
277

INTRODUCTION

Extremely rare events can challenge traditional classifi-
cation models, which may exhibit reduced power in highly 
unbalanced datasets (i.e., when two or more target groups 
are unevenly represented). Moreover, this effect seems to be 
accentuated by the reduction of the sample size. Some of 
the easiest and intuitive methods proposed to handle unbal-
anced datasets, while still using a classical statistical models, 
are random under- or oversampling or hybrid methods[1]. 
Alternatively, other approaches have been proposed with 
different strategies, such as ensemble models (e.g. AdaBoost, 
XGBoost), or novelty detection models[2].

In medicine, this kind of scenario can occur when ana-
lysing catheter related/associated blood stream infections 
(CRBSI/CABSI), whose incidence usually remains <1/1000 
catheter days[3], but could be higher in very frail patients[4]. 
Catheter insertion has a potential risk of complications and 
longer hospitalization: the use of decision-making algorithms 
is of great importance in order to avoid complications for 
these patients[5].

OBJECTIVES

The main purpose of our study is to adopt a novel anom-
aly detection model focused on binary/categorical covari-
ates to predict risk of CRBSI/CABSI occurrence at baseline. 
To reach this result, we use a combined approach: features 
reduction, novelty detection algorithm and importance grid 
for model explainability.

METHODS

Data from hospital patients who received a vascular ac-
cess device (VAD) placements at the University Hospital Luigi 
Sacco in Milan between January 2021 and January 2025 
were analysed. All patients underwent central or peripheral 
catheterization in a non-ICU department. Parameters were 
collected at catheter insertion: age, sex, any major comor-
bidities, active intravenous drug usage, parenteral nutrition, 
regimen of hospitalization, transfer from the ICU, type of cath-
eter, number of lumens, tunnel, exit site and number of place-
ment attempts. All continuous variables were discretized into 
categorical format, yielding  29 Boolean and 2 categorical 
features. 
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The designed framework (OC-Cat) combines:
1.  a graph-search-based feature selection method;
2.  a one-class soft classifier designed (based on 

characterization of patients who didn’t incurred in cath-
eter infection);

3.  a feature ranking that clarifies the classifier’s deci-
sions by ordering features based on their unique role in 
identifying uninfected patients. 
In details:

1.  we assess the redundancy of each pair of features 
using the excess over independence metric[6]. Then, we 
design a undirected connected graph where each node 
represents a feature, and the edge weights reflect the ex-
cess over independence between feature pairs. From each 
node, we apply the Bellman-Ford algorithm[7] to find the 
shortest closed path. Among all paths, we select the one 
that best represents the original data based on the Bayesi-
an Information Criterion (BIC). The features included in this 
optimal path constitute the final selected feature set;

2.  to design the soft-classifier, we rely on the assump-
tion that a higher occurrence of a specific feature combi-
nation in majority class records (uninfected) implies that 
each new instance with those values is less likely to be in-
fected. The learning phase consists of estimating the prob-
ability for a majority-class record occurring, given the 
distribution of uninfected patients. The prediction phase, 
instead, consists of estimated the majority-class proba-
bility for a new record (based on its i th attribute combi-
nation) using a weighted inverse Hamming distance [8]. 
The weight increases with the record’s frequency among 
uninfected patients;

3.  accordingly, the method ranks features based on a 
tailored definition of importance, stating that a feature - or 
a features set - is more important if it consistently exhib-
its the same value in majority-class data. To achieve this, 
we build a tree where nodes represent subsets of features, 
and each step measures the contribution of each new 
feature in reducing the majority-class data entropy. Last, 
once exploring all feature combinations and identifying 
the path with minimal entropy, the algorithm reports the 
features ranking as the order in which features appear 
along the path: from the root (most important) to the leaf 
(least important). 
To evaluate the framework performance in terms of one-

class classification, we compared OC-Cat probability distri-
bution with that obtained from Isolation Forest (iForest) and 
One-Class Support Vector Machine (OCSVM). For the anal-
ysis, dataset was split into training and test set (August 2023 
as threshold: ~75% vs 25%).

RESULTS

Data from 2836 hospitalized patients with VADs were re-
trieved. After keeping only the first VAD placement for each 
patients, we considered 2275 subjects (1222 women and 
1053 men between 18 to 101 years) Among them, 148 be-
come infected: 62 patients developed a CRBSI, 80 a CABSI 
and 3 both. In the first step, our approach retained 16 out of 
29 variables, which were then inserted in the novel model in 

the second step. Figure 1 displays the risk factor index dis-
tributions for the training and test sets of our model, iForest, 
and OCSVM, along with their respective ROC curves. Lastly, 
catheter insertion site (upper vs lower limb vs neck), biological 
sex, hypertension, Charlson Comorbidity index, neurological 
disease and diabetes resulted the first most characterizing 
feature. 

CONCLUSION

Our model introduces a novel, integrated approach for 
both characterizing and forecasting outcomes under severe 
imbalance in the target variable. It outperformed the iForest 
and OCSVM models applied to categorical and Boolean 
variables in a specific clinical contest. We are currently con-
ducting further analysis and refinements to optimize perfor-
mance on both our internal and external datasets, enhancing 
the model’s generalization.
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Figure 1. Risk distributions for the two patient classes (top of the figure): patients who didn’t experience a CRBSI/CABSI infection during 
the follow-up period (green boxplot) vs patients who experienced a catheter infection (red boxplot). The distributions were calculated 
separately for the training set (left) and the test set (right). The same analyses, using the selected covariates, were conducted with two 
other models: Isolation Forest (iForest) and One-Class Support Vector Machine (OCSVM). In the lower part of the figure, the Receiver 

Operating Characteristic (ROC) curves for the three models are shown, separately for the training set (left) and the test set (right)

 
 

 

 

 

 

 

 

 

 

 

 

 




