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Quality is something most people can perceive and appreciate. Much as it is easy to
perceive quality, it is difficult to describe it and all the more difficult to grade or quantify
it. The general definition of quality is “conformance to requirements”. This definition
applies to all work. All work may be considered as a process performed to produce an
outcome or output. If the process produces a product or service that meets all of the
agreed upon requirements, quality by definition, has occurred. The reverse is also true.
If requirements are not met, quality by definition has not occurred.

Quality assurance pertains to filling the gap between requirements and the (delivery of
product and/or service).

Steffen (1) searches the medical literature for a definition of quality and finally settles on
“the capacity to achieve goals”. This definition sounds remarkably similar to
“conformance to requirements”. Donabedian (2,3), the leading thinker in pre- Total
Quality Management (TQM) era and responsible for many advances in traditional
medical quality assurance formulated the classic definition of quality of care in medicine;
it is “that kind of care which is expected to maximize an inclusive measure of patient
welfare, after one has taken account of the balance of expected gains and losses that
attend the process of care in all its parts”. This approach with several important
limitations, the details of which can be found elsewhere (4), led to a search for alternative
methods and strategies. Modern quality science has been adopted from industrial
science. Tracing the history of developments in health science, the triggering point
appeared to be the “agenda for change” promulgated by the Joint Commission on
Accreditation of Health Care organization (JCAHCO) which has become a driving force
behind the application of continuous quality improvement (CQI) methodology in health



care. To comply with JCAHO standards, by 1994, all health care organizations were
expected to adopt CQI/TQM methodology: asseséing user needs; assessing, improving
and monitoring key processes within the organization; and educating all employees
(including physicians) in the techniques of CQI/TQM (5). Some of the institutions which
adopted TQM had engaged quality management consultants with experience of applying
TQM in industry but obviously no experience in health care. Hence, it was a strange
situation, applying new vocabulary, and wrestling with such words as suppliers,
customers, internal processes and empowerment. Beside quality control (QC) and quality
assurance (QA), this text uses terms like continuous quality improvement (CQI), price of
conformance (POC), price of non-performance (PONC), quality improvement process
(QIP), total quality management (TQM), the details about which can be found in the
glossary of terms as appended to this article.

Difference between traditional quality assurance (QA) and TOM/CQI.

There is a new recognition that “quality depends more on good system design, consistent
long-term direction, adequate training, leadership, and follow-up -~ all management
functions rather than individual motivation” Traditional QA focused and took corrective
actions on outlying values, however, CQI seeks to act on the entire process. Lack of
emphasis on the entire process results in erratic development of QA such as in the field of
imaging where QA although implies coverage of the whole process but in practice has
remained restricted primarily to testing of the performance of equipment. The
improvement efforts affect all outcomes, improve the average performance of the entire
system, and decrease the outlying values. While it is believed that TQM has its
beginning in industry, Brewick (6) emphasizes that TQM and clinical science are similar
in many ways. The science of TQM is to organization what clinical science is to patients.
Just as sick patieﬁts can be treated by using scientific methods to remedy the function of
organ systems, a sick organization can be treated by application of TQM to remedy the
malfunctioning pr;)cesses.

Total quality management comprises three major processes. (a) quality planning, the
phase of quality management during which the various processes are designed to meet

customer’s needs; (b) quality improvement, the process of raising quality performance;



and (¢) quality control, the process of evaluating performance, comparing it to goals, and
acting on the differences. However, application of CQI/TQM methods in health care has
thus far been limited to the quality improvement process. Since problems often cross
departmental boundaries and are not limited to physicians, nurse, technologists,
management, or ancillary staff it is necessary to have a formal framework. Quality
improvement differs from other traditional approaches such as improving by trial and
error or using outside consultants and analysts, because it involves all involved personnel.
Teams, not individuals, solve problems. Management structures in radiology
departments normally include medical, technical, and nursing staff with separate chains
of common and often conflicting goals, agendas, and management techniques. Bringing
together these three components in the form of a steering group is a good first step. This
has to be followed by setting up of short-terms and long-term goals of the department
with the intent of integrating the purposes of all the subgroups. The first phase is of
“project definition and organization” and is usually accomplished by the Quality Council
— a body within the organization that guides the quality effort. This phase consists of two
main steps, generation of a list of problems in order of priority followed by definition of
the project with an appropriate mission statement and with identification of the team to
conduct the project. In the second phase, the quality improvement team embarks on a
“diagnosﬁc journey” which includes analyzing the problems, formulating theories of
causes, and testing those theories to identify the main causes of the problems. Having
identified the main causes, the team embarks on a “remedial journey” in which
alternative solutions are considered and solutions and controls for the process are
designed. Difficulties with the proposed changes are identified. Finally, the team
implements the solutions and controls the processes. In the fourth phase, “holding the
gains” the team checks the performance of the process after implementing the changes

