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Purpose

The objective of this study was to measure cycle time,

labor costs and medication errors after implementation

of a bar-coded medication management system on a

nursing unit located in a large academic medical center.

Methods

Using a lean six sigma approach, 13 GRASP medication

administration interventions were modeled on a

computer using simulation software.  A “smart group” 

then built a revised computer model after

implementation of bar-coded medication administration.

The models were then run and compared for significant

differences.

Results

The computational model predicted there was not a

significant difference in cycle time or nursing labor

costs after implementation of bar-coded medication

management at the P<.05 level. The model did predict a

50% reduction in medication errors.   Follow up

measurement at one year validated the accuracy of the

predicted results from the model.  

Conclusions:

 Grasp data provides an 
accurate and convenient 
method for simulation based 
lean six sigma projects.

 Benefits include predicting 
cycle time, productivity and 
costs after implementation of 
new technology and changes 
to nursing workflow.

Model developed by the

University of Minnesota

School of Nursing
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What is a Computational Model?

A computational model is a 

simulation of a process on a

computer.

We simulated the medication

administration process before

and after bar-coded medication

administration using GRASP 

data in a Lean Six Sigma 

project on a nursing unit.

This allowed us to determine

the impact on nurses time, cost

and medical errors before 

having to actually implement 

the new system!



Define the Opportunity

Primary Research Question

 Is there a significant difference 
in nursing hours, cycle time for 
medication administration and 
cost after implementation of 
BCMA?



Define the Opportunity

Secondary Research Question

 Is there a significant 

difference between actual 

and predicted nursing hours, 

cycle time, and cost using 

GRASP PCH’s and 

smartgroups.
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Define Phase
What are the Critical to Quality 

Indicators (CTQ’s) we are most interested in? 

CTQ Indicators

 Med. errors/GRASP 
intervention 

 Cycle time per intervention

 Productivity (Total nursing 
labor hours per intervention

 Total cost per intervention

Metrics

 50% – 70% improvement

 < to paper-based process

 < to paper-based process

 < to paper-based process



Measure the Current State;
What are the PCH’s for current interventions?

GRASP Interventions Minutes

• Oral medications (supp, topical, gtts) 6-10 trips 23.29 

• Meds with Special considerations- 2.20  

• High Risk Meds- Hep/Insulin/PCA 2.20 

• IM/SQ Injections (PRN) 1-3 trips to room/ 24hrs 12.94 

• IM/SQ Injections (PRN) >3 trips to room /24hrs 32.35 

• IVPB/IV saline lock/ IVpush meds 1-5 trips/ 24 hrs 19.41 

• IVPB /IV saline lock/IV push meds 6-10 trips/24hrs 51.76 

• IVPB/IV saline lock/IV push meds >10 trips/ 24 hrs 77.65 

• IV 1 line includes IV starts/q2h checks/tubing  29.41 

• Med Infusion/ mult peripheral IV's/ central line 25.88 

• Pain Pump, Nerve Blocking 49.18 

• Patient Controlled Analgesia/Epidural 19.41 

• Parenteral nutrition/ TPN/ Lipids 22.65

file:///D:/PPFlowCharts.ppt


Analyze Phase
How long does each GRASP medication intervention

take per trip?

Oral Meds Meds with High Risk IM/SQ IM/SQ

Inputs 6 -10 per day Special Considerations Meds 1-3 Trips >3 Trips

Total Days (24 hour periods) 2/1/2007 12/15/2007 317                   317                                         317             317           317          

Hours 7,608                7,608                                      7,608          7,608        7,608       

Minutes 456,480            456,480                                  456,480      456,480    456,480   

Patients 1,555                1371 1434 965 1197

Patients per Day 5                       4                                             5                 3               4              

Frequency per day 6                       1                                             1                 2               5              

Adjusted time (GRASP) 23.3 2.20                                        2.20            12.94        32.35       

