed a paradigm shift from expecting
errors and defects to considering that a perfect patient experience is achievable.
Philip Crosby supports the same principle that the system for causing quality is
prevention and not an appraisal. The literature suggests that the causes of death for
many patients in hospitals are medical negligence and nosocomial infections. These
deaths can be easily avoided by incorporating a quality management program.
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Table 13.1 Deming’s 14 points of quality management

1. Create constancy of purpose towards improvement of product and service, with the aim to
become competitive and to stay in business, and to provide jobs
2. Adopt the new philosophy
. Cease dependence on inspection to achieve quality
4. End the practice of awarding business on the basis of the price tag. Instead, minimize total
cost. Move towards a single supplier for any one item, on a long-term relationship of
loyalty and trust
5. Improve constantly and forever the system of production and service, to improve quality
and productivity, and thus constantly decrease costs
. Institute training on the job
. Adopt and institute leadership. The goal is to help people and equipment to do a better job
. Drive out fear, so that everyone may work effectively for the company
. Break down barriers between departments
. Eliminate slogans, exhortations, and targets for the workforce asking for zero defects and
new levels of productivity to only create adversarial relationships, as the bulk of the causes
of low quality and low productivity belong to the system and thus lie beyond the power of
the workforce
11a. Eliminate work standards (quotas) on the factory floor. Substitute leadership
11b. Eliminate management by objective
11c. Eliminate management by numbers and substitute leadership
12a. Remove barriers that rob the hourly worker of his or her right from the pride of
workmanship. The responsibility of supervisors must be changed from sheer numbers to
quality
13. Institute a vigorous program of education and self-improvement
14. Put everybody in the company to work to accomplish the transformation. The
transformation is everybody’s job

Source: Deming, W. Edwards. Out of the crisis (MIT press) (1986:Pp. 23-24)

(O8]
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Shewhart highlighted that the aim of manufacturing companies shall move from
inspection and specification to focus on reducing the variation in the production
process and meeting customer product expectations [3]. Deming was influenced by
Shewhart, recognized quality as a key driver of companies, and percolated these
message methods to Japanese engineers and executives. His quality control meth-
ods helped post-World War II Japan rebuild its devastated economy and led to sig-
nificant success during the 1950s and thenceforth. Deming’s 14 Points [4] on
Quality Management (Table 13.1), or the Deming Model of Quality Management, a
core concept for implementing total quality management (TQM), is a set of man-
agement practices to help companies increase their quality and productivity. During
the 1980s—1990s, contribution of Crosby [5], Deming [4], and Juran [6] was well
known in manufacturing companies across the United States. Their effort took
attention to overall system design, process management, and importance of the
involvement of the entire team in improvement. Considering this hospital & health-
care governance team initiated using these concepts to drive organization leaders to
look at quality from different lenses.

Concomitantly around 1985s, accreditation bodies and various organization
forums got intensively involved in the collection and assessment of the quality of
data. Chassin and Galvin highlighted the concerns of underuse, misuse, and overuse
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Table 13.2 Clinical quality problems in health service provision

Overuse: The potential for harm from a health service exceeds the possible benefits
Underuse: A health service that would have produced a favorable outcome was not provided
Misuse: A preventable complication occurs with an appropriate service

Adapted from Chassin MR, Glavin RW. The urgent need to improve health care quality: Institute
of Medicine National Roundtable on Health Care Quality. JAMA. 1998;280(11):1000-1005

in medication and called attention to practice variation in medicine and to the sub-
optimal patient outcomes associated with this variation (Table 13.2) [7].

To Err Is Human: Building a Safer Health System was a landmark report issued
in November 1999 by the U.S. Institute of Medicine that estimated that thousands
of people will die from medical errors every year. This report led to a significant
increase in the awareness of US medical errors, and the push for patient safety that
followed its release continues. The report was based upon an analysis of multiple
studies by a variety of organizations and concluded that between 44,000 and 98,000
people die each year as a result of preventable medical errors [8].

The high-value clinical care results from the most efficient cost of achieving a
high level of clinical quality. Successful implementation of Six Sigma results in
virtually no defects. No model has proven to be the best in quality management.
Healthcare providers want to continually improve the care they provide. However,
different tools or models may work in different scenarios, and to succeed it is vital
to have a commitment from the governance and leadership team. Healthcare sys-
tems need proper support and control methods. The quality of healthcare comes
from its fundamental parameters. According to the Institute of Medicine, the ser-
vices are of quality while they are safe, effective, patient centered, timely, efficient,
and equitable.

13.1.1 Components and Elements of Quality Management
Program in Hospital

The components of a quality management program are often grouped into
three levels:

» The strategic or organizational level from governance and leadership team—
dealing with the quality policy, objectives, and management and usually pro-
duced as the quality manual

» The tactical or functional level from the managerial level who are dealing with
general practices such as training, facilities, and operation of quality management
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* The operational level dealing with the standard operating procedure (SOP) work-
sheets and other aspects of day-to-day operations such as a nurse, paramedic, and
support staff

The Quality Manual

The quality manual is composed of the management documents needed to imple-
ment the quality management program. Please refer to some common topics
included in the quality manual:

* Quality policy statement

e Objectives and scope of quality management

* Organization and management structure and relationship between management,
technical operations, support services, and quality system

e Job description for key staff members

» Reference to relevant organization policies, manual, and operating procedures

* Document control and maintenance procedures and processes to ensure tracking
of all procedures, data, and reports

Departmental Policy and Manual

All concerned stakeholders such as physicians, nurses, paramedics, pharmacists,
and support staff shall be appropriately involved in the development of the depart-
mental policies and manuals, which are based on hospital quality policy and man-
ual. The supervisory staff is responsible for the development and implementation,
while the operational staff provides technical expertise and advice. All employees
must be trained on organization quality management programs and departmental
policies and manuals. Also, at all stages, service personnel must be consulted on the
practical aspects of any proposed change. It is their responsibility to notify the man-
agement of any concerns, issues, or changes that may affect the organization’s qual-
ity program. The management shall support the allocation of appropriate resources,
approve projects, assign responsibilities, and maintain accountability.

Standard Operating Procedures

Standard operating procedures are an essential tool for gaining control over your
daily operating system or processes. Standard operating procedures (SOPs) explain
the subtle details in documents that describe all specific operations and methods,
e.g., medication prescription, dispensing, and administration. They are an internal
reference guide for a specific procedure, and each appropriate step should be
described. Anyone with the appropriate skill level should be able to follow the
SOP. They should cross-reference and refer to other SOPs as needed. The procedure
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should be written in short, clear sentences. Also, well-developed SOPs cater as an
effective communication tool that contributes to employee understanding and job
satisfaction. The most technically competent person should write an SOP to carry
out the described procedure [9].

Training and Development

It is essential to train all staff on organization quality policies and its objectives and
department policies, procedures, and SOPs. Each staff member shall receive ongo-
ing training to maintain and advance his or her skills and knowledge. Training is
crucial for any organizational growth and success, and it is essential for both
employers and employees of an organization. There is much to be said for the role
of practical education in a discipline dealing with the practical application of
research; there is a great deal to be gained through providing those who will practice
quality improvement with a sound knowledge of the theory behind it [10]. For
developing a training plan, the hospital shall gather data from all relevant sources to
understand its staff’s ongoing education needs. Also, we need to consider the results
of quality program activities as one source of information to identify staff education
needs. Organization leadership supports the commitment to ongoing staff educa-
tion, and adequate resource is deployed or arranged for facilities, educators, and
time for ongoing in-service education.

Auditing and Maintaining Quality Assurance

When all quality assurance system documents are available, they should be tested.
During this time, the quality assurance team should conduct a series of audits cover-
ing all aspects of the system. Quality consistency is achieved by defining the vari-
ables, including error definitions and their point values, and then applying the
standard method for identifying errors. In order to maintain a quality management
system, compliance in each area of the system should be checked periodically. This
involves auditing the structure, process, or outcome to assess whether they continue
to meet the defined standards or guidelines. The audit procedure should be docu-
mented formally. Data traceability is an important factor that can be verified by
randomly sampling the data and tracking the data in all relevant documents before
sampling. At the end of each audit, a system overview with clearly defined strengths
and areas of improvement should be created. Reports of all audits should be made
available to the leaders and concerned stakeholders who are responsible for the
relevant work. A concerted plan should be developed to address observed devia-
tions, and necessary corrective and preventive measures should be taken. The audit
should be independent involving a multidisciplinary team where appropriate and
should be comprehensive and preferably conducted at a regular workflow as an
announced or unannounced audit. Feedback organizations must ensure consistency



236 M. Patel and K. Harikumar

in the application of the program among all quality assurance staff. Collaboration
and training of stakeholders are key to achieving and maintaining compliance.

