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. BIOMEDICAL EQUIPMENT TECHNOLOGY
e
Foreword

Dear Learners,

This book is intended to serve as a ready reference for learners of
vocational higher secondary schools. It offers suggested guidelines
for the transaction of the concepts highlighted in the course content.
It is expected that the learners achieve significant learning outcomes
at the end of the course as envisaged in the curriculum if it is followed
properly.

In the context of the Right- based approach, quality education has to
be ensured for all learners. The learner community of Vocational Higher
Secondary Education in Kerala should be empowered by providing
them with the best education that strengthens their competences to
become innovative entrepreneurs who contribute to the knowledge
society. The change of course names, modular approach adopted for
the organisation of course content, work-based pedagogy and the
outcome focused assessment approach paved the way for achieving
the vision of Vocational Higher Secondary Education in Kerala. The
revised curriculum helps to equip the learners with multiple skills
matching technological advancements and to produce skilled
workforce for meeting the demands of the emerging industries and
service sectors with national and global orientation. The revised
curriculum attempts to enhance knowledge, skills and attitudes by
giving higher priority and space for the learners to make discussions
in small groups, and activities requiring hands-on experience.

The SCERT appreciates the hard work and sincere co-operation of
the contributors of this book that includes subject experts, industrialists
and the teachers of Vocational Higher Secondary Schools. The
development of this reference book has been a joint venture of the
State Council of Educational Research and Training (SCERT) and
the Directorate of Vocational Higher Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions
for the improvement of the book.

With regards,

Dr. P. A. Fathima

Director

SCERT, Kerala
]
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ABOUT THE COURSE

A variety of electrical and electronic equipment are used in hospitalsfor various
diagnostic and therapeutic purposes; including operation theatre and al so used for
anesthesiaand surgical purposes. Modern medicineisemergingin new trendin
equipment technology. The success of the proceduresand safety of patient depends
largely ontherdiability, precision sengitivity and trouble free performance of these
equipment. It isalso necessary that Biomedical equipment used in hospitalsand
diagonostic centresshould be standardized by cdlibratingintime. For this, weneed
qualified and skilled technicians. But skilled handsarevery lessin thissector. Dueto
thelack of these technicians Biomedical equipments remain in un operational
condition without adequate mai ntenance support especialy in govt sector. Sothis
course canfill thislacunae providing trained manpower in amost al branches of
modern medicinelike Cardiol ogy, Nuerol ogy,Physical Medicine, Medica imaging,
CSSD,Dialysisroom,Manifold, etc.. They can get vertical mobility in all these
disciplinesinmedica field. Thiswill lead to better serviceto themankind aiming at
better healthcare management.

BET COURSE - MAJOR SKILLS

Thiscourse offerstherapeutic/ anaytical and surgical equipment in module 3 and

medica imaging equipmentinmodule4.

*  Understand Production, properties and applications of X-rays, absorption of
X-rays, unit of X-ray the principleof radiography,

*  Identify the block diagram of X-ray machine, typesof X-ray machine, unit of
X rays- Mobile, stationary, OPG, C arm, mammography, digital X-ray. X-ray
film- Congtruction- processing and digital processing. AERB regulationsand
general safety inradiography, Effect of X-ray in human body.

*  Familiarizeand identify operation theater equipment like OT lights, OTtables,
Anesthesiaequipment, Elecrto surgica unit, and other OT equipments

*  Aimsand objectivesof CSSD, workflow in CSSD, concept of sterilization -
definition and importance of sterilization, classification and methods of steril-
ization, equipment used for sterilization and their uses, autoclave, hot air oven.
Equipment safety and sterilization control s (chemical and biological contrals),
andintroductiontoliquid oxygen supply.

e Identify and understand Microscopy - different types of microscopes, work-
ing principle, parts, magnification, adjustments, maintenanceand usesof acom-
pound microscope

e Identify andunderstand photoel ectric colorimeter - working principle, parts,
block diagram, procedure, maintenance and applications, introduction to

glucometers.
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Identify and understand - PHmeter- working principle, parts, block diagram,
procedure, maintenance and applications, Clinica relevance of blood PH,
Importance of general safety in hospitals, the effects of electricity on human
body, el ectric shock hazards and precautionsto avoid shock, IEC document
and safety codesof biomedical equipment, grounding in Biomedica Equip-
ment, familiarize Rulesand Ethicsinmedical fied.

Familiarizeand identify - Centrifuge- parts, working, maintenance of tabletop
centrifuge, Fundamentalsof Eletrolyteandyser, Blood gasanayser, incubator
andwaterbath , FamiliariseA utomatic Hemoana ysers and blood cdll counters,
Genera safety, equipment safety and Quality Control in Medical laboratories,
nameand usesof Blood bank equi pments-Blood bank refrigerators, Blod bank
centrifuges, cryo centrifuge,cry bath, deep freezers, A pheresismachines, do-
nor couch, blood bag sealer, platel et agitator, blood shaker.
Familiarizeandidentify - concept of central medical gassupply system, basic
components, manifold, suction apparatus- parts, working and uses, introduc-
tion to pendant for gas supply, safety and precautionsin manifold and pipeline
supply.

Familiarize dialysis- Importance of dialysis, Typesof diaysis- peritoneal
didysisand hemodiaysis, Hemodiays s- fundamenta sand applications
Enlist therapeutic equipments- Radiotherapy , physiotherapy ,phototherapy,
magneto therapy equi pment. Radiotherapy Equipment -

Physi otherapy equipment - Short wave diathermy, microwave diathermy, ul-
trasound diathermy, nerve and muscle stimulators, TENS, IFT, IR lamps,
CPRM,

Familiarize biomedical waste management - definition and classification of
biomedical waste., stepsin waste management, segregation, collection, stor-
age, transportation, disposal - equipment used, autoclave, incinerator, safety
aspectsregarding biomedical waste.

Enlist Fiber optic equipment in medicineand equipmentinan ICU,
Familiarize Enginering services, civil engineering, mechanical work shop, Elec-
trica.

Understand ultrasound physics, principleof oscillation, circuit diagram- work-
ingof crysta oscillator, fundamental s of ultrasonography, medical gpplications
of ultrasonography

Familiarize fundamentalsof CT scanning, Fundamentalsof MRI scanning.
Familiarization of modernimaging techniques- namesonly, Applicationsof PET,
SPECT, gammacamera.
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SYLLABUS
MODULE 3

Surgical/Analytical and Therapeutic Equipment
UNIT 1: OPERATION THEATRE EQUIPMENT

Basic fundamental sof operationthestre, List of OT equipment and itsapplications
(OT tables, OT lights, Anesthes amachi nes, Anesthes aventilators, multi paramonitor,
ESU, central suction, heart lung machine- namesand usesonly), Characteristics,
classification, typesof OT table (mechanical, pneumatic and electrical) and light
(Lux, voltageand wattage), fundamental sof Anesthesia, partsof anesthesamachine
and applications, principleof surgica diathermy, different electrodesusedinsurgicd
diathermy, different modes of operation in surgical diathermy (electrotomy,
coagulation, fulguration, desiccation), block diagram and description of ESU,
applicationsof ESU, safety in OT - generd guidelines, equipment safety - ESU and
anesthesiamachines, concept of modular OT.

UNIT 2 : CENTRAL STERILE SUPPLY DEPARTMENT (CSSD)

Aims and objectives of CSSD, workflow in CSSD, concept of sterilization -
defini9son andimportanceof sterilization, classfication and methodsof sterilization,
equipment used for sterilization and their uses, autoclave - working principle- parts,
procedure, maintenance and uses, hot air oven - parts, procedure, maintenance
and uses. Equipment sefety and Serilization controls(chemica and biologicd controls),
introduction to liquid oxygen supply.

UNIT 3 : CENTRAL MEDICAL GAS DISTRIBUTION SYSTEM

Introduction to concept of central medical gas supply system, basic components,
manifold, suction apparatus- parts, working and uses, introduction to pendant for
gassupply, safety and precautionsin manifold and pipeline supply.

UNIT4 : LABORATORY AND BLOOD BANK INSTRUMENTS

Microscopy - introduction, different types of microscopes, working principle, parts,
magnification, adjustments, maintenance and uses of acompound microscope,
photoel ectric colorimeter - working principle, parts, block diagram, procedure,
mai ntenance and applications, introduction to glucometers. PHmeter- working
principle, parts, block diagram, procedure, maintenance and applications, Clinical
relevance of blood PH, Centrifuge- parts, working, maintenance of table top
centrifuge, Fundamental s of Eletrolyte anayser, Blood gasanayser, incubator and

>
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waterbath , FamiliariseAutomatic Hemoanal ysersand blood cell counters, General
safety, equipment safety and Quality Control in Medical |aboratories, nameand
uses of Blood bank equipments-Blood bank refrigerators, Blod bank centrifuges,
cryo centrifuge,cry bath, deep freezers,A pheresis machines, donor couch, blood
bag seder, platelet agitator, blood shaker.

UNITS: DIALYSIS EQUIPMENT

Introductiontodiadyss- Importanceof diays's, Typesof didyss- peritoned didyss
and hemodiayss, Hemodiayss- fundamental sand gpplications

UNIT 6: THERAPEUTIC EQUIPMENTS

Introduction to types of therapeutic equipments- Radiotherapy , physiotherapy
,phototherapy, magneto therapy equipment. Radiotherapy Equipment -

Phys otherapy equi pment - Short wave diathermy, microwave diathermy, ultrasound
diathermy, nerveand muscle stimulators, TENS, IFT, IR lamps, CPRM, (names
and usesonly isrequired)

UNIT 7: BIOMEDICAL WASTE MANAGEMENT

Introduction to biomedical waste management - definition and classification of
biomedica waste., stepsin waste management, segregation, collection, storage,
transportation, disposal - equipment used, autoclave, incinerator, safety aspects
regarding biomedical waste.

UNIT 8: AUDIOMETRY

Anatomy of ear and mechanism of hearing. Types of audiometers - Pure tone
audiometer and speech audiometer, the partsand operation of puretone audiometer,
thetypesand usesof hearing aids.

UNIT 9: FIBER OPTICS IN MEDICINE, (List of equipment
and its uses), laser and its uses, Engineering service - civil
engineering, medical, electrical.

Fiber opticsin medicine(List out equipment anditsuses),
civil engineering - water supply, mechanical work shop, air conditioning, electrical.
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MODULE 4

Medical Imaging
UNIT1: RADIOGRAPHY

Production, propertiesand applicationsof X-rays, absorption of X-rays, unit of X-
ray the principleof radiography, block diagram of X-ray machine, typesof X-ray
machine, unit of X rays- Mobile, stationary, OPG, C arm, mammography, digital X-
ray. X-ray film- Construction- processing and digita processing. AERB regulations
and genera safety in radiography, Effect of X-ray in human body.

UNIT2 : ULTRASONOGRAPHY

Tounderstand ultrasound physics, principleof oscillation, circuit diagram- working
of crystal oscillator, fundamental s of ultrasonography, medical applications of ultra
sonography

Unit 3 - MODERN EQUIPMENT IN MEDICAL IMAGING

Fundamentasof CT scanning, Fundamentalsof MRI scanning. Familiarization of
modern imaging techniques- namesonly, Applications of PET, SPECT, gamma
camera

Unit 4 - PATIENT SAFETY

Importance of genera safety in hospitals, the effects of el ectricity on human body,
el ectric shock hazards and precautionsto avoid shock, IEC document and safety
codes of biomedical equipment, groundingin Biomedica Equipment, familiarize
Rulesand Ethicsinmedical field.
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PART B
OVERVIEW OF MODULE 3
SURGICAL/ANALYTICAL &THERAPEUTIC EQUIPMENT

Thismoduleincludesdifferent surgica , anaytica and thergpeutic equipment usedin
medical field. Asabeginner inbiomedica equipment technology, alearner can be
exposed todl theseequipment. Inunit 1, generd surgical equipment likeOT table,
OT lights, surgica diathermy, anesthesiamachines, anesthesaventilators, and eectro
surgical unitareincluded.

Importanceof Serilizationinahospita environment, Typesof serilization ,Equipment
its gpplications, sterilemateriadsanditssupply isgiveninunit 2.

Central medical gasdistribution systemisgiven asthird unit, It includestypes of
medical gases, storage and supply through pipeline system. Suction apparatusits
working and gpplicationisalsoincluded inthisunit.

Unit 4includelaboratory and blood bank instruments. Herein thismodulewe cover
Microscopy, Maintenance, parts, uses and working of Photo el ectric colorimeter,
PH meter, Basicideaof Electrolyte analyzer, blood gasanayser, incubator and
waterbath. Biochemical and hematology auto analyzers are also included.
Introductionto blood cell countersand blood bank equipment isalso given.

Hemodialysi s equipment, radiotherapy equi pment, physi otherapy equipment, are
introduced. Animportant department inmedica field includedisBiomedica waste
management. Asapersonworkinginahospita environment one should understand
theimportance of Biomedical waste management. Fundamentals of collection,
segregation, processingonly isgiven.

Anintroduction to fiberopticinstruments,equipment inan ICU, civil, mechanical
and dectricd departmentsisgivenfor familiarization for thelearner. Hospital computer
applicationsand andimportance of hospital information syssemisasoincluded.
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Unit 1
Operation Theatre Equipment
Introduction

Operation theatreisaspacefor surgical proceduresin ahospital. It consistsof a
preparatory area, presurgical areaand aprocedurearea. The procedureareaisan
absolutely sterile areafor during the surgery. All surgical equipment iskept inthis
area.OT tables, OT lights, anesthesiacart, ESU, all other surgicd toolsarekeptin
thisarea. Details of principle, parts, working and applications of ESU isaso
includedinthesyllabus.

Learning Outcome

Upon completion of unit, thelear ner will beableto:-

3.1.1 Basic fundamentals of operation theatre.
3.1.2 List of OT equipments and its applications.
3.1.3 Familiarise OT table and light.

3.14 Familiarise fundamentals of anesthesia, parts of
anesthesia machine.

3.1.5 Understand the principles of diathermy.

3.1.6 Familiarise different electrodes used in surgical
diathermy.

3.1.7 Familiarise different modes of operation in surgical
diathermy.

3.1.8 Identify the block diagram and description of ESU.
3.1.9 Identify the applications of ESU.

3.1.10  Identify the general safety aspects and equipment
safety in OT.

Basic fundamentals of operation theatre

An operating theater isafacility within ahospital where surgical operationsare
carried out in asterile environment. Operating rooms are spacious, easy to clean,
and well-lighted. Operating rooms consist of overhead surgical lights, operation
table and may have equipment, viewing screensand monitors. Roomsare supplied
with wall suction, oxygen, and possibly other anesthetic gases. Thereisstorage

spacefor common surgical supplies.
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Operation theatres are designed as per the requirements of the hospital like number
of beds, types of surgical procedures, number of surgeons, number of surgery per
day etc.

Theoperation theatre have mainly four zones - protective zone, clean zone, sterile
zoneand disposa zone.

Protective zone - reception, waiting for patients, changing room, pre- anesthesia
room, storeroom, autoclaveroom ,control room for electricity.etc.

Clean zone- pre-operating room, recovery room, plaster room, x-ray unit, staff
room, anesthesastore

Sterilezone- operating room, scrub room, aesthesiaroom, instrument trolley area,
ingtant gerilization unit.etc..

Disposal room - disposa corridors, dirty wash up room.

An operation theatre should be supplied with uninterrupted power supply, air
conditioning and ventilation. Manifold facilities, service pendant provisionsshould
be made. Fixed service pendent are usua ly available with oxygen, compressed air
and vacuum outlet. High efficiency HEPA filters provide clean and sterileair in
operating rooms. Maintenance of OT aseptic standardsisvery much important to
minimizehospital acquiredinfections..

Thesignificance of location, grouping and sizehasaroleto play in planning OT.A
properly staffed , equipped and organized OT aongwithwell framed policiesand
procedures,functionswith high standards of efficiency.

List of OT equipment and its applications.
Operatingtable
Anesthesamachine
Anesthesiacart
Ventilator
Multiparameter monitor
Centra suction
Heart-lungmachine
Defibillator

ESU

10. Pulseoximeter

© 0o N o g s~ WD PR
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Applications OT equipment

1. Theanesthesamachine- Minimize anaesthesareated risk to patient and staff.
2. Theanesthesiacart - It containsthe medi cations, equipment, and other sup-
pliesthat theanesthes ologist may need.

3. Multiparamonitor- Recordsthe BP, ECG heart rateand oxygen saturation

The pul seoximeter machine- M easurestheamount of oxygen containedinthe
blood.

Automated blood pressure measuring machine- M easuresBPautomaticaly.

Heart-lung machinetakesthe temporary control of the heart and lung during
the surgery maintaining the circulation of blood and oxygen content of the body

OT table
Theoperatingtableisatableonwhich apatient isplaced during asurgica operation.

Stationary operating table systemisfirmly anchored to thefloor. Sotheadditiona
necessary medica devices can easily bebrought to the operating areaand positioned.

Theadvantage of the mobile operating table, on the other hand, isthat the position
of the table can be changed within the operating room. However, thefoot of the
tablelimitstheleg space avail ableto the surgical team.

Another special feature of the operating table system isthe ability to establish
communicationwith diagnosticssystems. (Angiography, MRI and CT etc). Thisis
only poss blewith stationary columns.

Surgicd lightsprovidelightinginsurgical suitestoilluminatethe surgical sitefor
optima visudization without shadowsduring surgery.

Types of lampsinclude tungsten, quartz, and/or xenon halogensand light-emitting
diodes. Advantagesof LED islessheat, longer life, better energy efficiency, pure
white colour,more colour rendition, improved shadow control.

TheHa ogen Operation Lightsaredesignedto assistsduring critical operationswhere
focused sourceof bright light isrequired.

Familiarize fundamentals of anesthesia

When anaethesiais given, the patient | oses consciousness. The usua method of
anaethesiaisinhalation anaethesia. The most widely used anesthetic gases are
hal ogenated ethers such asenflurane, hd othane, isofl urane, and desflurane coupled
with nitrousoxide. During anaethes a, required amount of oxygenisaso suppliedto

&>
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the patient. In critical stageit isnecessary to support the patient with controlled

ventilationalso.
Four essential functionsare

1.

2
3.
4

Providesoxygen

Mix anesthetic gaswith vapours

Enablepatient ventilation

Minimiseanaesthesiarel ated risk to patient and staff

Anesthetic Machines

v Parts of the machine:
Oxygen supply: can either be E- or H-tanks, or compressed air
Oxygen flow meter and oxygen flush valve
Anesthetic vaporizer: usually either Isoflurane or Sevoflurane

Breathing circuit — rebreathing (patients >7kg) or non-
rebreathing (patients <7 kg)

Pop-off valve: keep OPEN unless manually “sighing” for patient
Pressure manometer: do not go above 20cm while “sighing”
CO2 absorber/granules

Reservoir bag: 1L ivery small dogs/cats) — 5L {very large dogs)

Scavenging system: either a charcoal F-air canister (passive) or
an outlet pipe into the ceiling or wall of the hospital iactive).
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Principles of diathermy

When ahigh frequency currentisappliedto

tissue, the tissue is heated locally. This A - B romescrons
property can be used to cut, coagulate, ey u,,n\ ()
fulgurateand desiccatetissue. Thefrequency [ | S\
of current usedin surgical diathermyisinthe ( Ui
range 1-3MHz |

Whentheintracellular temperaturereaches 777"« _i == NI
60 degrees C, instantaneous cell death MRIEECUM

occurs. If tissueis heated to 60-99 degrees

C, tissue desiccation (dehydration) OCCUrS.  activerdispersive cable

If theintracellular temperaturerapidly reaches
100 degrees C, desiccation and coagul ation
occur which prevent bleeding.

