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Abstract
Queuing Models for Long Term Care Wait Time Reduction &
Capacity Optimization: A Nova Scotia Study
By Louisa Hallal
Abstract: As Nova Scotia’s society ages, more personal and health care will be
needed for people who require assistance to function; thus, policymakers face the
challenge of balancing the fiscal burden with the need to ensure that seniors with long
term needs receive proper care. This is a challenge best to be confronted before the wave
of baby boomers begins to draw on long term care programs in few years. As this
happens, demand to access long-term care increases. Also, waiting times escalate and
alternative level of care is crowded, due to insufficient beddings in long-term care
facilities.
Keeping patients waiting too long could result in waiting costs to them; providing
too much service to operate a system with less waiting time involves excessive capacity
costs. However, not providing enough service capacity results in excessive waiting time
and cost. This research presents models that seek to solve the long waiting time challenge
in long term care system in Nova Scotia by finding the optimum capacity allocation.
First, an analysis on data from the Department of Health Wellness is done to observe the
difference in turnover rate and waiting time between different District Health Authorities
in Nova Scotia. Second, using two different approaches, a Markov Chain model is used to
reduce long-term care waiting time in Nova Scotia. Third, focusing on a case of a nursing
home, a M/M/s queuing model is used to optimize the waiting time and resource
allocation combination using scenario analysis, a detailed cost model is provided. The
accuracy and behaviour of the queuing models are tested through simulation models and
our results, comparisons, policy insights, recommendations, and conclusions are
provided.	
  
	
  
	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  June 11, 2015

	
  

i	
  

	
  

Acknowledgement
This thesis would not have been possible without the guidance and the help of
several individuals who in one way or another contributed and extended their valuable
assistance in the preparation and completion of this study.
First and foremost, I would like to acknowledge the patient support, encouragement and
advice I received from my supervisor Dr. Michael Zhang through this research. I am truly
thankful to him for guiding me through the completion of my thesis.
I would like to thank the supervisory committee, Dr. Jenny Chen, Dr. Hai Wang, and Dr.
E. Kevin Kelloway for their valuable comments and suggestions.
I would like to thank Dr. Jiejian Feng for the valuable help and guidance he offered me.
I would like to thank the Nova Scotia’s Department of Health and Wellness (DHW),
special thanks to Sankarsingh, A. Perry for providing the data that allowed me to
undertake this research.
I would like to thank Saint Mary’s University for providing me the opportunity to pursue
the MSc in Applied Science program. I am thankful for the support provided by the other
members of the Sobey School of Business.
I wish to express my gratitude and love to my family. Many thanks to my sister and my
brothers for their understanding patience, through the duration of my studies. Special
thanks to my parents for teaching me the value of higher education; this is something that
I hope to be able to teach to my own children.
Finally, I must express my gratitude to my husband, for his continued support and
encouragement on a daily basis, and for constantly watching over me.
	
  

ii	
  

	
  
	
  

Contents
Abstract i
Acknowledgment ii
Contents iii
List of Tables x
List of Figures xiii
Chapter 1: Introduction ....................................................................................................1
1.1. Introduction & Background ..........................................................................................1
1.2. Motivation .....................................................................................................................8
1.3. Contribution ..................................................................................................................8
1.4. Problem Statement & Objective ...................................................................................9
1.5. Thesis Organisation ....................................................................................................10
Chapter 2: Continuing Care System in Nova Scotia ....................................................11
2.1. Defining Seniors .........................................................................................................11
2.2. Canada’s Senior’s Health Status .................................................................................11
2.3. What is Continuing Care? ...........................................................................................12
2.4. Nova Scotia’s Continuing Care System Review ........................................................13
2.5. Nova Scotia’s Long Term Care System Review ........................................................14
2.5.1. Nursing Homes ...............................................................................................14
2.5.2. Residential Care Facilities ..............................................................................14
2.5.3. Community Based Options.............................................................................14
	
  

iii	
  

	
  
2.6. Home Care and Visiting Nursing Support System .....................................................16
2.6.1. Home Support .................................................................................................16
2.6.2. Visiting Nursing .............................................................................................16
Acute Home Care .....................................................................................................16
Chronic Home Care ..................................................................................................16
Palliative Home Care ................................................................................................17
2.7. Alternative Level of Care Profile ................................................................................18
2.7.1. ALC in Canada ...............................................................................................18
ALC Discharge Destinations in Canada ...................................................................19
2.7.2. ALC in Atlantic Canada .................................................................................20
ALC Seniors’ Health Conditions in Atlantic Canada...............................................20
ALC Discharge Destinations in Atlantic Canada .....................................................21
ALC Costs in Atlantic Canada .................................................................................22
ALC Waiting Time, Length of Stay in Atlantic Canada ..........................................23
2.7.3 ALC Challenge ................................................................................................24
Chapter 3: Queuing Theory ............................................................................................26
3.1. Theoretical Foundation of Queuing Models ...............................................................26
3.1.1. Definitions & Structure ............................................................................................26
3.1.1.1. Queuing Theory & Queues ..........................................................................26
3.1.1.2. Basic Structure.............................................................................................27
3.1.2. Queuing System Characteristics ..............................................................................27
3.1.2.1. Input Source (Population Source) 	
  ...........................................................................	
  28
3.1.2.2. Number of Servers	
  .........................................................................................................	
  28
	
  

iv	
  

	
  
3.1.2.3. Types of Queuing Systems ..........................................................................28
Single Queue – Single Channel – Single Phase System...........................................28
Single Queue – Single Channel – Multiple Phase System	
  ...............................................	
  29
Single Queue – Multiple Channels – Single Phase System ......................................29
Single Queue – Multiple Channels – Multiple Phase System ..................................30
Multiple Queues – Single Channel – Single Phase System ......................................31
Multiple Queues – Single Channels – Multiple Phase System.................................31
Multiple Queues – Multiple Channels – Single Phase System.................................32
Multiple Queues – Multiple Channels – Multiple Phase System .............................32
Arbitrary Topology of Queues..................................................................................33
3.1.2.4. Arrival Pattern .............................................................................................33
3.1.2.5. Service Pattern .............................................................................................34
3.1.2.6. Queue Discipline .........................................................................................34
3.1.2.7. Queue Characteristics & Behaviour ............................................................34
3.1.3. Notations of Queuing Models .................................................................................35
3.1.3.1. Queuing Model Classification: Kendall’s Notation ....................................35
3.1.3.2. Terminology & Notations............................................................................36
3.1.4. Queuing Models ......................................................................................................37
3.1.4.1. Birth and Death Process Models (Exponential Distribution) .....................37
Models with Infinite Queue (Waiting Room): M/M/s Model ..................................38
Models with Finite Calling Population: M/M/s Model ...........................................39
Models with Finite Queue (Waiting Room): M/M/s/K Model ...............................40
3.1.4.2. Models with Non-Exponential Distribution ................................................41
	
  

v	
  

	
  
Models with Infinite Queue ......................................................................................41
Models with Poison Input: M/G/s, M/D/s, M/EK/s ........................................41
Models with Poison Output: GI/M/s, D/M/s, EK/M/s ....................................42
Models without a Poison Distribution: Em/Ek/s, EK/D/s, D/Ek/s, GI/G/s .......42
Models with Finite Queue: M/G/s/k, GI/G/s/k Model ............................................42
3.1.4.3. Priority Models ............................................................................................43
3.1.4.4. Fork-Join Models.........................................................................................44
3.1.5. Queuing Networks ..........................................................................................45
3.1.5.1. System of Infinite Queues ..................................................................45
3.1.5.2. Jackson’s Networks............................................................................46
3.1.5.3. Gordon-Newell Networks ..................................................................47
3.1.5.4. Kelly’s Network .................................................................................47
3.1.5.5. The BCMP Networks .........................................................................47
3.2. Queuing Theory in Healthcare ....................................................................................47
3.2.1. Queuing Theory Applications in Healthcare ...........................................................48
3.2.1.1. Emergency Room Arrivals ..........................................................................48
3.2.1.2. Walk in Physician Offices & Hospitals Clinics ..........................................48
3.2.1.3. Hospital Pharmacy & Pharmacy Stores ......................................................49
3.2.1.4. Health Care Resource & Infrastructure Planning ........................................49
3.2.1.5. Public Health ...............................................................................................50
3.2.2. Queuing Theory & Healthcare Capacity Planning ..................................................50
3.2.3. Measures of Healthcare Queuing System Performance...........................................51
3.2.4. Queuing Models in Healthcare Literature................................................................51
	
  

vi	
  

	
  
3.2.4.1. Waiting Time & Utilization Analysis..........................................................52
Reneging ..................................................................................................................52
Variable Arrival Rate ...............................................................................................52
Priority Queue Discipline .........................................................................................53
3.2.4.2. System Design .............................................................................................54
Blocking ...................................................................................................................54
Minimize Costs .........................................................................................................54
3.2.4.3. Appointment Systems ..................................................................................54
Bottlenecks ...............................................................................................................55
System Size ..............................................................................................................55
3.2.5. Alternative Level of Care & Long Term Care in the Literature ..............................55
Chapter 4: Long Term Care Analysis in Nova Scotia ..................................................58
4.1. Data Analysis ..............................................................................................................58
4.1.1. Question 1: Whether 9 District Health Authorities (DHAs) have different turnover
rates on beds in: NHs, RCFs, and combination of (NHs and RCFs)? ..............................61
4.1.1.1. In Nursing Homes (NHs) ............................................................................61
4.1.1.2. In Residential Care Facilities (RCFs) .........................................................62
4.1.1.3. In Nursing Homes and Residential Care Facilities (NHs and RCFs) .........63
4.1.1.4. Discussions ..................................................................................................64
4.1.2. Question 2: Whether 9 District Health Authorities (DHAs) have different waiting
time for the combination of (NHs and RCFs)? ..................................................................69
4.1.2.1. Solution Steps ..................................................................................................... 70
4.1.2.2. Discussions ........................................................................................................... 71
	
  

vii	
  

	
  
4.1.3. Question 3: Whether the turnover rate relates to coefficient of variation in NH,
RCF, and the combination of NH and RCF? ....................................................................74
4.1.4. Question 4: Whether the turnover rate relates to proportion between the number of
beds in NH and RCF? .......................................................................................................74
4.2. Vacant Beds Causes & Barriers Identified by NHs Providers ....................................77
4.3. LTC Admission-Discharge-Transfer Policy ...............................................................79
Chapter 5: Queuing Models for Long Term Care Optimization ................................81
5.1. Method I: Using Markov Chains ................................................................................82
5.1.1. Model Description ..........................................................................................82
Expanding Approach ................................................................................................83
Shunting Approach ...................................................................................................83
The Model with Poisson Process and Constant Service Rate: M/D/s ......................84
The Model with (Q1, Q2) System: A Finite State Discrete Markov Chain...............85
5.1.2. Model Application ..........................................................................................87
Parameters Definition ...............................................................................................87
5.1.3. Simulation Results ..........................................................................................93
5.1.4. Study of Different Scenarios ..........................................................................95
5.2. Method II: Using Queuing Models .............................................................................98
5.2.1. Assumptions ...................................................................................................99
5.2.2. Scenario Analysis .........................................................................................101
Base Case Scenario.................................................................................................101
Change in (Capacity/Serving Rate) Scenario .........................................................104

	
  

Change in Arrival rate/Demand Scenario...............................................................106
viii	
  

	
  
Mixed Policy Scenario ..........................................................................................107
Analysis Conclusion ...............................................................................................110
5.3. Cost Model ................................................................................................................111
M/M/s Model Test ..................................................................................................113
M/D/s Model Test...................................................................................................115
Chapter 6: Conclusion ...................................................................................................118
6.1. Contributions & Results ............................................................................................118
6.2. Government Actions and Options on Continuing Care ............................................119
6.2.1. The Build More Option ................................................................................119
6.2.2. The Integrated Care Option ..........................................................................121
6.2.3. The Financial Incentives Option ..................................................................122
6.3. Recommendations and Solutions ..............................................................................123
6.3.1. Adopt a Province Wide “Home First” Plans ................................................123
6.3.2. Adjust the Discharge Planning Process ........................................................124
6.3.3. Improve Gaps in Provider-to-Provider Communication ..............................125
6.3.4. Recommendations List .................................................................................126
6.4. Suggestions for Future Work ....................................................................................130
6.4.1. An Open Jackson Queuing Network ............................................................131
6.4.2. Queuing Network Assumptions ...................................................................132
References .......................................................................................................................133
Appendix A: DHAs & Areas in Nova Scotia ...............................................................142
Appendix B: Acronyms & Abbreviations ....................................................................143
Appendix C: Definitions Glossary ................................................................................144
	
  

ix	
  

	
  

List of Tables
Chapter 2
Table 2.1: NS continuing care in numbers, 2010–2014 ....................................................15
Table 2.2: Home - Community based programs, Nova Scotia .........................................17
Table 2.3: Seniors discharged from acute care with ALC days, Canada, 2007- 2011 .....18
Table 2.4: ALC days’ by discharge destination, Atlantic Canada 2008-2009 ..................22
Table 2.5: Average cost of patients’ acute care, Atlantic Canada, 2009-2010 .................23
Table 2.6: Average waiting days for LTC, ALC in Nova Scotia......................................24
Chapter 3
Table 3.1: % of ALC patients re-admitted within 30 days of discharge to home .............56
Chapter 4
Table 4.1: Number of beds in nursing homes (NHs) in 9 districts....................................59
Table 4.2: Number of beds in Residential Care Facilities (RCFs) in 9 districts ...............60
Table 4.3: Number of placements in 9 DHAs, 2011-2014................................................61
Table 4.4: Turnover rate in NHs .......................................................................................61
Table 4.5: Tukey-Kramer method test results for NHs .....................................................62
Table 4.6: Turnover rate in RCFs .....................................................................................62
Table 4.7: Tukey-Kramer method test results for RCFs ...................................................63
Table 4.8: Turnover rate in NHs and RCFs ......................................................................63
Table 4.9: Tukey-Kramer method test results for NHs and RCFs ....................................64
Table 4.10: Research results on LTC patients (75+) in Nova Scotia, 2009-2010 ...........65
Table 4.11: LTC waiting list (Hospital, Community, Transfer) ......................................68
	
  

x	
  

	
  
Table 4.12: Number of weekly patients pending placement for a NH or RCF.................69
Table 4.13: Tukey-Kramer method test results for waiting time in NHs and RCFs.........71
Table 4.14: One-way ANOVA test results for 9 DHAs ...................................................71
Table 4.15: Population in Nova Scotia and DHAs, 2011 .................................................76
Chapter 5
Table 5.1: Method I parameters definitions I ....................................................................92
Table 5.2: Method I parameters definitions II ..................................................................93
Table 5.3: M/M/s cost model results ...............................................................................113
Table 5.4: M/D/s cost model results 1 ............................................................................115
Table 5.5: M/D/s cost model results 2 ............................................................................116
Table 5.6: Comparison between M/M/s and M/D/s cost models results ........................117

	
  

xi	
  

	
  

List of Figures
Chapter 1
Figure 1.1: Global population pyramid during 2002–2025 ................................................1
Figure 1.2: Canadian population 2009, 2036, 206 ..............................................................2
Figure 1.3: Canada’s population composition, by age, 1971–2051....................................3
Figure 1.4: Canada’s projected seniors’ proportions by province/territory 2010–2030 .....4
Figure 1.5: Nova Scotia’s population 2009, 2036 ..............................................................4
Figure 1.6: Number of clients waiting for long-term care, 2011-2014...............................6
Figure 1.7: ALC by province 2007–2008 ...........................................................................7
Chapter 2
Figure 2.1: Home care services, Nova Scotia ...................................................................17
Figure 2.2: Seniors discharge destinations, ALC, Canada, 2009-2010 ............................20
Figure 2.3: CMG+ for patients discharged with ALC days, Atlantic Canada ..................21
Figure 2.4: Discharge Destinations of ALC Patients, Atlantic Canada, 2009-2010 ........22
Chapter 3
Figure 3.1: The basic queening system .............................................................................27
Figure 3.2: Single queue, single channel, single phase system ........................................29
Figure 3.3: Single queue, single channel, multiple phase system.....................................29
Figure 3.4: Single queue, multiple channels, single phase system ...................................30
Figure 3.5: Single queue, multiple channels, multiple phase system ...............................30
Figure 3.6: Multiple queue, single channel, single phase system .....................................31
Figure 3.7: Multiple queue, single channel, multiple phase system .................................31
	
  

xii	
  

	
  
Figure 3.8: Multiple queue, multiple channels, single phase system ...............................32
Figure 3.9: Multiple queue, multiple channels, multiple phase system ............................32
Figure 3.10: Arbitrary topology of queues .......................................................................33
Figure 3.11: Rate diagram for the birth and death process ...............................................37
Figure 3.12: Rate Diagrams for the infinite M/M/s model ...............................................39
Figure 3.13: Rate diagrams for the finite M/M/s model ...................................................40
Figure 3.14: Priority queuing system ................................................................................44
Figure 3.15: Fork-join queuing system .............................................................................45
Chapter 4
Figure 4.1: Average waiting time across NS (Hospital, Community, Transfer), 2014 ....73
Figure 4.2: Waiting times for hospital and community clients, NS, 2009-2011 ..............74
Figure 4.3: Nova Scotia’s DHAs population, by age Groups, 2011 .................................75
Figure 4.4: Life expectancy in Nova Scotia, by Birth/Age 65, by DHA ..........................77
Chapter 5
Figure 5.1: Long term care system in Nova Scotia...........................................................81
Figure 5.2: The average waiting time of case (α (60), 900, 2575)) ...................................94
Figure 5.3: The average waiting time for case (α (40), 900, 2575) ....................................96
Figure 5.4: The average waiting time for case (α (120), 900, 2575) .................................97
Figure 5.5: Method II: One Nursing Home Queuing model.............................................98
Figure 5.7: Scenario analysis results, base case scenario 1 ............................................103
Figure 5.8: Scenario analysis results, base case scenario 2 ............................................103
Figure 5.9: Scenario analysis results, capacity/serving rate change scenario 1 ..............104
	
  

xiii	
  

	
  
Figure 5.10: Scenario analysis results, capacity/serving rate change scenario 2 ............105
Figure 5.11: Scenario analysis results, arrival rate/demand change scenario .................107
Figure 5.12: Scenario analysis results, mixed policy scenario 1 ....................................108
Figure 5.13: Scenario analysis results, mixed policy scenario 2 ....................................109
Figure 5.14: Scenario analysis conclusion ......................................................................110
Figure 5. 15: Queuing healthcare system associated waiting and capacity costs ...........111
Figure 5.16: M/M/s cost model results ...........................................................................113
Figure 5.17: M/D/s cost model results ............................................................................115
Chapter 6
Figure 6.1: Nova Scotia’s ALC/LTC actions (Continuing Care Strategy) ....................121
Figure 6.2: An open Jackson network for LTC in NS ....................................................132

	
  

xiv	
  

	
  

Chapter 1
Introduction
1.1. Introduction & Background
Aging global population changes the nature of health care systems by increasing
demands on social and health services. Thus, pushing governments to finance these services
and accommodate the care-needs of elderly population and other population age groups [1].
Worldwide, the proportion of elderly people (age 60 and over) is growing faster than
any other age group. It is expected that between 1970-2025, older population growth
percentage will be by 223% (or an addition of 694 million). In 2025, there will be a total of
about 1.2 billion people over the age of 60 and by 2050 there will be 2 billion [2].

Figure 1.1: Global population pyramid during 2002–2025 [2].
Source: United Nations, 2001
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In Canada, over the past few decades, the increasing life expectancy and the
decreasing birth rate have resulted in an aging population. Thus, seniors (age 65 and over)
account for a growing proportion of the Canadian population. Between 1986-2010, the
number of seniors increased from 2.7 million to 4.8 million and from 10% to 14% of the
total population. Between 2011-2031, all members of Canada’s largest birth cohort (the
baby boom generation born between (1946-1965) will turn 65. As a result, the number and
proportion of seniors in the population will climb. After 2031, population aging is expected
to continue, but at a less rapid pace [3].

Figure 1.2: Canadian population 2009, 2036, 2061 [4].
Source: Statistics Canada, Demography Division

Most of Canada’s seniors are in the youngest age group (65-74), but the proportion
of the most elderly seniors (85 and over) is growing rapidly. In 2010, about 53% of seniors
were between (65-74), 33% were between (75-84), and 13% were (85 and over). This last
group accounted for 2% of the total Canadian population in 2011. It is expected that in
2031, the proportion of seniors (age 65-74) will decline, but those aged (85 or over) will
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stay the same and represent 3% of the total Canadian population. By 2052, these proportions
will nearly double: the eldest seniors (85 and over) will account for 24% of all seniors and
6% of the total population. Moreover, most seniors are women. In 2010, women accounted
for 52% of seniors aged (65-74) and 60% of those aged (75 and over) [3].

Figure 1.3: Canada’s population composition, by age, 1971–2051[3].
Sources Statistics Canada 2010

All provinces and territories across Canada are having an increase in the elderly
population. The Atlantic Provinces currently have the highest proportions of seniors (15% to
16%), while the territories account for the lowest (3% to 8%). By 2031, the greatest
increases will occur in both the Atlantic Provinces and in the territories [3].
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Figure 1.4: Canada’s projected seniors’ proportions by province/territory 2010–2030 [3].
Source: Statistics Canada 2010

Nova Scotia holds the highest number of seniors (age 65 and over) with 16.5% of its
total population. This number is expected to increase rapidly and reach more than 30% by
the year 2021 [5].

