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ABSTRACT

Introduction Post-induction hypotension (PIH), which

is prevalent among elderly patients, is associated with
adverse perioperative outcomes. As a critical part of

blood pressure regulation, baroreflex control is believed

to be closely related to intraoperative blood pressure
fluctuations. Spontaneous baroreflex sensitivity and

heart rate variability measurement can aid evaluation of
patients’ autonomic function. This study aims to determine
the association between preoperative decreased baroreflex
function and PIH in elderly patients.

Methods and analysis This prospective cohort study

will enrol patients who are 65 years old and above,
scheduled for elective non-cardiac surgery under general
anaesthesia, and American Society of Anesthesiologists
physical status I-lll (n=180). Baseline assessment will
include routine preoperative evaluations as well as
symptoms and anamneses associated with baroreflex
failure. Preoperative autonomic function monitoring will

be performed through 20 min of continuous beat-to-beat
heart rate and blood pressure monitoring using LiDCO
rapid (Masimo Corporation, USA). The primary outcome will
be PIH. Detailed use of anaesthetic agents during induction
and maintenance will be documented for adjustment in
multivariable analyses.

Ethics and dissemination The Research Ethics
Committee of Peking Union Medical College Hospital
approved the study protocol (I-22PJ008). We aim to
publish and disseminate our findings in peer-reviewed
journals.

Trial registration number NCT05425147.

INTRODUCTION

Intraoperative hypotension (IOH) is a
common event during general anaesthesia,
occurring in approximately 40% of patients.'
Low arterial pressure is associated with
perioperative mortality and ischaemia of vital
organs, including the brain, heart and kidneys
in a ‘dose-dependent’ manner.”® Advanced
age is one of the risk factors for IOH.* As an
increasing number of elderly people receive
surgery under general anaesthesia, IOH in
elderly patients becomes an urgent issue.’
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Baroreflex sensitivity is a quantitative marker of
baroreflex function and can be measured non-
invasively therefore has the potential of being used
as prediction tool for post-induction hypotension
(PIH).

= QOur baseline assessment includes symptoms and
anamneses associated with baroreflex failure,
which is more effective in assessing a patient’s au-
tonomic function than autonomic monitoring alone.

= Passive leg raising will be used to evaluate patients’
preoperative volume status, to exclude possible
confounding effect of hypovolaemia on PIH.

= The anaesthesiological management will not be
strictly standardised, and therefore we can only
attempt to correct for confounding factors such
as anaesthesia agent and depth of anaesthesia,
which might have influenced intraoperative blood
pressure.

Hypotension can happen throughout
perioperative period but is most prevalent
during postinduction phase, which refers to
the time frame between anaesthesia induc-
tion and skin incision. During this phase,
arterial hypotension is associated with anaes-
thesia induction, baseline haemodynamic
status and other patient-related factors rather
than surgical factors, such as bleeding and
surgical interventions.” It is widely recognised
that the risk of postinduction hypotension
(PIH) increases with age.

Apart from senior age, risk factors for PTH
includes the American Society of Anesthesi-
ologists (ASA) Physical Status classification
>3and low preoperative mean arterial pres-
sure (MAP), which are all non-modifiable in
nature.” Preoperative hypovolaemia, a poten-
tially modifiable factor, has also been widely
studied in PIH-related research. Preoperative
echocardiographic assessment and preop-
erative fluid replenishment strategies have
been put forward to achieve euvolaemia.” "’
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However, fluid optimisation before induction fails to main-
tain haemodynamic stabilisation, suggesting that imme-
diate preoperative volume status could not fully account
for PIH. Other key mechanisms are at play. It is possible
that autonomic nervous system (ANS) plays an essen-
tial role in the adjustment of intravascular volume after
anaesthesia induction.'"™"

Cardiovascular autonomic function is important in
blood pressure regulation. The pressure sensor of the
cardiovascular system sends the blood pressure signal
to the central nervous system, and regulates the blood
pressure to an appropriate level through a compensatory
reflex (ie, baroreflex).!* Baroreflex function can be quan-
tified by observing the RR interval response to an arterial
blood pressure change and the results are expressed as
baroreflex sensitivity (BRS)."> Originally, BRS has been
assessed through vasopressor-induced blood pressure
variation, which is still the gold standard of baroreflex
control assessment.'® Considering these methods are
invasive and technically difficult, researchers have now
chosen non-invasive methods to assess BRS based on
the spontaneous swings of blood pressure.17 BRS can
be used in risk stratification of hypertension, myocar-
dial infarction and arterial fibrillation, and can act as a
useful tool in diabetic autonomic neuropathy staging.'*>’
However, there are few studies investigating the relation-
ship between baroreflex function and PIH; therefore,
the role of baroreflex function in PIH is still unclear.
It is widely recognised that ageing is closely related to

decreased baroreflex function.”' Since PIH is prevalent
in elderly patients and is associated with adverse postop-
erative outcomes, we postulate that measurement of BRS
in preoperative period may serve as a surrogate marker of
individual baseline baroreflex control, and provide infor-
mation on haemodynamic management among elderly
patients undergoing general anaesthesia.

