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Summary 

The growing application of sensor devices in the healthcare field is leading to the production of large 
datasets, whose effective management represents a critical challenge for current clinical processes. 
Although affected by high complexity, the heterogeneity of the collected data may enable healthcare 
professionals and researchers to extract relevant insights for the diagnosis and follow-up of diseases. 
Accordingly, this work proposes an integrated digital platform for the acquisition, management and anal-
ysis of multi-source clinical data, with the aim of improving healthcare and supporting patient treatment 
and monitoring.  
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Background, Motivation and Objective 

The digital revolution in the healthcare system is 
redefining the way clinical data are collected, 
managed and interpreted [1]. The widespread 
adoption of electronic health records (EHRs) and 
sensor devices to detect and measure bi-
omarkers in human biofluids has generated a 
large volume of clinical data (e.g., demographic 
and biometric information, diagnostic data, bi-
omarkers and physiological signals) [2]. The use 
of target-analyte sensors in breath analysis rep-
resent a promising frontier for the diagnosis of 
several human diseases, due to their capability 
to detect and monitor the disease-related bi-
omarkers pattern in a non-invasive and cost-ef-
fective way [3]. These devices enable the quan-
titative measurement of specific compounds in 
the exhaled breath, facilitating the identification 
of biomarkers associated with diseases such as 
lung cancer, myocardial infarction, and diabetes 
mellitus [4]. This wealth of information, combined 
with advances in computational methods, paves 
the way for new opportunities to support evi-
dence-based decision-making [5]. 

A robust architecture is needed for the acquisi-
tion, management and analysis of data deriving 
from a variety of sensor devices and analytical 
platforms, bridging the gap between raw data 
and the healthcare professionals who need to in-
terpret it [6]. Moreover, early diagnosis and long-
term patient follow-up require scalable data 

management solutions and the integration of an-
alytical pipelines that combine statistical meth-
ods and machine learning techniques, with the 
aim of supporting the clustering of diseases and 
continuous monitoring of healthcare conditions. 

Based on these considerations, this work de-
scribes the design of a data management plat-
form focused on early diagnosis and clinical fol-
low-up. The clinical platform aims to integrate 
data from multiple sensor technologies (e.g., tar-
get analyte-sensors, multi-sensor array devices) 
and analytical platforms such as GC/MS platform 
for the chemical characterization of human 
breath. The platform is intended to be the ‘space’ 
where all the clinical data can be also matched 
with other physiological parameters (e.g., heart 
rate, blood pressure, respiratory rate)  and envi-
ronmental data (e.g., air quality data), in the view 
of providing a comprehensive overview of the 
patient's health status. In line with the principles 
of telemedicine and exposomics, the overall goal 
of this study is to provide healthcare profession-
als a flexible solution that optimizes diagnostic 
accuracy, supports personalized patient care, 
and establishes the foundation for personalized 
healthcare applications. 

Description of the System 

The effective governance of healthcare data re-
quires the development and implementation of a 
dedicated platform capable of the categorization, 
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integration and treatment of multiple-sources 
data, through the application of advanced statis-
tical and AI-driven tools, complying at the same 
time with regulatory requirements, as the assur-
ance of data security and the confidentiality of 
patient privacy. Figure 1 illustrates the general 
architecture of the proposed platform. 

Fig. 1. Architecture of a multimodal clinical data 
platform for integrated data management, advanced 
analytics, and clinical decision support. 

The central data platform employs a Role-based 
Access Control (RBAC) model, in which data ac-
cess privileges are governed by security policies 
specific to each role. The architecture of central 
platform is structured in three sequential layers: 

• Presentation Layer: the user interface was 
developed as a web app using Flutter, a 
cross-platform framework that enables de-
ployment across heterogeneous environ-
ments from a single codebase. The system 
supports multi-source data acquisition, inte-
grating breathomics parameters, environ-
mental variables, and patient demographic 
and clinical data; 

• Application Layer: the middle layer is in-
volved in communication and clustering pro-
cesses. The integration with backend ser-
vices is handled via Firebase, a Backend-as-
a-Service (BaaS) platform that provides real-
time data synchronization, authentication, 
and cloud functions. Additionally, this layer 
manages data parsing prior to storage, clus-
tering the data based on filters such as age, 
gender and smoking habits; 

• Data Layer: data persistence is guara teed 
by a NoSQL database, chosen for its flexibil-
ity in managing heterogeneous data. Prior to 
storage, the data is processed through a 
normalization pipeline, thereby rendering the 
dataset available for further analysis work-
flows. The information provided to 
healthcare professionals includes a longitu-
dinal history of visits, diagnostic reports, la-
boratory test results, and multi-sensor phys-
iological measurements. 

The proposed platform aims to provide an inno-
vative contribution to the spectrum of tools sup-
porting patient diagnosis and follow-up. The 
modularity of the architecture, the capability to 
manage large volumes of heterogeneous data, 
and flexible communication between the opera-
tor and healthcare professionals are distinctive 
features. Further developments in the near fu-
ture will be focused on the validation of the de-
veloped platform in the clinical practice to man-
age data from populations of individuals affected 
by chronic and oncologic diseases as well as of 
subjects in therapeutic follow-up.  
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