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Current State

• Anesthesia medication handling is 
complex

• Numerous single point failures
• Reliant on accuracy and vigilance 

• Countermeasures are not 
sustainable

• Labels: focus, standardization, 
no physical prevention 

• Wahr et al: 138 medication safety 
recommendations

Wahr JA et al. Br J of Anaesth 2017;118(1):32-43. 





Countermeasures v. Fragmentation
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Failure Mode and Effects 
Analysis

Pharmacy 
Dispenses drug

Pharmacy deliver 
to provider

or
Provider pick up 

drug

Confirm
Drug identity & 
concentration

Attach syringe to 
patient Administer drug Record drug dose 

& time given
Monitor clinical 

effect
Hand-off to PACU/

ICU providers

DISPENSE ADMINISTER RECORD & MONITOR

Time constraints 
(rushed)

25

Verbal 
confirmation not 

given
25

Lack of 
specification on 
verbal requests

20

Dispensing to 
anesthesia is 

different from rest 
of hospital 

(bolus vs infusion)
15

No verifying with 
pharmacy or 

anesth tech for 
meds delivered to 

OR
15

Different standards 
for preparing drugs 

after hours by 
pharmacy

15

Inconsistent units/
labeling

60

Wrong 
confirmation of 

drug dose (mg/kg)
18

Checking drug 
expiration time/

date
16

Wrong patient 
identity

18

Inappropriate line
18

Unclear/wrong 
route

10

Lack of closed 
loop 

communication
10

Drug repetition
24

Wrong drug timing
24

Wrong 
administration

Route inadequate
24

Administration 
time/duration of 

infusion
16

Drug 
incompatibility

16

Syringe swap
16

Start
infusion

No standard 
process or double 

check
30

Prime tubing

Program infusion 
pump

Record wrong 
dose
24

Drug omission

Lack of record
20

Writing on wrong 
line
16

Not legible
10

Mislabeled times 
on Anesth Record

8

Box/Circle:
No std way of 

recording
15

Drug recorded not 
transferred to 

subsequent pages/
copies

15

Unclear 
abbreviations

15

Inadequate 
monitoring of 

timing
18

Lack of twitch 
monitoring port 

paralytics
6

Lack of F/U labs
48

Packaging 
changes d/t 
back orders

15

Non-std 
communication of 

drugs given
60

Drug timing not 
reported

32

Drug omission
30

Non reporting of 
drug idiosynchrony

24

Choose 
drug

Choose 
dose/Interval

Calculate
dose

Remove 
Drug from box
(or obtain from 

pharmacy)

Read
Drug label

Gather 
supplies

Dilute
or

Reconstitute drug

Label 
syringe

Place
syringe
on cart

PRESCRIBE PREPARE

Allergy not noted 
or missed

60

Inadequate drug 
knowledge 
(formulary 

appropriate scope 
of available drugs)

60

Inadequate 
information & data 

of formulary
60

Wrong indication

Contraindication
40

Duplication
24

Poor 
communication 

regarding 
scheduled meds

12

Drug omission
12

Over-calculation 
leading to dosing 

confusion
25

No resources for 
choosing drug 

doses
10

Lack of standards
10

Weight inaccurate
45

Calculator not 
available

or
Mis-used

12

Lack of updated 
patient weight

18

Lack of order 
placement

15

Difficult to read
15

Not available
10

Cumbersome 
layout

Poor accessibility 
to needles, saline, 

syringe
6

Inaccuracy of 
regional tray

6

Dilution error
60

Non-standard 
dilutions

25

Lack of double 
check for dilutions

25

Additive standards 
not available

15

Label inadequacy
60

Content different 
from label

No Name

Illegible
60

Label saline 
syringe

15

No date
10

No concentration
10

Poor label 
placement

10

No time on 
propofol

10

Diluant
10

Messy
Cat
60

Non-std
Syringe

Size
15

• 5 Steps
• 19 Sub-steps (blue)
• 68 Possible failure modes (yellow) 

Martin et al. Pediatr Anesth 27(6): 571-580, 2017. 





Anesthesia Safety Tools
Left (Medication) Side Right (Machine) Side

No Dose Checking Color-Coded Gases / Lines
No Alarms Diameter and Pin-Index Safety Systems

No Way to Detect Errors Oxygen-Nitrous Coupler

No “Exhaled” Propofol Monitor Gas Monitors and Alarms

Pressure and Flow Sensors and Alarms

Keyed and Colored Vaporizer Fillers

Patient Monitors: SpO2, ETCO2

Flow Meter Assembly Order
Oxygen Pressure Failure Device

Vaporizer Transport Setting
Machine Check

Grigg and Roesler. Anesth Analg 126(1): 346-50, 2018. 



