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This study presents a multi-center clinical data 
management platform that facilitates unified and struc‐
tured management of real-world data and serves as an 
ideal tool to enhance the quality and progress of clin‐
ical research related to severe acute pancreatitis (SAP). 
The use of the platform enables clinical teams to ob‐
tain safe, accurate, structurally unified, traceable, scene-
clear, and fully functional real-world medical data in 
the diagnosis, treatment, and research of acute pancrea‑
titis (AP).

SAP is a life-threatening disease characterized by 
rapid progression, multiple organ damage, treatment 
challenges, and high mortality. Consequently, there is 
an urgent need for clinical studies to enhance existing 
treatment strategies and improve clinical outcomes 
(Boxhoorn et al., 2020). Given the extensive data gen‐
erated from SAP and the heterogeneity of clinical 
treatment approaches to it (Finazzi et al., 2020), it has 
become imperative to establish a collaborative major 
data management model across multiple medical cen‐
ters, with a tailored data structure designed for SAP-
related requirements (Leppäniemi et al., 2019). In this 
study, we developed a novel multi-center data man‐
agement platform for AP, primarily focusing on SAP 

cases. The key components of this platform are a stan‐
dardized data format based on pre-defined structures 
(Figs. 1a and S1, Table S1), visualization of various 
chart-based data scenarios (Figs. 1b, 2, and S2), stor‐
age and protection of transfer data in the cloud server 
(Fig. 2), homogeneous case data tracked with markers 
(Fig. 3, Table S1), and a research process simplified 
using randomized controlled trial (RCT) modules 
(Fig. 3).

The “full data acceptance+post-structured appli‐
cation” data-management mode (Table S1), exem‐
plified by the Medical Information Mart for Intensive 
Care (MIMIC)-IV database (Johnson et al., 2023), is 
not optimal for reproducing clinical scenes accurately. 
To effectively manage the high heterogeneity of data 
in multi-center studies, experts from various countries 
have made numerous attempts to collect and structure 
the unstructured data. However, these attempts have 
not been completely effective for several reasons. We 
compared our platform with other clinical data plat‐
forms for AP, such as Medbit (Ke et al., 2022), re‐
search electronic data capture (REDCap) (Docherty 
et al., 2021), and electronic intensive care unit (eICU) 
(Pollard et al., 2018) (Table 1). It is important to note 
that these structured databases were established under 
project guidance rather than representing comprehen‐
sive real-world databases. Once the related project is 
completed, such databases become invalid for future 
use due to their inability to restore contextual details. 
On the other hand, the “pre-structured setting+valu‐
able data application” novel data-management mode 
(Table S1) involves the definition of disease-specific 
clinical data requirements in advance by experienced 
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Fig. 1  Data input and export of the clinical data management platform. (a) Platform user interface. The user clicks on 
“case” from the main interface to enter the detailed interface. The detailed case information includes basic patient 
information, hospital-stay information, major-event data, organ-system data, subjective input data, and data outputs. 
(b) The three-dimensional (3D) data platform comprises the patient (case), item (laboratory indicators, such as serum 
creatinine, alanine aminotransferase, and serum total bilirubin), and time (unit: days, hours, or minutes). Data can be 
output in three forms: patient-item, item-time, and patient-time.
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Fig. 2  Data transmission among transferred patients. When a patient is transferred from hospital 1 to hospital 2, all 
relevant clinical data on the patient, including treatment-related major-event data presented in the Gantt chart and 
examination-related measurement data presented in the trend chart, automatically transfer to the next hospital via the 
data platform cloud to ensure the continuity and integrity of the case data.
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specialists to ensure comprehensiveness and accuracy. 
This approach aims to reflect life-like medical scenarios 
and incorporate objective and subjective data experi‐
ences. The characteristics of each case are described 
in a highly generalized manner with uniform feature 
markers within this real-scene reproduction data plat‐
form, facilitating the identification of homogeneous 
cases that meet research requirements before the im‐
plementation of clinical studies. Consequently, this so‐
lution significantly enhances efficiency and quality in 
conducting complex disease-related clinical research.

The data-entry interface consists of log data and 
image data and serves as the core technology for med‐
ical data management on this platform. It requires 
doctors to professionally customize the structure 
of the SAP-related data. The data-acquisition methods 
include the following.

1. Check input: all data that cannot be objectively 
measured, such as diagnosis and treatment, were 
designed as optional. The check was performed by ex‐
perienced clinicians based on the actual situation and 
subjective judgment. These data that cannot be object‑
ively measured are the most valuable part of the data 
platform (Figs. S1c and S1e).

2. Fill-in-the-blank: all measurable digital data, 
including physical signs, treatment results (e.g., drain‐
age volume), and laboratory indicators, were entered 
by filling in the blank. Due to the labor-intensive as‐
pect of this input mode, part of such data could be re‐
placed by automatically importing data from the hos‐
pital information system (HIS) or bedside equipment 
(Figs. S1b, S1c, and S1e).

