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ABSTRACT

Introduction Surgical interventions can elicit
neuroendocrine responses and sympathovagal imbalance,
ultimately affecting cardiac autonomic function. Cardiac
complications account for 30% of postoperative
complications and are the leading cause of morbidity

and mortality following non-cardiac surgery. One
cardiovascular parameter, heart rate variability (HRV), has
been found to be predictive of postoperative morbidity
and mortality. HRV is defined as variation in time intervals
between heartbeats and is affected by cardiac autonomic
balance. Furthermore, altered HRV has been shown to
predict cardiovascular events in non-surgical settings. In
multiple studies, experimentally induced pain in healthy
humans leads to reduced HRV suggesting a causal
relationship. In a different studies, chronic pain has been
associated with altered HRV, however, in the setting of
clinical pain conditions, it remains unclear how much HRV
impairment is due to pain itself versus autonomic changes
related to analgesia. We aim to review the available
evidence describing the association between postsurgical
pain and HRV alterations in the early postoperative period.
Methods and analysis We will conduct a scoping review
of relevant studies using detailed searches of MEDLINE
and EMBASE, in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis. Included
studies will involve participants undergoing non-cardiac
surgery and investigate outcomes of (1) measures of

pain intensity; (2) measures of HRV and (3) statistical
assessment of association between #1 and #2. As
secondary review outcomes included studies will also be
examined for other cardiovascular events and for their
attempts to control for analgesic treatment and presurgical
HRV differences among treatment groups in the analysis.
This work aims to synthesise available evidence to inform
future research questions related to postsurgical pain and
cardiac complications.

Ethics and dissemination Ethics review and approval is
not required for this review. The results will be submitted
for publication in peer-reviewed journals.

BACKGROUND

Postoperative cardiac complications in non-
cardiac surgery

Annually, over 4% of the world’s population
(~200 million adults) undergo non-cardiac
surgery.' Unfortunately, following non-cardiac

1,5,6

Strengths and limitations of this study

» Thereare currently no reviews synthesising evidence
of the relationship between postoperative pain and
heart rate variability, which is likely relevant to the
risk of postoperative cardiovascular complications.

» Our study includes a comprehensive and systematic
literature search and detailed assessment of bias
in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis state-
ments and the predefined methodology based on
the Cochrane Handbook for Systematic Reviews of
Interventions.

» Diverse studies included in this review may be het-
erogeneous with respect to various factors.

surgery, 7%-11% of patients experience
postoperative complications, most of which
(~30%-40%) are cardiacrelated.” Addi-
tionally, postoperative complications result in
a mortality rate of 0.8%-1.5%,”® and are the
third leading cause of death in the US.”
Although postoperative cardiac risk varies
substantially based on surgical factors such
as invasiveness, type of surgery, duration of
procedure and blood loss, it is important
to consider the stress response that occurs
following surgery.” ® For example, surgical
interventions produce tissue injury that
elicits neuroendocrine responses and sympa-
thovagal imbalance.®® Other surgical stresses
come from anesthesia-related physiologic
perturbations, acute anaemia, hypercoagula-
bility, blood pressure changes, fluid shifts and
hypothermia.” These stressors can increase
myocardial oxygen demand and lead to
haemodynamic derangements, ultimately
resulting in various cardiac complications
especially in patients with pre-existing cardio-
vascular risk factors.”? Some postoperative
cardiac complications include perioperative
myocardial infarction (PMI), cardiac arrest,
congestive heart failure’ and myocardial
injury after non-cardiac surgery (MINS), with
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MINS being the most common postoperative cardiovas-
cular complication.*” " !!

Predictors of adverse postsurgical cardiovascular events
Practice guidelines currently suggest routine postoper-
ative assessment of cardiac troponin levels for patients
with cardiovascular risk factors, mainly to detect PMI
and MINS. The rationale for these guidelines is that
elevated troponin concentration is a sensitive and
specific biomarker for myocardial injury, and have also
been shown to predict 30-day and Il-year mortality in
patients undergoing non-cardiac surgery.” *'* Specif-
ically, the diagnosis of MI requires elevated troponin
levels (above 99th percentile) accompanied by character-
istic chest pain, new ST segment changes or left bundle
branch block, ventricular wall motion abnormalities or
intracoronary thrombus on angiography."” In contrast to
non-operative patients, postoperative patients receiving
analgesia do not commonly experience chest pain typical
of MI and do not always show pathognomonic ECG
changes.” In fact, in one study by Puelacher et al, PMI was
only accompanied by typical chest pain in 6% of patients,
and ischaemic symptoms in 18% of patients.'®

