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Increasing demands on emergency departments (EDs) call for optimized 
decision-making processes to improve patient outcomes and resource 
allocation. Overcrowding is a significant issue, and the propensity of EDs 
to hospitalize patients is a key contributing factor to limiting in-patient bed 
availability, with inappropriate decisions negatively impacting healthcare quality 
and costs. In this setting research in emergency medicine to improve these 
difficulties is challenging. The main obstacles are the large volume of cases 
handled, the paucity of staff availability, and the resulting lack of time to 
dedicate to data entry. Furthermore, the electronic health record (EHR) systems 
currently used in EDs are not optimized for collection of data for research. 
Even retrospective data analyses cannot be performed due to the lack of robust 
data. Moreover, the EHR contains not only structured data but also abundant 
information in a free-text format which is challenging to use for research 
purposes. This protocol describes a study, the Use Case 1 study, which is part 
of the more general Horizon Europe eCREAM (enabling Clinical Research in 
Emergency and Acute-care Medicine) project. The study will test the reliability 
of an advanced natural language processing model set up in eCREAM to exploit 
EHRs by extracting robust, structured data to enable research in EDs. Specifically, 
the study will test the validity of the data extracted from the EHRs by addressing 
the issue of hospitalization rate. We will develop a predictive model to assess 
emergency department hospitalization rates, thereby enabling standardized 
comparisons across centers, ultimately leading to improved decision-making 
and reduced unnecessary hospital admissions. 
Retrospective patient data from 2021 to 2023 from 30 centers across Europe 
will be analyzed, and multivariable models will be employed to predict 
hospitalization and adjust comparisons between centers. The results are 
expected to improve decision-making in these departments. More generally, 
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should the data extraction system prove valid, our results would serve as a 
practical demonstration that, despite the abundance of free-text data, EHRs can 
be exploited to conduct research in the emergency medicine field. 
Clinical trial registration: Clinicaltrials.gov, identifier: NCT06354764. 

KEYWORDS 

electronic health records, hospital emergency service, hospitalization, patient 
discharge, quality of healthcare, statistical model 

Introduction 

The increasing burden on emergency departments (EDs) 
requires efficient decision-making processes to ensure optimal 
patient outcomes and resource utilization. Many factors influence 
performance, such as the aging population and the growing 
complexity of medical care, and in this context, the ED’s decision 
to hospitalize patients plays an important role. The propensity to 
hospitalize patients contributes to ED and hospital overcrowding, 
with negative implications for patient care quality and healthcare 
costs (1–3). Admitting a patient in the absence of any real need 
also leads to unnecessary tests and treatments, exposing patients 
to the risk of adverse events, avoidable clinical errors, unmotivated 
emotional and physical distress, and increased costs for the patient 
and society (4–6). Regrettably, inappropriate hospitalizations are 
very common. It is estimated that the extent of this phenomenon 
varies between 16% and 55% in Europe (7–9). For these reasons, 
the ED rate of hospitalization is considered a primary performance 
indicator of these departments with a continuous pressure for 
its reduction. Conversely, an overly optimistic assessment of 
a patient’s condition in the ED and a subsequent improper 
discharge can also have serious health consequences with potential 
lengthy litigation. Hence, improving the appropriateness of this 
decision is of paramount public interest to protect individual 
patients and reduce the waste of resources that characterizes 
today’s system. 

One effective, validated approach to induce improvements 
in complex decision-making processes within organizations is 
peer-to-peer comparison (10, 11). In this context, a standardized 
and methodologically rigorous comparison of the hospitalization 
rate of EDs must adjust for possible between-center differences. 
The first step to reach this goal is to develop a predictive 
model that accurately estimates each patient’s probability of 
being hospitalized, based on clinical conditions and contextual 
factors. Such a model would make it possible to calculate, for 
each ED, the expected hospitalization rate. The comparison of 
the observed hospitalization rate in an individual ED with the 
expected one derived from the model provides a robust method of 
comparing the department with the average performance, taking 
into account the characteristics of the patients treated and the 
conditions under which the ED operated. In other words, the 
predictive model represents the benchmark against which each ED 
is evaluated. 

