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Abstract: The Research Resource for Complex Physiologic Signals, supported by
the National Institutes of Health (NIH), is intended to promote and facilitate
investigations in the study of cardiovascular and other complex biomedical signals.
The resource website (www.physionet.org) has 3 interdependent components: 1)
PhysioBank is an archive of well-characterized digital recordings of physiologic
signals and related data, including databases of electrocardiogram and heart rate
time series from patients with heart failure, coronary disease, sleep apnea
syndromes, and cardiac arrhythmias; 2) PhysioToolkit is a library of open-source
software for physiologic signal processing and analysis; and 3) PhysioNet, for
which the resource is named, is an on-line forum for dissemination and exchange
of recorded biomedical signals and open-source software for analyzing them.
PhysioNet, in cooperation with the annual Computers in Cardiology conference,
hosts a series of challenges inviting participants to tackle clinically interesting
problems that are either unsolved or not well solved. PhysioNet invites contribu-
tions of databases and software from the biomedical community. Key words:
algorithms, arrhythmias, database, electrocardiogram, heart failure, ischemia,
PhysioNet, signal analysis, sleep apnea.
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PhysioNet (http://www.physionet.org) is a web-
ased resource created in 1999 under the auspices
f the National Center for Research Resources
NCRR) of the National Institutes of Health (NIH) to
nitiate, promote, and catalyze basic-to-bedside re-
earch in the study of complex physiologic data
1–5). It provides physiologic data in open, Internet-
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ccessible archives, open-source software for the anal-
sis of physiologic data, and an on-line forum to
acilitate cooperative analysis of data and the evalua-
ion of proposed new algorithms. The need for this
nique NCRR Biotechnology Center was motivated
y the importance of complex signals in basic and
linical investigations and by the fact that vitally
mportant, hypothesis-driven research on complex
hysiologic signals, both basic and clinical, had been
indered by the critical lack of data, analytic and
uman/communications resources.

Structure of the Resource

PhysioNet integrates core and collaborative research,

ervice, dissemination, and training functions related
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o complex physiologic signals via an integrated
tructure centering around three key interrelated
omponents: PhysioBank, a data resource; Physio-
oolkit, an analytic/software resource; and the Physio-
et web site, a dissemination and communications

esource, from which the resource takes its name.
PhysioBank is an archive of well-characterized

iomedical signals for use by the research commu-
ity. As we build PhysioBank, we collect, charac-
erize, and document databases of multiparameter
ignals from healthy subjects and patients with
athological conditions that have major public
ealth implications, eg, epilepsy, congestive heart

ailure, sleep apnea, sudden cardiac death, myocar-
ial infarction, movement disorders, and aging (6).
hysioToolkit is a growing library of signal processing
nd analytical techniques implemented in open-
ource software. The PhysioToolkit library includes
oftware for physiological signal processing and
nalysis; the detection of physiologically significant
vents using both classic methods and novel tech-
iques from statistical physics, fractal scaling anal-
sis, and nonlinear dynamics; the analysis of non-
tationary processes; and interactive display.

The PhysioNet web site provides a two-way dy-
amic link between the resource and the research
ommunity for efficient retrieval and submission of
ata and software from and to PhysioBank and
hysioToolkit. PhysioNet is an on-line forum for the
issemination and exchange of recorded biomedical
ignals and the software for analyzing such signals;
t provides facilities for the cooperative analysis of
ata and algorithms, where both can be submitted,
iscussed, evaluated, reviewed, and examined in
etail by any investigator wishing to join this on-
ine community. PhysioNet publishes original data
nd software, in addition to the text of articles.
raditionally, peer-reviewed articles in biomedicine
ave been published without access to the original
aveform or other signal-related data on which

hese studies are based. PhysioNet, for the first time,
as provided a platform to publish such critical
rimary data and analytic algorithms, not just the
ext and summary statistics. This innovation allows
alidation of the findings and also provides unique
atabases for future studies. As an educational
omponent, PhysioNet provides on-line tutorials to
ssist clinicians, students, and basic researchers in
aking the best use of the Resource (7). In con-

unction with Computers in Cardiology, PhysioNet
ponsors time-series competitions focusing on im-
ortant challenges in medical diagnostics and fore-
asting.
The data and software available via PhysioNet are
ssigned to one of 3 categories:
1. Class 1 databases and software are fully sup-
ported. Databases belonging to this class have
been carefully scrutinized and are accompa-
nied by comprehensive sets of annotations
that have been derived by at least two experts
working independently, with all discrepancies
resolved either by consensus or by indepen-
dent review of a third expert. Class 1 software
has been extensively and rigorously tested.
Any reports of errors are promptly and pub-
licly logged and carefully reviewed.

