Original Article

Construction and management of ARDS/sepsis registry with
REDCap

Xiaoqing Pang', Natascha Kozlowski’, Sulong Wu', Mei Jiang', Yongbo Huang', Pu Mao', Xiaoqing
Liu', Weiqun He', Chaoyi Huang', Yimin Li', Haibo Zhang’

'State Key Laboratory of Respiratory Disease, Guangzhou Institute of Respiratory Disease, The First Affiliated Hospital of Guangzhou Medical
University, Guangzhou 510120, China; *“The Keenan Research Centre, Li Ka Shing Knowledge Institute, St. Michael’s Hospital, University of
Toronto, Toronto, Ontario, Canada

Correspondence to: Yimin Li, M.D. State Key Laboratory of Respiratory Disease, Guangzhou Institute of Respiratory Disease, The First Affiliated
Hospital of Guangzhou Medical University, No. 151 Yanjiangxi Road, Guangzhou 510120, China. Email: dryiminli@vip.163.com.

Objective: The study aimed to construct and manage an acute respiratory distress syndrome (ARDS)/sepsis
registry that can be used for data warehousing and clinical research.

Methods: The workflow methodology and software solution of research electronic data capture (REDCap)
was used to construct the ARDS/sepsis registry. Clinical data from ARDS and sepsis patients registered to
the intensive care unit (ICU) of our hospital formed the registry. These data were converted to the electronic
case report form (eCRF) format used in REDCap by trained medical staff. Data validation, quality control,
and database management were conducted to ensure data integrity.

Results: The clinical data of 67 patients registered to the ICU between June 2013 and December 2013
were analyzed. Of the 67 patients, 45 (67.2%) were classified as sepsis, 14 (20.9%) as ARDS, and eight (11.9%)
as sepsis-associated ARDS. The patients’ information, comprising demographic characteristics, medical
history, clinical interventions, daily assessment, clinical outcome, and follow-up data, was properly managed
and safely stored in the ARDS/sepsis registry. Data efficiency was guaranteed by performing data collection
and data entry twice weekly and every two weeks, respectively.

Conclusions: The ARDS/sepsis database that we constructed and manage with REDCap in the ICU
can provide a solid foundation for translational research on the clinical data of interest, and a model for

development of other medical registries in the future.
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Introduction severe sepsis, and 80% for septic shock (3-7).

We have been assisting several large-scale global clinical

is i mic respon infection that can result in . . . .
Sepsis is a systemic response to infection that can result trials to collect clinical data of our patients with ARDS

vere complication h rgan nction an i . . . .
severe complications such as organ dysfunction and septic and sepsis for a long time. However, a special electronic

shock (circulatory failure despite fluid resuscitation) (1). database to manage these precious clinical resources has

Further, it is the most common etiology of acute respiratory never been established. Although our in-clinic diagnoses

distress syndrome (ARDS) (2). ARDS and sepsis are
currently the leading causes of death among critically ill
patients, with reported case-fatality rates ranging from 25%
to nearly 50% for ARDS, up to 30% for sepsis, 50% for
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and treatments are in accordance with international
guidelines, some excellent clinical findings by senior doctors
could not be published owing to lack of clinical evidence.
Further, because a large number of ARDS/sepsis patients
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are registered to the intensive care unit (ICU) every
year, it has proved necessary to establish a special ARDS/
sepsis registry to collect and manage the data comprising
the daily diagnosis and treatment of the patients in the
ICU. Our objective is to establish a database that can
serve as a convenient and reliable tool in data collection,
storage, and management, and to facilitate clinical research
aimed at improving diagnosis and treatment, exploring
the biomarkers of the diseases, and proposing helpful
suggestions for public health decision makers.

