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AIM
Sensible metrics for understanding and 

making decisions about NHS waiting lists.



A WAITING LIST



A WAITING LIST



Running

Example:

ENT P4 

Queue = 1200 Mean Wait = 63 weeks

Missed Targets = 61%

Demand = 30 patients per week 

Capacity = 27 patients per week 

Capacity variance = 160

Load = 1.11

Load > 1 so is too big.



Demand, Capacity,

Load.

Fact: To stop waiting list 

growth need 

𝐿𝑜𝑎𝑑 =
𝐷𝑒𝑚𝑎𝑛𝑑

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
< 1.



MANCHESTER OVER THE PANDEMIC



For low 

waiting, 

you need 

spare 

capacity …

Fact:  

𝑡𝑖𝑚𝑒 𝑞𝑢𝑒𝑢𝑒 𝑖𝑠 𝑒𝑚𝑝𝑡𝑦 = 1 − 𝑙𝑜𝑎𝑑 .

Warning! If you want to have low waiting times, 

then there must be a non-negligible fraction of 

time where services are not being used.



Distribution of 

waiting times.

If we plotted a histogram of heights, 

we’d have a normal distribution.

If we plot a histogram of waiting 

times, what do we get? 



Distribution of 

waiting times.

Fact. 

If load < 1 
then waiting distribution is an Exponential 
Distribution

Discussion point:
Exponential Decay



DISTRIBUTION OF WAITING TIMES.



Waiting 

times that 

meet 

targets

Fact: For chance 2%-0.2% making a waiting 

time target, then require

𝑇𝑎𝑟𝑔𝑒𝑡 𝑊𝑎𝑖𝑡

6
< 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑊𝑎𝑖𝑡 <

𝑇𝑎𝑟𝑔𝑒𝑡 𝑊𝑎𝑖𝑡

4

PLEASE!! NOT! 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑊𝑎𝑖𝑡 ≈ 𝑇𝑎𝑟𝑔𝑒𝑡  𝑊𝑎𝑖𝑡



Little’s Law (1954)

Fact. (Little’s Law). If Capacity > Demand

Then

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑄𝑢𝑒𝑢𝑒 𝑆𝑖𝑧𝑒 = 𝐷𝑒𝑚𝑎𝑛𝑑 × 𝑊𝑎𝑖𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 .



What is a 

healthy 

queue 

length?

Using Little’s Law

Fact. (Target Queue Size)

𝑇𝑎𝑟𝑔𝑒𝑡 𝑄𝑢𝑒𝑢𝑒 𝑆𝑖𝑧𝑒 = 𝐷𝑒𝑚𝑎𝑛𝑑 ×
𝑇𝑎𝑟𝑔𝑒𝑡 𝑊𝑎𝑖𝑡

4
.

Consequence: 

Can tell how much every waiting list is away from its 

target.



Example:

ENT P4 

P4 target = 52. 

Target mean wait = Target / 4 = 13 weeks

Demand = 30 patients per week 

Target Mean Queue = 30 x 12 = 390

Current Queue = 1200

Queue is 3 t imes bigger than it should be to make targets .



MANY 

QUEUES ARE 

TOO BIG



What to do 

if your 

queue it too 

big?

Fact 7: [Relief Capacity] If 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑄𝑢𝑒𝑢𝑒 𝑆𝑖𝑧𝑒 > 2 × 𝑇𝑎𝑟𝑔𝑒𝑡 𝑄𝑢𝑒𝑢𝑒 𝑆𝑖𝑧𝑒

then 

𝑅𝑒𝑙𝑖𝑒𝑓 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝐷𝑒𝑚𝑎𝑛𝑑 +
𝑄𝑢𝑒𝑢𝑒 𝑆𝑖𝑧𝑒 − 𝑇𝑎𝑟𝑔𝑒𝑡 𝑄𝑢𝑒𝑢𝑒 𝑆𝑖𝑧𝑒

𝑤𝑒𝑒𝑘𝑠 𝑡𝑜 𝑡𝑎𝑟𝑔𝑒𝑡 𝑑𝑎𝑡𝑒

If queue too big drain the queue until at the “safe” 

target size.



Example:

ENT P4 

Queue = 1200

Target Queue = 390

Demand = 30 patients per week 

Target date = 26 weeks from now

Relief capacity = 30 + (1200 – 390)/26 = 61

Need to double operations for ENT to be “safe” over xmas.



What to do 

if your 

queue it not 

too big?

Kingman’s Formula (‘62):

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑸𝒖𝒆𝒖𝒆 ≈
𝟏

𝟐

𝝈𝒅 + 𝝈𝒄

ഥ𝒄 − ഥ𝒅

Drift matters : ഥ𝒄 − ഥ𝒅

Variance also matters : 𝝈𝒅 + 𝝈𝒄

If variances and demand known,

Then can calculated capacity required for a 

given queue size



What to do 

if your 

queue it not 

too big?

Fact 8: [Target Capacity Formula]

The target capacity is

𝑇𝑎𝑟𝑔𝑒𝑡 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝐷𝑒𝑚𝑎𝑛𝑑 +
2 × 1 + 4𝐹

𝑊𝑎𝑖𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 𝑇𝑎𝑟𝑔𝑒𝑡

(If 𝐹 which is variance is not known then 𝐹 = 1.)

Once queue is within target range, this 

allocation will make targets with high 

probability.



Example:

ENT P4 

Demand = 30 patients per week 

F = 6.58  (variance in operations is high!)

Target capacity = 30 + 2x(1 + 4x6.58)/52 = 31

Need one more operation per week than demand to make 

targets in the long run.



WAITING LIST 

PRESSURE:

COMPARING 

LISTS



How can we 

compare 

waiting 

lists?

Fact 9 [Waiting List Pressure]. 

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = 2 ×
𝑀𝑒𝑎𝑛 𝑊𝑎𝑖𝑡

𝑇𝑎𝑟𝑔𝑒𝑡  𝑊𝑎𝑖𝑡𝑖𝑛𝑔

If 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 < 1 waiting list is on target.

• Pressure gives a “currency” to compare 

lists. 

• Serve the list (or procedures) with 

highest pressure.



Example:

ENT P4 

Mean wait = 61 weeks

Target wait = 52 weeks

ENT P4 Pressure = 2 x 61/52 = 2.34 

ENT P2 Pressure = 8.8

ENT P2 Pressure Wythenshawe = 9.8



What 

Darren, 

Yasser and 

Rae been 

doing at 

MFT

• Collating together these statistics:

• across specialty, 

• across OPCS code, 

• across hospitals

• Construct reports so know where pressure 

points are

• Where are bottlenecks

• Mechanisms a trade-off between lists

• Recommendation for required capacity 

allocation



What more 

could be 

done

• Bottleneck identification

• Optimized scheduling

• Workforce planning

• Analysis of Theatre Provisioning



Summary

• Demand, Capacity and Load

• Load < 1 keeps queues small



Thank you for listening
neil.walton@durham.ac.uk
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