Improve health care with
control chart
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1.Data and information
2.Data analysis
3.Control Chart

e Understanding variation

® Funnel experiment

® Type of control chart, example




Data Utilization
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Data vs Information

Data : Facts, Observation, Measurements

NN Decision
JATINITHUD H 0
—_— Information - Improvement

Statistic Analysis

Garbage in — Garbage out
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Data Utilization
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«3apzls (What to measure)
10081915 (How to measure)

3. AAszvingnals (How to analyze)




92 3maz 15 (What to measure)

‘Measure what matters to customers
— (Customers
— Internal

— External




92 3maz 15 (What to measure)

«¢*  What domain of quality

Clinical excellence (effectiveness)

Cost reduction

Patient satisfaction
Accreditation requirement
Safety requirement

Accessibility

Timeliness



92 3maz 15 (What to measure)

—— Output / Process indicator

—  AATINTLATENINWUNEIELE)
——  Outcome indicator

—  9a31N15 Re-admission 2a1pi1]28)




1nag4ls (How to measure)

AMNTNYBI2aYA (Data)
— Accurate (@Ne1@4)
— Complefe (axysal ATUAIU)

— (onsistent (ANINLIANT)




Indicator development

1. Indicator identification
1.1. What process are you trying fo improve?
1.2. Who is the primary customer of this process?

1.3. What does the customer value most about the process?

1.4. What domain of quality




What domain of quality

Clinical excellence (effectiveness)
Cost reduction

Patient satisfaction

Accreditation requirement

Safety requirement

Accessibility

Timeliness




Indicator development

1. Indicator identification (cont.)
1.5. What is the name of the indicator?

1. Review literature, what indicator were used?

2. Operational definition

1.6. What department, service or unit will be affected?




Indicator development

2. Data collection plan

—  Who will be responsible?

—  Sources for data?

— How long, how often?

3. Plan for analysis

—  (Control chart, other

— Target, Benchmarking



WATEogals (How to analyze)

Root cause analysis tool
(s7nLre209tlaunn)

Data analysis / display tool
(MsmTzvidaya)




Root cause analysis tool

Cause and effect Diagram (Fishbone)
Flow Chart
Pareto Chart

Scatter Diagram




Cause and effect Diagram (Fishbone)

Huadpsdanaaty lunszuIUNITRRINIADINTN
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WANNENNUS 2R E VR Laziavin (Cause and
problem relationship)




Performance Improvement in Asthma
Care

Sample Cause and Effect Diagram

Causes Contributing to Spirometry Scheduling Problems

CAUSES EFFECT
Only one

Only one facility for Priority Seasonal demand

scheduler referrals for inpatients fluctuations
Lengthy Wait Times

. For Spirometry

Assessment
Appointments

Frequent Limited Limited Two available

équipment public equipment technicians

breakdowns

transportation availability




Flow Chart
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Performance Improvement in Heart
Failure Care

Heart Failure Screening Flowchart
LVF Assessment Process

I/ Screening \|'
\_ Exam /'
Refer to
cardiologist

4

appointment

I

Cardiology exam

Schedule for
ECHO exam

ECHO
appointment

1.0 Days

8.0 Days

2.0 Days

8.0 Days

(Average Data)
Results to ppfnary 7.2 Days
care physician
Ret
o 2.7 Days
appointment

I/ Patient \.
e Gets Rcsults_ ) /'

October 2002

Average Total=22.]1 Days




Pareto Chart
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Pareto Chart on Deficiencies in
Personnel File Audits

. E3 2]
2 3 4

Required Components

Key:

1 = Job Appropriate Credentials
2 = Competency

3 = Health Status

4 = Criminal Background Check




Scatter Diagram
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Scatter Diagram
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Data analysis / Display tools

Histogram

Line graph
Control Chart
Run Chart




Information

——  Information

w2l (Trend)

n1ssUasguuas (Change)

ANNHUWLSaE9EN (Random variations)
sUuvvawnwz (Pattern)
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Histogram

B Lab turn around time
Mean=1.3 hour

30.0
115

15.0

| 1.5
sBliEn.

<05hour 05 Thour 1-1.5hour  152hour  225hour  >75 hour

- Distribution in a process, probable causes of trouble
-Visualize central location, shape and spread of data




Capability index

USL = Upper i (b)
Specification
Limit

Process easily meets Process comfortably
specification limits meets specification limits

LSL = Lower
Specification L5L LSL USL

Limit /\
(c) (d)

o

Frocess only fust meets Frocess does not meet
specification limits. specification limits.

