
Predefined spatiotemporal regions and detected HER effects

Diverse Approaches to address Cardiac Artifacts

Heartbeat Evoked Responses (HER) ECG acquisition and preprocessing 

Quality-control checklist for HER analysis

Minimal detectable effect sizes Latest version of the manuscript

Minimal inter-beat interval and minimal CFA window

Lead II and 2-electrode ECG 
recordings dominate, while
the placements vary.
Diamond symbols indicate 
choices that are dominated by 
individual research groups 
(>50% same first/last author).
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Algorithm for ECG peak detectionD
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Neural responses to heartbeats

Involved in a broad range of functions 
(emotion, perception, movement, various 
disorders)

Investigated using brain imaging data 
time-locked to the heartbeat 

Large variability in HER amplitude, 
latency, and waveform(Park & Blanke 2014) 

, Thomas Loesche1

Babo-Rebello et al. (2017)

Based on kind of test, sample size, number of groups 
and conditions, not accounting for trials.

Park et al. (2014)

A Systematic Review of Methods Used in Heartbeat Evoked Responses Research

Step 1 – Designing an experiment

A. Relationship between heartbeats and experimental design. HERs can overlap
with task-related activity, and they might co-vary with differences in background
activity across groups.

B. ECG electrode leads, ground, and location. Affect ECG-based control analyses.
Report lead configuration used for analysis. Consider recording several leads to
account for the three-dimensional field distribution.

C. Recording of physiological activity. Breathing, eye movements, cardiac and
other parameters can confound HER measures.

Step 2 – Data preprocessing

A. Filtering. High- and low-pass filter settings can affect the HER shape.
B. Reference electrode. The choice of online and offline references can affect HER

results and artifact removal.
C. R-peak or T-peak. Or other points of reference.
D. Minimal IBI. Prevents contamination by overlapping heartbeats. Longer

thresholds may induce imbalance in the number of epochs if the heart rate is
different between conditions or groups, potentially signifying differences in
arousal. Report the number of removed epochs.

Step 3 – Cardiac Field Artifact Removal (CFA)

A. Rejection of cardiac ICs (if applicable). State whether ICA was applied to
epoched or continuous data. ICA on epoched data might improve CFA
detectability.

B. Other CFA removal methods. Detailed description of other approaches used to
remove CFA. For example, regressing out ECG from M/EEG data. The HER
signal is likely never artifact-free.

C. Limiting analysis time window (optional). Avoid time ranges that are prone to
cardiac artifact contamination, e.g., limit analysis to time after T- and before
P-wave.

Step 4 – HER computation

A. ROI in time and space. Describe start/end times & preselected sensors as well
as the motivation for the selection, also for cluster-based permutation tests.

B. Baseline correction. Clearly state if omitted or performed. We recommend
avoiding baseline-correction, and testing if the baseline window shows
differences between groups or conditions of interest.

C. Number of epochs. Describe how many epochs were averaged or otherwise
analyzed to obtain HER per participant, group, and condition. The number of
epochs affects the signal-to-noise ratio, and imbalance may result in spurious
findings.

D. Visualization. Show figures with HER results as evoked responses and as
topographies.

Step 5 – Statistical analysis

A. Statistical power. Ensure that the analysis has sufficient statistical power to
detect expected results reliably. E.g., simulations that can be combined with
resampling pilot data.

B. Regions of practical equivalence. For both Bayesian and frequentist statistics,
define the smallest effect of interest to test if observed effects are negligibly
small (i.e., “absent”) and to avoid highlighting practically irreproducible (too
small) effects.

Step 6 – Controls

A. Surrogate heartbeat analysis. Confirms that observed effects are genuinely
locked to the heartbeat but has to be carefully designed. To be valid, they
should match real heartbeat properties (e.g. IBI, time to stimuli, number of trials,
etc.).

B. Task overlap controls. For example, pseudotrial correction can help isolate
heartbeat-driven effects from task-related activity.

C. ECG control analysis. Assesses whether differences in ECG exist that might
confound the HERs via cardiac artifacts, e.g. by repeating statistical analysis on
the ECG channel or regressing out ECG amplitudes. Use multiple leads if
possible.

D. Effect of baseline. It is advisable to show the HER results without baseline
correction and test if the baseline itself shows significant effects. When
performing cluster-based testing, include the baseline time window into
analysis.

E. Effect of CFA removal approach. It is advisable to report the HER results
without CFA removal to show that they are not explained by different CFA
removal efficacy across groups or conditions.

F. Other cardiac parameters. Should be included in statistical analysis. Examples:
heart rate, heart rate variability, blood pressure.

Abbreviations: HERs – heartbeat-evoked responses, ECG – electrocardiography, IBI –
inter-beat interval, M/EEG – magneto- or electroencephalography, ICA – independent
component analysis, ICs – independent components, ROI – region of interest
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Aim: Elucidate the methodological variability in the field of Heartbeat Evoked Responses 
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