We worked with the Applied Health Research Centre
(AHRCQ), a leading academic research organization at St.
Michael’s Hospital, Canada, to build and manage our ARDS/
sepsis registry. The workflow methodology and software
solution of research electronic data capture (REDCap), an
NIH-sponsored, HIPAA compliant, free, and secure web-
based application designed for data collection and management
to support clinical and translational research, was used to
construct the registry (8,9). REDCap was originally developed
at Vanderbilt University by Paul A. Harris and colleagues
in 2004 and is continuously updated and enhanced by the
Project REDCap Team at Vanderbilt. Currently, it is being
used in more than 111,000 projects by over 143,000 users
across the world, including extensive usage by Clinical and
Translational Science Awards (CTSAs) and other institutions
such as Harvard, Mayo Clinic, and Massachusetts Institute of
Technology (MIT) (10). It provides multiple studies and case
report forms (CRFs) and very effectively supports data capture
for small and medium scale study and is capable of supporting
prospective and retrospective studies, as well as multicenter
clinical trials. Data collections in microsoft excel and microsoft
access can be easily converted to REDCap. The methodology
used to construct our ARDS/sepsis registry with REDCap
and utilization of the registry for submission, storage, and
management of the data of ARDS/sepsis patients for clinical
and translational research are presented in this paper. The data
presented here are part of a long-term study of ARDS/sepsis
patients registered to the ICU.

Methods
REDCap application

REDCap is not an open-source software, but it is available
free of charge to institutional partners. It is not difficult to
support; however, infrastructural requirements such as a
web server that supports PHP, a MySQL database server,
and secure sockets layer (SSL) connections need to be
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satisfied (10). On signing a valid end-user license agreement
with Vanderbilt University to become a consortium partner,
we obtained access to the software and help resources. It is
now hosted on a local server at The First Affiliated Hospital
of Guangzhou Medical University.

ARDS/sepsis patients

ARDS/sepsis patients registered to the ICU at The First
Affiliated Hospital of Guangzhou Medical University between
June and December 2013 were enrolled the project. We
define ARDS using the Berlin definition (11), and sepsis in
accordance with the American College of Chest Physicians/
Society of Critical Care Medicine Consensus Conference (1).
Patients were eligible for enrollment if they fulfilled the criteria
for ARDS or sepsis within 24 hours after ICU admission.
Any patient who was pregnant, below 18 years old, had a life
expectancy of less than 48 hours, had a history of bone marrow
or liver transplantation, had been receiving chemotherapy
or radiation therapy within the previous eight weeks, or was
positive for the human immuno-deficiency virus was excluded.
Clinical data collection began immediately following ICU
admission. From each enrolled patent, 5 mL of venous blood
was drawn and centrifuged, and the plasma aliquots (200 pL)
stored at —80 °C for further analysis.

The study protocol was approved by the Ethics
Committee of The First Affiliated Hospital, Guangzhou
Medical University. Written informed consent was also
obtained from all participants in the study.

Registry description

The research team worked with clinicians to design our
discipline-specific, comprehensive registry, which consists
of six parts: demographic characteristics, medical history,
clinical interventions, daily assessments, clinical outcome,
and follow-up. In addition to collecting the clinical data
of the patients, we observed the changing state of their
illnesses 1, 3, 5, 7, 14, 21, and 28 days after admission. We
created a large, prospective, non-interventional database
in the registry to collect data describing the management
and outcomes of ARDS/sepsis patients in the ICU. All
data met accepted clinical standards governing the usage of
existing standard terminology concerning ARDS and sepsis.
Consistent and comparable formats were also adopted
whenever possible. Original clinical data were abstracted
from the electronic and written medical records of the
patients for 28 days from the day of ICU admission or until
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discharge, if earlier, and recorded on a CRE. To ensure that
the clinical data were collected in the appropriate format
necessary for essential analysis, a statistician was assigned to
review the database planning process.