2. Class 2 databases and software support pub-
lished research. Data and software in this
group are contributed by authors of the pub-
lished article or by the journals in which the
articles are published. We maintain copies of
the original data and software together with
corrections submitted by the authors. We en-
courage users to report errors directly to the
authors.

3. Class 3 databases and software comprise other
contributed material. Databases belonging to
this class are works in progress, which have
been considered of interest to the research
community although they may have been less
thoroughly studied than those in class 1. Soft-
ware in this class includes code that may need
further testing or development.

Data contributed to PhysioNet are placed in
lasses 2 and 3 on acceptance, and may be admitted
o class 1 after review and a public comment period.

PhysioBank

Currently, PhysioNet includes databases of multi-
arameter cardiopulmonary, neural, and other bio-
edical signals from healthy subjects and patients
ith a variety of conditions with major public
ealth implications, including sudden cardiac
eath, congestive heart failure, epilepsy, gait disor-
ers, sleep apnea, and aging. In this paper, we
escribe only the electrocardiogram (ECG) and RR
nterval databases belonging to classes 1 and 2.

1. European ST-T Database [Class 1]: This data-
base was created to support development and
evaluation of algorithms for QRS detection in
the presence of ST-T abnormalities, in addition
to detectors of ST segments and T-wave
changes (8,9). The database comprises 90 two-
hour annotated excerpts of ambulatory ECG
recordings from 79 participants. Myocardial

ischemia was diagnosed or suspected for each
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subject. Additional selection criteria were es-
tablished in order to obtain a representative
selection of ECG abnormalities in the database,
including baseline ST-segment displacement
resulting from conditions such as hyperten-
sion, ventricular dyskinesia, and effects of
medication. All recordings are annotated beat-
by-beat and with respect to rhythm, signal
quality, ST, and T-wave changes. Header files
for each record summarize pathology, medica-
tions, electrolyte imbalance, and technical in-
formation about each recording. The creators
of the database have contributed 48 complete
records, together with header and annotation
files for all 90 records to PhysioBank

2. Long-term ST Database [Class 1]: This data-
base was created to be used as a reference for
the development and evaluation of automated
ischemia detectors as well as basic research
into mechanisms and dynamics of myocardial
ischemia (10–12). The records were chosen to
exhibit a variety of ST-segment changes, in-
cluding ischemic ST episodes, axis-related
nonischemic ST episodes, episodes of slow ST
level drift, and episodes containing mixtures of
these phenomena. Currently, 43 of 86 records
are available on PhysioNet, together with 3
papers describing the database in detail. Each
record is 21 to 24 hours long and contains 2 or
3 ECG signals. All records are annotated beat-
by-beat (with ST level measurements for each
beat) and with respect to ST, rhythm, and
signal quality changes.

3. MIT-BIH Arrhythmia Database [Class 1]: This
database comprises 48 half-hour excerpts of
two-channel, 24-hour, ECG recordings ob-
tained from 47 subjects with several types of
arrhythmias (13). Twenty-three records were
chosen randomly from a set of over 4,000
recordings collected from a mixed population
of inpatients (about 60%) and outpatients
(about 40%) at Boston’s Beth Israel Hospital;
the remaining 25 recordings were selected
from the same set to include less common but
clinically significant arrhythmias. ECGs were
annotated beat-by-beat and with respect to
signal quality and rhythm changes. Currently,
25 complete recordings, the first 10 minutes of
each of the remaining recordings, and the
reference annotation and header files for all
records are available online.

4. MIT-BIH Noise Stress Test Database [Class 1]:
Twelve half-hour ECG recordings and 3 half-
hour recordings of noise typical in ambulatory

ECG recordings (14). The ECG recordings s
were created by adding calibrated amounts of
noise (recorded using ambulatory ECG record-
ers) to clean ECG recordings from the MIT-BIH
Arrhythmia Database. This database was cre-
ated to assess the noise tolerance of arrhyth-
mia detectors.

5. ANSI/AAMI EC13 Test Waveforms [Class 1]:
10 short recordings specified by the current
American National Standard for testing vari-
ous devices that measure heart rate (15).

