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Aims and objectives 

• Link flow and harm 

• Define flow in a hospital setting 

• Causes of critical flow failure 

• Concepts of queuing 

• Putting it all together 



What do we mean by flow? 

The progressive movement of 
people, equipment and information 

through a sequence of processes 



What do we mean by flow? 

Patient flow represents the ability of 
the healthcare system to serve patients 

quickly and efficiently as they move 
through stages of care 



It is not about the what 

Flow is about the how, where, when 
and who of care provision 



Flow and Safety 

Flow Safety 



Nursing 

Medical 

Q 
Theory 

Beds 

0.1 increase in patient:nurse 
ratio = 28% increase in AE 

(Weisman et al 2007) 

Highest patient: nurse ratio 

Associated with 26% higher 
mortality. Twice as likely to show 
job dissatisfaction, burnout and 
report declining care (Raffery et 
al 2007) 

10% increase in MRSA with bed 
utilization >90% cf 85% (DoH 

2007) 

40% increase in mortality for 
some conditions admitted at 
weekend (Dr Foster 2012) 

Odds of cardiac arrest 12x 
higher if managed on clinically 

inappropriate ward (Hodgetts et 
al 2002) 

High congestion increases LOS 
upto 28% (Tucker et al 2012) 

Highest patient: nurse ratio 
associated with higher CAUTI, 
surgical site infection, pressure 
sore (needleman et al 2007) 

10% increase in occupancy results 
in a 15% increase in AE (Weisman 

et al 2007) 

Hospital and ED overcrowding 
associated with 30% increase in 
mortality at day 7 (Spirivulus et 

al 2006) 



Stroke 

ED MICU Stroke Ward Rehab 

Harm 

Home 

Improving outcome 



Bathtub dynamics 

inflow 

Potential 
height volume 

Potential Width/ length 

outflow 



The Hospital bathtub..... 

Admissions 

Capacity 

Beds 

Length of stay 

discharge 



Little’s Law 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 × 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑙𝑜𝑤 𝑡𝑖𝑚𝑒 

 
𝐵𝑒𝑑𝑠 𝑖𝑛 𝑢𝑠𝑒 =  𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑥 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝐿𝑂𝑆 

 

 

• Law holds always 

• Doesn’t depend on variability 



Death 

Permanent place of residence 

ED 
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Why do we get waiting? 
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In a steady state, systems release work at average rate that is strictly 
less than average capacity 



Why do we get waiting? 

• Symptom of supply-demand mismatch 

• People and equipment necessary to support 
process are process resources 

• Waiting arises when several patients are 
‘competing’ for the same limited resource 

 



Queue theory 

• 3 components 
 

𝑄𝑡𝑖𝑚𝑒 = 
𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝑚
× 

𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 2 𝑚+1 −1

(1 − 𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛)
×

𝐶𝑉𝑎
2 + 𝐶𝑉𝑝

2

2
 

 

 

• Utilization function of arrival, processing and server 

• Opportunities to  
– Reduce artificial variability 

– Alter servers – bed capacity 

– Reduce processing time – redesign processes 

Processing (T) Utilization (U) Variability (V) 



Processing 

Input: 
• Random arrivals (Randomness is the rule, 
      not the exception) 
• Patient mix 

Processing times: 
• Inherent variation 
• Lack of Standard process 
• Quality issues 

Routes through hospital 

Variability 



Is waiting acceptable? 

If we plan for 85% 



Buffer 
Processing 

Input: 
• Random arrivals (Randomness is the rule, 
      not the exception) 
• Patient mix 

Processing times: 
• Inherent variation 
• Lack of Standard process 
• Quality issues 

Routes through hospital 

Variability 
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Stroke 

ED MICU Stroke Ward Rehab 

How many Beds? 



Data 

• n = 250 

• December 2013 – March 2014 

 

 



Summary statistics 

• Beds in use  = average arrivals x average LOS 
(little's law) 

– Average arrivals = 2.1 per day 

– Average LOS = 6 

 

– Expected beds = 12.6 
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How many beds? 



A Queue model 

• Probability that i beds are occupied 

𝑃𝑖 = 𝑒
−λ𝜇.

(λ𝜇)𝑖

𝑖!
   