Feedback v. Constraints
• Feedback: requires compliance and 

engagement 
• Constraints: eliminate steps, automate 

processes, physically prevent mistakes

Feedback Constraints

Color-coded syringes Smart pump guardrails

Barcode scanners Standard pharmacy concentrations

Labels Prefilled syringes

Two-provider checks / Checklists Standard layouts

Alarms (Machine examples…)

Grigg and Litman. BJA 121(6):1188-90, 2018. 





Additive Interventions 

• Inspired by reporting systems or RCAs
• The “TSA” problem 
• Layered on top of existing workflows 



Subtractive Interventions

• Adding countermeasures v. 
Subtracting failure points

• Pre-filled syringes eliminates 
Preparation step 

• 6 Sub-steps
• 19 Failure modes

Choose 
drug

Choose 
dose/Interval

Calculate
dose

Remove 
Drug from box
(or obtain from 

pharmacy)

Read
Drug label

Gather 
supplies

Dilute
or

Reconstitute drug

Label 
syringe

Place
syringe
on cart

PRESCRIBE PREPARE

Allergy not noted 
or missed

60

Inadequate drug 
knowledge 
(formulary 

appropriate scope 
of available drugs)

60

Inadequate 
information & data 

of formulary
60

Wrong indication

Contraindication
40

Duplication
24

Poor 
communication 

regarding 
scheduled meds

12

Drug omission
12

Over-calculation 
leading to dosing 

confusion
25

No resources for 
choosing drug 

doses
10

Lack of standards
10

Weight inaccurate
45

Calculator not 
available

or
Mis-used

12

Lack of updated 
patient weight

18

Lack of order 
placement

15

Difficult to read
15

Not available
10

Cumbersome 
layout

Poor accessibility 
to needles, saline, 

syringe
6

Inaccuracy of 
regional tray

6

Dilution error
60

Non-standard 
dilutions

25

Lack of double 
check for dilutions

25

Additive standards 
not available

15

Label inadequacy
60

Content different 
from label

No Name

Illegible
60

Label saline 
syringe

15

No date
10

No concentration
10

Poor label 
placement

10

No time on 
propofol

10

Diluant
10

Messy
Cat
60

Non-std
Syringe

Size
15

Pharmacy 
Dispenses drug

Pharmacy deliver 
to provider

or
Provider pick up 

drug

Confirm
Drug identity & 
concentration

Attach syringe to 
patient Administer drug Record drug dose 

& time given
Monitor clinical 

effect
Hand-off to PACU/

ICU providers

DISPENSE ADMINISTER RECORD & MONITOR

Time constraints 
(rushed)

25

Verbal 
confirmation not 

given
25

Lack of 
specification on 
verbal requests

20

Dispensing to 
anesthesia is 

different from rest 
of hospital 

(bolus vs infusion)
15

No verifying with 
pharmacy or 

anesth tech for 
meds delivered to 

OR
15

Different standards 
for preparing drugs 

after hours by 
pharmacy

15

Inconsistent units/
labeling

60

Wrong 
confirmation of 

drug dose (mg/kg)
18

Checking drug 
expiration time/

date
16

Wrong patient 
identity

18

Inappropriate line
18

Unclear/wrong 
route

10

Lack of closed 
loop 

communication
10

Drug repetition
24

Wrong drug timing
24

Wrong 
administration

Route inadequate
24

Administration 
time/duration of 

infusion
16

Drug 
incompatibility

16

Syringe swap
16

Start
infusion

No standard 
process or double 

check
30

Prime tubing

Program infusion 
pump

Record wrong 
dose
24

Drug omission

Lack of record
20

Writing on wrong 
line
16

Not legible
10

Mislabeled times 
on Anesth Record

8

Box/Circle:
No std way of 

recording
15

Drug recorded not 
transferred to 

subsequent pages/
copies

15

Unclear 
abbreviations

15

Inadequate 
monitoring of 

timing
18

Lack of twitch 
monitoring port 

paralytics
6

Lack of F/U labs
48

Packaging 
changes d/t 
back orders

15

Non-std 
communication of 

drugs given
60

Drug timing not 
reported

32

Drug omission
30

Non reporting of 
drug idiosynchrony

24



Paved With Good Intentions 

• Transplanted ideas  double-check, barcoding
• Solving adjacent problem  automated dispensing carts
• Unsolvable root problem  look-alike vials 
• Overshadowed by others  anti-color-coding, pre-filled syringes

• Why don’t we barcode scan sevoflurane?  



Subtractive Questions
• How to eliminate… 

…vials?
…syringes? 
…labels? 
…mental calculation?
…interoperability issues? 

• How to automate…
…drug selection? 
…concentrations? 
…recording?
…interaction detection?
…? 



• Today: process design 
reduces errors

• Simplify 
• Standardize 
• Constraints 

• Tomorrow: exploit unique 
workflow

• What we do is complex
• How we do it should not be

Constrain to Afford
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