Time per patient per trip (seconds) 233 132 132 388.2 388.2

Hours between patients 4.89                  5.55                                        5.31            7.88          6.36         

Minutes between patients 293.56              332.95                                    318             473           381          

Data Collection Period

There are a total of 317 days between 2/1/2007 and 12/15/2007.  During that period 

1,555 patients received an  "Oral Med 6-10 times per day".  That is an average of 5 

patients per day that received an oral med 6-10 times per day.  A schedule of 6 times 

per day is once every 4 hours.  Therefore every 4 hours 5 patients should receive 

medications.  So the total time for one patient 6 times per day is 23.29 (GRASP 

adjusted time).  So 23.29 minutes/6times per day =  3.89 minutes or 233 seconds per 

trip.



Analyze Phase
How do we code the inter-arrival times of each 

GRASP intervention into a computational model?

Law, A. & Kelton, W. (2000).  Simulation Modeling and Analysis.

Boston. McGraw Hill

Prompt Entry

Name Input schedule for "Oral meds 6 to 10 trips"

Entity Type GRASP Intervention

Type 5 trips every 4 hours

Schedule Name Schedule for "Oral meds 6 to 10 trips"

Entities per Arrival One

Max Arrivals Infinite



GRASP Interventions 
What percent of total time is assigned 

to each step in a medication trip?

trips
oral meds 6 to 10
Input schedule for

time
dose _ route and

patient _ med
01 Verify correct

10 trips
medications 6 to
02 Prepare oral

6 to 10 trips
oral medications
03 Administer

6 to 10 trips
Oral Medication
04 Document

0      0      0      0      0

100% Total Adjusted 

Time/Trip

(233 seconds)

20% 30% 35% 15%



Analyze Phase
What percent of total time is

assigned to all steps in all medication trips ?
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l o c k  IVPB 6  to

e q u ip  IV s a l i n e
2 9  Di s p o s e

6  to  1 0  tri p s
s a l i n e  l o c k  IVPB
3 0  Do c u m e n t IV

g re a te r
Sa l i n e  IVBP 1 0  o r
In p u t Sc h e d u le  IV

tri p s
g re a te r th a n  1 0
fo r IV SL  IVPB

3 1  Ga th e r e q u ip

th a n  1 0  trip s
IVPB g re a te r

ri g h ts  fo r IV SL
3 2  Ve ri fy  5

th a n  1 0  trip s
IVPB g re a te r

3 3  Ad m in  IV SL

tri p s
g re a te r th a n  1 0

e q u ip  IV SL  IVPB
3 4  Di s p o s e

th a n  1 0  trip s
SL  IVPB g re a te r
3 5  Do c u m e n t IV

c h e c k s
Q 2  h r IV l in e

c h e c k s
3 6  Q 2  h r l i n e

l i n e  c h a n g e
M u l ti p e ri p h e ra l  IV

In p u t fo r

IVs
m u l i p e ri p h e ra l

d ru g  d o s a g e  fo r
3 7  Ca lc u la te d

IVs
m u l ti p e ri p h e ra l

3 8  Ti tra te

m u ti p e rh e ra l  IV
a n d  tu b in g

3 9  Ch a n g e  b a g

IVs
m u l ti p e ri p h e ra l

4 0  Tro u b le s h o o t

IV
m u i ti p e ri p h e ra l
4 1  Do c u m e n t

b lo c k
p u m p  n e rv e

In p u t fo r p a in

p u m p
b lo c k  p a in

4 2  Cle a r n e rv e

p a in  p u m p
n e rv e  b l o c k
4 3  As s e s s

p u m p
b lo c k  p a in

4 4  Re fi l l  n e rv e

FS
c o u n t POC a n d
M AR n a rc o ti c

4 5  Do c u m e n t in

a m b u la ti o n
p u m p  fo r

b l o c k  p a in
4 6  Tu rn  o f n e rv e

p u m p
b lo c k  p a in

e d u c a ti o n  n e rv e
4 7  Pro v id e  p t

Ep id u ra l
In p u t PCA

PCA Ep id u ra l
4 8  Cle a r Pu m p

PCA Ep id u ra l
e v e ry  4  h o u rs

4 9  As s e s s

Ep i
Co u n t FS PCA
M AR POC Na rc
5 1  Do c u m e n t

Ep id u ra l
c a s s e tte  PCA
5 0  En te r n e w

Control and 
Response Variables
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Medication Error?
Tr ue