Figure 1.5: Nova Scotia’s population 2009, 2036 [4].
Source: Statistics Canada, Demography Division
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According to CBC News (2011): In Nova Scotia, some seniors wait more than a year
to get into a LTC facility, and the waits are getting longer [6]. However, the usual waiting
time for a bed in a LTC facility in Nova Scotia varies between (86–238) days [7]. According
to the Department of Health and Wellness (2013), the longest wait for a long-term care bed
is in the Cape Breton district, where the median wait is about 13 months (396 days) to get
into a nursing home and about seven months (193 days) to get into a residential care facility.
In Capital Health, the median wait is about six months (186 days) for a nursing home and
just over five months (156 days) for a residential care facility [8].
In 2006, the provincial government introduced a 10-year plan for continuing care in
Nova Scotia. The plan includes economical and flexible programs such as homecare, respite
care, palliative care, and also a creation of (1320-1595) new long-term care beds over 10
years. Since then, nearly 1000 new long-term beds have opened and total LTC capacity
increased by 13%. In 2013, the health authorities kept adding only few extra LTC beds
around the provincial districts (from 2 to 15 bed per district), but now the government is not
willing to build any extra LTC beds for those on the waiting list and is looking for a better
alternative long term solution. Currently Nova Scotia has 7821 LTC beds [6, 8, 9].
Despite the added LTC beds that we previously mentioned, the LTC beds demand
exceeded the supply; thus, the waiting list continues to grow. The waiting list for LTC
increased by 35.5%: around 900 people waiting for long-term care beds in 2006 and 1284
people in 2007, increased to approximately 1740 people in 2010 [6,9]. In 2012, around 2400
seniors were waiting for LTC bed in Nova Scotia with an increase of 50% [8]. In 2013,
around 2551 seniors are waiting [10]. Currently, 2575 seniors are waiting [11].
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Figure 1.6: Number of clients waiting for long-term care, 2011–2014 [12].
Source: Department of Health and Wellness

According to Nova Scotia’s Provincial Budget report, in 2014, Nova Scotia’s net
debt is estimated to be $14.6 billion, the healthcare system budget will top $4 billion with
$32.6 million reserved to support home care services [13,14]. In another hand, and
according to Nova Scotia’s Department of Health and Wellness (2013), the total annual cost
to provide LTC in the province is about $669 million [8]. Daily homecare support is only
$33/day compared to the expensive daily cost of $300 for LTC [9]. As a result, Nova
Scotia’s government is keeping with the plan that providing any extra LTC beds is not a
feasible solution, and focusing on supporting home care as a an alternative supportive
solution to LTC waiting list. Why is that? They believe that they could never build beds fast
enough to meet the growing senior population. Plus, seniors prefer to stay home longer, and
doing so would be beneficial for seniors’ wellbeing and for cutting LTC budget and capacity
on the long run.
By the rising demand for LTC and not supporting the LTC crisis, the government is
allowing the wait list to grow and grow; thus, hospitals are being unable to discharge and
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forced to keep patients that no longer require acute care services in acute care beds, waiting
for a placement in a more appropriate LTC facility. This is crowding emergency rooms and
services in some communities [8,15]. This challenge has led to the designation of
“alternative level of care” (ALC) being ascribed to “people who have completed the acute
care phase of their treatment but remained in an acute care bed due to insufficient capacity
downstream”[15,16].
In Canada (2007–2008), ALC patients accounted for 5% of hospitalizations and
occupied 5200 beds in acute care hospitals (14% of hospital days in acute facilities) [17].

Figure 1.7: ALC by province 2007–2008 [17].
Source: Discharge Abstract Database, Canadian Institute for Health Information 2007–2008

Evidence suggests that seniors in ALC waiting to be discharged may experience
decline in their overall health and wellbeing [15]. Some people seem to wait a tremendous
long time and there are cases of affiliating somebody to a facility at a long distance away
from a spouse/other family members [8].
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1.2. Motivation
Population ageing raises many fundamental questions for policy-makers. How to
help seniors remain independent and active as they age? Is it possible to strengthen senior
health prevention and care policies? Can seniors’ life quality be improved as their life
expectancy is increasing? Will senior care long waiting list bankrupt the health care and
social support systems? How to balance the family/state role in regard to caring for people
who need assistance?
This thesis is designed to address some of these questions and other concerns about
senior care waiting line crisis. It targets government decision-makers responsible for the
formulation of policies and programs on ageing. It approaches seniors’ health care crisis
from a broad perspective and acknowledges the fact that it can be resolved by the
participation of multiple sectors. It suggests that both health care providers and families
must team up to achieve the goal of healthy older persons.

1.3. Contribution
The performance of any healthcare system is measured by its capacity and waiting
costs optimisation. This is especially more important in a healthcare system that involves
seniors competing for the same pool of resources and moving through the system facilities in
a very slow rhythm.
This thesis presents queuing models that aim to reduce senior’s long-term care list
waiting time. This is done through an investigation of Nova Scotia’s LTC care system and the
different factors/causes that aggravate and prolong its waiting time. First, an analysis on real
gathered data is done. Second, different queuing models were applied on Nova Scotia’s longterm care to observe how the changes in system parameters effect the waiting time. Third, a
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cost model is developed to better allocate the recourses. Last, some effective
recommendations toward a more cost-time effective system are suggested.
The goal of this research is to aid researchers, care providers, health systems
stakeholders, and policy/system decision makers in making the best decision possible to
upgrade Nova Scotia’s LTC system. Thus, Nova Scotia’s seniors’ health and wellbeing will
prosper.

1.4. Problem Statement & Objective
Here are two tragic stories about Canadians seniors that may sum up the problem:
"Al and Annie Albo had been married for nearly 70 years when Annie (aged 91) lay
dying with congestive heart failure in the KBR Hospital, BC. Al (aged 96) was also sick in
the hospital. In February 17, Annie was wheeled into her husband’s room and asked to say
goodbye. She was being transferred to a nursing home in Grand Forks 100 miles away.
Hospital staff had strapped Annie to the wheelchair, so she was not able to embrace her
husband in the few moments before they took her away. She died alone two days later. Al
died thirteen days after that". When the newspapers broke the story, a wave of outrage swept
the province: Angry letters to the editor, negative television coverage, unhappy patients’
family numbers…etc [18].
"Nancy Davis and Jean Reynolds, two senior sisters living in Three Mile Plains,
N.S., made the decision to move their older, ailing sister Shirley to a nursing home.
Reynolds told CBC News that: "It's not that we don't love our sister. We do. But it's hard.
It's stressful. We are seniors taking care of a senior. We just can't understand why it is taking
so long" [6].
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These sad stories illustrate too well the tragic consequences and needless suffering
caused by a system in crisis. Countless stories could be told of other seniors and their
families who have endured similar indignities in communities across Canada. Stories
documenting the neglect of seniors have been in Canada’s news headlines for many years.
Today, they are familiar and shocking as they were twenty years ago.
The research objective that we seek is: Understand the impact on long term care
wait time and costs for different capacity allocation strategies using analytical modeling
approach.

1.5. Thesis Organisation
This thesis is organized as follows:
Chapter 1 (This chapter): Presents the background of long waiting time list in continuing
care along with a statement of the research problem.
Chapter 2: This chapter gives a summed up outline of Nova Scotia’s continuing care, longterm care, home care and alternative level of care systems.
Chapter 3: This chapter is a review of the different queuing models in the literature and it
sums up prior queuing models research in healthcare and long-term care.
Chapter 4: This chapter is a data study and analysis of alternative level of care in Nova
Scotia along with a list of recommendations.
Chapter 5: This chapter describes the research methodology, the implemented models, our
research results (findings), and discussions are provided.
Chapter 6: This chapter contains the conclusion, solutions and recommendations.
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Chapter 2
Continuing Care System in Nova Scotia
2.1. Defining Seniors
The Organization for Economic Co-operation and Development (OECD) defines
seniors as age 65 and older. However, there is no true specific definition. Some argue that
rising life expectancies worldwide mean that age 65 can no longer be regarded as the start of
older age. Also, they assert that since people age differently; combining all people age 65
and older into one-category results in a diverse group that doesn’t share a lot in common. In
Canada, and according to the Canadian Institute of Health Information (CIHI), age 65 is the
defining age for seniors. At this age, many Canadians begin to receive social services. Also,
it is the mandatory age for retirement in Canada; however, this is no longer the case in most
provinces and territories, where many people work well even in their 60s and beyond [3].

2.2. Canada’s Senior’s Health Status
According to a major study undertaken by Statistics Canada from the 1996 General
Census, the majority (75%) of seniors in Canada receives assistance in some form. 1.6 M
(47%) received assistance as a consequence of the way their households were organized,
128.000 (4%) received care as a result of a temporary difficult time, while 3/4 of a million
Canadian seniors (22%), received care as a result of a long term health problem or physical
limitation. It is this last mentioned group that poses the most serious challenge on the issue
of elder care, as it requires the type of care that is a response to issues of physical or
psychological limitations with high levels of need [18].
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2.3. What is Continuing Care?
Continuing care (CC) is commonly used to denote many continuing forms of care. It
does not refer to hospital based continuing care: called Alternative level of care (ALC),
which tends to be intense, complex and of shorter duration than long-term residential care.
However, it may refer to long-term care residential facilities, home care or assisted living
arrangements that provide basic levels of support; with the assumption that the elderly are
either (fully or partially) independent, mobile and do not require 24 hour nursing care [19].
In addition, continuing care was defined as an ongoing, indefinite, care for individuals who
are no longer able to fully take care of themselves. Continuing care includes both: health
care (nursing/medical care), and social services (income supported housing, assistance with
daily living activities, and the provision of recreational and social programs) [20]. In
Canada, according to [21], continuing care is commonly defined as representing:
“ A range of services that addresses the health, social and personal care
needs of individuals who, for one reason or another, have never
developed or have lost some capacity for self-care. Services may be
continuous or intermittent, but it is generally presumed that they will be
delivered for the “long-term” that is, indefinitely to individuals who have
demonstrated need, usually by some index of functional incapacity ”.
These definitions are referring that “Continuing care” include all facilities that provide care
for the elderly. However, not all of these facilities’ residents are elderly. Many facilities are
provided for only children and young adults; that’s because even that their health care needs
are similar to the elderly, their social and recreational needs are not [19]. Such facilities and
individuals are not the focus of this thesis.
	
  

12	
  

	
  

2.4. Nova Scotia’s Continuing Care System Review
In Nova Scotia, the continuing care sector represents a significant and essential
component of the health system. The term continuing care describes a set of long or short
term health services programs offered outside of the hospital. These services programs are
available to people from all ages and situations depending on their needs. Moreover, these
services help people become more independent, improve their health and well being,
promote their quality of life, and support families taking care of their loved
ones. Sometimes, patients receive support and assessment services at home. The wanted
goal is helping people live to the fullest while being at home [22].
Many organizations are involved in the delivery of continuing care. They receive
funding from the Department of Health and Wellness; others operate under the Department
of Community Services. Continuing care organizations include and can be classified as:
Long term care (nursing homes, residential care facilities, and community based options),
home care organizations (home support and visiting nursing), services for persons with
physical or mental disabilities (regional rehabilitation centers, disability and medical
equipment programs, neglect or abuse protection programs) [22, 23].
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2.5. Nova Scotia’s Long Term Care System Review
There are three types of long-term care (LTC) facilities in Nova Scotia, which are:
Nursing Homes, Residential Care Facilities and Community-Based Options [24].

2.5.1. Nursing Homes
Nursing Homes (homes for the aged) provide long-term care to persons who are
medically stable, but require a high level of nursing care on a 24/7 basis. These facilities
provide accommodation, personal care (such as, dressing, bathing and toileting) and
professional nursing care that can’t be met through home care. In addition, nursing homes
offer various programs and supports like: spiritual care, nutrition services, and recreation
therapy [22, 25].
2.5.2. Residential Care Facilities
Residential care facilities (RCFs) provide a good option for seniors who need
housing, supervision and continuing care. When nursing home care is not required and home
care is not appropriate, these care facilities can provide people or adults with disabilities
with personal care, support, illness supervision, community skills and activities and
accommodation in a safe and supportive environment [22].
2.5.3. Community Based Options
Community based options (CBO) provide similar level of care options to residential
care facilities, but serve to a maximum of 4 beds in an approved small home-like supportive
environments [22].
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The Table below shows a resume of important LTC numbers.

Nova Scotia’s Continuing / Long Term Care (LTC) in Numbers
LTC Beds

7821 bed

Total senior care facilities

217 facilities

Homes for the aged

107 facilities

Mental health facilities

110 facilities

Non profit homes

145 facilities

For profit homes (proprietary)

72 facilities

Nursing homes

87 facilities (6713-6902 beds)

Residential care facilities

37 facilities (820-931 beds)

Community based options

31 facilities (90 beds)

Gender in LTC

71% females

% LTC Seniors ≥ 85 years

43%

Total Provincial LTC cost

$669 million ($538 from province, rest from residents)

Annual home care budget

$196 million (from provincial government)

Daily NH accommodation cost

$104 per day (≈$3120/month)

Daily RCF accommodation cost

$61.50 per day (≈$1845/month)

Daily CBO accommodation cost

$50.50 per day (≈$1515/month)

Table 2.1: NS continuing care in numbers, 2010–2014 [8, 19, 26, 27, 28, 29, 30]
Definitions [26]:
Homes for the aged: Nursing homes, retirement homes, and other facilities providing services and care for the
aged. Not included are homes for senior or lodges where no care is provided.
Mental health facilities: Facilities for persons with developmental delays, psychiatric disability, alcohol or
drug problems and for emotionally disturbed children.
For profit homes: Facilities owned by an individual, organizations or corporations operating for a profit.
Non-profit homes: Federal, provincial, municipal, religious, volunteer institution operating for no profit.
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2.6. Home Care and Visiting Nursing Support System
Home care services provide a set of services to people in their homes, helping them
live independently and the longest possible within their communities. According to Nova
Scotia’s department of health and wellness, home care support services include two different
sets of services [22, 23, 24, 31]:
2.6.1. Home Support: includes assistance with personal care (bathing, dressing, eating and
toileting), respite, activities of daily living (light housekeeping, laundry and meal
preparation), and family relief/respite help.
2.6.2. Visiting Nursing: includes administering medications, dressing changes, intravenous
therapy, catheter care, foot care, home oxygen, teaching nursing procedures to family
members and other caregivers and palliative care.
Moreover, according to [32], all District Health Authority home care programs
should provide acute, chronic, and palliative home care services to patients in need.
Acute Home Care
This service is offered to patients who are recovering from an acute health episode.
These patients are in a stable medical condition and can be stabilized with monitoring, or
minimal intervention from specialized and skilled nurses, for a short period of time.
Chronic Home Care
Chronic home care is neither acute nor palliative; it is a continuous service that can
be classified into supportive care, maintenance care, or rehabilitative care. Chronic home
care provides services to those who are chronically ill, disabled, or has limitations due to
aging and who need help to have a successful life at home and within the community [23].
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Palliative Home Care
This is an end-of-life service provided to people who are terminally ill, and in
situations where life prolongation is no longer the goal.
The Figure below shows different home care services offered in Nova Scotia:

Figure 2.1: Home care services, Nova Scotia [33]
There are Community care based-Programs (CCBP) that are different from LTC
Community based-Options (CBO) institutions. The Table below shows the different
Home/Community based-Programs available for LTC patients in Nova Scotia:
Home & Community
based Program
Personal Alert Assistance Program

Number of clients
October 2014

Expanded: February 2013

Caregiver Benefit
Expanded: November 2012

Self Managed Care Program
Expanded: February 2013

Supportive Care
Wheelchair Loan
Implemented: November 2013

Home Oxygen
Ended: 2013-2014

Medication Dispenser Program
Implemented: February 2013

Number of clients
October 2013

511

239

1766

1482

147

147

222

109

120

0

1306

1622

6

6

Table 2.2: Home - Community based programs, Nova Scotia [33]
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2.7. Alternative Level of Care Profile
The term “Alternate Level of Care” (ALC) is used when a patient is occupying a bed
in a hospital and does not require the intensity of resources/services provided in this care
setting (Acute, Complex Continuing Care, Mental Health or Rehabilitation) [15, 34]. In the
context of this thesis, and according to the Canadian Institute of Health Information, ALC
identifies a person who has completed the acute care phase of his/her treatment but
remained in an acute care bed.
2.7.1. ALC in Canada
In Canada, more than 5200 acute care beds were occupied daily by ALC patients in
2009. That number increased to 7500 (14%) in 2011. In term of resources, the equivalent of
2.4 million hospital days were used over the year (2008-2009). On average, one ALC patient
occupying a bed in hospital denies access to four people/hour to the ER Nearly 85% of ALC
patients are age 65 or older; around 35% are older than 85 [35].
During 2009-2010, almost 23% of all ALC seniors had a diagnosis of dementia.
Their median length of stay in hospital was more than twice that of seniors without a similar
diagnosis (20 vs. 9) days. The increased length of stay was likely due to waiting for an
available spot in LTC. About 15% of all ALC stays last only a few days, while 20% lasts
more than a month [3, 36].
Discharge destination
Long term care
Home with support
Home without support
Died
Rehabilitation facility
Other

Number of ALC patients
183.051
62.738
35.503
38.352
14.518
7.957

% of all ALC patients
53.5%
18.3%
10.4%
11.2%
4.2%
2.3%

Table 2.3: Seniors discharged from acute care with ALC days, Canada, 2007- 2011[15]
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ALC Discharge Destinations in Canada
From acute hospitals, patients are discharged to a variety of settings depending on
their clinical needs, patient and caregiver preferences and the availability of resources to
care for them. Their discharge plan takes into account complex personal and institutional
relationships, medical and rehabilitative needs plus psychosocial supports. Matching
patients with settings that reflect needs, preferences and resources can be challenging and
often results in delayed discharge from hospital [36].
Approximately two-thirds of ALC patients are waiting for a transfer to another healthcare
facility. The common ALC discharge destinations in Canada are either [36]:
Facility-based Continuing Care: Facility-based continuing care is the most common
discharge location for ALC patients, over 50% of ALC patients are discharged to 24-hour
facility based post acute care. Due to their complex needs, at least two-thirds of patients are
awaiting discharge to a facility-based bed. The most common types of facility-based
continuing care are complex continuing care, long-term care (nursing home, residential care
facility), inpatient rehabilitation, and may include facility-based hospice care.
Community-based Continuing Care: Approximately one-third of ALC patients are
waiting to be discharged into community-based continuing care. The most common
discharge locations are supportive living, low intensity home care services (with and without
support services) and community support services. A detailed figure is below.
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Seniors (Age 65+)
4%	
  

Long term care

11%	
  

Home with support
12%	
  

47%	
  

Home without support
Died

12%	
  

Rehabilitation
Other

14%	
  

Figure 2.2: Seniors discharge destinations, ALC, Canada, 2009-2010 [35]
2.7.2. ALC in Atlantic Canada
In Atlantic Canada, during 2009–2010, 9254 ALC cases were discharged from
hospitals (represented 4% of all patients discharged from hospitals). About 88% of ALC
patients were 60 and older, with the majority (52%) being 80 and older. Also, 59% of ALC
patients discharged were female (41% were

male). Furthermore, 67% of ALC patients

entered the hospital via the emergency department, while 31% were admitted via direct
entry (admission to hospital via the facility’s admitting department). Approximately 49% of
all patients discharged had 1 to 14 ALC days, and 16% had 61 to 180 ALC days [17, 35].
ALC Seniors’ Health Conditions in Atlantic Canada
The top five Case Mix Group + (CMGs) among all ALC patients discharged
accounted for 27%. The common CMGs among patients with 61 to 180 ALC days were
Awaiting Placement, Dementia, Convalescence, General Symptoms and Chronic
Obstructive Pulmonary Disease (COPD), with 41.3%. While, common CMGs among
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patients discharged with 1 to 14 ALC days were Awaiting Placement, Convalescence,
Fixation/Repair Hip/Femur, COPD and Palliative Care [17].

(CMG+) for ALC patients

900

Conditions/ALC days

800
700
600
500
400
300
200
100
0

Awaiting
placement

Dementia

Convalescence

General
Symptoms

COPD

Figure 2.3: Highest CMG+ for patients discharged with ALC days, Atlantic Canada [17].
Source: Discharge Database 2009-2010, Canadian Institute of Health Information.

ALC Discharge Destinations in Atlantic Canada
Understanding ALC patients’ discharge destinations is important to specify and
address any potential bottlenecks and patient flow throughout the health system. During
2009–2010, 42% of ALC patients in Atlantic Canada were discharged from hospital to longterm care facilities and 35% were discharged home with or without some form of support.
Services and supports availability outside the hospital setting could affect if and how long
patients remain in hospital after the acute care episode [17].

	
  

21	
  

	
  

ALC	
  Discharge	
  Destinations	
  
	
  Long	
  term	
  care	
  

3%	
  
8%	
  

Home	
  

12%	
  

	
  Home	
  with	
  support	
  

42%	
  

Died	
  
17%	
  

Transferred	
  to	
  Impatient	
  
hospital	
  care	
  	
  
Other	
  	
  

18%	
  

Figure 2.4: Discharge Destinations of ALC Patients, Atlantic Canada, 2009-2010 [17]
Source: Discharge Database, Canadian Institute of Health Information, 2009-2010

The figure below shows the ALC days distribution by discharge destination in each
province, Canada:
Province

Discharge Distribution
Total ALC Days

Long Term Care

Home

Died Rehab

Other

(with/without)
Support

NS

150.533

66

11

15

2

7

NB

113.096

65

17

13

3

2

PEI

8.955

76

9

12

0

4

NL

57.714

49

28

15

6

2

Table 3.4: ALC days distribution/discharge destination, Atlantic Canada 2008-2009 [37]
ALC Costs in Atlantic Canada
Keeping patients in a hospital is more costly than any other care setting. Estimated
daily costs of an ALC patient in Nova Scotia is about 500$ [38]. Also, ALC patients
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preoccupy acute care human resources. Approximately 50% of nurses and 60% of
caregivers provide care to ALC patients [39]. Understanding costs associated with caring for
an ALC patient in hospital is important when planning budgets and ensuring needed
services. The average cost of a patient’s normal acute hospital stay in Atlantic Canada is
represented below.
Case Mix Group

Canada

N.B.

N.S.

N.L.

P.E.L.

Chronic Obstructive Pulmonary Disease

6.208$

5.571$

5.943$

5.644$

6.133$

Dementia

14.176$ 13.648$ 13.673$ 12.737$ 13.214$

Convalescence

2.794$

2.717$

2.967$

2.792$

3.422$

Awaiting Placement

7.710$

7.318$

9.246$

7.473$

7.031$

General Symptoms Signs

5.935$

5.932$

5.666$

4.957$

4.841$

Table 2.5: Average cost of patients’ acute hospital stay, Atlantic Canada, 2009-2010 [17]
Source: Patient Cost Estimator, Canadian Institute of Health Information

ALC Waiting Time, Length of Stay in Atlantic Canada
According to the Canadian Institute of Health Information (2010), the waiting time
associated with ALC patient in Atlantic Canada, ranges from: 1-365 days {{1-14}, {15-30},
{31-60}, {61-180}, {181-365}, {>366}}. In Nova Scotia, waiting times for a LTC bed still
increasing, especially in the last years.
The table below represents the different waiting times to access a LTC bed, and the
different ALC waiting days in the different health districts (DHAs) around Nova Scotia.
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Health District

Total
Number
of Beds

Capital Health

2,545

186

156

Cape Breton

1,286

396

193

Annapolis Valley

764

106

41

South West

624

61

25

Colchester East Hants

622

162

54

South Shore

595

104

20

Pictou County

507

161

99

Guysborough Antigonish

460

212

86

Cumberland

418

131

13

2009-2010

2010-2011

From Hospital

80 days

65 days

From the community

110 days

150 days

Number of ALC days in NS / Year

Waiting Time
for a Nursing
Home/ days

Waiting Time for
a Residential Care
Facility/ days

Table 2.6: Average waiting days for LTC, ALC in Nova Scotia [10, 30, 37]
The average wait times measured from the date the client assessment is completed until the date the client
accepts the offer. These dates represent the wait from the perspective of the client.

2.7.3 ALC Challenge
As mentioned before, many seniors who don’t really need acute care occupy a large
number of hospital beds. This means that ALC patients do not receive the appropriate
services while patients in need acute care are forced to wait.