Patient plate

Two small
active electrodes

Different electrodes used in
surgical diathermy

—r T
Therearetwo configuration of usngsurgica BIPOLAR DIATHERMY

diathermy electrode. They arel. Monopolar
configuration 2 Bipolar configuration

Inmonopolar configuration the patient is attached to an e ectrode called dispersive
electrode, ardatively largemeta plate. The surgeon usesapointed or blade shaped
electrode called the"active electrode" to make contact with thetissue.

With"bipolar" ingrumentsthe current isgpplied to the patient usng apair of amilarly-
Sized eectrodes.

Different electrodes

a. Lancet el ectrodes- For cutting application.

b. Needle € ectrodes - For epilation and desiccation

c. Bal type€ectrode- For coagulation

d. Loop el ectrodes- For opening up channel sand extirpating growth.
Familiarize different modesof operationinsurgicd diathermy.

Cuttingmode: Electrodetouchesthetissue. WhenthisHF current passesthrough
thesharp edgeof diathermy e ectrode, thereisahigh concentration of current at this
point and heat is produced. Sufficiently high power current isapplied to thetissue.

>
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By increasing current level deeper leve cutting take place. Normaly continuous RF
waveisused for cutting.

Coagulating mode: whenthe systemisoperatingin *coag mode' thevoltage output
isusually lower than cutting mode and less power isdelivered. Therefore, this
generates|essheat. Tissueremainsgrosdy unharmed, but cellsaredestroyed at the
point of contact. Smaller vessalsare destroyed and seal ed, stopping bleeding.

Desiccation: isthe processmaking of extreme dryness. Theamount of generated
heat islower than that required for cutting. Needle point electrodeisused here.
Fulguration mode: Inthisthe superficid tissueisdestructed without affecting deep
seated tissue. Theelectrodeisheld near thetissue without touchingit. An electric
arcisdevel oped between the el ectrode and tissue, which heat driesout thetissue.

Haemostasismode: The smultaneous use of continuous RF wavefor cuttingand
burst of RFwavefor coagulationis called haemostasi s mode.

|dentify theapplicationsof ESU.

Identify the general safety aspectsand equipment safety in OT
Thegenerd safety aspectsof ESU fal into four main categories
1. Bumns

2. Highfrequency current hazard. Electrical interferencewith the heart muscles
(ventricular fibrillation)3.Explosion hazards

1.Burns

A magjor hazard associated with ESU isburns caused by excess current flow. The
burn occursat thedispersvedectrodebecause of fallureto achieveactive adequate
contact. Inalater case, injury occursat apoint wherethe patient isunintentionally
touching aground object and contact ismade over asmall areaof skin.

Therisk of burnsalso occurs dueto the presence of moistureiethe accumulation
blood or other fluidsaround theindifferent el ectrode can giveriseto small, highly
conductivearea. Burnsresulting from small conductive areabetween thelimbscan
be prevented by meansof dry cloth placed between them.

2.High frequency current hazard
3. Explosion hazards

The spark associated with surgical diathermy can cause adangerousexplosionif
explosivessuch asether, acohol and explosives anagthetic gasesare not kept away
from ESU.
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The use of non explosive gases such as nitrous oxides, fluothane or halothaneis
recommended to prevent such shock hazards. It isal soimportant to kept away,ESU

fromall flammablegases.

Control panel

Isolator
switch
board

L 4

Audio tone
generator

Foot
switch

Logic board

"| Power output

board

=2 b

electrodes

Power supply

Figure 6.2: Block diagram of electrosurgical diathermy unit

Details of practicals

OT:

1. Operationtheatreequipment : Collection of detailsusinginternet and prepar-
ing charts.
FeldVist to operation theatre
Preparation of vocationa album using operation theatrelights, table, electro
surgica unit.

Sample questions

1. Ligtoutthedifferent modesof operationinsurgica diathermy

a M DN

List out any five equipment used in operation thegtre.
Draw the block diagram of ESU
writethe safety precautionsto betakeninusing ESU.
Thefrequency off AC usually used iInESU is
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Unit: 2
Central Sterile Supply Departments CSSD
Introduction

Thisunit deal swith the processesdone
inthe CSSD , Aims and objectives of
CSSD, work flow in a CSSD,
Importanceof sterilizationinahospitd,
methodsof Serilization, equipmentsused
for gerilization ,their working, parts, and
aoplications.

The central sterile supply department
(CSSD) is an important facility of a
hospital which ensuresahigh standard
of erilization and disinfectionto minimizehospital acquiredinfections. CSSD services
arerespons blefor receiving, processing, storing, issueand control of professiona
supply of instruments, equipmentsand surgicals.

SYLLABUS

Aims and objectives of CSSD, workflow in CSSD, concept of sterilization -
defini9sionandimportanceof sterilization, cassfication and methodsof sterilization,
equipment used for sterilization and their uses, autoclave- working principle- parts,
procedure, maintenance and uses, hot air oven - parts, procedure, maintenance
and uses. ETO derilization, Flash sterilizers, Equipment safety and sterilization
controls(chemical and biologicd controls)

LEARNING OUTCOMES
3.2.1 Identify the aims and objectives of CSSD

3.2.2 Familiarise work flow in CSSD.

3.2.3 Identify the definition and importance of sterilization

3.24 Classification and methods of sterilization.

3.2.5 Identify the equipment used for sterilization and their
uses.

3.2.6 Autoclave- Working principle, parts.

3.2.7 Hot Air Oven - Parts, procedure, uses.
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3.2.8 Familiarise general safety aspects and sterilization
control.

3.2.9 Idea about liquid oxygen supply

Aims and Objectives of CSSD

»  Topromoteand provide: -Efficient, effective, Economical, Uniform source
of Sterile/Non sterilesuppliesto varioususersof hospita sub unitsfor patient
care.

e Providevduableass stanceto purchasing department in sdlection of pre-tested
goodsandto avoid duplication or obsol eteinstruments.

e Act asan adviser standardizing department for testing efficiency of new
products.Suppliessterile equipmentsto highly specidized unitslike OTs, ICUs,
ICCUs, CTVS, Urology, variouswards and emergency units

»  Toinitiateresearchtoimprovetechniquesand quality of sterilization.
e Toeducatestudent nursesand ancillary personnel & professiondls.

*  Toorganizeefficient repair and maintenance of equipmentshandled by the
department.

«  Totakeeffective partin hospita infection control committeeto curb Hospital
Acquired Infections

Components of CSSD

( )

A Adminigraiveoffice Dirty area
B Recalvingarea

Clean up/washing area
C Un dterilestorage (Syringe, needle, instruments)

Gloveprocessing area Cleanarea

Work area - sorting, inspecting, packing
of varioustrays

D Sterilization
Autodaving Sterilearea

Storage of serileitems
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Methods of Sterilization in CSSD
Sterilisation - high vacuum,pre-vaccum
Hot ar serilization

ETOdgerilizaion

Chemicd derilization- Gluterddehyde
Gammadeilization

WORK FLOW IN A CSSD

a  w DN PE

[ Recaiving ]

r

[ Reservestore ]

[ Disassemblingarea]

!

'
[ Cleaning ] l [Condemnation and repa'r]

[ Processing J

[ Asserwnbling ]
v

[Steri lisationand storage]

!

[Di stributionto user%
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Equipments in C.S.S.D

Ultrasonic machine- For cleaning joint instruments, syringes& catheters.
Washer disinfector - For cleaning & disinfection of instruments.
Gloveprocessing unit (glovewasher, glove powder, glovedryer) - For glove
derilizingand packing

Drying cabinets-

* Hotar ovenusedfor drying , washed instruments

Ethylene oxide sterilization chamber -Sterilization of heat senstivearticleseg.
Plagtic, rubber goods, biologicals, sendtiveinstruments.

Sealing machine- To sedl plasticwrapping for gassterilization
Autoclaves-For sterilization of various OT loads, linen, traysetc.

Compressed air controlled pressure gun - Washing and drying of narrow |u-
men needle, catheter & instruments.

Boilers- For steam generation
Incubators -For microbiologica testing of ampoules
Ultraviol et cabinets- For storage of sterileinstruments/setsfor 72 hours.

Furniture & fixtures- Sink, cupboards, assembly bench, folding tables, paper
bags, markers, furnitureetc. and el ectrica points.
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STERILISATION

Sterilizationistheremoval of all kindsof microbes (bacteria, viruses, & fungi)ina
material or on the surface of an object both from vegetative and spore state.
Sterilization canbeachieved by physicd, chemica and mechanica means. Chemicals
used assterilization are called disinfectants.

Asmicroorganismsare seen everywhereit becomes necessary to destroy or remove
them becausethey causeinfection. Soitisimportant in ahospital environment tokill
all pathogenic aswell ascontaminantsmicroorganisms. It isalso necessary toavoid
infecting patientsfrom surgical instruments, dressings, nursing equipments, food
materialsand drugs. Hence sterilization of very importancein hospitas.

Methods of sterilization
ica Chemicd Mechanica
F’nysl L Alcohols I: Filtration
—Aldehydes Vibrations
ool s

Drying Hesat Radiation

| Gases-ETO
Dry heat Moist heat
Haming Below 100C
Red heat At100C
Incineration Above 100 C-AUTOCLAVE

Hotair oven

METHODS OF STERILISATION

Heat: Heat isconsdered to bemost reliable method of sterilization of articlesthat
can withstand heat. Heat acts by oxidative effects as well as denaturation and
coagulation of proteins. Thosearticlesthat cannot withstand high temperaturescan
still besterilized at |ower temperature by prolonging the duration of exposure.

Moist heet issuperior todry heat in action. Temperaturerequired to kill microbeby
dry heat ismorethan themoist heat.

&
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DRY HEAT:

Red heat: Articles such asbacteriol ogica loops, straight wires, tipsof forcepsand
searing spatulasaresterilized by holding themin Bunsen flametill they becomered
hot..

Flaming: Thisisamethod of passing thearticleover aBunsenflame, but not heeting
It to redness.

Inciner ation: Thisisamethod of destroying contaminated materid by burning them
inincinerator. Articlessuch assoiled dressings, animd carcasses, pathol ogicd materid
and bedding etc should be subjected to incineration.

Hot air oven: Thismethod wasintroduced by LouisPasteur. Articlesto be sterilized
are exposed to high temperature (1600 C) for duration of onehour inanelectricaly
hesated oven. Sinceair ispoor conductor of heat, even distribution of heat throughout
the chamber isachieved by afan. The heat istransferred to the article by radiation,
conduction and convection. The oven should befitted with athermostat control,
temperatureindicator, meshed shelvesand must have adequateinsulation. Articles
gerilized: Metdlicingruments(likeforceps, scalpels, scissors), glasswares (such as
petri-dishes, pipettes, flasks, dl-glasssyringes), swabs, oils, grease, petroleum jelly
and some pharmaceutical products.

Serilization process: Articlesto be sterilized must be perfectly dry before placing
theminsdeto avoid breakage. Articlesmust be placed at sufficient distanceso asto
alow freecirculation of air in between. Mouths of flasks, test tubes and both ends of
pi pettes must be plugged with cotton wool . Articles such aspetri dishesand pipettes
may bearranged inside metal canistersand then placed. Individual glassarticles
must bewrappedin kraft paper or duminumfoils. Sterilization cycle: Thistakesinto
consideration thetimetaken for thearticlesto reach the sterilizing temperature,
mai ntenance of the sterilizing temperaturefor adefined period (holdingtime) and the
timetakenfor thearticlesto cool down. Different temperature-timerelationsfor
holding timeare 60 minutesat 1600 C, 40 minutesat 1700 C and 20 minutes at
1800 C. Increasing temperature by 10 degrees shortensthe sterilizing time by 50
percent. Thehot air oven must not be opened until thetemperatureinsidehasfalen
below 600 C to prevent breakage of glasswares.

Serilization control: Three methodsexist to check the efficacy of sterilization
process, namely physical, chemicd andbiological.

Physical: Temperature chart recorder and thermocouple.

&
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Chemical: Browne'stube No.3 (green spot, color changesfrom red to green)

Biological: 106 sporesof Bacillus subtilisvarniger or Clostridium tetani on paper
stripsare placed inside envel opes and then placed insidethehot air oven.

MOIST HEAT:
Moist heat acts by coagul ation and denaturation of proteins.
At temperature below 100 c- Pasteurization , Vaccine bath:, Inspissation:

At 100 c: Boailing: Boilingwater (1000 C) killsmost vegetative bacteriaand viruses
immediately Steam at 1000 C: Instead of keeping thearticlesin boiling water, they
aresubjectedtofreesteam at 1000 C. Traditionally Arnold'sand Koch's steamers
were used.

At temperature above 1000C

Autoclave: Sterilization can be effectively achieved at atemperature above 1000
C using an autoclave. Water boilsat 1000 C a atmospheric pressure, but if pressure
israised, thetemperature at which thewater boilsa soincreases. Inan autoclavethe
water isboiled inaclosed chamber. Asthe pressurerises, theboiling point of water
asoraises. At apressureof 151bsinsdetheautoclave, thetemperatureissaidto be
1210 C. Exposure of articlesto thistemperature for 15 minutes sterilizesthem.
Substanceslikeoil cannot be sterilized Sncemoist heat doesn't have such penetrating
capacity.

Advantagesof steam: It hasmore penetrative power than dry air, it moistensthe
spores(moistureisessentia for coagulation of proteins), condensation of steamon
cooler surfacereleases|atent heat, condensation of steam drawsin fresh steam.

Operation Of Autoclave: A smpleautoclavehasvertica or horizonta cylindricd
body with aheating e ement, aperforated try to keep the articles, alid that can be
fastened by screw clamps, apressure gauge, asafety valveand adischargetap. The
articlesto besterilized must not betightly packed. The screw cgpsand cotton plugs
must beloosely fitted. Thelidisclosed but the discharge tap iskept open and the
water isheated. Asthewater startsboiling, the steam drivesair out of thedischarge
tap. When al theair isdisplaced and steam start appearing through the discharge
tap, thetapisclosed. Thepressureinsideisallowedto rise upto 15 Ibs per square
inch. At thispressurethe articlesare held for 15 minutes, after whichtheheatingis
stopped and theautoclaveisallowed to cool. Oncethe pressure gauge showsthe
pressure equa to atmospheric pressure, thedischargetap isopenedtolet theair in.
Thelidisthen opened and articlesremoved.
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Serilization control: Physical method includes automatic process control,
thermocouple and temperature chart recorder.

Chemica methodincludes BrownestubeNo.1 (black spot) and succinicacid (whose
melting point is 1210 C) and Bowie Dick tape. Bowie Dick tapeis applied to
articlesbeing autoclaved. If the process has been satisfactory, dark brown stripes
will appear acrossthetape.

Biological method includes a paper strip containing 106spores of
Geobacillusstearothermophilus.

RADIATION:

Two typesof radiation are used, ionizing and non-ionizing. Non-ionizingraysare
low energy rayswith poor penetrative power whileionizing raysare high-energy
rayswith good penetrative power.

Non-ionizingrays. Raysof wavelengthlonger thanthevisblelight arenon-ionizing.
Microbicida wavelength of UV rayslieintherange of 200-280 nm, with 260 nm
being most effective. Microorganisms such asbacteria, viruses, yeadt, etc. that are
exposed to the effective UV radiation are inactivated within seconds. Since UV
raysdon't kill spores, they are considered to be of usein surface disinfection. UV
raysareemployedto disinfect hospital wards, operation theatres, viruslaboratories,
corridors, etc. Disadvantages of using uv raysincludelow penetrative power, limited
life of theuv bulb, some bacteriahave DNA repair enzymesthat can overcome
damage caused by uv rays, organic matter and dust preventsitsreach, raysare
harmful to skinand eyes. It doesn't penetrate glass, paper or plastic. lonizing rays.
lonizing raysareof twotypes, particul ate and € ectromagnetic rays. Electron beams
areparticulatein naturewhile gammaraysare e ectromagneticin nature.

FILTRATION:
Filtration separates microbesout.
SONIC AND ULTRASONIC VIBRATIONS:

Sound waves of frequency >20,000 cycle/second kills bacteriaand someviruses
on exposing for onehour.

CHEMICAL METHODS OF DISINFECTION:
Disinfectants are those chemica sthat destroy pathogenic bacteriafrom inanimate

surfaces. Somechemica havevery narrow spectrum of activity and somehavevery
wide. Those chemicalsthat can serilizeare cdled chemigerilants. Thosechemicals

&
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that can be safely applied over skin and mucus membranesare called antiseptics.
ALCOHOLS:

Modeof action: Alcoholsdehydrate cells, disrupt membranesand cause coagul ation
of protein. Examples: Ethyl dcohol, isopropyl a cohol and methyl a cohol Application:
A 70% agueous solutionismoreeffectiveat killing microbesthan absol utea cohols.
70% ethyl dcohol (spirit) isused asantiseptic on skin. Isopropyl alcohol ispreferred
to ethanol. It can also be used to disinfect surfaces. It isused to disinfect clinical
thermometers.

ALDEHYDES:

Mode of action: Actsthrough alkylation of amino-, carboxyl- or hydroxyl group,
and probably damagesnucleic acids. It killsall microorganisms, including spores.
Examples: Formaldehyde, Gluteraldehyde PHENOL: Mode of action: Act by
disruption of membranes, precipitation of proteinsand inactivation of enzymes.
Examples. 5% phenol, 1-5% Cresol, 5% Lysol (a saponified cresol),
hexachlorophene, chlorhexidine, chloroxylenol (Dettol)

HALOGENS:

Modeof action: They areoxidizing agentsand cause damage by oxidation of essentia
sulfydryl groupsof enzymes. Chlorinereactswith water to form hypochlorousacid,
whichismicrobicidd . Examples: Chlorinecompounds(chlorine, bleech, hypochlorite)
andiodinecompounds(tinctureiodine, iodophores) Applications: Tinctureof iodine
(2% iodinein 70% a cohol) isan antiseptic.

SURFACE ACTIVE AGENTS:

Mode of actions: They havethe property of concentrating at i nterfaces between
lipid containingmembraneof bacterid cell and surrounding agueous medium. These
compounds havelong chain hydrocarbonsthat arefat soluble and charged ionsthat
arewater-soluble. Sincethey contain both of these, they concentrate on the surface
of membranes. They disrupt membraneresulting in leakage of cell constituents.
Examples. Theseare soapsor detergents.