13.1.2 Common Quality Improvement Methods and Tools
Process Mapping

Process mapping involves reviewing the entire process through a variety of tech-
niques, including photography, video recording, field observations, interviewing
and feedback from stakeholders, and role-playing as needed. Process mapping
allows review and mapping of the entire patient journey or pathway with all stake-
holders. It aids in identifying inefficiencies, non-value-added steps, duplication,
variation, discrepancies, and opportunities for improvement.

Used for?

Map the process or pathway to identify process improvement opportunities.

When to Use It?

When the process or pathway is complex with associated inefficiencies.

How to Use Process Mapping Effectively?

Process mapping is key for any quality improvement project; hence, start with a
high-level process map, outline the scope of the process and key issues step-by-step,
and create a more comprehensive process map. This exercise provides all partici-
pants with broad insights into the process under consideration and, in contrast to the
participants’ ideas, shows exactly what is actually happening. Process mapping pro-
motes ownership of employees in each phase of the process and allows all con-
cerned stakeholders to share views to avoid the domino or adverse effect of changing
one phase of a process to another phase. Mapping should be done between teams
and departments, showing the entire process from start to finish, allowing quality
improvements to flow between teams and departments. Below is the high-level map
by a detailed process map, which looks at the MRI investigation process carried out
in a major hospital (Fig. 13.1) [11].
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Medical center
sends appointment
to the patient for an

MRI investigation

The patient is
referred to a medical —>
center

Patient visit the
radiology reception

Patient arrives at
given hospital

* 22% of appointments
have to be rescheduled.
* Average 45 days
appointment waiting time.

Radiologist is
-~ informed about ~ <+—
reporting MRI scan

Patient is conveyed
to wait for the report

Radiologist reviews &

report the MRI scan in PACS

Radiographer verifies
<+— MRI images received «—
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— directed to MRI scan
waiting room

Order details are
verified
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handles around 50-70 @ Wait for 10-15 mins
patients every day

Radiographer Radiology staff
performs the MRl «— completes MRI safety
scan screening

(%) waitfor 10-15 mins

One radiologist per shift Wait for 2 -2.5 h
for MRI reporting @ ait for -5 hours

MRI report peer

MRI report is sent for review done MRI scan report is
. . ) MRI scan report Follow-up/new
peer review "~ discussed case with a—> Sentioleport given to patient appointment is made
(if need) primary physician dispatch desk
(if need)

() wait for 20-30 mins () Takes 10-15 mins

@ Negative effect on patient & family members

Fig. 13.1 Sample process mapping
Flowchart

The flowchart shows the individual steps of the process in sequence. A flowchart
identifies the beginning, between, and end of the process and how one part of the
process is dependent on another. It is a generic tool that can be used for different
purposes and can be used to describe different processes, e.g., blood sample trans-
portation process and admission process. It is one of the widely used analysis tools
and also one of the seven basic quality tools. The elements that can be included in a
flowchart are a series of actions, materials, or services that go in and out of the pro-
cess, decisions made, stakeholders involved, time involved in each step, and/or pro-
cess measurements.

Used for?

To identify or to know the actual flow of events in a process that follows.

When to Use It?

When any process needs improvement or to know the complexity and recognize the
non-value-added loops and identify where simplification and standardization may
be possible. It can also be used to weigh the actual flow of the process against the
ideal flow to identify opportunities for improvement.
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Table 13.3 Commonly used in symbols in detailed flowcharts

Use for mark start or endpoint ’ Flow from one step to the next

one
Process Link to another
Decision Document
Data-Input-output Delay

Patient Arrives

Patient
details Yes
available in
HIS

Complete Patient
Registration

Nursing
Assessment Done

Need
follow-up
appointment

Make an
appointment

Needs Yes | Patient Visits
Medication Pharmacy

No

No

Rx
medication
available

Yes
Dispense
Medication

Patient Leaves

Fig. 13.2 Example of outpatient physician consultation visit flowchart

Home
delivery
arranged

How to Use a Flowchart?

First, start with identifying the boundaries of the process, and clearly define where
the process begins and ends. It is essential to identify and involve all concerned
stakeholders in the charting process. This includes doctors, nurses, paramedics,
managers, supervisors, biomedical engineers, pharmacists, housekeepers, etc. who-
ever are involved in the selected process. All stakeholders should decide on the level
of detail to be included in the flowchart. To have a brainstorming session about the
process and identify, then write each step of the flow and arrange the activities in
proper sequence. Once all the activities are included, review the activities, have
concurrence from all members that the sequence is correct, and draw arrows to show
the flow of the selected process. Please refer to Table 13.3 to know what is com-
monly used in symbols in detailed flowcharts (Fig. 13.2).
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Clinical Audit

A clinical audit is a quality improvement method that helps to measure the gap
between ideal practices, which are determined from evidence and guidelines and
actual practices. A clinical audit is not done to pinpoint the patient care team or
individual practitioners but aims to improve the system in individual work. If it is
applied correctly, the clinical audit can bring changes and improve practice and
patient outcomes and enhance safety and clinical effectiveness.

Used for?

To check the delivered clinical care meets the defined clinical guidelines or protocol
and monitor improvement to address identified noncompliances.

When to Conduct a Clinical Audit?

Clinical audit is often used on an ongoing basis to measure compliance against
evidence-based clinical guidelines and standards or as a quality improvement initia-
tive to assess the clinical outcome based on the care delivered.

How to Use It Effectively?

Clinical audit is a multidisciplinary team activity wherein aspects of structure, pro-
cess, and outcome (Table 13.4) of care are selected and evaluated against the criteria
derived from evidence-based clinical standards. The clinical audit process typically
involves the following steps:

» Select the clinical audit topic based on the organization prioritization matrix.
* Select the criteria based on objective measures.

Table 13.4 Example of structure, process, and outcome criteria

Structure Process Outcome

Criteria | Staffing in the NICU | Door to balloon insertion time | Surgical site infection rate

Target | 1:1 nursing staff for <30 min <1%
ventilated patient
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* Define and design the data collection tool and decide on data collection method-
ology and sample size.

e Multidisciplinary team conducts the audit and collects the data.

* Data analysis, interpretation, and identification of improvement, and develop an
action plan to address deficiencies.

The clinical audit cycle cannot be completed until there is evidence that changes
are made on identified areas of improvement and have been effective. Typically,
clinical audits are often carried out retrospectively; however, growing digital tech-
nology also enables the team to record ongoing real-time data collection. The clini-
cal audit findings identified areas of improvement, and the action required should be
shared with all concerned clinical care team members to facilitate learning.

Plan-Do-Study-Act

This process is also referred to as the Shewhart cycle or PDSA method. It is the
quality improvement model that is a combination of building and applying knowl-
edge to make a continuous improvement. PDSA (Plan, Do, Study, Act) iteratively
helps to evaluate the impact of test changes and ensures that new ideas improve
quality before they are rolled out on a large scale. Since process changes can lead to
unexpected results, it is safer and more efficient to test quality improvements on a
small scale prior to large-scale implementations, and a sample of relevant stake-
holders has been suggested. You can evaluate the execution of changes. With the
introduction of these small changes, it is also possible to test the interaction with
other systems without having a significant impact on the quality of service; for
example, pilot a new fall risk assessment tool in one unit with a limited patient
group before using the new tool across the facility patients.

Used for?

Use for potential quality improvements, test them, and make small improvements
before implementing them on a large scale.

When to Use It?

If you need to change a process or system, or if you want to introduce a new proce-
dure, process, or system.
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Fig. 13.3 Reference—key
topics in healthcare What are we trying to

management: accomplish?
understanding the big

picture. (By Robert Jones,
Radcliffe Publishing, .
2007) How will we know that a change

is an improvement?

What changes can we make that
will result in improvement?

[

How to Use PDSA Effectively?

