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The nature of statistics

“Statistics are like a bikini. 
What they reveal is 
suggestive, but what they 
conceal is vital.”

– Aaron Levenstein



VON Annual Reports

Two factors leading to differences in results even when no true 
differences between NICUs exist:

1) Small sample size (volatility of estimates)

2) Differences in casemix

To deal with these two factors, the VON report does the following:

� Report outcomes/interventions by birth weight, gestational age, birth 
location

� Using a multivariable risk-adjustment model to adjust for casemix
differences

� Use of SMRs and shrunken SMRs

� Comparing each centre’s observed rates to the expected rate for that 
centre



Standardised Morbidity/Mortality Ratio (SMR)

Standardized morbidity/mortality ratio 
(SMR):

• Number of expected cases is calculated by 
using a multivariable risk-adjustment 
model

• Ratio of the number of observed cases (O) to 
the number of expected cases (E)



Shrunken SMR

“Shrunken” SMRs:

• Some observed variation between NICUs is random noise, particularly 
for small hospitals

� SMR estimates are corrected (“shrunken”) to filter this 
random variation

• Shrinking: adjusting the SMR value by moving it closer to the mean 
value of all Expanded Data Centre SMRs when the estimate is 
imprecise (i.e. when the number of cases is small)

• Method: weighted average between the calculated SMR and the 
mean of all hospital SMRs. For hospitals with a small number of 
infants, the Network mean value will be weighted more heavily; for 
large hospitals, the calculated SMR will be weighted more heavily

• Shrunken SMRs are more stable estimates



point estimate 95% confidence interval

95% confidence 
interval includes 
1, therefore NEC 
ratio is as 
expected

95% confidence interval 
above 1, therefore 
LBPATH ratio is higher 
than expected



95% confidence 
interval below 1, 
therefore ROP 
ratio is lower 
than expected

95% confidence 
interval above 1, 
therefore Fungal 
infection ratio is 
higher than 
expected

All other ratios are as expected





Shrunken O-E Estimates

Observed – Expected (O-E) estimates:

• an indication of the number of patients lost/ill, beyond the 
number expected to be lost/ill

• expected values calculated with same multivariable risk-
adjustment model as used for SMRs

• O-E estimates also corrected using shrinkage methods

• Interpretation of the O-E estimates:

< 0 : performance was better than expected

> 0 : performance was worse than expected

= 0 : performance was as expected

• 95% control limits also given



Shrunken O-E Estimates



Shrunken O-E Estimates

Within 95% confidence 
interval, therefore the NEC 
rate was as expected



Above 95% confidence 
interval, therefore the late 
bacterial infection rate was 
worse than expected



Within 95% confidence 
interval, therefore the 
mortality rate was as 
expected



Adjusted Average Total LOS

Adjusted Average Total Hospital Stay graph:

• centers are arranged in order of increasing LOS

• black dot � Average LOS at your center

• vertical bars � 95% confidence intervals for the average LOS



Average total LOS for 
your center

95% 
confidence 
interval

Centers are arranged in order of increasing LOS

shortest LOS longest LOS



Questions?


