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WHAT IS SIX SIGMA?

 Six sigma is a statistical approach to reduce variations

(defects) in order to “Increase effectiveness”.

e Sigma (o) — Standard Deviation

Six sigma = 99.99967% effectiveness
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More than 50% defect rate <<< sigma will be negative
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LEAN

* Lean is identification and elimination of waste from the process to
“Increase Efficiency” without compromizing on the quality.

 Example: Biomedical waste management




HISTORY OF SIX SIGMA

e TOYOTA MOTORS
 MOTOROLA >>>>> 1986

CEO: Bob Galvin Bill Smith Dr. Mikel Harry
(Father of Six Sigma)

* Dr. Mikel Harry started the first six sigma academy in 1996




General Electric (GE): 1995

He implemented 6 sigma in 5 different sta
D MAIC

D (Define) : Selection of the right problem

M (Measure): Collecting reliable data.

A (Analyze): To analyze Statistically to fine

| (Improve) : strategies to improve the problr@%0: Jack Weich

C (Control): Sustain the improvement.




How DO WE CALCULATE SIGMA METRIC?

TE, — IBiasl

CV
» Bias = Inaccuracy (Difference from reference value or peer group)

Sigma =

» CV (coefficient of variation) = Imprecision/ reproducibility

« TE, = Total Allowable Error (or “Tolerance”) required for that analyte. According to CLIA (Clinical Laboratory

| mprovement Amend ment) accurate and precise precise but not accurate
A S
-TEa +TEa
Bias
z , .z R
f_U true true
S value value
q) A r
= accurate but not precise not accurate and not precise
S
-

-6s -55 4s -35 -2s -1s 0s 1s 2s 3s 4s 5s 65 true

value value




L
CLIA '88 PROFICIENCY TESTING LIMITS CLIA '88 PROFICIENCY TESTING LIMITS
ANALYTE CLIA PROFICIENCY LIMIT
ANALYTE CLIA PROFICIENCY LIMIT Alcohol. Blood T 25%
Lactate Dehydrogenase (LDH) + 20% Alanine Aminotransferase (ALT/SGPT) + 20%
LDH Isoenzymes Target value + 30% or (+or -) Albumin =+ 10%
LDH Isoenzvmes 1 Target value + 30% or (+ or -) Alkaline Phqspha@se + 30%
LDH lsoenzvmes 2 < 30% Alpha-1 Antitrypsin Target value + 3 SD
LDH Isoenzvmes 3 < 30% Alpha-Fetoprotein (Tumor Marker) AFP Target value = 3 SD
LDH Isoenzymes 4 + 30% Amyiase z 30%
LDH lsoenzymes 5 % 30% Antinuciear Antibody Target value = 2 dilutions or positive/ negative
- Antistreptolysin O Target value + 2 dilutions or positive/ negative
Lead Target value =+ 10% or + 4 mcg/dL (greater) Anti-Human Immunodeficiency Virus Reactive or nonreactive
Leukocyte Count WBC + 15% Aspartate Aminotrasnferase (AST/SGOT) + 20%
Lithium Target value = 20% or = 0.3 mmol/L (greater) Bilirubin, Total Targel value + 20% or + 0.4 mg/dl (gr )
Magnesium + 25% Calcium, Total Target value = 1.0 mg/dL
NAPA + 25% Carbamazepine + 25%
Partial Thromboplastin Time + 15% Cell identification 80% or greater consensus on identification
pCo2 Target value + B% or + 5 mm Hg (greater) Chiloride + 5%
pH Target value = 0.04 Choleslerol . High Density Lipoprotein + 30%
po2 Target value = 3 SD Cholesterol . Total + 10%
Phenobarbital + 20% Complement C3 Target value + 3 SD
Phenyloin + 255 Complement C3C Target value + 3 SD
Plateiet Count PLT + 25% Corqplement c4 Target value + 3 SD
Polassium Target value = 0.5 mmol/L g::::?e Ty : 32 : ;:6
P”m'done_ ~ + 25% Creatine Kinase CK-MB Target value + 3 SD or presence/ absence
Procainamide (and metaboiite) + 25% Creatining Target value = 15% or = 0.3 mg/dl (greater)
Prothrombin_Time + 15% Digoxin Target value + 20% or + 0.2 ng/ml (greater)
Quinidine + 25% Erythrocyte Count REC + 6%
Rheumatoid Factor Target value = 2 dilutions or positive/ negative Ethosuximide + 20%
Rubella Target value = 2 dilutions or positive/ negative Fibrinogen + 209%
Sodium Tarqet value + 4 mmol/L Free Thyroxine Free T4 Target value = 3 SD
T3 Uptake Target value = 3 SD Gentamicin + 25%
Theophylline + 25% Glucose Target value + 10% or = 6 mg/dl (greater)
Thyroid-stimulating Hormone TSH Target value = 3 SD Hematocrit (Excluding Spun Hematocrits) HCT | + 6%
Thyroxine T4 Total Targel value « 20% or + 1.0 mcg/dL (greater) Hemoglobin Hgb. Total 2 7%
Tobramycin + 25% Hepatitis (HbsAg, anti-HBc, HbeAq) Reactive (positive) or nonreactive (negative)
Total Protein Setum - 10% Human Chorionic Gonadotropin Beta Target value = 3 SD or positive/ negative
Trialvcerides  259% Human Chornonic Gonadotropin  Intact Target value = 3 SD or positive/ negative
____”gyc Human Chorionic Gonadotropin Qualitative Target value = 3 SD or positive/ negative
Triiodothyronine T3 Total Target value + 3 SD Human Chorionic Gonadotropin Total Target value = 3 SD or positive/ negative
Urea Nitrogen Target value + 9% or + 2 mg/dL (greater) IgA Target value = 3 SD
Uric Acid + 17% IgE Target value = 3 SD
Urine/Spinal + 10% _'EIG + 2594
Valproic Acid + 25% | IgM Target value = 3 SD
Target value + 3 SD based on the percentage of Infectious Mononucleotides Target value = 2 dilutions or positive/ negative
White Blood Cell Differential different types of white blood cells inthe samples Iron, Total + 20%