241

Processes or systems that require change, or new processes or systems that are
planned and implemented on a small scale for a specified period of time with a mini-
mum cohort of stakeholders (do), evaluated (study) and adjusted (act), with repeated
PDSA cycles, until it is fit for purpose and wholesale implementation. Engaging all
concerned stakeholders in all four phases of the PDSA cycle facilitates involvement
in proposed changes and provides input for adaptation when potential users are

aware of barriers to change. Please refer to the PDSA cycle (Fig. 13.3) [12]:

Plan—the implementation you are going to do.
Do—Carry out the test or changes preferably on a small scale to start with.
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Study—Study the result before and after to know whether a plan works and what
was learned.

Act—Based on the results, plan the next cycle with required changes and/or go for
full-scale implementation.

Ishikawa Cause-and-Effect (Fishbone) Diagram

A cause-and-effect (fishbone) diagram is a quality improvement tool that helps find
out the reason(s) for defects, variations, or problems within a process. The defect,
variation, or problem is placed as the fish head facing on the right and the causes
extend to the left as the bones of the skeleton; the ribs branch off the back, branch
reflects the major cause, and sub-branches denote root causes. The fishbone dia-
gram enables the source of a defect, variation, or problem to be identified so that
resources for quality improvement can be appropriately directed towards the true
cause, rather than towards the symptoms. A fishbone diagram is often used as a
reactive method to identify the cause of the defect, variation, or problem.

Used for?

Use to identify the physical, human, and hidden and real causes of events affecting
the service or product.

When to Use a Fishbone Diagram?

To identify the root causes of events for quality improvement which is affecting the
service or product.

Equipment | | Environment

lack of high
computers noise
level

distraction:
heavy

medication Poor workload
dispensing not lightin multitaskin
automated e ghting poor staff
medication ration
lack of room nurse working
seanner location overtime medication
administration
verbal orders medication error
incomplete appropriateness
use of unapproved medication order review not done financial/budget
abbreviation constrain
SOP not
transcription available
handwritten error medication orders inactive pharmacy
order not legible are not & therapeutic
computerized committee
Communication| | Procedure Leadership

Fig. 13.4 Sample medication administration error in fishbone diagram
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How to Use It Effectively?

The fishbone diagram helps identify a wide range of all possible causes behind the
defect, variation, or problem and the associated effects. The defect, variation, or
problem is placed as the fish head facing on the right, e.g., medication administra-
tion error; the causes extend to the left as the bones of the skeleton; the ribs branch
off the back; the branch reflects the major cause such as process, environment, man-
power, and material; and sub-branches denote root causes. All direct and indirect
concerns of stakeholders such as physicians, nurses, and pharmacists should be
involved in conducting the root-cause analysis using a fishbone diagram to identify
the cause of the defect, variation, or problem. In an event when the patient is
affected, then whenever appropriate the patient or family member should be involved
to add their valuable perspective and insight during a root-cause analysis process.
The fishbone diagram allows identifying the cause of a defect, variation, or problem
so that efforts and resources for quality improvement can be appropriately navi-
gated towards the real cause of the deviation, variation, or problem, rather than
towards the symptoms (Fig. 13.4).

Statistical Control Chart

The process typically has two types of variation, abnormal variation that arises
under unusual circumstances and normal variation that occurs under normal condi-
tions, and often can be traced to a source or cause. The control chart is a graph used
to investigate how a process changes over time. The data is plotted in a chronologi-
cal order. The control chart always has a central line for the average, an upper line
for the upper control limit, and a lower line for the lower control limit, and these
lines are derived from historical data. By comparing the present data with these
lines, we conclude whether process variability is consistent (controlled) or unpre-
dictable or uncontrolled, affected by a particular source of variation. The statistical
control chart has been widely used in many other industries to control quality in the
management process. It is known as one of the seven basic quality tools.

Used for?

Often it is used to measure and control processes against predefined parameters.

When to Use Statistical Control Chart?

When determining whether a process is stable or requires monitoring and control to
maximize its full potential. Also, to analyze patterns of process variation from
unusual causes or common causes and to determine whether quality improvement
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Fig. 13.5 Sample statistical process control chart

should aim to prevent specific problems or to make an essential change to the
process.

How to Use It Effectively?

A lower control limit and an upper control limit are set using standard deviations
from past or baseline data, and outputs are plotted for variation in quality (Fig. 13.5).
Data must be collected for charting and for statistical rigor, and the number and
frequency of measurements are important; the more measurements that are charted,
the graph will give a more robust overview of variation in output. Analysis of varia-
tion makes it possible to identify shortfalls in the baseline and highlights opportuni-
ties for improvement. Such gaps require targeted investigation, process modification,
and ongoing monitoring to know that the changes made have reduced variation or
led to further variation, which may appear at a different point within the process.
Control charts can be used throughout the life cycle of a process improvement proj-
ect, during project identification, setting baselines, checking progress, reviewing the
project impact, and knowing whether the changes made are sustainable.

Healthcare Failure Modes and Effects Analysis (HFMEA)

Healthcare failure modes and effects analysis (HFMEA) is a systematic, proactive
quality improvement method for process evaluation, used to identify where and how
a process might fail and to assess the relative impact of different failures, for identi-
fication of the process elements in most need of change. HFMEA includes a review
of the following [13]:

e Steps in the process
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e Failure modes (what could go wrong)

* Failure causes (why would the failure happen)

 Failure effects (what would be the consequences of each failure)

Used for?

It is used to systematically and proactively evaluate the processes to identify
improvement opportunities.

When to Use HFMEA?

When a process needs a meticulous and systematic review and further improvement
to avoid failure.

Step 1
Select a
Topic
Step 5
Develop Step 2
actions & Assemble
Outcome Steps of the team
Measures Healthcare Failure
Modes and Effects
Analysis
Step 4 Step 3
Conduct a Graphically
hazard Describe
analysis the Process

Fig. 13.6 HFMEA steps (source: Cohen, M. R., & American Pharmacists Association. (2006).
Medication errors. Washington, DC: American Pharmacists Association)
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How to Use It Effectively?

The multidisciplinary team collaborates to conduct HFMEA to prevent errors by
proactively reviewing and modifying the process, rather than responding to post-
error adverse events. Focusing on prevention reduces the risk of harm to patients,
visitors, and staff. HFMEA is especially useful for assessing new critical processes
prior to implementation or for evaluating the impact of proposed changes on current
critical processes.

Failure mode contains any issue or process that could go wrong and that can
prevent the execution of process steps. There are multiple possible causes for each
failure mode. The causes are prioritized, eliminated, controlled, or accepted by sys-
tematic risk classification.

Control measures should be included in the process as early as possible. You can
manage a single hazard with multiple controls, and each control can be used multi-
ple times in a process. To seek feedback from the process owner or representative,
each recommended process change requires simulation for testing before it is imple-
mented across the facility. Please refer to the HFMEA steps (Fig. 13.6) [14].

Pareto Chart

A Pareto chart is a bar graph; it helps to show the relative contribution of the differ-
ent causes of the problem. The Pareto principle states that 80% of the results are
determined by 20% of the causes. So, one should try to find 20% of the types of
issues and defects that cause 80% of all problems. Pareto chart bar lengths represent
frequency and are arranged with the longest bars on the left and the shortest bars on
the right. Thus, the diagram clearly shows which situations are more significant.
Without analyzing or inspecting the data, the leaders may assume that all causes
contribute equally to poor quality or that one or more causes are the leading ones.

Used for?

To identify the most common causes resulting or leading to poor quality.
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Fig. 13.7 Sample surgery OT cancellation—Pareto chart
When to Use Pareto Chart?

When analyzing data about the frequency of problems or causes in a process. There
may be many problems or causes, but only a significant one or more causes needs
focus for quality improvement.

How to Use It Effectively?

The multidisciplinary team collaborates to identify the causes resulting in poor
quality using the Pareto chart. A multidisciplinary team should group the causes
into specific categories and choose appropriate measurements. The team shall define
the period of the time chart, which will cover and use the data collected and com-
pute the subtotal for defined categories. Then adjust the scale of the left axis to
accommodate the largest subtotal from the different defined categories. Based on
those constructed bars, the tallest bar is at the far left, and the shortest bar is at the
far right. The percentages for each subtotal category are then calculated, dividing
them by the total of all categories that represent 100%, as indicated by the right
vertical axis. The cumulative sum is calculated, starting from the far left to the right,
and a line graph represents the percentage of the sum relative to the right vertical
axis. Please refer to the sample Pareto chart (Fig. 13.7).
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Six Sigma

Six Sigma is a data-driven methodology that provides tools and techniques to define
and evaluate each step of a process and seeks to improve flow in the value stream
and eliminate waste. The aim of Six Sigma is to achieve a level of quality that
resides in the 6-standard deviation of average performance, resulting in an error rate
of 3.4 defects per million opportunities. Six Sigma uses the framework to define,
measure, analyze, improve, and control (DIMAC) process, which is a data-driven
quality strategy used to understand root causes of variation, reduce them, and
improve processes. Six Sigma provides a structured approach, to reduce the varia-
tion in medical services; it also helps in ensuring a consistently high-quality patient
experience, reduces waste, and aids in concentrating resources in the most effective
locations. The statistical process control chart is a subset of Six Sigma, and it helps
in monitoring the variation. The data is plotted in chronological order, showing the
average centerline determined from historical data, the upper line for the upper con-
trol limit, and the lower line for the lower control limit bounds. After the process is
set up, it helps in concluding the variability of the process by comparing the current
data with these lines.

