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The standard cluster randomised trial

Clusters assigned
to sequence 1

Treatment
A

Clusters assigned
to sequence 2

Treatment
B

• Clusters (groups) of patients assigned to treatments.
• Clusters could be ICUs, schools, neighbourhoods...
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The cluster randomised cross over trial: CRXO

The standard 2-period CRXO:

Period 1 Period 2

Sequence 1 Treatment
A

Treatment
B

Sequence 2 Treatment
B

Treatment
A

We’ll consider an idealised situation:
• No carry-over effect from A→ B or B→ A.
• Switches between treatments can occur quickly.

But should we cross over more than once?

Only consider balanced CRXO designs: ABAB· · ·AB and BABA· · ·BA
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How many times should a CRXO cross over?1

Is crossing over once enough?

Seq. 1 clusters m/2 m/2

Seq. 2 clusters m/2 m/2

Or should each cluster cross over three times?
Seq. 1 clusters m/4 m/4 m/4 m/4

Seq. 2 clusters m/4 m/4 m/4 m/4

What about crossing after each patient?

Seq. 1 clusters 1 1 1 1 · · · 1 1 1

Seq. 2 clusters 1 1 1 1 · · · 1 1 1

1K clusters assigned to each of the two sequences, with m patients in each cluster.
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The answer: it depends!

• One of the things on which this depends is the

within cluster correlation structure.

• Standard CRTs: intracluster correlation coefficient (ICC)
• describes the degree of the similarity of outcomes of any pair of patients in the same

cluster.
• We now think of patients as arriving at the cluster over time

• Correlation between first and second patient may differ to
correlation between first and last!

• The within cluster correlation structure describes this similarity mathematically.

What do we expect this to look like?
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Arrival of patients within a cluster

Assume that patients arrive at each cluster at a constant rate:

Cluster k
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Arrival of patients within a cluster

Assume that patients arrive at each cluster at a constant rate:

Cluster k 1 2
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Arrival of patients within a cluster

Assume that patients arrive at each cluster at a constant rate:

Cluster k 1 2 3
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Arrival of patients within a cluster

Assume that patients arrive at each cluster at a constant rate:

Cluster k 1 2 3 4
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Arrival of patients within a cluster

Assume that patients arrive at each cluster at a constant rate:

Cluster k 1 2 3 4 5
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Arrival of patients within a cluster

Assume that patients arrive at each cluster at a constant rate:

Cluster k 1 2 3 4 5 6
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Arrival of patients within a cluster

Assume that patients arrive at each cluster at a constant rate:

Cluster k 1 2 3 4 5 6 7 8

There are a few options for the within-cluster correlation structure.
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Within-cluster correlation structure

Cluster k 1 2 3 4 5 6 7 8

Correlation 1 ρ ρ ρ ρ ρ ρ ρ

Constant correlation
• Correlation between the outcomes of any pair of patients is identical.

• Correlation between patient 1 and 2 = correlation between 1 and 8.
• This requires specifying one correlation only: convenient!

...but is it realistic?

• Changing number of cross-overs has no impact on power of a design.

NOTE: Shading indicates the degree of correlation between patient 1 and other patients. The correlation of
patient 1 with themselves is 1.
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Within-cluster correlation structure

Cluster k 1 2 3 4 5 6 7 8

2 periods A A A A B B B B

Correlation 1 ρ1 ρ1 ρ1 ρ2 ρ2 ρ2 ρ2

Correlation that depends on design periods
• Patients in the same treatment period have more highly correlated outcomes than

patients in different treatment periods.
• Frequently applied assumption.

• But what happens if we change the number of periods?

NOTE: Shading indicates the degree of correlation between patient 1 and other patients. The correlation of
patient 1 with themselves is 1.
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Within-cluster correlation structure

Cluster k 1 2 3 4 5 6 7 8
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Within-cluster correlation structure

Cluster k 1 2 3 4 5 6 7 8

Correlation 1 ρr ρr2 ρr3 ρr4 ρr5 ρr6 ρr7

Smoothly decaying correlation
• The correlation between patient outcomes depends on the time between them

• The correlation between a pair of patients decreases the further apart in time they are
measured.

• This is the structure we will consider.

NOTE: Shading indicates the degree of correlation between patient 1 and other patients. The correlation of
patient 1 with themselves is 1.
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How many times should a CRXO cross over?2

Is crossing over once enough?

Seq. 1 clusters m/2 m/2

Seq. 2 clusters m/2 m/2

Or should each cluster cross over three times?
Seq. 1 clusters m/4 m/4 m/4 m/4
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What about crossing after each patient?
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A specific example: noisy ICUs and length of stay

Does a “noise abatement program” in ICUs reduce
(log-transformed) hospital length of stay?

• A 2-year CRXO trial to be run in Australian and New Zealand intensive care units
• ICUs switch between usual care and providing the intervention.
• Maximum of 40 ICUs available, ≈ 1000 patients/ICU each year
• Data from the ANZICS APD indicates that the decaying correlation structure fits well.

ρ = 0.036, decay over entire 2 years is 23%.

Within each ICU:
• Correlation between first and second patients: ≈ 0.036
• Correlation between first and last: ≈ 0.028
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A specific example: noisy ICUs and length of stay

How many periods should the design have?
• 2 periods with 1000 patients in each cluster in each period?
• 4 periods with 500 patients?
• 8 periods with 250 patients?
• 10 periods with 100 patients?
• . . .
• 2000 periods with 1 patient?

Which of these is the most efficient design?

Most efficient = highest power
for a given effect size and significance level.
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A specific example: noisy ICUs and length of stay
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A specific example: noisy ICUs and length of stay
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Take home messages

• Decaying within-cluster correlations are often realistic.
• You can gain efficiency by increasing the number of treatment switches in your

CRXO!
• Even 2 period→ 4 period design increases efficiency.

• Cost constraints can be incorporated when considering the best design for your
study: ask me!

You can explore these results for your own trials!

https://monash-biostat.shinyapps.io/HowManyCrossovers
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A specific example: noisy ICUs and length of stay
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Trial costs can also be incorporated

• Cost of a cluster: c
• Cost of a subject: s
• Cost of crossing over from one treatment to another: x

Total cost =c × Number of clusters
+s × Total number of subjects
+x × Total number of cross-overs

For the noisy ICUs example, total budget $2.5 million
• Cluster cost: c = $2500;
• Subject cost: s = $50;
• Cross-over cost: x = $250
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A specific example: noisy ICUs and length of stay

Jessica Kasza (Monash) Crossing Over 20 / 16