This leads to canceled

surgeries and overcrowding in emergency departments. It is also known that waiting in
hospital for post acute care prolongs patients’ exposure to an environment that experience
many avoidable adverse effects each year [35]. Moreover, it was proven that prolonged
stays in the hospital and delayed discharges could also lead to deleterious effects on the
ALC patient’s health and are associated with serious adverse outcomes for seniors. These
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include functional decline, pressure ulcers, and infections [3,36]. ALC patients have a 12%
death rate while waiting [40]. They experience increased functional impairment and
complex health needs in comparison to a LTC facility patient [39]. Thus, they require either
additional acute care or premature discharge to LTC [35, 40]. For all these reasons, it is
highly desirable for a health system to determine the necessary capacity for LTC services in
order to prevent insufficient LTC capacity causing ALC congestion.
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Chapter 3
Queuing Theory
3.1.Theoretical Foundation of Queuing Models
A.K. Erlang, a Danish engineer, published his first paper on queuing theory in 1909.
In 1951, the term “queuing system” appeared in the article of D.G. Kendall. In 1953,
Kendall published a paper on queuing notation. D.R. Cox proposed analysis of nonmarkovian process in 1955. In 1957, Jackson had considered an open queuing network with
exponential servers and a poisson process. In 1958, F. Haight introduced parallel queues. In
1961, J. Little introduced little formula. In 1963-1967, Jackson presented closed queuing
networks with exponential servers, and W.J. Gordon & G.F. Newell introduced them. In
1968, M. Mandelbaum and B. Avi-Itzhak introduced the concept of Fork-Join systems. In
1975, multi-class queuing networks occurred, especially BCMP networks, created by F.
Baskett, K.M. Chandy, R.R. Muntz and F.G. Palacios. A special case is the network
presented by F.P. Kelly, in which jobs belong to different classes, each class has a Poisson
arrival process and a fixed route through the network. In 1977, P. J. Courtois introduced
decomposition method. In recent years the progress of queuing theory use is noticed [41].

3.1.1. Definitions & Structure
Queuing theory & Queues
Queuing theory is a mathematical approach to the analysis of waiting lines. Waiting
lines (queues) are a part of everyday life. We all wait in queues to buy a movie ticket, obtain
food in a cafeteria, start a ride in an amusement park, go to a doctor’s office visit…etc. We
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become used to considerable amounts of waiting, but unusual long waits annoys us [42]. In
health care, waiting lines can be found where patients arrive randomly for services and wait,
such as walk-in patients and emergency rooms. Patients who arrive to health care services
with appointments and wait to see their health care provider are not considered as waiting
lines [43].
The Basic Queuing Structure
The basic process assumed by most queuing models is the following. Customers
(clients/patients) requiring service are generated over time by an input source. These
customers enter the queuing system and join a queue. At certain times, a member of the
queue is selected for service by some rule known as the queue discipline. The required
service is then performed for the customer by the service mechanism, after which the
customer leaves the queuing system [42]. This process is depicted below:

Figure 3.1: The basic queening system [42]

3.1.2. Queuing System Characteristics
Choosing a specific type of Model depends on the characteristics of the system under
investigation. The main queuing model characteristics are: 1) the population source; 2)
number of servers; 3) arrival patterns and service patterns; and 4) queue discipline.
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3.1.2.1. Input Source (Population Source)
The size is the total number of customers that might require service. The population,
which arrivals come from, is referred to as the calling population [42]. When analyzing a
queuing problem, the first characteristic to look at is if the potential number of patients (the
size) is limited or unlimited (finite or infinite). In a situation where the input source is
infinite, patient arrivals, service (access) are unrestricted, and can greatly exceed system
capacity at any time. A finite source situation exists when potential patients are limited to
small numbers [43].
3.1.2.2. Number of Servers
The capacity of a queuing system is determined by the number and the capacity of its
servers (a line or channel). Health care systems can be conceptualized as single-line or
multiple-line, consist of one or many phases (steps in a queuing system), and may have
single or multi-queues.
3.1.2.3. Types of Queuing Systems
There are four basic types of queuing systems and different combinations of the
same can be used for very complex networks [43, 44].
Single Queue – Single Channel – Single Phase System: In which there is a single
queue of customers waiting for service and only one phase of service is involved. Singleline systems in health care facilities are rare. For example: A flu inoculation clinic in which
a single health care provider carries out both administration (paperwork, fee collection) and
clinical care (inoculation) as a single server.
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Figure 3.2: Single queue, single channel, single phase system
Single Queue – Single Channel – Multiple Phase System: In this case there’s a
single queue but the service involves multiple phases. Patients arrive at the registration
counter, registered and then wait in a queue to be seen by a physician. There is queue
formation or waiting time involved at each phase of the system. Foe example, many solo
health care providers (physicians, dentists, therapists) have offices with receptionists and
nurses.

Figure 3.3: Single queue, single channel, multiple phase system
Single Queue – Multiple Channels – Single Phase System: In which patients form
multiple queues, wait for a one-phase service. Patients also have the liberty to switch from
one line to the other. Multiple-line systems are found in many health care facilities:
hospitals, outpatient clinics, emergency services, and pharmacy store. Multiple-line queue
systems can be either single-phase or multiphase. A single-phase, multiple-line system
would be illustrated by an extension of flu inoculation to more than one server (many nurses
giving inoculations and patients forming a single queue to wait.
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Figure 3.4: Single queue, multiple channels, single phase system
Single Queue – Multiple Channels–Multiple Phase System: This type of system
has numerous queues and a complex network of multiple phases of services involved. This
type of service is typically seen in a hospital setting, ER, multi-specialty outpatient clinics.
For example in a hospital outpatient clinic, patient first forms the queue for registration, get
triaged for assessment, get diagnostics, treatment, intervention or prescription and finally
exits from the system or triage to different provider.

Figure 3.5: Single queue, multiple channels, multiple phase system
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Multiple Queues – Single Channel – Single Phase System:

Figure 3.6: Multiple queue, single channel, single phase system
Multiple Queues – Single Channels – Multiple Phase System:

Figure 3.7: Multiple queue, single channel, multiple phase system
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Multiple Queues – Multiple Channels – Single Phase System:

Figure 3.8: Multiple queue, multiple channels, single phase system
Multiple Queues – Multiple Channels – Multiple Phase System:

Figure 3.9: Multiple queue, multiple channels, multiple phase system
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Arbitrary Topology of Queues:

Figure3.10: Arbitrary topology of queues
3.1.2.4. Arrival Pattern
Random arrival and service patterns cause systems to be temporarily overloaded.
Thus, waiting lines occur. The arrival patterns might be different on mornings, afternoons,
evenings, months, years, and after working hours. The random nature of the arrivals, their
numbers and the times between the arrivals, has to be measured. The variability can often be
described by theoretical distributions. The most commonly used models assume that the
patient arrival rate can be described by a Poisson distribution, and that the time between
arrivals (inter-arrival time) can be described by a negative exponential distribution [43].
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3.1.2.5. Service Pattern
Because of the varying nature of illnesses and patient conditions, the time required
for clinical attention (service times) varies from patient to patient. For example: If a lab
processes 10 customers per hour (rate), the average service time is six minutes. If the arrival
rate is 12 per hour, then the average time between arrivals is five minutes. Thus, the Poisson
distribution describes service and arrival rates, and inter-arrival times and service times are
described by a negative exponential distribution [43].
3.1.2.6. Queue Discipline
Refers to the order in which customers are processed. First-come, first-served
(FCFS, FIFO) basis is the most common rule and has special adaptations in health care
queue discipline: shortest processing time first (simple surgeries scheduled first (operating
room)); reservation first (physician office); critical first (emergency room). Other used
disciplines are: Last-come first-served (LCFS, LIFO), serving in random order (SIRO),
short processing time (SPT), and by priority (PR). For example: in the ER, FCFS basis is
not used. Patients do not represent the same risk (or waiting costs); those with the highest
risk (the most seriously ill) are processed first under a triage system, even though other
patients may have arrived earlier [43].
3.1.2.7. Queue Characteristics & Behaviour
In a hospital, where patients can wait only in a bed, the limited number of beds
prevents a unit from accepting patients. When a queue capacity is limited this is called:
Blocking [45]. A queue can be formed as a single or as separate lines for each server. In the
second type, patients may jump from queue to queue to reach a service point, but often lose
more time because of service variability, this behavior is called: Jockeying [45]. Patients
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who arrive and see big lines may change their minds and not join the queue, but go
elsewhere to obtain service; this is called: Balking. If they do join the queue and are
dissatisfied with the waiting time, they may leave the queue, this is called: Reneging [43].

3.1.3. Notations of Queening Models
Queuing Model Classification: Kendall’s Notation
In queuing theory, a three-symbol notation, known as Kendall’s notation (A/B/s), is
used to identify queuing models. A nomenclature of A/B/C/D/E is used to describe them by
their characteristics. Details for each component are below:

A: Specification of arrival process, measured by inter-arrival time or arrival rate.
B: Specification of service process, measured by inter-service time or service rate.
M: Negative exponential or Poisson distribution (Markovian).
D: Degenerate distribution or Deterministic distribution (Constant times value).
E: Erlang distribution.
G: A General distribution with known mean and variance.
C: Specification of number of servers “s”.
D: Specification of queue or the maximum numbers allowed in a queuing system.
E: Specification of customer population.

D and E components are not used unless there is a specific waiting room capacity or
a limited population. Example: A physician office with waiting room capacity of 15, 5
physicians, and Poisson arrival and service rates is described by M/M/5/15 [42, 43].
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Terminology & Notation
Unless otherwise noted, the standard terminology and notation will be used [42, 43]
State of system = number of customers in queuing system.
Queue length = number of customers waiting for service to begin.
= state of system – number of customers being served.
N(t) = number of customers in queuing system at time t (t >= 0).
Pn(t) = probability of exactly n customers in queuing system at time t.
P0(t) = probability of zero units in system at time t.
s = number of servers (channels) in queuing system.
λ = arrival rate
λn = mean arrival rate (expected number of new arrivals per unit time) when n
customers are in system.
µ = service rate
µn= mean service rate (expected number of customers completing service per
unit time) when n customers are in system.
Lq = average number of customers waiting for service
Ls = average number of customers being served
L = average number of customers in the system (waiting or being served)
Wq = average time customers wait in line
Ws = average time customers spend being served (service time)
W = average time customers spend in the system
1/ µ = service time
p = system utilization
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3.1.4. Queuing Models
3.1.4.1. Birth and Death Process Models (Exponential Distribution)
Most queuing models assume that the inputs (arriving customers) and outputs
(leaving customers) of the queuing system occur according to the birth-and-death process.
The term birth refers to the arrival of a new customer into the queuing system, and death
refers to the departure of a served customer. The birth-and-death process describes
probabilistically how N(t) changes as t increases. Broadly speaking, it says that individual
births and deaths occur randomly, where their mean occurrence rates depend only upon the
current state of the system. More precisely, the assumptions of the birth-and-death process
are the following [42]:
Assumption 1: Given N(t) = n, the current probability distribution of the remaining time
until the next birth (arrival) is exponential with parameter λn (n = 0, 1, 2, . . .).
Assumption 2: Given N(t) = n, the current probability distribution of the remaining time
until the next death (service completion) is exponential with parameter µn (n = 1, 2, . . .).
Assumption 3: The random variable of assumption 1 and the random variable of
assumption 2 are mutually independent. The next transition in the state of the process is
either n = n + 1 (a single birth) or n = n – 1 (a single death), depending on whether the
former or latter random variable is smaller.

Figure 3.11: Rate diagram for the birth and death process [42]
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The values of the λn will be the same for all values of n, and the µn also will be the
same for all n except for such small n (n = 0) that a server is idle. However, the λn and the µn
also can vary with n for some queuing systems. For example, one of the ways in which λn
can be different for different values of n is if potential arriving customers become
increasingly likely to balk (refuse to enter the system) as n increases. Similarly, µn can be
different for different n because customers in the queue become increasingly likely to
renege (leave without being served) as the queue size increases. Most models in queuing
theory are based directly upon the Birth-and-death process. These models have a Poisson
input and exponential service times. The models differ only in their assumptions about
how the λn and µn change with n. Here are three types of these queuing systems models:
Models with Infinite Queue (Waiting Room): M/M/s Model
The M/M/s model assumes that: all inter-arrival times and service times are
independently and identically distributed according to an exponential distribution, and that
the number of servers is s (positive integer). Thus, this model is just the special case of the
birth-and-death process where the queuing system’s mean arrival rate and mean service
rate per busy server are constant (λ and µ, respectively) regardless of the state of the system.
When the system has just a single server (s = 1), the implication is that the parameters for
the birth-and-death process are λn = λ (n = 0, 1, 2, . . .) and µn = µ (n = 1, 2, . . .).
When the system has multiple servers (s > 1) and the mean service rate per busy server is µ,
the overall mean rate of service completions for n busy servers must be nµ. Therefore, µn =
nµ, when n ≤ s, whereas µn = sµ, when n ≥ s, so that all s servers are busy [42].

	
  

38	
  

	
  

Figure 3.12: Rate Diagrams for the infinite M/M/s model [42].
Models with Finite Calling Population: M/M/s Model
The only deviation from the M/M/s model is that the input source is limited; the size
of the calling population is finite. For this case, let N denote the size of the calling
population. Thus, when the number of customers in the system is n for (n = 0, 1, 2, . . ., N ),
there are only N – n potential customers remaining in the input source.
Each member of the calling population alternates between being inside and outside
the queuing system. The analog of the M/M/s model that fits this situation assumes that each
member’ s outside time (the elapsed time from leaving the system until returning for the
next time) has an exponential distribution with parameter λ. The distribution must be
exponential with parameter λn = (N – n)λ. Hence, this model is just the special case of the
birth-and-death process. Because λn = 0, for N = n any queuing system that fits this model
will eventually reach a steady state condition.
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Figure 3.13: Rate diagrams for the finite M/M/s model [42].
Models with Finite Queue (Waiting Room): M/M/s/K Model
Queuing systems sometimes have a finite queue; the number of customers in the
system is not permitted to exceed some specified number (denoted by K), so the queue
capacity is K – s. Any customer that arrives while the queue is “ full” is refused entry into
the system and so leaves forever. From the viewpoint of the birth-and-death process, the
mean input rate into the system: λn = λ (n = 0, 1, 2, . . .K – 1) and λn = 0 (n ≥ K). Because λn
= 0 for some values of n, a queuing system that fits this model always will eventually reach
a steady-state condition, even when ρ = λ/sµ ≥ 1. This model commonly is labeled
M/M/s/K, where the presence of the fourth symbol distinguishes it from the M/M/s model.
The single difference between the two models is that K is finite for the M/M/s/K model and
K = ∞, for the M/M/s model.
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3.1.4.2. Models with Non-Exponential Distribution
Most of the queuing theory models in the previous section are based on the birthand-death process. Their inter-arrival and service times are required to have exponential
distributions. The assumption is a reasonable approximation in many situations but not
when the arrivals are carefully scheduled or regulated. Also, the service-time distribution
frequently deviates from the exponential form when the service requirements are quite
similar. Thus, it is important to have other queuing models that use alternative distributions.
Models with Infinite Queue
Models with Poisson Input: M/G/s, M/D/s, M/EK/s Models
The M/G/s model assumes that the queuing system has: s servers and a Poisson input
process with a fixed mean arrival rate λ. It is assumed that the patients have independent
service times with the same probability distribution; no restrictions are imposed on what the
service-time distribution can be. It is only necessary to estimate the mean 1/µ and variance
σ2 of this distribution. The M/D/s model often provides a reasonable representation for the
situation where the service consists of essentially the same routine task for all patients,
because it assumes that all service times actually equal some fixed constant (Degenerate
service-time distribution) and that we have a Poisson input process with a fixed mean arrival
rate λ. The M/D/s model assumes zero variation in the service times (σ = 0), whereas the
exponential service-time distribution assumes a very large variation (σ = 1/µ). Between
these two rather extreme cases lies a long middle ground (0 < σ < 1/µ), where most actual
service-time distributions fall. Another kind of theoretical service-time distribution that fills
this middle ground is the Erlang distribution (named after the founder of queuing theory).
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Models with Poisson Output: GI/M/s, D/M/s, EK/M/s Models
The assumption of Poisson input process (exponential inter-arrival times) is violated
if the arrivals are scheduled or regulated in some way that prevents them from occurring
randomly. The service times have an exponential distribution with a fixed parameter; three
such models are available [42, 46]. The first new model (GI/M/s) imposes no restriction on
what the inter-arrival time distribution can be. The second new model (D/M/s) assumes that
all inter-arrival times equal some fixed constant, which would represent a queuing system
where arrivals are scheduled at regular intervals. The third new model (Ek/M/s) assumes an
Erlang inter-arrival time distribution, which provides a middle ground between regularly
scheduled (constant) and completely random (exponential) arrivals.
Models without a Poisson Input/ Output: Em/Ek/s, EK/D/s, D/Ek/s, GI/G/s Models
If neither the inter-arrival times nor the service times for a queuing system have an
exponential distribution, then there are four additional queuing models. One of these models
(Em/Ek/s) assumes an Erlang distribution for both these times. Other two models (Ek/D/s and
D/Ek/s) assume that one of these times has an Erlang distribution and the other time equals
some fixed constant. Also, there is the GI/G/s model that requires the fewest assumptions
about the shape of inter-arrival and service time.
Models with Finite Queue: M/G/s/K, GI/G/s/K Models
The M/G/s/K model assumes that the queuing system has a: s server and a Poisson
input process (exponential inter-arrival times) with a fixed mean arrival rate λ. The service
times impose a general distribution. The GI/G/s/K model assumes that both service and
inter-arrival time distributions impose no restrictions (general distribution). Thus, it makes
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it more difficult to analyze, except when inter-arrival and service time distributions have
some specific forms.
3.1.4.3. Priority Models
In priority queuing models, the queue discipline is based on a priority system; the
served queue members are selected based on their assigned priorities. Very sick patients are
usually given priority to be taken care of. Thus, the use of priority-discipline models often
provides a very welcome refinement over the more usual queuing models [42, 46]. We
present two models that assume there are N priority classes (class 1 has the highest priority,
class N has the lowest). When a server becomes free, customers are served in the order of
their priority, but on a FCFS basis within each priority class. A Poisson input process and
exponential service times are assumed for each priority class. However, the models do
permit the mean arrival rate to differ among priority classes. It is also assumed that the
expected service time is the same for all priority classes. The distinction between models is
whether the priorities are non-preemptive or preemptive.
The first model assumes non-preemptive priorities: If a higher-priority customer
enters the system; a customer being served cannot be ejected back into the queue and must
be served without interruption. The second model assumes preemptive priorities: If a higherpriority customer enters the system; the lowest-priority customer being served is ejected
back into the queue. A server will begin serving the new arrival immediately. When a server
finishes a service, the next customer receiving service is selected with the same discipline.
Thus, a preempted customer will be served after many tries.
The two models actually are identical to the M/M/s model, except for the order in
which customers are served. For both models, the distinction between customers in different
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priority classes is ignored; all customers would arrive according to a Poisson input process
and have the same exponential distribution for service time customers. In a priority model,
this distribution has a larger variance, because the waiting times in the highest priority
classes tend to be smaller than those under a first-come-first-served discipline. Also, the
waiting times in the lowest priority classes tend to be larger. The total number of customers
in the system tends to be weighted toward the lower-priority classes; and it is just the reason
for using priorities on the queuing system in the first place [42].

Figure 3.14: Priority queuing system
3.1.4.4. Fork-Join Models
The model of Fork-Join systems can be applied to parallel analysis [2, 44]. The job
arriving to a fork-join queue splits (at the fork point) into N independent tasks that are
simultaneously assigned to N servers. Each task requires a serve. At each server tasks can
belong to the different jobs. When a task completes execution, it will wait at the join queue
until all its sibling tasks are served. A join mergers several tasks into a single job. A job is
completed and departs the parallel resource after all of its tasks complete execution [47].
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Figure 3.15: Fork-join queuing system

3.1.5. Queuing Networks
Queuing systems encountered in OR studies are sometimes actually networks of
service facilities where customers must receive service at some of or all these facilities.
Hospitals and specialized treatment facilities for particular medical conditions (cancer,
cardiovascular, or neurological services) perform a range of services, each with its own
resources (servers) and queues. Such facilities are best modeled as networks of queues.
3.1.5.1. System of Infinite Queues
Systems of infinite queues suppose that all customers must receive service at a series
of m service facilities in a fixed sequence and that each facility has an infinite queue, so that
the series of facilities form a system of infinite queues in series. Also, each service facility
has a Poisson input with parameter λ (the M/M/s model), and that each facility i (i = 1, 2, . . .
m) has an exponential service-time distribution with parameter µi for its si servers, where si
µi > λ (the equivalence property). Thus, the elementary M/M/s model can be used to analyze
each service facility independently of the others. The probability of having n customers at a
given facility is the product of the individual probabilities of n1 customers at facility 1, n2
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customers at facility 2, . . . Similarly, the expected total waiting time and the expected
number of customers in the entire system can be obtained by merely summing the
corresponding quantities obtained at the respective facilities. Unfortunately, the equivalence
property and its implications do not hold for the case of finite queues in series systems. This
case is important in practice, because usually in service facilities queues have a limitation.
For such systems, no simple product form solution is available.
3.1.5.2. Jackson’s Networks
Jackson networks are another prominent type of networks where the M/M/s model
can be used to analyze each service facility independently. The characteristics of a Jackson
network are the same as assumed above for the system of infinite queues in series, except
now the customers visit the facilities in different orders (and may not visit them all). For
each facility, its arriving customers come from both outside the system (according to a
Poisson process) and the other facilities. These characteristics are summarized as: A Jackson
network system of m service facilities where facility i (i = 1, 2, . . . m) has:
1. An infinite queue
2. Customers arrival from outside follow a Poisson input process with parameter ai
3. si servers with an exponential service-time distribution with parameter µi
A customer leaving facility i is routed next to facility j (j = 1, 2, . . . m) with probability: pij
or departs the system with probability: qi = 1 - ∑ pij , (j = 1, 2, . . . m), i is different than j
Any such network has the following key property: Under steady-state conditions, each
facility j (j = 1, 2, . . . m) in a Jackson network behaves as if it were an independent M/M/s
queuing system, arrival rate: λj = aj + ∑ λi pij, where: (i = 1, 2, . . . m) and sj µj > λj [42, 47].
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3.1.5.3. Gordon-Newell Networks
These networks, also known as closed Jackson’s networks, fulfill the assumptions of
Jackson’s networks, except one: customer can neither enter nor leave the network. A fixed
number of jobs always circulate in this type of queuing network [47, 48].
3.1.5.4. Kelly’s Network
Another case of queuing networks is the network of Kelly with different classes of
customers. Each type has a Poisson arrival process and a fixed route in the network.
Customers served at each system have exponential service time distribution. Each system
may serve several different customer classes. All systems have infinite capacity [48].
3.1.5.5. The BCMP Networks
The BCMP queuing network is a multi-class network discussed by Baskett, Chandy,
Muntz and Palacios. These networks include different class of jobs, different queuing
discipline and generally distributed service times. Routes in the network may depend on the
job type and the customer can change his class while passing in the network [47, 48].