False

Erro rs
M e d i c a ti o n
5 2  Co s t o f

0

0

0

T NOW

12:00:00
T NOW

February 1, 2005

     0      0      0      0

     0      0      0      0

0      0      0      0      0      0

0      0      0      0      0

0
     0      0      0      0

0
     0      0      0      0      0

0
     0      0      0      0      0

0
     0      0      0      0      0

0
     0

0
     0      0      0      0      0

0      0      0      0      0      0      0

0      0      0      0     0

0      

0

 0

Cost/Med Error
   0



Improve Phase
What are the steps in the new bar coded medication process?

trips
oral meds 6 to 10
Input schedule for

time
dose _ route and

patient _ med
01 Verify correct

10 trips
medications 6 to
02 Prepare oral

to 10 trips
Oral Medication 6

04 Document

10 trips
medications 6 to

03 MAK oral

0      0      0      0      0

Eliminate EliminateCombine



Improve Phase
What are the steps in the new bar coded medication process?

Tips for Administering Medications in MAK

1) Take meds and the scanner from pyxis to patient's room

2) Connect your scanner to the computer by scanning on the barcode on the bluetooth

modem

3) Sign on to MAK- Logon ID-(pcis user ID), password(your personal password) and 

then scan your badge or enter your 6 digit employee ID number

4) Select your patient

5) Highlight the medication to be scanned

6) Scan the medication

7) Confirm correct medication -the line will turn green

8) Scan all medications

9) Click on the ID patient button and scan the barcode on the patient's wristband to 

confirm correct patient

10) Enter any vitals or other info required on the Admin List

11) Click on the Chart button to sign the MAR

12) Log off and disconnect the scanner by scanning on the disconnect bar code on the 

monitor



Improve Phase
How do we revise the current computational

model to fit the new BCMA model?

