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Abstract

Heart rate variability biofeedback (HRVBF) is a non-invasive therapeutic technique that aims to regulate variability in heart rate. This
intervention has promise in mitigating perioperative stress, a critical factor for surgical patient outcomes. This comprehensive review aimed
to explore the current evidence on the perioperative role of HRV biofeedback in improving patient outcomes, reducing perioperative stress,
enhancing recovery, and optimizing anaesthesia management. A review of the PubMed and Google Scholar databases was conducted to
identify articles focused on HRVBF in relation to the perioperative period. Studies were selected using appropriate keywords in English
(MeSH). Ample potential applications of HRVBF in clinical anaesthesia have been identified and proven feasible. It is a non-invasive and
an easy method an anaesthesiologists has at its disposal with potential utility in reducing perioperative stress, as a tool of optimization of
comorbidities, analgesia supplementation and in predicting catastrophic complications. Although HRVBF has the potential to enhance
anaesthesia management and improve patient outcomes, several limitations and challenges must be addressed to maximize its clinical utility.
Overcoming these obstacles through research and technological advancements will be crucial for realizing the full benefits of HRVBF in
perioperative care.
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* This in-depth review examined the latest research on how heart rate variability biofeedback (HRVBF) can help improve patient out-
comes, lower perioperative stress, speed recovery, and make the most of anaesthesia management.

* This review discusses the mechanisms, methods, and benefits of HRVBF in the perioperative setting, as well as the challenges and future

directions for implementing this technique in clinical practice.

* By targeting autonomic regulation, stress reduction, and resilience enhancement, HRVBF techniques offer a personalized approach to
perioperative care that may lead to improved patient comfort, optimized surgical outcomes, and enhanced recovery.

Introduction

Heart rate variability biofeedback (HRVBF) is a non-invasive technique that involves training individuals to
regulate their heart rate variability through breathing exercises and relaxation techniques. It has emerged as a
promising therapeutic intervention in various clinical settings, including the perioperative period. The significance
of perioperative stress on the outcomes of surgical patients is often overlooked.! Currently, the main perioperative
interventions used to reduce these stress responses are drugs (mainly anaesthetics and painkillers), which can cause
a number of problems. Surgery, in addition to anaesthesia and blood transfusion, can cause immunosuppression,
leading to infections and other complications.
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The central autonomic network, consisting of complex
brain connections, regulates the autonomic nervous system
(ANS). HRV is a physiological index that portrays the
delicate balance of the ANS. High HRV occurs when the
parasympathetic nervous system (PNS) is dominant over
the sympathetic nervous system (SNS), indicating good
autonomic control. Chronic illnesses such as cardiovascular
disease, which often reduce HRYV, pose challenges for
both patients under anaesthesia and anaesthesiologists.?
Using a theoretical perspective, several models have been
proposed to elucidate the heart-brain connection, revealing
its significant effect on psychological responses and overall
well-being® Notably, the neurovisceral model outlines the
relationship between HRV and emotion, cognition, and
mental health by showing how the prefrontal brain and
cardiac vagal tone are linked.*

Goessl et al.,” in their meta-analysis, found a decrease in
self-reported stress and improvement in cognitive function,
supporting the practical use of HRVBF. While the exact
mechanism of HRVBFs effect is still being studied, it has
been suggested that enhancing the baroreflex may indicate
improved autonomic balance.® As researchers looked for
strategies to enhance HRV, they found that biofeedback
using paced breathing exercises at slow respiratory rates
was a potentially effective strategy to help individuals
raise vagally mediated HRV values by triggering a
parasympathetic response. In general, breathing at a
resonance frequency of 4.5-6.5 cycles per minute (HRV)
stimulates the resonant properties of the cardiovascular
system, resulting in larger heart rate oscillations and, in
individuals, higher HRV and other advantageous effects,
including improved gas exchange.’