3.2. Queuing Theory in Healthcare
Organizations that provide Health care processes can be viewed as Queuing systems
in which the patients arrive, wait for the service, obtain service and then depart. The
resources (or servers) in these queuing systems are the trained personnel and specialized
equipment required to serve patients [49]. Queuing theory use in healthcare essentially deals
with patient flow through the system. Queuing is minimized when patient flow is good. If
the flow is bad, patients may suffer considerable queuing delays and then the system may
suffer loss of business. Delays can be reduced through the following ways [44, 50]:
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•

Synchronization of work among service stages (Example: coordination of tests,
treatments, discharge processes)

•

Scheduling of resources to match patterns of arrival (Example: doctors, nurses and
equipment)

•

Constant system monitoring (Example: tracking number of waiting patients by
location, diagnostic grouping and acuity) linked to immediate actions.

3.2.1. Queuing Theory Applications in Healthcare
Queuing theory is now extensively used in the following healthcare settings:
emergency room, walk in patients and outpatient clinics, for facilities and resource planning,
for emergency and disaster management preparedness, …etc. [44, 50].
3.2.1.1. Emergency Room Arrivals
This is one of the areas where most of the research of queuing theory has been done.
Many patients leave the ED (Emergency Departments) to seek services at a different place
because of the crowded queues and prolonged waiting times. This is all a result of many ED
closure and significant variation in ED patient arrival rates.
Queuing theory application major goal in such area is analyzing arrival patterns of the
patients over time to a particular ED or an area (city, state, and nation), and using those
results for facilities design and appropriate staffing.
3.2.1.2. Walk in Physician Offices & Hospitals Clinics
Most queuing models studies on the management of healthcare clinics have common
objectives that included: reducing patient’s time in the system (outpatient clinic), customer
service improvement, better resource utilization, and operating costs reduction. Such cases
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analysis involves investigation of: patient’s arrival and flow, system structure and
scheduling.
Moreover, queuing theory can be applied to hospital outpatient clinics and surgeries
to determine the arrival patterns of patients and surgeons, or the service rate and surgeries
schedule for better quality and efficiency. For example, interns or assisting staff members in
a hospital perform small surgeries, and the experienced surgeons or a team performs the
complicated ones. The interns start their work early, but the experienced surgeons arrive
later during the day.
3.2.1.3. Hospital Pharmacy & Pharmacy Stores
In Pharmacy, Queuing theory applications are few. Queuing theory can be used to
assess many factors such as prescription fill time, patient waiting time, patient counselingtime and staffing levels. Queuing theory application may be beneficial in pharmacies with
high volume outpatient workloads and those with multiple points of service.
3.2.1.4. Health Care Resource & Infrastructure Planning for Disaster Management
Disasters cause significant human and economic damage and they all require a crisis
response like: immediate rescue of people, provision of needed medical services and
damage containment to people and property. In such scenarios, queuing models are usually
used in conjunction with simulation to answer the “what-if” questions, to plan, organize and
be prepared for the calamities. For Example, if H5N1 bird flu spreads in Canada and causes
an epidemic, it would be colossal crisis situation. Policy makers and administrators will use
queuing and simulation to give data on: how many people and what locations would be
affected, disease spread speed, number and characteristics of healthcare workers needed,
pharmaceutical supplies, vaccines, number of beds and so on.
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3.2.1.5. Public Health
Queuing models can also be used for public health. For example, the resources
needed for mass vaccination camp in a particular area, facility and resource planning for
changing disease profiles or changing demographics.

3.2.2. Queuing Theory & Healthcare Capacity Planning
Why use the queuing theory in healthcare? The answer is that the goal of queuing
analysis and its application in healthcare organizations is to “minimize costs” to the
organization – both tangible and intangible. The costs that are considered can be divided
into two broad categories [44, 50]:
Waiting Costs: Costs associated with patients having to wait for the service.
•

Loss of business to HCO, as some patients might not be willing to wait for the
service and may decide to go to the competing organizations.

•

Costs incurred by society for example increased interventions and cost due to delay
in care or the value of patients’ time.

•

Decreased patient satisfaction and quality of care.

Capacity Costs: Costs of providing the service to patients.
•

Salaries paid to employees or for waiting for service from other server, for example
waiting for the pathology report, radiology report, labs, etc.

•

Cost of waiting space, facilities, equipment, and supplies.

If the organization decides to increase the level of the service provided, the cost will
increase, if it decides to limit the same, costs associated with waiting for the services would
increase. So the manager has to balance the two costs and make a decision about the
provision of optimum level of service [44].
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3.2.3. Measures of Healthcare Queuing System Performance
The health care managers and policy makers analyze the results, identify the
needs/gaps, carry out necessary interventions/modifications and evaluate the success/failure
of existing or proposed service systems. They must consider five typical measures [44, 50]:
1. Average number of patients waiting (in queue or in the system).
2. Average time the patients wait (in queue or in the system).
3. Capacity utilization.
4. Costs of a given level of capacity.
5. Probability that an arriving patient will have to wait for service.
The system utilization measure reflects the extent to which the servers are busy rather
than idle. It might seem that health care managers would seek 100 percent system
utilization. However, increases in system utilization are achieved only at the expense of
increases in both the length of the waiting line and the average waiting time. Under normal
circumstances, 100 percent utilization may not be realistic; a health care manager should try
to achieve a system that minimizes the sum of waiting costs and capacity costs. In queue
modeling, the health care manager also must ensure that average arrival and service rates are
stable, indicating that the system is in a steady state, a fundamental assumption [44, 50].

3.2.4. Queuing Models in Healthcare Literature
Here are few articles that present and focus only on a queuing model review,
mathematical models or limit their scope to a single type of application: In [51] the authors
review the use of queuing theory in pharmacy applications with particular attention to
improving customer satisfaction. The research in [52] sums up a brief history of queuing
theory use in healthcare, it points to an extensive bibliography of related research. However,
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it provides no description of the applications or results. Moreover, [53] presents the theory
of queuing as applied in healthcare. It discusses the relationship amongst delays, utilization
and the number of servers; the basic M/M/s model, its assumptions and extensions; and the
applications of the theory to determine the required number of servers
3.2.4.1. Waiting Time & Utilization Analysis
Reneging: The phenomenon of reneging is an important characteristic of healthcare
systems. The probability that a patient reneges usually increases with the queue length and
the patient’s estimate of how long he must wait to be served. In [54], they calculate the
percentage of patients who leave an emergency department without getting help using
arrival rate, service rate, utilization, and capacity. From this percentage, they determine the
resulting revenue loss. Also, [55] finds that in order to reduce the number of patients who
leave an emergency department without being served, separating non-acute from acute
patients and treating them in dedicated areas is a possible approach.
Variable Arrival Rate: Most analytical queuing models assume a constant arrival
rate, but many healthcare systems have a variable arrival rate. In other cases, the arrival rate
depends upon the state of the system. First, [56] proves that a system with congestion
discourages arrivals. He suggests that decreasing service capacity has little effect on queue
length because when patients realize that waiting times would reduce, the arrival rate
increases, thus the queue increases again. Second, [57] presents an M/G/s model for service
times of any fixed probability distribution and for arrival rates that decrease linearly with the
queue length and the expected waiting time. Last, [58] shows how arrival rate may increase
over time due to population growth or other factors. Also, he studies how an increase in
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patient arrival rate affects waiting times and queue length for an emergency radiology
service.
Priority Queue Discipline: In most healthcare settings, the queue is either FIFO or a
priority discipline, unless an appointment system is in place. In [59], it is shown that it is
possible, when utilization is high, to minimize waiting times by giving priority to clients
who require shorter service times. Moreover, [60] studies patients’ waiting times when
primary care patients use the ER. A priority discipline for different categories of patients
and a FIFO discipline for each category were proposed. They find that the priority discipline
reduces the average wait time for all patients: but higher priority patients waiting time
reduces, and lower priority patients waiting time increases. In addition, [61] investigates the
effect of emergency requests on the waiting times of scheduled patients with deterministic
processing times. It is a pre-emptive priority queuing system in which the emergency
patients interrupt the scheduled patients and the latter’s service is restarted as opposed to
being resumed.
3.2.4.2. System Design
Limiting waiting time is important when designing a healthcare system because
waiting is undesirable. This section reviews work on determining system capacity, resource
allocation based on system goals and requirements. The variables of interest are usually
staffing levels, beds, or other key resources. The paper [62] seeks the optimal staffing at a
hospital-scheduling department that handles phone calls of variable intensity throughout the
day. The paper redistributed staffing according to calls intensity periods. Thus, customer
complaints reduced without an addition of staff.
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Blocking: In systems with blocking, congestion not only increases patient waiting
time but also reduces the throughput of the system. First, [63] determines the optimal
number of beds in a cardiology department modeled as a network of 3 sub-departments. The
research finds that too few beds downstream is the primary cause of refused admissions, and
suggests that departments could be merged to meet the goal of higher occupancy rates.
Second, [64] considers activating a second operating room (OR) team during the night shift.
Using queuing theory, they find that the probability of two patients needing the OR services
is negligible.
Minimize Costs: Minimizing costs by finding the resource allocation that costs the
least or the most profit is important after designing a system using queuing theory. In [65],
the researcher modeled a system where there is a holding cost associated with an empty bed,
a penalty cost associated with each patient turned away, and a profit assigned to each day a
bed is occupied. Proposed use backup beds (only staffed during peak demand) to reduce the
probability of patient turn-away at a marginal cost. Also, [66] chooses staffing capacity in
an outpatient radiology service with a limited waiting area. He suggests scheduling patients
by clustering them based on expected examination duration.
3.2.4.3. Appointment Systems
Compared to systems without appointments, systems with appointments reduce the
arrival variability and waiting times at the facility without increasing server idleness. They
require patients to wait outside the facility; this waiting time can be productive and has low
cost to the patient. In [67], the research seeks to design an appointment system to reduce the
number of patients in the queue, and reduce patient’s waiting time without significantly
increasing doctor idle time. Furthermore, [68] points out that patient no-shows without
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cancelling appointments could lead to waste of resources. They propose implementing
short-notice appointment systems based on a queuing network analysis. These ideas did not
improve the system because of the clinic using many visiting doctors and the patients being
unable to schedule visits with their primary care physician.
Bottlenecks: In a queuing network, a patient may have to go through several nodes,
and several queues to obtain the desired service. Some nodes where demand exceeds service
become bottlenecks. Such bottlenecks have high utilization and increase overall waiting
times while other nodes have low utilization. The research, in [69], finds the bottlenecks at
the Hurtado Health Center appointment clinic by collecting data and analyzing it using
queuing network analysis software program.
System Size: Presents results for systems of different scales where the size of
healthcare organizations varies. First, [70] investigates the redistribution of hospital beds
among the inpatient hospital departments. A baseline patient capacity is chosen and
additional beds are then allocated for each department to minimize patient overflows
between departments. Next, [71] investigates the hierarchy of burn care facilities where
excess demand at one facility is absorbed by other facilities in the same region and over
flows at one region are absorbed by other regions.

3.2.5. Alternative Level of Care & Long Term Care in Literature
ALC is an area within Nova Scotia's health care system that has not commonly been
addressed in the literature. No studies could be found that address the process of a patient
leaving from Acute Care/ALC facility to a LTC facility/Home Care. However, studies have
looked at the characteristics of ALC patients. Another area of ALC patient research is
ensuring proper facility placement after AC. The main goal of ALC discharge planning is to
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ensure that patients receive appropriate support and services outside the hospital.
Nevertheless, readmission occurs with 15% of ALC patients [40].
Province

Readmitted to Hospital within
30 days of Discharge Home

British Columbia
Alberta
Saskatchewan
Ontario
New Brunswick
Nova Scotia
Prince Edward Island
Newfoundland & Labrador

17%
14%
18%
17%
18%
15%
26%
15%

Table 3.1: % of ALC patients re-admitted within 30 days of discharge to home [37].
The paper [72] researched patient’s information from an orthopedic and stroke
patient to determine their potential appropriate LTC facility between a nursing home, a
rehabilitation center, or the patient's home. Similarly, [73] concluded that based on an acute
stroke patient's functional status at admission, social support, gait status, and presence of
medical complications it can be determined if the patient should go to a private home,
rehabilitation center, or LTC facility. The studies discussed have determined how to ensure
appropriate patient transfer after acute care, but have not explored if this has an effect on
ALC days.
Other studies focused on post acute care and addressed the patient flow after
discharging from acute care to other facilities such as LTC or home care. The main goals of
such studies are how to predict the future demand and determine the optimal capacity of
LTC facilities. In [74], the researcher developed a deterministic multistate Markov model
for Home and Community Care in British Colombia. They incorporated publicly funded
care, non-publically funded care, and home care. The model used the predicted changes in
	
  

56	
  

	
  
both age demographics and the health status of elderly citizens as inputs to predict future
demand. Next, [75] developed an optimal control system to determine the optimal capacity
for publicly funded community based LTC facilities. They conclude that such facilities are
less expensive than nursing home care in which providing housing for patients are costly.
[76] used simulation model based on a Markov cycle tree structure to predict demand for
different types of LTC in Portugal for the period of 2010-2015. Uncertainty was modeled
through an approach that combines scenario analysis with probabilistic sensitivity.
Moreover, [77] analyzed the impact of discharge rates on the number of post acute time in
the hospital through a queuing model. Also, [78] used a queuing model with blocking to
analyze the flow of patients out of acute care and into a series of mental health facilities.
Furthermore, [79] provides a Markov Decision Process (MDP) model to determine the
optimal policy for the placement of hospital patients into long-term care in order to maintain
the hospital census of patients waiting for placement below a pre-determined threshold. In
addition, [80,81] described an approach to set LTC capacity levels over a multiyear planning
horizon in order to achieve target wait time service levels. They proposed a method that
integrates demographic and survival analysis, discrete event simulation, and optimization.
Also, developed a decision support system to use in practice.
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Chapter 4
Long Term Care Analysis in Nova Scotia
In this chapter, we present and study the data gathered from Nova Scotia’s
Department of Health and Wellness: Continuing care [38]. The data was collected and then
analyzed in response to the problems posed in chapter 1 of this thesis. The collected data
consists of:
(A): The first dataset contains information on home care agencies weekly waitlist in
the different DHAs across Nova Scotia (November 2014).
(B): The second dataset sums up LTC placements in the different NHs and RCFs
across Nova Scotia’s DHAs (2008-2014).
(C): The third dataset represents a LTC waitlist according to patient type
(community/hospital) and type of placement in the different DHAs in Nova Scotia
(December 2014).
(D): The fourth dataset shows the number of funded beds in most LTC facilities
(NH, RCF) in the different DHAs across Nova Scotia (March 2014).
The fundamental goal of this data analysis is studying on the real data of number of beds,
placements, and people in pending state in 9 DHAs. Finding the turnover rate of beds in
those DHAs and have conclusions and recommendations.

4.1. Data Analysis
The Datasets files used for these analysis are: (B), (C) and (D). With these acronyms:
C: From Community

H: From Hospital T: Inter-facility Transfer

NHS: Nursing Home RCFS: Residential Care Facilities SO: Society/Community Options
	
  

58	
  

	
  
DHA ("*" means NH and RCF in one location; "**"means not SEA)
1

2

3

4

5

6

7

8

9

Number of

1

143

62

53*

125

10

201

15

59*

190

beds in NHs

2

50

35

50

36

73

36

39

36

50

3

60

66

117

35

96

46

50

60*

111

4

43

36

142

59*

65

36*

59*

270

28*

5

61

104

49

89

36

112

59*

19

72

6

39

89

107

60

14

136

71

31

7

89

85

62

61

25**

50*

51

72

67

40*

24

36*

87

9

144

31*

10

85

123

11

113

29

12

36

130*

13

22

445*

14

110

111

15

52

176

16

24

190

17

18

149

18

18

65

19

11

41

20

8

36*

8

21

107

22

58

Total

485

549

647

505

294

431

407

1242

2311

Standard deviation

36.42 24.47

35.89

30.68

34.51

71.59

38.17

61.59

92.77

Total/Stdev

13.32 22.43

18.03

16.46

8.52

6.02

10.66

20.17

24.91

Note: "117" is that DHA 3 has 97 beds for adults and 20 beds for children
	
  
Table 4.1: Number of beds in nursing homes (NHs) in 9 districts.
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DHA ("*" means NH and RCF in one location; "**" means not SEA)
1

2

3

4

5

6

7

8

9

Number of

1

29

22

12*

8

43

27

35

11*

24

beds in RCFs

2

8

19

20

3

14

17*

6*

12

4*

3

6

14

25

6

40

29

8*

4

60*

4

15

11

8

6

24

3

26*

23**

25

12*

10*

40*

6

15**

51

13*

4

7

23

8

13*

20

20*

16

3

9

3

4

10

11

3

5

8

11

6

12

3

13

13*

14

12

Total

58

89

128

114

121

73

49

96

222

Standard deviation

10.41

5.17

6.73

15.72

13.67

6.43

16.20

4.62

17.00

Total/Stdev

5.57

17.22

19.03

7.25

8.85

11.35

3.03

20.76

13.06

Total NHs/RCFs

8.36

6.17

5.05

4.43

2.43

5.90

8.31

12.94

10.41

Table 4.2: Number of beds in residential care facilities (RCFs) in 9 districts.
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Year

Facility

DHA1 DHA2 DHA3 DHA4 DHA5 DHA6 DHA7 DHA8 DHA9

NH
RCF
NH+RCF
NH
FYTD
RCF
2012/13
NH+RCF
NH
FYTD
RCF
2013/14
NH+RCF
FYTD
2011/12

236
17
253
228
20
248
188
22
210

276
25
301
252
26
278
228
16
244

288
37
325
287
37
324
280
38
318

160
47
207
163
50
213
184
41
225

142
53
195
122
54
176
141
36
177

192
25
217
210
30
240
172
30
202

179
16
195
158
10
168
167
11
178

401
59
460
382
51
433
386
51
437

849
90
939
868
58
926
930
65
995

Table 4.3: Number of placements in 9 DHAs (2011-2014).
There are few questions we want to answer:
4.1.1. Question 1: Whether 9 District Health Authorities (DHAs) have different turnover
rates on beds in: NHs, RCFs, and combination of (NHs and RCFs)?
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡𝑠  𝑑𝑢𝑟𝑖𝑛𝑔  𝑎  𝑦𝑒𝑎𝑟
= 𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟  𝑓𝑜𝑟  𝑜𝑛𝑒  𝑦𝑒𝑎𝑟
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒  𝑏𝑒𝑑𝑠  𝑓𝑜𝑟  𝑜𝑛𝑒  𝑦𝑒𝑎𝑟
4.1.1.1. In Nursing Homes (NHs): For each of the three years (2011-2014), we
calculate the turnovers; we divide the number of placements by/the number of beds in NHs.
Turnover
rate (NHs)
FYTD
2011/12
FYTD
2012/13
FYTD
2013/14

DHA1 DHA2 DHA3 DHA4 DHA5

DHA6 DHA7 DHA8 DHA9

0.4866 0.5027 0.4451 0.3168 0.4830 0.4455 0.4398 0.3229 0.3674
0.4701 0.4590 0.4436 0.3228 0.4150 0.4872 0.3882 0.3076 0.3756
0.3876 0.4153 0.4328 0.3644 0.4796 0.3991 0.4103 0.3108 0.4024
Table 4.4: Turnover rate in NHs.