Creation process

The ARDS/sepsis registry was designed and implemented
on the REDCap platform, which provides (I) an intuitive
interface for validated data entry; (II) audit trails to track
the history of data entry and revision; (III) procedures for
importing data from external sources; (IV) data downloads
to Excel, PDF, SAS, SPSS, Stata, and R; and (V) a built-in
scheduling calendar, ad hoc reporting tools, and advanced
features such as branching logic and calculated fields (8,10).
No formal programming, networking, or database
experience was needed to use REDCap because training
videos and help resources were available on the REDCap
consortium website to familiarize users with REDCap.
However, to ensure that the database was information
security compliant and aligned with standard operating
procedures, an AHRC I'T specialist was assigned to assist
with project programming. The implementation steps
comprised (I) logging in to our hospital network to access
REDCap; (II) creating a new project by navigating to the
“Create New Project” tab and completing and submitting
all required information about the main project settings;
(IIT) creating data collection instruments by defining data
variables and their properties; (IV) previewing and testing
data entry screens to ensure appropriate dataset yields for
planned statistical analyses; (V) configuring study member
permissions and user rights; and (VI) moving the project
from development to production to ensure data accuracy
and integrity after actual collection of clinical data started.

Data entry and quality control

It is important to have a mechanism to reduce the possibility
of data entry errors. With REDCap, we restricted data
format/type, set ranges for date and numeric fields, and
allowed data validation. Data consistency problems such
as incorrect data type, values out of range, and outliers
for numerical fields can be reported using the data quality
module. Further, we applied pre-defined rules that facilitated
determination of whether a specific data value might be
discrepant, which is very important because our project
contains many fields and has many records. Two trained
medical staff members worked together on data extraction
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Figure 1 Schematic diagram of the registry management
methodology. CRFs, case report forms; REDCap, research

electronic data capture.

and the data were cross-checked during the input process.
The project director reviewed all the medical records
of the first 50 patients to ensure that standard operating
procedures, including data collection and entry, were adhered
to. Spot checks were also conducted by a statistician every
two months. Only five entry mistakes or less per 100 were
acceptable, failing which all clinical data underwent a full-
scale review or were re-entered and reassessed.

Database management

A project director, a research team, clinicians, an I'T
specialist, and a statistician worked together to manage
the ARDS/sepsis registry. The project director, who was
also the project administrator, coordinated the activities of
all personnel associated with the database. The database
structure was designed based on discussions held with
practicing clinicians and the research team. Electronic
CRFs were developed by the I'T specialist using REDCap
and reviewed by the statistician. ICU clinicians identified
subjects for the study according to the eligibility and
exclusion criteria. Demographic and clinical data capture,
entry, and analysis were performed by the research team.
The project director and the statistician supervised all data
activities to assure quality control (Figure I).
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1296
102 patients met the diagnostic
criteria for ARDS or sepsis
35 Were excluded:
3 pregnant
2 under 18 years of age
5 dead during the first 48 h after ICU admission
2 HIV-positive
6 had organ transplantation
17 had undergone chemotherapy or radiation
therapy within 8 weeks
Y
67 Were grouped according to the initial diagnosis
/ ! )
14 (20.9%) Were ARDS 45 (67.2%) Were Sepsis

8(11.9%) Were Sepsis-associated ARDS

Figure 2 Patient inclusion/exclusion flow diagram. ARDS, acute respiratory distress syndrome; ICU, intensive care unit.

Results
Inclusion and exclusion of patients

A total of 102 ARDS/sepsis patients registered to the
ICU between June and December 2013 were assessed for
inclusion in the study. Of this total, 35 were excluded and
the remaining 67 eligible patients were enrolled in the
registry. Among the eligible patients, 45 (67.2%) were
diagnosed with sepsis, 14 (20.9%) with ARDS, and eight
(11.9%) with sepsis-associated ARDS at the time of ICU
admission (Figure 2).

Structure of the registry

The registry comprises six categories, demographic
characteristics, medical history, clinical interventions, daily
assessments, clinical outcome, and follow-up, which are
sub-divided into 121 items and 186 variables (Table 1).