In addition to BRS, heart rate variability (HRV) can also
be used to assess ANS. Several studies have revealed the
relationship of low HRV and IOH, but the preoperative
fluid status assessment was missing in these studies.” %
Time, frequency and non-linear analysis measures were
all considered to be related to IOH.”

We hypothesise that decreased baroreflex function in
elderly patients plays a significant role in PIH. This study
will enable us to explore whether perioperative short-
time BRS and HRV assessment can help to identify elderly
patients at high risk of PIH. We will also perform frailty
assessment in elderly patients to explore the role of frailty
in the association of autonomic regulation and PTH.*
Overall, this cohort study will provide the relationship
between perioperative assessment of autonomic function
and outcomes.

METHODS

Study design and setting

Our study is a single-centre prospective cohort study to
investigate the potential impacts of preoperative auto-
nomic function on haemodynamic stabilisation after
induction. This study will be conducted at Peking Union
Medical College Hospital (PUMCH), Beijing, China.
This study has been approved by the Research Ethics
Committee of PUMCH (reference number: I-22PJ008)
and has been registered in ClinicalTrials.gov (registration
number: NCT05425147).

Participants

Enrolled patients will be at least 65 years old, scheduled
for major elective non-cardiac surgery under general
anaesthesia (estimated operation time >2 hours) and ASA
physical status I-III. The airway management tool during
operation will be endotracheal tubes.

Exclusion criteria will be severe vascular disease,
secondary hypertension, Parkinson’s disease, or other
conditions that cause tremors, persistent atrial fibrilla-
tion, inability to measure upper extremity blood pressure
and mental disorders.

Protocol

Our study includes baseline assessment, autonomic func-
tion measurement, intraoperative monitoring and post-
operative follow-up (figure 1). All collaborators will be
trained on autonomic function measurement. All data
will be recorded in the Clinical Report Form (see online
supplemental material 1) and kept securely.

Baseline assessment
In addition to routine preoperative clinical and labora-
tory evaluations, we also specifically assess patients for
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Table 1 Medical history, symptoms and medications
related to autonomic function
Medical history

Afferent baroreflex failure Radiation therapy for head and
neck cancer

Resection of neck tumours

(bilateral)

Carotid endarterectomy
Central baroreflex failure  Multiple system atrophy
Efferent baroreflex failure Diabetic neuropathy
Parkinson’s disease
Symptoms

Blood pressure Orthostatic hypotension or

syncope
Hypertensive crisis
Hypotensive episode

Heart rate Tachycardia at rest, during
exercise or orthostasis

Vasomotion Heat/cold intolerance
Skin colour change

Medications Anticholinergics

Sympathomimetics
Parasympathomimetics
Mineralocorticoids
Adrenergic antagonists
Diuretics

*Patients with Parkinson’s disease are usually excluded in our
study because of tremor.

autonomic function. As is shown in table 1, the symptoms
and anamneses associated with baroreflex failure will be
taken.” ** Medications that may affect autonomic regu-
lation will also be inquired. We will also perform frailty
phenotype assessment using FRAIL Scale and Fried
phenotype.?’ %

Autonomic function measurement

Autonomic function monitoring will be performed
approximately 40 min before the start of anaesthesia on
the day of surgery (figure 2). Patients will be monitored
for 20min using LiDCO rapid (Masimo Corporation,
USA) to obtain continuous heart rate and beat-to-beat

Preoperative

Intraoperative

blood pressure measurement. The measurement will
be performed in the pre-anaesthesia waiting room with
an ambient temperature of 25°C and constant lighting
status. All included patients will have been fasted for at
least 8hours before the test. Patients will be in supine
position and undergo the following instructions.'**

1. Baseline monitoring for 2 min.

2. Passive leg raising will be performed to predict central
hypovolaemia. LiDCO rapid will be used to measure
stroke volume (SV) non-invasively. If ASV >12%, the
patient will be suspected for hypovolaemia and exclud-
ed.” Fasting time and preoperative intravenous fluid
volume will also be recorded.