tri ps
ora l  m eds  6  to  10
Inpu t s c hedu le  fo r

Dis pos e 1

c ons era ti ons
m eds  wi th  s pec ia l
Inpu t s c hedu le  fo r

Current Medication Management Process

and tim e
dos e  _  rou te

pa tien t _  m ed
01  Veri fy  c o rrec t

to  10  trips
m ed ic a tions  6
02  Prepare  o ra l

6  to  10  tri ps
Ora l  M ed ic a tion

04  Doc um en t

c ons idera tion
s pec ia l  m ed

s upp l ies
05  Gather

m ed
tas k s  s pec ia l
adm in i s tra ti on

m ed
06  Perfo rm  p re

c ons idera tions
s pec ia l

m eds  wi th
08  Doc um en t

m ed ic a tions
h igh  ris k

Inpu t s c hedu le  fo r

and M AR
c hec k  the  o rde r
09  Two  nu rs es

m ed ic a tions
ris k

s upp l ies  h igh
10  Gather

proc edures
adm in i s tra ti on
11  Perfo rm  p re

o f HR m eds
adm in i s tra ti on
13  Doc um en t

IM  SQ 1  to  3  M eds
Inpu t s c hedu le  fo r

tim e
dos e  rou te  and

pa tien t m ed
14  Veri fy  c o rrec t

3  trips
SQ in jec ti on  1  to

15  Prepare  IM

to  3  trips
SQ m ed ic a ti on  1
17  Doc um en t IM

grea ter
IM  SQ 3  m eds  or

Inpu t s c hedu le  fo r

rou te  and  tim e
pa tien t dos e

18  Veri fy  c o rrec t

tri ps  o r g rea ter
SQ in jec ti on  3
19  Prepare  IM

grea ter
SQ 3  tri ps  o r

21  Doc um en t IM

tri ps
IV Pus h  1  to  5

Inpu t s c hedu le  fo r

pus h  1  to  5  trips
equ ipm en t fo r IV

22  Gather

IV pus h
rou te  and  tim e
pa tien t dos e

23  Veri fy  c o rrec t

pus h  1  to  5  trips
equ ipm en t IV
25  Dis pos e o f

pus h  1  to  5  trips
26  Doc um en t IV

to  10  trips
s a l ine  loc k  IVPB 6
Inpu t s c hedu le  IV

10  trips
loc k  IVPB 6  to
fo r IV s a l i ne

26  Gather equ ip

10  trips
s a l ine  IVPB 6  to

righ ts  fo r IV
27  Veri fy  5

10  trips
loc k  IVPB 6  to

equ ip  IV s a l ine
29  Dis pos e

6 to  10  tri ps
s a l ine  loc k  IVPB
30  Doc um en t IV

grea ter
Sa l ine  IVBP 10  or
Inpu t Sc hedu le  IV

tri ps
grea ter than  10
fo r IV SL IVPB

31  Gather equ ip

than  10  trips
IVPB grea ter

righ ts  fo r IV SL
32  Veri fy  5

tri ps
grea ter than  10

equ ip  IV SL IVPB
34  Dis pos e

than  10  trips
SL  IVPB g rea te r
35  Doc um en t IV

c hec k s
Q 2  h r IV l ine

c hec k s
36  Q 2  h r l ine

l ine  c hange
M ul tipe riphe ra l  IV

Inpu t fo r

IVs
m ul i pe riphe ra l

d rug  dos age  fo r
37  Ca lc u la ted

IVs
m ul tipe riphe ra l

38  Ti tra te

IVs
m ul tipe riphe ra l

40  Troub les hoot

IV
m ui tipe riphe ra l
41  Doc um en t

pum p nerv e  b loc k
Inpu t fo r pa in

pum p
bloc k  pa in

42  Clea r nerv e

pa in  pum p
nerv e  b loc k
43  As s es s

FS
c oun t POC and
M AR na rc o ti c

45  Doc um en t i n

am bu la tion
pum p fo r

b loc k  pa in
46  Turn  o f nerv e

pum p
bloc k  pa in

educ ation  nerv e
47  Prov ide  p t

Inpu t PCA Ep idura l
PCA Ep idu ra l

48  Clea r Pum p

PCA Ep idu ra l
ev ery  4  hou rs

49  As s es s

Ep i
Coun t FS PCA
M AR POC Narc
51  Doc um en t

Control and 
Response Variables
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m ed ic a tions
ris k

12  M AK h igh

c ons ider
s pec ia l  m ed
tube  fo r NG

07  M AK fl us h

tri ps
in jec tion  1  to  3
16  M AK IM  SQ

or g rea ter
in jec tion  3  trips
20  M AK IM  SQ

pro toc o l
1  to  5  trips  per

24  M AK IV Pus h

6 to  10  tri ps
s a l ine  loc k  IVPB

28  M AK IV

than  10  trips
IVPB grea ter

33  M AK IV SL

m utipe rhe ra l  IV
bag and tub ing
39  M AK Change

pa in  pum p
nerv e  b loc k
44  M AK re fi l l

PCA Ep idu ra l
new c as s ette
50  M AK Ente r

to  10  trips
m ed ic a tions  6

03  M AK o ra l

Medication E rror?
Tr ue

False

Errors
M ed ic a tion
52  Cos t o f

0

0

0

12:00:00

TNOW

12:00:00
T NOW

February 1, 2005

     0      0      0      0

     0      0      0      0

0      0      0      0      0      0

0      0      0      0      0

0
     0      0      0      0

0
     0      0      0      0      0

0
     0      0      0      0      0

0
     0      0      0      0      0

0
     0

0
     0      0      0      0      0

0      0      0      0      0      0      0

0      0      0      0     0

0      

0

     0

Cost/Med Error
  0

Shows changes

in time and labor

costs after BCMA



Improve Phase
We now run the models and compare medication 

administration before and after implementation of BCMA.