Any shift or spread wili There are many fallures
result in fatlures

USL — LSL
sl o




Line Graph

__________________________________ O

0.08
0.07
0.06
0.05
0.04
0.03
0.02

0.01

¢ SSI rate

- Trend? Change?

- Random variation?

- Specific pattern?

I I

5 10 15 20




Information

——  Information

w2l (Trend)

n1ssUasguuas (Change)

ANNHUWLSaE9EN (Random variations)
sUuvvawnwz (Pattern)

—— wWalszlamilunisvilanmalunisiaiun Anau
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The application of

Statistical Process Control Chart (SPC)
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SSI rate
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AMUFNULLS (Variation)
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SSI rate
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AMUFNULLS (Variation)
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AMUFNULLS (Variation)
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Deming Funnel Experiment

Marble o

Funnel

Apparatus Target paper

with bull’s eye

R







Deming funnel experiment
(drop the marble 1000 times)

°* Rulel
O The funnel remains fixed, aimed at the target.
target is located at the coordinates (0,0).

* Rule 2

© Move the funnel from its previous position a distance equal to
the current error (location of drop), in the opposite direction.

* Rule 3 (Bow Tie Effect)

© Move the funnel to a position that is exactly opposite the
point where the last marble dropped, relative to the target

* Rule 4 (Random Walk)

O Move the funnel to the position where the last marble
dropped




Rule 1 _ _ _
The funnel remains fixed, aimed at the target.

Marble #2
— does not go to
Reposition the bull’'s-eye—
funnel here and it lands here
drop marble #2

o
|
|
|
|
|
|
|

—ADQ_
Marble #1 hits the bull’s-eye then bounces and rolls
to its final resting spot on the target (M,) Marble #1 lands here




Rule 2
Move the funnel from its previous position a
distance equal to the current error (location of
drop), in the opposite direction.

Marble #2
— does not go to
Reposition the bull’'s-eye—
funnel here and it lands here
drop marble #2

o
|
|
|
|
|
|
|
|

—ﬂ_

Marble #1 hits the bull’s-eye then bounces and rolls
to its final resting spot on the target (M,) Marble #1 lands here




Rule 3 (Bow Tie Effect)
Move the funnel to a position that is exactly
opposite the point where the last marble
dropped, relative to the target

Marble #2
— does not go to
Reposition the bull’'s-eye—
funnel here and it lands here
drop marble #2

o
|
|
|
|
|
|
|
|

—ﬂ_

Marble #1 hits the bull’s-eye then bounces and rolls
to its final resting spot on the target (M,) Marble #1 lands here




Rule 4 (Random Walk)
Move the funnel to the position where the last
marble dropped

Marble #2
— does not go to
Reposition the bull’'s-eye—
funnel here and it lands here
drop marble #2

o
|
|
|
|
|
|
|
|

—A

Marble #1 hits the bull’s-eye then bounces and rolls
to its final resting spot on the target (M,) Marble #1 lands here




Dont Move Funnel
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2: Move Relative to Last Position
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3: Move Relative to Zero/Zero
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4: Place over last position
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Deming Funnel Experiment — Rule 1
Funnel Remains Fixed




‘Deming Funnel Experiment — Rule 2
Funnel Moved the Distance of the Current
Error in the Opposite Direction

] ] |




Deming Funnel Experiment — Rule 3
Bow Tie Effect




Deming Funnel Experiment — Rule 4
Random Walk




Rule 2,3
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Walter Shewhart
Statistical process control chart

THE CONCEPTS OF COMMON AND SPECIAL CAUSES OF
VARIATION CAN BE USED TO HELP MINIMIZE THESE
AND OTHER LOSSES RESULTING FROM
MISINTERPRETATION OF VARIATION.




A graphical display of data over time that
can differentiate common cause variation
from special cause variation

Walter Shewhart 1920
Assignable and unassignable variation

Edward Deming
Common and Special causes




Common and special

cause variation
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Common causes (auvaiiulsnfide
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Special causes (auwnaniailsnaide
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I\/Iy trlp to work

Upper process limit

m Mean
Lower process limit

Ly

Consecutive trips




Stable process (szuuatos)
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Stable process (szuuiatias)
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Unstable process
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It consists of three lines and points
plotted on a graph.