HYDROGEN PEROXIDE:

Modeof action: It actson themicroorganismsthroughitsrel ease of nascent oxygen.
Hydrogen peroxide produces hydroxyl-freeradica that damages proteinsand DNA.
Application: It isused at 6% concentration to decontaminate the instruments,
equipmentssuch asventilators. Disadvantages. Decomposesinlight, broken down
by catal ase, proteinaceous organic matter drastically reducesitsactivity.
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ETHYLENE OXIDE (ETO):

Mode of action: It isan alkylating agent. It acts by alkylating sulfydryl-, amino-,
carboxyl- and hydroxyl- groups. Properties: Itisacydicmolecule, whichisacolorless
liquid at room temperature. It hasasweet ethereal odor, readily polymerizesandis
flammable. Application: Itisahighly effectivechemisterilant, cgpableof killing spores
rapidly. Sinceitishighly flammable, itisusua ly combined with CO2 (10% CO2+
90% EO) or dichlorodifluoromethane. It requires presence of humidity. It hasgood
penetration and iswell absorbed by porousmaterial. Itisusedto sterilizeheat [abile
articlessuch asbedding, textiles, rubber, plastics, syringes, disposable petri dishes,
complex apparatus like heart-lung machine, respiratory and dental equipments.
Efficiency testingisdoneusing Bacillussubtilisvarniger. Disadvantages: Itishighly
toxic, irritating to eyes, skin, highly flammable, mutagenic and carcinogenic.
SONIC AND ULTRASONIC VIBRATIONS

Microwavesarenot particularly antimicrobia inthemselves, rather thekilling effect
of microwavesarelargely dueto the heat that they generate. High frequency sound
wavesdisrupt cells. They areused to clean and disinfect instrumentsaswell asto
reducemicrobial load. Thismethod isnot reliable since many viruses and phages
are not affected by these waves.

Practical Activities

1. Working of smpleautoclave- laboratory practical.

2. Working of hot air oven - Lab practical

3. Preparation of report on work flow in CSSD.

4. Viditto CSSD inahospital and preparation of visit report.
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Unit -3
Central Medical Gas Distribution System
Introduction

In modern medicine supply of medical gasesisof significant role. In olden days
gasesweresuppliedin gascylindersand the attenders used to roll it to the casuaty
or operation theatres. Now central pipdinesystemisavailablein pipelinesystemin
al modern hospitals.

Learning objectives

3.3.1 An idea of medical gas distribution system

3.3.2 Identify the components of medical gas distribution system
3.3.3 Familiarise manifold.

3.34 Identify the parts, working and use of suction apparatus.
3.3.5 Discuss safety in manifold and distribution of medical gas.

I. Central Gas System

Certain gaseslike Oxygen, Nitrous Oxide and compressed air have achieved a
commendable positioninthemodem treatment procedure. They haveplayed avery
sgnificant rolein saving avast number of patientsfromthehandsof degth. They are
now became an unavoidabl e part of amost al the minor aswell asmajor surgical
operations. A surgeon cannot imagine himself doing asurgery without these gases
being kept ready for supply inthetheatre. Hence the gas supply system had now
became an indispensable part of any hospital.

Themost convenient method of gassupply in hospital systemisthrough pipeline
from acentra storage. Hencethissystemiscalled centralised gassupply system or
pipdine system. Themain part of the component system isamanifold fromwhere
thegasesare supplied to different destinations. Manifold isthe placewherethegas
cylindersand adjusting and monitoring pane sare situated.

Thegasesgenerally supplied through pipelinesystem are:
() Oxygen(O2)

(i) NitrousOxide (N20)

(i) CompressedAir and

(iv) Vacuum
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II. Supply of Oxygen

Hospital Oxygen supply ismainly doneusing different typesof cylindershaving a
genera colour codeas"Black body withwhiteneck”. Therearemainly threetypes:
Bulk Type, Servicetype or A typeand Boyl€'stype E type.

1. Bulk Type

Thisismeant for the central pipeline connection. Each cylinder hasacapacity of
6800 littersat 140 kg/cm2 pressure. They areprovided with "Bull Nose” fittingsfor
connectingwiththecentra line.

2. ServiceTypeor AType

Thistypeismainly used asaportable cylinder. They are having acapacity of 1500
littersat 140kg/cm2 pressure. Oxygen isgivento the patient through, flow meter. It
hasalso got "Bullnose" fittings. Thisisused in1.C.U sand wardsfor shifting the
patients.

3. Boyle€sTypeor E Type

Thisisdesigned for connecting with Boyle's machine. It is having "Pin Index"

connection for proper attachment with the machine. It ishaving acapacity of 750
littersat 140 kg/cm2 pressure

III. Supply of Nitrous Oxide (N20)

Nitrousoxideissuppliedintwo different typeswith usual colour code as French
blue. Nitrous oxide is a very good anesthetic agent. It is used in hospitals for
mai ntai ning the anesthesiaduring an operation. Thetwo important typesof cylinders
used for the supply of NitrousOxideare: Bulk typeand E type.

Bulk Type

Thisisused inthemanifold for the central linesupply. Each cylinder hasacapacity
of 16380 littersat 50 kg/cm?2 pressure. They are having four pipeline connections.
No servicetypecylindersare used inthe supply of Nitrous Oxide because Nitrous
Oxideisnot requiredinl.C.U sand wards.

Boyle'sTypeor E Type

Thisisdesigned for connecting with the Boyle's apparatus. It isalso having "pin
index" for making proper connection.

For distinguishing from E type Oxygen, Nitrous Oxide having different patterns of
knoch areused for connecting
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IV. Supply of Compressed Air

Inahospital system compressed air isa so given through pipelinesystem. For this
theatmosphericair iscompressed to 60 Ib/cm2 and fed to the pipelinefor supplying
towards|.C.Us. and operation theatres. Atmospheric air istaken into achamber
through air filter. Air in the chamber iscompressed with apiston. Theto and fro
movement of the piston isachieved by meansof an externally operated motor. Due
to compression, air becomesahigh pressure, high temperaturegas. Henceit should
be passed through cooling coils. For dissipating the heat produced by thefrictiona
movement of the piston, water cooling systemisaso provided. Thiscompressed air
isthen collected in areservoir fromwhereit isallowed to passthrough adryer to
make it perfectly dry at the user's end. A second stage regulator is provided to
maintain the pressure at 60 |b/cm?2 after the dryer stage. At theuser'send agrey
socket isprovided over the self sealing valve asacolour codefor compressed air.
Compressed airismainly used in ventilatorsemployedin|.C.Us.

V. Supply of Vacuum - Suction Apparatus

Inlargehospitad shaving alot of operating roomsand 1.C.Cscentrised suction system
isthe best arrangement for providing suction. In this system suction or vacuumis
created at the central station and issupplied to the user's end through pipelines
having self-sedling valves. A very big reservoir will be placed inthecentra station.
By meansof compression motor air issucked out from thereservoir and vacuumis
created in the reservoir. Other pipelines provided for the supply of suction are
connected to thereservoir. In order to prevent the sucked thing from entering the
reservoir asuction agpparatusis provided at the user'send. Oneblack cover provided
over the sdlf -seding valvethe colour codefor suction

Suction Apparatus

Suction gpparatusisan instrument used to suck body fluidsand semi liquid materias
from apatient. It consistsof bacteriafilter, vacuum pump, bottlefor collecting fluid
and aregulator. Figure shows
the constructional detailsof a
suction apparatus.

A medicd suctionmachinehas
anonporoustrap or bacteria
filter to collect thedirt or micro o]
organisms presentinthebody we L ks

fluids. Vacuum pump s used '“'"‘m;{ fﬁfmm" PRSP S

Bacieria FLTER
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to create necessary vacuum for suction. By using tubing thefluids are sucked and
primarily collectedinabottle, fromthereit isdrawvnto thebacteriafilter or trap. This
trap isconnected in between the patient and vacuuminl et therefor air isdrawninto
thepiping system. An exhaust isprovided on thefilter to removethedirt collectedin
thetrap.

A particular type of suction gpparatusisused inthesupply of vacuum, to prevent the
sucked air entering thereservoir at theusersend. It also consistsof abacteriafilter
aregulator and acollecting bottle.

Manifold

Manifold isthe heart of the centralized hospital gas supply system. It istheplace
wherethecylindersof various gasesto be supplied are stored. The centra reservoir
for creating vacuum is also situated in the manifold. The various controls and
monitoring pand sarea so situated inthe manifold. Thefollowing figure showsthe
block diagram of themanifold gamy used in pipelinesystemin hospitals.

Manifold Control Panel

Inmedica gaspipelinesystem therearethreetypesof panel controlsbeing used:
1. Fourcylinder layer.

2. Eightcylinder layer.

3. Sixteencylinder layer.

The mechanism of dl thesesystemsareidentical but the controlsshould have some
changesaccording to thevarying capacities. Thecontrol panel isdesignedto ddliver
acontinuous supply of gasto the pipeline system at astandard pressure of 60 |b/
cm2. It ishaving three main pressure gauges and three pressure regul ators. The
cylinder line called banks are connected to the second stageregulator through afirst
stageregulator. Thereare pressure gauges beforethefirst lineto show the condition
of that cylinder line. Thefirst stageregulator isused to feed the cylinder linethrough
the second stageregul ator. By adjusting thiswe can set thelinewhich should run
first. The second stage regulator is presetted to a value by means of its control

screw adjustment. Normally it should be kept at 60 Ib/cm2. Itiscalled the"line
pressure”. Thelinewhichisgoingiscalledthe"runningline’ and the other lineis
caledthe"reserveline'. With proper adjustment of thefirst stageregulators, the
reservelinewill take over the chargeimmediately after thefinishing of therunning
line

<
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Indicators are provided to inform the operator which lineisempty. Then hecan
changethosecylindersand chargeit asreserved line.

Maintenance of the Manifold

Therearetwored light indicators on the monitoring pand which will glow whena
corresponding tank becomes empty.

1.

2.
3.
4

7.

Releasethe control lever of thefirst stageregulator of theempty line.
Closedl thecylindersinthat tank.
Uncoupleand removeall theempty cylinders.

Replacethem with filled cylinders. Care should be taken to release a puff of
gasfrom each cylinder to dislodge any dust or grit that may be present inthe
valveoutlet.

Openall thecylinder walls. Red signal should now be off.

Adjust thecontrol lever of thefirst stageto makethat tank asreserve. Thisis
done by releasing both tanks and then charge the new one over thelight run-
ningthanthefirst.

Check al the connection pointswith soap solution for gas-tight.

Routine Service.

1.
2.

3.

The apparatus should be clean.

Rubber, Nylon and other such type of washers should be changed withina
period of threemonths.

Periodica servicing should bedoneinevery sx months.

VII. Precautions.

1. Thecouplersshould beclean.

2. Testforleakagewith soap solution only.
3. Smokingisforbiddeninthemanifold

4. Alwaysopenthecylinder valvesdowly.
PRACTICALS

&
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Hospital visit and report preparation of central medica gasdistribution system.

List preparation of colour coding invariousgasesused inahospital .
VIII. TE Questions

1

w

N o g A

Centrd gassupply systemisused to distributedifferent hospital gases. List out
thedifferent hospital gasesand also mention whereit isused.

Inahospital system, manifoldisan essentia part. Define manifold

Sujjest an apparatus used for removing liquid or semi solid substance from
human body and explain briefly with the hel p of necessary diagram

Generd colour codeof Oxygencylinderis

Generd colour codeof NitrousOxidecylinderis

Grey socket isprovided over the self seding va ueasacol our codefor

Black cover provided over thesdlf sedlingvaueisthecolour codefor
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Unit : 4

Laboratory and Blood Bank Instruments
SYLLABUS
Microscopy - introduction, different typesof microscopes, working principle, parts,
magnification, adjustments, mai ntenance and uses of acompound microscope,
photoel ectric col orimeter - working principle, parts, block diagram, procedure,
mai ntenance and applications, introduction to gluco meters. PH meter- working
principle, parts, block diagram, procedure, maintenance and applications, Clinical
relevance of blood PH, Centrifuge- parts, working, maintenance of table top
centrifuge, Fundamental s of Eletrolyte anayzer, Blood gasanalyzer, incubator and
water bath , FamiliariseAutomatic Hemoanalysersand blood cell counters, Generd
safety, equipment safety and Quality Control in Medical |aboratories, nameand
usesof Blood bank equipments-Blood bank refrigerators, Blood bank centrifuges,
cryo centrifuge, cry bath, deep freezers, A phaeresismachines, donor couch, blood
bag seder, platelet agitator, blood shaker.
LEARNING OUTCOMES

3.4.1 Identify the different types of microscope.

3.4.2 Understand the working principle, parts, magnification
adjustments, care and uses of a compound microscope.

3.4.3 Understand the working principle, parts, block diagram,
procedure and applications of a photoelectric colorimeter.

3.4.4 Familiarise semi and fully auto analyser

3.4.5 Understand the principle, procedure, block diagram and
working of pH meter.

3.4.6 Understand the clinical relevance of pH of blood.
3.4.7 Familiarise the parts and working of table top centrifuge.
3.4.8 Naming and uses of electrolyte.

3.4.9 Naming and uses of haemo analysers and blood cell
counters.

3.4.10 Familiarise safety and quality control aspects in a
laboratory.

3.4.11 Naming and uses of blood bank equipment.
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Microscopy

Microscopy isthetechnical field of using microscopesto view objectsthat cannot
be seen with the naked eye (objectsthat are not within the resol ution range of the
normal eye). Therearethreewd |-known branches of microscopy: optica, eectron,
and scanning probe microscopy.

Different types of microscopes
1. Optical Microscopes:

These microscopes usevisiblelight to makeanimage. Thelight isrefracted with
optical lenses. Thefirst microscopesthat wereinvented belong tothiscategory. The
priceof optica microscopesvariesfrom very cheap to nearly unaffordable. Optical
microscopes can befurther subdivided into several categories:

Compound Microscope: Thesemicroscopes are composed of two lenssystems, an
objectiveand an ocular (eyepiece). Themaximum useful magnification of acompound
microscopeisabout 1000x.

Stereo Microscope (di ssecting microscope): These microscopesmagnify up to about
maximum 100x and supply a3-dimensional view of the specimen. They are useful
for observing opaque objects.

Confocal Laser scanning microscope: Unlike compound and stereo microscopes,
thesedevicesarereserved for research organizations. They areableto scanasample
asoindepth. A computer isthen ableto assemblethe datato makea3D image.

2. Electron Microscopes

Electron microscopes arethe most advanced microscopes used in modern science.
Theé ectron microscopesessentialy function onthe principleof abeam of eectrons
that strikes any objectsthat comesto its path to magnify it. Electron microscopes
aredesigned specifically for studying cellsand small particles of matter, aswellsas
large objects.

3. Scanning ProbeMicroscopes:

Scanning ProbeMicroscopehd psvisudizeindividua atoms. Theimageof theatom
iscomputer-generated, however. It providestheresearchersanimaging tool for the
futurewhereasmal tip measuresthesurface structure of thesample. Thesespecidized
microscopes provide high image magnification to observe three dimensional
specimens. If an atom projectsout of the surface, then ahigher electrical current
flowsthrough thetip. Theamount of current that flowsisproportiona to theheight
of thestructure. A computer then assembl esthe position dataof thetip. An enhanced

>
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3D imageisgenerated.
Compound microscope.

Compound microscopeisan optical instrument for forming magnified images of
small objects, consisting of an objectivelenswith avery short foca length and an
eyepiecewithalonger foca length, both lenses mounted inthe sametube.

Working Principle

Themaost commonly used microscopefor general purposesisthestandard compound
microscope. It magnifies the size of the object by a complex system of lens
arrangement.

It has aseries of two lenses; (i)
the objective lens close to the

objecttobeobservedand (ii) the ——= e ' e
ocular lensor eyepiece, through TN \V -:'
whichtheimageisviewed by eye ?

Light fromalight source (mirror
or eectriclamp) passesthrough i
athin transparent object (Figure =

4 4) | = = ﬂwl;‘_"ﬂlfﬂhaf_;l;_ﬂll_wmliﬂ!‘m_

Theobjectivelensproducesamagnified 'real image first image) of theobject. This
imageisagain magnified by the ocular lens (eyepiece) to obtainamagnified ‘virtua
image (final image), which can be seen by eyethrough the eyepiece. Aslight passes
directly from the source to the eye through the two lenses, thefield of visionis
brightly illuminated. Thatiswhy; itisabright-field microscope.

Compound Microscope Parts

A high power or compound microscopeachieves higher level sof magnification than
astereo or low power microscope. It isused to view smaller specimenssuchascell
structureswhich cannot be seen at lower levelsof magnification.

Essentially, acompound microscope consistsof structura and optical components.
These key microscope partsareillustrated and explained below.
STRUCTURAL COMPONENTS

Thethreebasic, structural components of acompound microscope arethe head,
baseand arm.
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Head/Body housesthe optical partsinthe upper part of the microscope
Base of themi croscope supportsthe microscope and housestheilluminator

Arm connectsto the base and supportsthe microscope head. It isal so used to carry
themicroscope.

When carrying acompound microscope alwaystake caretolift it by both thearm
and base, smultaneoudly.

Parts of a Compound
Microscope:

Eyepiece (ocular)

Thepartsof acompound microscopeare Eyepiece
of two categoriesasgiven below: ke

() Mechanica Parts. Eyepiece Tube,

) ) e Head
Nosepiece, Coarse and Fine Focus Arm \
. Nosepiece (turret)
knobs, Stage, Stage Clipsand Con- 7 W opjective Lenses
/ Stage Clips

denser FocusKnob.

|
_—Aperture
- L’-/
Stage
j ~~Condenser
Inis Diaphragm

(il) OPTICAL p’JtSZ Eyepl ece Len%s, Coarse Focus Knob
Obj ective Lenses, | |ght source, con- Fine Focus Knab
denser and Iris Digphragm

llluminator

Eyepiece or Ocular is what you look

through a thetop of themicroscope. Typically, Sandard eyepieceshaveamagnifying
power of 10x. Optional eyepiecesof varying powersareavailable, typically from
SX-30X.

Eyepiece Tube hol dsthe eyepiecesin place abovetheobjectivelens.

Objective Lensesarethe primary optical lenseson amicroscope. They rangefrom
4x-100x and typically, include, three, four or five on lens on most microscopes.
Objectivescan beforward or rear-facing.

Nosepiece housesthe objectives. The objectives are exposed and aremounted on
arotating tower so that different objectives can be conveniently selected. Standard
objectivesinclude4x, 10x, 40x and 100x although different power objectivesare
avalable

&
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Coarse and Fine Focus knobs are used to focus the microscope. Increasingly, they
are coaxia knobs- that isto say they arebuilt on the same axiswith thefinefocus
knob on the outside. Coaxial focusknobs are more convenient sincethe viewer
doesnot haveto gropefor adifferent knob.

Stageiswherethe specimen to beviewed is placed. A mechanical stageisused
whenworking at higher magnificationswhere ddlicate movementsof the specimen
didearerequired.

Stage Clipsare used when thereisno mechanical stage. Theviewer isrequired to
movethedidemanualy to view different sectionsof the specimen.

Apertureistheholeinthe stage through which the base (transmitted) light reaches
thestage.

Illuminator isthelight sourcefor amicroscope, typically located in the base of the
microscope. M ost light microscopesuselow voltage, ha ogen bulbswith continuous
variablelighting control located withinthebase.

Condenser isusedto collect andfocusthelight fromtheilluminator onto the specimen.
It islocated under the stage often in conjunction with anirisdiaphragm.

Iris Diaphragm controlsthe amount of light reaching the specimen. It islocated
abovethe condenser and bel ow the stage. Most high quality microscopesinclude
an condenser withanirisdiaphragm.

Condenser Focus K nob movesthe condenser up or down to control thelighting
focus on the specimen.

Therearetwo optical systemsinacompound microscope:
M agnification adjustments of acompound microscope.
1.  Turnontheilluminator.