Since many patients sustaining myocardial injury in the
postoperative period do not meet the diagnostic criteria
for MI, a new diagnosis has been established for patients
with elevated troponin, irrespective of the presence of
ischaemic symptoms or electrocardiographic findings,
known as MINS.* MINS is believed to be due to an isch-
aemic aetiology, and requires exclusion of non-ischaemic
aetiology such as rapid atrial fibrillation, sepsis and
pulmonary embolism as the underlying cause of abnor-
malities. In one large cohort study, elevated troponin
levels judged due to an ischaemic aetiology (meeting
MINS criteria) was an independent predictor of 30-day
mortality." Importantly, an international, randomised
controlled trial conducted in 2018 demonstrated that
treatment with anticoagulant therapy (dabigatran 110 mg
twice daily) can lower the risk of major cardiovascular
complications for patients with MINS, suggesting that the
suboptimal prognosis of MINS is modifiable.'”

More recently, a meta-analysis conducted in 2019 by
Zhang et al suggested that various cardiac biomarkers
are predictive of postoperative major adverse cardiovas-
cular events (MACE) in patients undergoing non-cardiac
surgery.'® The definition of MACE included a variety of
cardiovascular conditions of various ischaemic and non-
ischaemic etiologies.'® In this study, various biomarkers
such as elevated levels of brain natriuretic peptide,
high sensitivity C-reactive protein and high-sensitivity
cardiac troponin T were shown to lead to up to 4.5-fold
increase, 4-fold increase and 6-fold increase in the risk of
MACE, respectively.'® These findings suggest that these
various biomarkers can predict cardiovascular outcomes
that are not necessarily due to ischaemic etiologies (as
presumed in MINS), such as all-cause mortality, heart
failure and arrhythmias. Taken together, there are various
biomarkers of postsurgical cardiovascular events, but

other predictive factors should be explored to further
guide cardiac prevention efforts and provide additional
prognostic value in the postsurgical setting for adverse
cardiovascular events.

Heart rate variability as a predictor of adverse cardiovascular

events

Healthy individuals exhibit a rhythmic variation in time
intervals from one R wave to the next on ECG. Heart rate
variability (HRV) is defined as the pattern of variation
in the R-R time interval between heartbeats. HRV can
be subdivided into time-domain indices and frequency-
domain values, both of which are linear phenomena."
The time domain indices quantify the amount of HRV
observed during monitoring periods." In contrast,
frequency-domain values represent the absolute or rela-
tive amount of signal energy within component bands,
and can be further subdivided into high frequency (HF;
0.20-0.40Hz) and low frequency (LF; 0.04-0.15Hz)
components following spectral analysis.”’ Interestingly,
variability in HF components reflects changes in the para-
sympathetic nervous system (PNS). On the other hand,
LF variability may indicate changes in both the PNS and
sympathetic nervous system (SNS),? although the utility
of this measurement is heavily debated and highly depen-
dent on data collection procedures.”’ Taken together,
HRYV is an important measure of PNS (and possibly the
balance between PNS and SNS), and may serve as an indi-
cator of autonomic balance.”’

Of relevance to this review, various comorbid condi-
tions—as well as medications used during the perioper-
ative period—have been associated with altered HRYV,
including general anaesthetics,”” ** anticholinergic
agents,”* antihypertensive agents,” antihistamines®
and beta-blockers.?” Recently, HRV has been proposed
as a tool to measure the physiological stress response
during general anaesthesia, as well as in the postoper-
ative period.’ Similar to troponin measurements, low
HRYV has been shown to independently predict postoper-
ative morbidity and long-term mortality.” '* *** Addition-
ally, depressed HRV before induction of anaesthesia was
shown to be predictive of 30-day mortality in the postsur-
gical setting.'” *® These data suggest that HRV may be a
useful tool to detect autonomic instability in the preop-
erative and early postoperative setting and may be useful
for identifying patients who are at high risk for poor
postoperative outcomes due to low autonomic physiology
reserves.

Pain and anesthetic agents alter heart rate variability

Given that the autonomic nervous system is significantly
affected by the experience of pain,” *' it is likely that
autonomic parameters such as HRV are altered in the
setting of pain. In support of this notion, HRV changes
have been reported in a variety of patients with chronic
pain conditions,”® such as breakthrough pain in cancer,”
complex regional pain syndrome,* fibromyalgia®™ and
chronic neck pain.”
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In contrast, there are fewer studies looking at the
relationship between HRV and acute pain or noci-
ception in healthy adults.”” Nevertheless, studies
have suggested that high-frequency HRV is strongly
correlated with pain intensity in both adults and
children.” * In addition, healthy patients with self-
reported symptoms of pain may have lower parasympa-
thetic activity and altered HRV.* In another study by
Treister et al the authors demonstrated that decreased
HRV (HF component) could differentiate between
painful stimuli and non-painful stimuli, although
HRYV alone could not discriminate between differ-
ences in pain intensity (low, medium or high pain
categories).*' However, in this same study, the linear
combination of the multiple autonomic parameters
including HRYV, heart rate, skin conductance levels
and fluctuations and photoplethysmographic pulse
wave amplitude, differentiated both the presence of
pain and could discriminate between the different
pain categories.*’ Moreover, studies have suggested
that greater HRV (LF measurements) are associated
with higher thresholds for pain,** although the utility
of LF HRV measurements are highly disputed and
should be interpreted with caution.?'