Used for?

To evaluate the systems to study the cause of variation, to eliminate waste, and for
continuous improvement.

When to Use Six Sigma?

When the systems are unproductive, inefficient, and varying.

How to Use It Effectively?

Six Sigma uses process mapping, and it should be done by involving all concerned
stakeholders to identify inefficient or non-value-added steps, which are affecting the
service and aiding action planning for quality improvement.

* Define the problem, specify the target group, identify goals, and plan the target
process.

e Measure: decide the criteria or indicators to be quantified and find a way to mea-
sure them. Then collect the required baseline data and measure again after
changes have been applied.

* Analyze: identify the gaps between actual performance and defined goals, find
the causes of those gaps, determine how process inputs affect output, and aim for
further improvement.
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* Improve: formulate potential solutions, identify the most feasible solutions for
implementation, trial hypothetical solutions, and implement the improvement
solutions.

e Control: develop a detailed solution monitoring strategy, observe implemented
solutions for success, and update on a periodical basis.

13.2 Continue Development in Healthcare Quality

The credible reports from the Institute of Medicine and other organizations have
raised significant awareness of medical errors, patient safety, and quality concerns
in the medical system. Patient safety remains the top priority as healthcare profes-
sionals are becoming more and more aware, and quality improvement will be the
focus for many coming years. Also, medical schools, regulatory bodies, and health-
care accreditation bodies around the world have adopted various initiatives to bridge
the gap and improve patient safety and quality. It is essential that healthcare provid-
ers make every possible effort to instill knowledge of quality improvement in their
healthcare workers to improve patient safety and quality of care.
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Chapter 14
Barrier-Free Healthcare Design
for Patients with Disabilities

Moonis Mirza, Tarun Goyal, and Lata Goyal

14.1 Introduction

The terms “access to healthcare” and “barriers to access” have been metaphorically
used to define the overall appropriateness of the healthcare system to satisfy the
needs of an individual or a region timely and effectively. Accessibility may refer to
the utilization of services in terms of availability of the right technology, supplies,
cultural barriers, affordability, acceptability, relevance, or equity. An essential part
of accessibility refers to the ability of a person with special needs to navigate the
existing healthcare building to avail the services being provided. Any facility that
cannot meet the physical needs of a disabled patient by overcoming its architectural
barriers cannot deliver barrier-free healthcare.

Hospitals are places that see a proportionately much larger number of temporar-
ily or permanently disabled persons than any other public buildings. Denying this
vulnerable population their right to equal accessibility fails our commitment to
social justice and human rights. The World Report on Disability transcribes that
60% of physically challenged individuals fail to fully utilize health facilities due to
architectural barriers [1]. Disabled-friendly hospital design has been identified as a
universal concern. The Global Burden of Disease 2004 projected that 15.3% of the
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population are facing “moderate or severe disability” and 2.9% of the population
have “severe disability” [2]. The female gender, old age, and people belonging to
low socioeconomic status are more likely to have a disability [3]. In India, 2.21% of
the total population lives with disability [4], with the prevalence of mild, moderate,
and severe disability estimated at 17%, 35%, and 16%, respectively [5].

Barrier-free healthcare building design should be viewed from the eye of a dis-
abled patient that expects and has a right to access healthcare with ease and comfort.
The patient pathway is one of the best guides that can be considered to cover the
complete journey of any patient, right from entry to exit of that patient. Based on
various national guidelines for barrier-free healthcare, multiple sections have been
discussed.

14.2 Need for Barrier-Free Healthcare

2030 Agenda for Sustainable Development by the United Nations explicitly men-
tions people with disabilities 11 times in the document, including the 4th, 8th, 10th,
11th, and 17th Sustainable Development Goals (SDGs) [6]. “Disabled-inclusive
development across the world” is one of the main priority areas of the 2030 Agenda
for Sustainable Development Goals. Human Rights, Disability, and Sustainable
Development Goals had established a strong link in-between that can be undoubt-
edly anticipated. A study from Ethiopia presented that 74.6% of its disabled popula-
tion faced problems, with at least one access barrier to healthcare services [7].
Another study from South Africa highlighted the correlation between health out-
comes and access to health services for people with disabilities [8]. It has been
documented that access-related problems, particularly in low-income countries,
may compromise the targets set by the United Nations in the Millennium
Development Goals [9]. Alkawai et al. [10] showed that 88% of disabled patients
needed somebody to accompany them to a healthcare facility. Mean ratings for sat-
isfaction with hospital services were significantly lower in disabled populations.
Parking for the disabled was reported as non-satisfactory in 52% of the patients,
49.8% were dissatisfied with the lounge, 51.3% were dissatisfied with wheelchair
services, and 45% were unhappy with toilets for the physically disabled [9]. Out of
67 primary health centers included in a study in India, only 25 (36%) had accessible
doors for the disabled [11]. No PHCs had height-adjustable examination tables or
disabled-friendly toilets. Even the best healthcare facilities are behind in the design
plan suitable for differently abled patients [11].
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14.3 Design Considerations in Barrier-Free Healthcare

14.3.1 Anthropometric Requirements for Accessible Inbuilt
Environment for Patients with Disability

Space Required for Mobility Devices

Walkways, patient examination areas, toilets, etc. should have sufficient space to
provide unhindered mobility for the disabled patients using assistive devices for
walking or a wheelchair.

Wheelchair

Overall length, width, lap height, etc. of a standard wheelchair should be known to
a hospital architect/planner while designing/planning the pathway and user controls
in a building for patients with disability.

A reach zone for wheelchair users can be defined as the area around the wheel-
chair that a user can access while sitting on a wheelchair. All the amenities in a
disabled-friendly building should be planned considering the forward, side, and
standard reach zone, touch, and grasp reach forwards and sideways. In any case,
amenities to be contacted by a wheelchair user should not be more than its maxi-
mum reach zone in a sitting position (Fig. 14.1).

Crutch Users and White Cane Users

A minimum of 900 mm of clear vast pathway space without any obstruction on the
ground, at least 300 mm, is required for movement (Fig. 14.2).

Vision Zone

Placement of signages should be based on the vision zone of a wheelchair holder

and should be placed between 900 and 1800 mm, with the smallest letters of signage
being not less than 15 mm.
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Fig. 14.2 Crutch users and white cane users
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Reach zones for persons with a disability need to be well versed by any hospital
planner. A person sitting in a wheelchair cannot reach the same controls as an aver-
age person without a disability. A specific range of height from the ground is thus
essential to understand and implement for creating a barrier-free environment.

Height of controls from floor level 400-1200 mm
Height for switches (power) 400-500 mm
Height for switches (light) 800-1200 mm
Height of door handles 800-1100 mm
Opening controls for windows 800-1100 mm
Space required under the counter for wheelchair footrest 350 mm deep
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Entrance/Exit Door
e  Minimum width of entrance/exit door: 900 mm

Minimum front-approach doorway space: 600 mm
*  Minimum latch side-approach doorway space: 1250 mm

14.3.2 External Area

Walkways

Smooth, non-slip, complex, and leveled surface suitable for walking and wheeling
with curbs for level change should be provided. Walkways exceeding 60 m approx.
in length should be provided with a rest area adjacent to the walk in the form of
benches/resting seats. A ramp should accompany the stepped path and stair along
with handrails. The landings of steps, as well as ramps, should not have any water-
logging. It shall be drained correctly to avoid water flowing down steps and ramps.
Barriers and Obstacles

Obstacles, gratings, maintenance holes, signs mounted on walls, columns, or free-
standing supports along the walking path shall be avoided. Special care should be
taken to leave proper headroom, a clear walkway, and protruding objects.