* For Bias,

1.

Individual Deviations:
|Measured Value-True Value |

Average Deviation:
> Individual Deviations

Number of Measurements

Express Bias as a Percentage:

Average Deviation

Bias (%)= True Value

x100

 ForTE,

The Clinical Laboratory Improvement
Amendments of 1988 (CLIA) Guidelines has giver
TEa of 85 analytes as per the criticality of the
analyte.

For CV,
Standard Deviation (SD)

CV = x100

Mean




Method Decision chart OPSpec Chart
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Assessing a single analyte across multiple system

Analytical Sigma metrics: A review of Six Sigma implementation tools for
medical laboratories

Sten Westgard ', Hassan Bayat?, James 0 Westgard'

"Westgard OC, Madison, USA
‘Immunogenetics Research Center, Mazandaran University of Medical Sciences, Sari, Iran

*Comesponding author: westgard@westgard.com

* The method decision chart is a tool used to assess a single analyte
across multiple systems.

* It helps in evaluating the performance of a single analyte across
different testing methods and determining the best method for
testing that analyte.




Assessing multiple tests on one system across Labs

Taheret. al., 2018.
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Allowable Inaccuracy (% Bias)

For Cholesterol,
TEa = 10%, Bias = 3%, CV = 3%
Sigma = (TEa% - Bias %)/ CV%
= (10-3)/3
=7/3=2.33

60

Sigma = (TEa% - Bias %)/ CV%
CV% = (TEa% — Bias %)/ Sigma
Bias% = TEa% - (Sigma *CV%)

So for Bias = 0%,

CV% = TEa%/ Sigma

For CV% =0,

Bias = TEa% - (Sigma*0)=TEa=10

For Sigma=2,CV%=10/2=5
For Sigma =3, CV% =10/3 = 3.33
For Sigma=4,CV%=10/4=2.5
For Sigma=5,CV% =10/5=2

1¢ For Sigma =6, CV% =10/2 =1.66

Allowable Imprecision (%CV)

Vv




NORMALIZED OPSPEC CHART

Allowable Accuracy (%Bias/%TEa)
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LEVEY-JENNINGS CONTROL CHART
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WESTGARD RULES
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EVOLUTION OF SIGMA BASED QC

Original Westgard Rules, (March 1981)
Westgard JO et. al. Clin. Chem. Mar: 27(3); 493-501

H-eparl: Results

Take earrective action

Westgard Sigma Rules, (2014)

Westgard JO, Westgard SA,
Basic Quality Management System, 2014
Wntgard Sigma Rules
2 Lewels of Controls

Hepurt Results

Take corrective action I

60: 50: 40: 30:

