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Fatigue
• Extended shifts, night shift work and rotating 

shift work are common in the intensive care 
unit 

• Fatigue impacts 
• cognition and performance 

• health and safety of healthcare workers

• patient safety
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Harrington, J.M. (2001). Health effects of shift work and extended hours of work. Occup Environ Med, 58, 68-72
Barger, L.K., et al (2006). Impact of extended-duration shifts on medical errors, adverse events and attentional failures. PLoS Medicine, 3(12), 2440-2448 
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Level 1 SA PERCEPTION 

Information not observed, 
misperception of information

Level 2 SA COMPREHENSION 
Assessment of current state 
impaired 

Level 3 SA PROJECTION 

Failure of level 1 and 2 SA cascades 
affects assessment of future state 
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Situation Awareness (SA)

Is there an association between fatigue and SA ?
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Fatigue Risk Management System (FRMS) 

• Fatigue Risk Recognition and Assessment

• Identify risk groups

• Timing of fatigue /shifts at increased risk- (likelihood)

• Impact of fatigue (consequences)

• Fatigue Risk Management (Intervention)

• Monitoring effectiveness of FRMS ( Pre versus Post intervention)
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Are there any changes to fatigue and SA following implementation of FRMS?
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Objectives
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Objectives
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Study Design 

• Institutional Review Board approval

• Naturalistic field setting 

• Time Series (before and after intervention) - Phased approach  

• Surgical Intensive Care Unit Nurses doing rotating shift work

• Informed consent 

• Briefing of study protocol
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Methods 
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Baseline

Before intervention

After intervention 

Intervention 
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Phase 1 studies: Baseline Assessments  

A. Work Roster Analysis ( Australian Medical 
Association Fatigue Risk Assessment Tool) 

B. Fatigue Survey (Questionnaire) 

C. Identification of  safety critical task for SA 
measurement ( via Task Analysis = 
Administration of medication)
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Phase 2 and 4: Before and after intervention 

• Data collection

• Study protocol is same for Phase 2 
Pre FRMS and Phase 4 Post FRMS
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Pre FRMS Post FRMS FRMS
(INTERVENTION) 

Consent 
Issue SDL & AWT

Day 1 Day 7

Day 1 – Briefing on the study protocol and consent ; issue sleep and duty log (SDL), Actiwatch (AWT)
Day 7 – Collect SDL and Actiwatch
Actiwatch to be used for entire study period

Test battery to be done start and end of shift 

Collect 
SDL & AWT

AWT everyday

Test battery
Start and End of shift 

Consent 
Issue SDL & AWT

Day 1 Day 7

Collect 
SDL & AWT

AWT everyday

Test battery
Start and End of shift 

Study Protocol : Phase 2 and 4
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Test battery
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Phase 2 and 4: Assessment Tools
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Phase 2 and 4: Assessment Tools
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Phase 2 and 4: Assessment Tools
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Situation Awareness Rating Technique (SART)

measures Subjective SA

SART probes
Demands on attention 
Supply of attention 
Understanding of situation
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Actigraphy is a method used to study sleep-wake patterns by assessing wrist movements

Actiwatch
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Normal Sleep Sleep pattern in shift work

Phase 2 and 4: Assessment Tools
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Data points

• The following scores were compared for each 
person 
• SP Checklist ( start and end of shift)

• KSS  ( start and end of shift)

• RT ( start and end of shift)

• SART ( start and end of shift)

• Sleep Duration and Naps 
• Actiwatch data versus Sleep log 
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Intra shift score trending and comparison

Inter shift score trending and comparison

Pre and Post FRMS score comparison 

Rotating Shift workers 

s

E s

E

s

E

morning

afternoon

night
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Statistical Analysis 

ANOVA to compare dependant variables for the three groups of shift 
patterns (fatigue scores, sleepiness scores, SA scores and RT)

Paired t tests to further explore the differences
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Phase 3: FRMS interventions on SICU Work Roster  

• Participatory design with focus groups

• Multimodal interventions

• Work Roster interventions
• Limit night shifts to no more than 2 per week 

• Eliminate or minimise Afternoon Morning shift

• Increase frequency of rest breaks from 1 to 2 or more

• Rest opportunity of at least 1 day after 5 days of continuous work

• Adopt forward shift rotation 

• Predictable work roster ( at least 48 hour notification of  roster change as far 
as practicable )
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Phase 3: FRMS interventions at SICU  

• Work Environment interventions 
• Identification of workplace nap zones

• Sleep environment modification (lighting, noise)

• Nap duration up to 45 minutes for night shift nurses 

• Fatigue management training 
• Sleep physiology 

• Fatigue recognition 

• Personal Coping strategies – sleep hygiene and other behavioural 
measures   
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Australian Medical Association Fatigue Risk Assessment Matrix and risk 
scores calculated for each individual based on 7 day duty roster
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Duty Rosters analysed

75 %

Types  of shift work 
arrangements 
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Variability in rosters 

100 %

Worked >2 nights / 
week 

65.5 %

At risk shift patterns 

Consecutive nights 

Afternoon followed 
by morning shift  

Results: Phase 1 Preliminary Studies-Work roster analysis
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Results: Phase 1 Preliminary Studies-Work roster analysis

• Average working hours over a 7-day period : 43.5 hours 

• Fatigue risk score for rosters increased with every consecutive night 
shift 

• Major contributors to fatigue risk were 
• Number of night shifts in 7 days 

• Duration of rest opportunity in between shifts 

• Number of breaks during shift 

• Nature of shift rotation 

• Unpredictable changes to roster
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Results: Phase 1 Preliminary Studies- Fatigue Survey
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Response rate 

73.7 %

Never or rarely woke up feeling 
refreshed 

25%

Responded Yes to error due to 
fatigue

28 %

Average sleep duration 

(work day)