A control chart is constructed by
obtaining measurements a some
qguality characteristic of the process




UCL
A +3 sigma
B +2 sigma
C +1 sigma

CL
C —1 sigma
B —2 sigma
A —3 sigma

LCL




Juvenwanruaumga(Upper control limit = UCL)
wazea(Lower control limit = LCL)
auaalaan
UCL = u+3sigma
LUL = u-3sigma

anyuzuewNuglaIuauiednelAiduve VAR IUANAFILAZ AN

Sytvufivsndlussuuades Tifteasnnuiusu
qu(Common cause variation)




UCL
A +3 sigma
B +2 sigma
C +1 sigma

CL
C —1 sigma
B —2 sigma
A —3 sigma

LCL




Detecting Special Cause

Test 1. One point beyond Zone A

X




Test 2. Nine points in a row in
Zone C or beyond

UCL




Test 3. Six points in a row steadily
increasing or decreasing

UCL

X

A
{B
C
C
B

LCLl—--—-




Test 4. Fourteen points in a row
alternating up and down

ucL - -




Test 5. Two out of three points in
a row in Zone A or beyond




Test 6. Four out of five points in
a row in Zone B or beyond

UCL AL-—-._-‘_-X ——————
~ jhm
% lc_\/
C . . .
A




Test 7. Fifteen points in a row in
Zone C (above and below
centerline)




Test 8. Eight points in a-row on
both sides of centerline
with none in Zones C




Test # 1. A single data
point that exceeds the
upper or lower control
limit.

Test #2: Eight or more
consecutive data points
that fall in Zone C or
beyond.

Test #3: A trend exists
when there is a
constantly increasing or
decreasing series of 6
data points.

Test 1. One point beyond Zone A

UcCL

3

LCL

Test 2. Nine points in a row in
Zone C or beyond

UcCL

b

Test 3. Six points in a row steadily
increasing or decrea sing

ucCL

X




Test 5. Two out of three points i

'est #5 TWO out Of & vow in Zéne xA or Beyond
three consecutive
data points that fall in
Zone A or beyond.

Test #6: Four out of Test 6. four owt of Cive polnts in
flve consecutive data

points that fall in
Zone B or beyond.
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Proportion

0.075 4

0.070 4

0.065 -

0.060 -

0.055 |

0.050 4

0.045 -

P Chart of SSI

A

— L

e

UCL=0.07073

P=0.05890

LCL=0.04702




Control limits set at 3 sigma instead of 2
sigma, Why??

Balance between two types of risks
Type | error (false positive)
Type Il error (false negative)




Normal distribution Iin stable
process

99.73% of all plotted data
are expected to fall within
3SD of the mean

95% of the values lie
within 2SD of the mean

A 2SD chart, type | error
(false positive) rate for each
plotted value would be
about 5% compared with
0.27% for a 3SD chatrt.




e . 0.2973 a

(very llkely) :

I

1

I

I

:
e3an minus Mean plus
3 stancarc 2 standard
deviations deviations

0.00135

V

00125
un key)

NMean
Clinical or Administrative Value of Interest




A control chart with 25 points

»3SD control limits has overall false positive

probability of 1-(0.9973)2°=6.5%

»2SD limits would produce overall false
positive probability of 1-(0.95)2>=27.7%!




Some situations

An additional pair of lines called warning
limits sometimes are plotted at two sigma
above and below the center line in order to

provide earlier but less definite warnings of
possible problems

Greater sensitivity but lower specificity




3 Action zone
-------------------------------- = Upper contro! limit

Upper warning limit

1
:
2
§
b

Lower warning limit

Lower control limit




»3SD false
positive
probability of
6.5%

»2SD false
positive
probability of
27.7%!

P Chart of SSI

| Lt [ |uc—oomos

P=0.05890

Proportion

N e T e NNy Y LCL=0.04702
1 3 S 7 =] 11 13 15 17 19 21
Sample

Tests performed with unequal sample sizes

P Chart of SSI

+25L=0.06682

P=0.05890

Proportion

w -25L=0.05098
1 3 5 7 9 11 13 15 17
Sample

Tests performed with unequal sample sizes




Average CABG protocol before and after implementation of new protocol

Percent mortality

Was the improvement
due to the intervention?