and designs a monitor for the system (7).

Let us take the example of a patient visiting imaging department, be it radiology or
nuclear medicine. He is the consumer of service rendered by the department. His
satisfaction determines the efficacy of quality assurance programme. Similarly, the doctor

(clinician ) who referred the patient to imaging department is the consumer of the clinical



output provided by the imaging department. Be it the quality of image or the quality of
the interpretation/report by the department. If he is not satisfied quality is not achieved.
The radiologists is the consumer of service provided by the radiographer/technologist.

Only the consumer stratification ensures quality assurance.

Poor quality implies additional radiation dose to the patients. Any repott of diagnostic

study has to be seen not only in terms of costs involved but radiation dose too.

Some of the pertinent questions needing to be answered:

Who determines if the image is of acceptable quality? It is the radiologist at first instance
followed by the clinician. How to reduce subjective variations in assessment of image
quality? This is done by adhering to imago quality criteria (8,9). If the interpreter is
provided with these guidelines, the subjective variation is reduced. Initially we resorted
to estimating the film retake rate, but it was found to be less meaningful as many films
are such that they can not be easily put into reject category and also can not be accepted
happily. Accordingly, we devised a three step scoring of image as A = Acceptable, B

= Acceptable with remarks/reservations, C = Not acceptable (10).

The next step is cause analysis. Table 1 gives the data on cause analysis. Table 2 gives
the role of workload on image quality. Based on the contribution of each factor to poor
quality, the QC program was developed which gave emphasis to the factor as per its
contribution to poor quality. The operator’s awareness was also increased and its impact
on image quality and patient dose was analyzed (Table 3, 4). Further details can be seen

in author’s publication (11).

The contribution to reduction in patient dose in diagnostic studies is by many ways.
Controlling technique factors is but one such method. Overall it is the “mindset” which
is to be developed in a team. The mindset of quality will start acting right from the time
patient reports to the hospital and shall encompass all actions including appointment,
registration, smiling and efficient reception, proper guidance, comforting gestures while

conducting the study, thanking patient for the cooperation, quick report and accuracy of



the interpretation, all become easy td comply with when there is “Mindset” of quality. In
the following projections our experience in reducing the patient doses, improving image
quality, establishing a regular program of QA in radiology is elaborated besides the
quality management concepts. We have documented over 35% reduction in patient dose

and nearly 40% reduction in poor quality film.



Appendix

Glossary of Terms:
Continuous Quality Improvement (CQI)

This is achieved by understanding, meeting and exceeding the needs of the customers.
The term customer is used in a broad sense to identify the indtviduals or groups within or
outside the organization with whom workers of the organization deal; this term does not
necessarily imply a financial relationship. Patients, their families, referring physicians,
and members of the department and the hospital are the customers of a radiology
department. Individuals within the organization are internal customers while those
outside the organization are external customers. Every individual in an organization
plays the following three roles in any process—supplier, customer, and processor. As an
example, in the process of radiology report preparation, the transcriptionsit (customer)
depends on the radiologist (supplier) to provide a well-dictated report; the radiologist
(customer) depends on the transcriptionist for a well-typed report; the radiologist
(processor) then reviews and signs the report before it is forwarded to the referring
physicians. Skeptics sometimes object to using terms such as customers in health care
processes. They take these words literally and focus on the negative connotations to

these terms. If the world “customer” is objectionable, one can substitute it with “user”.