3. Major-event button: when any major treatment 
event (e.g., mechanical ventilation) starts or stops, 
a start or stop button can be pressed. The platform 
can automatically draw a Gantt chart (if prompted by 
the user) to reproduce the scenario of major events 
(Figs. S1d, S1f, and S2).

4. Inheritance entry: for all subjective and object‑
ive data associated with major treatment events (e.g., 
mechanical ventilation mode and parameters), the 
platform can automatically inherit the settings of the 
previous day until they are manually changed, thus re‐
ducing the workload (Fig. S1d).

5. Free entry: some data that surpass the pre-set 
data structure were filled in freely based on their im‐
portance and particularity for future open retrieval 
(Fig. S1a).

Fig. 3  Research mode of randomized controlled trial (RCT) and establishment and retrieval of homogeneous patients 
based on feature marks. (a) Real-world cases with heterogeneity in the treatment process will be submitted to the audit 
committee for RCT inclusion evaluation by the doctor in charge. If the case fulfills the enrollment criteria and is 
approved by the audit committee, it will be entered into the corresponding RCT study. Meanwhile, the relevant clinical 
data of these enrolled cases before enrollment will be automatically imported into the RCT study through the clinical 
data platform, and the RCT study data will then be recorded on the platform. (b) In the clinical treatment process, all 
cases are labeled in the clinical data platform with feature marks which include the disease-classification standard, 
organ-dysfunction classification, imaging features, infection, and major treatment events, and these labels highly condense 
the clinical characteristics of cases. (c) After treatment, cases are already labeled with feature marks. Researchers can 
screen for specific feature marks based on their research needs, to obtain a series of homogeneous cases.
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6. Automatic import from HIS: the platform can 
open the interface to each subsystem of the hospital 
and automatically collect the required data from the 
corresponding systems, such as the laboratory infor‐
mation system (LIS), picture archiving and communi‐
cation system (PACS), critical care system, and med‐
ical order system.

7. Case report form (CRF) data from RCT re‐
search can be imported sequentially from log data. 
Different modes of data export include quantification 
tables (Excel), trend charts, and Gantt charts, all of 
which contribute to achieving the reproduction of real 
diagnosis and treatment scenarios.

To meet the requirements of data standardization, 
the platform presents the data category in a unified 
description that fulfills the diagnosis and treatment 
of AP. We classified all clinical data into three types: 
quantifiable objective data, non-quantifiable judg‐
ment data, and major events (Fig. 1a, Table S2). Ob‐
jective data refer to the data obtained through direct 
bedside observation, laboratory tests, and examin‑
ation, which can be directly entered by filling in the 
required information. On the other hand, judgment 
data are diagnostic information that has been analyzed, 
evaluated, and categorized by physicians and often re‐
quire selecting options on the platform. Major-event 
data refer to significant therapeutic occurrences through‐
out the entire diagnosis and treatment process of SAP 
(Table S2, Fig. S1), such as antibiotic usage, mech‑
anical ventilation, kidney-replacement therapy, fluid 
resuscitation, vasoactive drug administration, enteral 
nutrition support drainage procedures, debridement 
surgery, glucocorticoid utilization, and artificial liver 
intervention, all of which are pre-set with selectable 
options. Finally, all SAP-related data are divided into 
nine systems based on clinical characteristics: inflow 
and outflow dynamics, respiratory function, infection, 
gastrointestinal tract and nutritional status, organ func‐
tion and test results, drainage procedures, surgical inter‐
ventions, complications, and special scores.

Once entered into the platform, data can accur‑
ately reproduce a specific diagnosis and treatment scen‑
ario with the following tools.

1. The log-type data-entry interface of the nine 
major systems is itself a reproduction of the real diag‐
nosis and treatment scenario, and the integration of 
the relevant observation, judgment, and intervention 
data of each specific system (circulation, respiration, 
nutrition, surgery, and so on) every day is the daily 

routine of the doctor; this is in contrast to the lack of 
scene reproduction afforded by the simple and mech‑
anical storage of data categories in the past database.

2. The dynamic data show the spatiotemporal 
changes in patients’ treatment, including two charts. 
(1) Gantt chart: the platform can automatically plot 
a Gantt chart of any period that can visually show the 
cause, content, and start and end time of all major treat‐
ment events that are occurring or have ended, and can 
record 26 major events in seven categories (Figs. 2 
and S2, Table S2). (2) Trend chart: this is a dynamic 
presentation of all objective data. The platform can se‐
lect one or more interrelated objective data points to 
draw a dynamic trend line following the needs of dis‐
ease interpretation in a certain period that can incorpor‑
ate different period data points depending on research 
and clinical diagnosis and treatment needs, to show 
the change rule and relationship of relevant data within 
a specific time. It can also record 142 kinds of dynamic 
monitoring data in seven categories (Fig. 2, Table S2).