By using the one-way ANOVA analysis, the results show the average rates of 9 DHAs are
different.
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By using the Tukey-Kramer method test at the level 0.05, we test and identify which two
of the 9 DHAs are different (marked by the sign: “√” in the table below). The results show
that the turnovers rates of NHs in (DHA4 and DHA8) are significantly lower than most of
other DHAs.
Turnover
rate (NHs)
DHA1
DHA2
DHA3
DHA4
DHA5
DHA6
DHA7
DHA8
DHA9

DHA1 DHA2 DHA3 DHA4 DHA5 DHA6 DHA7 DHA8
√
√
√
√

√

√

√
√
√
√

√

√
√
√

√

√

DHA9

√
√
√
√

√

√

Table 4.5: Tukey-Kramer method test results for turnover rate for NHs
4.1.1.2. In Residential Care Facilities (RCFs): For each of the three years, we
divide the number of placements by/the number of beds in RCFs.
Turnover
rate (RCFs)
FYTD
2011/12
FYTD
2012/13
FYTD
2013/14

DHA1 DHA2 DHA3 DHA4 DHA5 DHA6 DHA7 DHA8 DHA9
0.2931 0.2809 0.2891 0.4123 0.4380 0.3425 0.3265 0.6146 0.4054
0.3448 0.2921 0.2891 0.4386 0.4463 0.4110 0.2041 0.5313 0.2613
0.3793 0.1798 0.2969 0.3596 0.2975 0.4110 0.2245 0.5313 0.2928
Table 4.6: Turnover rate in RCFs

By using the one-way ANOVA, the results show that the average rates of (9 DHAs) are
different.
By using the Tukey-Kramer method test at the level 0.05, we test and identify which two
of the 9 DHAs are different (marked by the sign: “√” in the table below). The results show
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that the turnovers rates of NHs in (DHA4 and DHA8) are significantly higher than most of
other DHAs.
Turnover
rate (RCFs)
DHA1
DHA2
DHA3
DHA4
DHA5
DHA6
DHA7
DHA8
DHA9

DHA1 DHA2 DHA3 DHA4 DHA5 DHA6

DHA7

DHA8

DHA9

√
√
√
√
√
√
√

√

√

√

√

√

√
√

Table 4.7: Tukey-Kramer method test results for turnover rate in RCFs
4.1.1.3. In Nursing Homes and Residential Care Facilities (NHs and RCFs): For
each of the three years (2011-2014), we calculate the turnovers by dividing the number of
placements by/the number of beds in both (NHs and RCFs).
Turnover rate
(NHs & RCFs)
FYTD
2011/12
FYTD
2012/13
FYTD
2013/14

DHA1 DHA2 DHA3 DHA4 DHA5 DHA6 DHA7 DHA8 DHA9
0.4659 0.4718 0.4194 0.3344 0.4699 0.4306 0.4276 0.3438 0.3707
0.4567 0.4357 0.4181 0.3441 0.4241 0.4762 0.3684 0.3236 0.3656
0.3867 0.3824 0.4103 0.3635 0.4265 0.4008 0.3904 0.3266 0.3928
Table 4.8: Turnover rate in NHs and RCFs

By using the one-way ANOVA analysis, the results show the average rates of 9 DHAs are
different.
By using the Tukey-Kramer method test at the level 0.05, we test and identify which two
of the 9 DHAs are different (marked by the sign: “√” in the table below). The results show

	
  

63	
  

	
  
that the turnovers rates of NHs and RCFs in (DHA4 and DHA8) are significantly lower than
most of other DHAs.
Turnover rate
DHA1 DHA2 DHA3 DHA4 DHA5 DHA6 DHA7 DHA8 DHA9
(NHs & RCFs)
DHA1
√
√
DHA2
√
√
DHA3
√
DHA4
√
√
√
√
DHA5
√
√
DHA6
√
√
DHA7
DHA8
√
√
√
√
√
DHA9
Table 4.9: Tukey-Kramer method test results for turnover rate in NHs and RCFs
Finally, by the one-way ANOVA, it shows that the average turnover rate of each of
three years is not different. It means that over all, the average turnover rate from 2011 to
2014 does not have significant change. It is reasonable to have the following Assumption:
The lifetime distribution is the same in every DHA of those 9 DHAs. Under this
assumption, we can conclude that the vacancy rates of beds in DHA4 and DH8 are
significant higher than the other DHAs, but we cannot identify the exact reasons.
4.1.1.4. Discussions
Below is a table representing results from a research done in 2009-2010 on data from
all DHAs in Nova Scotia about: The percentage, number, nature of LTC patients. These
results might be used to explain the results we got in our analysis:
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Average

% Total

Seniors

Seniors

Waiting

Waiting

1

70

2

% of (Provincial

% All LTC

Population (75+))

Beds

5%

8%

10%

54

4%

8%

8%

3

80

5%

10%

10%

4

155

10%

7%

8%

5

45

3%

6%

5%

6

83

5%

5%

7%

7

128

8%

5%

5%

8

465

31%

15%

16%

9

441

29%

36%

33%

Total

1521

100%

100%

100%

DHA

Table 4.10: Research results on LTC patients (75+) in Nova Scotia, 2009-2010 [30]
In 2009-2010, DHA8, DHA9 and DHA4 had the longest LTC waiting lists with:
465, 441, 155 patients. The LTC beds proportions to the population (75+) proportions are
closely aligned. However, the demand for LTC placement in DHA 8 related to their
population (75+) is higher than the rest of the province.
In DHA 4 and DHA 8, the demand for LTC (10%, 31% of provincial waitlist) is quite high
in comparison with the other DHAs, and not explained by the insufficient available bedding
(8%, 16% of total provincial LTC beds),
In DHA 4 and DHA 8, the demand for LTC (10%, 31% of provincial waitlist) is high in
comparison with other DHAs, and not explained by the high proportion of provincial seniors
75+ (7%, 15%), 	
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We suspect three reasons why the turnover rate is lower in DHA4, and DHA8:
(1) Patients 75+ years old tend to have more health complications, need more care,
consume more resources, and have a long LOS time, that’s why these care facilities in
DHA4 and DHA8 tend to keep patients for longer, because LTC would be a must in age
(75+). It is not the case for patients (65+) who tend to have less complicated conditions and
LTC is not a must, and they have other care options choices. It might be the reason why
other DHAs with younger patients percentage tend to have a higher turnover rate (younger
patient choose to leave LTC for better care).
(2) Another reason might be the combination of: Long admission process, policy
allowing patients for up to 5 LTC application at once, and policy giving patients up to 3
months to decide if to accept or refuse a bed offer at a LTC facility. DHA 4 and DHA 8
have higher LTC demand from patients (75+). These patients are very needy and frail (go to
heaven while in LTC facilities), and this leaves the facility with vacant beds. However, these
beds can’t be assigned to patients in the waiting list in a rapid rate, because of the long
acceptance process, and patients waiting too long to decide if they accept or refuse the offer
(3 months). Also, allowing patients to apply for different facilities, accept the most
convenient offer, and refuse the other offers will complicate the situation not only by
making the waiting list long, but also vacant beds increase and idle staffs.
(3) Another possible reason for low turnover in DHA4 and DHA8 is the mismatch
between the beds count and facilities staffs. These facilities might be refusing to accept new
patients even they have available vacant beds because they might not have the skilled staffs
to take care of extra patients. Especially that these facilities (DHA4, DHA8) are known to
have a high level of frail elderly. Thus, these facilities might be lucking staffs’ management.
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The high vacant beds in DHA4 and DHA8 might also be related to the long
admission process and patients’ age (75+). How? Most of their applications are from
patients 75+ who tend to go to heaven while served LTC. Also, it is known from the data we
had from [38] that patients are allowed to apply for 5 different LTC facilities maximum, and
in most cases patients (either 65 or 75+) apply for different facilities simultaneously to
ensure faster acceptance in case of future health deterioration. The above, makes the waiting
list longer and the admission process slower. All the mentioned reasons result in high
number of vacant beds and impossibility to accept new patients rapidly (low turnover rate).
Another reason for high vacant beds in DHA8 and DHA4 might be: A mismatch in
management and communication between their health authorities, DHW and LTC facilities
management. How? It is known that low numbers of available long-term care beds limits
the number of placements. It is not the case for DHA8, which has low placement rate and
high vacant beds number. In general, the length of time it takes to fill each vacant bed is
affected by how efficiently DHW, DHAs and providers work together to manage the
placement process [28]. Cape Breton DHA (DHA4) might be slower than other DHAs in
sending patients’ information to LTC facilities. This cause was reported in a 2009 research
on the different reasons of high vacant beds [28].
DHA 9 does not have low turnover rate in our results although it has one of the
lengthiest waiting lists, and the highest 75+ population, is because it has more beds counts
(33% of the overall province beds count) in comparison with DHA4 and DHA8 (8%, 16%
of the overall provincial beds count). In this case patients may not wait so long as they have
more available and better-managed beds. This may be the reason why it has a high turnover
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rate (available resources and better management as it is the most important DHA in the
province).
Long-term care beds become available (vacant) primarily due to the death of a
resident, a request to transfer to another facility or by adding additional beds to the system
[28]. In DHA8, most patients are (75+) which increases the death rate in their facilities.
Also, Cape Britain tends to be a retirement province and it is understandable that people
want to transfer to facilities close to their family members. Also, in 2010 (April-June), the
government added new beds to most facilities across the province, with more focus on
adding more in Cape Breton DHA [30].
Another possible factor for high vacant beds, low turnover rate and long waiting list
in DHA8 and DHA4 is high transfer rate between facilities. Like it is shown in table below,
DHA8 and DHA4 has among the highest transfer rates and the highest community patients
after DHA9, and this is increasing the waiting time and complicating the placement process.
District Community Hospital
1
2
3
4
5
6
7
8
9
Totals

94
135
184
225
44
111
199
561
718
2271

Subtotal
H/C

Transfer

DHA
Totals

106
154
212
241
61
132
220
641
811
2578

74
62
95
137
68
143
57
216
536
1388

180
216
307
378
129
275
277
857
1347
3966

12
19
28
16
17
21
21
80
93
307

Table 4.11: LTC waiting list (Hospital, Community, Transfer), by DHA [38]
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4.1.2. Question 2: Whether 9 District Health Authorities (DHAs) have different waiting
time for the combination of (NHs and RCFs)?
To answer this question, we use the data of pending: the number of weekly patients pending
placement for a NH or RCF in each DHA, from April 2nd to December 3rd.
Time
DHA1 DHA2 DHA3 DHA4 DHA5 DHA6 DHA7 DHA8
Apr 2
54
51
71
76
27
38
70
143
Apr 9
48
52
72
73
25
34
74
146
Apr 16
45
46
68
74
23
34
76
148
Apr 23
44
48
66
73
21
26
74
151
Apr 30
44
51
63
66
19
28
75
152
May 7
47
51
55
61
16
32
65
153
May 14
47
50
63
61
15
29
56
153
May 21
49
54
66
64
21
28
60
159
May 28
47
57
68
63
19
27
65
166
June 4
44
54
68
68
19
28
69
166
June 11
49
53
74
72
19
28
73
171
June 18
45
52
84
79
21
26
73
172
June 25
44
47
84
81
25
23
71
180
July 02
44
47
84
81
25
23
71
180
July 09
53
44
83
75
20
23
80
172
July 16
53
44
83
75
20
23
80
172
July 23
54
51
87
77
24
36
78
176
July 30
51
52
88
83
25
35
82
189
Aug 06
53
49
87
80
26
35
80
194
Aug 13
54
50
88
76
24
36
81
197
Aug 20
55
50
87
77
25
45
82
211
Aug 27
55
50
87
77
25
45
82
211
Sep 03
61
56
92
83
22
46
84
201
Sep 10
61
58
91
82
18
45
86
207
Sep 17
57
60
93
83
16
44
88
203
Sep 24
39
42
69
65
15
36
77
150
Oct 1
40
43
71
64
11
36
81
163
Oct 8
42
47
78
57
16
35
83
166
Oct 15
45
51
87
60
18
35
81
177
Oct-22
44
47
92
78
21
40
86
187
Oct-29
44
50
96
79
22
38
85
191
Nov 05
46
49
104
78
23
35
88
194
	
  

69	
  

	
  
Nov 12
Nov 19
Nov 26
Dec-03

47
51
52
53

51
53
53
56

107
99
100
101

73
72
75
79

25
20
20
22

35
30
28
34

88
87
87
89

201
200
207
210

Table 4.12: Number of weekly patients pending placement for a NH or RCF by DHA
4.1.2.1. Solution Steps
First, obtain the average turnover rate for (NHs and RCFs) of three years (2011 to 2014) in
each DHA. Second, multiply the total number of beds in (NHs and RCFs) by the average
turnover rate of three years in each DHA. The result is the available beds of one year in each
DHA. Third, divide the weekly pending patients’ number in each DHA by the available
beds of one year in each DHA to obtain the average waiting time of a new comer.
𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟  𝑜𝑓  3  𝑦𝑒𝑎𝑟𝑠 𝑒𝑎𝑐ℎ  𝐷𝐻𝐴 ×  𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑏𝑒𝑑𝑠  
= 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒  𝑏𝑒𝑑𝑠  𝑓𝑜𝑟  1𝑦𝑒𝑎𝑟
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑒𝑛𝑑𝑖𝑛𝑔  𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠  𝑒𝑎𝑐ℎ  𝑤𝑒𝑒𝑘
= 𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑤𝑎𝑖𝑡𝑖𝑛𝑔  𝑡𝑖𝑚𝑒  𝑜𝑓  𝑛𝑒𝑤  𝑝𝑎𝑡𝑖𝑒𝑛𝑡
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒  𝑏𝑒𝑑𝑠  𝑓𝑜𝑟  𝑜𝑛𝑒  𝑦𝑒𝑎𝑟
By the one-way ANOVA, it shows that the average waiting times between 9 DHAs are
different.
By the Tukey-Tramer method test at the level 0.05, we identify which two DHAs have a
different waiting time. Mark it by “√” in the table below. The average waiting times are
significantly different among most of DHAs.
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Turnover
rate of
NH+RCF
DHA1
DHA2
DHA3
DHA4
DHA5
DHA6
DHA7
DHA8
DHA9

DHA1 DHA2 DHA3 DHA4 DHA5 DHA6 DHA7 DHA8
√
√
√
√
√
√
√
√

√
√
√
√
√
√

√
√
√
√
√

√
√
√

√
√
√
√

√
√
√
√
√

√
√
√
√

√
√
√
√
√
√
√
√

√
√
√
√
√
√
√
√

DHA9

√
√
√
√
√
√
√

√
√
√
√
√
√
√

√

Table 4.13: Tukey-Kramer method test results for waiting time in NHs and RCFs
Finally, the one-way ANOVA shows that the average waiting time between 36 weeks, from
April 2nd until December 3rd, does not have significant change.
The average waiting time depends on the turnover rate and the arriving rate. Thus, a lower
turnover rate may not result into a higher waiting time.
Average
Waiting
Time
Years
Days
9 DHAs

DHA1

DHA2

DHA3 DHA4 DHA5 DHA6

DHA7

DHA8

DHA9

0.2064
76.3

0.1842
67.7

0.2547 0.3411 0.1145 0.1516
95.3
125.7
43.1
57.5
108.9 days

0.4324
159.5

0.4022
148.9

0.2462
90.1

Table 4.14: One-way ANOVA test results for 9 DHAs
4.1.2.2. Discussions
The average LTC waiting period for community patients in NS province increased from 110
days in 2009-10 to 150 days in 2010-11 [30]. From the average waiting time in our results
(data of 2011-2014), we still can obtain the initial idea on the system performance: [110 108.9 = 1.1, 150 - 108.9 = 41.1]. This means that most of the waiting time is at pending
state. Thus, it is unlikely for managers to reduce the waiting time if they focus on discharge
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process. Two possible ways to reduce waiting time: (1) adding resources; (2) reduce the
vacancy rates of beds: If a person is at pending state, it does not mean that this person can be
assigned at once when a bed is available. Two possible reasons are that the person may not
satisfy the facility policy, or he/she is not satisfied with the offer (a patient has a period of 3
months to take or refuse an offer, and during that period the assigned bed is vacant and
won’t be offered to someone else until the patient dismiss the offer). The key to that is that
the patient’s demand is different from the admission evaluation process. Above all, if the
managers cannot let the demand match the supply well, the solution will be only adding
resources.
The average LTC waiting period for hospital patients decreased from 80 days in
2009-2010 to 65 days in 2010-2011 [28]. This is a result of healthcare providers trying to
elevate the pressure that ALC is having. Hospital patients are discharged from ALC and
assigned to long-term care/home care as a priority in comparison with community patients.
Thus, community patients list is increasing (110-150 days). Hospital patients’ LTC
placements are twice that of community patients [30].
We got data from the DHW (2014) about (Hospital, Community, Transfer) waiting
times in the 9 DHAs in Nova Scoria, presented in the figure below:
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Figure 4.1: Average waiting time across NS (Hospital, Community, Transfer), 2014 [33]
Source: Department of Health and Wellness, 2014

According to the results, it seems that the same problem is still persistent from 20092014. Like already said, it is understandable that DHA9 has higher waiting times
(community/hospital) than other DHAs, because it is the main DHA and has higher
population. The problem may be solved because DHA9 has the highest bed counts and
staffs.
The median wait time for DHA8 clients (hospital/community) is quite high in
comparison with other DHAs. When you break out the hospital clients from those living in
community, data shows that the wait times for hospital clients are very similar (high). This
is the only area of the province that exhibits this trend. The DHW and CBDHA are aware,
and staff is looking into possible reasons that might account for this finding, one could be
reporting issues that may be causing the hospital wait time to be inflated [33]. DHA4 comes
next with average wait times (community/hospital), however when you break out hospital
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clients from community clients, hospital’s waiting time tends to decrease. The figure below
shows the dilemma of the waiting times for year (2010-2011) from both the community and
hospital separately [30].

Figure 4.2: Waiting times for hospital and community clients, NS (2009-2011)
4.1.3. Question 3: Whether the turnover rate relates to coefficient of variation in NH,
RCF, and the combination of NH and RCF?
By the Spearman rank correlation coefficient test, there is no enough evidence to
believe that the turnover rate and the coefficient of variation related.
4.1.4. Question 4: Whether the turnover rate relates to proportion between the number of
beds in NH and RCF?
By the Spearman rank correlation coefficient test, there is no enough evidence to
believe that they are related. We also tried several different other measures, but no one
relates to the turnover rate. Thus, these conclusions suggest that we do not have to be
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sensitive on the size of NH and RCF. In other words, there is no significant difference
between building several small NH (or RCF) and building a large NH (or RCF).
The vacancy rates of beds in DHA4 and DH8 are significantly higher than the others,
the reason is not the scale or distribution of beds in NH or RCF. There should be some other
reasons.
It is not strange to have close turnover rates. The DHAs in Nova Scotia follow the
same placement policy no matter what the policy is, more exactly when the policy is
independent of any certain DHA. Under this situation, one key factor on turnover rate is the
lifetime distribution, which is relative objective factor and independent of any DHA.
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Figure 4.3: Nova Scotia’s DHAs population, by age Groups (2011) [82]
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# Population 75+

# Total

of (Provincial

provincial LTC

population 75+),

waiting list,

2009

2009

12.703 (1.38%)

6.000 (8%)

70 (5%)

11.562 (20.0%)

11.562 (1.26%)

6.000 (8%)

54 (4%)

81.345

15.456 (19.0%)

15.456 (1.68%)

7.500 (10%)

80 (5%)

DHA4

71.070

11.443 (16.1%)

11.443 (1.25%)

5.250 (7%)

155 (10%)

DHA5

31.355

6.836 (21.8%)

6.836 (0.70%)

4.500 (6%)

45 (3%)

DHA6

45.645

8.490 (18.6%)

8.490 (0.93%)

3.750 (5%)

83 (5%)

DHA7

43.745

8.487 (19.4%)

8.487 (0.92%)

3.750 (5%)

128 (8%)

DHA8

119.955

23.392 (19.5%)

23.392 (2.54%)

11.250 (15%)

465 (31%)

DHA9

412.530

54.867 (13.3%)

54.867 (5.95%)

27.000 (36%)

441 (29%)

# Total

# Population 65+

# Population 65+

population,

of total DHA

of total NS

2011

population, 2011

population, 2011

DHA1

58.270

12.703 (21.8%)

DHA2

57.810

DHA3

DHA #

65-74: 85.000
Nova

Total:

Total:

Scotia

921.725

921.725

75-84: 48.000
65+: 115.000

1521(100%)

75+: 75.000
85+: 22.000

Table 4.15: Population in Nova Scotia and DHAs, (2011) [82]
The table above show that population percentage for age group (65+) in different
DHAs is quit different. DHA9, DHA8, DHA3, DHA4 have highest total population counts.
After calculations, DHA9, DHA8, DHA1, DHA3, DHA2, DHA4 (in order) have highest
counts of seniors (65+). This may support our findings that DHA8 and DHA4 LTC list has
the highest counts of seniors aged (75+).
The figure below shows that life expectancy in DHA8 is the lowest in comparison
with others; this may support the point that LTC patients go to heaven while being in
nursing home. As a results, having more vacant beds. Low turnover rate may be caused by
placement office communicating information in slow rate and its difficulty dealing with the
high level of LTC applications (DHA8 has the longest waiting list). However, in DHA4 life
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expectancy is pretty high; this supports the fact that this DHA has low turnover rate. While
high vacancy is caused by luck of coordination between DHA-placement office and LTC
facility management.

Life	
  Expectancy	
  in	
  Nova	
  Scotia,	
  by	
  DHAs	
  
At	
  Birth	
  
80.1

79.9

79.8

80.1

At	
  age	
  65	
  

78.8

80.5

79.5

77.9

80.3

19.3

19

19.2

19.6

18.8

19.6

18.5

18.2

19.1

DHA1

DHA2

DHA3

DHA4

DHA5

DHA6

DHA7

DHA8

DHA9

Figure 4.4: Life expectancy in Nova Scotia, by Birth/Age 65, by DHA [83]
Finally and according to our previous discussion (previous research and our
findings), the more supported causes of low turnover rate, high vacant beds, and long
waiting list in DHA4 and DHA8 are:
1. Difficulty dealing with the high level of applications by the placement office.
2. Inefficient communication between (DHAs, placement office, and LTC providers)
during the placement process.
3. Difference in Lifetime distribution between DHAs.

4.2. Vacant Beds Causes & Barriers Identified by NHs Providers
In August 2010, 81 nursing home providers were contacted to give their perception
regarding bed vacancies and difficulties getting their beds filled efficiently. Here is their
response list [30]:
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1. Variation in the length of bed vacancies around the province, with many homes
reporting lengthier bed vacancies than in the past.
2. Variation in the time it takes Nursing homes providers to receive client information
once a bed vacancy is declared.
3. Nursing homes care providers have a positive relationship with DHW placement
staff, but placement offices members were too slow to deal with the volume of work.
4. Personal Directives Act has created new challenges for facilities and Care
Coordinators because it takes time to be understood, leading to delays in both
transfers and new placements of clients.
5. Opening of new facilities has diverted attention from regular placements and has
increased the volume of inter-facility transfers leading to lengthier bed vacancies.
6. Facility requirements of a pre-admission assessment and family visit to sign a
financial contract creates challenges.
7. Families are not fully prepared to make decisions regarding placement in a timely
manner.
8. Changing and complex needs of clients upon admission create challenges.
9. Unavailability of physicians to participate in the admissions process.
10. Reporting on bed vacancies is not coordinated and is limited. Providers notify the
Placement Office shortly after a vacancy occurs to initiate a new placement.
However, there is no reporting on the date the client moves into the facility.
Providers also report the sum of vacant bed days to DHW. But, the data on the
duration of each bed vacancies is not reported [See Appendix: Definitions Glossary].
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4.3. LTC Admission-Discharge-Transfer Policy
The Department of Health, District Health Authorities, Long term care providers,
Hospital and Home care providers share the responsibility for the post discharge-placement
process. Each participates in the process to facilitate clients’ transitions from the
community, hospital, or a long-term care facility to another long-term care facility [30].
Clients applying for or being transferred to any form of continuing care are assessed
using a standardized assessment tool: Inter RAI- (LTC-HC-AC-…), which aims to improve
health care for persons who are elderly, frail, or disabled. RAI assessments are completed by
the Care Coordinator with the participation of the client, family and others involved in their
care and support with the focus on quality of life by assessing client needs, strengths and
preferences. The RAI assessment scales are as follows [30]:
Client’s Cognitive Performance Scale: 0-6 scale with higher scores indicating more
significant cognitive impairment.
The MAPLe Level: 1-5 scale used as an indicator of risk for adverse outcomes including
caregiver distress. Higher MAPle levels indicate more risk for adverse outcomes.
CHESS: 0-5 scale used as a measure of clinical instability and a predictor of mortality.
ADL Self Performance Hierarchy: 0-6 scale with higher score indicating greater
dependence with ADL performance.
The date of care level approval becomes the client’s “waitlist date”. Clients’
placements are offered in order of their waitlist date. LTC providers notify the Placement
Office (PO) about a bed vacancy, the PO then sends information regarding the next client on
the facility’s wait list to the provider. The provider reviews the client information and
notifies the PO about their decision. The PO then contacts the client to offer the ‘bed’. The
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client or substitute decision-maker informs the PO of their decision, and further
arrangements are made with the LTC provider to arrange for the client’s admission. A client
is considered ready to receive a bed offer once she/he has been assessed, has a care level
decision approval, financial accommodation rate determined and has identified their facility
preferences [30]. Patients are placed according to the process described above. Hospital
patients are in priority than community patients, however, exceptions occur.
Usually, patients are placed in facilities 100 kilometers far from home (family
members), and are allowed to choose as many LTC facilities to appear on their wait list
(Unlimited in NS, and only 5 facilities in Ontario). Patients had a period of 3 months for a
placement decision after a bed offer (This is not in action starting: March 15, 2015). Now,
they have to accept or refuse the bed offer in 24 hours [84].
LTC providers are funded by the funding received by LTC providers is based upon a
facility’s entire budget and is not linked to whether a resident occupies a bed or not. The
occupancy rate is no longer used in funding LTC facilities. Prior to January 1, 2005, LTC
service providers were funded based upon occupied bed days, using an occupancy rate.
Residents pay an accommodation rate to their LTC provider, which is set by DHW each
November 1st. Residents with lower net income have their fees reduced [30].
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Chapter 5
Queuing Models for Long Term Care Optimization
According to the Department of Health and Wellness (2014), and what we already
stated in previous chapters, the ALC system in Nova Scotia could be presented as shown in
the diagram below [38]:

Figure 5.1: Alternative level of care in Nova Scotia, 2014 [38]
As illustrated in the figure, there exist at least eight possible ALC destination
facilities (nodes). We will call this the Alternative level of care/Community Care network
(ALCCN). ALC Patients’ RAI score and service guidelines determine their appropriate
facility destination (node). The definition of each node is provided in the Appendix and
Chapter 3. The demand for the ALCCN facilities comes from the hospital and the
community, as shown in the diagram. This means that patients in the hospital are in
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competition with those from the community who already experienced lengthy wait times in
order to get access to the same resources. Modeling capacity requirements for the ALCCN
facilities must include this significant segment of demand. Thus, our model will include
both ALCC and community demand for the ALCCN. A well performing system must
maintain balanced patients’ number and reasonable wait times for both hospital and the
community. We’ve been asked to only consider: Home care (with support), nursing homes,
supportive care (as a whole facility), ALC, and (RCF, other, home (without support)) would
be omitted and neglected. The reason is that Nova Scotia’s government is willing to cut of
financing RCF in the long run and consider home care as a future potential solution for ALC
congestion and waiting time challenge [38].	
   Two methods are used to solve the ALCCN
waiting time, long waiting list problem:	
  

5.1. Method I: Using Markov Chains
5.1.1. Model Description
Like previously mentioned, In Nova Scotia’s ALCCN, ALC exit and LTC entrance
nodes are the most congested. We will decompose ALC node to sub-entities (Hospitals) and
LTC node to sub-entities (Nursing homes). We may focus on one Nursing home (facility)
instead of the whole system since the whole system will be improved if every Nursing home
(facility) can be improved. However, our model may be applied on the entire LTC system in
Nova Scotia or its sub-entities (NHs, RCFs, Hospitals…etc) because it has the no loss of
generality proporty. Lets describe the model for one nursing home and apply the simulation
on the entire LTC system. A Discrete period model is used to measure the average waiting
time of seniors in a Nursing home of the Continuing care system. We assume that the unit of
time period is one day. Also, we assume that seniors are served under the first-come-first	
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served discipline (FCFS). Let b be the budget per Nursing home per period, which is the
only decision variable in our problem. The patient departure rate is K (b) each period,
where K (b) is a non-decreasing function of b . In each period, the events happen in the
following order: (1) Observe the number of patients in the queue; (2) Serve K (b) patients;
(3) Accept new patients at the end of a period. In this method we will be using two
approaches and observe how they effect the waiting time of the LTC system for Nova
Scotia’s government:
(1) Expanding Approach: The government budget b amount of money each period for
each nursing home in the LTC system to shorten the waiting time. Let w pu (b) be the
expected total waiting time of LTC system and w pu (b) be the corresponding average waiting
time when investment is b . The point behind this approach is to use the extra budget to fill
the free available space (cover the gap) in LTC nursing homes in order to expand the
capacity [85].
(2) Shunting Approach: The government provides vouchers to seniors to use a LTC
services package. The LTC services are a service package divided into services from a lot of
providers in the society (Private care facilities, Individuals offering home care, …etc.).
Suppose the total amount of vouchers is v per period per senior. Motivated by the vouchers,
some seniors will use package services. Suppose α (v) portion of seniors will select package
services if voucher value is v. Assume that the government budget the same amount b each
period as in the expanding approach. If on the average there are m seniors using the package
services each period, then the government will spend mv on vouchers and the remaining (bmv) will be invested in the public LTC (Nursing homes). Consequently there will be fewer
seniors in the public LTC system, so the average waiting time in the public LTC system is
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shortened. We assume the waiting time is a constant wpr in the package services and w pr ≥ 0
Let w!pu (b − mv,v) be the expected total waiting time and w!pu (b − mv,v) be the average
waiting time of patients in the public LTC system in the shunting approach [85].
The Model with Poisson Process and Constant Service Rate: M/D/s
First we present a traditional queue model. Assume that the arrival of seniors follows
a Poisson process with arriving rate λ and service rate K(b) . For the expanding approach,
the average waiting time of the public LTC system is given by this function:
w pu (b) =

1
1
1
1
1
1
1
1 (1)
+λ
=
+
−
=
+
2 !
K(b)
K(b)
λ $ K(b) 2(K(b) − λ ) 2K(b) 2(K(b) − λ ) 2K(b)
2 #1−
&
" K(b) %

If K (b) is an increasing concave and differentiable function, w pu (b) will be a convex and
differentiable function. Then the optimal budget b can be obtained easily by taking the
derivative of function (1).
In the shunting approach, α (v) portion of patients will use the package services. Thus, in the
public LTC system, the arrival of patients follows a Poisson process with a reduced arrival
rate (1− α (v))λ and service rate K (b − mv) , and the average waiting time of the public
service is given by the following function:

w!pu (b − mv, v) =

1
1
+
2[K(b − mv) − (1− α (v))λ ] 2K(b − mv)

(2)

Similarly, if both α (v)λ and the service rate K (b − mv) are concave and differentiable, the
optimal value of b and v will be obtained easily. Hence the performances of the two systems
can be compared.

	
  

84	
  

	
  
Although it is not difficult to evaluate the average waiting time in the model with Poisson
process and constant service rate (M/D/s), the assumption differs from the fact that the
system is never idle. Therefore, in the rest of this thesis, we will use another model to
describe the system more realistically [85].
The Model with (Q1, Q2) System: A Finite State Discrete Markov Chain
We assume the LTC system is always busy so that new seniors have to wait in the
queue whenever they arrive. The key to estimating the waiting time is to evaluate the
probability distribution of the number of seniors in the system, which varies in the interval
[Q1, Q2]. The number of seniors in the system at the beginning of a period represents the
system state, denoted by s . Let A(s) be the arriving rate of seniors at state s , which is
random and satisfies Q1 ≤ A(s) + s − K (b) ≤ Q2 for any s and budget b. If A(s) = n , the
probability density function of the length of the queue is Pij = P(n) where i = s and

j = n + s − K(b). Then the transition probability matrix from state i to state j is defined as
[102]:

[ ]

T (b) ≡ pij

( Q2 −Q1 +1)×( Q2 −Q1 +1)

. And, 0 ≤ Pij ≤ 1 , Q1 ≤ i, j ≤ Q2

In the shunting approach, α (v) portion of seniors will select package services at voucher
value v. We use the floor operator ⎣...⎦ to make the number of seniors an integer. Thus, when
there are A(s ) seniors arriving in one period, !"α (v)A(s)#$ seniors will choose package
service and accordingly the rest A(s) − "#α (v)A(s)$% of the seniors enter the public LTC
system. The investment is (b-mv) in the public service. If A( s) = n , the probability density
function becomes Pij = p (n) where i = s , j = n − !"α (v)n#$ + s − K(b − mv) .
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Since the departure rate is a constant for any given b, the average waiting time of seniors in
certain state is known. Thus, the key of evaluating the average waiting time of the LTC
system is to know the proportion time of each state. We model the problem as a Markov
chain with finite states. Without the loss of generality, suppose all states are irreducible.
This means that all of the states are positive recurrent and there exists the unique stationary
distribution, which is a row vector with dimensions 1× (Q2 − Q1 + 1) and denoted by π (b)
such that π (b) = (π Q1 (b),..., π Q2 (b)) . Since the length of a period (one day) is much shorter
compared with waiting time (waiting time may last from several months to several years).
We will consider some queuing theory formulas; we assume the service time for a senior in
a Nursing home is

1
period [96]. In the expanding approach, according to Stationary
K(b)

Distribution theorem:

⎧π (b) = π (b)T (b)
π Satisfies ⎪⎨
∑ π j (b) = 1 .
⎪⎩

j

At state j , the sum of waiting time of seniors is given by:

1
( j − 1) j
.
[( j − 1) + ... + 1 + 0] =
K (b)
2 K (b)
Hence, The expected total waiting time of the public system is given by:

wpu (b) =

Q2

( j − 1) j
π j (b)
j =Q1 2 K (b)

∑

(3)

The average waiting time per patient of the public system is given by:

wpu (b) ≡

Q2

j

∑ K (b) π
j =Q1
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For the shunting approach, the average number of seniors attending the package services is:
Q2

∑ E ( ⎣⎢α (v) A( j ) ⎦⎥ ) π

j

(b − mv) . Each patient will get a voucher worth v , and wait for wpr

j = Q1

time periods in the package services system. The remaining amount (b-mv) is invested in the
public LTC system. Then, the total waiting time of the packages services system

wʹ′pu (b − mv, v) can be obtained through the transition probability matrix:
⎧⎪π (b − mv, v) = π (b − mv, v)T (b − mv, v)
⎨
∑j π j (b − mv, v) = 1
⎪⎩
where π (b − mv, v) is the stationary distribution function, and T (b − mv, v) is the transition
probability matrix [85].
5.1.2. Model Application
Parameters Definition
The described models contain complicated transition probability matrixes. Thus, it is
difficult to find the optimal solution with a closed form formula. However, if we define
parameters, the waiting time can be easily obtained. The models will be applied in a real life
situation and the result will be analyzed. Our purpose is to compare the two approaches and
provide useful advice for selecting an approach. We parameterized the models with statistics
documents, figures, surveys and data from DHW, 2014, research results and many other
government sources [33, 38, 86–97]
According to a survey and LTC system internal analysis, they indicated that
approximately 25% (0.25) of LTC clients defer or refuse a bed offer [38, 84]. Thus, we will
assume that these patients are looking for a different more convenient type of care like:
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Package services from different providers (Example: either home care, community-based
care-programs, private care facilities, individuals offering home care).
Moreover, The national average hourly rate for homemaker/companions is 19$/hour,
the recommended hours are: 4.55/day, the offered hours: 2.48/day. The paid hours:
5.99/day. So, we assume that the daily estimated voucher cost for a package services/senior
is: 19$ × ((4.55+ 2.48 + 5.9) / 3)hours = 19$ × 4.31hours = 81.89$ ≈ 82$ . It is known that the
public home care average cost in Nova Scotia is: 33$/day. Thus: (82+33)/2=
57.5$/day/patient ≈ 60$	
   would be the optimum cost. We conclude that if a senior has
chosen private home care the average daily cost would be 82$, however for the government
to balance that price with the public cost, the cost would be: 58$/day /patient.
33$ < 60$ < 82$ , This means that the new daily voucher cost will be more than the daily

public home care cost. However, it is a good policy to implement. Why? Even if that daily
voucher cost is higher than the daily public home care’ cost, it is certainly way cheaper than
the daily ALC, or LTC cost. Thus, if more seniors (a high percentage) choose that option,
the cost and the waiting time will be both reduced.
In other cases, the voucher value may increase because the patients may need extra
level of care to be paid. For example a disable senior in need of physiotherapy twice a
month will approximately cost: 80 × 2 = 160$, thus, the voucher value may increase to:
160/30 + 60= 66$/day. Thus, α (60) = 0.25 Minimum or α (66) = 0.25 Maximum. The value
of the Max voucher 66 is actually lower than ALC and LTC daily costs. However, in cases
where patients have complicated and extensive care needs, the voucher value may increase.
Lets assume that the government will offer the vouchers to those patients who are in need of
light level of care, and those with more complicated conditions will stay in the LTC public
	
  

88	
  

	
  
care waiting list and be a priority. As a result, we choose the Min voucher 60$/day and

α (60) = 0.25
The government average daily costs for: home care/patient is: 104$, LTC/patient is:
178.1+ 300 +500/2= 325$ and ALC/ patient is: 500$. As a result, the total final costs would
be: The total cost – the accommodation fee. Accommodations fees are as follow:
HC ((33+82)/2 = 60$),
LTC ((105+61+50)/3 = 72$/day/patient),
ALC ((165+145)/2 = 155$/day/patient),
ALC

500 – 155 = 350$

LTC

325 – 72 = 254$

HC

104 – 60 = 44$

The average annual doctor payment in Nova Scotia is: 250.000$, works 8 hours/day
(56 hours/week) and need around 2 hour a week to give recommendations. The average
hourly payment for a LTC nurse is: 36$/hour, gets paid for 6 hour/day (80.000$ annually),
and needs around 5 hours to care for a senior. The average length of stay in a LTC facility
is: 3 years. We conclude that in order to increase one senior output from the system (LTC),
the cost is represented as:
(Nurse cost + Doctor cost) in 3 years =
3((250.000/(

52 × 2
365×5
)) + (80.000/(
))) = 3(8928.57 $+ 66666.66$) = 3(75595.23$) = 226785.69$
52 ×56
365× 6

This means that the annual cost for a senior output is ≈ 75596$, and because the average
LOS for a senior in a nursing home is 3 years the total cost will be ≈ 226786$. Thus, the
daily cost to get a patient out a LTC facility is ≈ 207$ ≈ (178.1$ - 300$: Average annual
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LTC cost/patient according to the DHW, 2014). Let’s put the average: 250$ including other
costs.
According to our data analysis (Chapter 4), the turnover rate for NHs and RCFs in
Nova Scotia is represented in the table below:
Turnover rate
NHs & RCFs
FYTD 2011/12
FYTD 2012/13
FYTD 2013/14

DHA1

DHA2

DHA3

DHA4

DHA5

DHA6

DHA7

DHA8

DHA9

0.4659
0.4567
0.3867

0.4718
0.4357
0.3824

0.4194
0.4181
0.4103

0.3344
0.3441
0.3635

0.4699
0.4241
0.4265

0.4306
0.4762
0.4008

0.4276
0.3684
0.3904

0.3438
0.3236
0.3266

0.3707
0.3656
0.3928

The average turnover rate for all the three years (2011-2014) is: 0.4008. This means that the
average service rate in LTC facilities in Nova Scotia is: 0.4 senior/year (takes 2.5 years for a
patient to leave the facility/year ≈ 3 years LOS according to [38].
We know that the annual budget is 795$ Million, our expanding approach budget
(investment is: b). Thus, we conclude that in our expanding approach the service rate is:

K(b) = 0.4 +

b − 250 × 0.4
b −100
= 0.4 +
250
250

(5)

We obtain the upper bound and lower bound of the length of the queue from LTC
queue changes (increase), Q1 = 900 and Q2 = 2575 . Nova Scotia’s government is actually
budgeting the entire continuing care system around 795$ M/year (560.1$ for LTC and
234.9$ M for HC and CC). According to the baby boom generation dilemma, Nova Scotia’s
seniors (65+) will still be increasing until year (2025-2036). Thus, let’s assume that Nova
Scotia’s government will provide an extra 200$ M/year (200$ M + 560.1$ M = 760.1$ M)
to launch the voucher scheme. The scheme will last 10 years (2015-2025), and the waiting
list increases by approximately 200 senior/year; thus, the number of elderly persons who are
eligible for the vouchers in 2015, 2016, … until 2025 will be approximately 2.600, 2.800,
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… until 4.600, respectively. Assume that a senior in a LTC facility stays that all year long
(365 days), about 90% of seniors in the waiting list are interested in having a facility bed
offer.
According to the DHW (2013), approximately 2,400 Nova Scotia’s seniors were
waiting for a placement into a LTC facility, and 2,100 (87.5%) of these individuals were
waiting at home, and only 57%, of those seniors waiting at home were accessing provincial
home care services. Thus, 12.5% seniors are waiting in a hospital, and 43% of seniors
waiting at home are not offered Home care.
There are a total of 155 (87+37+31) LTC facilities in NS, and 7821beds, As it is
known, once a senior is admitted to a LTC facility, he/she is taken care of 24/7, so we
assume 365 (1 year) working days per year. Also, LTC are working at almost all their full
capacity (90-99%). The LOS is: (2.5 or 3) years/senior, and turnover rate is between: (0.3
and 0.4) patient/year. Thus the average number of seniors attending public LTC service per
year is: 155 × (0.33 or 0.4) ≈ 155/(2.5 or 3) years ≈ (52 or 62) ≈ 56 seniors/year.
Since α (60) = 0.25 , among 56 patients, 15 patients on average will go to the private
package services. Thus m=15 and corresponding the total value of voucher is: mv = 60×15 =
900$ for each period. The number of patients using vouchers in each period may vary, so we
use average budget in the public LTC service, which is ( b − 900 ) for each period. Thus, in
the shunting approach, the departure rate of the public LTC system is given by:

" b − 900 −100 $
K(b − mv) = 0.4 + "
$%
#
250
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Parameters

Value (Nova Scotia)

% LTC Bed Refusal (Prefer HC or CC Program)

25% of Total LTC Waiting List

Canadian Doctor Average Annual Salary

$307,000 / Year

Nova Scotia Doctor Average Annual Salary

$250,000 / Year

Public Care NH Daily Accommodation Cost

105$ / Day

Private Care NH Daily Cost (Private Room)

($258 Daily / $94,170 Annually)

Private Care NH Daily Cost (Semi Private Room)

($227 Daily / $82,855 Annually)

Registered Nurse Hourly Salary (Acute Care)

35.2$ / Hour

Registered Nurse Hourly Salary (LTC)

32$ Min - 40$ max / Hour

Registered Nurse hourly Salary (Continuing Care)

25$ Min - 32$ Max / Hour

Recommended Hours for Daily LTC Care

4.55 Hours / Resident Day

Nova Scotia Averaged LTC Services Paid Hours
Nova Scotia LTC Provided Hours

5.9 Paid Hours / Resident Day
2.48 Hours / Resident Day

LTC Length of Stay (LOS)

2.5 - 3 years Average

Nova Scotia’s Beds Occupancy Rate

96.6%

# Nursing Homes (NS)

87 facilities (6713-6902 Beds)

# Residential Care Facilities (NS)

37 facilities (820-931 Beds)

# Community Based Options (NS)

31 facilities (90 Beds)

Parameters

Value (Ontario)

Value (Nova Scotia)

Hospital Bed Daily Cost. Gov

842$ / Day / Patient

LTC Daily Costs. Gov

126$ / Day / Patient

Home Care Daily Cost. Gov
Hospital Bed Cost (Patient
Accommodation Rate)

42$ / Day / Patient

500$ / Day / Patient
(Goes up to 1000$)
178.1$ - 300$ / Day / Patient
(Goes up to 500$)
103 - 105$ / Day / Patient
165$ / Day (Private)
145$ / Day (Semi-private)
Ward (Free/MSI)
105$ / Day / Patient (NH)
61$ / Day / Patient (RCF)
50$ / Day / Patient (CBO)
15$ Min - 25$ Max / Hour
Average ($19 /Hour)
33$ - 50$ / Day

LTC Bed Cost (Patient
Accommodation Rate)

56.93 $ / Day / Patient

Home Care Cost (Patient
Accommodation Rate)

19$ / Hour

Table 5.1: Method I parameters definitions I
Source: [8, 19, 25, 26, 28, 29, 30, 33, 38, 86–99]
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Define Q1, Q2
Parameters

Value (Nova Scotia)

LTC Waiting List 2006

900

LTC Waiting List 2007

1,284

LTC Waiting List 2010

1,740

LTC Waiting List 2012-2013

2,400

LTC Waiting List 2013

2,551

LTC Waiting List 2014

2,575 and (837 Pending in approval process)

ALC Waiting List 2014

86 and (12 Pending in approval process)
Define Budget & Voucher Cost

Parameters

Value (Nova Scotia)

Continuing Care Annual Budget

$795 Million

LTC Annual Budget

$560.1 Million

Home Care & Community Care

$234.9 Million

Annual Budget
Home Care Annual Budget

$196 Million

LTC Total Provincial Cost

$669 Million
($538 from province, rest from residents)

Table 5.2: Method I Parameters Definitions II
Source: [6, 8, 9, 11, 38, 86, 100]

5.1.3. Simulation Results
At the beginning of the experiment, we randomly generate one transition probability
matrix by the basic setting, b = 4000 and v = 0 . The maximum of A(s ) is set to 50. We
increase b from 4000$ to 10,000$, at a constant increase interval of 1000$ and evaluate the
waiting time.
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Figure 5.2: The average waiting time of case (α (60), 900, 2575))
Figure 5.2: shows that the dominant approach can be either one. First is the
expanding approach, followed by the shunting approach as the investment increases.
We conclude that there are two special points in the results, denote them as i = A, B.
Let xi represent the investment b associated with point i. Then xA = 5700, xB = 6500. The
figure can be divided into three sections. Before point A, the shunting curve is above the
expanding curve, showing that when investment b < xA, the performance of the expanding
approach is better than the shunting approach. As the investment increases to interval (xA,
xB), the shunting curve drops below the expanding curve, meaning that the performance of
the expanding approach is worse than the shunting approach. If investment b > xB, the two
curves converge, indicating that these approaches have similar performance, while the
expanding approach is still slightly better.

	
  

94	
  

	
  
Moreover, the changes of the decreasing rate of the average waiting time with
investment in the three sections. When b < xA, the shunting approach reduces waiting time
faster than the expanding approach. When xA < b < xB, the two approaches have a close
decreasing rate. Finally, when b > xB, both approaches have low decreasing rate and the
average time almost remains unchanged.
This phenomenon can be explained as follows. In the beginning, since there are a lot
of patients and long waiting time, the expanding approach has more obvious effect than the
shunting approach. However, in the shunting approach, since 25% of the patients go to
private services, the remaining investment (b – mv) in the public system will have greater
impact on the performance, resulting in a faster decreasing rate, as in the third section of the
expanding approach. In other words, although the shunting approach starts with worse
waiting time, it decreases waiting time faster than the expanding approach. Due to the fast
decreasing rate, the shunting approach catches up with the expanding approach and becomes
better than the expanding approach in the second section.
Based on the above observation, some useful insights are obtained.

If the

government invest a small budget, b < xA, the expanding approach should be adopted. If
investment xB < b < xB, the shunting approach should be adopted. It is not worthwhile to add
investment beyond xB since the waiting time will not be reduced much.
5.1.4. Study of Different Scenarios
In this section, we investigate how the performance of the two approaches with some
parameters changes. First, we examine the impact of different α (v) value on the waiting
time. Currently α (60) = 0.25 , which means only 25% of patients go to the private service.
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Obviously if the value increases, more patients would choose private services. Thus, we will
examine the performance of the system with different voucher values.
Let’s assume: α (40) = 0.1 and α (120) = 0.4 .