Tactile Ground Surface Indicators (TGSI)

Tactile guiding and warning tiles/blocks should be placed along the entire length of
the route and in open spaces to guide blind and vision-impaired patients.

Width of the Walkways

For two-way and one-way traffic, the width of pathways should be at least 1.8 m and
1.2 m, respectively, with a passing and turning space at convenient intervals (25 m
approx.).

Lighting for Walkways

Proper illumination focusing on walkways should be planned.
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14.3.3 Designated Accessible Parking Space
Location

It should be planned near the building entrance, with curbs connecting the pathway.
Curb is a small ramp built to accommodate level changes between footpaths and
pavement towards vehicular area/road (Fig. 14.3).

Several dedicated disabled parking per number of standard parking spaces:

Fig. 14.3 Curb connecting the pathway accommodating level changes

Parking space No. of accessible designated parking spaces for disabled

10 01

25 02

50 03

100 04

200 06

Above 200 One for each additional 100 parking spaces shall be provided
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Signage for Parking

International symbol of accessibility should be displayed at the entrances to a car
parking area.

—_—

Space Dimensions and Surface Requirements

Planning the space for disabled parking should accommodate a large car with a
wheelchair transfer area. The area should be marked in yellow or white. The level
surface for disabled parking should be without an aeration slab. Also, parking
should be covered with a shelter to protect from rain and sunlight.

14.3.4 Approach to the Building

Approach to any building, particularly a healthcare building, is a combination of
various elements that work in sync and give overall accessibility to disabled patients.
There should be proper signages to locate accessible entrances. Marked drop-off
points for vehicles should be near the accessible entrance. A tactile ground surface
indicator (TGSI) should be provided on the pathway. Curbs should be installed in
case of any level change.
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14.3.5 Access at Entrance and Within the Building

A leveled and firm pathway for one-way or two-way traffic of persons with disabil-
ity should be planned. An accessible route to lifts should be available. A tactile floor
plan should be provided at the entrance for visually compromised patients. In addi-
tion to the tactile pavers (TGSI), beepers may be placed at entrances to help visually
compromised patients locate accessible entrances. Evenly diffused and glare-free
lighting in the corridor should be planned. The door opening in the gallery should
not open outwards except for accessible toilets and service ducts.

Doors

Easily visible doors for visually impaired patients that should be easy to manure,
with visual contrast to the leading edges and frame, should be placed, and at least
900 mm clear space for wheelchair and crutch users with wheelchair maneuvering
space should be planned. Location of latch and handles should be consistent
throughout the building. Glass doors should be glazed at hand and eye level for easy
identification for visually compromised patients.

Handrails and Grab Bars

Materials used should be able to withstand the weight of a heavy man. Tactile mark-
ing should be provided at the beginning and the end of handrails. A continuous
both-sided handrail should be provided at a height between 700 and 900 mm.

14.3.6 Level Changes

Ramps, staircases, lifts, and escalators should be practically planned and designed
for vertical circulation and level changes so that it is easily identifiable and usable
for persons with disability. Ramps should be planned with stairs with a leveled plat-
form at the end. Tactile warning blocks are placed at the ramps’ beginning and end.
Ramps should be provided with regular landings for rest. The number of steps in a
stair riser should not be more than 12 per flight, with a maximum riser of 150 mm.
Stairs should be provided with handrails, tactile floor indicators, and color contrast
between landing and steps for visibility.

At least one lift accessible to disabled patients should be planned in a multistorey
building, with an international symbol of accessibility placed on the lift and its
accessible route. Lift should have a space to maneuver a wheelchair. Braille/tactile
operating buttons inside and outside lifts should be placed according to the height
of a wheelchair user. Emergency communication and alarm system should be
installed in the accessible lifts.
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14.3.7 Operating Controls and Devices

Operating controls for fire alarm call points, fire extinguishers, meter indicators,
socket outlets, horizontal pull bars, toilet room doors, vertical handles, and lever-
type handles should be installed at an accessible height. All-important controls
should have a braille/tactile raised surface. Drinking water facilities should be wall
mounted with clear floor space for wheelchair users.

14.3.8 Seating Spaces

Seating facilities at a regular interval should be provided for waiting and rest.
Seating space should be planned not to obstruct the common circulation area.

14.3.9 Toilet Rooms and Sanitary Rooms

Toilets for persons with disability should be located in a way that the traveling dis-
tance should not exceed more than 30 m. Proper tactile signage to indicate male and
female toilets should be placed at an accessible height for wheelchair users.
International symbols of accessibility should be marked at the most visible location
near the toilet entrance. Space inside the toilets should have a clear maneuvering
space for wheelchair users. Urinals for wheelchair users should be placed in male
toilets. Doors for accessible toilets should have a two-way opening. Operating con-
trols for emergency assistance alarm, water tank, soap dispensers, waste bins, etc.
should be placed at an accessible height for wheelchair users.

14.3.10 Reception Areas, Counters, Desks, and Ticket Offices

While planning reception counters for wheelchair users, special consideration
should be taken for accessible height and approach for both receptionist and the
visitor. At least one counter should be fitted with a hearing enhancement system
with appropriate signage. Approaches to the counters should be marked with a tac-
tile ground surface for easy identification. Proper illumination should be provided
to facilitate lip-reading.
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14.3.11 Lighting

Glare-free lights illuminating accessible routes should be uniformly planned to
coordinate with the natural lighting and facilitate patients for easy moments during
the day or nighttime.

14.3.12 Emergency Evacuation in Buildings

Planning an emergency evacuation route at the time of internal disasters like fire and
earthquakes should be by fire safety norms, particularly in a high-rise building. Fire
signage, emergency lighting, and evacuation plans should be statistically placed.

14.3.13 Signage

Signages for persons with disabilities should focus on the format of two senses, i.e.,
audio and visual indicators. For patients with visual impairment, audible and tactile
wayfinding solutions should be planned. Public address systems, auditable warning
signals, and lift voice announcement systems should be meticulously designed in an
acoustically ambient environment. For the visually disabled, tactile signage includ-
ing braille signages, and tactile floor plan should be placed at key locations. Visual
information needs to be correctly displayed with adequate contrast between letters
and background for patients with hearing impairment. A specific size by the view-
ing distance should be used. Signages are mainly divided into orientation signs
(floor directories, plans, models, etc.), directional signs (information related to route
plans and arrows between two points), functional signs (explanatory information),
informative signs (name of departments, doctors, etc.), and emergency exit signages
(evacuation plans, exit signs in accordance to “fire safety” guidelines). The use of
universal pictograms and letters helps better orient wayfinding for persons with dis-
abilities and all. Placing of signages at specific heights and locations with proper
size and font with a minimum of 70 points light reflection value should be planned.
Avoid using excess information that can confuse a person rather than guiding them.
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14.3.14 Accessible Medical Equipment

All people have a right to receive equal medical service, whether standard or dis-
abled. Planning of equipment and examination rooms keeping in view the patients
with disabilities is essential. Poorly planned medical equipment can be a barrier to
individuals with disabilities. Height-adjustable exam tables and chairs, height-
flexible radiologic equipment, weighing scales for wheelchair users, and examina-
tion room patient lifts should be planned.

14.4 International Guidelines Related
to Disabled-Friendly Infrastructure

Internationally, “disability considerations for infrastructure programs” [12] sum-
marize evidence about the effect of non-accessible infrastructure on the disabled.
The United Nations Convention on the Rights of Persons with Disabilities (CRPD)
[13] defines disability as “... an evolving concept that results from the interaction
between persons with impairments and attitudinal and environmental barriers that
hinders their full and effective participation in society on an equal basis with others.”

