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What is ICU Capacity “Strain”?

• Supply-demand mismatch:

– ↑ numbers of patients competing for relatively fixed resource 

→ problem will likely only worsen

– ICU care is expensive → unlikely to see simple expansion 

in supply of high-quality ICU care

• Mismatch reality for high-quality ICU care:

– High ICU bed occupancy

– High ICU acuity among admitted patients

– High patient turnover



Conceptual Model



Gabler et al AJRCCM 2013

ICU census on the day of  admission was associated with mortality (adj OR 1.02; 95% CI, 1.00-1.03)



Incremental Effect of ICU Capacity Strain 

(Occupancy) at the Time of ICU Admission on 

Mortality in 9 ICUs across Alberta
Effect Estimate SE p-value OR (95% CI)

Effect of ICU strain on Admission APACHE II

AVAILABLE BEDS ≤ 1 0.53 0.1452 0.0002 -

AVAILABLE BEDS ≤ 2 0.42 0.1217 0.0005 -

AVAILABLE BEDS ≤ 3 0.30 0.1256 0.0174 -

Modeled Effect of Admission APACHE II and Occupancy on Mortality

AVAILABLE BEDS ≤ 1 0.125 0.058 0.032 1.13 (1.01, 1.27)

Admission APACHE II 0.097 0.003 <.0001 1.10 (1.10, 1.11)

AVAILABLE BEDS ≤ 2 0.021 0.051 0.679 1.02 (0.92, 1.13)

Admission APACHE II 0.097 0.003 <.0001 1.10 (1.10, 1.11)

AVAILABLE BEDS ≤ 3 -0.065 0.052 0.216 0.94 (0.85, 1.04)

Admission APACHE II 0.097 0.003 <.0001 1.10 (1.10, 1.11)

Integrated Effect of Occupancy and APACHE II on Mortality

AVAILABLE BEDS ≤ 1 0.177 0.060 0.0016 1.19 (1.06, 1.34)

AVAILABLE BEDS ≤ 2 0.041 0.012 0.0002 1.04 (1.02, 1.07)

AVAILABLE BEDS ≤ 3 0.029 0.012 0.0087 1.03 (1.01, 1.05)

• ≤ 1  available bed at the time of  ICU admission was significantly associated with admission 

APACHE II score; each one unit increase in APACHE II score was associated with increased 

mortality risk by 10.2% (95% CI, 9.5-10.8;  p<0.0001); and the integrated effect was associated 

with a 19.0% increased risk of  ICU death (95 CI, 6.0-34.0). 



Wagner et al Ann Internal Med 2013

↑ Strain translated into reduce duration of  ICU stay and small increased risk of  

ICU readmission



Stelfox et al Arch IM 2012

If  ICU beds are unavailable, care 

processes are impacted



Daud-Gallotti et al PLoS One 2014



Weissman et al JCRC 2015

Retrospective cohort study utilizing Project IMPACT database

n=776,905 evaluable patient-days for VTE prophylaxis (68%)

ICU Capacity Strain measures (census & new admissions) were 

associated with reduced odds of  receiving VTE prophylaxis



What are Health Care Providers’ 

Perceptions of the Contributors to 

Strain on ICU Capacity? 



Kerlin et al AATS 2014

6-month prospective cohort study in 24 bed medical ICU 

Survey of  providers (charge RN + physician) on perception of  strain

Concomitant assessment of  operational and strain measures

226 (89%) surveys (18 nurses; 17 physicians)



Identifying and Evaluating ICU Capacity 
Strain in Alberta

Phase I

Identify 
perceived 

sources and 
impact of ICU 
capacity strain 
on stakeholders

Phase II
Identify 

reportable 
metrics of ICU 
capacity strain 
by analysis of 

currently 
available 
resources

Phase III
Validate results 

of Phase II 
through 

prospective 
patient-level 
and ICU-level 

audit

Phase IV
Develop a 
simulation 
model to 
evaluate 
impact of 
strain and 

strategies to 
mitigate using 

“what if” 
scenarios



Phase I: Stakeholder Engagement

Identify the perceived sources and impact of  

ICU capacity strain on stakeholders

Conduct focus groups with inter-professional HCP, 

decision-makers, and patients/families to identify:

