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ABSTRACT

Introduction Both regional analgesia and intravenous
analgesia are frequently used perioperatively for patients
with critical limb ischaemia (CLI). Nevertheless, the
comparison of perioperative effect of regional and
intravenous analgesia has not yet been thoroughly
illustrated. This study will comprehensively compare
patient-controlled regional analgesia (PCRA) and patient-
controlled intravenous analgesia (PCIA) as two different
perioperative analgesia approaches for patients with CLI.
It investigates their effects on analgesia, reperfusion and
the quality of recovery perioperatively, also aims to provide
clinical evidence to those non-surgical patients with non-
reconstructable arteries.

Methods and analysis This trial is a randomised, single-
centre, open-label, parallel trial with target sample size of
52 in total. Eligible participants will be randomly allocated
to the PCRA group (group R) or the PCIA group (group

) after admission. Participants in group R will receive
ultrasound-guided subgluteal sciatic catheterisation,
followed by continuous PCRA infusion (0.2% ropivacaine
15mL as loading dose, 8 mL/hour as background with a
patient-controlled bolus of 6 mL). Participants in group |
will receive PCIA (morphine is given in boluses of 1mg as
needed, background infusion at 1 mg/hour). Data will be
collected at baseline (T0), 2 hours before revascularisation
treatment (T1) and 2 hours before discharge (T2). The
primary outcomes include the Numerical Rating Scale pain
score at T1 and T2. The secondary outcomes include the
perioperative transcutaneous oxygen pressure, the Tissue
Haemoglobin Index, Hospital Anxiety and Depression Scale
at T1 and T2; the Patient Global Impression of Change
and patient satisfaction at T1 and T2; the perioperative
cumulative morphine consumption, the length of
postoperative hospital stay and adverse events.

Ethics and dissemination This study received
authorisation from the Institutional Review Board of
Peking Union Medical College Hospital on 21 March

2017 (approval no. ZS-1289X). Study findings will

be disseminated through presentations at scientific
conferences or publications in peer-reviewed journals.

,' Zhonghuang Xu,! Hongju Liu," Yuelun Zhang
% Yuguang Huang'

2 Jiao Zhang,'

Strengths and limitations of this study

» Aiming to compare the perioperative efficacy of two
different analgesia approaches, this study will as-
sess their effects on analgesia, reperfusion, as well
as the quality of recovery, rather than their effects
on analgesia alone.

» Patient-controlled analgesia is used in this study so
that the perioperative pain management for patients
with critical limb ischaemia could be individual and
continuous. The analgesia approaches cover the
perioperative period thoroughly.

» Two different principle-based measuring param-
eters are used to evaluate the reperfusion effect.
Transcutaneous oxygen pressure is by heating skin
to a stable hyperaemia equilibrium condition, Tissue
Haemoglobin Index is by detecting the absorption
and reflection of near-infrared light.

» As an open-labelled trial, all participants and some
of the investigators are aware of group assignment,
their expectation may introduce bias.

Trial registration number Chinese Clinical Trial Registry
(ChiCTR2000029298).
Protocol version V.4CP.B2 (15 June 2020).

INTRODUCTION

Critical limb ischaemia (CLI) presents the
end stage of peripheral arterial disease
(PAD).! CLI is clinically defined as ischaemic
rest pain, ulcers and gangrene in the pres-
ence of haemodynamic evidence of arterial
insufficiency.” The mean annual incidence of
CLI was 0.35% reported in a national inves-
tigation from the USA.” The prevalence is
approximately 1% of the adult population,
and up to 10% of patients with PAD may
have CLI. In recent years, a consensus from
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Figure 1 Study process diagram. AEs, adverse events;
HADS, Hospital Anxiety and Depression Scale; NRS,
Numerical Rating Scale; PGIC, patient global impression of
change; TcPO,, transcutaneous oxygen pressure; TOI, Tissue
Haemoglobin Index.