The following national guidelines have discussed what is required to make
a building barrier free:

1. “Guidelines and space standards for barrier-free building environment for dis-
abled and elderly persons” (1998) [14] published by the Central Public Works
Department

2. “Design Manual for a Barrier-Free Built Environment” (2004) [15] published by
the UNNATI-Organisation for Development Education and Handicap
International (HI)

3. “Handbook on Barrier-Free and Accessibility” (2014) [16] issued by the Central
Public Works Department

4. “Harmonized Guidelines and Space Standards for Barrier-Free Built Environment
for Persons with Disability and Elderly Persons” (2016) [17] issued by the
Minister of Urban Development, Government of India

5. “Model Building Bye-Laws—2016" [18], issued by the Ministry of Urban
Development, Government of India, 2016

6. “National Building code 2016 [19]

Despite existing guidelines, emphasis on norms of building design for barrier-
free access to public buildings is lacking in India.
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14.5 National Guidelines and Laws Related
to Disabled Persons

Laws have been formulated worldwide [20-22] to support the disabled population.
In India, Chapter V, clause no. 25, (1) (b) of the Rights of Persons with Disabilities
Act, 2016 [23], clearly mentions “barrier-free access in all parts of Government and
private hospitals and other healthcare institutions and centers.” Also, Chapter VIII,
clause 45, (1) writes, “All existing public buildings shall be made accessible by the
rules formulated by the Central Government within a period not exceeding five
years from the date of notification of such rules: Provided that the Central
Government may grant an extension of time to the States on a case-to-case basis for
adherence to this provision depending on their state of preparedness and other
related parameters.” Clause 45 (2) says, “The appropriate Government and the local
authorities shall formulate and publish an action plan based on prioritization, for
providing accessibility in all their buildings and spaces providing essential services
such as all primary health centers, civil hospitals, schools, railway stations, and
bus stops.”

14.6 Gap Analysis

Most of the guidelines focus mainly on general buildings, not particularly on special
healthcare infrastructure needs. Also, most people involved in architectural plan-
ning have experience in designing a general public building rather than a hospital.
During the initial planning of any healthcare facility, the end users, like hospital
administrators and doctors, are involved only in the broad medical needs of the
building, like equipment and operation theaters; micro-planning of the building
design that mainly focuses on the needs of a disabled population is often ignored.
Engineers and architects are not the final users of the healthcare building, nor do
they converse about the unique needs of a disabled population. Thus, they have a
limited vision for casting the needs of a disabled population using the structure in
the future. Also, the existing guidelines are so complexly written that it is practically
impossible for the user organizations to assess the current building or include
barrier-free design in a greenfield project. Lack of knowledge and lack of user-
friendly tools that can be used to evaluate the building design to be barrier free are
possibly two factors for the omission of disabled-friendly methods in most hospital
buildings. Thus, the disabled population is left with no choice but to accept what is
offered to them.
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14.7 Limitations in the Implementation of Laws

The Persons with Disabilities Act does not clarify the gaps in a building design for
disabled-friendly healthcare. It further does not explain the financial commitment of
local governments to include the changes required in new and existing buildings.
The National Human Rights Commission, in its reports, writes that due to a lack of
clarity in the funding resources, organizations find an easy way out to escape from
the implementation of disabled-friendly building design. Many of the recommenda-
tions made in the Act come with the condition “within the limits of their [the states’]
economic capacity” [24]. Hence, many authorities argue that they do not have the
assets to provide proper facilities for disabled people. Another unsung challenge is
the lack of knowledge regarding the need for a disabled-friendly design.

14.8 Recommendations

This chapter concludes with a few recommendations to achieve the goal of
barrier-free healthcare design:

e Gap analysis: Large-scale studies need to be planned to evaluate the gaps in
barrier-free healthcare design in the existing buildings and the newly constructed
field projects in healthcare.

e Multidimensional and intersectoral participation: There is a need to bring
different stakeholders on the same platform during the planning of a hospital
design. The center of attention should be the end users, i.e., disabled persons,
doctors, and other healthcare providers. Engineering and architectural experts to
be involved in planning hospital buildings should know the essential components
of an accessible building design and incorporate them into the plan.

e The components of a disabled-friendly building design should be categorized
into vital, essential, and desirable (VED) categories. At least vital gaps should
be rectified in all existing buildings. For new healthcare buildings, all three parts,
i.e., vital, essential, and desirable (VED) categories, should be included in the
building design.

e Like other building byelaws and essential clearances (e.g., air, water, and fire
clearance) for a new building design, barrier-free healthcare design should be
included as the essential minimum requirement for all the latest healthcare build-
ings. Building plans should be approved only after scrutinizing the building
designs against the vital, essential, and desirable criteria.
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14.9 Conclusion

It appears that this struggle for the rights of the disabled for accessible healthcare
shall continue for some more time. Academicians from the medical sciences, engi-
neering, and architecture seem to have filled their roles by creating an awareness
and laying down guidelines for a barrier-free healthcare design. The onus of respon-
sibility to look after these people now lies in the hands of statutory authorities.
Executive and judicial commitment to the cause can bring a new ray of hope to our
differently abled people in need to approach their hospitals.
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Chapter 15
Technological Advancements

and Challenges in the Management
of Hospital Functions and Public Health

Sohini Paul and Josephine Princey

15.1 Introduction

Hospital settings form an essential part of a societal and medical institution, the
function of which is to provide for the population’s complete healthcare, both cura-
tive and preventive, and whose outpatient services reach out to the family and its
home environment; the hospital is also a center for the training of health worker and
for biosocial research.

According to hospital definition, any district hospital is usually said to be the
region’s primary health care facility with a greater number of intensive care beds
and extra beds for patients who need long term care. Trauma centres, children’s
hospitals, rehabilitation hospitals, and seniors’(geriatric) hospitals for coping with
particular medical conditions such as psychiatric care are also examples of special-
ised hospitals and several other disease categories.

At few hospitals, there are outpatient departments separately and a chronic care
center separately, wherein specialty units and common support units like radiology,
pharmacy, and pathology are available. A drastic and a striking progress has taken
place in the hospital consciousness and healthcare in the last few decades. The well-
said needed services by a hospital that is required for the society can be met at low
cost only with necessary thinking given to planning, design, construction, and oper-
ation of healthcare facilities. Any expert usually says that when we need to look into
future changes, one should plan for a smart hospital necessarily meeting the current
needs of the people.
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Anytime availability, anytime accessibility, and highly qualified healthcare to
patients are ensured by the start of better hospital management. Without any genu-
ine clinical procedures and systems in place, it is hard to achieve the abovemen-
tioned needs and excellent care of hospitals and clinics. Hospitals and clinics consist
of manifold settings that have various departments, specialties, teams, schedules,
data collection, and so many other aspects to manage. Almost all types of organiza-
tions have a similar management function that revolves around planning, objectives
of the individual, objectives of the institution, policy and strategy of the hospital,
rules and procedures of a hospital, various health programs of the hospital, priorities
of the hospital, and patient experience. In any field when one has to achieve the
desired goals, the required activity is organizing and forecasting planning. Without
planning, nothing can be achieved in a well-defined manner. Any successful hospi-
tal is built on the best planning methods, good design, and construction with excel-
lent administration. A hospital must be staffed with a competent and adequate
number of efficient doctors, nurses, and other professionals. The main aim of creat-
ing this hospital need with advance learning and planning must be useful to serve
people in a right way.

In planning for a new hospital, a complete functioning of all requirements needed
for the people must be implemented in the study management. All the other types of
construction and building totally differ in the complex functional relationship that
prevails among various parts of the hospital. Planning also involves the process of
currently appearing issues and existing trends required for the growth of hospitals.
It is not enough in contributing the necessary environment for patients and caregiv-
ers, but one should look into the want of the visitors. It is very crucial to scrutinize
the upcoming issues, study the challenges, appreciate the spotlight trends, and learn
the various important options available for planning, designing, and constructing a
hospital.

The present development in technology collides with leading processes for
design, construction, and operations, imparting a superior environment that strength-
ens the occupant comforts and productivity while decreasing the energy consump-
tion and operations staffing. There is a new concept of Go Green that is used
sparingly and which means different for everyone. To preserve energy, decrease
pollution, and save money are the steps involved in going green. The principle of
hospital designing includes shaping of the building or object that must be initially
based on its intended purposes or function.

The sequences and the important aspects of planning a hospital indulge more
with the society interest over single-person interest, preventive care over curative
care, care provided to the weaker sections of the people, and city over village to
mention a few. Planning of regionalization in healthcare is about to bring necessary
and appropriate allocation and togetherness of resources according to the common
population needs in health and community engagement in order to improve the
quality and optimize delivery.

When we need to serve patients adequately, hospitals must meet the two funda-
mental requirements: definitely, it should be in size and proportion where the
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owners or promoters should be able to construct and operate. A sound structural
planning, economic viability, effective society orientation, and high-quality patient
care are the requirements for the guiding principles for a hospital planning. For a
smooth undergoing of hospitals, ancillary care planning, plan towards revenue gen-
eration, recurrent cost, and financial planning are very important. The rest of the
planning includes data collection, feasibility study, land acquisition project and
implementation, building planning, and strategic planning.