In addition to acute and chronic pain conditions,
changes in HRV have also been observed following
the administration of pharmacologic agents for acute
pain management and anaesthesia. For example, the
administration of spinal anaesthesia (isobaric bupiv-
acaine) has been shown to significantly decrease the
LF/HF ratio of HRV.* This may be due to a shift in the
balance towards the parasympathetic system, related
to the sympathetic block caused by spinal anaesthesia.
Interestingly, in the same study, the change in LF/
HF was attenuated by coadministering intrathecal
fentanyl, providing further evidence that opioid medi-
cations (eg, fentanyl) commonly used for pain manage-
ment can have direct effects on HRV.*’ Other studies
support the notion that induction of anaesthesia can
alter HRV, with decreases in non-linear HRV indices
(approximate entropy, peak approximate entropy and
point correlation dimension) following fentanyl-based
induction of anaesthesia.** Likewise, there is evidence
that various anaesthetic agents such as general anaes-
thesia,” propofol,® *° isoflurane®” and sevoflurane®
can also alter HRV following administration. Taken
together, these studies suggest that pain is associated
with changes in the autonomic nervous system, and
autonomic measures such as HRV can be altered in
the acute and chronic pain setting, as well as during
the use of opioids.

Rationale for studying the association between heart rate
variability and postsurgical pain management

Given emerging evidence that pain as well as pain medi-
cations such as opioids have pronounced respiratory,
cardiovascular and autonomic effects,” * and pain has
been shown to influence cardiac autonomic nervous

system indices, it is critical to review the current evidence
so as to guide future research efforts to better understand
the relationship between altered HRV and postsurgical
pain. Therefore, the evidence surrounding a possible
association between postsurgical pain and HRV, which
could ultimately influence the risk for postoperative
cardiovascular complications, is highly relevant.

Objectives and research question

The aim of this scoping review is to synthesise and review
studies describing the association between postsur-
gical pain and HRV in patients undergoing non-cardiac
surgery. A secondary aim is to investigate cardiovascular
outcomes in relation to HRV measurements and postsur-
gical pain, as well as to investigate a study’s attempts to
control for analgesic treatment, and presurgical differ-
ences in HRV in the data analysis.

METHODS

This protocol was written in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA-P).%°

Study selection

Types of studies

We will include all study types with primary data available
(no review articles) published in a peer-reviewed journal.
To minimise the risk of publication bias (small study
bias),”" any studies with less than 10 participants will be
excluded.

Patient population

We will include studies involving adults aged 18 years and
over who are undergoing non-cardiac surgery, regard-
less of the presence or absence of cardiovascular risk
factors. Studies must include patients who have had HRV
measured and who have undergone assessment for post-
surgical pain (ie, using a validated measure of pain inten-
sity or change in pain intensity (pain relief)) within the
postoperative period (up to 30 days after surgery).

Inclusion criteria

1. Studies of any design that include measures of pain in-
tensity or pain relief within the first 30 days after non-
cardiac surgery.

2. Pain intensity or pain relief quantified using a validat-
ed measurement instrument (eg, 0-10 numerical rat-
ing scale or 0-100mm visual analogue scale for pain
intensity; category scale for pain relief).

3. HRV measurements such as frequency bands, ratios of
frequency bands, time indices of HRV and total power.
Frequency bands include LF power (0.04-0.015Hz),
HF power (0.15-0.45Hz) or ratios of LF/HF or HF/
LF. Time domain indices of HRV include SD of NN in-
tervals, SD of the averages of NN intervals, square root
of the mean of the sum of the squares of differences
between adjacent NN intervals and SD of differences
between adjacent NN intervals.
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Exclusion criteria

1. Animal studies (no human data).

2. Review papers (no primary data).

3. Cardiac surgery.

4. Studies not written in the English language.

Identification of studies and search strategy

We will conduct a detailed search on MEDLINE and
EMBASE. Detailed searches will be conducted from the
inception of the database until the date the searches are
run (see online supplemental appendix 1). The search
will include terms related to HRV, postsurgical pain, non-
cardiac surgery and relevant cardiovascular outcomes
(eg, myocardial infarction, pulmonary embolism). The
bibliography of identified articles will be cross-referenced
to check for additional studies to include in the review.
The search strategy will be developed in consultation with
a librarian specialising in literature searches.