2. Placeadlide or specimen on the stage with the sample directly above the
apertureand, if possible, fasten it to the stage with the stageclips..

3. Enauretheirisdigphragmiscompletdy open, alowing the maximumamount of
light to reach the dide and thelenses. Caution: Do not usetheirisdigphragmto
control thelight, it isto control resolution and contrast - usethedimmer in-
stead.

4. Rotatethenosepiece so that the objectivelenswith thelowest level of magni-
ficationisdirectly abovethe sample. Reminder: Using lower magnifications
first helpsto select the part of the specimen of interest and then adjust further.
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5.  Look throughthe binocular eyepiecesand adjust theirisdigphragm until the
amount of light issatisfactory. Morelight isbetter than lesslight, but thecom-
fort of theviewer's eyes should al so betaken into account.

6. Turnthecoarse adjustment knob until the specimen comesinto broad focus.
Caution: you should not use the coarsefocus with ahigh magnification objec-
tivefor fear of the objective making contact with thedlide.

Turnthefine adjustment knob until the specimen comesinto sharp focus.

Theviewer should then be abl e rotate the nosepieceto higher settingsand
bring the sampleinto moreand moredetail with aminimal amount of refocus-

ing.
Care and Use of the Microscope
1. Clear space onthebench before getting the microscope from the cabinet

2. Graspthemicroscopewith two hands- one on thearm and the other under the
base

When you removethe microscopefrom the cabinet, doit dowly and carefully
Place the microscopedirectly on the bench, never on top of papers or books
Removethedust cover and storeit inthe scope cabinet

o 0 &~ w

Verify that therheostat isset for minimum light (1) and the lamp switchisoff
©O)

Plug inthe scope, turn onlight and adjust the rheostat light to 6

Lower the stage (or raise head)

Check that the condenser isflushwith thestageandtheirisCloseoneeyea a
timeto compareimages. If they differ, adjust the microscopefor your eyesas
detailed below

10. Oncethedideis perfectly focused and theimageiscentered onlow power,
usethe knurled nosepieceto click the next larger lensinto place. DO NOT
USE THE COARSE FOCUS KNOB after increasing digphragm isopen

11. Usingtheknurled nosering, rotate and click the shortest, red (4X) lensinto
place

12. Loadadlide, being sureit sitsflat onthe stage, held by thespring clip
13. Usethelarge, coarse-focusknob only withthelowest (4X) power objective.
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14. Whilelooking into the eyepieces, slowly turn the coarse knob, moving lens
closer to stage. Assoon asyou seeahint of color, switch tothesmall, fine
focus knob and focusthe object.

15. Magnification. Only usethefinefocusknob to focuswith ahigher power lens.
PRACTICAL DETAILS

COMPOUND MICROSCOPE

Aim

To study parts and operation of acompound Microscope.

Theessentid partsof compound Microscopeare

1. Mechanicd parts

2. Optical Parts

Mechanical Parts

Themechanicd partsconsist of foot, limb, sub-stage, tage and different mechanica
adjustments. Thefoot istriangular or Horse shoe shaped and the mi croscoperest
onit. Thelimb or the body of the microscopeisattached to thefoot by meansof a
hingejoint. Thelimb carriesthebody tube at the upper end and the stage and sub-
stage at thelower end, the body tube carriesthe eyepiece at the upper end and the
revolving nose piece contai ning the objectives at thelower end. Thebody tube can
be moved up and down by adjustment screwsfor the purpose of thefocusing. This
isusualy achieved by rack and pinion arrangement. Therearetwo type of screws,
apair each for coarse adjustment and fine adjustment. The stageisarigid platform
inwhichtheobject to beviewediskept. Thestagehasacentra holefor the passage
of light toillumination of the object. Below the stageisthe sub-stagewhich carries
the condenser and irisdigphragm. Thereisa so an adjusting knob for lowering and
raising the condenser.

Optical part
Theopticd part consstsof magnifyingand illuminating parts. The magnifying parts
includethe objective and eye piecelens. The objectivelensesarelow power high

power and oil immersion objective. Theobjectiveisvisuaised through the eyepiece.
Microscope can be monocular or binocular type.

Theilluminating partsarethe condenser irisdigphragm and mirror. Thecondenser is
asystem of lens, which concentratelight form theilluminating sourceto the object.
Irisdiaphragm islocated just below the condenser. It can be closed to reducethe
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light or open for morelight by control hand provided with the shuttle. Themirroris
plain concavemirror and isseen bel ow the condenser. It hel psto reflect thelight into
the sub-stage condenser.

Adjustment of Microscope:
1. Lowpower

Thelow power objectiveisplacedin position, so that objectivelenscomesinaline
withtheeyepiece. The condenser islowered. Theirisdiagphragmishaf opened and
concave mirror isturned towardsthelight source. Object iskept on the stagelooking
though the eye-piece, lower the body tube until aclear magnifiedimageof theobject
Isobta ned by moving the coarse adjustment. For gettingamoreclear imagethefine
adjustment isused.

2. Highpower

The high power objectiveisplacedin position. The condenser ishalf raised theiris
diaphragm 3/4th opened and concave or plane mirror can be used.

3. Oil Immersion objective.

Oil immersion objectiveisplaced in position. Condenser isfully raised andiris
digphragmisfully opened. Turntheplanemirror tothelight source. Placeadrop of
oil onthedideand bringthebody totill theobjectivelensjust touchestheoil. Make
fineadjustment and focusthe object.

Procedure:

1. Placethemicroscopeon stable placehaving aconvenient height to seethrough
the eyepiecewith out bending. Placeit near thewindow if day light isused for
illumination. A builtinlamp or externa lamp can beused for illumination.

Set themirror towardsthe light sourceto get maximumlight intensity
Put the dide on the stagein the space provided between the clips.

Revolvethe nose piece and align designed objectivein position. The objective
must click into the sl ot provided.

5. Look through the eye-piece and adjust theirisdiaphragm according to objec-
tiveused.

6. Adjust thecoarse and fine adjustment to make the object moreclear.
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Result:

PH meter

Clinica relevanceof blood PH

Theterm pH meanspotentia s of Hydrogen.

pH isameasure of the hydrogen ion concentration of asolution. Solutionswith a
high concentration of hydrogen ions have alow pH and solutions with low
concentrationsof H+ ionshaveahigh pH.

Theequationthat definespH isgiven asfollows:

pH=-log [H+] concentration

Thisisread:

ThepH isequa to minusthelog of theH+ concentration.

For exampleisthe H+ concentration isvery low, let's say about 0.0000001M, and
thenthepH is

pH=-log[.0000001] whichisthesameas-log[1 X 10-7]

Thetermlog[1X 10-7] =-7

- (_7) =7

Weknow that pH isameasureof the acidity or alkalinity of afluid. ThepH may
rangefrom 0to 14. SolutionswithapH lessthan 7 are acidic and solutionswith a
pH greater than 7 arebasic or dkaline. Purewater hasapH of 7... Blood isnormally

dightly basic, akaline, withapH rangeof 7.35to 7.45. To function properly, the
body maintainsthe pH of blood closeto 7.40.

Animportant property of blood isitsdegree of acidity and akalinity, and thisis
referred to asacid-base balance. Theacidity or alkalinity of theblood isindicated
onthepH scae. Theacidity level increaseswhen thelevel of acidic compoundsin
theblood risesor whentheleve of akainecompoundsinthebloodfals. Alkdinity
levelsincreaseswiththereverse process.

Our bodiesliveand dieat thecdlular level. Thebillionsof cellsinour bodies must
maintainakalinity, inorder to function and stay dive. Thefirst lineof defenseagainst
diseaseisaproper pH balance. Disease can only grow in an acidic body, which
makesacondition favorablefor thegrowth of bacteria, yeast, fungus, mold, viruses,
and any other unwanted organi sms. Cancer dways strikesthosewith an over-acidic
body. So balancing your pH iswidely considered to be the single most important
thing you can do for your hedlth.
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PH meter- working principle, parts, block diagram, procedure,
PH meter- working principle

A pH meter providesavalue asto how acidic or dkalinealiquidis. It smply
measuresthe voltage between two el ectrodesand display theresult convertedinto
the corresponding pH value.

Anacidic solution hasfar more positively charged hydrogenionsinitthanandkaine
one, soit hasgreater potential to producean éectriccurrentinacertan sStuation. A
pH meter measuresthevoltage (el ectrical potentia) produced by the solution whose
acidity wereinterestedin, comparesit with areference thevoltage and usesthe
differenceinvoltage (the " potentid difference”) between them tofind out the pH

They compriseas mpledectronicamplifier andapair of two € ectrodesor sometimes
acombination electrode.

PH meter parts, block diagram
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Circuit for electronic pH measurement
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A glassdectrodeissendtiveto hydrogenionsconcentration of solution under test.
A glass electrode, has asilver-based electrical wire suspended in a solution of
potassium chloride, contained insdeathin bulb (or membrane) madefrom aspecia
glasscontaining meta sats(typicaly compoundsof sodium and cacium).

Theother electrodeiscalled thereference electrode Reference e ectrode actsasa
basdineor referencefor themeasurement. It hasapotassium chloridewire sugpended
inasolution of potassium chloride. A reference el ectrodeisinsensitiveto hydrogen
ionsconcentration of solution under test.

Modern pH electrodeisacombination € ectrode, which combinesboth the glass
and reference el ectrodesinto one body.

For pH metersto be accurate, they haveto be properly calibrated. They usualy
need testing and adj usting beforeyou start to usethem. So calibrate apH meter by
dippingit into buffers (test solutions of known pH) and adjust themeter accordingly.

Another important consideration isthat pH measurementsdepend on temperature.
Some meters have built-in thermometers and automatically correct their own pH
measurements asthetemperature changes. Alternatively, you can also correct the
temperature yourself and allow the pH measurements at adesired temperature.

Procedure of a pH meter.

Rules:

1. Thedectrodeshouldbein solutionwhenitis"measuring” pH.
2. Whenout of solution, it should bein stand-by mode.

3. Keepthedectrodein solution asmuch as possible even when not measuring
pH.

4. Whenrinsee ectrodewith water, blot thewater off gently using kimwipes-
especially around tip of electrode.

Two point calibration of e ectrode (in most caseswe usepH 4.0 and 7.0 stan-
dards). If the solution you are making hasapH over 8.0, usepH 7.0 and 10.0
standardsfor 2-point calibration. Remove parafilm from the e ectrode (both
bottleand air hole near top). Rinseelectrodein water

Placedectrodein acid pH standard (4.0) - pink solution

To turn on pH meter, press standby

Press 2pt calibration button (should read 4.00

If reads 4.0 pressenter - if not, see Dr. Rowland before proceeding

Ea R
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5. Thedectrodewill then measure conductance. Onceit stabilizes pressenter to
accept reading.

6. Thedectrodewill then measuretemperature. Again, once stabilizes pressen-
ter.

7. Findly pressstandby to complete measureof 4.0 pH pointin caibration
Rinse e ectrodewith water
Place dectrodein neutra pH standard (7.0) - yellow solution
Repeat steps 2 - 6 above.

10. After temperaturereading, the meter will provide ameasure of the electrode
efficiency. Measures above 90% efficiency are acceptable. If theelectrode
reading isbelow this, see Dr. Rowland. If above 90% press enter to accept.

11. Pressstandby to completecdibration.

Rinsed ectrodewith water and placein 7.0 buffersto store. Be sureto place parafilm
over theholeinthee ectrodeand sedl the electrodeto the buffer container to prevent
evaporation of the buffer.

Tomeasure pH of solution: Placed ectrodein solutionyouwishto pH. Besurethat
itisstirring dowly during measureand pH adjustment. Add acid/baseas needed to
reach desired pH. When complete, put pH meter in stand-by mode. Remove
el ectrode from solution and rinse thoroughly with water. Blot dry and put back in
yellow pH storage buffer. Place parafilm over the hole and around the bottle to
minimizeevaporation.

Partsblock diagram photoel ectric col orimeter

Applications photoel ectric col orimeter

Procedure photod ectric col orimeter

Photoe ectric colorimeter

Working principleof aphotoel ectric colorimeter

A colorimeter is a device is most
commonly used to determine the absorbing sample of
concentration of aknown soluteina T concentration ¢ H
given solution by the gpplication of the

Beer-Lambert law, which states that
the concentration of a solute is

proportional to the absorbance.

~a— oath fength b —»
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The Beer-Lambert law (or Beer'slaw) statethat, when amonochromatic light pass
through asol ution, absorbance (A) of the solutionisdirectly proportional to the
concentration(c) of the solution and path length (b) that solution.
Now absorbanceA isdirectly proportiona to path length and concentration of that
solution.

A?bc A=abc

A - Absorbance of solution
a- Absorbtivity of solution

C - Concentration of solution
b - Path length of solution

Experimental measurementsareusualy madeintermsof transmittance(T), whichis
definedas:

T=I/lo

wherel isthelight intengity after it passesthroughthesampleand | oistheinitid light
intensity. Therelation betweenAand T is.

A=-logT=-log(l/10).

A colorimeter has following parts:

1. light source (often anordinary low-voltagefilament lamp)
2. filter (thedevicethat selectsthedesired wavelength)

3. cuvettechamber (thetransmitted light passesthrough thiscompartment where
theglass containing the colored sol ution are kept)

4. detector (thisisaphotosensitiveel ement that convertslightintoeectrica sig-
nels)
5. Gavanometer (measureseectrica Sgnd quantitatively)

Theoutput from acolorimeter may bedisplayed by an analogue or digitad meter and
may be shown astransmittance (alinear scalefrom 0-100%) or as absorbance (a
logarithmicfrom zerotoinfinity).

Applicationsphotoel ectric col orimeter

photoel ectric colorimeter is used to determine the concentration of colored
compoundsin solution. It isused extensively for identification and determination of
concentrations of substancesthat absorb light.
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PRACTICAL DETAILS
Procedure

1. Beforeswitching ontheinstrument, check the meter for mechanica zeroand
adjust (only if necessary by the small screw bel ow the meter). Switch onthe
instrument and check electrica zero.

2. A preset potentiometer is provided with the accessfrom the bottom of the
optical plate. If itisnecessary to correct the zero, lift the optical placereach
our to the present and adjust the zero whilelooking after the meter.

3. Sdecttheappropriatefilter onthefilter disc.

4. Placethetest tube containing the solvent in the holder. Thetest tube hol der
should beplacedin position, sothat theside pin setsinthed ot onthetop plate.

5. Presspushbutton and adjust thesengitivity control for 100% transmission read-
ing on the meter. Rotating the coarse control towardsyoutoincreasetheinten-
gty of thelight.

6. Replacethetest tube containing solvent with the one containing with standard
solution

7.  Presspush buttonand takereading.

Auto analyser

An automated analyser isamedical laboratory instrument designed to measure
different chemicadsand other characteristicsinanumber of biologica samplesquickly,
withminima human assstance.

These measured propertiesof blood and other fluidsmay beuseful inthediagnosis
of disease.

Anauto analyser sequentidly measuresblood chemistry through aseries of stepsof
mixing, reagent reaction and col orimetric measurements. Soitiscalled continuous
flow analysis(CFA).

It consistsof thefollowing.
a) Sampler: Aspiratessamples, standards, wash solutionsinto the system

b)  Proportioning pump: Mixessampleswith the reagents so that proper chemical
color reactions can take place, which arethen read by the colorimeter

c) Didyzer: separatesinterfacing substancesfrom the sampleby permitting selec-
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tive passage of sample componentsthrough asemi permeable membrane

d) Heating bath: Controlstemperature (typically at 37 °C), astempiscritical in
color development

€) Colorimeter: monitorsthe changesin optica density of thefluid stream flowing
throughatubular flow cell. Color intengities proportional to thesubstance con-
centrationsare converted to equivalent electrical voltages. 2Recorder: Dis-
playstheoutput informationinagraphica form.

Theseinstrumentstypically determine levels of albumin, alkaline phosphates,
aspartatetransaminase (AST), blood ureanitrogen,bilirubin, calcium, cholesteral,
creatinine, glucose, inorganic phosphorus, proteins, and uric acid in blood serum or
other bodily samples.

Types of analyzers
Semi-auto anayzer: Here, the sampl esand reagents are mixed and read manually

Batch anayzer: Thereagent mixtureismixed and fed automatically. Onereagentis
stored inthemachinea atimeenabling onebatch of aspecifictest to beautomaticaly
conducted e.g. RA 100.

Random A ccessauto anadyzers. These andyzers can store more than onereagent.
Samplesare placed in the machine and the computer is programmed to carry out
any number of selected tests on each samplee.g. Hitachi 912

Someof thetermscommonly used in auto analysersare:

Batch analysiswherein several samples are processed for analysisin the same
andytica run.

oneafter another and theresultsare printed in thesequentia order that they arefed.

Continuousflow analysisHere the samples of onebatch are sequentia ly subjected
tothesameanalytica reactionsat the samerate, each samplebeing separated from
thepreviousoneby air.

Sequentia analysis, where each sampleinthe batch enterstheana ytical process

Singlechannel anaysis(singletest anaysis) each of the samplesisanalysed by a
singleprocess. Result of asingle parameter is produced.

Multiplechannd analysis(multipletest analysis) each of thesamplesissubjected to
multipleanalytical processesand setsof test resultsare obtained.

Random accessanaysis. Any sample may beanaysed at random by asignal to the
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processing system. eg. of such systemsare Ektachem, Hitachi 912 etc.
Familiarisethe partsand working of tabletop centrifuge.

http://Mmww.who.int/medicd _devicesinnovation/hospt_equip_9.pdf

Basic working principle

Inasolution, particleswhose density ishigher than that of the solvent sink (sediment),
and particlesthat arelighter than it float to thetop. The greater thedifferencein

density, thefaster they move. If thereisno differencein densty (isopycnic conditions),
the particlesstay steadly.

The centrifuge works using the sedimentation principle, where the centripetal
accel eration causes denser substances and particlesto move outward intheradial

direction. At the sametime, objectsthat areless dense are displaced and moveto
thecenter.

Tabletop Centrifuge

L ow-speed tabletop centrifuges generally operate at up to 10,000 revol utions per
minute (rpm) and may be non-refrigerated or refrigerated. L ow-speed tabletop
centrifugesareused primarily to spinred blood cdlls.

High-speed centrifuges generally operate at 10,000 to 30,000 rpm and some are
refrigerated to cool the rotor chamber. High-speed tabletop centrifugesunitsare
used for most preparative gpplicationsand can collect microorganisms, cells, cdlular
debris, and precipitates. They can a so separate virusesand cellular organel les.

Product parts
Basic centrifugecomponentsinclude

1. Anédectric motor, ashaft and rotor heads on which the centrifuge head turns,
and amotor drive assembly.

2. If thecentrifugeisrefrigerated, acompressor and associated componentsare
included.

3. Thecentrifugehead containsthe cupsor shieldsthat cover therotor and turns
onaspindle.

4. Other basic componentsinclude apower switch, braking device, potentiom-
eter, timer and tachometer.

5.  Somemoddsareequippedwithan LCD (liquid crystal display) or LED (light-
emitting diode) display and akeyboard.
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working of table top centrifuge

Operator |oadsthe samplesinto therotor head within theinstrument housing, and
closesthelid.

The gppropriatetime, rpm, braking, and temperature (if refrigerated) informationis
programmed, usualy by flipping aswitch, by adjusting apotentiometer, or by using
akeyboard.