Peripheral Academic Research Consortium has provided
an objective haemodynamic definition for CLL* In this
study, this consensus definition will also be used to diag-
nose CLIL

The major goal of CLI treatment is to relieve ischaemic
pain, improve limb perfusion, heal wounds and prevent
further tissue loss.” The Inter-Society Consensus for the
Management of Peripheral Arterial Disease emphasised
the importance of the pain management for patients with
CLI and recommended a multidisciplinary approach
to control pain.' Pain control is important not only to
improve quality of life, but also reduce the possibility
of phantom limb pain.’ 7 For patients with PAD, the
general principles of perioperative pain management
should be individual, continuous and cover the whole
perioperative period thoroughly.® Over the past years,
the patient-controlled analgesia has become the main-
stay for providing postoperative pain relief.” Accordingly,
we considered to establish patient-controlled analgesia
preoperatively in our study. Existing studies suggested
that intravenous morphine'® and ultrasound-guided
peripheral nerve block provided satisfactory analgesia
effect on patients with CLL'"™* However, the analgesia
effect of intravenous morphine and ultrasound-guided
regional block has not been compared before. There-
fore, in this study, we plan to compare the perioperative
analgesia effect of patient-controlled regional analgesia

(PCRA) and patient-controlled intravenous analgesia
(PCIA) for patients diagnosed with CLI.

Additionally, few of the previous studies have studied
the effects on reperfusion besides analgesia. A previous
prospective study showed that continuous peridural ropi-
vacaine infusion provided satisfactory analgesia, dilated
vessels, reconstructed collateral circulation and improved
reperfusion remarkably in patients with diabetes."
Regional analgesia can cause changes in vascular blood
flow, but data with regard to perioperative experiences
of patients with CLI are limited. Therefore, in this study,
the reperfusion effect of the PCRA and PCIA methods
will be further evaluated within participants with CLI. To
compare the effect on reperfusion between the two anal-
gesia approaches, we plan to use two different principle-
based measuring parameters, namely, the perioperative
transcutaneous oxygen pressure (TcPO,) and the Tissue
Haemoglobin Index (TOI). TcPO, is a transcutaneous,
conventional clinical parameter measured heating a
skin tissue in the range of 37°C-45°C to reach a stable
hyperaemia equilibrium condition.'® Near-infrared spec-
troscopy (NIRS) detects the absorption and reflection
of near-infrared light and has the potential to provide
continuous, real-time measurement of both blood volume
and cellular respiration in skin tissue. Other perioper-
ative data regarding the quality of recovery, such as the
patients’ emotional state, global impression of change,
patient satisfaction, perioperative morphine consump-
tion, length of postoperative hospital stay and adverse
events (AEs) will be investigated as well.

Objective

The objectives of this randomised controlled trial are to
compare the perioperative analgesia efficacy between
PCRA and PCIA for patients with CLI. The perioperative
effect on peripheral inflow perfusion, emotion, patient
global impression of change (PGIC), patient satisfaction,
morphine consumption, length of postoperative hospital
stay, and AEs of PCRA and PCIA will also be evaluated and
compared.

METHODS AND ANALYSIS

Overall design

This trial is a randomised, single-centre, open-label,
parallel trial, and will be carried out in Peking Union
Medical College Hospital (PUMCH). Institutional
research ethics board approval was obtained from
PUMCH Institutional Review Board (IRB) (No. ZS-1289X,
21 March 2017). An overall flow diagram is provided in
figure 1. The timing of interventions and data collec-
tion is detailed in figure 2. This protocol was designed
in accordance with the Standard Protocol Items: Recom-
mendations for Interventional Trials guidelines,'” the
checklist can be found in online supplemental appendix
1. The trial will be conducted at PUMCH in accordance
with the Good Clinical Practice-International Conference
on Harmonisation (GCP-ICH) guidelines.
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Figure 2 Schedule of the enrolment, interventions and assessments. HADS, Hospital Anxiety and Depression Scale; NRS,
Numerical Rating Scale; PGIC, patient global impression of change; TcPO,, transcutaneous oxygen pressure; TOI, Tissue

Haemoglobin Index.

Recruitment

Recruitment for this study will begin on 27 July 2020. Full
written informed consents will be obtained from each
participant by a qualified member of the research team
prior to any trial-related procedures.

Inclusion criteria

Participants who meet the following criteria will be

enrolled in this trial:

» 18-80 years of age.

» Diagnosed with critical limb ischaemia,2 * admitted in
hospital for elective surgery treatment, either open
surgical or endovascular revascularisation.

» The lesions are mainly unilateral and in the supplied
area of sciatic nerve.

» Stage 6 in Rutherford symptom classification system.

» American Society of Anesthesiology physical status
II-I11.

18

Exclusion criteria

Participants who meet the following criteria will be

excluded:

» Are taking opioids before admission.