Intervention begins
in January '99




Percent

9.0

8-0 =) ; : g : : g ¥ X i g

'Decreaseq mortality was not due ;

to the new protocol, which may have
7.0 : ~ had a negative effect. :
60~

1998 Avg. = 5%
9.0+ G0
= : —{ Median
4.0 gk 1999 Avg. = 4%
~ Intervention begins = e

30- in Jamlary 99
2.0+ —e-
1.0 -

R R T s S e | xhl. T |7
Jan'98 Mar May Jul Sep Nov Jan’'99 Mar May Jul Sep Nov
Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec

Month




One of the most common difficulties that
practitioners have in using SPC Is determining
which type of control chart they should construct.

nart type to use in any particular situation Is
on identifying which type of data is most
oriate.




Type of data.

Count data
p-Chart
u-Chart

c-Chart

g-Chart

Measurement data (Continuous
data)

| or XmR chart
X-bar and S-Chart




Us1NN2DI2DNA

 Count data: Nominal scale (3ne51n @)

— i e (718, Bel), AnsRaLe
(8, lud), Hnnzunsnaau (§,
13i5), Waasy (s, Laisg), waMRI (normal,
abnormal)




UsLNN2D92DN A
——  (ontinuous data

— Ratio scale : have true ‘zero’

2 szauuaaluLaan (FBS), se
Inasnluiann, g, a1 lgans

— Interval Scale: without true ‘zero’

— 12U TEAUANNIANNINY, AZULUY
AINNLUIN, BN




Choose appropriate variables/measurements
Running record, time order sequence

Calculate the mean

Calculate upper and lower process limits




Type of data

Measurement (variable) data
Requires a measurement scale, e.g.
time, money, length, height,
temperature, volume of workload.

v

v

Count (attribute) data
Data are counted, not
measured on a scale.

l

l

Each subgroup has
more than one
observation. The
control limits of the
X-chart are derived
from the standard
deviation of the
subgroup.

Each subgroup is
composed of a
single observation.
The control limits of
the X-chart are
based on the
moving range.

v

Subgroup
size >1

l

X-Bar and
S-chart

Y

Nonconformities
(defects) are counted:
1,2, 3, 4, etc.

\

Nonconforming units
(“defectives”) are
counted, e.g. yes/no,
pass/fail, either/or

v

Can only count
nonconformities, not
conformities, e.qg. errors,
complications, falls,
needle sticks per
subgroup. Numerator
can be greater
than denominator.

An entire unit either
meets or fails to meet
criteria. Numerator
can’t possibly be greater
than the denominator,
e.g. mortalities,
C-sections, etc.

'

'

:

Subgroup Equal area of Unequal area Unequal
size = 1 opportunity of opportunity or equal
l l l subgroup size
I-chart (also
C-chart U-chart %
known as e <l Fchan
XMR chart




Count Data (p- chart)

Probability When appropriate Example

Distribution to use

P-Chart binomial eNonconforming eFraction of

units surgeries that
eFraction of develop a surgical
dichotomous site infection
cases sFraction of

*The numerator Patients

is a subset of the readmitted
denominator




P-chart.
Most easily understood
Most often used control chart.

Count data of nonconforming units,
for example, mortalities or Falls.

Based on Binomial distribution




Figure 4b: Binomial




p-Charts

The centerline and control limits for p-charts are as follows:

total number of nonconforming items
total number of items in study

UCL, =5+3,/£(1_n‘_‘.’_) and

— o |p(1-D)
LCL, =p-3|———

p=

where n is subgroup size,

D is the average proportion of nonconforming items, and
UCL and LCL are the upper and lower control limits.
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0.075 4

0.065 -

0.060 -

P=0.058%90

Proportion

0.055 -

0.050 -
LCL=0.04702

0.045 -

1 3 S 7 = 11 13 15 17 19 21
Sample

Tests performed with unequal sample sizes




P Chart of SSI

1 I ]

UCL=0.07375

Proportion

_\_I_Ll_'l_,

AL

P=0.056

I
LCL=0.04739

11
Sample

Tests performed with unequal sample sizes




Rate of endophthalmitis

I I I I I
2002 2003
Bimonthly periods

Tests performed with unequal sample sizes

I
2004

UCL=0.00777




Reduction of Endophthalmitis Rate after
Cataract Surgery with Preoperative
5% Povidone-lodine

Adisak Trinavarat® La-ongsri Atchaneeyasakul?
Cherdchai Nopmaneejumruslers® Kantima Inson®

aDepartment of Ophthalmology, ® Ambulatory Medicine and ®Eye Surgery Unit, Faculty of Medicine,
Siriraj Hospital, Mahidol University, Bangkok, Thailand