Postsurgical patients with postoperative pain can experience
multiple ramifications for their health and quality of
life. Despite extensive research in this field, predictors of
postoperative pain are lacking. HRV has been shown to
predict postoperative outcomes and postoperative pain.®?
Niu et al.' found that patients with a heart rate >70 and low
HRYV during anaesthesia had a higher risk of postoperative
intensive care unit stay.'” There is a need to include general
stress optimization strategies in focusing preoperative
stressors beyond the canonical preoperative care workup
focused on surgery. Non-pharmacological interventions,
in addition to usual perioperative medications, can
attenuate somatic and emotional stress. Anaesthesiologists
can use HRVBF at the point of care to help prevent
overdose because it is an inexpensive, secure, and effective
intervention. This comprehensive review aimed to explore
the current evidence on the perioperative role of HRVBF
in improving patient outcomes, reducing perioperative
stress, enhancing recovery, and optimizing anaesthesia
management.
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Methods

A review of the PubMed and Google Scholar databases was
conducted while searching for articles focused on HRVBF
in relation to the perioperative period in the last 10 years.
Studies were selected using the keywords in English (MeSH)
related to “HRVBIF”, “HRV anaesthesiology”, “HRVBF
regional anaesthesia”, “HRVBF post-operative pain”,
“HRV cancer pain”, and “HRVBF stress”. While describing
the utility of HRVBIF during the perioperative period,
articles on adult and paediatric populations were mainly
used.

Results

HRYV is a Physiological Index that Reflects the ANS
Balance

HRV is a physiological index of the delicate balance of
the ANS. High HRV was observed when the PNS was
predominant over the SNS, indicating good autonomic
control. Analysis of HRV revealedirregularitiesin the activity
of ANS and was associated with a higher risk of mortality
in individuals with systemic diseases.'""”® The impact of
chronic illnesses, particularly cardiovascular discase, which
1s often associated with HRYV, is widely recognized as a major
obstacle for both the anaesthetist and the anaesthesiologist.’?

The vagal nerve, which is classified as the tenth cranial
nerve, is a major regulator of the body system. Indeed,
there is a correlation between vagal nerve activity and other
possible processes and variables that lead to pain, including
age and anxiety. The holistic theory of vagal nerve pain
modulation established by Gitler et al."* and De Couck et
al.’” emphasizes the protective role of the vagus nerve in
several pain-related processes. These mechanisms include
inflammation, abnormal SNS activity, and cellular oxidative
stress.

In addition, when the ventral periaqueductal gray, a part
of the pain brain circuitry, is stimulated at the brainstem
level, it leads to a decrease in pain.'® Further research should
investigate whether alterations in brain activity patterns
account for the reported association between HRV and
pain.

Studies using imaging techniques and resting-state functional
connectivity (RSFC) have supported the significance of
the relationship between the medial prefrontal cortex and
limbic regions in heart rate control.''® Schumann et al.'®
conducted a comparative analysis of RSFC patterns among
distinct groups of healthy individuals with varying levels of
heart rate regulation in a recent paper. The findings of this
study suggest that individuals with slower heart rates have a
notable increase in functional connectivity (RSFC) within
a functional network encompassing multiple regions of the
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central nervous system (CNS) compared with individuals
with faster heart rates.

HRV is derived from electrocardiogram (ECG) readings,
and HRV variables are collected in both the temporal
and spectral domains. Time-domain variables, such as the
root mean square of successive deviations between normal
heartbeats (rMSSD), are usually the best and fastest way to
measure changes in HRV caused by changes in the vagus
nerve.'” tMSSD is the primary characteristic utilized in
mobile HRV applications owing to its ease of acquisition
and computation using brief time periods.*

Mechanisms Through Which HRV Biofeedback
Training Affects the ANS

The HRV BF technique incorporates breathing elements and
delivers data in the form of a customized digital interface.”’
The individual was positioned on a pulse monitor or ECG
lead, and the resulting pulse or ECG tracing, as well as the
intervals between beats, were shown on a computer monitor

(Figure 1).

Decreased respiration amplifies HRV, and when the
breathing rate reaches approximately six breaths per minute,
the pattern becomes more pronounced and takes the shape
of a sine wave. This phenomenon is commonly referred to
as “resonance” or “coherence”, and it can be quantified
using mathematical methods and visually perceived.?? The
patient is advised to cultivate this pattern through deliberate
breathing while also invoking a sense of calm.