1 0  tri p s
fo r o ra l  m e d s  6  to

In p u t s c h e d u le

Di s p o s e  1

c o n s e ra ti o n s
s p e c ia l

fo r m e d s  wi th
In p u t s c h e d u le

Current Medication Management Process

ro u te  a n d  tim e
_  m e d  d o s e  _
c o rre c t p a ti e n t

0 1  Ve ri fy

to  1 0  tri p s
m e d i c a ti o n s  6
0 2  Pre p a re  o ra l

to  1 0  tri p s
m e d i c a ti o n s  6

o ra l
0 3  Ad m in is te r

6  to  1 0  tri p s
Ora l  M e d i c a ti o n

0 4  Do c u m e n t

c o n s id e ra ti o n
s p e c ia l  m e d

s u p p l ie s
0 5  Ga th e r

m e d
ta s k s  s p e c ia l
a d m in i s tra ti o n

m e d
0 6  Pe rfo rm  p re

c o n s id e r
s p e c ia l  m e d

fl u s h  tu b e  fo r NG
0 7  Ad m in  a n d

c o n s id e ra ti o n s
s p e c ia l

m e d s  wi th
0 8  Do c u m e n t

m e d i c a ti o n s
fo r h i g h  ri s k

In p u t s c h e d u le

a n d  M AR
c h e c k  th e  o rd e r
0 9  Two  n u rs e s

m e d i c a ti o n s
ri s k

s u p p l ie s  h i g h
1 0  Ga th e r

p ro c e d u re s
a d m in i s tra ti o n
1 1  Pe rfo rm  p re

m e d i c a ti o n s
h ig h  ris k

1 2  Ad m in is te r

o f HR m e d s
a d m in i s tra ti o n
1 3  Do c u m e n t

M e d s
fo r IM  SQ 1  to  3
In p u t s c h e d u le

tim e
d o s e  ro u te  a n d

p a ti e n t m e d
1 4  Ve ri fy  c o rre c t

3  tri p s
SQ i n j e c ti o n  1  to

1 5  Pre p a re  IM

1  to  3  tri p s
IM  SQ i n j e c ti o n
1 6  Ad m in is te r

to  3  trip s
SQ m e d i c a ti o n  1
1 7  Do c u m e n t IM

o r g re a te r
fo r IM  SQ 3  m e d s
In p u t s c h e d u le

ro u te  a n d  tim e
p a ti e n t d o s e

1 8  Ve ri fy  c o rre c t

tri p s  o r g re a te r
SQ i n j e c ti o n  3
1 9  Pre p a re  IM

3  tri p s  o r g re a te r
IM  SQ i n j e c ti o n
2 0  Ad m in is te r

g re a te r
SQ 3  tri p s  o r

2 1  Do c u m e n t IM

tri p s
fo r IV Pu s h  1  to  5
In p u t s c h e d u le

p u s h  1  to  5  tri p s
e q u ip m e n t fo r IV

2 2  Ga th e r

IV p u s h
ro u te  a n d  tim e
p a ti e n t d o s e

2 3  Ve ri fy  c o rre c t

p e r p ro to c o l
Pu s h  1  to  5  tri p s
2 4  Ad m in is te r IV

p u s h  1  to  5  tri p s