3. A three-dimensional (3D) model of Excel data 
export (Fig. 1b): All objective digital data can be ex‐
ported to an Excel table simultaneously, providing the 
final tool for statistical analysis. As a result, such data 
were all marked as three dimensions of variables such 
as different patients, time points, or objective digital 
data. The system can export any two of these variables.

The key point of multi-center research is stan‐
dardized and unified data, which are preserved com‐
pletely, along with tools to assist in clinical research 
(Schepers et al., 2019). The data-management mode 
of pre-structural design lays a solid foundation for a 
series of functions such as scene presentation, homo‐
geneous case tracking, and RCT research. Research‐
ers and consultants can grasp the diagnosis and treat‐
ment process of complex cases quickly due to the dy‐
namic presentation of objective quantitative data and 
the application of the Gantt chart of major treatment 
events. When patients from different hospitals in a 
data-sharing network transfer, “online and offline” 
parallel data and patient transfer can be carried out. 
Before transfer, all data can be automatically shared 
with the second hospital, and thus accurate and effi‐
cient handover of patient information, data mainten‑
ance for transferred patients, and complete informa‐
tion for doctors can be achieved (Fig. 2). Homoge‐
neous patient retrieval, based on feature marks and a 
3D model of Excel data export, enables users to rapidly 
lock and export the cases needed for research, and thus 
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perform efficient analysis of all data. Multi-center 
users in the network can initiate and participate in 
RCT research through the main accounts of hospitals 
at all levels. The benefits of this platform include the 
networking of the entire RCT research process, auto‐
mation and standardization of data import, facilita‐
tion of the implementation of effective multi-task and 
multi-center RCT, and ultimately improvement in the 
quality and efficiency of research.

Of note, our team has obtained the following sig‐
nificant achievements based on this data platform. 
(1) We applied for two software copyrights: a computer 
software copyright for “Severe Pancreatitis Clinical 
Data Collection and Analysis Software” (registration 
number: 2009SR054112, issued by the National Copy‐
right Administration, Nov. 23, 2009) and a copyright 
registration certificate for “Chengqian Severe Acute 
Pancreatitis Data Platform Software” (registration 
number: 2018SR1030454, issued by the National 
Copyright Administration, Dec. 18, 2018). (2) Seven 
articles have been published (Zhang SY et al., 2014; 
Zhang Y et al., 2014, 2015, 2020, 2021; Yu et al., 
2016; Huang et al., 2020). (3) More than 40 medical 
centers have participated in platform use and data shar‐
ing. (4) Eight online RCT studies are being conducted.

Our prospects for the platform are as follows. In 
order to enhance the utilization rate of the platform, 
we will look for leading regional experts to modify 
the data types and pre-set options based on the diagno‐
sis and treatment habits of doctors and equipment 
characteristics in each regional center. The goal is to 
build a data platform with characteristics of multiple 
regional centers, thereby creating a data-sharing ecol‐
ogy with multi-center homogeneity and personaliza‐
tion. After the two-step approach for assessing the se‐
verity of AP has been recognized by experts (Zhang 
et al., 2021), we plan to further expand the number of 
cases (30 000 cases) by 100 times based on multi-
center joint application of the pancreatitis data plat‐
form, to further verify the accuracy and universality 
of the two-step approach. New data platforms for clin‐
ical research, such as REDCap and Castor EDC, 
have already been designed by clinicians to obtain 
data from electronic medical records, but they are all 
designed for a single clinical study and still belong 
to the post-structured data-management mode (Botta 
et al., 2021). Meanwhile, there is no pre-structured 
model for a single disease in hospital electronic med‑
ical record systems (Abul-Husn and Kenny, 2019). 

We have successfully developed a new function for 
the automatic import of objective data from HIS to 
the platform, effectively reducing the input work‐
load for doctors. Based on the synchronous connec‐
tion between HISs, equipment interfaces, and single-
disease data platforms, our design of a single-disease 
electronic medical record of AP should serve as a 
model. To expand this type of single-disease data plat‐
form to other diseases, we have established several 
critical-disease-based data platforms for scenarios such 
as sepsis, acute renal failure, and intensive-care-unit 
enteral nutrition work.

The data-management platform does have some 
limitations. First, it is not an open-access web plat‐
form, which potentially limits its general application 
and practical value. Second, insufficient promotion of 
the application means that broader coverage of med‑
ical centers is needed to facilitate more extensive data 
sharing. Third, the follow-up design is inadequate. We 
only designed the data of the acute phase and paid in‐
sufficient attention to the data of the long-term prog‐
nosis of patients after discharge. The follow-up sec‐
tion will be further designed in the future, including 
the follow-up of three months, six months, or even 
more than one year after discharge, focusing on the in‐
ternal and external secretion function and quality of 
life of patients.
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