However, collecting data for research and improvement in 
the ED is challenging. Electronic health records (EHRs) in use 

in EDs represent an important source of information but are 
not optimized for research, hindering data-driven improvement 
research. Although these records contain structured data, they also 
contain abundant information in a free-text format hindering their 
use for research purposes. 

The eCREAM (enabling Clinical Research in Emergency and 
Acute-care Medicine) project, a European program involving 11 
partners in 8 countries coordinated by the Laboratory of Clinical 
Epidemiology of the Istituto di Ricerche Farmacologiche Mario 
Negri IRCCS in Italy, seeks to address this obstacle by enabling 
the use of ED EHRs for research. The main aims of eCREAM 
(see the article “The format of emergency department electronic 
health records in Europe. The European initiative and the eCREAM 
proposal” in this issue for details) are to develop new technical 
solutions to extract reliable clinical data from structured and 
unstructured information contained in different electronic patient 
files, to test the exploitation of the databases created in two 
relevant use cases, and to FAIRify (i.e., make data Findable, 
Accessible, Interoperable, and Re-usable) the established databases 
for clinicians, researchers, health policymakers and citizens. The 
two use cases that will be used to test the data represent real-life 
situations relevant to the ED and involve the concrete application 
of the data to address them. The first of the two use cases, Use 
Case 1 (UC1), is the focus of this study protocol and involves the 
assessment of ED propensity to hospitalize patients. The second 
use case involves the development of dashboards to be used by 
healthcare personnel, policymakers, and citizens to improve the 
quality of ED care (Use Case 2). Notably, being centered around the 
efficient reuse of health data for research and innovation, eCREAM 
is fully aligned with the European Health Data Space (EHDS) 
initiative (12). 

The general aim of UC1 is to test the solution adopted to 
extract data from EHRs, i.e., the eCREAM language model (13) 
based on natural language processing (NLP), and to characterize 
the propensity of different EDs to hospitalize patients. Because of 
the wide heterogeneity of ED patients and because UC1 aims to 
test the methodological framework to extract valuable data rather 
than to provide a comprehensive assessment of the propensity to 
hospitalize, the analysis will focus on two subgroups of patients, 
i.e., those presenting to the ED either with dyspnea or following 
a transient loss of consciousness (TLoC). The study will also 
investigate the association between the adjusted hospitalization 
rate of different EDs and a short-term clinical outcome (i.e., 30-
day survival) to test the possibility of also extracting data from 
administrative records. 
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In this framework, the primary objectives of the study are: 

1) to create two separate databases (one for each of the two 
subgroups) containing the information considered necessary 
to study the propensity to hospitalize these patients, to assess 
their 30-day mortality, and to evaluate the accuracy of the 
extracted information; 

2) to develop two multivariable models that predict the 
probability that patients presenting to the ED with dyspnea 
(first model) or after a TLoC (second model) will be admitted 
to the hospital; 

3) to provide the participating EDs with an adjusted comparison 
of the hospitalization rates for the patients with selected 
symptoms, to enable an improvement in the quality of care. 

The study’s secondary objective is to assess whether the adjusted 
admission rate is associated with the patients’ 30-day survival. 

This study protocol describes the UC1 study, expanding on 
specific aspects that are particularly relevant to this special issue, 
namely the importance of EHRs, and their unexploited potential, 
for secondary research. 

Methods and analysis 

Study design 

This is an observational, retrospective study that analyzes data 
from multiple EDs across Europe. The data will be automatically 
extracted by the eCREAM NLP system so that no additional burden 
will be placed on ED staff or patients for the data collection. An 
initial, minor, effort on the part of a few clinicians is necessary for 
developing the system and involves annotating a subset of clinical 
notes and filling in a virtual case report form from a subset of notes. 

Selection of subjects 

The study will involve 30 EDs from six European countries 
(Italy, Poland, Slovakia, Slovenia, Switzerland, and the UK). It was 
ensured that centers of different sizes and heterogeneous contexts 
would participate. All patients who arrived at the participating 
EDs between January 2021 and December 2023 will be eligible for 
data collection. 