e q u ip m e n t IV
2 5  Di s p o s e  o f

p u s h  1  to  5  tri p s
2 6  Do c u m e n t IV

6  to  1 0  tri p s
s a l i n e  l o c k  IVPB

In p u t s c h e d u le  IV

1 0  tri p s
l o c k  IVPB 6  to
fo r IV s a l i n e

2 6  Ga th e r e q u ip

1 0  tri p s
s a l i n e  IVPB 6  to

ri g h ts  fo r IV
2 7  Ve ri fy  5

6  to  1 0  tri p s
s a l i n e  l o c k  IVPB

2 8  Ad m in  IV

1 0  tri p s
l o c k  IVPB 6  to

e q u ip  IV s a l i n e
2 9  Di s p o s e

6  to  1 0  tri p s
s a l i n e  l o c k  IVPB
3 0  Do c u m e n t IV

g re a te r
Sa l i n e  IVBP 1 0  o r
In p u t Sc h e d u le  IV

tri p s
g re a te r th a n  1 0
fo r IV SL  IVPB

3 1  Ga th e r e q u ip

th a n  1 0  trip s
IVPB g re a te r

ri g h ts  fo r IV SL
3 2  Ve ri fy  5

th a n  1 0  trip s
IVPB g re a te r

3 3  Ad m in  IV SL

tri p s
g re a te r th a n  1 0

e q u ip  IV SL  IVPB
3 4  Di s p o s e

th a n  1 0  trip s
SL  IVPB g re a te r
3 5  Do c u m e n t IV

c h e c k s
Q 2  h r IV l in e

c h e c k s
3 6  Q 2  h r l i n e

l i n e  c h a n g e
M u l ti p e ri p h e ra l  IV

In p u t fo r

IVs
m u l i p e ri p h e ra l

d ru g  d o s a g e  fo r
3 7  Ca lc u la te d

IVs
m u l ti p e ri p h e ra l

3 8  Ti tra te

m u ti p e rh e ra l  IV
a n d  tu b in g

3 9  Ch a n g e  b a g

IVs
m u l ti p e ri p h e ra l

4 0  Tro u b le s h o o t

IV
m u i ti p e ri p h e ra l
4 1  Do c u m e n t

b lo c k
p u m p  n e rv e

In p u t fo r p a in

p u m p
b lo c k  p a in

4 2  Cle a r n e rv e

p a in  p u m p
n e rv e  b l o c k
4 3  As s e s s

p u m p
b lo c k  p a in

4 4  Re fi l l  n e rv e

FS
c o u n t POC a n d
M AR n a rc o ti c

4 5  Do c u m e n t in

a m b u la ti o n
p u m p  fo r

b l o c k  p a in
4 6  Tu rn  o f n e rv e

p u m p
b lo c k  p a in

e d u c a ti o n  n e rv e
4 7  Pro v id e  p t

Ep id u ra l
In p u t PCA

PCA Ep id u ra l
4 8  Cle a r Pu m p

PCA Ep id u ra l
e v e ry  4  h o u rs

4 9  As s e s s

Ep i
Co u n t FS PCA
M AR POC Na rc
5 1  Do c u m e n t

Ep id u ra l
c a s s e tte  PCA
5 0  En te r n e w

Control and 
Response Variables
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Medication Error?
Tr ue