Some unitsalso permit sel ection of the degree of braking to be gpplied to the shaft
following centrifugation.

L ab and Blood Bank Instruments

1. Compound Microscope

Parts, operation and maintenance of compound microscope.
Diagram

Parts of compound microscope

Adjustments of compound microscope namely low power high power and oil
immersion objectives.

Procedure of focusing amicroscope
Careof compound microscope.
2. Photod ectric colorimeter

To study the operation of photoel ectric col orimeter and determinethe concentration
of unknown solution.

Principle

Block diagram

Procedure

Uses.

3. pHMeter

Study the operation of pH meter and to find the pH of agiven solution.
Princple

Parts

Procedure

Applications.
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4. Prepareanabum containinglist of equipmentsand itsusein medical laband
blood bank by doing OJT or conducting afied visit.

TE QUESTIONS

1. Explantheworking principleof compound microscopeusingimageformation
diagram.

Preparealist of optica and mechanical parts of acompound microscope

w

A didehasto beviewed under high power objectivelensof microscope. List
out the stepsfor adjustmentsto be donefor the same.

Statetheworking principleof photoel ectric colorimeter.

Draw theblock diagram of photoel ectric colorimeter and explainitsparts.
pH value of human venousblood is---------- .

Explainthecommonly used pH dectrodes.

Draw the block diagram of pH meter and explainits parts.

pH is defined as -------------

Electrolyte analyser

© © N o g &~

Electrolyte analyzer test object isdiverse, whether serum or wholeblood or plasma
can, urinesampl e, didysisfluid samplesfrom evenliquid can dso directly measure
thehydration, isthefunctionisvery powerful amedica insgrument. El ectrolyteanayzer
can detect theinorganic sations, samplecaciumionstiny materid, etc.

Now |et'sintroduce el ectrolyte ana yzer principle of work:

Electrolyte analyzer have useion selective el ectrode method to achieve precise
measurement of thetesting. The apparatus are six electrodes: sodium, potassium
and chlorine, calciumions, lithium and CST electrode. Each electrodehasaion
selectivefilm, will be measured and samples corresponding ion responses, the
membraneisaion exchanger, andionic chargereaction and change the membrane
potentid, it can detect theliquid, samplesand membrane potentia between. Filmon
both sidesof thetwo e ectric potentid tested vauewill producethe current, samples,
reference el ectrode, referenced ectrodeliquid form"loop” side, membrane, interna
electrodesliquid, internal el ectrodesaretheother side.

Internal e ectrodesfluid and samplethedifference between the concentration of the
ionswill work on both sides of thefilm electrodein create el ectrochemical voltage,
through high voltage of the conductance of theinternal electrodesto lead to the

&
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amplifier, referencedectrodeadsoledtothe
location of theamplifier. Throughthetest a
known precisely the concentration of the
ionsstandard solutionfor calibration curve,
and thetest samplethe concentration of the
ions.

Only provides the electrolyte analyzer
perlongmedicd treatment for usersto serve
asreference.

BLOOD GAS ANALYSER

Anarteria blood gas(ABG) test isablood gastest of blood froman artery; itisthus
ablood test that measurestheamountsof certain gases (such asoxygen and carbon
dioxide) dissolvedin arterid blood. AnABG test involves puncturing an artery with
athin needleand syringeand drawingasmal volume
of blood. Themost common puncturesiteistheradia
artery a thewrist,[ 1] but sometimesthefemord artery
inthegroin or other sitesare used. The blood can
also be drawn from an arterial catheter. AnABG
test measuresthe blood gastension valuesof arteria
oxygen tension (PaO2), arteria carbon dioxide
tension (PaC0O2), and acidity (pH). In addition,
arteria oxygen saturation (Sa02) can bedetermined. _
Suchinformationisvitd whencari ngfor pa] entswith BLOOD-GASANALYSER
critica illnessor respiratory disease. Therefore, the

ABG test isone of themost common tests performed on patientsinintensive care
units (ICUs). In other level s of care, pul se oximetry plustranscutaneous carbon
dioxide measurement isan aternative method of obtaining smilar information less
invagavdy.

Electrolyteandyser

Incubator

In microbiology laboratory incubators are used to
grow bacteriaat temperature preferably 37 c.It can
give temperature 30 - 100 C., thermostatically
controlled .Heated using e ectric coil andismadeup
of doublewaled gunmetd or dainlesssted chamber.
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Hemoanalysers

Hematology analysers are automatic analysers which give all hamatilogical
investigationsa amtime. Automated cell counters
sample the blood, and quantify, classify, and
describecell populationsusing both electrical and
optical techniques. Electrical analysisinvolves
passing adilute solution of the blood through an
goertureacrosswhichandectricd currentisflowing.
The passage of cellsthrough the current changes
theimpedance between thetermina s (the Coulter
principle). A lyticreagent isadded to the blood
solutionto selectively lysethered cells (RBCs),
leaving only white cells (WBCs), and platelets
intact. Thenthe solution ispassed through asecond detector. Thisalowsthecounts
of RBCs, WBCs, and plateletsto beobtained. Theplatelet count iseasly separated
from the WBC count by the smaler impedance spikesthey producein the detector
duetotheir lower cell volumes.

BLOOD BANK EQUIPMENTS
Blood bank equipmentsincludethefollowing equipments.

Blood bank refrigerators, Blood bank centrifuges, cryo centrifuge, cryo bath, deep
freezers, Apheresismachines, donor couch, blood bag seder, platelet agitator, blood
shaker.

The blood bank refrigerator is an essential piece of equipment in the
immunohematol ogy department and provides safe and convenient storage of whole
blood, blood components (e.g., blood cells, plasma), and reagents. Blood bank
refrigeratorsensurefreshnessand integrity of blood and blood components.

Therefrigeration system includesan el ectrically powered compressor, acondenser,
acapillary tube or expansion valve, an evaporator, and interconnecting tubing. A
thermostat regul atestherefrigerator temperature. In many models, the compressor
and motor are connected to the same shaft and sealed in a compact, airtight
compartment, making morespaceavalablefor storage. Sysemsareeither cylindrica
with rotating shel ves or rectangular with pullout drawersor shelves. A temperature
adarmiseither included or optiona. An emergency power systemisnecessary inthe
event of apower falure. Configurationsincludetabletop, or floor units.

&>
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UNIT : S
Dialysis Equipment
Unit 5 - Dialysis Equipments
3.5.1 Identify the importance and types of dialysis.

3.5.2 Familiarise haemo dialysis machine.

Didysisistheremoval of waste materia sand toxic substancesand restoration of
norma volumeand composition of body fluid by meansof an artificia kidney.

Didyss, (didyss, meaningdissolution,, dia, meaning through, and, [2d's, meaning
loosening or splitting) isaprocessfor removing waste and excesswater from the
blood and isused primarily asan artificia replacement for lost kidney functionin
peoplewithkidney failure.

Dialysismay beused for those with an acute di sturbancein kidney function (acute
kidney injury, previoudy acuterend failure) or progressivebut chronicaly worsening
kidney function-astate known as chronickidney disease.

Thekidneyshaveimportant rolesin maintaining heath. When healthy, thekidneys
maintainthe body'sinternal equilibrium of water and mineras (sodium, potassium,
chloride, calcium, phosphorus, magnesium, sulfate). Theacidic metabolism end-
productsthat the body cannot get rid of viarespiration are also excreted through the
kidneys. Thekidneysalso function asapart of the endocrine system, producing
erythropoietin, cacitriol and renin. Erythropoietinisinvolvedin the production of
red blood cellsand cdcitriol playsarolein boneformation.

Diaysisisanimperfect trestment to replace kidney function becauseit does not
correct thecompromised endocrinefunctionsof thekidney. Didys strestmentsreplace
someof thesefunctionsthrough diffusion (wasteremova) and ultrafiltration.
Severedysfunction of kidney istreated by didyss.Didys siscarried out by amachine
cdled atificid kidney. Theartificid kidney isusedin conditionslikeacuterend failure
duetocirculatory shock or mercury poisining and chronic or permanent rend failure.

Principle of dialysis

Diayssworksontheprinciplesof thediffusion of solutesand ultrafiltration of fluid
across asemi-permeablemembrane. Diffusionisaproperty of substancesin water;
substancesin water tend to movefrom an area of high concentration to an area of
low concentretion.

Blood flowsby one side of asemi-permeable membrane, and adiaysate, or specia
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diayssfluid, flowsby the oppositeside. A semipermeable membraneisathin layer
of materia that containsholesof varioussizes, or pores. Smaller solutesand fluid
pass through the membrane, but the membrane blocks the passage of larger
substances (for example, red blood cell s, large proteins). Thisreplicatesthefiltering
processthat takes placein the kidneys, when the blood entersthekidneysand the
larger substances are separated from the smaller onesintheglomerulus.

TYPES OF DIALYSIS

Thetwo maintypesof didys's, hemodidysisand peritoned didyss, removewastes
and excesswater from the blood in different ways.

Hemodialysisremoveswastes and water by circulating blood outside the body
through an externd filter, called adiayzer, that contai ns asemi permesblemembrane.
Theblood flowsin onedirection and thedidysateflowsintheopposite. The counter-
current flow of the bloodand didysate maximizesthe concentration gradient of solutes
between the blood and dia ysate, which hel psto remove more ureaandcreatinine
fromtheblood. The concentrationsof solutes (for example potassium, phosphorus,
and urea) are undesirably highintheblood, but low or absent in thediaysissolution,
and congtant replacement of the dialysate ensuresthat the concentration of undesired
solutesiskept low on thisside of the membrane.

Thedidysssolutionhasleve sof minerdslikepotassum and calciumtha aresmilar
totheir naturd concentrationin hedthy blood. For another solute, bicarbonate, didysis
solution level isset at adlightly higher level than in normal blood, to encourage
diffuson of bicarbonateinto theblood, to act asapH buffer to neutrdizethemetabolic
acidosisthat isoften present in these patients. Thelevels of the components of
diaysate aretypically prescribed by anephrol ogist according to the needs of the
individua petient.

Inperitoned didyss, wastesand water areremoved from the blood insidethe body
using the peritoneum asanatural semipermeable membrane. Wastes and excess
water move from the blood, acrossthe peritoneal membrane, and into aspecial
diaysissolution, cdled didysate, intheabdomina cavity.

Peritoneal dialysis

In peritonedl diaysis, asterile solution containing glucose (called dialysate) isrun
through atubeinto the peritoneal cavity, the abdominalbody cavity around the

intestine, wherethe peritoneal membrane actsasapartially permeable membrane.
Theperitoneal membraneor peritoneumisalayer of tissue containing blood vessels

&>
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that linesand surroundsthe peritoneal, or
abdomind, cavity andtheinterna abdomind
organs (stomach, spleen, liver, and
intestines).

Diffuson and osmosisdrivewaste products
and excessfluid through the peritoneuminto
thediaysate until the diaysate approaches
equilibriumwith thebody'sfluids. Thenthe
dialysate is drained, discarded, and

Dratysate

Catheter

replaced with fresh didysate. - Pertoneumn
HEMO DIALYSIS mnaf
Petientsarterid bloodispassed continuoudy Schematicdiagram
or intermittently through theartificia kidney of peritoned dialyss

and then to the body through the vein.

Heparin is used as an anticoagulant while tha blood is passing through the
machine.Insidethe artificial kidney, the blood passes through adiayser called
hemoafilter, which containsminutechannds
interposed between two cellophane
membranes. Thecellophanemenbraanesare
porousin nature. Theouter surface of these
membranesisbathed by thediaysing fluid
called dialysate. The used dialysate is

RS ESELNe Mot

~ Al wap and alF detecor

S sotigt | | _,CTU-‘-” broed

Fresh dalysam

Ummd ciahysate .

ety _
o et « (T 1 ondantlyreplacedby fresh diaysate.
(RS ,' ; !" Urea,creatinine,phosphate and other
L) ) E.mgﬁ%m | o ] unwanted substances from the blood pass
opmm o e ioouareg | { into the dialysate by concentration

gradient. The essential substancesrequired
by thebody diffusefron dialysateinto blood.

In addition to the dialyser, the machine has severa blood pumpswith pressure
monitorswhich enables easy flow of blood from patient ot themachine and back to
the patient. It also has pumpsfor flow of fesh dialysate and for drainage of used
didysate.
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PRACTICAL

DialyssEquipment

1. Fddvisttohaemodiaysisroomand preparation of field visit report.
TE QUESTIONS

1. Whatistheimportanceof diaysis?

2. Disgtinguish between haemo dialysisand peritoned didysis
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UNIT 6

Therapeutic Equipments

Introduction to types of therapeutic equipments- Radiotherapy , physiotherapy
,phototherapy, magneto therapy equipment. Radiotherapy Equipment -

Phys otherapy equi pment - Short wave diathermy, microwavediathermy, ultrasound
diathermy, nerveand muscle stimulators, TENS, IFT, IR lamps, CPRM, (NAMES
AND USESONLY ISREQUIRED.)

Unit 6 - Therapeutic Equipment

3.6.1 Name and uses of radio therapeutic equipment.

3.6.2 Naming and uses of physiotherapy equipment
Therapeutic Equipment

Nameand usesof radio therapeutic equipment.

Introduction

Radi otherapy isthetechninique of appying radiationsfor therapeutic urpoes.

Cancer isoneof theleading causes of death intheworld. It ismanaged by oneor
combination of three methods of trestment: surgery, chemo therapy, and radiation
therapy. Morethanhdf of al cancer patient receiveradiation thergpy either asprimary
or adjunctivetreatment. Radiation therapy isgivento the patient from oneof thetwo
typesof sources: gammaraysfrom radioactivemateriasor X raysfrom aparticle
accelerator.

1. Use of HV X ray machine

Before 1951 radiation therapy was carried out by X-ray machine operating at tube
voltageintherange400 kV. They arebulky difficult to operateand maintain. Asa
result they did not receive wide acceptance.

2. Betatron

Thebetatron produceshigh energy X ray beam aswell as severa e ectron beam of
variousenegy.Because of their greater penetration through thick body section betatron
werefound to bewdl | suited for treating tumors of the chest and pelvis.

They area so not popular because of heavy weight, Sizeand difficulty intheoperating
procedure of equipment.
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3. Linear Accelerator

A linear accelerator (LINAC) isthedevice most commonly used for externa beam
radiation treatmentsfor patientswith cancer. Thelinear accelerator isused to treat
al partslorgansof thebodly. It ddlivershigh-energy x-raystotheregion of the patient's
tumor.

4. Intensity modulated radiation therapy (IMRT)

Intensity-modul ated radiation therapy (IMRT) isan advanced type of radiation
therapy used to treat cancer and noncancerous tumors. IMRT uses advanced
technol ogy to mani pul ate photon and proton beams of radiation to conformto the
shape of atumor.

5. Gamma Knife Radio surgery machine

Theprincpleof GammaKnifetreatmentistheddivery of high-doseionizing radiation
through 201 cobalt-60 sources. It cantreat even
themost chalenging, hard-to-reach braintumors
and abnormalitiesthat traditiona brain surgery
can't. It doesn't requireincisions, so there'sno
general anesthesiaand no risk of bleeding or
infection. The sideeffects, such asheadaches
and nausea, arerare and usually temporary. It
exposes pati entsto | essradi ation than other types
of radio surgery.

6. Cyber knife

The Cyber Knife Robotic Radio
surgery System is a non-invasive
aternativeto surgery for thetreatment
of both cancerous and non-cancerous
tumorsanywhereinthebody, including
the prostate, lung, brain, spine, liver,
pancreas and kidney. Thetreatment -
which delivers beams of high dose
radiation to tumors with extreme
accuracy.

Phototherapy Equipment
A treatment for jaundicein the newborn that involvesthe exposure of aninfant's

bare skin tointensefluorescent light.
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Phototherapy treatment help reducethe amount of bilirubin pigment inthe skin.
Brachytherapy
Thetreatment of cancer, especialy prostate cancer, by theinsertion of radioactive
implantsdirectly intothetissue.

IR lamps, CPRM
3.6.2 Naming and uses of physiotherapy equipment.

Diathermy machinein Phys otherapy

Diathermy isatherapeutic treatment through heeting. Indiathermy, ahigh-frequency
electric current isdelivered viashortwave, microwave, or ultrasound to generate
deep heat in body tissues. Thisismost commonly prescribed for joint conditions
such asrheumatoid arthritisand osteoarthritis.
Thereare

1. Short wave diathermy machine
Short-waveradio frequenciesin therange 1-100 MHz (shortwave diathermy)
Asthehigh-frequency wavestravel through the body ti ssues between the condensers
or thecoils, they are converted into heat. Thedegree of heat and depth of penetration
depend in part on the absorptive and resistance properties of thetissuesthat the
wavesencounter.
Short wavediathermy usudly isprescribed for trestment of deep musclesandjoints
that are covered with aheavy soft-tissuemass, for example, thehip. In someinstances
short wave diathermy may be applied to localize deep inflammatory processes.
2. Ultrasound diathermy machine

Employs high-frequency acoustic vibrationswhich, when propelled through the
tissues, are converted into heat. Thistypeof diathermy isespecially useful inthe
delivery of heat to selected musculaturesand structures because thereisadifference
inthesengtivity of variousfiberstotheacoudtic vibrations, somearemoreabsorptive
and somearemorereflective. For example, in subcutaneousfat, reaively littleenergy
isconverted into heet, but in muscletissuesthereisamuch higher rateof conversion
to hest.

Microwaves diathermy machine
Thefrequency of microwaveis300 MHz or 30000 MHz Microwavediathermyis
used in themanagement of superficial tumourswith conventional radiotherapy and
chemotherapy.

External muscle stimulator

Electricd musclestimulator (EM S), dso known asneuromuscular dectrica stimulator
(NMES) or e ectromyostimul ator stimulatethe muscle using e ectricimpulses. The
varioususesareasfollows.

*  Reaxationof musclespasms,
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*  Preventionor retardation of disuseatrophy;

* Increasinglocal blood circulation;

*  Musclere-education;

Transcutaneouselectrical nervestimulation (TENSor TNS)

Transcutaneous el ectrical nervestimulation (TENSor TNS) isthe use of electric
current produced by adeviceto stimulate the nervesfor therapeuti c purposes.

It isworth noting that theterm TENS could represent the useof ANY electrical
gtimulation using skin surface e ectrodeswhich hastheintention of simulating nerves.
EMSand TENSdeviceslook smilar, with both using long el ectriclead wiresand
electrodes. TENSisfor blocking pain, where EM Sisfor stimulating muscles.
Interferential Therapy

The basic principle of Interferential Therapy (IFT) isto utilise the significant
physiological effectsof low frequency electrical stimulation of nerveswithout the
associated painful and somewhat unpleasant sde effects sometimes associated with
low frequency stimulation. Recently, numerous'portabl € interferential deviceshave
becomeeasily avail able. Despitetheir size, they are perfectly capable of delivering
‘proper’ interferentia thergpy, though somehavelimited functiondity and ability for
the practitioner to 'set’ all parameters. M ost multifunction stimulatorsincludeall
interferential modes,

Spinal cord stimulator

Spina cord stimulatationisaterm relaingto the use of electrica stimulation of the
human spind cord for therdief of pain

Magnetic stimulation

A problemwith eclecticstimulationisthat itispainfull. Itisaso possbleto imulate
both brain and nerve magnetically. Magnetic pul seisgenerated by passing abrief
high current pulsethough acoli of wire. Thetechniquehasan advantageinthat the
dimulationispanless.