 

• Where 

– 𝑖 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑒𝑑𝑠 

– λ = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑟𝑟𝑖𝑣𝑎𝑙 𝑟𝑎𝑡𝑒 

– 𝜇 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝐿𝑂𝑆 
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Beds 

Probability of i beds being occupied 

e.g. Probability of > 12 beds occupied = 0.6 



Who will be turned away? 



Erlang loss model 

• Fraction of patients refused admission to 
stroke bed 

𝑃𝑐 =
𝜆𝜇 𝑐/𝑐!

 𝜆𝜇 𝑘/𝑘!𝑐
𝑘=0

 

 

• Occupancy rate ρ 

𝜌 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑒𝑑𝑠 𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑒𝑑𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒
 

 

=
1 − 𝑃𝑐 . 𝜆𝜇

𝑐
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Number of beds 

Probability of patient refused admission to stroke bed 

Blocked bed Occupancy



Efficiency High utilization Low utilisation 

Responsiveness 

High 

Low 

Increase staff, beds 
(Lower utilization) 

Reduce staff, beds 
(Higher utilization) 

Low-Cost Process with 
Low Responsiveness 

High-Cost Process with 
High Responsiveness 

System Improvement 
(Pool resources) 

Now  



So what? 

What can we do? 



Queue theory 

• 3 components 

 

𝑄𝑡𝑖𝑚𝑒 =  
𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝑚
× 

𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 2 𝑚+1 −1

(1 − 𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛)
×

𝐶𝑉𝑎
2 + 𝐶𝑉𝑝

2

2
 

 

 

 

What wait, if any is acceptable? 

Processing (T) Utilization (U) Variability (V) 



Processing time 

• What could you redesign? 

• What variation could we reduce? 

• Do we have standard work? 

 



Altering utilization 

• Could we alter the arrival pattern 

– Scheduling 

– Appointments 

– Increase capacity for servers 

– Match capacity to demand 



Strategies for reducing variation 

• Arrivals 

– Appointments and scheduling 

– Education programs 

– Influence the patterns by which patients present 
for service - segment 

– Match capacity and demand 

 



Strategies for reducing variation 

• Server 

– Schedule 

– Standard work 

– Match capacity and demand 



Flow is about outcome 



The Situation  

So Many People  

No Physical Space  

ED Full  

HGH  

A Busy Tertiary Hospital  

Trauma Centre  

ED 1500 Attendances Per Day  

Elective Procedures  

Full Range OPD  

Understanding the System – Perceptions  Jan 2012 

So What’s the Problem ?  



Demand – Who Needs the Service  Capacity – Resources Req.  

Emergency Admissions  Space in ED  

Elective Admissions  Number OR’s  

Number & Specialty  Number Beds – Specialty  

Other Admissions  Staff  

Elective Cancellations Information Systems  

Discharges  & Timeliness Access to Diagnostics  

IP Length of Stay  Escalation & Coordination Systems  

Understanding the System    

The Right Patient in the Right Place at the Right Time  



Understanding the System  - Constraints  

 

 

 

 

What We Did not Have ! 

• PAS Medicom System – Not Fully Utilised  

• No Electronic Booking Systems - Inpatients  

• Electronic OPD Booking Systems in Infancy  

• Theatre Scheduling & Lists Hand Written   

• No Bed Management System  

• High Level Data – Non Specialty Specific  

What We Did Have ! 

• We Keep Lots of Data  - All Paper – Everywhere  

• Departments Kept Various Records – Paper  



 Know Your System – Collect facts   

What Did We Discover ? 

• Very little Specialty Specific Daily Info  

• Cancellations of Elective  - Pre Admit  

• 25% for Feb 2012  (133 Patients) 

• Cancellations Theatre – Admitted Pt’s 

• No Booking Systems   
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 Know Your System – Collect Facts  

What Did we Discover?  

• Up to 45 Admissions in ED 

• Med 10, Critical Care 7, Cardiology 5,  

• Total Surgery –  15 - 20   

• Long Waits in ED > 12 HRs (50% >20Hrs)  

• Patients Refusing a Common Bed  

• Up to 8 Patients in PACU @ 8am  
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Dips are 
Weekend 
Wed - 
Sunday 
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 A System Wide Issue – ED a Symptom  

Patients In ED  

See & Treat  

Inpatients  

Short Stay  

Elective Patients  

Day Surgery  Inpatients  

Pre- Op 
Anaesthetic 

Ass.  