Surgery and Other Invasive Manipulations

Dermatology 2006;212(suppl 1):35-40
DOI: 10.1159/000089197




Count Data (U chart)

Type of Probability When appropriate Example
Control Distribution to use
chart

U- binomial *Nonconformities Number of central
Chart Unit line infections per

-count all defects 1000 line-days

*The numerator can *Numberof
theoretically be ventilator associated

reater than the pneumoni_as Per
genominator 1000 ventilator days

*Rate of event can
be more than one
event per patient or
sampling unit




Figure 4c: Poisson




control chart. ;L-Values are calculated with f'orm{xla

where c is the number of nonconformities in the subgroup, and
n is the number of inspection units present in the subgroup.

u-Chart control limits are calculated in the same manner as those for
c-charts but are adjusted for n, the number of inspection units in the subgroup

total number of nonconformities
total number of inspection units

u=

UCL, = u+3,/%
n

LCL, = a~3\/§‘-
n

n = the number of inspection units from which the nonconformities were
found.




U-Chart: VAP per 1000 Ventilator day

U Chart of VAP : /1,000 vent.-days (2183711a015)
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U Chart of UTI

ﬁw_ﬁ UCL=0.01871

Sample Count Per Unit

LCL=0.00383

Sample

Tests performed with unequal sample sizes




Count Data (C-chart)

Type of Probability When Example
Control Distribution appropriate

chart to use

C binomial  Assumes Number of central

(Plot constant line infections
sample opportunity «Number of MRSA

rate) or sampling «Number of needle

each time

period




C-chart

C-chart Is an alternative to the U-chart for
counts of nonconformities where there I1s an
equal or virtually equal area of opportunity

plot the actual count of nonconformities (for
example, the total number of MRSA, needle
stick) for each time period."




The c-chart control limit formulas follow:

total number of nonconformities

“~ total number of inspection units

UCL, =¢+3Ve

LCL =¢-3J¢




C-Chart: MRSA In vascular unit
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FIGURE 4. Methicillin-resistant Staphylococcus aureus (MRSA) control chart
showing the monthly acquisition rate in a vascular unit. The chart was used
in the decision-making process not to close the unit in November 1999. UCL
= upper control limit; UWL = upper warning limit; CL = center line; LCL =
lower control limit.




Count Data (g-chart)

Type of Probability When Example
Control Distribution appropriate
chart to use
G-Chart  geometric Number of Number of
(Plot cases or surgeries between
count amount of Infections
between time between <Number days

occurrences. between adverse

(rare events) ~ drug events
Number days
between needle
sticks

events)




Figure 4d: Geometric




R= Number of cases between event
Number of cases with event

Then the UCL can be calculated as follows:

UCL =R + 3 [R(L+R)]°>







g-Chart: Surgical site infection
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Type of Data

_______________________________________________ O

Figure 4a: Normal




Measurement data (X-bar and S-Chart)

Probability When Example

Distribution appropriate

to use

Xbar and Normal «Continuous Length of patient
Schart  (Gaussian) measurements  walits

(Bell shape) *Procedure
(Plot durations
sample Subgroup *Timing of

size >1 perioperative
mean and antibiotics
standard
deviation)




X-bar and S-chart

Measurement data (Normal distribution)

Each subgroup has more than one
observation

"X-bar" = "average" (Mean)

"S" = "standard deviation."




X-bar and S-chart

. 2(xi - X) s - &
n -t k
UMD X chart s chart
iunan, CL X 5
Lﬁumammﬂmuqumﬁw, LCL X - AS -5
iduvpuuaAIuANAIgY, UCL X + AS S