It is widely accepted that the resonant pattern is mostly
caused by increased heart rate stimulation through vagal
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mechanisms, namely the “brake and release” response,
which occurs in coordination with respiration. It is widely
acknowledged that HRV BF promotes breathing by
enhancing vagal tone and promoting a calm state. Figure 2
schematizes the various mechanisms of HRVBE

Specific Physiological and Neural Pathways
Involved in HRVBF

The influence of biofeedback on brain function is unclear.
the
specifically the baroreflex by modifying their breathing

Participants  stimulated primary vagal reflexes,
patterns to enhance heart rate oscillations.” The baroreflex
1s an extremely effective mechanism for regulating heart rate

in the immediate term.

HRVBF might improve the input from the vagus nerve,
which would then stimulate the cardiovagal brainstem
nuclei in a manner similar to direct electrical stimulation.
Vagal nerve stimulation affects both the central autonomic
network and limbic system by modulating vagal afferent
activity.** The nucleus of the solitary tract acts as a central
hub for integrating sensory information from the periphery.”
As part of this, signals are sent to the noradrenergic and
serotonergic neuromodulator systems, and baroreceptors
and lung stretch receptors process the information received.

A recent meta-analysis demonstrated the anxiety-reducing
efficacy of both continuous HRVBF and one-time
HRVBE>* One session of HRVBF has been shown to be
beneficial for individuals with posttraumatic depression.
Physiological coherence refers to the extent to which
rhythmic activity within living systems exhibits peace,

Biofeedback Therapy

Figure 1. BIOFEEDBACK. Positive Qutcomes, Inc. Accessed on May 30, 2024. https:/ / positiveoutcomesllc.com/test-page/
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equilibrium, and steadiness within a specific timeframe.®
The objective of HRVBF is to attain elevated physiological
coherence with a higher level of proficiency resulting in
such coherence. Scientists have observed that activating
vagal afferent pathways during high physiological coherence
can change parts of the brain that control emotions. These
include the locus coeruleus, orbitofrontal cortex, insula,
hippocampus and amygdala.’

HRVBF Methods

In their systematic review, Lalanza et al.* described
different protocols and method-related limitations. They
also proposed a checklist to improve protocol quality. The
three HRVBF protocols depend on the presence or absence
of a previously detected resonant frequency (RF). Breathing
in the range of 6.5-4.5 b m for 2 min at a time can detect
RE The participants or patients receive a special device that
monitors and displays their heart rate.

1. Biofeedback devices: Specialized biofeedback devices
are used to measure variability in heart rate and provide
real-time feedback to patients. These devices typically
consist of sensors that monitor the heart rate and software
that processes the data and presents them in a user-friendly
manner. Patients can observe changes in their heart rate
variability patterns and learn to modulate their autonomic
responses through guided exercises. Few studies have
demonstrated that wearable devices display good correlation
with ECG-based HRV measurements in terms of comfort,
robustness, and non-invasiveness.?’

2. Breathing techniques: Controlled breathing exercises
are fundamental to HRVBE Patients will be guided to
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Figure 2. Schematic representation of the various

mechanism of HRVBE.

HRVBE, Heart rate variability biofeedback.
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practice slow, deep breathing patterns that can help regulate
variability in heart rate and induce a state of relaxation.
By synchronizing breathing with specific HRV parameters,
patients can enhance their vagal tone and achieve a balanced
autonomic state.”® Deep breathing was found to be useful
in lowering preoperative anxiety in 40% of presurgical
patients.”

3. Visual and auditory feedback: Biofeedback devices
often provide visual or auditory cues to help patients
regulate their heart rate variability. For example, patients
may be instructed to match their breathing rate with a
visual representation of their heart rate variability on a
screen or by following auditory cues, such as tones or sounds
that change based on their physiological state.*” Muzzi
et al’! evaluated the effects of intraoperative auditory
stimulation on postoperative pain in children undergoing
adenotonsillectomy. The researchers found a clinically
significant reduction in postoperative pain and emergence
delirtum in children.