Types of outcome measures

Primary outcomes

1. Measures of pain intensity and/or changes in pain in-
tensity (pain relief).

2. HRV within the first 30 days after non-cardiac surgery
in humans.

3. Change from preoperative baseline HRV within the
first 30 days after non-cardiac surgery in humans.

4. Statistical assessment of the association between (1)
and (2) or between (1) and (3).

Secondary outcomes

1. Cardiovascular events (eg, myocardial infarction,
stroke and pulmonary embolism).

2. Other autonomic parameters (eg, skin conductance
level and fluctuations, photoplethysmographic pulse
wave amplitude and catecholamine levels).

3. Use of analgesics and differences in analgesia between
study groups.

Data collection and extraction

Two authors will independently evaluate studies for eligi-
bility. Screening for eligibility of studies will be performed
on titles and abstracts, followed by full-text screening
for citations considered potentially eligible by either
screener. All citations identified in the screening process
as potentially eligible will undergo full text evaluation
to determine eligibility by two independent reviewers.
Any disagreements between the two reviewers will be
resolved through discussion and consensus, and a third
reviewer will be consulted if required. Following full-text
review, data from eligible studies will be recorded using
standardised extraction forms using the Covidence web
source (www.COVIDENCE.org). The standardised forms
will capture information about types of postsurgical pain,
details of postsurgical pain management, pain intensity,
cardiovascular risk factors, measures of HRV and partic-
ipant characteristics. As an optional secondary outcome
for the review, postoperative cardiovascular outcomes will
be recorded if it is included in eligible studies.

Risk of bias

Risk of bias for each eligible study will be independent
assessed by two reviewers using the criteria outlined in
the Cochrane Handbook for Systematic Review of Inter-
ventions.”” For any study that includes multiple pain-
related measures or interventions (eg, pain intensity or
change in pain intensity), each measure will be assessed
independently for risk of bias. Disagreements between
the two reviewers will be resolved through discussion
and consensus, and a third reviewer will be consulted if
needed. Each category of bias will be assigned an unclear,
low or high risk of bias and summarised in a risk of bias
chart.

In each study, we will assess for the following risk of
biases: (a) selection bias due to incomplete data collection,
(b) incomplete outcome data due to lost to follow-up for
risk for attrition bias, (c) selective reporting for detection
bias, (d) number of participants for possible biases (eg,
publication bias) that are confounded by small sample
size, (e) information bias (including recall and observer
biases) to address how data are obtained from study
groups, which will be especially important for studies with
non-randomised interventions and (f) confounding bias
due to differences in comorbidities, demographic and
surgical characteristics, baseline HRV differences, differ-
ences in analgesic use and other patient factors between
study groups.

Analysis plan

A descriptive approach will be used to report primary and
secondary outcomes due to the variation which will likely
exist across identified studies. For studies that are similar
with respect to study design, participant population,
measures used and analysis methods for the association
between pain and HRV, meta-analysis will be performed
in consultation with a biostatistician.

Patient and public involvement
No patients involved.

DISCUSSION

Cardiovascular complications are a common cause of
morbidity and mortality in the postoperative setting.”™*
Among several cardiovascular factors, HRV has been
shown to be an independent predictor of postoperative
morbidity and long-term mortality following non-cardiac
surgery.” > ** # In general, abnormal HRV reflects auto-
nomic imbalance and has been associated with anaesthetic
use,” 27 chronic pain conditions™®*® and acute experi-
mental pain in healthy patients.37 0-42 Despite the well-
documented relationship between postsurgical outcomes
and HRYV, and the presence of HRV in various pain condi-
tions, there has not been a review of available evidence
describing the association between postsurgical pain and
HRYV. This scoping review aims to synthesise information
surrounding the relationship between postsurgical pain
and HRYV, which may have important implications for
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adverse cardiovascular outcomes following non-cardiac
surgery.

In summary, this scoping review will explore the asso-
ciation between HRV and postsurgical pain and pain
management. Depending on the identified studies and
the data available, associations between HRV and post-
surgical cardiovascular outcomes may also be assessed,
with the overall aim to inform future research questions
to better understand cardiovascular outcomes following
non-cardiac surgery.

Limitations and challenges

The strengths of this review include the comprehensive
and systematic search in accordance with the PRISMA-P
statements and the pre-defined methodology based on
the Cochrane Handbook for Systematic Reviews of Inter-
ventions. Potential limitations of our review include the
quality of the studies due to broad inclusion criteria and
possible low number of eligible studies.
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