Data storage

As shown in Figure 3, the record status dashboard of the registry
is a table listing all existing records and their status for every data
collection instrument. The data collected at the various points in
time are categorized accordingly for storage and management.
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Table 1 ARDS/sepsis registry structure

Entries Variables

Demographics  Study ID, gender, date of birth, marital status,
height, weight, address, smoking, junior
physician of ICU, senior physician of ICU,
hospital admission date, ICU admission date

Medical history ~ Co-morbidities, surgery history, lung Injury

cause
Clinical
interventions

ARDS/sepsis screening, mechanical
ventilation, fluid balance, nutritional
support, analgesia, sedation,
neuromuscular blockade, transfusion,
chest tube, RRT, PICCO, ECMO, IABP,
antibiotics, vasopressor, corticosteroids,
immunoglobulin

Daily
assessments

Patient disposition, vitals, lab results,
glasgow coma score, SOFA score, APACHE
Il score, pathogens and sources, chest X-ray,
CT scan

Clinical outcome ICU outcome, date of death, cause of
death, ventilator on days, ICU expenses,
hospitalization expenses

Follow-up 30-, 60-, 90-, 180-, 365-day survival

ICU, intensive care unit; ARDS, acute respiratory distress
syndrome.

www.jthoracdis.com

7 Thorac Dis 2014;6(9):1293-1299



Journal of Thoracic Disease, Vol 6, No 9 September 2014

1297

ﬂ E D ca p ARDS/Sepsis Registry
7] Record Status Dashboard (all records)
s Xpang Log out
P 0y Projects Displayed below is a table listing all existing records/respansas and their status for every

£ Broject Home
E] Project Satup

#r atus: Development
Data Collection

to view records that balong ta your graup.

El) Record Status Dashboard

echion stabus of al

Medical
Demographic
Pasenl

Pasieni

- Smdy D/ | (Am 1AM (Arm
B2 Embat ABWE b am 1)
% Data Export Tool
+ Fieid Commant Log 4000 . »
File Repository 1 o ¥
P2 Graphical Data View & Stats 2 7
] Repont Builder 2 o °
3 ® @
4 Help & Information =
@ nformation 5 . p
s Halp & FAQ 5 & :
4 Video Tutorisls -
w Feature o L L 3
000000031 @

cing proshems, pledse

data collection instrument (and if kangitudinal for evary event) You may click any of the
codorad buttons in the table 10 cpen a new tab/window in your beowser to view thal récard
on that particular date collection mstrument. Please note that i your form-level user
privileges are restricted for certain data collaction instruments. you will only be atle 1o
waw thase insiruments. and ¥ you belang to a Dala Access Group. you will onky be able

iy

History  Admission

Informaion  Mformation  Admisgion Assessments  1CUDay 0
tArm 1

A1)

®
@
L
®

Legend for status icons:

@ incomplete (7 Incomplste (1o data saved)
<) Unverfied

@ Complate

Dispiaying recond | “0000° thraugh “1111111111° *  of 18 racords

Mechanical  Other
Ven@ation  Interventions Laboratory
ICUBaY 0 ICUDaD

imens | Medications
-TEST Test cu
ICUDay 0 ICUDayD  Asses

1CU Dy

ICUDay 0 (Arm 1 Afmm (Apm 1 Arm (Aem 1 (A 1AM | (A 1 AR Icu
(Arm 1 A 1) 1 1 Arm 1 n M (Arm 1
® ® o ® | @ : i
= = ! - L

® ® e ® | ©

®

Figure 3 Record status dashboard of the ARDS/sepsis registry. ARDS, acute respiratory distress syndrome; ICU, intensive care unit.

The red, grey, yellow, and green icons signify incomplete, blank,
unverified, and complete records, respectively. Clicking any
of the colored buttons in the table automatically activates the
associated data collection instrument.

Security of the data

The clinical data maintain full patient confidentiality since
they are SSL encrypted and stored on a secure server.
Every interaction with the data is logged, creating an audit
trail. The project director can also lock the data after all
finalization checks have been completed. Researchers can
access the database from multiple sites and institutions only
with their own unique usernames and passwords. Different
levels of data access rights can also be assigned by the
project administrator to different users, depending on their
roles in the project. These rights include logging, data entry
rights, managing survey participants, calendar, data export
tool, data import tool, file repository, data quality, project
design, and setup (Figure 4).

