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Overview

qSustainability

qUnderstanding MRI & CT scan Technology

q Technology & Morphology

qSocietal / Economical / Environmental changes

qSustainability of this technology in above 
context

qSystem Understanding & Simulation

qSimulation Results

qConclusion



Sustainability

q if it can be continued indefinitely

q without depleting any of the material or 
energy resources required

q not erode the ecological, social, or 
political systems



q development that meets the needs of the 
present without compromising the ability of 
future generations to meet their own needs

v The World Commission on Environment and 
Development

q Sustainable development seeks…to respond 
to five broad requirements:
1. integration of conservation and development
2. satisfaction of basic human needs
3. achievement of equity and social justice
4. provision of social self-determination and 

cultural diversity
5. maintenance of ecological integrity
v International Union for the Conservation of Nature

Sustainability…



MRI & CT Scan

q Why?
§ To understand the Body
§ To look inside

§ Advantages over projection 
Radiography: 
§ eliminates the superimposition of images

§ Tissues with very less density difference

§ Multiplanar reformatted imaging



MRI & CT Scan…

qHow it works?
§ CT: (Computer Tomography)

− moving the X-ray source and detector

− Anatomy at the target level remains sharp, 
while structures at different levels are 
blurred

− ability to separate anatomical structures



MRI & CT Scan…

qHow it works?
§ MRI: (Magnetic Resonance Imaging)
− Static Field  : 

− Powerful magnets to polarize and excite 
hydrogen nuclei in tissues

− Gradient Magnets: 
− turned on and off very rapidly, 
− they alter the main magnetic field on a very 

local level to pick exactly the area we want.

− RF Generator:
− pulse causes the protons in that area to 

absorb the energy and then re-emit : Resonance

− Imaging:
− Pick signals
− Fourier Transform



Technology
DIMENSIONS FUNCTIONALCHARACTERISTICS 

CONSIDEREDUNDEREACHDIMENSION
OPTIONS

Source Obtained through Technology Transfer 

Disciplines Involved Multi-Disciplinary

Industrial Category Health and Social Work 

Level of Technology

 LEVEL 4:  Extensive Know-how, 
Equipment with Advanced 

Technologies, Substantial R&D 
Programmes, Use of Advanced 

Commercial

Product/Process Technology Product

Manifestation of Technology Embodied

Generic/Specific Technology Specific

Active/Passive Technology Active

IsItaSystems Technology? Yes

Is it an Infratechnology? No

New/Obsolete Technology? New

Stage Consolidation

Geographic o rSocio-Economic Scale Planetary/Global

Social

Economic

Environmental

Strategic

Organizational Scale Global/Multinational

Sector of Deployment (Tertiary)

Functional Deployment Services

Knowledge Content 
or Physical Entity

Other Features

Relevance/Impact



Dimensions

Closure

Field Type

Scanning Plane

Type of Magnet

Type of Gradient Coil

Type of RF Coil

Type of Contrast Agent

Magnet Strength 0.15T 0.2T 0.3T 0.5T 1.0T 1.5T

Gradient Strength

Effective Strength

Slew rate

Coils Array Head Neck Spine Knee Shoulder Wrist Abdominal Medium Large X-Large

Spectroscopy

SE IR 2D/3D GRE
time of flight 
angiography 

(TOF)

phase 
contrast 

angiography 
(PCA) 

contrast enhanced 
magnetic resonance 

angiography
2D/3D FSE 2D/3D 

FGRE

FSPGR, 
SSFP, 
FLAIR, EPI

Special 
Imaging

Imaging Modes

Field of view

Horizontal Vertical Angular

Double ObliqueSagittal Coronal Axial Oblique

Resistive Permanent Super Conducting

Maxwell Coil Saddle Coil Golay Coil

77T/M/s 120T/M/s

3.0T2.0T

20mT/m 23mT/m 30mT/m 33mT/m

Positive Contrast Agent Negative Contrast Agent

25mT/m 30mT/m 35mT/m

Cine3D Image, multi Slabmulti Slice

AngiographyStandard Phase Contrast

0.1mm to 5mm
Slice Thickness

Various value e.g. 1cm to 48cm

2D 3D

0.7mm to 20mm

Pulse Sequences

2D Single Slice

Options

ClosedOpen

Surface Coil Volume Coils

Not PossiblePossible

Morphology (MRI)



Morphology (MRI)
Dimensions

Cooling Type

Patient Handling System

Patient Intercom

Dockable patient table

Magnetic Field Fluctuation 
Compensation Unit

Flow Motion Compensation

Fast Scanning Package

Control Console

Image Processor

Image Archival / Data Acquisition

User Interface Softwares

Operating Software & Computer

Environmental Control System

Laser Camera 

Monitor

UPS

Options

Vista

Independent Receive ChannelsCD Writer

-- --Color LCD

Yes No

Yes No

Yes No

DICOM Complatible

Airis II Windows2000

DVD Writer

Variuos UI Softwares

--Airis II --

Airis II -- --

Yes

Yes

Yes

No

No

No

No

No

No

Yes

Yes

Yes

Closed loop - water type: gradient Cryogen - Helium / Liquid nitrogen



Changes
Medical Field: 

q Amazing improvement in Diagnostic 
Capabilities

§ Accuracy : “Gold Standard”

§ Less Time consuming

§ Reliable as compared to clinical methods

§ Effective in critical stage

§ Can detect breast cancer in it’s early stage
− It is costly ($1000 - $1500)
− Can give false alarm, as it is in development stage



Changes
Medical Field: 

q Guidelines (Health Care: Global level)
§ for MRI skull, abdomen, breast etc 

§ for CT brain

q Cut Practicing
§ Is it really needed to do MRI ?