4. Guided imagery and relaxation techniques:
Incorporating guided imagery and relaxation techniques
into HRVBF sessions can enhance the effectiveness of the
intervention.* Patients may be guided to visualize calming
scenes or engage in progressive muscle relaxation exercises
to promote relaxation, reduce anxiety, and improve their
overall emotional well-being during the perioperative
period.”*?* It can be used as a complementary treatment to
postoperative pain management in all patients.

Benefits of HRVBF in the Perioperative Setting

1. Stress reduction: Rescarch suggests that HRVBF can
effectively reduce perioperative stress and anxiety levels
in surgical patients by promoting relaxation, enhancing
parasympathetic activity, and mitigating the physiological
stress response to surgery and anaesthesia. The authors
found significantly higher preoperative anxiety in day care
(34%) and inpatients (38.3%) posted for day care surgery.®
Amalan et al.®* investigated HRV-based stress detection
and demonstrated similarity in patients’ pre-surgery
stress. Use has been demonstrated in obstetric patients for
stress reduction in the postpartum period and in patients
undergoing the first in vitro fertilization with embryo
transfer.’” van der Zwan et al.*® examined how well self-hel
pphysical activity (PA), mindfulness meditation (MM), and
HRVBF helped 76 healthy volunteers deal with stress and
its associated symptoms.” They found that HRVBF was
as good as PA and MM for reducing stress and associated
symptoms. Reduced stress levels not only improve patient
comfort but may also positively impact surgical outcomes
and recovery. A meta-analysis by Pizzoli et al.?' showed
that HRVBF is effective for improving mental well-being.
HRVBF was used to effectively reduce blood pressure in 43
prehypertensive patients by Lin et al.** We can extrapolate
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the study findings to hypertensive patients who undergo
elective surgery in a pre-anaesthetic clinic to utilize HRVBF
as a non-pharmacological intervention to optimize blood
pressure and hence improve patient outcomes. HRVBF is
associated with decreased stress levels in peripartum women,
highlighting its potential as an adjuvant treatment for stress
management during the peripartum period."” Morcover,
in patients with cardiovascular disease, HRVBF has been
linked to lower rates of all-cause readmissions, improved
6-min walk test results, and reduction in blood pressure.*
HRVBF can be an effective tool to mitigate perioperative
stress levels and improve overall well-being;

2. Pain management: HRVBF has shown promise
as a complementary approach to perioperative pain
management. By changing autonomic function, raising vagal
tone, and encouraging relaxation, HRVBF techniques can
help lower pain perception, opioid use, and postoperative
pain medication needs, leading to better pain control and
faster recovery.

These studies have shown that patients with postoperative
pain have lower HRV.*** The authors did not keep track
of the pain score trends, which limited the study limitations
due to their sampling methods (cross-sectional design). This
systematic review supports an inverse relationship between
HRV and pain, as shown in pragmatic studies.** This study
also validates a CNS modulatory basis for the effects of
vagal nerve stimulation on pain.

Anderson et al.¥ conducted a prospective observational
study scheduled for
cholecystectomy. They found that changes in the high-

of 65 patients laparoscopic
frequency HR variability index indicated changes in the
balance between pain and analgesia.* Intraoperative titrate
analgesia may help individual patients. Girishan Prabhu et
al.** aimed to compare the efficacy of nature-based virtual
reality (VR) and HRVBF in reduce surgical postoperative
pain and anxiety. They randomly enrolled 30 patients
undergoing total knee arthroplasty into three groups:
control, video-assisted HRVBE, and VR with HRVBE
They found that both groups had greater PNS activity
levels, and VR with HRVBF mitigated pain more than
VR with HRVBF alone (P < 0.01). It would be beneficial
to identify patients with anxiety during the preoperative
period using appropriate questionnaires. It becomes the
responsibility of the anaesthetist to take care of the stress,
as 1t can have various far-reaching consequences, even in
the postoperative period. VR interventions, often combined
with other techniques, such as active communication and
HRVBE, can effectively reduce pain and anxiety in children
and adolescents undergoing various medical procedures,
including surgery.*’+®