» Have known allergy to the drugs that will be used in
the study.

» Have severe liver or kidney dysfunction.

» Have contraindication for the catheterisation (eg,
infection at injection site, coagulation disorders,
refuse or be unable to cooperate with the procedure).

» The dorsum of the affected foot is not intact.

» Are unable to understand the scales or to describe to
the investigators.

Dropout criteria

Participants who meet the following criteria will be with-

drawn from the study:

» Not willing to continue their participation or cannot
follow the initial treatment plan.

» From whom none of the primary outcome data can be
obtained due to any reason.

Randomisation, sequence concealment and blinding

All eligible participants will be randomly allocated to
either group R or the group I in a ratio of 1:1 using the R
software (R Foundation for Statistical Computing). The
random allocation sequence will be computer-generated
by an independent researcher who has no contact with
any participant and will not be involved in the following
research. The participants’ respective treatment group
(group R or group I) will be sealed in an opaque enve-
lope and will only be opened after the enrolment of the
participants in the study. An investigator will be respon-
sible for enrolling patients, obtaining consent form and
requesting randomisation.

This study is an open-label study whereby the partici-
pants, the personnel who carry out the intervention and
the outcome assessor cannot be blinded because of the
nature of the intervention. However, the researchers who
are responsible for the statistical analysis will be blinded
to the allocation.
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Interventions

Analgesia approaches will be established after the base-
line assessment (T0) and randomisation, normally
3-5days before the revascularisation treatment. The
FORNIA CPE-101 electronic infusion pump will be used
as the continuous patient-controlled analgesia device.
Relevant concomitant intervention is not involved in
this study. Analgesics outside the intervention plan are
prohibited during the trial. Remedial analgesia therapy
will be carried out according to clinical needs for partici-
pants who are dropped out from the trial.

The PCRA group (group R)

Ultrasound-guided continuous subgluteal sciatic block
will be applied on the participants enrolled in the group
R. Patient will be placed partly lateral and partly prone,
with the legs flexed in the hip and knee. Scanning
begins in the depression between the greater trochanter
of femur and the ischial tuberosity using the 8-3 MHz
curved probe of the ultrasound equipment (X-porte,
SONOSITE, USA). The sciatic nerve can be identified
in the cross-sectional view in between of the two bones,
below the gluteus muscle. Then rotate the transducer 90°
so that the sciatic nerve is imaged in the longitudinal view.
Insert needle in-plane from the cranial to caudal direc-
tion and underneath the fascia to enter the subgluteal
space, then advance the needle until the tip is adjacent
to the nerve. After confirming the needle placement by
obtaining a motor response of the calf and foot using
the peripheral nerve stimulator, inject 0.2% ropivacaine
15mL for loading dose, then insert the catheter 5cm
beyond the needle tip in vicinity of the sciatic nerve.
Finally, secure the catheter by tunnelling and taping. The
infusion strategy includes 0.2% ropivacaine at 8mL/hour
as background with a patient-controlled bolus of 6 mL,
lockout time 30min, 1 hour limit 20 mL.

The PCIA group (group I)

For the participants enrolled in the group I, PCIA will
be connected after intravenous access is established. The
infusion strategy is as follows: intravenous morphine is
given in boluses of 1 mg as needed, background infusion
1mg/hour, with a lockout time of 20min. The 1-hour
limit is 4mg morphine.

The intraoperative and postoperative patient management
The continuous patient-controlled analgesia will not
be suspended during the revascularisation treatment
despite the type of anaesthesia method. After the revas-
cularisation, the device will be paused when patients
report it is no longer needed, which usually takes several
days. The device will be on standby for an additional
48 hours before removal. In case of inadequate analgesia
is provided perioperatively, the infusion strategy dosage
may be increased for patients in group I, extra doses of
intravenous morphine may be used and recorded for
patients in group R. Ancillary and post-care will not be
involved in this study.

Outcomes

Primary outcomes

The primary outcome of this trial is the Numerical Rating
Scale (NRS). NRS allows patients to describe the inten-
sity of pain, which is 11-point scale ranging from 0 to 10,
with 0 defined as no pain and 10 defined as the worst
pain imaginable."” The measurement timepoint of the
primary outcome will be 2hours before revascularisation
treatment (T1) and 2hours before discharge (T2).