AT
. | J - . J - -

nfﬂtlﬂﬂ ' AEaBdIMTLduTaL {TAAILAL AR A AdunaN

n
Al A | A | B | 88| 8| o| ol o) o | ¢ || d)]id

2 2121 | 1880 | 26508 | 0.000 | 3267 | 0000 | 2606 | 0.000 | 3686 | 0000 | 3267 | 0.7879 | 1.2633 | 1.128 | 0.8865
3 1732 | 1023 | 1953 | 0000 | 2568 | 0.000 | 2276 | D.000 | 4358 | D000 | 2574 | O.B862 | 1.1284 | 1693 | 0.5907
4 1.500 1« 0.729 | 1628 | 0000 | 2286 | 0.030 | 2088 { D.0Q0 | 4668 | 0.000 | 2282 | 0.5213 1 0854 | 2058 [ 0.4857
g 1.342 | 0577 | 1.427 | 0000 | 2039 | 0.0 | 1984 | D.000 | 4918 | 0.000 | 2114 | 0.8400 | 10638 | 2326 | 0.429¢
6 1,226 | 0.483 | 1.287 | 0.030 | 1970 | 0.029 | 1874 | 0.00C | 5078 | 0000 | 2004 | 0.9515 | 10510 | 2534 | 0.3946
7 1134 | 0419 | 1182 | 0116 | 1.882 | 0113 | 1806 | 0.204 | 5204 | 0076 | 1.824 | 0.9594 | 10423 | 2704 | 0.3538
8 1.061 | 0373 | 1.099 [ G185 | 1.815 | 0472 | 1751 | 0.388 | 5306 | 0.136 | 1.864 | 0.9680 | 1.0383 | 2.847 | 0.3512
9 1000 | 0337 | 1032 | 0239 | 1.781 | 0232 | 1707 | 0547 | 5393 | 0.184 | 1816 | 09633 | 10317 | 2870 |, 0.3367
10 0.949 | 0308 | 0.975 | 0284 | 1.716 | 0278 | 1869 | 0687 | 5469 | 0222 | 1777 | 09727 | 1.0261 | 3.078 | 0.3249
n 0905 | 0285 | 0927 | 032y | 1679 [ 0313 | 1837 | Q811 | 5536 | 0268 | 1.744 § 09754 | 10252 | 3173 | 03182
12 0866 | 0266 | D885 | 0354  1.646 | 0348 | 1610 | 0922 | 5594 | 0283 | 1717 | 08776 | 10229 | 3.253 | 0.3089
13 0.832 | 0242 | 0850 | 0382 | 1.618 [ G374 | 1885 | 1025 | 5647 | 0307 | 1.693 | 09794 | 10210 | 3.336 | 0.2608
14 0.802 | 0235 | 0.817 | 0406 | 1.584 | 0365 | 15685 | 1,118 | 5698 | 0328 | 1672 | 0.9810 | 10194 | 3.407 | 0.2035
15 0.775 | 0223 | 0789 | 0428 | 1572 | 0421 | 1544 | 1203 | 5747 | 0347 | 1653 | 0.9823 | 1.0160 | 3.472 | 0.2880
16 0.780 | 0212 § 0.783 | D448 | 1552 | 0.440 | 1.526 | 1,282 | 5.782 [ 0.363 | 1637 | 08835 | 1.0768 | 3.532 | 0.2821
17 0.728 | 0203 | 0.739 | D466 | 1534 | 0458 | 1.511 | 1,356 | 5820 | Q378 | 1622 | 0.3845 | 10157 | 3.588 | 0.2787
8 0.707 | 0.194 | 0.718 | D482 | 1518 | 0475 | 1485 | 1.424 | 5886 [ 0391 | 16808 | 09854 | 1.0148 | 3.840 | 0.2747
19 0688 | 0187 | 0698 | D437 | 1502 | 0490 | 1483 | 1487 | 5881 | 0403 | 1.597 | 0.8862 | 1.0140 [ 3689 | 0.2717
20 0671 | 0180 | 06BD | 0510 [ 1490 | 0504 | 1470 | 1.579 | 5821 | 0415 | 1,585 | 09889 [ 10133 | 6735 | 0.2677
ra 0855 | D173 | 0663 | 0523 [ 1477 | 0518 | 1459 | 1605 | 5851 | 0425 | 1.575 | 08876 | 1.0126 | 3.778 | 0.2647
22 0840 | 0187 | 0647 | 0534 [ 1466 | 0528 | 1448 | 1659 | 5979 | 0434 | 15566 | 09882 | 10119 | 3.819 | 02618
23 0626 | 0162 | 0633 | 0545 [ 1455 | 0532 | 1438 | 1.710 | 5006 | 0448 | 1657 | 09887 | 10114 | 3.858 | 0.2592
24 0612 | D157 | 0812 | 0555 | 1445 | 0548 | 1429 | 1.758 | 6031 | 0451 | 1548 | 09882 | 1.0109 | 3.895 | 0.2567
25 0600 | 0153 | 0608 | 0.565 | 1435 | 0553 | 1420 | 18068 | 8056 } 0.459 | 1.541 | 02836 | 1.0105 | 3.931 | 02544