Enbanced efficiency in data collection to support research

Data were collected and entered into the database twice weekly
and every two weeks, respectively, by trained medical staff. It
took a trained medical worker approximately 30 minutes per
subject to convert clinical data to the eCRF format used in
the REDCap platform. The frequent collection ensured
timely and efficient acquisition of the clinical data of the
patients of interest, significantly reducing the traditional
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data collection workload and facilitating future clinical
research. Moreover, since the data collected can be easily
converted to formats used by microsoft excel, microsoft
access, SPSS, and SAS, they are convenient to transfer and
share.

Discussion

A high quality medical registry can help to monitor and
improve the health of ARDS/sepsis patients by facilitating
description of the epidemiologic and clinical characteristics
of the diseases and evaluation of the effectiveness of
interventions. One notable example is the surviving sepsis
database of the surviving sepsis campaign (SSC), which
contains ten measures of the routine care process and one
outcome measure of sepsis patients. It remains the core
measurement strategy for the SSC. The SSC was developed
in an attempt to increase early recognition and improve
outcome in severe sepsis and septic shock patients (12,13).
Since proposal of the SSC guidelines in 2004 and their
subsequent updating in 2008 and 2012, the survival rate
of patients with severe sepsis and septic shock has been
significantly improved. Levy ez 4/. found that the hospital
mortality decreased significantly from 37% to 30.8%
(P=0.001) within 2 years (14). Castellanos-Ortega ez al.
reported that the hospital mortality in the historical group
was significantly higher than in the intervention group
(57.3% ws. 37.5%, P=0.001) (15). Miller et al. reported
that severe sepsis and septic shock bundle compliances
reduced hospital mortality from 21.7% in 2004 to 9.7% in
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2010 (16). Significant achievements of ARDS Networks,
such as the ALVEOLI Study, and the Fluid and Catheter
Treatment Trial (FACT'T) study, have also benefitted from
comprehensive patient information (17-19).

Although the SSC database is reasonable in design,
it is aimed at early recognition and treatment of sepsis
patients. Clinical data collection is primarily focused on the
characteristics of early condition changes in sepsis patients and
the efficacy of initial interventions (like fluid resuscitation, and
3- and 6-hour bundles). Our ARDS/sepsis registry, established
using the REDCap platform, facilitates collection and
management of the clinical data of patients with ARDS and
sepsis in a more comprehensive manner.

The ARDS/sepsis registry collection demographics,
diagnoses, interventions, medications, and laboratory data of
ARDS/sepsis patients are valuable for clinical research. They
can be used to identify patients for clinical research, analyze
disease-specific practice patterns, and aid in the development
of potential treatment strategies (20,21). In addition, the
plasma samples obtained from our patients at ICU admission
and stored, frozen at —-80 °C, can be analyzed. Combinations
of clinical data with biological specimens enhance a better
understanding of pathophysiological mechanisms of ARDS
and sepsis and help determine biomarkers to improve
diagnostic and prognostic accuracy (22).

This ARDS/sepsis registry has several limitations.
Although many clinically important variables are
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included in the database, the data cannot be automatically
transferred from the Hospital Information System to
REDCap. Therefore, much time and labor are expended
collecting and inputting these data into our registry.
Although REDCap provides automatic data validation and
popup warnings regarding out-of-range values, it does not
prevent invalid data from being entered. Consequently,
efforts to minimize the possibility of incorrect data
being inputted and to control data quality are especially
important.

Conclusions

This paper described the infrastructure of our ARDS/sepsis
registry and the approach taken to its construction and
management with REDCap. Construction of the ARDS/
sepsis registry facilitates better translation from clinical
practice to scientific research. This methodological study
is an effort to fully utilize daily clinical data of ARDS/
sepsis patients and to implement a reproducible research
system for clinical data integration. Such an effort can be
generalized to other medical registries.
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