Figure 5.3: The average waiting time for case (α (40), 900, 2575)
Figure 5.3: shows the average waiting time of case (α (40), 900, 2575) . We see that
the results are quit similar to the previous case; the expanding approach has the same results,
and the differences are in the lower waiting time for the shunting approach when b < xA.
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Figure 5.4: The average waiting time for case (α (120), 900, 2575)
Figure 5.4: depicts the average waiting time of case (α (120), 900, 2575) . The
shunting curve is always above the expanding curve. The expanding approach gives the
same performance as the previous cases. The shunting approach when b < xA gives a very
high waiting time with a fast decreasing rate
In general, the shunting approach with high voucher value (v = 120) is always worse
than the expanding approach. For middle level voucher value (v = 60), the shunting
approach can be better than the expanding approach when the total investment is larger than
threshold value $5700. If investment is larger than $6500, both approaches have similar
performance. If the voucher value is low (v = 40), the results are similar to the case where
(v = 60), and the difference is that the shunting approach waiting time is very high before
the investment reaches 5700$.
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Tests were done among shunting approaches when Q1 = 700, and Q2 = 4000 with

(

) (

) (

results were similar to the above tests:

(α (40),900 ,2575)

)

different voucher values: α (40),7001 ,4000 , α (60),7001 ,4000 , α (120),7001 ,4000 , the
1

,

(α (60),900 ,2575)
1

,

(α (120),900 ,2575) in order.
1

5.2. Method II: Using Queuing Models
The steps that we will pursue in this method would be resumed as follows:
1. Apply both M/M/1 and M/M/s models on one nursing home case by using both
M/M/s model assumptions and our actual case assumptions.
2. Do a scenario analysis of the different mentioned models above using an Excel
Simulation for the M/M/s model.
3. Include a cost model to solve out waiting time and resource allocation challenge.
Using the model (M/M/1/∞/FCFS), we will address the waiting queue problem, where we
have only one nursing home to be considered our only server. The general model parameters
are the M/M/1 model parameters with our assumptions. We won’t look at the number of
beds as servers, however that can be implemented if we consider a M/M/s model where the
beds in a nursing home are our servers.

Figure 5.5: Method II: One Nursing Home Queuing model
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5.2.1. Assumptions
The following assumptions were set for queuing system analyzing long term care
(One nursing home) waiting time and service costs, which is in accordance with the queuing
theory [101]:
1. Arrivals follow a Poisson probability distribution at an average rate of λ patients
(seniors) per unit of time.
2. The queue discipline is First-Come, First-Served (FCFS) basis by any of the servers.
There is no priority classification for any arrival, no balking, jockeying blocking or
reneging is considered.
3. Service times are distributed exponentially, with an average of µ patients per unit of
time.
4. There is no limit to the number of the queue (infinite).
5. The service provider (1/s nursing home(s)) (is/are) working at (its/their) full
capacity.
6. The average service rate is greater than average arrival rate: sµ > λ, (λ/sµ < 1).
7. Server here represents only (one/many) nursing home(s), but not other long-term
care facilities.
8. Service rate is independent of the line length; service providers do not go faster
because the line is longer.
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9. The used formulas for M/M/1 model are shown below [101, 102].
M/M/1 model
λ = mean number of arrivals per time period
µ = mean number of people or items served per time period
L = average number of units (customers) in the system (waiting and being
served)
λ
µ−λ

L=

W = average time a unit spends in the system (waiting time plus service
time)
W=

1
µ−λ

Lq = average number of units waiting in the queue
Lq =

λ2
µ(µ − λ )

ρ = utilization factor for the system
ρ=

λ
µ

P0 = probability of 0 units in the system (that is, the service unit is idle)
P0 = 1 −

λ
µ

Pn>k = probability of more than k units in the system, where n is the number
of units in the system
Pn>k

	
  

⎛ λ ⎞
= ⎜⎜ ⎟⎟
⎝ µ ⎠
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10. The used formulas for M/M/s model are shown below [102, 103].
M/M/s model
s = number of channels open
λ = average arrival rate
µ = average service rate at each channel
The probability that there are zero people or units in the system is
P0 =

1
, for sµ > λ
) s−1 1 ! λ $n , 1 ! λ $s sµ
+∑ # & . + # &
+* n=0 n! " µ % .- s! " µ % sµ − λ

The average number of people or units in the system is
L=

λµ (λ / µ )s
λ
P0 +
(s −1)!(sµ − λ )2
µ

The average time a unit spends in the waiting line and being serviced
(namely, in the system) is
W=

µ ( λ / µ )s
1 L
P0 + =
(s −1)!(sµ − λ )2
µ λ

The average number of people or units in line waiting for service is
Lq = L −

λ
µ

The average time a person or unit spends in the queue waiting for service is
Wq = W −

1 Lq
=
µ λ

5.2.2. Scenario Analysis
A scenario analysis is done for the proposed model above, here it is presented:
Base Case Scenario
As we know from the literature, currently there are 2,400 seniors waiting for LTC in
Nova Scotia [49]. However, in this case we are addressing the waiting queue of only one
nursing home and not the entire LTC system. Lets assume in our base case scenario we are
using an M/M/1 model, we have only one nursing home, where: N(t) is the number of
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seniors in the nursing home and its queue at time t. N(t) is a Birth & Death Process with
constant arrival rate λ= 2 senior/month, and constant service rate = 3 years/senior.
This case can’t be solved with an M/M/1 model, but possible with a M/M/s model.
Why? Because assuming that our nursing home will be available if a bed is available can’t
be understood by our simulation. Thus, we have to consider the bedding number as servers
to be able to address the problem.
The simulation didn’t run those parameters because the waiting line is too long
(arrival rate > than service rate). We did calculate the results manually, as it can be seen; the
results are negative showing that the system is not stable.
Analysis: (M/M/1 model)

λ = 2 senior/month = 24 senior/year
Ws = 3 years = 36 months
Service waiting time: Ws = 1/µ ⇒ µ = 1/Ws = 1/3= 0.33 senior/year or 0.0275 senior/month
System Utilization: p = λ/µ = 2/0.0275 = 72.7272= 7272.72% nursing home is busy
!

!

The number of seniors in the system = L = Ls+Lq = λW = E[N(t)] = !–!  = !!! = – 1.014
The number of seniors in the service = Ls = λWs
The number of seniors in the waiting queue = Lq = λWq
By Little’s law L = λW, we know that the average time a customer spends in the system is:
!

W= L/λ = !!! = – 0.507 months.
W = Ws + Wq ⇒ Time waiting in queue: Wq = W – Ws = – 0.507 – 36 = – 36.507 months
Thus, The number of seniors in the waiting queue: Lq = λWq = 2*(-36.507) = – 73.014
Here are the simulation results:
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Figure 5.7: Scenario analysis results, base case scenario 1
As we can see the M/M/1 model doesn’t represent our real case nursing home, where
the number of bedding is considered the servers instead of the nursing home itself. We will
use M/M/s model in this case. Let’s assume that in our nursing home we have s = 60 beds
available as a base case, the results are:

Figure 5.8: Scenario analysis results, base case scenario 2
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The system is showing instability, it doesn’t satisfy the condition: sµ>λ, we either
increase bedding or decrease arrival rate to have some stability.
Change in (Capacity/Serving Rate) Scenario
One possible option for reducing the number of seniors waiting in the queue is
increasing the model’s capacity (the number of available beds in the nursing home, may be
staffing…etc). In this case, let’s change the nursing home bedding capacity (since we’re
addressing a one nursing home case, we can set the increase at 10 beds/nursing home
(60+10=70beds). This will result in a quicker overall serving rate/not service rate (as it will
be the same in this case), the more the seniors are served, the less other seniors in the queue
will wait. While arrival rate and other parameters value are kept in the base case.

Figure 5.9: Scenario analysis results, capacity/serving rate change scenario 1
As we can see, the queue waiting time and length decreased, however not to an
optimum level where the system is stable, this means we either increase the bedding or the
arrival rate to get the optimum.
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Increasing the nursing home capacity can reduce the number of waiting patients in
the queue. However, the effects of adding a certain number of beds (10 beds) to the nursing
home, doesn’t necessary ensure that the waiting queue and time problem is completely
solved. In other words, it indicates that for reducing number of waiting patients
significantly, there is a minimum number of additional beds need to be added to the nursing
home capacity (needs to be proven with the condition: sµ>λ = 0.33s>24 ⟹ s=73 minimum).
After many tries we ended up with the fact that we should have, 75 beds
available/nursing home to address that arrival rate of 24 seniors/year and a senior service
time of 3 years. The system now is showing some stability, where the system utilization is
96.97%. The results as shown below:

Figure 5.10: Scenario analysis results, capacity/serving rate change scenario 2
Increasing capacity may not be the ultimate solution, as Nova Scotia’s government is
not willing to increase nursing homes capacities, but investing in a more oriented home care
solution instead.
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Moreover, this policy can be one of the possible solutions for the waiting time
challenge, but it is not the optimal one because one large concern is that the introduction of
additional beds may cause demand to increase as wait times are known to act as a deterrent
to demand. Also, increasing capacity will result in an increase of service costs, thus the
overall costs. The improvement with certain number of additional beds might be considered
in the future policy recommendations.
Change in Arrival rate/Demand Scenario
As we know arrival rate/patient flow is an important parameter in any queuing
model. We mentioned in our introduction that the number of seniors in Nova Scotia is
expected to increase in the upcoming years (till 2025…), thus it is reasonable to assume that
aging population will impact seniors flow.
The effect of increasing demand on performance of the model might be more
influential in real cases. The main effect of the arrival rate growth is an increase in the
number of seniors in the model (more than the base case scenario) and the number of
patients in the waiting list because of the lack of a vacant bed downstream increases (more
than the base case scenario).
Let’s assume that the arrival rate increases to 3 seniors/month (36 seniors/year)
instead of two. Other system parameters are kept the same: 75 beds (servers), service rate
are the same. The results are:
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Figure 5.11: Scenario analysis results, arrival rate/demand change scenario
As we can see, the system went to a worse case of instability where the queue length
and waiting time skyrockets, and the condition: sµ>λ = 0.33s>36 ⟹ s=110 minimum is not
satisfied. To regain system’s stability, we have to increase the bedding to no less than: 110
beds. This is not possible as it would be very costly for the government to provide a very
high bedding number. Especially that the senior’s number is increasing (2012-2025-2031)
and will be decreasing after 2031. This means that if the capacity (beds) is increased it will
be of no use after 2031 (idle system).
The M/M/s parameters are highly sensitive to the seniors’ arrival rate. Considering
that in the coming years patient flow is expected to increase, developing the appropriate
strategies (increase in capacity and offer alternate service institution) is critical.
Mixed Policy Scenario
This scenario shows the effect of changing more than one parameter on the model
performance. One possible scenario that can help to reduce the waiting time and seniors’
number in queue is to increase capacity (serving rate) and decrease demand (arrival rate)
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either in a temporary or a permanent way. How? Increase the M/M/s model capacity by
adding a significant, sufficient beds and care requirements. Also, decreasing the demand or
arrival rate of our nursing home by sending our waiting seniors to other nursing homes,
ALC, or homecare; and that can be temporarily until a bed is available in our nursing home,
or permanently if the provided care is what that the senior really need. In this case, we will
end up by having either a M/M/s model for more than one nursing home or a queuing
network to model this situation (our next model).
Let’s assume that the demand decreased and we have an arrival rate of: 1
senior/month (12 seniors/year). We also assumed that the bedding capacity is 75 beds. The
results are:

Figure 5.12: Scenario analysis results, mixed policy scenario 1
As it is shown, the service time is 3 years, no waiting time or seniors waiting.
However, the system utilization is only: 48.48%, which means almost more than half of the
beds are idle, this will increase capacity cost. Thus, there is no need for increase in bedding
if demand decreases. The required solution is an acceptable decrease in demand (for
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example decreasing nursing homes demand by offering home care to a level where the
nursing homes are neither saturated nor idle), or decrease in bedding capacity so the overall
system cost will decrease (this option is not realistic). According to our simulation the
optimum bedding requirement when the arrival rate decreases to 1 senior/month is: 40 beds,
the extra beds might be used as acute care beds occasionally by ALC. Here are the results:

Figure 5.13: Scenario analysis results, mixed policy scenario 2
The results show a balanced system where the service time is 3 years/senior. Waiting
time in queue is: 3 months<the actual average waiting time, 6 months waiting (reduced by
half). The system utilization is: 90.91% (serving 40 patients, while only: 4 patients are in the
waiting list).
The direct result of this policy is a reduction in the demand for our only nursing
home from acute care and seniors at home. The seniors’ shorter stay in a nursing home (after
being served in homecare or ALC) will decrease waiting time, waiting line length, and
service time, but increase service rate. To implement such a policy, increasing the capacity
of homecare service is required. Since the average cost of homecare service per senior is
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way less than an ALC or nursing home bed, this policy might save a substantial amount of
money for health care system.
The money spent to increase the bedding capacity to accommodate the increasing
arrival rate, should be used to support homecare as an alternative for those who qualified
for. 50% of seniors will be affiliated to homecare, and the rest will benefit from nursing
homes, as the demand will decrease for. Thus, a balanced senior care system
Analysis Conclusion
As it is shown in previous results, the system is very sensitive to its parameters
(arrival rate, number of servers, service rate (fixed in our case)). If we leave the system at its
original state, the optimum solution would be a slight increase in beds (75+5=80beds), and
try to decrease the arrival rate by implementing a sophisticated homecare program. In case if
any beds become vacant, they can be used as temporary ALC beds. Shown below:

Figure 5.14: Scenario analysis conclusion
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5.3. Cost Model

Figure 5.15: Queuing healthcare system associated waiting and capacity costs [100]
If we know the exact costs associated with the system Cs and Cw, like waiting cost
and service cost (which we do: 33$/day for homecare and 50$-300$ for LTC), we can use
the formulas below to calculate the M/M/s model costs [101, 102].
Cost model
Expected Service Costs in the System = E (SC) = sCs
s = number of servers
Cs= service cost of each server
Expected Waiting Costs in the System = E (WC) = (λW)Cw
λ = number of arrivals
W = Average time an arrival spends in the system
Cw= Opportunity cost of waiting by patients
Expected Total Costs E (TC) = E (SC) + E (WC)
Expected Total Costs E (TC) = sCs + (λW)Cw= sCs + (L)Cw
Goal: Minimize (TC) = sCs + LCw
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In our basic case scenario: we suppose we have one nursing home in Nova Scotia,
with s servers (beds). We know that the daily service cost (Cs) for a nursing home is around:
300$. Assume arrival rate is: 2 seniors/month (24 seniors/year, 2 senior/month, 0.066
seniors/day). Service rate is: 1 senior/3 years (0.33 senior/year, 0.0275 senior/month,
0.00091 senior/day).
λ

µ = 1/Ws

24/year

0.33/year

2/month

0.0275/month

0.066/day

0.00091/day

Ws = 3 years/senior. Cw = 500$, because if a patient is in ALC waiting to be accepted in a
nursing home, the daily cost is: 500$/day. Similarly, if a patient is waiting at home getting
home care, the daily cost is: 105$ + injury risk (that would put him/her in a hospital). Thus,
we would either address at the case of ALC and community costs separately or just consider
the waiting cost about: 500$/day. The usual waiting time for a bed in a LTC facility in Nova
Scotia varies between 86 and 238 days [7]. Moreover, according to [33, 88] the average
waiting time in waiting list is: 214 days. Thus, W= Ws+ Wq= 3 years + 214 days = 1309 days
= 44 months = 3.5 years.
Minimize (TC) = Minimize (sCs + LCw)= Minimize (300s + 500L).
The condition: sµ > λ, (λ/sµ < 1) has to be true before any testing:
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M/M/s Model Test
The only changing parameter is: s (number of servers (beds))
Basic scenario: λ = 2 seniors/month, µ= 1 senior/3 years (0.33 senior/year)
Condition: sµ>λ = 0.33s>24 ⇒ s = 73 beds minimum
Case

s

λ

µ = 1/Ws

W = Ws+Wq

L=λW

74

C s/
Day
300$

Utilization = λ/sµ

120.18

Cw/
Day
500$

98.28%

Total Cost/
Day
82200$/day

1

24/year

0.33/year

5 years

2

75

300$

24/year

0.33/year

3.98 years

95.55

500$

96.87%

70275$/day

3

78

300$

24/year

0.33/year

3.28 years

78.74

500$

93.24%

62770$/day

4

80

300$

24/year

0.33/year

3.16 years

75.77

500$

90.91%

61885$/day

5

85

300$

24/year

0.33/year

3.05 years

73.37

500$

85.56%

62185$/day

6

90

300$

24/year

0.33/year

3.03 years

72.86

500$

80.81%

63430$/day

7

95

300$

24/year

0.33/year

3.03 years

72.75

500$

76.56%

64875$/day

8

100

300$

24/year

0.33/year

3.03 years

72.73

500$

72.73%

66365$/day

Table 5.3: M/M/s cost model results
The results are represented in the figure below:

M/M/s	
  Cost	
  Model	
  
84000
82000
80000
78000
76000
74000
72000
70000
68000
66000
64000
62000
60000

Cost/Beds	
  

70

75

80

85

90

95

100

Figure 5.16: M/M/s cost model results
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From the results, the more we increase the bedding number (>than the beds number
needed for system stability (>73)), the less is the total daily cost for 1 nursing home.
However, the more beds are available, the less utilization (vacant beds). This means, that
first: waiting costs are the cause for high total costs. After reaching an optimum bedding
number (at: 80 beds), an increase in bedding causes an increase in service costs resulting in
high total costs. This means that if the arrival rate and service rate are known and fixed.
There has to be a specific bedding number that keeps the system working at its full and
lower cost capacity. In this case, s = 80 is the optimum as it will give the highest system
utilization, lowest costs and convenient (waiting, service, system) time: 3.16 years= 3 years
service time + 2 months queue waiting time.
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M/D/s Model Test: W = Constant = Ws + Wq = 3+214 days = 3.5 years. Thus, our waiting
costs are fixed = λ W Cw = (24)(3.5)(500) = 42000$/day.
The only changing parameter is: s (number of beds)
Scenario: λ = 2 seniors/month, µ= 1 senior/3 years (0.33 senior/year)
Condition: sµ>λ = 0.33s>24 ⇒ s = 73 beds minimum
Case

s

λ

µ = 1/Ws

W =Ws+Wq

L=λW

74

C s/
Day
300$

Utilization = λ/sµ

84

Cw/
Day
500$

98.28%

Total Cost/
Day
64200$/day

9

24/year

0.33/year

3.5 years

10

75

300$

24/year

0.33/year

3.5 years

84

500$

96.87%

64500$/day

11

78

300$

24/year

0.33/year

3.5 years

84

500$

93.24%

65400$/day

12

80

300$

24/year

0.33/year

3.5 years

84

500$

90.91%

66000$/day

13

85

300$

24/year

0.33/year

3.5 years

84

500$

85.56%

67500$/day

14

90

300$

24/year

0.33/year

3.5 years

84

500$

80.81%

69000$/day

15

95

300$

24/year

0.33/year

3.5 years

84

500$

76.56%

70500$/day

16

100

300$

24/year

0.33/year

3.5 years

84

500$

72.73%

72000$/day

Table 5.4: M/D/s cost model results 1
The results are represented in the figure above:

M/D/s Cost Model
Cost/Beds

73000
72000
71000
70000
69000
68000
67000
66000
65000
64000
63000
62000
70

75

80

85

90

95

100

105

Figure 5.17: M/D/s cost model results
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From the results, we conclude that when the arrival rate and service time are fixed
(fixed waiting costs); the more staffing (bedding) is provided, the more expensive is the
daily cost. Sticking to the lowest number of beds possible for the system to run smoothly is
best. Looking for other solution, like homecare to decrease the waiting list is recommended.
We keep the same parameters as the previous test, the only changing parameter is:
the arrival rate. The results are shown below:
The only changing parameter is: λ (number of beds)
µ= 1 senior/3 years (0.33 senior/year)
Condition for basic scenario: sµ>λ = 0.33s>24 ⇒ s = 73 beds minimum
Case

s

λ

µ = 1/Ws

W =Ws+Wq

L=λW

74

C s/
Day
300$

9

Utilization = λ/sµ

84

Cw/
Day
500$

98.28%

Total Cost/
Day
64200$/day

24/year

0.33/year

3.5 years

15

74

300$

36/year

0.33/year

3.5 years

126

500$

147.42%

85200$/day

16

74

300$

12/year

0.33/year

3.5 years

42

500$

49.14%

43200$/day

Keep the same changing arrival rates. Let’s Increase the beds’ number and see the effects on the daily cost?
17

80

300$

24/year

0.33/year

3.5 years

84

500$

90.91%

66000$/day

18

80

300$

36/year

0.33/year

3.5 years

126

500$

136.36%

87000$/day

19

80

300$

12/year

0.33/year

3.5 years

42

500$

45.45%

45000$/day

Table 5.5: M/D/s cost model results 2
The results show that when the arrival rate increases, it results in an overcrowded
system. Thus, waiting costs will skyrockets and automatically the total daily costs increases.
If the arrival rate decreases, the waiting costs will automatically decrease and results in a
total costs decrease as well. We conclude that finding a solution on how to decrease the
arrival rate (home and ALC waiting list and the risks associated with them both) will result
in a huge decrease on the daily costs of a nursing home. The recommended solution is:
Home care programs.
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Case

s

λ

µ = 1/Ws

W =Ws+Wq

L=λW

80

C s/
Day
300$

4

Utilization: λ/sµ

75.77

Cw/
Day
500$

90.91%

Total Cost/
Day
61885$/day

24/year

0.33/year

3.16 years

9

74

300$

24/year

0.33/year

3.5 years

84

500$

98.28%

64200$/day

16

74

300$

12/year

0.33/year

3.5 years

42

500$

49.14%

43200$/day

Table 5.6: Comparison between M/M/s and M/D/s cost models results
As we can see, case 4 is the best because it gives the best results (lowest total cost, best total
service and waiting time, fair system utilization).
Case 9 is not recommended, as it is more costly than the other two cases.
Case 16, would be beneficial if the cost of lowering the arrival rate is low and won’t cause
the total cost to increase over the total cost of case 4. Also, the utilization is really low (half
of the system bedding only), using the vacant beds for ALC patients is recommended.
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Chapter 6
Conclusion
Aging population in Nova Scotia is putting a strain on the Continuing care system.
Researchers and policymakers are faced with the burden of finding a solution before the
baby boom generation hits their 60ese. This thesis is a partial contribution to the solution.