Price of Conformance (POC)

In ensuring that requirements of the output of a process are met each time, cost is
involved. Such cost may be the establishment of procedures, training, education,
purchase of appropriate technology, monitoring of processes, maintenance, etc. The cost

devoted to prevention of “non-quality” is called POC.

Price of Nonconformance (PONC)

This is the cost produced by “non-quality”. The industry attributes such costs to scrap,

rework, warranty, redesign, product liability, loss of customer liability, etc.



Quality Control (OC)

Quality control comprises the qualitative or quantitative measurements or tests of
performance of an instrument or program and the determination of adequacy and
acceptability of performance. This includes the set of operations (programming, co-
ordinating). intended to maintain or to improve quality (ISO definition). In other words,
as applied to diagnostic procedures, it covers monitoring, evaluation, and maintenance at
optimum levels of all characteristics of performance that can be defined, measured and

contr_olled.

Quality Assurance (QA)

The application of a service of quality control steps at multiple stages of a procedure to
verify that all aspects of the procedure are of agceptable quality. The ISO definition is —
all those planned and systematic actions necessary to provide adequate confidence that a

structure, system or component will perform satisfactorily in service.

Quality Improvement Processes (QIP)

There are many ways in which quality programs can be pursued. The process involved
are QIP.

Quality Improvement Team (QIT)

A number of teams are formed at different levels staring from the top management within
the framework of TQM. Such teams have specified purposes in planning and

~ implementation.

Total Quality Management (TOM)

Total quality management involves a systematic managerial approach in an organization
based on continuous improvement of all operations, processes, and functions. It is used

interchangeably with CQI in many areas.
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Table 1. Analysis of Causes of poor quality film

(Ref. Rehani, Arunkumar & Berry, Ind J Radiol Imag 2, 259-263, 1992)

Processing
Processing | Poor | Expos- | Poistio- | Patient | Develop- Fixing | Washing | Scratch | Process
quality ure ning | Rotate ment finger | Roller
film | Defect Error | Breath- marks | marker
hold room
light
Manual REL 22 13 9 4 4 17 31 -
100
21% 5% 3% 2% 1% 1% 3% 6% -
Automatic | REL 35 32 26 2 - - - 5
100
14% 5% 4.4% 3.6% 0.3% - - - 0.7%




Table 2. Effect of QC and Work Load

Room* Film Quality Grading
(Films/Day) [gepore QC After QC

B C B C
A (70-100) 26% . | 5% 18% 3%
B (30) 18% 3.6% 13% 2%

*In other rooms, the ‘B’ Grade films = 15-33%
‘C” Grade films = 2-5%

Table 3. Improvement in image quality of film after information supply

Before After
A B C A B C
Total 522 Total 370
No. of films 245 205 72 234 111 25
% of films 469 394 13.7 63.29 30 6.7

A= Accepted, B= Accepted with remarks, C = rejected

10




Table 4. Showing the effect of information supply to radiographer on the setting of

kVp, mAs values (mean + s.d. [%s.d.] of kVp and mAs)

Information supply
Area Before After Ent. Exp.
Radio- E; as %
aphed of E;
kUB N* =157 N= 129
kVp | 70.4246.52 (9.25%) 59.42+3 .49(5.87%) 66%
mAs | 116.40436.10(31.0%) 108.37+1.59(10.69%)
PNS N=71 N=121
kVp | 74.95+7.02(9.36%) 64.03+3.78(5.9%) 65%
mAs | 125.90+29.47(23.4%) 113.68+11.30(9.96%)
(Hand, N=51 N=63
Wrist &
Elbow)
kVp | 48.1316.73(13.98%) 39.33+1.85 (4.7%) 66%
mAs | 5.96+1.24(20.8%) 5.940.65(11.01%)
DL-Spine | N=21 N=30
(AP)
kVp | 73.8614.75(6.43%) 67.95+3.98(5.85%) 80%
mAs | 113.57+12.54(11.0%) 107.6949.73(9.03%)
Hip/ Pelvis | N=18 N=43
kVp
mAs 71.7+4.8(6.7%) 6416.03(9.4%) 72%
100+22.3(22.3%) 90.7+18(20.2%)