3. Spontaneous baroreflex function will be monitored
for 15min during which time patients will be instruct-
ed to relax and breathe spontaneously.

4. Enhanced baroreflex function will be measured for
1min during which time patients will be instructed to
do pursed-lips breathing at a frequency of 0.1Hz, to
induce periodical fluctuations of heart rate and blood
pressure.”’

Matlab programs will be used to calculate BRS and
HRYV measures from the continuous heartbeat and blood
pressure recordings. BRS is expressed as milliseconds
change in RR interval per mm Hg in response to changes
in systolic blood pressure (SBP). The sequence method
will be used for assessment of baroreflex function, which
identifies SBP and RR interval have both progressively
increased over three or more consecutive beats.'? *
The threshold values for SBP and RR interval changes
will be set at Imm Hg and 6 ms, respectively. BRS will
be obtained by calculating the slope of the regression
line relating changes in SBP to changes in RR interval.
Baroreflex Effectiveness Index (BEI) will be defined as
the percentage of progressive increase/decrease swings
in SBP that are effectively regulated by heart rate, that
is, RR interval changes.” We define the increase in RR
interval with rising SBP as BRS+/BEI+, and vice versa as
BRS-/BEI-.

The RR interval data collected during BRS moni-
toring will also be used for HRV measurement. We will
perform time and frequency domain analysis according
to the standards of HRV published by the American
Heart Association. Time domain analysis, which reflects
overall variability of RR intervals, includes indicators
such as SDNN (SD of the normal-to-normal intervals),

Postoperative
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Figure 2 Timeline of measures. BRS, baroreflex sensitivity; HRV, heart rate variability; POD, postoperative day.
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RMSSD (the square root of mean squared differences
of normal-to-normal intervals), NN50 (the number of
normal-to-normal intervals greater than 50ms), pNN50
(the proportion of NN50). Frequency domain analysis,
which provides information on the power distribution
in different frequencies, which include the power of
high frequency (HF), low frequency (LF) and very low
frequency, will be calculated.” Furthermore, Poincaré
plot widths (SD1 and SD2) and frequency bands in LF-
HF scatter plots, the measures of non-linear analysis, will
also be computed to further evaluate the variation.” *°

Intraoperative measures and anaesthetic agents use

All enrolled patients will receive standard monitoring
with a torso-positioned limb leads ECG, pulse oximetry,
a peripheral intravenous line and an automated non-
invasive blood pressure (NIBP) according to ASA Stan-
dards for Basic Anaesthetic Monitoring.” NIBP will be
measured every 2min during post-induction period and
every 3min during intraoperative period. Bispectral
index monitoring (BIS; Medtronic, Dublin, Ireland) will
be used to maintain the proper depth of anaesthesia, with
a BIS target range of 40-60.

Intravenous anaesthesia induction will be used for all
patients. For pragmatic reasons, anaesthesia agents used
(propofol or etomidate) in the induction and mainte-
nance phase are not strictly regulated and will be chosen
at the discretion of the anaesthesiologist in charge who
is independent from the study. However, during induc-
tion, anaesthetic and other accompanying medications
will be given according to the following institutional
protocol: fentanyl (1-3pg/kg), propofol (1.5-2.5mg/
kg) or etomidate (0.1-0.3mg/kg) and rocuronium (0.5—
0.9mg/kg). Total intravenous anaesthesia will be induced
with fentanyl (1-3pg/kg), propofol (target control
infusion with a targeted plasma concentration of 6pg/
mL) and rocuronium (0.5-0.9mg/kg). We will record
anaesthetic agents used during anaesthesia and correct
for confounding factors through multivariable anal-
ysis. Vasopressors will be allowed during post-induction
and intraoperative periods. Patients will receive boluses
of ephedrine 6mg or phenylephrine 100pg whenever
patients meet the standards of hypotension. Pre-emptive
vasopressors will not be used.

Postoperative follow-up

We will conduct daily follow-up of patients until hospital
discharge and a telephone follow-up at 30 days after
surgery. Postoperative recovery, complications and
routine laboratory test results will be recorded.

Study outcomes

Primary outcomes

The primary outcome in this study is PIH, occurring
within 20min after induction or before incision. Hypo-
tension is defined as SBP <90mm Hg, MAP <65 mm Hg
or a decrease of more than 30% of baseline.