6. BIDMC Congestive Heart Failure (CHF) Data-
base [Class 2]: This database comprises 15
long-term ECGs (about 20 hours each) from
subjects with severe CHF, annotated beat-by-
beat (NYHA class 3-4) (16).

7. Post-Ictal Heart Rate Oscillations in Partial
Epilepsy [Class 2]: Seven annotated single-
lead ECG recordings, with times of seizures
indicated (17).

8. QT Database [Class 2]: Over 100 fifteen-
minute 2-lead ECG recordings (many ex-
cerpted from other databases), with onset,
peak, and end markers for P, QRS, T, and
(where present) U waves from 30 to 50 se-
lected beats in each recording (18).

The recordings belonging to the Interbeat (RR)
nterval Databases contain beat annotations only;
he original ECG signals are unavailable.

1. Congestive Heart Failure RR Interval Database
[Class 2]: Beat annotation files (about 24
hours each) from 29 subjects with congestive
heart failure (NYHA classes 1, 2, and 3).

2. Exaggerated heart rate oscillations during 2
meditation techniques [Class 2]: Additional
data from spontaneously and metronomically
breathing controls, and from highly trained
athletes are available. A paper describing these
data is also available (19).

3. Normal Sinus Rhythm RR Interval Database
[Class 2]: Beat annotation files (about 24
hours each) from 54 subjects in normal sinus
rhythm.

PhysioToolkit: PhysioNet’s open-source software
rchive, PhysioToolkit, is based on the WFDB
WaveForm DataBase) software package written in

and portable between Linux, Unix, MacOS (Ap-
le Computer, Inc, Cupertino, CA), and MS-Win-
ows (Microsoft Corporation, Redmond, WA). The
ackage includes about 60 applications for digital
ltering, power spectrum density estimation, QRS
etection, graphical annotation editing, printing
igh-quality “chart recordings,” just to mention

ome examples. PhysioToolkit also includes peer-
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eviewed implementations of algorithms for simu-
ation and modeling, physiologic signal processing
nd linear and non-linear time series analysis. Sev-
ral of these algorithms are accompanied by publi-
ations and/or tutorials. We mention a few exam-
les:

1. The detrended fluctuation analysis (DFA)
[Class 1] software provides a new way of
quantifying the extent of long-range correla-
tions in a time series (20).

2. The heartprints [Class 2] software package pro-
vides a novel way to visualize the dynamics of
ventricular ectopic activity (21,22).

3. The EDR [Class 2] software package can derive
a respiration signal from 1 or 2 ECG signals
(23).

4. The apdet [Class 2] software package provides
automated detection of obstructive sleep ap-
nea by analysis of interbeat intervals in the
ECG (24).

5. Ecgpuwave [Class 2] is software for locating
waveform boundaries in the ECG (ie, the
beginnings, peaks, and ends of P, QRS, and T
waves) (25).

6. The pNNx [Class 2] software package offers a
novel method for characterizing HRV with a
family of time-domain statistics of which
pNN50 is the best known (26).

Challenges

In cooperation with the annual Computers in
ardiology conference, PhysioNet hosts a series of
hallenges, inviting participants to tackle clinically
nteresting problems that are either unsolved or not
ell solved. The first of these challenges began in
ebruary 2000.
We select challenge topics based on intrinsic

cientific interest, seeking problems for which a
ariety of approaches appear possible to implement
nd evaluate in a relatively short time, and for
hich PhysioNet can provide a “virtual laboratory”

n which participants can get to work with all of the
rerequisite experimental data. A new challenge
opic is announced in February each year.

hallenge 2000: Detecting Sleep Apnea
rom the Electrocardiogram ECG

Obstructive sleep apnea is a very common and
linically significant breathing disorder. Diagnosis

ypically requires a polysomnogram, an expensive c
nd often uncomfortable in-clinic test. The results
f the challenge demonstrate that a variety of
ethods for analyzing an ambulatory ECG record-

ng, which can be obtained for a tenth of the cost at
ome with little or no discomfort, are just as
eliable for diagnosis of sleep apnea (27,28).

hallenge 2001: Predicting Paroxysmal
trial Fibrillation

New technology offers the possibility of averting
he onset of atrial fibrillation, the most common
erious abnormal cardiac rhythm; but this technol-
gy will be most beneficial if coupled with reliable
ethods for forecasting this arrhythmia, a problem

hat had received little attention prior to this chal-
enge.