Source | ASTM, Philade!phia, PA, USA




Day| 1 |2 (3|4 (5|6 |7 |8|9]|10]11]|12|13|14|15|16|17|18|19|20 |21 |22 |23
Test1| 86 | 90 |101| 76 [102| 81 | 75 |92 | 93 [109| 70 | 80 [ 85 | 69 [106| 89 |85 |95 |72 |95 |75 | 60 | 77
Test2 |73 |82 |74 |71 |76|82|50|65|71(92|84|79|63|71[/93|95[101/89|60|84|97]|110|55
Test3| 75| 95| 89 [105/115| 55|95 |93 |82 |76 | 67 | 58 (110|112 82 | 73 |68 | 88 | 97 | 61 [115] 56 | 99
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Figure 2.7 CBC turnaround time from lab to ED (X-bar and S-chart), using a sample of three
tests each day for 23 consecutive weekdays.




If “S” chart is out of control, find special
causes and re-collect data. x-bar chart is
invalid If “S” chart Is out of control.

If “S” chart is In control and x-bar chart Is
out of control, find special cause and
recollect data.




f both “S™ and x-bar charts are in control,
process Is in control and calculations may
De used as predictions for the future and to

iIdentify changes in the process that put it out
of control.




Measurement data (I or XmR Chart)

Type of Probability When Example
Control Distribution appropriate
| Chart or Normal «Continuous  eLength of patient
XmMR (Gaussian) measurements walits
chart Subgroup or  *Procedure

data point, iIs  durations
composed of @ «Timing of

single perioperative
observation antibiotics




Measurement data

Subgroup or data point, is composed
of a single observation

"Individual values and moving range
(miidunaoui ) chart "




|-chart or XmR chart
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|l-chart or XmR chart

The center line and upper and lower control limits for a control chart for individuals

are
o wmF_wr
UCL—x+3d2 —x+31'128
CL=% (16-19)
_ wr__  _mr
LeL=x S T T T

and for a control chart for moving ranges

UCL = Djir = 3.267mr
CL = mr
LCL = Djmr = 0
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Average days delay per month

Figure 4. Average days delay per month between positive mammogram and biopsy.
Process is stable and predictable at 24.5 days.




Table 1 Surgeon specific mortality rates following colorectal cancer surgery

Surgeon No of cases No (%) died Case mix adjusted HR
A 98 16 (16) 1.10
B 66 8(12) 1.03
C 58 ?(16) 087
D D 7 (13) 1.09
E 52 15 (29) 1.09
F 46 5(11) 086
G 38 3 (8) 086
H 37 11 (30) 1.61
| 36 5(14) 021
J 34 7 (21) 1.05
K 32 4(13) 0.59
L 21 2(10) 097
M 21 3(14) 079

HR, hazard ratio.
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Measurement data are more powerful for
detecting special causes than charts for
Attribute data; that the X-Bar and S-chart is
more powerful than the I-chart

U-charts or C-chart is more powerful than
the P-chart.

Try to collect data in such a way that they
will be able to use the better chart




HOW MANY SUBGROUPS ARE REQUIRED FOR A
CONTROL CHART?

A control chart should have about 20 to 25
data subgroups

< 20 subgroups, there Is increased danger
of missing special causes (Type-Il error).

> 35-40 subgroups there Is increasing
danger of finding special causes due to
chance (Type-I error).




U Chart of UTI

ﬁw_ﬁ UCL=0.01871

Sample Count Per Unit

LCL=0.00383

Sample

Tests performed with unequal sample sizes




P and U-Chart

Sample size > 4/average percentage (pBar or uBar)

Sample size >1/average percentage (pBar or uBar)

C- Chart

cBar >4

cBar >1




Example: u-Chart

VAP ( per ventilator day)
Sample size per subgroup should be
At least sample size =1/average percentage (uBar)

If your hospital average VAP=8/1000 ventilator day=0.008
Sample size (ventilator day) per subgroup

=1/0.008
= 125 ventilator days

Appropriate =4/average percentage (u-Bar) = 4/0.008
= 500 ventilator days




U Chart of UTI

ﬁw_ﬁ UCL=0.01871

Sample Count Per Unit

LCL=0.00383

Sample

Tests performed with unequal sample sizes




* Example: p-Chart

Endophthalmitis rate ( per case)
Sample size per subgroup should be
O At least sample size =1/average percentage( p-Bar)
o |f your hospital average endophthalmitis rate =2/1000
Sample size (cases) per subgroup =1/0.002= 500 Cases
O Appropriate sample size =4/average percentage

= 4/0.002
= 2,000 Cases




Type of data

Measurement (variable) data
Requires a measurement scale, e.g.
time, money, length, height,
temperature, volume of workload.

v

v

Count (attribute) data
Data are counted, not
measured on a scale.

l

l

Each subgroup has
more than one
observation. The
control limits of the
X-chart are derived
from the standard
deviation of the
subgroup.