Infrared Curing Lamp

Infrared energy isaform of radiation, which falsbetweenvisblelight and microwaves
inthed ectromagnetic spectrum

Aninfrared heater or heat lampisabody with ahigher temperaturewhichtransfers
energy to abody with alower temperature through el ectromagnetic radiation.
Depending on thetemperature of the emitting body, thewave ength of the peak of
theinfrared radiation rangesfrom780 nmto 1 mm. No contact or medium between
thetwo bodiesisneeded for theenergy transfer. Infrared heaters can be operatedin
vacuum or atmosphere.
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Unit 7:

Biomedical Waste Management

Hospital waste or Health carewaste are produced from ahospital. Hospital waste
meansAny solid os liquid waste material including is container and any other
intermediate product which is generayed during short term or lomg term care
congsting of observationd , diagnostic therapeutic, and rehabilitative services, fora
person suffering from disease,injury and foe parturient or during research pertaining
to production and testing of biological duringimmunization of human beings.
Biomedical waste management isnow adaysvery important in amultispecialty
hospital. If proper careisnot taken for waste management ,it may cause hazardous
effectsin peopleand environment likeinfections,water, air and soil pollution.it may
also lead to many health hazards. Thisunit dealswith typesof biomedical waste,
equipment used for itsmanagement in ahospital.

SYLLABUS

* Introductionto biomedica waste - definition and classification of biomedica
waste., stepsin waste management, segregation, collection, storage, transpor-
tation, disposal - equipment used, autoclave, incinerator, safety aspectsre-
garding biomedica waste,

Learning outcomes
3.7.1 Classification of biomedical waste

3.7.2 Identify the steps in biomedical waste management.
3.7.3 Identify the methods of disposal of waste.

3.7.4 Identify the equipment used in waste management.
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Biomedical waste :
Definition
Biomedicd waste: Any wastegenerated during diagnos's, treetment, or immunization

of human beingsor animalsor research activities.Biomedical wateincludeclinica
waste, laboratory waste, non-clinical waste, kitchen waste and radi oactivewaste.

Biomedicd wastearethefollowing

Category 1 : Humananatomica waste
Category 2 : Animd waste

Category3 : Microbiology and biotechnol ogy wate
Category4 . Sharps

Category5 : Cytotoxicdrugsand medicines
Category6 : Soiledwaste

Category 7 . Solidwaste

Category8 : liquidwaste

Category9 : Incinerationash

Category 10 : Chemicd waste

The hospital waste management program
Generation and segregation of waste
Collection and storage of waste
Transportation of water

Treatment of waste

Treatment of waste

Disposa of waste

o a0~ WD P
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Colour codingfor collection of biomedical waste

GENERAL WASTE

DEGRADABLE | ON DEGRADABLE
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DIRECTIONS FOR WASTE DISPOSAL

BIO MEDICAL WASTE
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Used Syringes, Chemicals,  Broken  Needles, [
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Sino | Category of waste Recommended
colour code
1 Syringe,blood bag,catheters,etc. Red
2 Sharps (Infected or not) White
3 Infected waste (not containing sharps) Yelow
4 Chemicd and pharmaceutica waste
(other than cytotoxic drugs, radio active wastes,
high pressure containers Black
5 Clinica wastethat need autoclaving blue

Segregation of waste is defined asthe separation of different types of waste by
sorting at thesite of collection.

Collection of hospital wasteisthe process,whichisdoneafter segregation, andina
way, both can be cong dered asbeing complimentary to each other. severa guidelines
aregiven by WHO, and other statutory rulesin our country.

Storageisthe duration of timethe wastes are kept in the area of generation and
trangt, till thepoint of disposal.

Transportation istheway of transferring the waste to the processing and disposal
centers. Vehiclesfor externd transport includevan, lorry properly labeled and obeying
al statutory rulesof BMW Management.

Processesincludeliming, incineration, sanitary landfills, autoclaving, microwave
technol ogy, hydropul ping, landfill, pit buria, composting etc.. Thetechnique depends
on thetype of waste and method adopted.

Biomedical waste management and handling rules 1998 and K eralastate Pollution
control board guiddlinesare usudly followed for these purposes.
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Unit : 8
Audiometry

Audiometry isabranch which ded swith theinvestigations of auditory disfunction.
Investigations are doneto differentiate between different types of hearing | oss.

Audiometer isan instrument used for diagnosing the degree of deafness. Puretone
audiometer iscommonly used for this purpose.

Puretone audiometry investigates the difference between the sound pressure level
required to produce hearing in theindividua under test and that required to produce
hearing in an average normal person. Itisvery hel pful in eval uating the functiona
status of the auditory system, to predict the outcome of surgical proceduresandto
assesstheva ue of thergpeutic measures and selection of hearing aid.

Thisunit coversthe structure of ear, mechanism of hearing, types of audiometers,
partsof audiometer and hearing aids.

Unit 8 - Audiometry

3.8.1 Understand the anatomy of ear and mechanism of hearing.
3.8.2 Identify pure tone audiometer and speech tone audiometer.
3.8.3 Identify the parts and operation of pure tone audiometer.
3.8.4 Identify the types and uses of hearing aids

Earsarethereception organs of sound. The ear consistsof three parts.
1. Extend Ear
2.  MiddleEar
3. InnerEar
External Ear

Externd ear consistsof pinna, auditory
canad and tympanic membrane.

Theoutermost part of theear iscalled
Pinnaor auricle. Pinnaisatunnd like
flap of cartilageand skinwhich serves o
to direct the sound waves into the

Eustachian Tube

auditory cand. Theauditory cand isa Membrane Round

Window
Acrpe] Witk e )

Structure of Ear
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convol uted tubeof volume of about 1 cm. Theauditory cana terminatesat tympanic
membrane.

Middle Ear

The tympanic membraneisfollowed by the middle ear cavity. It isexposed to
atmospheric pressureonly through the Eustachian tubewhichisconnected to pharynx
and nose or mouth. Themiddleear consists of achain of three small bonesknown
asmales, Incusand Stapes.

Inner Ear

Theinner ear iscoupled to the middle ear cavity through avery small membrane
calledtheova window. Theinner ear or cochleaisafilled rolled coiled passagein
thetempora bone.

Mechanism of Hearing

Sound wavesarelongitudina waves. Thesewavesgenerate pressure changesinthe
medium [air] whichispicked up by our aural mechanism. Sound wavesfromthe
outer ear travels through the auditory canal and pushes against the tympanic
membrane. Thedistance upto which themembrane movesisameasure of loudness
of sound. Thesound pressureincident on thetympanic membraneistransmitted to
theinner ear through the chain of bonesand oval window. Thereceptor cellsof the
cochleatransformsthe sound energy into action potential. Theseaction potentials
aretransmitted to the brain through the auditory nerve with aspeed of 100 m/s.

Pure Tone Audiometers

Puretoneaudiometry isthemost widdy used techniquefor determining the hearing
loss. Puretone audiometer producestest tonesin octave stepsfrom 125 to 8000
Hz.

A puretoneaudiometer basically consistsof an LC oscillator having aninductance
and tuning capacitance of closetolerance. The oscillator is coupled to an output
amplifier stageto producetherequired power levels. Thesound signd saredirected
totheear acoudticaly by meansof an earphoneor aloud speaker. Thentheresponses
arerecorded.

Speech audiometer

These are used to carry out testswith spoken voices. Thesetestsare carried out
with spoken voices. Thesetestsare donefor prescribing hearing aids.

Speech audiometer usesataperecorder for producing speech stimuli. The spoken
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voice from the tape recorder is presented acoustically to the ear via a pair of
headphones. A noi segenerator isal so provided for generating the masking noise.

Speech audiometer alsoincorporateslivevoicefacilities. Butitisof very littleuse
owingtounreliability of livevoice speech tests.

TE QUESTIONS

Bones in the middle ear are --------, P10 o [RE— _

N

Audible range of frequency of human ear is -------------- 10 -=---m-mmmee-
Hz.

Explain themechanism of hearing.
Namethetransducersused in audiometer.

3

4

5. Stateand explainthetypesof audiometers.

6. Distinguish between puretone audiometer and speech audio mater.
4

List out thedifferent typesof hearing aidsand its applications.
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Unit : 9
Major Equipment In Other Department
LEARNING OBJECTIVES
3.9.1 Familiarise the applications of fibre optics in medicine.

3.9.2 List out the equipment based on fibre optics, endoscope,
laproscope, bronchoscope and laryngoscope.

3.9.3 Familiarise other engineering services in a hospital - Civil,
Electrical, mechanical, and computer engineering.

Note: Name and uses only is required.
OPTICAL FIBERS IN MEDICINE

Anoptical fiber (or optical fibre) isaflexible, transparent fiber made by drawing
glass(silica) or plastic to adiameter dightly thicker than that of ahuman hair.[1]
Optical fibers are used most
often asameanstotransmit light

between the two ends of the zmemae”%
i . . . S Fibar Cpti
fiber and findwideusageinfiber- }\m i g;m e

optic communications, where ' o
tf? i iaqi ‘“f{:\h\"- \@/}“‘&
ey permit transmission over B N
longer distances and at higher 2
bandwidths (detarates) thanwire Hietal Cabls

cables. Fibersare used instead

of metal wiresbecause signalstravel alongthem with lesser amountsof loss; in
addition, fibersare a soimmuneto el ectromagneticinterference, aproblem from
which meta wiressuffer excessively.[2][ 3] Fibersarea so used forillumination, and
arewrapped in bundles so that they may be used to carry images, thus allowing
viewing in confined spaces, asin the case of afiberscope.[4] Specially designed
fibersarea so used for avariety of other applications, some of them being fiber
optic sensorsand fiber lasers.[ 5]

Optical fiberstypically include atransparent core surrounded by atransparent
cladding material with alower index of refraction. Light iskept inthe coreby the
phenomenon of totd internd reflectionwhich causesthefiber to act asawaveguide[ 6]
Fibersthat support many propagation pathsor transverse modes are called multi-
modefibers(MMF), whilethosethat support asinglemodeare called single-mode
fibers(SMF). Multi-modefibersgeneraly haveawider core diameter and are used
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for short-distance communiceation linksand for gpplicationswhere high power must
betransmitted.[citation needed] Single-modefibersare used for most communication
linkslonger than 1,000 meters (3,300 ft).[ citation needed]

Animportant aspect of afiber optic communicationisthat of extension of thefiber
optic cables such that the losses brought about by joining two different cablesis
kept toaminimum.[ 7] Joining lengthsof optical fiber often provesto bemorecomplex
than joining dectrica wireor cableandinvolves careful cleaving of thefibers, perfect
alignment of the fiber cores, and the splicing of these aligned fiber cores. For
applicationsthat demand a permanent connection amechanica splicewhich holds
the ends of the fiberstogether mechanically could be used or afusion splicethat
uses heat to fusethe endsof thefiberstogether could be used. Temporary or semi-
permanent connectionsaremade by meansof peciaized optica fiber connectors|[ 8]

Thefidd of applied scienceand engineering concerned with thedesign and application
of optica fibersisknown asfiber optics.

A technology that uses glass (or plastic) threads (fibers) to transmitdata. A fiber
optic cable consists of a bundle of glass threads, each of which is capable of
transmitting messages modul ated onto light waves.

Fiber opticshassevera advantagesover traditiona metal

Optical fibrescan also have applicationsin: - Medicine - Biological and genetics
research - Defence- Industria materia sprocessing - Chemica and pollution sensing
- Next generation lasers - Optical dataprocessing - Transmitting light beyond the
near-IR

ENDOSCOPE

Endoscopy meanslookinginside and typicaly referstolooking insdethe body for
medical reasonsusing an endoscope, an instrument used to examinetheinterior of a
hollow organ or cavity of thebody. Unlike most other medical imaging techniques,
endoscopes are inserted directly into the

organ.

Therearemany different typesof endoscope,
and depending on the site in the body and
the type of procedure, endoscopy may be
performed by adoctor or asurgeon, and the
patient may be fully conscious or
anaesthetised. Most often the term
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endoscopy isused to refer to an examination of the upper part of the gastrointestinal
tract,known as an esophagogastroduodenoscopy.[ 1]

For non-medical use, smilar instruments are caled borescopes.
LIGHT SOURCES

Tunggtenfilamentlamp
Halogen reflector lamp

Bronchoscope .

optima useof light

Trachea

Rare-earthxenonlamp

Unusual
tissue _

highintensity light omoled s
truecolor display (xenon daylight effec ; ‘\

Optical fibresarenarrow tubes of glassfi br&sﬁﬁﬂ?éﬁlﬁﬂ@&ﬂn‘@m%rry light
from oneend to the other. Thelight bounces off thewalls of thefibreand can even
bounce around corners. The properties of optical fibres makethem useful for a
widerangeof applicationsincluding:

Medicd - to transmit pictures of organsand arteries

Fiber optictechnology isopening exciting new fiel dsof gpplicationin themedi-
cd industry. Thephysica

characterigticsof fiber makeit anatura choicefor many uses. Optica fiber has
becomewiddy usedinimaging,

laser ddlivery systems, illumination, sensors and equi pment i nterconnects. Op-
tical fibersprovideacompact and

flexibleconduit for light or detadelivery in diagnostic andinterventiona medi-
cal applications. Inorder to be

effective, optical fibersrequirerobust, preciseinterconnectsthat integrate
seamlessly intothe medica thester.

Diamond hasthe expertiseto maketheseinterconnectsaredlity.
Fiber optic solutions applicablefor severa medica sectors, such as:
ILLUMINATION

IMAGE TRANSFER

DIAGNOSTICDEVICES
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«  SURGICAL INSTRUMENTATION
« THERAPEUTICAPPLICATIONS

Laparoscopic surgery, dso cdled minimdly invasvesurgery (MIS), bandaid surgery,
or keyhole surgery, isamodern surgicatechniqueinwhich operationsare performed
far fromtheir |ocation through smdl incisons (usudly 0.5-1.5cm) e sewhereinthe
body.

There are a number of
advantages to the patient with

|aparoscopic surgery versusthe ‘ incision
more common, open procedure. ' . r& .-
Pain and hemorrhaging are |_ar e -.

reduced dueto smdlerincisions ;,/ H‘

and recovery times are shorter. 3%
Thekey dement inlaparoscopic 2
surgery is the use of a Laparoscopic Cholecysiectomy Open Gholecystectomy

laparoscope, along fiber optic
cablesystem which adlowsviewing of theaffected areaby snakingthecablefroma
more distant, but moreeasily accessiblelocation.

Laparoscopic surgery, dso cdled minimdly invasvesurgery (MIS), bandaid surgery,
or keyhole surgery, isamodern surgicatechniquein which operationsare performed
far fromtheir location through smdl incisons (usudly 0.5-1.5cm) e sewhereinthe
body.

Thereareanumber of advantagesto the patient with |aparoscopic surgery versus
the more common, open procedure. Pain and hemorrhaging are reduced dueto
smaller incisionsand recovery timesare shorter. The key e ement inlaparoscopic
surgery isthe use of alaparoscope, along fiber optic cable system which alows
viewing of the affected area by snaking the cable from amore distant, but more
easily accessiblelocation.

Laryngoscopy (larynx + scopy) isamedical procedurethat isused to obtainaview
of thevocal folds and the glottis. Laryngoscopy may be performed to facilitate
trached intubation during genera anesthesiaor cardiopulmonary resuscitetion or for
proceduresonthelarynx or other parts of the upper tracheobronchial tree.

N
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Withagloba population that'sboth growing and
livinglonger, theworld'shedthcareprovidersare
increasingly looking to advanced biomedical
instrumentati on to enable more efficient patient
diagnosis, monitoring, and treatment. In this
context, biomedical sensing gppli cationsof optica
fiber are of growing importance. At the same :
time, recent advances in minimally invasive ENEI
surgery (M1S) demand smaller disposable

sensing catheters.

Endaoscopicimaging goplicationsof fiber-opticsarewd | established, but theintrinsc
physical characteristicsof optical fibersa so makethem extremely attractivefor
biomedica sensing. Uncabled fibers (typically lessthan 250 ?m diameter) can be
inserted directly into hypodermic needles and catheters, so that their use can be
both minimally invasiveand highly locaized-and fiber-optic sensors (FOS) made
with them can perform remote multipoint and multi parameter sensing. Opticd fibers
areimmuneto dectromagneticinterference (EMI), chemically inert, nontoxic, and
intrinsically safe. Their use will not cause interference with the conventional
electronicsfoundinmedica theaters. And, mostimportantly, theimmunity of fibers
to el ectromagnetic and radio frequency (RF) signals makesthemideal for real-
time useduring diagnostic imaging with MRI, CT, PET, or SPECT systems, as
well asduringtherma ablativetrestmentsinvolving RF or microwaveradiation.

ps Laryngoscope

Optical fiber sensorscomprise alight source, optical fiber, external transducer,
and photodetector. They sense by detecting themodul ation of one or more of the
propertiesof light that isguideding dethefiber-intensty, wavelength, or polarization,
for instance. Themodulationis produced in adirect and repeatabl efashion by an
external perturbation caused by the physical parameter to be measured. The
measurand of interest isinferred from changes detected in thelight property.

Extended activity
LASER

A laser isadevicethat emitslight through aprocess of optical amplification based
onthestimul ated emission of e ectromagnetic radiation. Theterm"laser” originated
asan acronymfor "light amplification by stimulated emission of radiation”.[1][2]
Thefirst laser was built in 1960 by Theodore H. Maiman at Hughes Research
Laboratories, based on theoretical work by Charles Hard Townes and Arthur

N
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Leonard Schawlow. A laser differsfrom other sourcesof light inthat it emitslight
coherently. coherencedlowsalaser to befocused to atight gpot, enabling goplications
such aslaser cutting and lithography. Spatia coherencea so dlowsalaser beamto
stay narrow over great distances (collimation), enabling applicationssuch aslaser
pointers. Laserscan a so have high temporal coherence, which dlowsthem to emit
light with avery narrow spectrum, i.e., they can emit asinglecolor of light. Tempora
coherence can be used to produce pulses of light as short asafemtosecond.

Among their many applications, lasersareused in optical disk drives, laser printers,
and barcode scanners; fiber-optic and free-space optical communication; laser
surgery and skin treatments; cutting and welding materials, military and law
enforcement devicesfor marking targets and measuring range and speed; and | aser
lighting displaysin entertainment.

Medical areas that employ lasers include:

e angioplagty

e cancerdiagnoss

e cancer treatment

*  cosmetic dermatol ogy such as scar revision, skinresurfacing, laser hair re-
moval, tattoo removal

*  dermatology totreat melanoma

e lithotripsy

e  lasermammography

*  medicd imaging

*  microscopy

»  ophthalmology (includesLas k and laser photocoagul ation)
»  optica coherencetomography

e prostatectomy

*  plasticsurgery,inlaser liposuction

*  surgery toablateand cauterizetissue
Engineering Services

Engineering and maintenance department is responsible for ensuring safe and
economica operation and maintenanceof hospitd facilitiesand,nsiveequipment. The
department should be capabl e of providing technical and management support .Itis
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respong ble for the preventivemaintenance, inventory control repair and uninterrupted
supply of power also.