A limited amount of data will be collected on all eligible 
patients. This restricted data collection will be aimed primarily 
at estimating the level of ED crowding, which is expected to 
significantly affect hospitalization decisions, but also at evaluating 
the average boarding time of patients to be hospitalized, the flow of 
incoming patients, and other conditions characterizing the context 
where the decision to hospitalize is taken. Conversely, an extended 
data collection will be carried out on two subgroups of interest for 
UC1: adult patients presenting with dyspnea and those presenting 
because they experienced TLoC. Patients referred to specialists 
outside the ED will be excluded from the study because these 
cases are not severe and the reasoning behind any possible hospital 
admission of these patients would be very different from that of 
patients who are visited in the ED (although we don’t expect any 

dyspnea or TLoC cases to be sent elsewhere). For dyspnea and 
TLoC cases, the necessary data will be identified from the triage 
section of the EHRs and from the final diagnoses, limiting the 
analysis to epilepsy or syncope-related TLoC cases. 

The inclusion criteria for the patients eligible for the extended 
data collection (i.e., including all demographic and clinical 
factors) are: 

- adult patients who presented to the ED with dyspnea. These 
patients will be selected by analyzing the triage section 
of the EHRs; 

- adult patients who presented to the ED following TLoC. To 
reduce the complexity of such a vast group of patients, the 
analysis will be restricted to patients who experienced TLoC 
due to epilepsy or syncope. These patients will be selected by 
analyzing the EHRs’ triage section and the final ED diagnosis. 

Study duration 

The eCREAM UC1 study will last 24 months. The first 12 
will be used to install the eCREAM platform, which will contain 
the different modules responsible for data extraction, in the 
various participating EDs and to retrieve the required clinical 
and administrative information, check its quality, and make any 
necessary adjustments. The following 12 months will be devoted 
to data analysis, research reports production, and dissemination 
of results. 

Data collection 

Three sets of information influence the decision to admit or 
discharge a patient with dyspnea or TLoC and will therefore be 
collected during UC1 (please see Supplementary material for the 
full list of the variables): 

- Structural and organizational data (e.g., the availability and size 
of the observation unit in the ED, or if point of care devices 
such as a blood gas analyzer or an ultrasound machine, are 
available in the ED) were collected at the ED level through 
a questionnaire administered to the ED staff or department 
head, and do not include patient data. These data were 
collected on a voluntary basis by a single clinician from each 
center at the beginning of the study and were not collected 
during routine ED service. 

- Transitory organizational data (e.g., real-time crowding level in 
the ED) will be estimated based on the restricted data collected 
on all patients who arrived at the ED. In this framework, the 
only variables collected on all patients will be those necessary 
to calculate the number and type of patients in the ED at any 
given time, and will involve data such as date and time of 
arrival at the ED, and triage code. 

- Demographic and clinical data on patients with dyspnea 
or TLoC at ED arrival. An international panel of experts 
identified the variables in the extended data collection needed 
to predict the hospitalization of these patients through a 
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Delphi-modified method and literature review. We therefore 
refer to this list of variables as the eCREAM virtual case report 
form (vCRF). As stated previously, the associated data will be 
obtained automatically directly from the EHRs in use in the 
ED. Examples of these data are presence of chronic pulmonary 
disease, active neoplasia, and various lab tests. 

The eCREAM platform equipped with the eCREAM NLP 
system to automatically extract the values of the variables listed 
in the vCRF from the clinical notes and to estimate the transitory 
organizational data will be installed in each participating hospital. 

Data processing 

The processing of data collected in the context of UC1 has 
been planned with the specific aim of protecting the patients’ 
privacy to the highest possible level. Figure 1 provides a simplified 
representation of the data processing steps. Two separate data 
flows will be generated for the restricted and extended data 
collections, with the latter being performed on patients arriving 
at the ED for dyspnea or TLoC. Data will be sent to a database 
on the Central eCREAM platform which will be used for all 
the analyses in the project. After appropriate data curation the 
data will also be transferred to the Medical Informatics Platform 
(MIP) database where a complex system developed within the 
EBRAINS infrastructure (www.ebrains.eu) will share the data with 
the broad research community for analyses while meeting GDPR 
and national regulations for privacy protection. Further details on 
data processing and on the MIP can be found in the UC1 study 
protocol (14). 