Eigm: Scale = (% TEa - %Bias)CV




A. 6-Sigma process should use 1;, N=2

3 Rep ort Results

B. 5-Sigma process should use 15, /2, /R,, N=2

Report Results

e
Na Mo o o
+* * *
1 1 1 H * *
[ 4 - [ ] (] [ ]
: E_‘f’ : = ::13 : Yes T Yes Yes N=41 N=8 &
: -t W : R=1 | R=1
] N=] n N=4 n ] ] [ ]
Lt [ lwi || vl [
Take corrective action Take correctiv
50+ 40: 30: 60: 30:

5igma Scale = (3%TEa - %Bia

B. 5-SiEma process should use 1;, /2, /R, /4, N=4

r Repart Results
Y rF's
Mo Mo o
'!‘ 1_.‘
Yes E Yes Yes E
N=2 * N=2
Jr il Jv Jv R g
Take corrective action
60" 50"

5igma Scale = (%TEa - %Bias)/%CV

Sigma Scale = (%.TEa - %Bias)/%CV




WESTGARD SIGMA RULES WITH RUN SIZE (2018)

Yos ? Yos ? Yes
Ne2 [l Nss || N=6
Rel || Rel || Re1
( Take Corrective Action ]
60 H 50 H 4o “ 30
Run Size: ﬂ Ren Size: " Ren Slze: " Ren Slze:
1000 490 iv Y] L5
patiesd sammplos ﬂ patient nm;*u " patient samplas " palient saampies
i [ I

Sigma Control rule QC frequency
metric
6 13s, n=2 1 per 1000 patients
samples
5 13s/22s/r4s, n=2 1 per 450 patients

samples

4 13s/22s/r4s/41s, n=4 | 1 per 200 patients
samples
3 All “Westgard Rules”, 1 per 45 patients

n=6

samples




MEASUREMENT UNCERTAINTY(MU)

* The International Vocabulary of Metrology (VIM) defines
measurement uncertainty as a "non-negative parameter
characterizing the dispersion of the quantity values being attributed
to a measurand, based on the information used.”

* Measurement uncertainty is often expressed as a Standard Deviation
(SD) or Coefficient of variation (CV).




MEASUREMENT UNCERTAINTY USING
SIGMA MATRIX

* Sigma matrix = (TEa% - bias%)/ CV%
* CV% = (TEa% - bias%)/ Sigma matrix
If want to provide world class quality, Sigma matrix = 6
* CV% = (TEa% - bias%)/ 6
Sigma matrix 4.5 is for providing standard quality
* CV% = (TEa% - bias%)/ 4.5
Example: For Cholesterol, TEa = 10, Bias = 3
* CV% =(10-3)/6=1.166
e CV% =(10-3)/4.5=1.55
In the clinical laboratory, there are some test parameters like Bilirubin, Sodium,
Potassium; where maintaining CV% at very low level is very difficult. For such parameters
SD is targeted.
* SD =(TEa - bias)/ 4.5




IMPACT ON THE LABORATORY

Poor quality:

*More QC measurements and more rules to detect| Mahmood TS et. al. The Application of Six Sigma

Methodology to Improve Service Quality: A Case

any deviation. Study in an Iraqgi Retail Company. 2021 [cited 2024
Jan 15]
*More delay, more repeat, more results.
Sigma DPMO COoPQ
Clinician and patient dissatisfaction. Level (Cost of Poor quality)
. C 1 6,90,000 > 40% of Revenue

*Financial impact.

2 3,08,537 > 40% of Revenue

3 66,807 24 to 40% of Revenue

4 6,210 15 to 25% of Revenue

5 233 5 to 15% of Revenue

6 3.4 < 1% of Revenue




STATUS IN INDIA

Utilization of Lean & Six Sigma quality initiatives in Indian healthcare sector

Gaurav Suman, Conceptualization, Data curation, Methodology, Software, Writing — original draff® and
Deo Raj_Prajapati, Conceptualization, Investigation, Project administration, Resources, Supervision, Validation, Writing —

review & editing®
Kingston Rajiah, Editor

= Author information = Article notes = Copyrnight and License information PMC Disclaimer

(Suman and Prajapati. Utilization of Lean & Six Sigma quality initiatives in Indian healthcare sector. Rajiah K, editor.
PLOS ONE. 2021 Dec 23;16(12):e0261747)

* Nearly 40% of the hospitals surveyed did not apply any quality initiatives, and only 15
hospitals implemented Lean techniques, while 14 hospitals implemented Six Sigma
techniques

* The major reasons for not implementing Lean and Six Sigma initiatives in Indian
healthcare are a lack of knowledge and availability of resources.

* The implementation of Lean and Six Sigma in the Indian healthcare sector can lead to
improved healthcare quality, reduced medical errors, and enhanced patient satisfaction.
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