Engineering servicing other than Biomedicd engineering are

1. Eledricd Enginesring

2. Mechanica Engineering

3. Civil Enginesring.

All theseservicesinahospital have got animportant rolein safe hedlth caredelivery.
Itisresponsiblefor maintaining asafe environment, repair of equipment, action

during breakdown or an emergency situation supervision of engineering works
preventive mai ntenance etc.

Preventive maintenance playsanimportant rolein theequi pment planning of ahospitd.
The engineering department isinvolved from the stage of framing specifications of
equipmentsto thesdection, ingtalation and maintenance of theequipment [AMC].
The contract ismainly for maintenance, repair and other payments

Electrical Engineering

Electrica divisionshould provideuninterrupted power supply to thehospita 24 x 7.
It mainly consists of

*  Electrica subgtation

*  Generator room for uninterrupted power supply.

e HT& LT dectrical install ation and associ ated accessories.

»  Other eectrica accessories

Mechanical Services

M echanica servicesincludesteam boilers, Linen and Laundry, Dietary equipment,
housekeeping equi pment, sterilization equipment, mechanical medica equipment like
hydraulic bed, whed chair, physiotherapy equipment etc.

Air conditioning divisoninvolvesthefollowingfunctions Refrigerators, Degpfreezers,
SplitA/C, Centraised A/C systemincluding AC plant, mortuary cabinets etc.
Civil Engineering

Construction of hospital blocks and its maintenance comes under this
wing.construction and maintenanceof civil nature, carpentry,painting,plumbing,etc.,
water supply system,waste ater drainage system ..al come under thisdepartment.

>



Reference Book [Jj

MODULE 4

Medical Imaging
Overview
Medical Imaginisthetechnique and process of cresting visua representation of the

interior of aboy for dinica andyssand medica intervention. Thevisud representation
of thefunction of organsandtissueshelpinthediagnosisaswell astreatmernt.

Medicd imaginginclude readiography, ultrasonography, elementary detailsof CT,
MRI, PET, SPECT and gammacamera. Rediography includeradiograph prepration
dtudy of X ray machine and processing. Ultrasonography includes study of ultra
sound, partsof machineand itsusesin medical field.

Patient safety isa soincluded inthismodule. Effectsof e ecrticity on human body,
grounding of equipment and other safety aspectsarea so included inthismodule.

Unit 1 - Introduction to radiography

411 To understand the production, properties and
applications of X-rays.

4.1.2 Familiarise absorption of X-rays, unit of X-ray
4.1.3 To understand the principle of radiography.
414 To understand the block diagram of X-ray machine

4.1.5 Familiarise the types of X-ray machine, unit of X rays-
Mobile,stationary, OPG, C arm

Mamography- digital X-ray.

4.1.6 Familiarise X-ray film- Construction- processing and
digital processing.

4.1.7 Familiarise AERB regulations and general safety in
radiography.

Effect of X-ray in human body.

X rays

X raysare e ectromagnetic radiations of very short wavelength coming at the end of
electromagnetic spectrum and is discovered by Wilhelm Conrad Roentgen in
November 1895. A ccording to quantum theory, x-rays consist of small packets of
energy
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Properties of X-rays
X-rayshavehigh penetrating power
Their speed invacuumissameasthat of light invacuumi.e., 3x108 m/s
X-rayscauses secondary emissioninall matter through which they pass
They exhibitsal phenomenon shown by light
They ionizegases.
They affect photographicfilms.
Kill livingtissues
They donot deflect in electric field and magnetic field

They produce fluorescence and phosphorescence when incident on fluores-
cent and phosphorescent substance

© o N o a0k~ w0 Dd PR H
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Applications
They find usein radiography, radio therapy [treatment of cancer]
X-raysareused in CT, angiography, mammography .
. They areusedinfluoroscopy.
III. Production of X-rays

X-rays are produced when fast moving electrons are suddenly decelerated by
impinging onatarget. Thedeviceused for the production of X-raysisknown asX-
ray tube

Working

Heater with
concentrator Target

Heater .
Connectors ™

é

_Anudn: Con ncc'r.oa

Gas Envelope

X-Ray tube - working Principle

When the cathodeis heated by passing acurrent throughit, el ectrons are emitted
fromit. Theamount of éectron emitted from the cathode depends upon the heater

N
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current. Theanodewill be kept at very high positive potential with respect to the
cathode. Thedectron emitted from cathodewill be grestly accel erated by thevery
high anodevoltage. Thesefast moving el ectrons arethen suddenly decel erated by
impinging onthetarget anoderesultingintheproduction of X-rays. Thetarget materia
istungsten

Theintensgity of X-raysdependsontheheater current. Penetrating power of X-rays
depend on thetarget material and target voltage, theanodevoltagefor diagnostic of
X-raysunitis30to 100 kV.

Two typesof X-raystubesare
() Stationary anode & (ii) Rotating anode
Unit of X-ray radiation

Roentgenisameasure of the quantity of X-ray radiation. Theother unitsaremilli-
Roentgen and micro-Roentgen. Roentgen expressincident energy, RADSgivean
indication of how much of thisincident energy isabsorbed and REM isameasure of
therelaivebiologica damage caused.

Visualisation of X-rays

Visudisation of X-raysisaccomplished by meansof screens. Indiagnostic radiography
two types of screens are used. They areintensifying screen in radiography and
fluorescent screen influorography. Even though thesetwo techniquesaredifferent,
the physical phenomenon taking place in both the case isthe same. X-raysare
absorbed when passed through certain materids. Thesemateridsre-emitsenergy in
theform of visible photons. Theamount of light being emitted isproportional tothe
X-ray energy. Hence any pattern of intensity of x-ray beamwill be convertedintoan
identical visblepattern.

Principle of radiography

In radiography, intensifying screen may be used in conjunction with x-ray filmto
produce abetter defined pattern of x-rays. If wealow x-raystoincident directly on
thefilm, owingto thehigh energy of x-ray beam and small thicknessof film, they will
just passthroughthefilmwithout producing well definedimage. If anintensifying
screenisused, thex-rayswill first hit on the screen, materia and get absorbed. The
screen materia re-emitsthex-ray photonsinform of visible pattern. The number of
visiblephotonsemerging from screen will bevery high ascompared to the number
of theincident x-ray photons. Hence large number of visible photons are now
availableto hit thex-ray film. Thisincreased number of photonswill producealarge
latentimageonthefilm
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IV. Block diagram of X-ray Machine

K. V. Meter
mpmurc
“\_*_nc_h
"""" A Tl ReLIif ier
1mer - upp Y
m Ameter
v ;r |
Selector | r mA -
I Contro] ]
Mains Ny
J‘m’_‘l X-ray tube
F S & TC
* Filament Supply &
O Temperature Contrell

yelt meter

Theentire uiicurcur wiaray mcunroe gy we urvruca o) WO Sections. One of
these sectionisused for producing ahigh voltagewhichis applicableto theanode
of the x-ray tube. It comprise of ahigh voltage step up transformer followed by
bridgerectifier circuit. Thecurrent through thetubeismeasured by amillimeter. The
voltage can be atered between exposures by means of akV selector. Thevoltage
can bemeasuresfrom thekV meter. Theduration of application of kV isdetermined
by thetimer whichin turniscontrolled by the exposure switch. Themain voltage
fluctuations are compensated with the hel p of voltage compensator

The second part of thecircuit iscontrolling the heating of thefilament. Thefilament
isheated with6to 12V of AC supply at acurrent of 3to 5 Ampere. Thefilament
temperature determinesthetube current and therefore has an attached mA selector.
A rheostat connected on primary of filament transformer isused for controlling the
filament current

V. X-ray film

Thevigblepattern hepful for medical diagnosisisproduced onthex-ray film. Double
coated x-ray filmsare commonly used inradiology. In thistypeof film bothsdesare
coated with photographic emulsion. During the exposureto x-ray certain changes
takes place on the

emulsion material

resultingintheultimate [ Supec coating of piisee
production of avisible —— e
pattern. The emulsion
material consists of a
thinlayer of gdainover
which slver bromidecrystd sare suspended uniformly. Therearetwolayer of emulson
which are supported and separated by a polyester. Thisiscaled thefilm base. The

Emulsion layer (liza
mm)

Subbin layer ( 1/19p mm)
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film baseistransparent and clear and hasalight blue colour. Theemulsionlayersare
very sengitiveto pressure, temperature, light and other atmospheric conditions. The
two emulsion layersare protected by thin hard layers of gelatin.

The x-ray film consist of four layers
1. Film base

Thisisthemiddle part of thefilm. It ismade up of cellulosetry acetateand hasa
thickness of about /5 mm

2. Subbin Layer

Subbin layer has athickness of about 1/200 mm. It is made up of cellulose try
acetateand gelatin

3. Emulsion Layer

Thisisthemost important layer of thex-ray film. It hasgot auniform thickness of
about /20 mm. itismadeup of silver bromideand gelatin

4. Super Coating
Thislayer isvery thinand hard. It act asprotective cover for theemulsion layer
VI. Production of Patterns on the Film

When X -rays are passed through abody, various parts of the body will absorb
different quantity of X -ray energy. Hencethe X -ray beam emerging from the body
will havevaryingintenstiesat different portions. Thisbeam of varyingintendtiesis
thenalowedtofdl onthe X-ray film. Thereforedifferent partsof thefilmwill absorb,
different number of X-ray photons. Thisresultsintheformation of aninvisbleimage
onthefilm. The photosensitive silver bromide crystals have already received an
image of the pattern. Thisimage known asthe latent image must undergo some
chemical processso asto makeit visble

VII. Developing of the Film

Thefirgt sageof processingisknown asdeveloping. During thisthebromidecrystas
whichareaffected during exposureare converted to tiny, opague, black silver specks.
The crystals which are not affected by X -rays remain unchanged (yellowish
transparent state). The region which had exposed to agreater intensity of X-rays
during exposurewill look black. Thisisdueto thelarge number of opaque black
slver speckspresent there. Onthe other hand the region which wasexposed to the
lower intensity portion of the X-ray beam will havelower amount of black silver
specksandwill ook less blackish. Hencetheimageismadevisible)
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VIIIL. Fixing

A visible pattern was obtained on thefilm through the process of developing. But
thefilm cannot be preserved intheaboveform. The crysta sof bromidewhichwere
not affected by X-rays should beremoved from thefilm. At thesametimethesilver
specksformed during devel oping should befixed in the same position. Thisprocess
isknown asfixing. During the processof fixing, theunaffected crystalsarewashed
away inthe chemical solution whileleaving the crystal s containing the pattern on
their earlier positionsonthefilm. Thusthe crystalscontaining the pattern arefixed on
thefilmand the gelatine (super coating) gets hardened.

IX. Washing of the Film

After fixation, thechemica spresent on thefilm should by washed away Thisisdone
by washing thefilminrunning water for about 15 minute

X. Drying of the Film

Thisisthefinal stageof film processing. It can bedoneeitherinopenair or inthe
drying chamber
XI. Precautions

Sincethefilmishighly senstivetolight, utmost care should betaken whilehandling
thefilm. It should not be exposed to light during processing. Hence processing
should bedone only in adark room. During exposurethefilmiskept insdeatight
box called cassette. Also the film should not be exposed to bade atmospheric
conditions such as high temperature, humidity or pressure. Thiswill result in
undesirable blackening throughout thefilm. Thisconditionisreferredtoasfog. This
will reducethe contrast of radiography.

XII. Different types of X-ray machines
() PortableX-ray Unit

It can bedismantled, packed into asmall case and conveniently carriedtothesite.
Thetube heed is so constructed that the x-ray tube and the high voltage generator
areenclosed in one earthed metal casefilled with oil. Thex-ray isusually asmall
stationary anodetype. The maximum radiographic output found on portableuitsis
intherangeof 15-20 mA at 90-95kV

(i) MobileX-ray unit

Mobile unit carries the control table and the column supporting the x-ray tube
permanently mounted on themobilebase. Mobileunitsmuch heavier thantheportable
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units. Thisunitshavearadiographicoutput of upto 300mA and amaximum of 125k V.
M obileunitsmake use of stored energy, thismay befrom the cgpacitor dischargeor
battery poweredinverter circuits

Mammographic x-ray machine

Mammography isan x-ray imaging procedure used for examination of femalebresst.
Itisprimarily used for diagnosis of breast cancer and in the guidance of needle
biopses.

OPG (Orthopantomogram)

An OPG isapanoramicor wideview x-ray of thelower face, which displaysall the
teeth of the upper and lower jaw on asingle film. It demonstrates the number,

position and growth of all theteeth including thosethat have not yet surfaced or
erupted. Itisdifferent fromthesmall closeup x-raysdentiststakeof individua teeth

Cc arm

C-armisamedica imaging devicethat isbased on X-ray technology and can be
usedflexibly inaclinic. Thenameisderived from the C-shaped arm used to connect
the X-ray source and X-ray detector to one another.

The C-arm systemsare commonly used for
studies requiring the maximum positional

flexibility such s H H -
Angiography studies { -
Therapeutic studies g

. . el
Cardiac studies

Orthopedic procedures M

Digital Radiography

4|

\
, by

,,L."

Digitd radiography isaform of X-ray imaging, wheredigita X-ray sensorsareused
instead of traditiona photographicfilm. Advantagesincludetimeefficiency through
bypassing chemica processing and theability to digitaly transfer and enhanceimages.
Also, less radiation can be used to produce an image of similar contrast to
conventiond radiography.

Instead of X-ray film, digital radiography usesadigital image capturedevice. This
givesadvantagesof immediateimage preview and availability; €limination of costly
film processing steps; awider dynamic range, which makesit moreforgiving for
over- and under-exposure; aswell astheability to apply special image processing
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techniquesthat enhanceoverd| display quality of theimage.

Digitd radiography isaform of X-ray imaging, wheredigita X-raysensorsare used
instead of traditiona photographicfilm. Advantagesincludetimeefficiency through
bypass ng chemica processing and theability to digitdly transfer and enhanceimages.
AERB Regulations and General Safety In Radiography

TheAtomic Energy Regulatory Board (AERB) was constituted on November 15,
1983 by the President of Indiaby exercising the powers conferred by Section 27 of
theAtomic Energy Act, 1962 (33 of 1962) to carry out certain regul atory and safety
functionsunder theAct. Theregulatory authority of AERB isderived fromtherules
and notifications promulgated under the Atomic Energy Act, 1962 and the
Environmental (Protection) Act, 1986. The headquartersisin Mumbai

Themission of the Board isto ensure that the use of ionising radiation and nuclear
energy inIndiadoes not cause unduerisk to health and the environment

lonising radiation, suchasmedical X-rays, isused in medicineasan essentia tool
for protecting and improving human health sinceitsdiscovery at theend of 19th
century. Over 90 % of theworkload in diagnostic radiol ogy in many countriesisthe
general radiography andisamajor contributor to the coll ective popul ation dose. It
istherefore essential, from the radiological safety view point, to exercise strict
regulatory control over thesafeuseof such beneficid gpplicationof ionizing radiation.
Theregulatory framework for controlling safe use of ionizing radiation sources,
includingmedical X-rays, ismainly based onthefollowing;

e AtomicEnergyAct, 1962
»  Atomic Energy (Radiation Protection) Rules{ AE(RP)R} , 2004

*« Notification No. GSR 388 on," The Radiation Surveillance Proceduresfor
Medica Applicationsof Radiation, 1989"

e TheSafety Codefor Medical Diagnostic X-ray Equipment and Installations
{No.AERB /SC/MED-2 (Rev.1), 2001}

Thenational regulatory authority, i.e., Atomic Energy Regulatory Board (AERB)
has been set up to carry out certain regul atory and safety functionsenvisaged under
Sections 16, 17 and 23 of theAtomic Energy Act 1962. Chairman, AERB hasbeen
notified asthe Competent Authority for the enforcement of radiation protectionin
thecountry.
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The Safety Code (No. AERB /SC/MED-2(Rev.1), 2001), published by AERB is
intended to govern radiation safety in design, installation and operation of X-ray
equipment for medical diagnostic purposes. Theimplementation of provisionsof the
Safety Code ensurestheradiation protection of occupational workers, patientsand
public at large. Some of theregulatory requirements of the Safety Code are:

Only those X -ray units should be procured by the userswhich have been Type
Approved by the Competent Authority.

Installation and room lay-out should bein accordance with the specifications
of the Safety Code.

User should ensurethat on acquisition (by purchase, transfer, gift, lease or
loan) of X-ray equipment, it isregistered with the Competent Authority.

TheRadiological Safety Officer (RSO) should conduct periodic radiol ogical
protection survey of X-ray ingtallation and maintain recordson routine Quality
Assurance (QA) testson X-ray unit.

Al radi ation workersshould use appropriate personnd monitoring badges(TLD
badges).

Conclusion

Radiation safety includes

1. TLD badge-Exposureto radiation ismeasured using thermo luminescent do-
Simeter badge.

2. PPE- Persond protectiveequipment likelead apron, lead gloves.

3. Radioactiveshidding

4. Radiation safety officersare posted for evaluation.

5. Digplay of safety symbols.

PRACTICALS

1. Implementation of 555timer usngkit.

2. Working of X ray machine[OJT]

3. Study of X ray film by collection and by using internet.

XIII. TE Questions

1. Thetarget of x-ray tubesare made of

2. Explain how x-raysare produced in x-ray tubes
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3. Describethestructure and composition of anx-ray film

Draw block diagram of an x-ray machine and explain the function of each
block

What arethe properties of x-rays

b

Thisistheflow chart of film processing in thedark room. Completetheflow chart
andexplan

7. X-ray wasfirst discovered by
8. Thepenetration depth of X-raysdepend on tube
9. X-raysare radiations
10. Theimageisformed onthe layer of X-ray film
11. Namethedifferent typesof X-ray machines
12. Listouttheodd one
a FHlament  b. Grid c.Target  d.Intensfyingscreen
Ultra Sound Scanning
Unit 2 - Ultra sonography
4.2.1 Tounderstand ultra sound physics
4.2.2 To understand the principle of oscillation

4.2.3 To understand the circuit diagram- working of crystal
oscillator.

4.2.4 Familiarise ultra sonography.
4.2.5 Toidentify medical applications of ultra sonogrsphy
Oscillators

Oscillationsaresmply spesking vibrations of any desired frequency. A circuit which
iscapableof producing oscillationsisknown as Tank circuit. A tank circuit consists
of aparallel combination of aninductor and acapacitor.
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Oscillator

Oscillator isacircuit which is capable of producing oscillations of any desired
frequency.

Types of Oscillators

Depending onthecircuit components and type of oscillations, oscillatorsaredivided
mainly into 4types. They are

1. Hartley Oscillator

2. CollpitsOscillator

3. Crystd Oscillator

4. RC phaseshift Oscillator

Crystal Oscillator

Themainpart of acrysta oscillator isacrysta whichvibrateswithitsnatura frequency.
Theprincipleof crysta oscillator ispiezo el ectric effect.

Piezo Electric Effect.

When amechanical forceisapplied at the surface of Ve
certain crystals such as quartz or Roschelle salt, a . £ ]

potential differencewill develop at the oppositeface
of thecrystd. Thisphenomenoniscalled piezodectric
effect.

Thecircuit diagram of acrystal oscillator isshown
below.