Secondary outcomes

The secondary outcomes are as follows:

» The TcPO, at T1 and T2. TcPO, will be obtained with
PeriFlux System 5000 (PERIMED, Sweden) transcuta-
neously using the TcPO, unit-PF 5040. Calibration will
be completed before use. When measuring, patients
will be in sitting position. The electrode of the PF
5040 will be placed on the dorsum of the affected
foot, away from any skin lesion. Wait 10-15min for a
stable reading.

» The TOI at T1 and T2. TOI will be obtained with
the EGOS-600A NIRS (ENGINMED, China). The
transducer of NIRS will be placed at the same spot
as PF5040 on a sitting position, after the completion
of TcPO, measurement. Wait 30s for each interval to
gain five readings. The values at each timepoint will
be calculated as the mean of five consecutive values
over 2min.

» Hospital Anxiety and Depression Scale (HADS) at
T1 and T2. HADS is a selfrating patientreported
outcome measure developed to assess depression and
anxiety of patients with illness. The 24-item question-
naire is divided into two subscales: anxiety (HADS-A)
and depression (HADS-D). The ratings are summed
to yield a total score (0-42), or for each subscale
(0-21) with special attention.?

» PGIC at T1 and T2. PGIC is a 7-point verbal scale
commonly used to assess patient’s perception of pain
relief following treatment, which has proven its signif-
icant relevance and correlations for peripheral neuro-
pathic pain in daily pmctice.21

» Patient satisfaction at T1 and T2. This item allows
patients to describe their satisfaction in medical
procedures according to the experience in hospital
using a 11-point scale from 0 to 10, with 0 defined as
extremely dissatisfied and 10 defined as vastly satisfied.

» Cumulative morphine consumption perioperatively,
the sum will be calculated before discharge.

» Length of postoperative hospital stay.

» AEs, such as haematoma, catheter displacement,
nausea, vomiting, drowsiness, dizziness, urinary reten-
tion, pruritus, local anaesthesia intoxication, fall and
others. The occurrence time, nature, duration and
severity of AEs will all be collected in detail.

Trial safety
The establishment, configuration and dispensing of the
patient-controlled analgesia devices will be completed
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by a dependable anaesthesiologist. The continuous
ultrasound-guided subgluteal sciatic block will be
performed in an operating room, only after intravenous
access and standard monitoring is established for the
patient. Investigators will follow up the patient at least
two times per day during the research. Motor block will
be assessed every day using Bromage Motor Blockade
Score” in group R to prevent falling. All the reported
AEs and other unintended effects of trial conduct will be
collected, assessed, reported and managed according to
the GCP-ICH guidelines. Any severe AE happens periop-
eratively will be reported to the adverse event registration
system of the hospital.

Patient and public involvement

Patients and public were not involved in the develop-
ment of the research question or in the design of the
study. Patients will receive oral and written information
about this trial. However, they will not be involved in the
recruitment and conduct of the study. The burden of the
intervention will be assessed by patients themselves. On
completion of the study, dissemination of the general
study results or the anonymised individual patient data
will be made on demand.

Sample size

The primary outcome of this trial is the NRS score after
analgesia. Sample size was calculated based on our pilot
study which had included ten patients in total (five for
each group). The result of the pilot study showed that
the NRS scores in group R and group I were 1.63 and
3.31, and the SD was 1.85 and 2.12, respectively. We used
the statistical power of 80% and two-sided o of 0.05. The
target sample size for each group is atleast 22 participants.
Taking into account a dropout rate of 20%, a sample size
of 52 (26 for each group) was finally determined.

Data collection, monitoring and confidentiality

Each patient’'s ID and demographic information
(including age, gender, height, weight) will be collected.
We will document all the AEs related to PCRA or PCIA,
including haematoma, catheter displacement, local
anaesthesia intoxication, nausea, dizziness, urinary reten-
tion, pruritus, fall and others. All the calibration and
measurements of TcPO, and TOI will be performed and
recorded by one special technician using the same appara-
tuses. Participant retention and follow-up engagement is
enhanced by communicating verbally and via a common
instant message app. In the case where primary outcome
data are missing at T2, investigators will call the partic-
ipants within 2days of discharge to collect the missing
data. Collected data will be recorded on paper case
report forms (CRFs), then entered into electronic case
report forms (eCRFs) and uploaded to a central server.
The CRFs and eCRFs will be kept for at least byears after
publication in case of any inquiry. A qualified clinical trial
expert will be invited in the middle and at the end of the
investigation to ensure that the protocol and GCP-ICH

are being followed. No interim analysis will be performed
during the study. There is no planned auditing for the
study. Personal information about the enrolled partici-
pants will be safely and confidentially kept. After comple-
tion of the study, the eCRFs and all the data collected will
be stored anonymously in the password-protected central
server and restricted to relevant members of the research
team. Paper copies of the CRFs will be stored in a locked
cabinet in the relevant research office.