Each subgroup is
composed of a
single observation.
The control limits of
the X-chart are
based on the
moving range.

v

Subgroup
size >1

l

X-Bar and
S-chart

Y

Nonconformities
(defects) are counted:
1,2, 3, 4, etc.

\

Nonconforming units
(“defectives”) are
counted, e.g. yes/no,
pass/fail, either/or

v

Can only count
nonconformities, not
conformities, e.qg. errors,
complications, falls,
needle sticks per
subgroup. Numerator
can be greater
than denominator.

An entire unit either
meets or fails to meet
criteria. Numerator
can’t possibly be greater
than the denominator,
e.g. mortalities,
C-sections, etc.

'

'

:

Subgroup Equal area of Unequal area Unequal
size = 1 opportunity of opportunity or equal
l l l subgroup size
I-chart (also
C-chart U-chart %
known as e <l Fchan
XMR chart




Rational ordering
Rational subgrouping




Mean = 20.2

Goal = 19%
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Variation that indicates
good or bad performance

Variation that results
from common or
special causes

Outcomes of the process

Focus : Causes of variation in the process
(product or service)
: Classify outcomes as . : :
Aim b Provide a basis for action on the process
acceptable or not

. What the customer . .

Basis What the process is actually delivering
wants or needs
Specifications, budgets,
Methods forecasts, numerical goals, other tools for Control charts

judging performance
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[Workers] will likely meet the targets—even if they
have fo destroy the enterprise to do it.

—W. Edwards Deming




Summary

O




A way of thinking

Measurement for improvement, not judgement

Better way for making decisions
Evidence based management

Easy, sustainable




Evaluate and improve underlying process

Recognize variation

Prove/disprove assumptions and (mis)conceptions
Help drive improvement

Use data to make predictions and help planning
Reduce data overload




What is the reason for special cause?
Should a common process be improved?
What should | do to improve the process?

BUT

Ignoring a special cause will guarantee that it
will occur again.

Every special cause is not negative or
undesirable.




If uncontrolled variation
identify special causes (may be good or bad)
process is unstable
variation is extrinsic to process
cause should be identified and “treated”

If controlled variation
reduce variation, improve outcome
process is stable
variation is inherent to process
therefore, process must be changed




JCAHO

Joint Commission on Accreditation of
Healthcare Organization lémwualilsaneiuia
fazriunszuumssusesgaunmn deadimssh Control

Chart Tunnnszuaums




® Figure 8. Typical path of frustration.

Quality improves by
removal of special
causes

Stabilized

Continued
improvement

i1s expected

but will not happen

Proportion of items found
faulty at final audit

2 3
Time (Years)

Used with permission of W. Edwards Deming.
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Reacting to the problem:

Run with the hose and put out the fire
|' |:| r:. '_‘,-‘l
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General improvement orientation:
nstall more fire hoses to get to the fires quickly
and reduce their mpact

y ~ oy
l. I '\4' 4 - /70 "




Systematic evaluation and improvement:

Evaluate which locations are most susceptible to fire

Install heat sensors and sprinklers in those locations
(30-45%)




Learning and strategic improvement:
Install systemwide heat sensors and a sprinkier system
that Is activated by the heat preceding fires.
(50-65%)

171




Organizational analysis and innovation:

Use fireproof and fire-retardant materials.
Replace combustible hquids with water-

based liquids
with prevention the primary approach for prot
e I 8
(7C

Sensors and spnnklers become the secondary line of protection
| 00%)

ect

1on




Where are we now?
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Reacting to the problem:
Run with the hose and put out the fire
(0-5%)

General improvement orientation:
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Learning and strategic improvement:
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stem

Organizational analysis and innovation:
Use fireproof and fire-retardant materials

Replace combustible liquids with water-

ors and sprinklers become the secon
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(70-100%)
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