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Introduction

Background
� DRG-systems are used to allocate resources to hospitals
� Regression trees [Breiman et al. 1984] can assist to model DRG-

systems

Problems
� Best models are often very complex
� Models are not always medically reasonable
� Manual performance degenerating adaptations are necessary

Proposed Solution
� Build diverse accurate trees to choose from
� Use of Bootstrap Bumping [Tibshirani & Knight 1997]
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The Austrian DRG-System

Background
� In 1997 an Activity-based hospital financing system was 

introduced
� Resources are allocated to hospital based on their individual 

cases
� Basis is a 3-step classification procedure that result in 

homogenous patient groups (LDF)  

Aim
� Consolidate rapidly increasing costs by reducing LOS
� Reduce costs by substituting inpatient care through ambulatory 

care
� Increase transparency of the hospitals’ activities
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The Austrian DRG-System

IMS ... Individual Medical 
Services

ICD … International 
Classification of Diseases

MD … Main Diagnosis

LDF ... Leistungsorientierte 
Diagnosefallgruppen 
(Performance-oriented 
diagnoses groups)

3-Step Classification Procedure
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Regression Trees

Recursive Partitioning
1. Examine every allowable split on each predictor variable. 
2. Select and execute the split that minimizes the impurity 

measure in the nodes (e.g.: the MSE). 
3. Recursion stops when no significant improvement can be 

achieved

Pruning after Recursive Partitioning
� Constructed trees are often too big
� Trees are usually pruned to smaller size
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Regression Trees

Example: 

R2_example ≈ 0.31
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Boostrap Bumping

Basic Idea
� Diverse models are build on different bootstrap samples
� Solutions are single trees 

Algorithm
1. A set of bootstrap samples                             is drawn from the 

training set 
2. Models are fit to each bootstrap sample giving prediction      for 

each bootstrap
3. The best trees are selected based on their performance on the 

original training-set  
4. The best trees are compared to the standard CART algorithm 

on the test-set

z* = (z*1,z*2,...,z* B )

z

ˆ f * b (x)

b = (1,2,...,B)

z
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Evaluation

Evaluation over Different Tree Sizes
� Predictive accuracy is estimated using 10-fold CV
� Use of tree sizes ranging from 2-16 internal nodes
� Final tree size can be chosen manually based on statistical 

accuracy as well as on economic and medical consideration

Evaluation Criteria
� Compare the best bootstrapped based tree with the standard 

CART tree
� Access the number of bootstrap-based trees that are more 

accurate than the standard CART tree
� Compare the accuracy of different tree complexities 



Thomas Grubinger                                                9

Evaluated Data-Sets
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Results: Improvement of the Best 
Bootstrapped Tree
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Results: Diversity of Candiate Models
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Results: Example HDG0502
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Results: Accuracy of Models with Different 
Complexities  
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Conclusions

� Bootstrap bumping can be used to find diverse and accurate 
trees

� Often smaller models are found that offer the same accuracy 
as more complex trees built by the standard CART algorithm

� Medical domain experts can choose among different models

� Manual performance degenerating adoptions of models are 
minimized

� In the future alternatives to bootstrap bumping will be evaluated
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