• Participants’ experiences with and perspectives on the factors 

that contribute to strain on ICU capacity

• The impact of  strain on ICU capacity on participants (e.g., 

job satisfaction, absenteeism, burnout)

• The perceived impact of  ICU capacity strain on patient care



Focus Groups - Methodology

• 19 HCP focus groups comprising of  122 participants

• Separated into physician, health care workers, and inter-

professional decision-maker

• 4 tertiary, 4 community, 2 regional hospitals and CCSCN Core 

Committee represented

• Semi-structured, using a standardized interview guide.

• Sessions audio-recorded and then anonymously transcribed.

• Qualitative analysis performed by Workplace Research and 

Evaluation (WRE) (AHS)

• Conventional content analysis using NVivo 10



Stakeholder Focus Groups: 

Participants

Registered 
nurses

41%

Physicians
27%

CCSCN Core 
Committee 19%

Allied health 
13%

n=122

Registered Nurses

Physicians

CCSCN

Allied Health



Stakeholder Focus Groups: 

Participating Centers

Health Care Workers Physicians

• University of  Alberta Hospital

• Royal Alexandra Hospital

• Sturgeon Community Hospital

• South Health Campus

• Peter Lougheed Centre

• Foothills Medical Centre 

• Grande Prairie QEII Hospital 

• Red Deer Regional Hospital 

• SCN Core Committee

• University of  Alberta Hospital

• Royal Alexandra Hospital

• Sturgeon Community Hospital

• Peter Lougheed Centre

• Foothills Medical Centre

• Red Deer Regional Hospital

• Grey Nuns Hospital

• SCN Core Committee



Perceived Contributors to ICU Capacity 

Strain: Core Themes

Patient 
related

Provider 
related

Resource 
related

System 
related



Patient-Related Contributors to Capacity Strain

1. Increases in patient volume, acuity and complexity
- Advanced therapies require increasing amount of time, effort and energy

2. Mismatch between patient/family and HCP expectations 

of support
- Patients/family often have unrealistic expectations around the support 

ICU’s can reasonably provide

3. Inadequate advance care planning and goals of care 

conversations
- Contributes to inappropriate admissions, inefficient resource use

4. Timeliness of end-of-life care discussions/planning
- Communication regarding these issues should occur prior to ICU 

admission



Provider-Related Contributors of Capacity 

Strain

1. Shortage of experienced staff/limited opportunity to 

mentor junior personnel

2.Increased nursing attrition from critical care

– Burnout, older RN cohort, RNs leave ICU for less stressful careers

3.Inadequate staffing

– Low RN to patient ratios, ICU staff pulled to other units, sick staff not 

replaced

4.Constant physician rotation turnover/ variations in care 

plans between physicians

“When I first started, there was no chance that you would get a job in ICU as a new grad. Now we have new grads starting all the time, there’s such a 

high turnover. And with that high turnover, they require so much education. A lot of the older nurses that are needed to give that support, they’re not in 

those jobs anymore...”

“You don’t have the time to sort of be with that person. Like mentoring them and helping them because you’re dealing with your two ward patients that 

need their physio and have to be up in their chair. You’re so busy with these four patients you don’t even have time to go help the nurse that is new and is 

learning.”



Neuraz et al CCM 2015



Resource-Related Contributors of Capacity 

Strain

1. Inadequate ancillary services (i.e., allied health, porters, 

janitorial, support staff etc.)
• Impacts timeliness of care, ability to transfer patients

• More important during after hours (i.e., evenings, weekends, holidays)

2. Bed shortages
• Unnecessary time in ICU waiting for next available ward bed

3. Inadequate/outdated equipment and physical space

“there’s definitely not enough physio happening on the unit. I mean so many studies show that, even if they’re still on the ventilator, if we get them up out of 

the bed,  their times needing that ventilator, needing that bed are going to be greatly reduced. But there’s only two physios for the entire unit, that’s 30 beds”

“It’s amazing, sometimes we have two or three rooms empty and we have patients in emergency and recovery and we are saying ‘can we bring the patient?’ 

and the answer is ‘no, the room is not clean’.”