By adopting this data processing plan only data necessary 
to pursue the study objectives will be transmitted from the 
participating centers to the study coordination center. The study 
will, therefore, comply with the principle of data minimization 
as set out in the GDPR. Prior to starting data analyses the 
coordinating center will assess the internal consistency of the 
information collected. 

Data analysis 

Different methods will be used to achieve the objectives of 
the study. 

To assess the reliability of the extracted dataset (primary 
objective 1) we will randomly sample a subset of the ED visits 
from the database of the Central eCREAM platform and will verify 
its accuracy. The whole vCRF will be evaluated, including both 
variables sourced by structured datasets and variables generated 
by the NLP algorithms. Experienced ED physicians will be asked 
to complete the vCRF for those same sampled records and the 
resulting data will be compared to those extracted automatically 
through the eCREAM system. The human-generated data will be 
considered as the gold standard. The performance of the eCREAM 
extraction will be primarily evaluated in terms of overall accuracy. 
For all binary variables of the vCRF, we will also evaluate the results 
in terms of sensitivity (i.e., among the patients with the presence 

of a factor, the proportion of patients for which the factor has been 
flagged as present) and specificity (i.e., among the patients without 
the factor, the proportion of patients for which the factor has been 
flagged as not present). This will be done in order to separately 
assess the reliability of the eCREAM system to retrieve present 
clinical conditions and to report their absence. 

To achieve primary objective 2, we will develop a multivariable 
model estimating the probability of hospitalization based on 
patient-specific factors (e.g., medical conditions), transitory-
specific factors (e.g., ED crowding), hospital-specific factors (e.g., 
availability of medical resources), and societal-specific factors (e.g., 
presence of healthcare services). All factors collected will be 
considered as candidate values for the multivariable model. The 
type of model to be used will need to address different peculiarities 
of the data source, including the presence of missing values and 
the heterogeneity of ED presentations that results in heterogeneous 
associations between factors and probability of hospitalization. In 
this context, decision trees represent a broad family of statistical 
models that appropriately address these two data characteristics. 
We will explore the use of different models from this family, 
including Classification and Regression Trees (CARTs), Boosted 
Trees, Random Forests, and Bayesian Additive Regression Trees 
(BARTs). We will select the specific algorithm with the best 
performance which will be evaluated in terms of discrimination 
(with the area under the ROC curve) and calibration (using the 
Calibration belt). In particular, the development of a model that 
achieves acceptable calibration (nonsignificant test associated with 
the Calibration belt) and adequate discrimination (area under 
the ROC curve > 0.8), i.e., good performance estimating the 
probability of patients being hospitalized, will support the reliability 
of the information extracted from the EHR of the participating 
centers for the purposes of this research project. 

The adjusted comparison of the hospitalization rate across 
EDs (primary objective 3) will be based on the probabilities of 
hospitalization estimated by the developed multivariable model. 
Specifically, the expected center-specific hospitalization rate will 
be calculated by summing these probabilities over all patients 
visiting a single ED. The ratio between observed and expected 
rates, which will be referred to as standardized hospitalization 
rate (SHR), represents an adjusted indicator to measure the 
propensity of the ED to hospitalize patients. Based on the binomial 
distribution, the SHR will be provided with the corresponding 95% 
confidence interval. 

Finally, we will use another multivariable logistic regression 
model to assess the association of the adjusted admission rate with 
30-day survival (secondary objective). We will consider the 30-
day survival as the model’s response and include, as predictors, 
the SHR estimated for primary objective 3 and other relevant 
prognostic factors. The coefficient of the SHR in the model will 
provide information on the association between the ED-specific 
propensity to hospitalize patients and the patient outcomes, after 
adjusting for patient-specific prognostic factors. 