False

Erro rs
M e d i c a ti o n
5 2  Co s t o f

0

0

0

T NOW

12:00:00
T NOW

February 1, 2005

     0      0      0      0

     0      0      0      0

0      0      0      0      0      0

0      0      0      0      0

0
     0      0      0      0

0
     0      0      0      0      0

0
     0      0      0      0      0

0
     0      0      0      0      0

0
     0

0
     0      0      0      0      0

0      0      0      0      0      0      0

0      0      0      0     0

0      

0

 0

Cost/Med Error
   0

Before BCMA

tri ps
ora l  m eds  6  to  10
Inpu t s c hedu le  fo r

Dis pos e 1

c ons era ti ons
m eds  wi th  s pec ia l
Inpu t s c hedu le  fo r

Current Medication Management Process

and tim e
dos e  _  rou te

pa tien t _  m ed
01  Veri fy  c o rrec t

to  10  trips
m ed ic a tions  6
02  Prepare  o ra l

6  to  10  tri ps
Ora l  M ed ic a tion

04  Doc um en t

c ons idera tion
s pec ia l  m ed

s upp l ies
05  Gather

m ed
tas k s  s pec ia l
adm in i s tra ti on

m ed
06  Perfo rm  p re

c ons idera tions
s pec ia l

m eds  wi th
08  Doc um en t

m ed ic a tions
h igh  ris k

Inpu t s c hedu le  fo r

and M AR
c hec k  the  o rde r
09  Two  nu rs es

m ed ic a tions
ris k

s upp l ies  h igh
10  Gather

proc edures
adm in i s tra ti on
11  Perfo rm  p re

o f HR m eds
adm in i s tra ti on
13  Doc um en t

IM  SQ 1  to  3  M eds
Inpu t s c hedu le  fo r

tim e
dos e  rou te  and

pa tien t m ed
14  Veri fy  c o rrec t

3  trips
SQ in jec ti on  1  to

15  Prepare  IM

to  3  trips
SQ m ed ic a ti on  1
17  Doc um en t IM

grea ter
IM  SQ 3  m eds  or

Inpu t s c hedu le  fo r

rou te  and  tim e
pa tien t dos e

18  Veri fy  c o rrec t

tri ps  o r g rea ter
SQ in jec ti on  3
19  Prepare  IM

grea ter
SQ 3  tri ps  o r

21  Doc um en t IM

tri ps
IV Pus h  1  to  5

Inpu t s c hedu le  fo r

pus h  1  to  5  trips
equ ipm en t fo r IV

22  Gather

IV pus h
rou te  and  tim e
pa tien t dos e

23  Veri fy  c o rrec t

pus h  1  to  5  trips
equ ipm en t IV
25  Dis pos e o f

pus h  1  to  5  trips
26  Doc um en t IV

to  10  trips
s a l ine  loc k  IVPB 6
Inpu t s c hedu le  IV

10  trips
loc k  IVPB 6  to
fo r IV s a l i ne

26  Gather equ ip

10  trips
s a l ine  IVPB 6  to

righ ts  fo r IV
27  Veri fy  5

10  trips
loc k  IVPB 6  to

equ ip  IV s a l ine
29  Dis pos e

6 to  10  tri ps
s a l ine  loc k  IVPB
30  Doc um en t IV

grea ter
Sa l ine  IVBP 10  or
Inpu t Sc hedu le  IV

tri ps
grea ter than  10
fo r IV SL IVPB

31  Gather equ ip

than  10  trips
IVPB grea ter

righ ts  fo r IV SL
32  Veri fy  5

tri ps
grea ter than  10

equ ip  IV SL IVPB
34  Dis pos e

than  10  trips
SL  IVPB g rea te r
35  Doc um en t IV

c hec k s
Q 2  h r IV l ine

c hec k s
36  Q 2  h r l ine

l ine  c hange
M ul tipe riphe ra l  IV

Inpu t fo r

IVs
m ul i pe riphe ra l

d rug  dos age  fo r
37  Ca lc u la ted

IVs
m ul tipe riphe ra l

38  Ti tra te

IVs
m ul tipe riphe ra l

40  Troub les hoot

IV
m ui tipe riphe ra l
41  Doc um en t

pum p nerv e  b loc k
Inpu t fo r pa in

pum p
bloc k  pa in

42  Clea r nerv e

pa in  pum p
nerv e  b loc k
43  As s es s

FS
c oun t POC and
M AR na rc o ti c

45  Doc um en t i n

am bu la tion
pum p fo r

b loc k  pa in
46  Turn  o f nerv e

pum p
bloc k  pa in

educ ation  nerv e
47  Prov ide  p t

Inpu t PCA Ep idura l
PCA Ep idu ra l

48  Clea r Pum p

PCA Ep idu ra l
ev ery  4  hou rs

49  As s es s

Ep i
Coun t FS PCA
M AR POC Narc
51  Doc um en t

Control and 
Response Variables
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m ed ic a tions
ris k