§ How much urgent?
§ How many times?

§ “I have to break even money invested in machines”

q Evidence of inefficiency in public facilities and 
possibly unethical practices in private 
diagnostic facilities …..(Journal by Cambridge)



Changes
Medical Field: 

q …NOT doing clinical methods for Diagnosis:

§ Observation of body parts: 
− Eyes: Color, wet/dry, pale/fresh etc
− Throat: color, texture etc.
− Touch: Sensing specific areas

§ Pulses

§ Tapping to check water inside the stomach

§ Central Nervous system: observing CNS clinically 
is an art. 



Changes
Socio-Economic: 

q Cost per scanning: ~ Rs.4000-5000/-

q 21.8% of India is still below poverty line.

q Rural Population of India = 72.22%

q mostly only in the private sector and in the urban 
areas of the region

q the study shows that there are observable problems 
in terms of efficiency, equity, and quality of MRI 
services.  



Changes
Socio-Economic: 

q NOT available in Rural areas

q NOT every hospital has this facility

q NOT in Civil Hospitals

…..(and if it is, it doesn’t Work)

q NOT in economically backward community areas

q NOT to doctors at distant places (e.g. soldiers)

q NO radiologists in such areas



Changes
Economic: 

q High-end medical device inflows rose during the 1990s

q average number of MRI machines installed varied from 
less than 0.5 to more than 5 machines per million 
population 

q utilization increased 14.18 % compared with the 
previous year & spending increased 17.71 % in1999

q overused.



Changes
Environmental 

q Energy consumption by these machine is huge.
§ Depending upon model

q Need high end processors
§ More pollution due to led, mercury used in chips. 

q Needs Air Conditioned environment
§ CFC

§ Insulating materials.

q Energy required to make these machines



Sustainability 
for this Technology

qDependency of Society on technology
§ Doctors & Patients

§ Geographical

qDoctors Maintaining their Diagnostic Skill 
Sets

q Equity and Social Justice

q Affordability & Availability for every one



System Simulation

Treatment

MRI & CT Scan

Hospitals & Clinics

Scanning Diagnosis Interpreting Data

Patient

RadiologistNurse

operator

DoctorX-rays

Contrast

Pharmacist



System Simulation

q KANE’S SIMULATION METHOD 

– CROSS-IMPACT ANALYSIS

q System Variables

q Initial Value (For Today) : 0 – 1

q Cross Impact Matrix of Variables

q Impact : -ve or +ve : -1.0 to +1.0

q Variables trend predicted for 15 years



System Variables

Usability
1. Dependency on m/c by Doctor

2. Accuracy of m/c

3. Use of m/c

4. Malfunctioning of m/c

5. Availability of m/c

6. Trust of patient on m/c

Economical
1. Cost of Scanning 

2. Paying Capacity of patients

3. Initial Investment for m/c

4. No. of m/c per unit area

5. Medical Equipment 
Manufacturer's Growth 

6. Development and Growth of 
area

Environmental
1.Health Hazards of using 

m/c on patients

2.Energy Consumption

3.Creation of polluting 
elements



System Variables
Medical
1. Accuracy of diagnosis by 

Doctor

2. Use of clinical Diagnosis 
processes

3. Malpractice 

4. Trend of Following Guidelines

5. Experience of a doctor

6. Time required for diagnosis

7. Efficiency of treatment

8. Life Span of Human

9. Advancement in Technology of 
m/cs

10.Quality of MRI Service

11.Effectiveness in Crucial Time

12.Ability of Doctor to perform 
clinical diagnosis without m/c

Social
1.Relation between 

patient and Doctor

2.Need of other 
medical staff 

3.Trust of patient on 
Doctor

4.Access to good 
Doctors

5.Psychological 
tendency for 
Scanning

6.Patients awareness 
about guidelines



Variable Trend
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Use of clinical 
Diagnosis processes

Dependency on 
m/c by Doctor

Malpractice

Availability of m/c
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Observations

q Ability of doctors to perform clinical diagnosis 
without machine will reduce

q Dependency on machines will extend to maximum
q Cost of scanning will  increase and then tend to 

come down
q Accuracy of machine will increase to great extent
q Use of clinical diagnosis methods will reduce to 

minimum
q Availability of m/cs will reduce for initial few years 

and then it will increase
q Due to excess use of these m/cs, polluting elements 

will increase.
q Malpractice will increase with increase in use. as 

use tend to go down, malpractice will reduce. 
q If patients awareness about guidelines has increase 

then tendency to go for scanning will reduce



Recommendations

q Prefer to use guidelines before going for scanning

q Try to use clinical methods whenever  possible.

q To reduce the cost of scanning for affordability, 
government should take initiative.
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