N* denotes the no. of observations
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(Ref. Rehani, Arunkumar & Rerry, LRI 2, 259-263, 1992)
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Quality Assurance Tests in Diagnostic Radiclogy
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Implications of error of 5§ mAs on radiation dose

5 mR change per 5 mAs
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Implications of error of § kVp on radiation dose
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70
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Summary of patient surface ertrance dose by hospital and by raom (10

Ref. Rehani, Arunkumar & Berry, LTRI 2,259-

patients per projection)
Hospital | X-ray | Typeof Average | Average | Dose
roont | projection | dose dose after | reduction | Main corredtive
priorto | QC if amy wtions
QC {InGytsd)
(GyEsd)
AHMS | 84 CXR-PA | 0.18:0.04 | 028:0.08 | 26% Regular quality
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CXR-Lal | 0424012 | 036:0.06 | 14% ingliate &
Pavis AP [109:42 | 638:L8 | 41% peslor emmar to
Skull-AP |R0822 | 42625 | 8% B e
Sl Tal [31408 | 219098 | 30% s veune by
iFAP 1324356 | 575204 | 0% e in fidd
1SLat  [248t64 1414515 [43% adustment ete.

263, 1992
Effect of QC and Work Load

Room* Film Quality Grading

(Films/Day) Before QC After QC

B C B c
A(T0-100) 26% 5% 18% 3%
B(30) 18% 3.6% 12% 2%
* In Other Rooms, the ‘B’ Grade Films = 15-33%

‘C’ Grade Films = 2-5%

Traditional QA
*  Focused and took corrective
actions on outlying values
+  TQM/CQI: seeks to act on entire
process
Lack of emphasis on the entire
process results in erratic develo-
pment of QA

Depends more on good system
design, consistent long term
direction, adequate training,
leadership, and follow-up of all
management functions rather
than individual motivation

Tad

€ Quality Planning- process design
to meet customer’s needs

€ Quality Improvements-process of
raising quality of programme

€ Quality control-the process of
evaluations performance,
comparing to goals and acting on
the differences

TN

TQOM = QA + CQI
TQM is a management philosophy
that influences organization's

« Infrastructure

« Polices

+» Protocols




Continuous Guality Improverment (O

“MINDSET” & involvement

amongst all employees on “What can be done
to improve the process”

» Improving the overall quality
. Improvem ent

CQI Techniques accepted by many successful
progressive hospitals

Sutside Regulating Agencies & &Y

JCATIO: Joint Comumission on Accreditation of
Healthcare Organizations
NRC: Nuclear Regulatory Commission
FDA: Food & Drug Administration
They require proof of ongoing QI effort such as NRC
mandated program.
Quality Management Plan (QMP) ¥DA-regulated
Mammography
Quality Standard Act.

FaeaRien

+ In latest JCAHO standards, peer review
is the most important component.

Initial concern and criticism on validity
and fairness of the subjective performance
has resulted in much improvement in

physician interpretation.
Inter-observer variability assessed retro-
spectively by reviewing adequate sample

size of films

[y M Jwan

An organisation would have fewer problems
>< if only the workers did their job well

Tmproving the systemn under which work is
v~ performed can prevent problems

% . Atleast 85% of the problems can be corrected
5

> 1y changing systeml5% problems are under
Rruleof jndividual’s control
Thumb
Monitoring designed to identify opportunities
for process improvement rather than
personnel deficiencies.

Four Reviow
{i3miv. of Wisconsin Hespital Clinle)

ry

Divide the year into 12 monthly reviews. Each month - a
particular organ (Jan - Renal, Feb - Non Thyroid
endocrine, March - Abscess & tumor detection, April -
Equipment QC, May - Lab Tests, June - Cerebral, July -
Thyreid & Therapies, Aug - Transplant procedures,
Sept - Bone, Oct - Ventilation perfusion scans, Non-GI,
Dec - Cardiac)

For each system a physician is assigned to peer review
the months procedures (as per form)

He reviews the indications, technical quality, diagnostic
accuracy, timeliness of dictation and transcription,
availability of final report.