12  M AK h igh

c ons ider
s pec ia l  m ed
tube  fo r NG

07  M AK fl us h

tri ps
in jec tion  1  to  3
16  M AK IM  SQ

or g rea ter
in jec tion  3  trips
20  M AK IM  SQ

pro toc o l
1  to  5  trips  per

24  M AK IV Pus h

6 to  10  tri ps
s a l ine  loc k  IVPB

28  M AK IV

than  10  trips
IVPB grea ter

33  M AK IV SL

m utipe rhe ra l  IV
bag and tub ing
39  M AK Change

pa in  pum p
nerv e  b loc k
44  M AK re fi l l

PCA Ep idu ra l
new c as s ette
50  M AK Ente r

to  10  trips
m ed ic a tions  6

03  M AK o ra l

Medication E rror?
Tr ue

False

Errors
M ed ic a tion
52  Cos t o f

0

0

0

12:00:00

TNOW

12:00:00
T NOW

February 1, 2005

     0      0      0      0

     0      0      0      0

0      0      0      0      0      0

0      0      0      0      0

0
     0      0      0      0

0
     0      0      0      0      0

0
     0      0      0      0      0

0
     0      0      0      0      0

0
     0

0
     0      0      0      0      0

0      0      0      0      0      0      0

0      0      0      0     0

0      

0

     0

Cost/Med Error
  0

After BCMA

Compare med errors, 

cycle time and cost before

and after BCMA.



Improve Phase
Results: There was not a significant difference 

between predicted cycle time and labor costs 

post implementation of BCMA using GRASP. 

CTQ Indicators

 Cycle time per intervention

 Productivity (Total nursing 

labor hours per intervention

 Total cost per intervention

Significance

 P < .05

 P < .05

 P < .05



Improve Phase
Results predicted a 50% reduction in 

medication errors with no increase in labor costs.

Paper Based System

 Annual trips 45,000

 Med error rate      00.05%

 Total errors         234

 Cost/error           $1,000

 Annual cost   $234,000

Bar Coded Med Admin.

 Total trips 45,000

 Med error rate .025%

 Total errors        124

 Cost/error $1000

 Annual cost $124,000

Cost savings         $110,000

from a 50%

reduction in

medication errors.



Improve Phase
Models allow scenario analysis. For example: 

What is the optimum number of nurses needed 

to minimize medication administration wait time?

GRASP Interventions Wait Time (min)

1 FTE 6 FTE 

• Oral medications (supp, topical, gtts) 6-10 trips 43.5      3.7

• Meds with Special considerations- 26.6        2.1     

• High Risk Meds- Hep/Insulin/PCA 29.4        2.1       

• IM/SQ Injections (PRN) 1-3 trips to room/ 24hrs 51.3        6.5    

• IM/SQ Injections (PRN) >3 trips to room /24hrs 41.0        6.5    

• IVPB/IV saline lock/ IVpush meds 1-5 trips/ 24 hrs 61.5 6.4     

• IVPB /IV saline lock/IV push meds 6-10 trips/24hrs 37.9 6.4 

• IVPB/IV saline lock/IV push meds >10 trips/ 24 hrs 44.8 6.4 

• IV 1 line includes IV starts/q2h checks/tubing  10.5 2.4 

• Med Infusion/ mult peripheral IV's/ central line 93.1 26.0 

• Pain Pump, Nerve Blocking 111.3 24.0

• Patient Controlled Analgesia/Epidural 9.7 57.0 

file:///D:/PPFlowCharts.ppt


Control Phase
Check the Results. At one year the actual results

were validated against the models predicted results.

Actual Results

 BCMA does not take longer 

than the paper-based process.

 Labor costs are not 

significantly different.

 Medication error rates dropped 

by 50%. 

 GRASP data provides an 

accurate metric for simulation 

based lean six sigma projects.

East Jefferson General Hospital Success Story

http://world.casio.com/system/pa/solution/2002jun/pyxis_main.html