3. Anaesthetic management: The potential impact of
HRVBF on optimizing anaesthetic management during the
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perioperative period is worth noting. HRVBF interventions
hemodynamic  stability, depth
modulation, and perioperative outcomes by changing vagal

improve anaesthesia
tone, physiological coherence, and autonomic balance. This
approach has improved patient safety and perioperative care.
Patients who experienced the adaptive VR-based HRVBF
environment reported significant decreases in preoperative
anxiety and postoperative pain after VR intervention.*

The depth of anaesthesia is an essential component of
standard anaesthesia monitoring to prevent intraoperative
awareness. It ensures safe and high-quality anaesthesia,
thereby decreasing anaesthesia-related complications.
HRV correlates well with anaesthesia depth.® Zhan
et al.» developed an ingenious method for distinguishing
various states of anaesthesia based on HRV-derived features
in combination with a deep neural network.

High-frequency HRV as a marker of nociception-analgesia
balance is a better choice than other usual hemodynamic
changes.” Analgesia nociception index (ANI) and high-
frequency wvariability index monitors (Mdoloris Medical
Systems) were used to consider the HRV value.”? The major
limitation of this study is that ANI in the awake state is not
conclusive because of the profound effect of the patient’s
emotional status.

4. Recovery and rehabilitation: Preliminary
evidence suggests that HRVBF interventions could play a
significant role in facilitating postoperative recovery and
rehabilitation.’®* By promoting adaptive stress responses,
enhancing resilience, and supporting physiological
coherence, HRVBF may facilitate faster recovery, improved
functional outcomes, and enhanced overall well-being
during the postoperative period. Additionallyy, HRV-BF
has shown promise in decreasing anxiety, improving HRV,
and enhancing vasomotor function in patients with alcohol
dependence, thereby complementing standard rehabilitative
care.”® A systematic review by Burlacu et al.*! demonstrated
the beneficial effects of HRVBF on various cardiovascular
diseases. HRVBF can be complementary to improving
postoperative outcomes in cardiac patients who undergo
cardiac and non-cardiac surgery.

There is a positive relationship between increased HRV
and traumatic brain injury recovery following biofeedback,
including improvements in cognitive and emotional
functioning and physical symptoms, such as headaches,

dizziness, and 36,57

sleep  problems. Anaesthesiologists,
in collaboration with surgical and psychological teams,
facilitated the rehabilitation of postsurgical patients using
HRVBE Oncological patients frequently undergo resection
for recurring tumors, especially head and neck and breast
cancer. It i1s beneficial to reduce stress and anxiety levels
to help anaesthesiologists better manage pain and achieve

better functional outcomes. HRVBF can help alleviate

129



Turk J Anaesthesiol Reanim 2024:;52(4):125-133

chronic pain in cancer survivors.”*®" HRVB training can
improve HRV coherence ratios among cancer survivors,
thereby improving cancer-related symptom management.

Challenges, Limitations, and Future Directions for
the Implementation of HRVBF Training in Clinical
Settings

Although variability in HRVBF holds promise in the
management of anaesthesia, there are several limitations
and challenges associated with its use in clinical practice.
Some key limitations of the proposed model include the
following;

1. Training and expertise: Implementing HRVBF
in anaesthesia management requires specialized training
from healthcare providers, including anaesthesiologists and
nursing staff. Not all medical professionals have the necessary
expertise to effectively interpret HRV data and integrate
it into anaesthesia care. This could potentially limit the
widespread adoption of HRVBF in the clinical setting.® Low
compliance rates in the study group and poor feasibility are
some methodological limitations that researchers can face.”

2. Equipment and technology: HRVBF typically
relies on the use of specialized equipment and technology
to monitor and analyze HRV. Access to such devices may
be limited in certain healthcare settings, particularly in
resource-limited environments or in smaller facilities. The
cost of acquiring and maintaining this technology could
also be a barrier to its widespread implementation. Ectopic
beats, other abnormal heart rhythms, lines, movements, or
electromyogram artifacts are just a few examples of factors
that can make it difficult to accurately detect RR intervals.”®
When conducting HRV data collection, studies should
consider factors such as noise, temperature, illumination,
humidity, time, and participant postures. It is crucial to have
a strategy in place for preventing artifacts and analyzing
data before commencing an HRV study. Complex, non-
categorical values can impede the routine clinical application
of HRV?® Li et al.®* presented a technique that uses white
noise to mimic the interference that wearable technology
can experience in everyday situations to assess the accuracy
of these devices. Further research is required in this field.