Is there 9 role fov
Aceceptance Tesling

10



Acceplance Testing (Radiological Parameters)

Accepiance Testing (Mechanical Test}

Dats  |Room M. | Mackine [Medd KVp |Timer [mA | Cong |Beam .
Lin, | ruence [Center Date (ReontlNo. |Machine |'FFD Colfinmtor | Tube |Locking
11755 |IGIRCH) |Elpro  |Stalion-60 |[OK |OK [Eﬁ oK |- Opening__ | Rotn. | Fality
T L S LS SN (e TG Lo o™ e W% [10(RCH)  |[BproTat | Frovided |OK T
Super cotlix portable .
195 |3 Slemens |Slvescop- |OK |OK [OK |OK QK 794 |10 Philips Provided |OK OK |CK
s Mobile Wipro Sxenlau: (8) CK QK CK. 196 |39 Stenerrs Provided OK—_£ OK
prowmall b S bred IE:E 96 _| Moh.20008) | Wipro GE 0K - ok
20005 76 | Mbh.QODE) | Wine GE |fNot 2 OK - QK
85 |¥ " 20004 - CE_|OK |OK OK _
P L e o et e T e i {0 |OK |0k
— B
498 [78(1) Fhillpr _{Optimus 80 [OK |OK _|CK |OK [GK 498 |7 Philips Provided |OK (RO NOKD
;n: Zgg})ﬁ - Phllps _{" % gﬁ gjlg gﬁ 598 |81 Philips Provided | OK QK _[OK
1 i Z § 598 | @) Phi ided [OK OK
e e I W |30 |Senm Tbrpm ook oK
Flus 5| #42) Slenens [ Provided {OK OK |OK
493|842y Slemens | SoKINOK) [NOKT [NOE? [ok
Objjeeiives Blafect
Ljaeiives Jectivas
« The staff doses should be optimally brought down * The image quality be optimum
* The accidents have to be eliminated
-] ]
These ehlectives can be mat by [
A.LLM.S (Radiology Dept.)
Control at the stage of manufacturing (type approval
and certification of X-ray units) Annual 1988 1593
Regulatory control for infrastructure and manpower Dose in no.of (Av.
authorization
mSy Dose persons
Acceptance testing at user’s end S
Establishment of routine quality control program mSv)
Personnel monitoring of stafl 0-2 54/64 75175 (0.116mSv)
Written safety instructions with visual display z-5 3/64 (2.93) 0
Periodic monitoring of image quality and patient dose 5-20 3/64 (10.15) 0
Feedback mechanism to staff and corrective actions > 20 4/64 (27) 0

Continuing education
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ALLM.S
Category 1985 (mSy) 1993 (mSv)
average
Cardiologists | 1.7 -2.95 0.25
Radiologists | 0 -0.9 0.17

Radiation Dose to Staff in Radio-diagnosis Dept.

Dose Range Year

msy 1998 1996 1995
0-2 97/98 88/89 92/95
2.1-3 - 1/89 2/95
3.1-5 1/98 - 1/95
5.1-20 - - -

(J Are they minimum-consistent with
quality

(1 Can the dose be reduced further

J Has any effort been made

[ If not, why not to make a beginning

(J Is it possible to achieve dose
reduction without knowing the
doses (lack of dosimetry)

ATTITUDE

* Ignore & Accept

¢+ Call radiographer say
that patient’s illness is
being missed because
of poor film besides
Rs. 50 (say) wasted

+ Reject the film

You shall continue to
get poor quality films

Effective

Paticnt is [ooser for no

fault

ab.&itenent levels

* At department level
+ At hospital level
« At National level

12



 Inputs on G

» Multifunction meter

(kVp, timer check) and
Beam alignment device

» Time for checking
» Staff (additional)

> Greatest Input-

$3000

upto 5 min
nil

Agtitude &

Mindset

Expectations from

¥ Image quality should be improved
» There should be lesser retakes

» Radiation dose should be minimized
» Patient should be satisfied

» Referring clinician’s satisfaction

fuage in mind (not only on 5ilm)

BRSNS EEARE

What is quality

Whatis QA

Whao determines Quality
What are the requirements
Assessment of end product
How to assess end product
Frequency of testing
Handling operator errors
Impact of QA

Quality Management

&1 Is acceptance testing necessary
(4 Meeting the abjectives of QA
M Attitude

¥ Tnputon QA

13