The experiment can be doneby using oscillator kit. =

5.
Ultra Sound Scan

Ultrasound scanisapainlesstest that uses sound wavesto createimages of organs
and structuresinside your body. It isavery commonly used test. Ultrasoundisa
high-frequency sound that you cannot hear but it can be emitted and detected by
gpecia machines. An ultrasound scan, also referred to asasonogram. Ultrasound
scansare used to detect problemsin theliver, heart, kidney or the abdomen. They
may aso beuseful in he ping the surgeon when carrying out sometypesof biopsies.

.F. choke
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Principle

Ultrasound travel sfredly through fluid and soft tissues. However, ultrasound bounces
back (isreflected back) asechoeswhenit hitsamore solid (dense) surface. For
example, the ultrasound will travel freely though blood in aheart chamber. But,
whenit hitsasolid vave, alot of theultrasound echoes back. Itisrecorded and the
imageisformed.

Thisis atype of scanning in which sound waves of 2 to 20 MHZ are used. A
transducer isused for delivering the ultrasound energy to thepatient. Thevibrating
part of thetransducer iscalled crystal.

What is an ultrasound test used for?

Itisusedin many situations. Theway the ultrasound bouncesback from different
tissues can help to determinethe size, shape and consistency of organs, structures
and abnormalities. So, it can:

*  Hedptomonitor thegrowth of anunborn child and check for abnormalities. An
ultrasound scanisroutinefor pregnant women.

»  Detect abnormalitiesof heart structures such asthe heart valves. Thistype of
ultrasound scaniscalled echocardiography. Seethe separateleaflet called
Echocardiogram for moredetails.

Help to diagnose problems of internal organs such as the:

* Live

o  Gdlbladder
e Pancreas

e Thyroidgland
e Lymphnodes
*  Ovaies

e Tedes

*  Kidneys

*  Bladder

e Appendix

*  For example, it can help to determineif an abnormal lump in one of these
organsisasolid tumour or afluid-filled cyst. Ultrasound a so helpslook for
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stonesinthegallbladder or kidney.

*  Hepdeerminethenatureof breast lumps. Ultrasoundis one of thetestsused
to establishif alumpisnon-cancerous (benign) or breast cancer.

»  Hepdiagnose problemswith muscles, tendonsand joints. For example, ultra-
sound scansareused to hel p diagnose:

*  Frozenshoulder

*  Tennisebow

* Morton'sneuroma

e Carpa tunnd syndrome

*  Detect abnorma widening of blood vessels (aneurysms).

e Guideinterna biopsies. A biopsy isaprocedurein which asampleof tissueis
taken. Somebiopsiesaretaken using athin needle, and theneedleisguided to
theright placewith an ultrasound scan. For example, if you havealumpinyour
breast, you may have asample of thelump taken away. The sampleisthen
examined under the microscopeto seeif your lumpiscancerousor not.

Some specialist ultrasound techniques

In somesituations, aclearer picture can be obtained from aprobethat iswithinthe
body. Soasmall probe, still attached by awireto the ultrasound machine, can be:

»  Swallowedintothegullet (oesophagus). Thismay be used to obtain clearer
imagesof theinternal organs, particularly the stomach, upper gut and pan-
creas. See separate | eafl et called Endoscopic Ultrasound Scan for more de-
tals.

»  Placedinthevaginaor rectum to obtain clearer imagesof inner organs, suchas
thewomb (uterus), ovaries or prostate gland.

»  Usedto hep guideasurgeon during an operation, in order to look deeper into
structures.

Ultrasound may also be used for treating certain conditions, particul arly those of
muscles, tendonsand joints. The scan may beused to guide aninjection which can
help to treat the problem. Doing theinjection with the help of an ultrasound scan
makes sure it reaches exactly the right place. For example, ultrasound-guided
injectionsareacommon way to treat shoulder problems such asafrozen shoulder.
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Ultrasonography and Modern Equipment in Medical Imaging
1. Oscillators- fabrication of crystal oscillator by using kit.

2. CT andMRI scan - collection of picturesand preparation of album.

3. Other medica imaging equipment- Preparation of e-album.

TE QUESTIONS

1. Explantheworkingof crysta oscillator

2. What isthefrequency of ultrasonic waves.

3. Listout themedical application of ultrasonography.

4. Modernlmaging

Unit 3 - Modern equipment in imaging

4.3.1 To familiarise CT scanning,.

4.3.2 To familiarise MRI scanning.

4.3.3 Identify modern imaging techniques- names only
5.  Applicationsof PET, SPECT, gammacamera.

CT scan

CT scanisamodernimaging techniquein which theimagesareformed by usng X
rays. CT standsfor Computed Tomography or Computer Tomography.

Principle

Inthismethod X rays aretransmitted throughout the body and amultidirectional
scanning of the patient isdone. From thismultiple dataare collected. Then computer
performs some calculations and obtain necessary information. Finally a two
dimensiond picturecdleddiceisobtained.

A calculation based on the data obtai ned from the scan is made by the computer.
Theoutput unit then produces avisua imageof the patient.

A typical CT Scan machine
Scan Artifacts

There are many sources of errorswhich can produce artifacts during recording.
They are

1. Noise
2. Motionatifacts
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3. Artifactsdueto high differential absorptionin adjacent tissues.
4. Technica errorsand computer artifacts.
Applications

CT isnow an investigative procedure which ismore clear than X ray. It detects
boneinjuries, of

CT ishdpful in detecting arteriovenous maformationslike angiomasbeforeitsrupture,
CTishelpful inthetreatment of cancer.
MRI Scanning

This imaging technigque uses the RF region of the electromagnetic spectrafor
producinganimage.

MRI standsfor Magnetic Resonance 7
Imaging. Herethepatientisplacedin e

a magnetic field which causes the .
magnetization of the protons of the p I\
hydrogen atoms in the body. Now a =
radio frequency pulse at resonance -
frequency istranamitted into the patient

under controlled conditions. Asaresult s I
anudear magneticresonancesignal is Figureof aMRI Scanning machine
produced. Thesesignalsduring their

returnfrom higher nuclear energy level to ground Sate are processed by the computer
to producean image.

MRI has the following advantages.

1. Absenceof harmful radiationslike X rays, gammaraysetc.

2. Superior resolutionand contrast

3. Direct multi planarimaging.

Modern Imaging Techniques

PET

A positron emission tomography (PET) scanisan imaging test that allowsyour
doctor to check for diseasesin your body.

Thescan usesaspecial dyethat hasradioactivetracers. Thesetracersareinjected
into aveininyour arm. Your organs and tissues then absorb the tracer. When
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highlighted under aPET scanner, thetracershel p your doctor to seehow well your
organsandtissuesareworking. The PET scan can measureblood flow, oxygen use,
glucose metabolism (how your body uses sugar), and much more.

A PET scanistypicdly an outpatient procedure. Thismeansyou can go about your
day after thetest isfinished.

SPECT

Single-photon emission computed tomography (SPECT) isanuclear medicine
tomographicimagingtechniqueusnggammarays|[1] Itisvery Smilar to conventiond
nuclear medicine planar imaging using agammacamera.[2]|However, itisableto
providetrue3D information. Thisinformationistypically presented ascross-sectiond
dicesthrough the patient, but can befreely reformatted or mani pul ated asrequired.

Thetechniquerequiresddivery of agamma-emitting radioisotope (aradionuclide)
into the patient, normally through injection into the bloodstream. On occasion, the
radioisotopeisasimple solubledissolved ion, such asanisotope of gallium(ll1).
Most of thetime, though, amarker radioisotopeisattached to aspecificligand to
create aradioligand, whose propertiesbind it to certain typesof tissues.

Gamma Camera

A gammacamera, also called ascintillation cameraor Anger camera, isadevice
used to image gamma radiation emitting radioisotopes, a technique known as
scintigraphy. The applicationsof scintigraphy include early drug development and
nuclear medical imaging to view and analyse images of the human body or the
distribution of medically injected, inhaed, or ingested radionuclidesemittinggamma
rays.

Construction

Shisiding] [Photomultiplier tube
o —= n ' 'Opnc al guaw‘
(Light guide] 5.} " ] .
4 TAluminium {lllﬂ[,i
[Scintillation crystal] W i :

— .
[Collimator
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A gammacameracons stsof oneor moreflat crystal planes(or detectors) opticaly
coupled to an array of photomultiplier tubesin an assembly known asa"head",
mounted on agantry. Thegantry isconnected to acomputer system that both controls
the operation of the cameraaswell asacquisition and storage of acquired images.
The construction of agamma camerais sometimes known as acompartmental
radiation construction.

Modern Equipment in Medical Imaging
Theraysused in CT scanner is------------ .
Expand CT and MRI

Namethe partsof CT scanner.

What isthebasic principleof MRI .

Write short noteon MRI Scanner

. Expand PET and giveitsapplications.

UNIT 4

PATIENT SAFETY

Unit 4 - Patient safety

o g s~ w D P

44.1 To familiarize the importance of general safety in
hospitals.

44.2 To understand the effects of electricity in human body.

44.3 To understand electric shock hazards and precautions
to avoid shock..

444 To understand IEC documents and safety codes.

44.5 To understand the grounding in Biomedical
Equipment.

4.4.6 Familiarise rules and ethics in medical field.
Importance of General Safety In Hospital

The chanceto electric shock isassociated with all theinstruments and machines
operating with electric current. The medical instrumentsal so isnot an exemption
formit. But thesituationswheretheseare operated areentirdy different fromothers.
Theresult of an € ectric shock from theseinstrumentswill bemoreseriousand fatal
them others, sincethe patientslackinginresistive power subjectedtoit. The patients
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subj ected to the el ectric shock inthiscaseismore exposed to €l ectricity than others.
Electrica shock may cause an unwanted cellular depolarization'sand its associated
muscle contraction or it may cause cell vaporization and tissueinjury.

Therefor itisvery important to design the medica instrumentsand equi pment very
carefully to eliminatethe chance of an dectric shock. Theequipment inthe hospital
must be organized properly and up to the safety regulations and standards as
prescribed by the manufactures besidesthisavariety. A safety instrumentsare now
availableinthemarket which hel p to ensure maximum safety for thepatientsand the
staff operating with different medica equipmentsin hospitals.

Effect of electric current on Human Body

The passage of electric current through our body can produce different responses
depending upon the magnitude of thed ectric current. Small amount of current will
produceonly atingling or dightly painful effect whereaslarger currentscan produce
cell depolarization'sand muscle contraction, cell vaporization and tissue burnsand
even respiratory paralysisand death. Theamount of current entering the body is
determined by variousfactorslike the smoothness of the skin, moisture present on
theskin, the age of the patient and even the sex.

Effect of variouslevelsof current onthe Human Body

Current Effect

1 Milliampere Tingling sensations, threshold of perception

5Millampere Slight shock felt, not painful but disturbing

6to 20 MA Painful shock, let gorange

50 MA Extremepain, respiratory arrest severe muscular

contraction

100 MA Ventricular fibrillation

5A Possibleburns, sustained myocardid contraction,
| respiratory paralysisand probable death. )

Classify the shock hazards associated with € ectric current in to two types.
1. MicroShock
2. Macroor gross shock
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Micro Shock

Micro Shock isthe physical responseto acurrent applied to the surface of the heart
that produces undesired stimulation, muscle contraction and tissueinjury. Inthis
casethecurrent instead of being gpplied to the skin surfacewith highimpendenceis
by passed to the heart directly through highly conductiveliquid column. Thisoccurs
inthe case of patientsin the coronary care unit. The most dangerous situations
encountered during amicro shock istheventricular fibrillation.

Macro Shock

Thegross shock or macro shock isexperienced by the subject dueto an accidentd
contract with alive electric wire at any part of thebody onitssurface. It may be
defined asthe physiol ogicd responseto an € ectric current gpplied on the surface of
the body that can create undesired stimul ations, muscle contraction andtissueinjury.
Theamount of current required to generated aphysical responsediffersfrom persons
to persons depending upon the skin resi stance.

Threshold of Perception

Thethreshold of perception of electric shock isabout 1 mA. Atthislevd, atingling
sensation isfelt by the subject when thereisacontract with an el ectrified object
through theintact skin.

Let - go Current

Themaximum level of current that can betolerated by apersonwithout experiencing
muscle conditioniscalled let - go current. Let go current for maleswas 16mA and
for fema eswas 10.5 mA. When the current becomes greater thanthelet-golevd,
the person looses control over hismusclemovementsandisnot abletoreleasehis
grip fromthecurrent carrying conductor. Thisleve of currentiscalled thehold on
typecurrent.

Precautions to avoid shock

1. Ensureproper grounding for al theinstruments used isconnectionwith the
patient useonly power cordswith threewires.

Provideisolated input circuitson monitoring equipment.
Ensuredtrict regular listing of theground

The mechanica construction of theinstrumentsor apparatus must be smooth
and compact to avoid the chance of injury to the operator or patient.
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Staff should be properly trained to operatethe instruments.

Thefunctiona controlsshould belegibily marked at thefront panel of thein-
sruments.

Theoperating i nstructions should be clear and must be permanently displayed
at thefront. It should beregarded as part of theinstrument.

Adapter plugsareused in connection with certain portableinstruments. Since
they doesn't ensure proper grounding specia care my betaken againgt micro
shock.

No other apparatus should be used near apatient monitoring equipment.
Connectorsfor the probe and the patient |ead must be standardized.

A voltagein excessof 5mv should exist between theinstrument ground outl et
and any other ground pointsor conductive surfacesinthe area.

Safety Codes for Electro Medical Equipment

The problem of ensuring a safe environment for the patients aswell asfor the
operators has been engaging the attention of all concerned in severa countriesat
the national and international levels. Various countries have laid down codes of
practicefor equipment intended to be used in hospitals. The International Electro
technical Commission (IEC) comprising of representativesof various countries
had laid down a document, IEC 601 specifying the Universa standards for
manufacturesof Electro medica equipment and regarding thehospital safety. Based
onthisIndian standard Institutions (1S]) hasa soissued anationa level standards
IS 8607 dealing with standards and regul ation for general safty requirements of
el ectro medicd equipments|S 8607 cover thefollowing topicsin different parts.

1.

N o o s~ 0D

Generd

Protection from dectrical hazards

Protection from mechanical hazards.

Protection from undesired and harmful radiations
Protectionfromexplosion

Protection from excessive hear, fire.... Etc.
Congtruction of the equipment.
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8. Behaviour andrdidbility

Individua standardsare specified for someof theimportant medica instrument such
as IS 8048 for electro cardiograph, IS 7620 for X-ray unit, 1S 8885 for
electromyograph and 1S 9286 for cardic defibrillators.

Grounding in Biomedical Equipment

Low resistanceground that can carry currentsup to circuit-breaker ratingsareclearly
essentid for protecting against both macroshock and microshock, even anisolated
power system isused. A grounding system is
used. A grounding system protects patientsby
keeping al conductive surfaces and receptacle
groundsthe patient'senvironment a the same o | |
potentid. It a so protectsthe patient from ground i
faultsat other location. Il

Thegrounding system hasapatient equipment
grounding point, areferencegrounding point, and
connections, as shown in figure the patient

equipment grounding pointisconnect individualy

to dl receptacle grounds, metal beds, metal door and window frames, water pipes,
and any other conductive surfaces.

These connections should not exceed 0.150hm. Thedifferencein potentia between
receptacl e grounds and conductive surface should not exceed 40mV. Each patient
equi pment grounding point must be connected individualy to areference grounding
point that isin turn connected to the building service ground.

Patient Safety

1. Precautionsto avoid el ectric shock and safety codes - Chart preparati
TE Questions

1. Distinguish between microshock and macroshock.

2. Writedownthe precautionsthat hasto betaken in ahospital to avoid electric
shock from bio medical instruments.

3. 158607 issafety code. Indentify wherethiscodeisused?
Let go currentfor menis
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Micro shocks may occur

a) Duetoflow of 1A current flow acrossthe body surface

b) Dueto 5amp current flow acrossthe body for 1 minute.

c) Duetoshortening of eectricd leadsinthe pacemaker.

d) Duetoflow of few mA current acrossthe cardiac muscles.
Letto current are

a) Samefor menand women

b) Sameforal frequencies

c) Higher for menthanwomen

d) Higher for personshaving enormousweight.
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Medical ethics

Medicd ethicsisasystem of mord principlesthat apply va uesand judgmentsto the
practiceof medicine. Asascholarly discipline, medica ethicsencompassesitspractica
goplicationindinica settingsaswell aswork onitshistory, philosophy, and sociology.

A common framework used intheanalysisof medicd ethicsisthe"four principles’
approach postul ated by Tom Beauchamp and James Childressin their textbook
Principlesof biomedica ethics. It recognizesfour basic moral principles, which are
to bejudged and wei ghed against each other, with attention given to the scope of
their application. Thefour principlesare;[ 7]

Respect for autonomy - the patient hastheright to refuse or choosetheir treat-
ment. (Voluntas aegroti supremalex.)

Beneficence - apractitioner should act inthebest interest of the patient. (Salus
aegroti supremalex.) Theterm beneficencerefersto actionsthat promotethe
well being of others. Inthe medical context, this meanstaking actionsthat
servethebest interests of patients. However, uncertainty surroundsthe precise
definition of which practicesdoinfact help patients.

Non-maleficence- "first, do no harm™ (primum non nocere). he concept of
non-maleficenceisembodied by the phrase, "first, do no harm,” or the L atin,
primum non nocere. Many consider that should bethemain or primary consid-
eration (henceprimum): that it ismoreimportant not to harmyour patient, than
to dothemgood. Thisispartly because enthusiastic practitionersare proneto
using treatmentsthat they believe will do good, without first having evaluated
them adequately to ensure they do no (or only acceptable levels of) harm.
Much harm hasbeen doneto patientsasaresult, asinthesaying, "Thetreat-
ment was a success, but the patient died.” It isnot only moreimportant to do
no harm than to do good; it isa so important to know how likely itisthat your
treatment will harm apatient. So aphysician should go further than not pre-
scribing medi cationsthey know to be harmful - he or she should not prescribe
medications (or otherwisetreat the patient) unless she knowsthat the treat-
ment isunlikely to be harmful; or at thevery least, that patient understandsthe
risksand benefits, and that thelikely benefits outweigh thelikely risks.

Justice - concernsthedistribution of scarce hedlth resources, and thedecision
of who getswhat treatment (fairnessand equdity). (lustitia.)




B siomEDICAL EQUIPMENT TECHNOLOGY

Other values that are sometimes discussed include:

*  Respect for persons- the patient (and the person treating the patient) havethe
right to betreated with dignity.

. Truthfulnessand honesty - the concept of informed consent hasincreasedin

importance sincethe historical eventsof the Doctors Tria of the Nurembergtrials

andTuskegee syphilisexperiment.

he principleof autonomy viewstherightsof anindividua to sdf-determination. This
isrootedin society'srespect for individuas ability to makeinformed decis onsabout
persond matters. Autonomy hasbecomemoreimportant associa va ueshaveshifted
to definemedicd qudity intermsof outcomesthat areimportant to the patient rather
than medica professionds. Theincreasingimportance of autonomy can beseenas
asocid reectiontoa”paterndigtic” tradition within hedthcare[ citation needed] Some
have questioned whether the backlash against historically excessve paterndismin
favor of patient autonomy hasinhibited the proper use of soft paternalismto the
detriment of outcomesfor some patients. Respect for autonomy isthe basisfor
informed consent and advancedirectives.
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