3. Standardization and guidelines: There are
currently no standardized protocols and guidelines for the
use of HRVBF in anaesthesia management. The absence
of clear recommendations on how to incorporate HRV
data into clinical decision-making may hinder its effective
and consistent application across different healthcare
settings.” Further research is needed to establish best
practices and evidence-based guidelines for HRVBF in

anaesthesia care.

4. Patient variability: Individual differences in patient
responses to HRVBI may pose challenges in its application
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in anaesthesia management. Not all patients benefit
equally from this technique, and factors such as age,
comorbidities, and baseline physiological state can influence
the effectiveness of HRVBF interventions. According to the
results of a cohort study involving 167,548 people (aged 6
months to 93 years), HRV sharply decreased with age until
approximately 60 years of age, at which point it stabilized.*
Conversely, Lehrer et al.” found that age-associated
obliteration of biofeedback changes on HRV had no effect
on the efficacy of the HRVBI method in their research
population involving geriatric asthmatic patients. Tailoring
HRV biofeedback to each patient’s unique characteristics
and needs is essential to maximize its benefits.

5. Interpretation and integration: Interpreting
HRV data and integrating them into clinical decision-
making processes can be complex and time-consuming,
Anaesthesiologists and healthcare providers must have the
knowledge and skills to effectively analyze HRV parameters
and translate this information into actionable insights for
optimizing anaesthesia management. This process may
require additional resources and training to ensure accurate

and meaningful HRVBE

6. Ethical and privacy concerns: The collection and
analysis of physiological data through HRVBF raises ethical
considerations related to patient privacy and data security.
Safeguards must be in place to protect patient information
and ensure compliance with data protection regulations.
Healthcare providers must also communicate transparently
with patients regarding the purpose and implications of
HRVBE

In summary, although HRV biofeedback has the potential
to enhance anaesthesia management and improve patient
outcomes, several limitations and challenges must be
addressed to maximize its clinical utility. Overcoming these
obstacles through research, education, and technological
advancements will be crucial for realizing the full benefits of
HRYV biofeedback in perioperative care.

Future Directions

Individualized training programs are essential for optimizing
the benefits of HRVBF during the perioperative period.
Healthcare providers can tailor biofeedback protocols
according to each patient’s specific needs, considering factors
such as baseline HRV levels, medical history, and surgical
procedure. Customized training programs can enhance
patient engagement and adherence to HRVBF intervention.

HRVBF can be integrated into anaesthesia management
protocols to optimize perioperative patient outcomes. A
Perioperative care model is suggested for the use of HRVBF
for patient management (Figure 3). Anaesthesiologists can use
HRYV data to adjust anaesthetic dosages, monitor patient stress
levels, and personalize anaesthetic care based on individual
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Figure 3. Perioperative care model for the use of HRVBF for patient management.

ANI, analgesia nociception index; HRVBE, Heart rate variability biofeedback.

autonomic responses. Collaboration between anaesthesia
providers and biofeedback specialists 1s essential for the
secamless integration of HRVBF into perioperative care.

Continuation of HRVBF during the postoperative period
can promote recovery, reduce pain, and enhance patient
well-being. Follow-up sessions and remote monitoring can
help patients sustain positive outcomes and effectively
manage postoperative stress.

Conclusion

While the accuracy of this approach may be uncertain in
this scenario, if anaesthesiologists possess a tool capable of
consistently evaluating HRV in real time may potentially
employ it to adjust management. In conclusion, HRVBF
is a valuable tool for perioperative care, improving patient
outcomes, recovery, and anaesthesia management. By
targeting autonomic regulation, stress reduction, and

HRVBF

personalized approach to perioperative care that may

resilience enhancement, techniques offer a
improve patient comfort, optimize surgical outcomes, and
enhance recovery. To maximize HRVBF and advance
personalized care in the perioperative setting, more research
and clinical integration are needed. These improvements
will ultimately lead to better patient outcomes and higher

quality of care in surgical practice.
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