Sample size 
To achieve primary objective 1 and verify the accuracy of 

the database extracted from the EHR, ED physicians will need 
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FIGURE 1 

Graphical representation of the data flow from the hospital databases to the servers where analyses will be performed. 

to complete the vCRF on a random sample of 384 records. 
This is the necessary sample size to obtain, for each extracted 
variable, a 95% confidence interval of the accuracy with semiwidth 
narrower than 5% in the worst-case scenario, i.e., when the accuracy 
is 50%. 

For primary objective 2, following the recommendation of 10 
events and non-events per variable for binary outcome models, 
at least 200 hospitalized and 200 discharged patients from the 
ED are needed to develop a model with 20 predictors, which 
is around three times higher than that of the models recently 
published in the literature. Assuming hospitalization rates of 20% 
and 50% for dyspnea and TLoC, at least 400 and 1,000 patients are 
needed, respectively. 

To address primary objective 3, setting the type-I error to 5% 
and power to 90%, to be able to detect as significant an SHR of 1.2 
(i.e., an observed hospitalization rate 20% higher than expected), 
the study will need at least 577 and 1,442 patients with dyspnea and 
TLoC, respectively, for each ED. 

In summary, to address the study’s primary objectives, the 
most stringent requirement regards primary objective 3, which 
requires data collection on about 600 and 1,500 patients presenting 
to the ED for dyspnea and loss of consciousness, respectively, 
from each of the 30 participating centers. In a previous analysis 
that involved a mid-sized (about 60,000 patients/year) Italian 
ED (Maggiore Policlinico Hospital, Milan) over the years 2017– 
2019, the proportion of patients with dyspnea and TLoC was 
3.5% and 2.5%, respectively, which correspond to about 2,100 
and 1,500 patients/year (data not published). Since we will also 
include smaller EDs (even those with about 30,000 patients/year), 
and in order to be conservative, we plan to retrospectively 
analyze eligible patients visiting the participating EDs over 3 
years. This means that we will recruit at least 3,150 patients 
with dyspnea and 2,250 patients with TLoC in each participating 
center. This sample size will be ample to assess the accuracy 
of the data collection, develop the predictive models, and 
compute the ED-specific indicators on a meaningful group of 

patients. Should participating centers not enroll enough patients 
in either of the two groups we will extend the retrospective 
data collection for an appropriate amount of time to achieve the 
desired target. 

Discussion 

The principal aim of eCREAM’s UC1 is to improve ED 
decision-making processes by using EHR data through advanced 
IT systems and data analytics. Its impact will be significant 
and multifaceted. 

In the short term, the study will provide healthcare 
professionals with rigorous data on the variability of the 
hospitalization rate between EDs and the staff of each 
participating ED with an adjusted evaluation of the center-
specific propensity to hospitalize patients. Such analyses will 
be the first implementation of a feedback system that enables 
healthcare professionals to make more informed decisions, 
reduce inappropriate hospital admissions and discharges, 
and, ultimately, improve patient outcomes. Additional 
decision-making domains and processes, such as those 
related to hospital management decisions regarding e.g., high 
boarding rates in hospitals, may be impacted by this feedback 
as well. 

In the medium-to-long term, the impact of the study will be 
2-fold. First, the use case will provide the ED research community 
with one of the largest and richest databases of patients presenting 
to the ED with dyspnea or TLoC. If the results of this study are 
positive, the data could provide answers to many other research 
questions as well. The database, which will be shared through 
the MIP infrastructure to maximize its secondary use, will enable 
a wide range of analyses including comparative effectiveness 
research studies to assess the effect of treatment, interventions, 
and policies. Second, UC1 will define the methodological basis 
for the automatic extraction of accurate data from existing EHRs 
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and, thus, create a sustainable framework for clinical research 
in emergency medicine. In the future, such a framework will be 
exploitable for a wide range of purposes, including the generation 
of a data source for new research projects, quality assessment 
programs, and interactive management dashboards. The overall 
impact of these efforts is expected to enhance the quality of 
emergency care, reduce healthcare costs, and improve patient safety 
and satisfaction. 
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