hallenge 2002: RR Interval Time Series
odeling

Variations in instantaneous heart rate (as mea-
ured using RR intervals, the time intervals be-
ween heart beats) have been recognized for many
ears as sensitive, noninvasive indicators of a vari-
ty of cardiac and neurologic disorders. Research-
rs, however, have lacked access to realistic models
f heart rate variability, which are invaluable tools
or the development of more accurate diagnostic
ests and measures of therapeutic efficacy.

hallenge 2003: Detection and
orecasting of Cardiac Ischemia

At the time of writing, the 2003 challenge is
nderway. This year’s challenge asks if it is possible
o tell the difference between transient ST changes
n the ECG that are due to myocardial ischemia, and
hose that are not. ST changes can result from a
ide variety of other causes, including changes in

he heart rate, conduction pattern, position of the
ubject, and noise in the ECG. Using all available
vidence, expert annotators have classified each
ignificant ST change in the Long-Term ST Database
s ischemic or nonischemic, and they have contrib-
ted half of that database to PhysioNet as a learning
et for development of algorithms for classifying ST
hanges. The other half is being used to score
lgorithms entered into the challenge and will be
osted on PhysioNet after the conclusion of the

hallenge in September.
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Future Directions

In keeping with its original aims, PhysioNet is
lanning several major initiatives that will benefit
he biomedical research community by developing
ew relevant collections of well-characterized
hysiologic signals and time series, rigorously tested
oftware for study of these and similar data, and
utorial and reference materials to support their use
nd improvement. We briefly describe some of our
ngoing projects below.
The Cardiac Arrhythmia Suppression Trial

CAST) was designed to test the hypothesis that the
uppression of symptomatic or mildly symptomatic
remature ventricular complexes (PVCs) in survi-
ors of myocardial infraction (MI) would decrease
he number of deaths from ventricular arrhythmias
nd improve survival. The CAST RR Interval Sub-
tudy Database was created from data gathered in
he CAST and the follow-up CAST II studies, in
rder to investigate the relationship between sur-
ival and changes in heart rate variability in re-
ponse to antiarrhythmic treatment; it has been
ontributed to PhysioBank and will be posted
hortly (29).

We have begun to create a sudden cardiac death
atabase, with 19 recordings from the Beth Israel
eaconess Medical Center (BIDMC)/MIT collec-

ion, including 16 patients with underlying sinus
hythm and 3 with atrial fibrillation. Each of these
ecordings includes a sustained ventricular tachyar-
hythmia, and most include an actual cardiac arrest.

e welcome contributions of similar recordings
rom other investigators to be included in this
atabase, which will be annotated and reviewed in
n open project hosted by PhysioNet.
The MIMIC II project is collecting data from

atients admitted to the adult intensive care units of
he BIDMC. Each record consists of at least four
ontinuously digitized waveforms (typically, 2 ECG
ignals, arterial blood pressure, and pulmonary ar-
ery pressure), together with relevant clinical infor-
ation; recordings are continuous from admission

o discharge and typically last for multiple days or
eeks. Over a period of 2 years, the project expects

o collect approximately 7,300 patient records, from
hich a database will be created and contributed to
hysioBank.
In order to expand PhysioToolkit and further

evelop PhysioNet infrastructure, several major
oftware projects are planned or under way; these
nclude:

1. Extending the capabilities of the WaveForm

Database (WFDB) Software Package, the Re-
source’s core software for creating, processing,
viewing, analyzing, annotating, and archiving
physiologic time series, with particular empha-
sis on further development of cross-platform
visualization tools

2. Developing software for real-time physiologic
signal handling, including digitization and
streaming over the Internet

3. Developing novel techniques, including trend
compression, for indexing and searching phys-
iologic signal databases

4. Creating algorithms for real-time data quality
assessment, including identification of unreli-
able signals and false alarms in intensive care
and similar settings

5. Designing forecasting algorithms for predicting
outcome and clinical events based on informa-
tion from physiologic signals, time series, and
other sources

6. Documenting and disseminating these algo-
rithms via PhysioNet.

Building communities of researchers working to
olve common problems in the contexts of diverse
tudies can be a powerful stimulus to progress.
hysioNet seeks to create the conditions to support
ultidisciplinary collaborations that make exten-

ive use of its freely available data and software
esources, and to provide investigators with the
eans to bootstrap new studies.
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