Hospital commissioning is the process that ensures that every building system in a
facility is completed with predetermined criteria. It is defined by the ASHRAE
Standards and Guidelines as “a quality-focused process for improving project delivery
as the process ensures that all commissioned systems and assemblies are planned,
designed, installed, tested, operated, and maintained in accordance with the Owner’s
Project Requirements.” To attain the proprietor’s requirements as expected by the owner
of the building and as designed by the architects and engineers, the process of verifying
an emerging building construction involves subsystems for plumbing, electrical, and
fire safety; building envelops; interior systems; co-generation; utility plants; sustainable
systems; lighting; wastewater; controls; and building security. This is the procedure by
which an equipment, facility, or plant (already installed, yet to install) is checked to
confirm if the functions are according to its design objectives or specifications.

To culminate with the planning of hospital management, telecommunications
must be fulfilled. Safety is one of the vital factors which have to be noted while
planning for a hospital, and all the clinical needs should be taken into account.
Henceforth, the importance of the role of hospital staffs in building and design must
also be considered.

15.2 Management in Terms of Technology

To enhance care and prevent inadvertent outcomes, new measures can be brought
into health information technology (IT) with a multiplex adaptive healthcare system.

The vital challenging aspect in a clinical setting is the use and safety of health
IT. The technical society is making an attempt to clearly understand the multiplex
connections between people, environment, conditions, processes, and technologies
as they try to safely grow, implement, and sustain the present new digital infrastruc-
ture. The current proof reveals that in patient settings care can be made safer with
health IT and can also bring in new safety measures and ideas after implementing
new technologies [1]. We spot out and connect nine key, short-term challenges to
help healthcare institutions, health-related IT developer researchers, policy makers,
and funders focus their achievement on health information technology and patient-
related safety. As per the stages and life cycle of the health information technology,
the challenges are related to (a) enlarging models, methods, and tools to enable risk
assessment; (b) enhancing regular user of interface design features and functions;
(c) establishing the security of software in an interfaced network—enabled clinical
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environment; (d) executing a technique for unambiguous patient identification; (e)
improving safety by promoting and implementing decision support; (f) finding out
the action to safely control information technology system transitions; (g) progres-
sive real-time methods to permit automated surveillance and monitoring of system
performance and security; (h) beginning the cultural and legal framework to allow
sharing of information about hazards and adverse events; and (i) growing models
and methods for patients to improve health information technology.

Telehealth or digital healthcare is a comprehensive, multifaceted conception that
comprises models from a connection between healthcare and technology. Telehealth
or digital health applies digital transformation to the healthcare field, installing soft-
ware, hardware, and services. Digital health is a regulation that adds in digital care
programs and technologies with health, healthcare, living, and society to enhance
the efficiency of healthcare delivery and to make medicines highly personalized and
precise.

Technology with healthcare-coalesced digital health aspires to offer advanced
and economical medical-related facilities. By employing innovative technology
such as apps related to health, real-time data, ingestible sensors, and wearables,
patients can now remain fit enough in an easy way. The application of information
and communications technology to give away digital health interventions to prevent
disease and improve quality of life is not a present concept. The related technology
continues to grow in importance and advances in the face of world concerns linked
to aging, child illness and mortality, epidemics and pandemics, high costs, and
effects of poverty and racial discrimination on access to healthcare—digital health
platforms and health systems. Additionally igniting the fire of change, the COVID-19
pandemic has helped to fuel the ongoing digital transformation in healthcare.
According to Forrester Research, the highly influenced pandemic technologies
include patient-facing tools, such as tethered online personal health records, symp-
tom checkers, patient portals, telehealth, and remote patient-monitoring tools.

According to many insights, digital health allows more than just technologies
and tools; it also views “radically compatible data, artificial intelligence (Al), and
open, secure platforms as central to the promise of more consumer-focused,
prevention-oriented care.” By using smartphone, mobile app that is connected to
pacemaker devices can be designed to securely and wirelessly transmit data to a
patient’s network, giving patients better insight into the health data from the pace-
makers and transmitting the health information to their physicians.

mHealth, including wearables, apps, and mobile technology that provide access to
healthcare support and monitoring, is experiencing growth, particularly for helping
manage long-term, chronic conditions. The COVID-19 pandemic has led to a rise in
demand for personal health monitoring via wearables, which straddles the line
between consumers and medical devices [2]. Vendors of wearable devices have added
features for heart rate variability, pulse oximeters, electrocardiography, and continu-
ous glucose monitoring. Another significant application is blockchain-based elec-
tronic medical records (EMRs), which aim to reduce the time needed to access patient
information while improving data quality and interoperability. Blockchain’s
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benefits—access security, data privacy, and scalability—are attractive in digital
healthcare. Using Al in the healthcare applications can augment human decision-
making by automating and speeding up previously labor-intensive tasks. Many hospi-
tals, for example, use Al-based patient monitoring tools to collect data and treat a
patient based on real-time reports. In medical imaging, the use of Al can reduce the
number of clicks needed to perform a task and determine the next steps based on con-
text. Another Al application, digital twins, can be used to model medical devices and
patients and show how devices would work under actual conditions. Augmented real-
ity, which integrates digital information with the user’s environment in real time, is
applicable in patient and doctor education, surgical visualization, and disease simula-
tion. Big data draws information from all these health systems and applications and
poses both benefits and challenges. The amount of data is massive and continues to
proliferate.

15.3 Ciritical Challenges in Digital Health

15.3.1 Factors Related to the Society

Even with technology being the heart of any digital health system, the necessary
transformations cannot be seen purely through a technological lens. Technologies
offered through digital systems have to deliver affordable, easy-to-use healthcare
solution to an extending and aging mass in which current technologies are often
slow to be adopted and accepted by the general populace. Components that influ-
ence the lack of acceptance include regulatory factors, such as unreliability focusing
on digital health policies and legislation as well as perceived lack of accountability
within the commercial sector. Fewer levels of digital and health literacy seen in
common population, mostly in the elderly, seem to be a major contributing factor.
Constant efforts are therefore required to normalize the use of digital health at a
societal level. Through a far-reaching educational initiative, all the efforts taken
must include both health professionals and the common public. The COVID-19
pandemic has spotlighted the necessity to accustom and update the clinical care
delivery systems. Concerns have been made to increase the efforts and move away
from traditional one-to-one medicine and against remote, digital, solutions that have
highlighted as earlier existing socioeconomic gaps between groups of people who
can very well get along and use such services or cannot use [2].

Social media in fact plays a major role in encouraging communication between
social and family groups during lockdowns, and it has deliberately made it wider
and easier to spread medical misinformation across community. The government
and societal efforts are urgently necessary to help counter this negative phenome-
non. Using remote apps, contact tracing has enabled mass data collection to aid
public health and research actions. However, this raises concerns relating to data
ownership and other ethical concerns.
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15.3.2 Ethical Challenges in Digital Healthcare

According to the researchers, there are six key indicators of ethical challenges in digital
healthcare: procedure importance, accountability, confidentiality, autonomy, protec-
tion, and integrity. The chief ethical concerns, as observed, were “patients’ rights,
equity of resources, confidentiality of the patients, patient safety, conflict of interests,
ethics of privatization, informed consent, dealing with the opposite sex, beginning and
end of life, and healthcare team ethics.” The foremost challenging situation in design-
ing, developing, and deploying digital health technologies and its purposes will be to
ascertain the constitution of ethics and the criteria for adherence of the codes of ethics.
There are numerous structures and directives instituted for dealing with the effect of
digital technologies on communities. The mounting healthcare digitization and the aug-
mentation of mobile and IoT tools as devices for data collection may hoist many ethical
concerns. In fact, particular tech companies as Amazon, Apple, Google, and Facebook
offer apparent resolutions for assembling, accumulating, and examining “health data,
which raises issues relating to privacy, data protection, and informed consent.”

15.3.3 Solutions Related to Connected Health

“Connected health is a socio-technical model for healthcare management and delivery
by using technology to provide healthcare services remotely.” It utilizes already acces-
sible end-user expertise for delivering patient care without visiting the hospital or the
clinician. Top connected health devices comprise telehealth, distant scrutinizing devices
for patients, wearables, protected communication devices for sending messages, appli-
cations of mobiles, and automated devices, which assist in connecting patients to their
caregivers. “Connected health” is a handy tool since it provides a link among the patient,
doctors, and health of a patient. However, more of highly “connected health solution”
approaches require higher levels of security as there might be some safety concerns also.