6.1 hours 

Average sleep duration 

(rest day) 

7. 4  hours 
55% difficulty staying awake 

during work hours (particularly night 
and morning shift)

“I have made a serious medication error during my night shift around 3-4 am. I read doctor’s description wrongly and 
administered the wrong dosage. I think it's mostly due to fatigue.”
84% indicated that they had not had any prior education about shiftwork and personal strategies for management of 
fatigue at workplace 
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Participant profile for Phases 2, 3 and 4

• Gender Profile : 100% women

• Age Profile : Average age 26.7 years (Range 21- 48 years)

• Pre FRMS (n=36) ; FRMS ( n=34) and Post FRMS ( n=28)

• Participant attrition between Pre and Post FRMS (n=8) – 6 long 
leave/resigned , 2 withdrew as not keen to continue 
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Fatigue Scores 
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Sleepiness Scores 
KAROLINSKA SLEEPINESS SCALE
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Response Time on 5 min Vigilance task
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SART Scores 
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H1 Category Fatigue SA

SP KSS RT

Pre-FRMS Start 3.45 3.79 344.86 22.68

Pre-FRMS End 4.83 5.49 386.11 22.03

Post-FRMS Start 2.93 3.51 368.54 23.74

Post-FRMS End 4.2 4.94 395.70 23.52
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Phase 2 and 4: Fatigue and SA 
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Limitations 
- Limitations of the tools used for fatigue and SA measurement 

- Limited duration of observation 

- Naturalistic field setting, limitation in controlling for confounding 
variables 

- Objective SA tools could not be applied in a field setting

- Lack of baseline data under optimal sleeping conditions

- Effectiveness of individual FRMS interventions were not possible to 
analyse 
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Conclusion 

• Association between fatigue and SA 
• Results suggest that when fatigue ↑, SA ↓

• Role of FRMS 
• Results show ↓ fatigue and ↑ SA with implementation of FRMS

• In SICU nurses, FRMS decreases fatigue and improves Situation 
Awareness
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A. Work Roster Analysis 

• 7 day work roster for all SICU nurses 

• Australian Medical Association (AMA) 
National Code of Practice – Hours of 
work, shift work and rostering for 
hospital doctors  

• SICU roster codes based on shift start 
and end times
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S. No Risk factor  Low (1 point) Significant (2 
points) 

High (3 points) 

1 Hours worked  <50 hours 50 - 70 hours >70 hours 

2 Shift length  All shifts ≤10 hours Any 1 shift up to 14 
hours 

Any 2 shift ≥14 hours 

3 Scheduled shift 
hours  

As per scheduled 
shift hours  

Any 1 shift longer 
than scheduled , 
but < 24 hours 

Any shift longer than 
scheduled , but ≥ 24 
hours 

4 Breaks  ≥ 3 1 - 2 0 

5 Overtime  0 -10 hours >10 hours >20 hours 

6 On call (days) 0-2 days  3-6 days  7 days 

7 Night shift  0 -1 2 ≥3 

8 Rest 
opportunity in 
between shifts  

Minimum 10 hours 
break and ≥ 2 days 
free of work 

Minimum 10 hours 
break and 1 day 
free of work 

< 10 hours break on 
at least 2 work 
periods and no full 
day  free of work 

9 Shift rotation Forward rotation and 
predictable cycle 

Forward rotation 
and changed cycle 

No stable direction 
or speed of rotation 

10 Roster changes  No changes without 
notice 

Changes to roster 
but schedule 
predictable 

Changes to roster , 
unpredictable 
schedule 

11 Max sleep 
opportunity  

≥2 full nights ≥1 night of sleep < 1 night of sleep  

 Total points  11 22 33 
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SA in Health care 

• Level 1 – Perception – nurse taking note of patients vital signs 

• Level 2 – Comprehension – nurse understanding the status of the 
patient based on signs and symptoms 

• Level 3 – Projection – anticipate progress based on significance of 
current state
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Opportunities for future work

• Enhanced duration of observation

• SA assessment using objective methods (may require laboratory 
setting to introduce SA probes)

• Having baseline data for optimal sleeping conditions 

• Studying effectiveness of each FRMS intervention individually (rather 
than the holistic assessment in this study) 

• Future work can build on this research
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Pre FRMS 
Mean Sleep Duration 

Morning Afternoon Night 

Subjective (Sleep Log ) 8h 7h 44m 5h 43m

Objective  (Actiwatch) 9h 1m 8h 18m 5h 54m

Post FRMS 
Mean Sleep Duration 

Morning Afternoon Night 

Subjective (Sleep Log ) 8h 5m 7h 21m 5h 43m

Objective  (Actiwatch) 9h 1min 8h 30m 5h 48m

Phase 2 and 4: Sleep Duration 

Sleep Duration 
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Research questions

• Is there an association between fatigue and SA ?

• Does fatigue impact situation awareness before and after the 
implementation of a Fatigue Risk Management System?
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Objectives

Primary

• To study the relationship between 
fatigue and situation awareness in 
rotating shift workers 

• To customise and evaluate fatigue risk 
management system (FRMS)

Secondary 

• To assess if fatigue varies within a shift 

• To assess if SA varies within a shift 

• To assess if fatigue varies between shift 
(rotating shift work) 

• To assess if SA varies between shifts 
(rotating shift work)

• To assess if there is difference in subjective 
and objective sleep duration data
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Phase 3: Results & Discussion 
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C. Identification of Task for SA Analysis 

• Review of nurses tasks in SICU

• Task selection criteria : 
• Common task in all shifts for all nurses 

• Safety critical task 

• Task relies on cognitive presence

• Task is part of routine work

• Task analysis : Administration of medication

• SA Probe development for Situation Awareness assessment 
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