“Our beds are aging, our equipment’s aging, our transport monitors are...”



System-Related Contributors of Capacity Strain

1. Variation in ICU admission policies and criteria

2. Preferential priority given to other services (i.e., 

emergency department)

3. High ward bed occupancy causing bed block of patients 

ready to discharge ICU (i.e., avoidable bed days)

4. Lack of focus on primary prevention and selected services 

in community (i.e., addictions, mental health)

“There’s lack of  enough care out in the community. [Some people] have been at home for so long unwell, that all of  a sudden they

take a nosedive and it is off  the deep end of  the cliff. If  there were more services somebody could say, ‘You’re really not looking that 

good. You need to go in today and not tomorrow’. Because tomorrow you’re going to end up in ICU, today you might end up just at 

the doctor’s office.”

“Stop this wave of  trying to do more with less.”



What are Health Care Providers’ 

Perceptions of the Impact ICU 

Capacity Strain?



Impact of Capacity Strain on 

Patients/Families

1. Reduced safety of care

• Care decisions based on capacity instead of best practice

2. Reduced quality of care

• Providers too busy to support families emotionally or take care of 

smaller tasks

3. Reduced ability to provide support to families

• Provider’s ability to keep families informed/involved/engaged in care 

impaired when the ICU is strained

“I do think families do see but I think sometimes they don’t say ‘Oh you guys are in trouble today’. But they can feel it…I find that they 

won’t ask questions when they feel that we’re too busy, they pull back and they don’t want to burden us which I think is horrible.”

“When the strain is huge and we’re less able to be at our patient’s bedsides, less likely to get around to weaning and things that need to be 

done but get put off  because they can wait. You’re just not available to take care of  your patients as well as you should on the days that you’re 

super busy.”



Impact of Capacity Strain on Health Care 

System

1. Unnecessary, excessive and inefficient resource/health 

service utilization

• Increased overtime, sick time, staff turnover

• Inappropriate admissions to ICU

• Inappropriate/untimely discharges from ICU

• Lack of resilience to respond to unexpected events

“And how expensive are transfers? We do so many transfers out of  here, how much does that cost?”

“I’ve seen them [paramedics waiting in Emergency with patients], they stand in the hallway by the lab for hours and hours.”

“It doesn’t take long for capacity issues within the ICU to have a ripple effect throughout the rest of  the building. And it really does 

affect our emergency room colleagues as well because if  they’ve got two critical patients, when we have no room, they kind of grind to 

a halt. I think the impact of  us being overborne is actually felt throughout the rest of  the building. Quite substantially.”



Impact of Capacity Strain on Health Care 

Providers

1. Increased/excessive workload

2. Increase in staff sick days, absenteeism, and turnover

3. Moral distress, burnout, reduced job satisfaction

“it’s the exhaustion and sometimes it’s not just physical, it’s mental too. Yes we may be adequately staffed but most of  that is being 

covered by overtime. And that’s the same nurses that are coming back. So you are at work more than you are taking down time for 

yourself  and your family.”

“I love my job. But because I’m so frustrated that I can’t do exactly what I’m supposed to do and what I’m paid and educated to do, 

I think that leads to a lot of  job frustration and then you’re looking at other means and other places to go…”

“As an example, on Thursday and Friday, in those two days I had a total of  20 minutes break. I got home at 9:30 one night and

10:00 the next. We start at 7:30 am.”



Moral Distress  - Emergent Themes

Moral 
Distress

End-of-
Life Care

Team 
Communi

-cation

Non-
Beneficial 
Therapy

Complex 
Patients

Bed 
Capacity 

Strain 



Knowledge Gaps

• Observed/perceived impact of strained ICU 

capacity on care processes by patients/families



Summary

• ICU Capacity strain can adversely impact processes 

of care and patient outcomes

• Health Care Providers perceived strain on ICU 

capacity commonly impacts:

– Patient care delivery, provider well-being and operations of 

the health care system

– Strain may portend risk for moral distress, burnout and 

poor workplace satisfaction

• Additional work is needed to understand the 

perception and impact of strain on patients/families 
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