Internet of Things (IOT) which represents a network for communicating com-
prises devices, software, and admittance services. Therapeutic care and healthiness
care in relation to IoT symbolize one of the major alluring implementation domains;
thus, IoT and connected health are extremely essential. IoT tools suggest many
innovative prospects for clinicians and caregivers to scrutinize not only the patients,
but also monitoring of the patients by oneself.

15.3.4 Healthcare Scrutinizing Devices

Distant monitoring of patients is the major purpose of IoT tools of healthcare. In
addition to the above monitoring of glucose concentration, heart rate, hygiene of the
hands, depression and mood, and Parkinson’s disease, connected inhalers and
ingestible sensors can also be helpful for the basic treatment of patients. The
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utilization of IoT tools in bonded health means a larger assistance for anytime any-
where resolutions as well as real-time examination.

15.3.5 Role of Artificial Intelligence (Al)

Al augments the capability of clinicians and caregivers to comprehend the daily
routine and requirements of the people; thereby, with the help of the obtained
knowledge, they might give a preferable advice, management, and aids for continu-
ing to lead a healthy life [3]. One of the major instances of artificial intelligence in
healthcare is thought to be precision medicine. Its institution depends on the huge
quantity of records collected from various automation novelties, such as inexpen-
sive genome sequencing, progressive biotechnology, and health sensors employed
by patients at home.

It has been suggested that “the ten common applications of Al in healthcare are
in the domain of managing medical records and other data, doing repetitive jobs,
treatment design, digital consultation, virtual nurses, medication management, drug
creation, precision medicine, health monitoring, and healthcare system analysis.”
The utilization of Al will diminish the hindrances in recognizing and evaluating
abnormal medical images. This aspect is particularly very essential in chest and
brain imaging where time duration plays a very important role. Based on the reports
of GE Healthcare, “over 90% of healthcare data comes from medical imaging and
more than 97% of medical images are not analyzed.” It is further suggested that “the
comprehensive subject of digital health and medicine in the use of Al in orchestrat-
ing, storing, and interpreting the huge amounts of data derived from the devices
facilitates acute and chronic disease diagnosis and management via Al-enabled
acquisition and interpretation of data.” This approach will not only help in augment-
ing the capability to dynamically arbitrate when required but also at the same time
diminish the load of both the patient and the healthcare providers when the assess-
ments and results are comparatively uncomplicated. The incidence of Al-based
resolutions in digital health strengthens confrontations related to security, account-
ability, and equitableness. The previous decade has observed the advancement of Al
constantly, having a significant role in diverse domains of information such as medi-
cine and robotics. The next decade will witness Al transforming the field of bio-
medical sciences globally. Deep learning (DL) programs could assist in evolving
novel drugs, inferring images, etc.

15.3.6 The Potential of Genomics

Genomic medicine is the learning of the genetic constitution and their interlinkage
with human healthiness. The field of genomics explores an individual’s genetic par-
ticulars that can be utilized to ameliorate the patient’s medical care and health-
related effects by the help of effectual evaluation and treatment [4].
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Genetic profiling is being increasingly accepted by people due to the technologi-
cal progression, growing demand, and a decline in cost. Genomic medicine has the
potentialities of providing evaluation related to genetics for a diseased condition
more proficiently and economically. The genetic makeup and variability of an indi-
vidual enlighten the threat of an ailment and can also be used as a screening tool in
various stages of human life for accurately characterizing healthiness states, improv-
ing medicine choices that include treatment which might be planned to aim the
fundamental illness. Progressions in the domain of genomics are interconnected
with health-related challenges. It has been suggested that “for truly personalized
medical care, genomics information should be combined with environmental,
behavioral, and medical history information.”

15.3.7 Technology and the Prospect of Progression
of Healthcare

The prospect of healthcare comprises programs that impeccably coalesce informa-
tion of a patient’s medical history; present health status of a patient, insurance, and
other financial related information that will assist health professionals in the
decision-making process; ameliorate a patient’s physical condition; and lessen the
expenditure. There is a drastic change in healthcare due to technological develop-
ments, from anesthetics and antibiotics to magnetic resonance imaging scanners
and radiotherapy. Technology is altering all phases of our lives, and it is creating
remarkable alterations in the healthcare industry as well. Innovative progression in
the areas of robotics, analytics, and systems for scanning is aiding in making surger-
ies more specific and precise. Robotic help is lowering the expenditure of patients
in hospitals also.

An improvement of day-to-day technology leading to the novel advancement is
persistently penetrating our lives. The six ways by which technology is improving
healthcare are mentioned below:

1. The internet has turned into a chief foundation of therapeutic database.

2. Healthcare services are being extended to the patients by the use of social
network.

. An enhanced treatment and reduced agony.

. Advanced care for patient and worker efficiency.

5. Clinicians may be approached effortlessly, and the database may provide assis-

tance to the doctor.
6. Online record databases may precisely speculate the therapeutic trends.

W

Clinicians can also utilize online databases for easily observing case studies and
verify case history of a patient in a detailed manner. An expertise with technology
has also facilitated the medical professional to utilize e-mails, videos, and
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conferencing amenities to discuss with contemporaries globally. The ten ways tech-
nology is changing healthcare by the help of Al are “virtual reality, augmented real-
ity, healthcare trackers, wearables and sensors, medical tricorder, genome
sequencing, revolutionizing of drug development, nanotechnology, robotics, and
3D printing.” Therefore, our duty at this instance is to combat the frights of the
future with valor and to embrace the role of technologies in an unbiased manner and
also simultaneously organize ourselves for the altering world with likely most of the
available information. The field of public health has been sluggish in taking up digi-
tal innovations when compared with other segments. In this context, the World
Health Organization has issued its primary strategic plan on digital health interven-
tions for supporting healthcare system in 2019. The exceptional humane and finan-
cial requirements necessitated by the pandemic are propelling the advancement and
implementation of novel digital technologies at a rapid rate.

15.3.8 Implementation of Digital Technologies
and Its Effectiveness

Digital technologies may not function in segregation and require to be amal-
gamated into subsisting community healthcare systems. Digital information
resources are required to be amalgamated and made compatible in several plat-
forms, for example with computerized patient documentations. Investigation
and utilization of these records will be dependent on the programmed frame-
work and promptness of the public health networks. The harmonization of eval-
uations is also a confrontation with several symptom description sites in a
particular nation, thus risking disintegration. In future times to come, there is
urgency for a network-level process for the idea of the perfectly befitting com-
puterized public health structure that bonds “symptom-tracking apps, rapid test-
ing and case isolation, contact tracing and monitoring of aggregated
population-mobility levels, access to care, and long-term follow-up and moni-
toring, with public communication.”

Substantiation of the effectuality of any novel tool is required for broader imple-
mentation, but as the existing pandemic of COVID-19 is in progress, several digital
tools have not yet been critically reviewed, nor been incorporated into public health
structures, nor have undergone thorough assessments or been assessed by standard-
ized digital health verification frameworks. “Contact-tracing apps” have been initi-
ated in different countries, but there is presently no confirmation of the efficiency of
these applications. Even though it is difficult, owing to the necessity of the pan-
demic, assessment of the efficacy of the interventions is crucial. The World Health
Organization has sketched a draft of its universal approach on digital health for the
period of 2020-2024 on 22nd March 2020 [5].
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15.4 Conclusion

The COVID-19 pandemic is still continuing, and it is too soon to completely enu-
merate the additional worth of digital automation in this scenario. Although they
provide tools for sustaining a pandemic situation, it cannot be considered as an
elixir. The budding concurrence is that digital technologies have a significant task to
play in response to the widespread pandemic, harmonizing traditional public health
issues and thus in this manner contributing to plummeting the effect of the pan-
demic in terms of human health and economy. Cost-effectiveness and sustainability
will have the need of systems-level techniques in constructing online care pathways
digitally, and this will connect the swift and extensive investigation with digital
indicator assessors, epidemiological intelligence follow-up studies, etc. The present
pandemic situation has substantiated the requirement of not only data sharing but
also the necessity of scrupulous evaluation and principled structures with a popula-
tion involvement to develop together with the budding domain of mobile and digital
healthcare [6]. The future of the public health domain is possibly rising digitally,
and identifying the significance of digital technology in this domain and in pan-
demic vigilance planning has turned out to be very vital. There is an essential
requirement for the configuration of global policies for the guideline, assessment,
and utilization of digital technologies to reinforce the pandemic management and
potential readiness for infectious diseases.
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