6.1. Contributions & Results
In this thesis, a data analysis and queuing models are developed to study the problem
of congested alternative level of care and long term care in Nova Scotia. First, in our data
analysis, the problem is addressed by studying the real data (number of beds, placements,
people in pending state in 9 DHAs), we find that the turnover rates of beds in 7 DHAs are
very close, and DHA 4 and DHA 8 have relative lower turnover rates. To reduce the number
of people at ALC/LTC, if no new resources can be added, the possible way is moving a
senior in as soon as a bed is available. This can be done by information sharing between the
hospital, the patient, and the placement office and care providers. Also, improving the
discharge quality instead of shortening the time of discharge process is another key. Second,
a discrete period Markov chain model is used to measure the average waiting time of seniors
in nursing homes. In this model, two approaches were compared: The expanding and
shunting approach. The two approaches tend to be sensitive to the model parameters values,
where they switch positions in reducing the nursing home waiting to a minimum possible.
However, the expanding approach tends to have best results mostly. Thus, the expanding
approach is recommended. Third, a M/M/s queuing model is applied to nursing homes. A
scenario analysis was used to see how the changing system parameters affect each other.
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Optimum system parameters for best resource allocation and best waiting time were defined.
Lastly, a cost model balancing waiting and service costs for optimum total costs was
provided.

6.2. Government Actions and Options on Continuing Care
6.2.1. The Build More Option
Funding ALC
Expanding acute care capacity will improve emergency admission rates, shorten
elective surgeries wait times, and lessen the pressure on ALC and LTC. This solution is a
costly temporary fix. It should be implemented with the respect of timely and safe post acute
care discharges, or it will lead to more acute beds being occupied by ALC patients. Thus,
worsening the current problem [35].
In British Columbia, initiatives to reduce demand for hospital-based care include
rapid access clinics, outreach teams and active care management. Health Authorities are also
providing transitional care beds. These beds are a lower cost alternative to acute care, but
still provide the proximity of hospital-based support [36]. In Ontario, transitional care beds
are being added to acute care hospitals, temporary long-term care beds are being created and
specialized continuing care programs for hospitalized dementia patients are being
implemented [36]. In Nova Scotia, the government is planning on opening new acute care
facilities [37].
Funding LTC and Home Care Programs
Increasing capacity in post acute care is probably a mutual solution to both ALC and
LTC waiting list and capacity shortage problems. The benefit of this option is that ALC
patients will be discharged, vacate acute beds and facilitate more hospital admissions. In the
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other hand, this option is costly: Provincial governments will have to increase healthcare
spending and policy makers will have to identify the post acute care that ALC patients are in
the most need for. The reality is that healthcare budgets are in a real strain, and expanding
capacity is costly with no guarantee of success [35].
In Canada, reducing the demand for hospital and long-term care beds is based on
several province-wide initiatives. In British Columbia, constraints in the capacity of longterm care are addressed by supplementing home care support until a long-term care bed
opens. Specific programs designed to substitute for long-term care include respite care,
palliative care, adult day services and home care services (including training for home care
staff) [36]. In Ontario, The Aging at Home Strategy of the Ministry of Health and LongTerm Care (MoHLTC) is being used to reduce inefficient insufficient ALC and LTC. Few
initiatives are: (1) improving patient flow between care providers by integrating hospital
care, home care and community care access centers, (2) increasing capacity for some types
of continuing care (home care services, supportive services). Specifically, increase the
amount of personal support, homemaking and nursing services at home. The initiative is
targeting high-risk, frail and cognitively impaired seniors [36].
The Figure below shows Nova Scotia’s government and DHW actions to solve
ALC/LTC problem:
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May	
  2006	
  

November	
  
2014	
  

2015	
  and	
  
beyond	
  

•
•
•
•

	
  $262 M annual new investment by 2015
2,955 new home care spaces
1,320 new LTC beds by 2015
1,616 replacement beds by 2015

• Currently in year 9 of 10:
• Years 1-6 focused on building beds
• Years 7-9 focused on investing in home care, Dementia
Strategy and Acquired Brain Injury Strategy
• Investment is $25M annually for HC and $139M for LTC
•
•
•
•
•
•

New Fiscal and Demographic Reality
Spring 2015: Targeted Evaluation
Release Dementia Strategy
Release Acquired Brain Injury Strategy
Refreshing the CC Strategy
New Continuing Care Legislation

Figure 6.1: Nova Scotia’s ALC/LTC actions (Continuing Care Strategy) [33].
6.2.2. The Integrated Care Option
Close relationships between acute and post-acute care providers have been proposed
as a way to improve the efficiency and effectiveness of healthcare resource use and reduce
failures of transitional care between settings [103, 104]. Integrated healthcare delivery may
minimize the number of ALC patients, because integrated models have the administrative
authority and the financial incentives to ensure that patients are treated at the lowest-cost
provider appropriate for their condition [105].
Effective integrated care models are largely based in the United States. They are
privately operated, often with salaried physicians, and have tightly networked their funding
and delivery methods. These systems are not generalizable to the Canadian setting, where
physicians are: remunerated by the province, rewarded for how “much” they do, and whose
costs are externalized from the effects of inefficient hospital care. Also, many post-acute
care providers are privately owned and do not share hospitals’ community mission [106].
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One integrated care model from the United States is the Program Care for the
Elderly (PACE). Designed for those 55 and older having complex needs and to whom care
is provided in the community rather than in a nursing home. PACE providers receive a
monthly payment for each patient they care for; thus, they have a financial incentive to keep
patients out of hospital. PACE evaluations have reported significant reductions in hospital
utilization and improved quality of care [107, 108].
A project similar to PACE was piloted in Quebec, raising the prospect of integrated
models of care in Canada. Services Intégrés pour les Personnes Agées en Perte d’Autonomie
(SIPA) project aims to evaluate the performance of integrated community health and social
services compared to usual care. Costs of community-based services were higher for the
integrated care group compared to the usual care group, but facility-based costs were lower.
The integrated care group experienced a 50% reduction in ALC occupancy [86].
Following the U.S. program PACE, Alberta introduced a Comprehensive Home
Option of Integrated Care for the Elderly (CHOICE) program to provide intensive services
to frail seniors or those with chronic mental issues. The Capital Health CHOICE program is
in operation for 10 years and currently serving close to 400 seniors, has demonstrated
success through improved health outcomes, client and family satisfaction and a significant
reduction in use of acute and emergency care [35].
6.2.3. The Financial Incentives Option
Creating financial incentives to improve the quantity, quality or effectiveness of
healthcare is not the norm in Canadian provinces, as it is frequently associated with private,
for-profit care. However, there is evidence from other countries with strong, publicly funded
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healthcare systems, such as Australia, the United Kingdom, and many European countries
that healthcare institutions respond to financial incentives [87].
Hospitals and acute care across Canada have been funded by global budget. A global
budget is a single payment aiming to fund all care over a given period, no matter the volume
or type of care provided (Alberta and Ontario’s LTC sector are the exception). Global
budgets create incentives for cost controls, and leave the hospital or post-acute care
providers at risk for changes in volume or complexity of patients [109].
Recently introduced activity-based funding initiatives for hospitals in British
Columbia and Ontario are motivating hospitals to “push” patients from acute care (because
new admissions generate additional revenue). British Columbia is also providing financial
incentives for community-based programs [36].
Similar financial incentives could be developed for post-acute care providers to
admit acute care patients and create capacity for ALC patients. These policies necessitate
surveillance on quality, payments based on the complexity of care needs, and linking
practice guidelines to pattern of care. Thus, ensure that patients are not discharged too early
or being cared for inappropriately. Also, assure that care providers were not admitting only
patients who are less costly (than the payment amount) to care for, or refusing admission to
complex and costly patients [36, 110].

6.3. Recommendations and Solutions
6.3.1. Adopt a Province Wide “Home First” Plans
The home can be an appropriate and cost-‐‑effective place to provide care for chronic
conditions and it is typically where people want to be. When appropriate resources are in
place, home care can result in better health outcomes, slowed deterioration, and may even
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slow or stop long-‐‑term need [111].
Cape Breton DHA8 implemented a program that was already adopted in Ontario.
The program provides home care services to would-‐‑be ALC patients. Medically stable
inpatients in the hospital transition unit are provided with enhanced home care hours and
supports, in order to wait in their own residence for long-‐‑term care placement. Additional
and targeted staffing, particularly in the physiotherapy and occupational therapy sectors,
would be necessary [112]. The program has proven valuable in Ontario, and planned to be
expanded not only within Cape Breton, but also throughout Nova Scotia [113].
The “Home First” program principal is that people should be in their own homes
whenever it is safely possible. It is known that frail seniors are most appropriately cared for
in the long-‐‑term care environment. Decision-‐‑makers favor least-‐‑risk care decisions, thus,
frail seniors can be put on the long-‐‑term care list without consideration of home care [111].
In the United Kingdom, a “balance of care” program that aims to allow a person to
be functional in the home environment was used [114]. Denmark, has intentionally not built
a new nursing home since 1987, preferring to invest in formal home care delivery [115].
6.3.2. Adjust the Discharge Planning Process
Discharge planning should begin at the time of admission. This principle is used
elsewhere with great success [112, 116]. Generally, data can indicate how many days a
patient with a particular profile will require in hospital. For example, the average length of
ALC bed stay in Nova Scotia is 110 days [37]. Under “home first program”, discharge dates
may become more predictable and shorter, given anticipated expansions in home and
community supports. Regardless of the end destination, defining the discharge date in
advance allows all stakeholders (the individual, family, and service providers) to understand
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their accountabilities and have appropriate measures (e.g., supports, paperwork, etc.)
completed in advance for a smooth transition.
Discharges decision should also be by a multidisciplinary team, including the
patient, family/caregivers, social worker, physiotherapist, occupational therapist, and a
physician. It should also involve primary care providers in the community [111].
Discharge could be occurring seven days a week [111]. The current practice in
hospitals leads one to believe that the task of discharge coordination is undefined. Staff
should be aware of their responsibilities in the discharge process and should work to fulfill
this role. Of course, for discharge to occur all days, home care agencies would have to be
supported and prepared to accept clients, and the necessary arrangements should be made.
6.3.3. Improve Gaps in Provider-to-Provider Communication
Smooth transition and integration are key elements of a successful discharge process
[117]. If a decision is made for a person to receive supports outside the hospital,
communication between acute, long term, home and community care systems is pivotal.
Systemic communication mechanisms between DHAs and continuing care
organizations remain lacking, particularly as they relate to discharge, and thus the transition
process is slowed. New protocol for advanced planning discharge, with tools such as the
newly developed provincial discharge/transfer tool, may start to improve communication;
however, neither is sufficiently comprehensive to facilitate best possible communication
between health care providers. The DHAs, in partnership with home care agencies, should
develop a set of guidelines that would include all of the patient’s information, care providers
responsibilities are ready and communicated in advance of a projected discharge date [111].
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6.3.4. Recommendations List
A list of recommendations is as follows:
1. Implement a sophisticated province wide Home care plan to reduce ALC waiting
list. Allowing patients who qualify for home care (acute, chronic, palliative)
programs leave the hospital for a more convenient care environment (home). Thus,
other ALC patients will have a better chance to benefit from other continuing care
programs and institutions. Also, the pressure put on long term care will be reduced.
2. Launch programs to educate patients’ family numbers about the negative outcomes
and risks of ALC and nursing home care and the positive role they play themselves,
and encourage them to find a better way to take care of their loved ones at home
with home care help and support. According to [33], family and friend caregivers
provide 70-80% of care needed and the formal system provides 20-30%. Therefore,
supporting caregivers is critically important.
3. Review Admission-Discharge-Transfer policies. More specifically: Reduce the
number of LTC facilities a patient is illegible to simultaneously apply for from
(Unlimited in Nova Scotia/5 in Ontario) to 2 facilities maximum. Why? It may seem
that the name of the same patient appearing on multiple nursing homes waiting list
doesn’t affect the main waiting list in the DHW because he appears only once at the
main list. However, it does affect it in a way that a patient refusal to a bed offer in a
specific nursing home and wait for the next nursing home offer may effect the
waiting time of another waiting patient. Limiting a patient to choose only 2 of the
best nursing homes he wants to be in, will decrease wasted (admission, reassessment) time. Also, limiting patients’ transfers would be beneficial (unless a
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transfer is a must: like home distance convenience for family members to visit,
offered activities and care match the patient’s needs…). This issue wasn’t addressed
in the 2015 government policy. Nova Scotia’s patients are still illegible to apply for
unlimited nursing home at once if qualified and may transfer easily if they prefer to
do so.
4. Reduce the period a patient can postpone a nursing home bed offer from 3 months
to 1 week maximum (According to Nova Scotia Government, this issue had been
taken in action. “As of March 2, 2015, clients waiting in the community for
placement in a long term care facility will no longer have the option to defer
placement until a later date. When the client receives a bed offer, they must either
accept or refuse the bed”) [80]. This action may help in future waiting list decrease.
5. Review all the Nursing homes staffs level and adjust the fund for the short-staffed
and under-funded nursing homes. Why and How? For example, a nursing home has
some vacant beds while ALC senior patients’ are waiting for a bed in that specific
nursing home. However, that nursing home isn’t able of accepting a new patient
because of a lucking staffs (nurses). A solution would be to provide that nursing
home with the needed nurses instead of paying costly ALC, putting hospital staffs
under pressure and risking the patient to have health deterioration. Also, allow
nursing/staffs transfer in crisis situations: For example, if a nursing home lacks
nurses, while another has idle staffs. Transfers-in between-institutions might be a
good temporary solution. Especially if work-home distance is convenient, if not the
case, bonus payment for nurses is advisable (it would be less costly than leaving a
patient in ALC).
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6. Implement a quality-monitoring program to make sure that a smooth discharge
process and good quality care is considered in LTC/HC institutions: Like viewing
patients’ conditions and matching them with their placement dates, doing surveys
with patients and care givers, and visits to care place (Institutions) for quality
monitoring.
7. Labeling and clustering nursing homes by the type of care offered would be
beneficial for assessment conductors, care providers and patients and their families.
It is known that nursing homes are for the most frail patients, and residential care
facilities and home care offer less extensive care, however it would be a good idea
to separate nursing homes according to frail patients groups: Dementia patients,
physically disable patients…etc. This will make management and care easier and of
better quality.
8. Consider a parallel public/private sector LTC system, because trying to only
increase the public sector budget might not be the ultimate solution. Why? Some
patients in the waiting list are able to pay for private care while they are either in
ALC or waiting at home for a spot in LTC. In the other hand, some patients who are
able to pay for private care are benefiting from public care, while poor patients are
waiting for a bed offer. Thus, private care will elevate the pressure on the waiting
list and offer more flexible options for patients. Some researchers argue that private
care may push public health providers to decrease the quality of care offered. We
think that this can be avoided if the government puts conditions on the quality of
public care if private care is implemented.
9. DHW should re-consider the old policy of Funding LTC facilities upon occupancy

	
  

128	
  

	
  
rate, instead of the actual budget funding policy: Why? Funding LTC facilities
according to their occupied beds may push their managers to work in a more
efficient way to fill those idle vacant beds.
10. Care providers and placement coordinators should be given pre-training/education
in new continuing care acts and policies before it is implemented/in action. This will
avoid confusion and delays in transfers and placement because of new policy
misunderstanding.
11. Design the same standard set of words for Nursing personnel skills and postdischarge care. Use the standard on both the provider and patient side to describe
the patient’s demands. Then, it will be easy to match the supply with the demand
when hospitals assign patients or patient family consider where to apply for the
long-term care.
12. Forecast the post-discharged care for patients. According to The Ministry of Health
and LTC, recovery times from planned surgeries are often fairly predictable. This
will allow the care and discharge processes go smoothly, because care providers and
placement advisors will have enough time to organize discharge steps ahead of
discharge date. Thus, no delays because of paper and process arrangements.
13. Provide a standard post-discharged care for each type of patients. Let the long-term
care homes charge certain fee if a patient asks for higher requirements: This is what
is actually happening in nursing homes. A patient is offered a standard list of
insured services (included in the accommodation fees paid by the patient), and
another list of optional services (the patient has to pay for these extra services if
chosen). Note: Care fees are paid by the DHW.
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14. Strictly perform the management policy. When the system is ready for a patient to
leave, and the patient does not follow the guidelines, he should get penalized. In
practice, the penalty policies were not performed. Thus, patients will not worry
about the management policies in future. If patient is discharged, care providers
have to make sure that the discharged patient is affiliated to the right type of
care/institution needed, because if not the case his health may deteriorate from the
inadequate care provided.
15. Preparing the patients emotionally for discharge to avoid any discharge refusal: For
example making the patient aware of his discharge date at least a week before, thus,
he has enough time to prepare (him/herself) emotionally to leave the
(hospital/home) for an (home/institution). Also, care givers and family members
will have enough time to prepare a care environment that fits the patient needs.

6.4. Suggestions for Future Work
In this thesis we modeled the case of one nursing home & the case of the LTC
system using Markov chains and queuing theory, no patients’ behaviors had been taken in
consideration. A case of many (Hospitals (ALC), HC services, and the whole continuing
care system) can be investigated as well using the same Markov chain model we used or it
can be addressed by using a Jackson network. Also, the congestion appearing in the
different nodes (ALC, LTC, HC) of the network can be addressed by using a network with
blocking, where the blocking time can be added to the waiting time. Moreover, a priority
model where ALC and LTC patients can be classified by priority, and only very needy
seniors can access LTC and the rest can be offered HC services. In addition, patients who
are in a very need of LTC, however, they don’t join the queue because of the long waiting
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time; can be addressed using a model with balking. Furthermore, patients who get tired from
waiting so long and leave the queue looking for a substitute service somewhere else can be
addressed using a model with reneging. Lastly, considering the patients who have been
offered a LTC service, leave and return to the waiting queue again can be addressed using a
model with recycling. Below, is a Jackson network proposed solution for Nova Scotia’s
continuing care system:
6.4.1. An Open Jackson Queuing Network
In this network, we assume that every long-term care institution is a station in the
network. The considered LTC institutions are: (a) Nursing homes, (b) residential care
facilities and community based options. The offered types of care for seniors outside the
LTC system are considered in two groups: (c) homecare (d) alternative level of care (ALC).
Thus, we will end up having 4 stations in the network: (a), (b), (c), and (d). These stations
are modeled using M/M/s model for each station, where we don’t take the number of beds as
the number of servers, but the number of the facilities as the servers. For example if we have
10 nursing homes in Nova Scotia, then we will have 10 servers (M/M/10 model) to model
the stations (a): NHs. We do the same for the other 3 stations. The availability of a bed in
any facility in a station would be taken as a sever availability, no matter which facility the
patient is referred to. For example, in Nova Scotia if a bed is available in any nursing home,
a patient in the waiting list is in need of that particular service, the bed will be assigned to
that patient without regard of the location (means if the type of care is what is needed, we
don’t consider the patient’s location as a challenge), or any other factors.
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Figure 6.2: An open Jackson network for LTC in NS
6.4.2. Jackson Network Assumptions
1. An infinite queue, with FCFS discipline, no priority.
2. Seniors arrive from outside the system according to a Poisson process, parameter ai
3. si Facilities (a, b, c, d) with an exponential service time distribution, parameter µi
A senior leaving facility i is routed next to facility j (j = 1, 2, . . . m) with probability: pij or
departs the system with probability: qi = 1 – ∑ pij , (j = 1, 2, . . . m), i ≠j
Under steady-state conditions, each facility j (j = 1, 2, . . . m) in the network behaves as if it
were an independent M/M/s queuing system with arrival rate: λj = aj + ∑ λi pij,
where: (i = 1, 2, . . . m) and sj µj > λj
4. The network facilities (a, b, c, d) are working at their full capacity.
5. Facilities here represents NHs, HC services, RCFs and ALC
6. Service rate is independent of line length; services don’t fasten up if the line is long.
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Appendix A: DHAs & Areas in Nova Scotia
DHA Number (2014)

District Health Authority Name

1

South Shore Health

2

South West Health

3

Annapolis Valley Health

4

Colchester East Hants Health Authority

5

Cumberland Health Authority

6

Pictou County Health Authority

7

Guysborough & Antigonish Strait Health Authority

8

Cape Breton District Health Authority

9

Capital Health

The 9 DHAs across NS were merged on January 1, 2015 to become: Nova Scotia District
Health Authority (NSDHA). NSDHA contains 4 areas are represented in the table below.
Area Number (2015)

Health Area Name
South Shore Areas

1

South West Areas
Annapolis Valley Areas
Colchester East Hants Areas

2

Cumberland Areas
Pictou Areas

3
4

	
  

Guysborough & Antigonish Areas
Cape Breton areas
Halifax, Eastern Shore & West Hants Areas
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Appendix B: Acronyms & Abbreviations
ABI: Acquired Brain Injury
AC: Acute Care
ALC: Alternative Level of Care
ALCCN: Alternative Level of Care & Community Care Network
CBO: Community Based Option
CC: Continuing Care
CCBP: Community Care Based Programs
CCS: Continuing Care Strategy
CIHI: Canadian Institute of Health Information
DHA: District Health Authority
DHW: Department of Health and Wellness
FCFS: First-Come-First-Served
FYTD: Fiscal Year to Date
GMG+: The Case Mix Group+
HC: Home Care
HCO: Health Care Organization
Inter RAI (CAPs): International Resident Assessment Instrument
Inter RAI (CAPs): Clinical Assessment Protocols
LOS: Length of Stay	
  	
  
LTC: Long Term Care
NH: Nursing Home
OECD: Organization for Economic Co-operation and Development
PAC: Poste Acute Care
PC: Palliative Care
RCF: Residential Care Facility
SH: Supportive Housing

	
  

143	
  

	
  

Appendix C: Definitions Glossary
Acute Care: A pattern of health care in which a patient is treated for a brief but severe
episode of illness, as a result of an accident, trauma, or during recovery from surgery. Acute
care is usually given in a hospital for only a short time.
Alternative Level of Care: Identifies a person who has completed the acute care phase of
his or her treatment but remained in an acute care bed.
Bed Vacancy Reporting Scenario: A facility has 100 beds and in a 30 day month has 3000
available bed days. (Beds X days = available bed days). The facility reports 20 vacant bed
days for the month. Occupancy rate = 2980 utilized bed days/3000 available bed days =
99.3%. The occupancy rate alone does not provide information on the length of time an
individual bed has been vacant. In this scenario, there could have been 1 bed vacant for 20
days, 4 beds vacant for 5 days, or other combinations that sum 20.
For Profit Homes: Facilities owned by an individual, organizations or corporations
operating for a profit.
Home Care: Seniors living at home who need someone else to help with their activities of
daily living including washing, dressing, eating or taking medication.
Homes For The Aged: Nursing homes, retirement homes, and other facilities providing
services and care for the aged. Not included are homes for senior or lodges where no care is
provided.
Mental Health Facilities: Facilities for persons with developmental delays, psychiatric
disability, alcohol or drug problems and for emotionally disturbed children.
Non-Profit Homes: Federal, provincial, municipal, religious, lay (volunteer) institution
operating for no profit.
The Case Mix Group+ Methodology (CMG+): Is designed to group acute care inpatients
with similar clinical and resource-utilization characteristics. These broad categories are
based generally on the diagnosis responsible for the greatest portion of the patient’s length
of stay).
Tukey – Kramer Method: Is a single-step multiple comparison procedure and statistical
test. It can be used on raw data or in conjunction with an ANOVA analysis to find means
that are significantly different from each other.
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