Table 2 Power calculation according to a previous study
on HRV

Power

Time domain analysis

Mean RR (ms) 0.84

SDNN (ms) 1.00

RMSSD (ms) 1.00
Frequency domain analysis

LF (ms? 1.00

HF (ms®) 1.00

Total power (ms?) 1.00

LF/HF ratio 0.99

HF, high frequency; HRV, heart rate variability; LF, low frequency;
RMSSD, square root of mean squared differences of normal-to-
normal intervals; SDNN, SD of the normal-to-normal intervals.

Secondary outcomes

The secondary outcomes include:

1. Early intraoperative hypotension, occurring within

30min of surgery.

. Mortality within 30 days after surgery.

3. Postoperative complications in accordance with the
European Perioperative Clinical Outcome definitions.
Postoperative complications will be classified accord-
ing to the Clavien-Dindo system.”

No

Sample size consideration

To investigate the association between BRS, HRV and
outcomes, we used the HRV results in the literature to
estimate the sample size, considering few previous studies
have explored the correlation between BRS and PIH.%?
Our preliminary study suggested that around 33% of
elderly patients in our centre developed PIH.* Based
on the study by Padley and Ben-Menachem? and consid-
ering the need for a multivariable analysis according
to the induction strategy in our study, to achieve a 95%
power and a significance level of 5%, 180 patients will be
required (60 with PIH and 120 with stable blood pres-
sure). A drop-out rate of 10% is assumed in sample size
calculation. The statistical power of various HRV metrics
is shown in table 2.

Previous studies have shown that elderly women had
lower BRS compared with elderly men.*! To reduce the
impact of differences in sex distribution on measures
and outcomes, we included patients in a specific sex
ratio. From 2014 to 2022, 41.1% of the elderly patients
who received elective non-cardiac surgery under general
anaesthesia in our centre were female. We will include
patients in a ratio of 6:4 male to female (108 male and 72
female).

Statistical analysis

Statistical analysis will be performed using the SPSS V.22.0
for Windows (IBM). Quantitative variables will be reported
as the meantSDor median (25th-75th IQR). BRS and
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HRYV measures will be compared in elderly patients with
and without PIH. Categorical variables will be compared
using 2 or Fisher’s exact test. Differences in mean or
median values between PIH and stable groups were
compared using Student’s t-test or the non-parametric
Mann-Whitney U test to explore the association between
PIH and preoperative ANS function. Logistic regression
will be used to estimate the relationship between frailty,
BRS and PIH. Since different anaesthetic agents (mainly
propofol vs etomidate) used for induction might bring
in confounding factors, we will use logistic regression to
adjust for confounding. We will consider p<0.05 as statis-
tical significance.

Ethics and dissemination
The Research Ethics Committee of PUMCH approved the
study and the reference number was I-22PJ008 (approved
on 10 June 2022). The investigator will comprehen-
sibly explain the study to patients before recruitment. A
written informed consent form will be obtained from all
patients. Patients will be informed that they may decline
to participate or withdraw from the study at any time.

The study was registered with the National Institutes of
Health, US National Library of Medicine at ClinicalTrials.
gov (NCT05425147, registered on 15 June 2022).

We aim to publish and disseminate our findings in peer-
reviewed journals. Our findings will also be presented at
Chinese and international conferences.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

DISCUSSION

This study aims to find out the association between
decreased baroreflex function and PIH or other adverse
events in elderly patients. Through preoperative non-
invasive BRS and HRV measurement, we can obtain infor-
mation on the patient’s preoperative baroreflex function
and sympathetic/parasympathetic tone from real-world
evidence.

Considering the impact of PIH on prognosis, the mech-
anism of PIH has attracted attention of investigators.
Previous studies have confirmed that absolute volume
status could not explain the complete picture of PIH.
Blood pressure rhythms, which are regulated by auto-
nomic nerves, are thought to be a potentially critical link
in PIH.#% However, to our knowledge, the study on the
association between PIH and baseline BRS is still missing.
Accordingly, performing preoperative BRS assessment is
an effective way to identify this association. Furthermore,
through passive leg raising, we can exclude the effect
of hypovolaemia on PIH. Like many studies focused on
PIH, anaesthetic agents used during induction cannot be
strictly standardised due to clinically practical reasons.”
To reduce the bias caused by them, we will attempt to

correct for confounding factors by statistical methods. In
conclusion, despite the limitations, this study might help
with early identification and precaution of PIH mediated
by impaired autonomic function in elderly patients.
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