Admissions to 
Inappropriate 
Specialty Beds  

Cancellations 
Pre Admit  

No Clinical 
Prioritization  

Long Waits 
Post Surgery In 

PACU  

Coordination 
Structures  

Absent   

Visitor Dr’s  

Theatre 
Cancellations  

No Planned 
Booking / 

Scheduling  

Everyone knew there was a bed crisis, each person had some information no one knew the overall 
picture  



The Impact on the Elective Pathway  
 

 

 

 

 

The Patient Experience  The Staff Experience  

Long Waits in Lobby  Complaints  

Cancellations Wasted Time & Equipment  

Reschedule Themselves  Angry Patients  

Anger & Frustration  Behaviours  

Pre-op Anaesthetic  Frustration & Blame  

 

“ I make sure that I overbook my list, that way when the patients get 

cancelled due to the bed crisis I know I will get at least  a couple of 

patients admitted” 



 Urology - Winning Hearts & Minds  

 

 

 

 

Corporate Sponsor   

• Share Information 

• HMC Peri Operative 
Change Program 

• 10 Work Streams   

• Multi Disciplinary 
Engagement  

• Presentation to Chairs 

• Pilot – Urology  



Urology – The Patient’s Journey  

 

 

 

 

The Pathway Before ! 

• Patient leaves OPD with Forms –  Date of Surgery  

• X Ray & Phlebotomy 

• Admitting Department   

• No Pre Anaesthetic Booking Made (PAC) 

• Patient to Attend Blood Bank  

• No Information  

• Finances in Advance – Cash Only  

• Arrive in Lobby AM – Wait until PM Bed  

• No Database of Patients Details  



Redesigning the Flow Pathway  

STO 
Office  



Urology – A Case Study  

 

 

 

 
So What Did We Do  ?  

• Pathway  

• STO Booking Checklist  

• Anaesthetic Checklist  

• Urology Beds  

• Specialty Rules 

• Medical Lead 



Urology –  Where Are We Now?   

 

 

 

 

0
5

10
15
20
25
30
35
40
45
50

Ju
n

-1
3

Ju
l-

1
3

A
u

g-
1

3

Se
p

-1
3

O
ct

-1
3

N
o

v-
1

3

D
ec

-1
3

Ja
n

-1
4

Fe
b

-1
4

N
o

 D
ay

s 
W

ai
t 

fo
r 

Su
rg

e
ry

  

Urology Days Wait for Surgery  

0

50

100

150

200

250

N
o

. C
an

ce
lla

ti
o

n
s 

P
re

 a
d

m
is

si
o

n
  

Urology Cancellations Pre 
Admission   

Total

Urology

GS

Ortho

Type May-13 Jun-13 Jul-13 Aug-13 Sep-13 Oct-13 Nov-13 Dec-13 Jan-14 Feb-14 Total

DC 65 104 116 71 109 71 92 72 116 69 885

IP 50 45 56 29 68 50 68 70 69 44 549

Total 115 149 172 100 177 121 160 142 185 113 1434



Some Challenges  

• Determining Actual Demand & Capacity   

• Had to Utilise the Average Case   

• Work within the Constraints OR & Beds  

• Don’t Be Scared to Make Adjustments  

• We had to make a few  Tweaks  (PDSA’s) 

• Communication, Walkabout and Presence   

• Pilot Status Helped Overcome Objections  

• Collect Information – Resource is Important  

Lessons Learned  



Next Steps ?  

A few things still to do! 

• Establish STO Dept. & Budget  

• Develop Pathway – Cerner  

• Integrate Functions  
• OPD 
• Enhanced Recovery  

• Competition for rollout 

• Orthopaedics  

• More detailed Capacity & 
Demand  



Heroes    

 

 

 

 



Summary 

• Flow is a science 

• Measurement 

• Complex, but achievable 

 

• It is about the patient 



 
THANK YOU...  

 

 
 