Statistical analyses

Continuous variables will first be checked for normality
using the visual inspection of the histogram. Normally
distributed continuous variables will be expressed as the
mean+SD, and non-normally distributed continuous vari-
ables will be expressed as the median and IQR. The cate-
gorical variables will be summarised as frequencies and
percentages. Variables such as anaesthesia method and
surgery type will be checked in the description of base-
line characteristics, unbalanced variables will be adjusted
using a multivariable method. The primary outcome,
difference of NRS between groups, which is generally
normally distributed from experience, will be analysed
using Student’s ttest, and the mean difference with
corresponding one-sided 95% CI will be calculated. For
the secondary outcomes including TcPO,, TOI, HADs
and PGIC, Student’s t-test will be used to compare the
group difference. Data with a skewed distribution, such
as cumulative morphine consumption and length of
postoperative hospital stay, will be analysed using the
Mann-Whitney U test. As categorical variables, AEs will
be compared using X* test. A post-hoc subgroup anal-
ysis by the type of revascularisation treatment (whether
endovascular or open surgical) will be conducted. The
main analysis will be performed after the study has been
completed. Data analysis will be performed according to
the intention-to-treat principle. The results of this study
will be reported according to the Consolidated Standards
of Reporting Trials statement.” Statistical analyses will be
conducted using SPSS 19.0. A two-sided p<0.05 is consid-
ered significant.

Ethics and dissemination

Ethics approval and consent to participate

This research project was approved by the PUMCH
IRB (ZS-1289X) on 21 March 2017. Important protocol
amendments will be communicated with relevant parties
(eg, investigators, IRB, trial participants, trial registries,
journals) by Dr Yuehong Zheng, trial principal inves-
tigator, as soon as changes are made. Written informed
consent (details see online supplemental appendix 2) will
be obtained from all participants.

Dissemination plan

The result of this study will be presented in national and
international meetings and will be submitted for publica-
tion to relevant vascular surgery, analgesia or anaesthesia
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peerreviewed journals. Authorship eligibility will follow
the Good Publication Practice guideline 3.

Trial organisation

Steering Committee

The Steering Committee carries the ultimate responsibility
for the trial and has access to the final dataset. Specific
tasks of the Steering Committee are: final approval of the
study protocol, approval of the amendments to the study
protocol, approval of manuscripts and publications of
the trial. The Steering Committee is chaired by Yuehong
Zheng, vascular surgery surgeon. Other members include
Si Chen, anaesthesiologist and Yuelun Zhang, statistician.

Data and Safety Monitoring Committee (DSMC)

The DSMC is established to assess the progress of the
study, the safety of data and the critical efficacy end
points independently from the sponsor and competing
interests. Well-being of the participants will be monitored
by the DSMC, who makes decision on the suspension or
termination of the trial to protect the participants under
circumstances of severe or unexpected AEs. The DSMC
is chaired by Yuguang Huang, anaesthesiologist. Other
members include Hongju Liu, anaesthesiologist and
Yuexin Chen, vascular surgery surgeon.

Trial status and time scale

The study was funded and ethically approved in 2017. A
pilot study was conducted subsequently. We had finished
the pilot study by 8 July 2018, then the study was delayed
because of the maternity leave of Si Chen until January
2020. The trial was registered on 22 January 2020 and will
begin to recruit participants on 27 July 2020.

DISCUSSION

The purpose of this study is to compare the analgesia effect
of PCRA and PCIA. The effects on reperfusion and quality
of recovery are meanwhile investigated in patients diag-
nosed with CLI.

In this study, a low concentration ropivacaine of 0.2%
will be used for patients in group R, and a low to median
dosage of intravenous morphine will be used for patients of
group I. Morphine is a strong opioid which is well known
for its supreme analgesia and adverse effects such as nausea,
vomiting, drowsiness, itching and others. Ropivacaine is a
long-acting regional anaesthetic that blocks nerve fibres
involved in pain transmission to a greater degree than those
controlling motor functions.?*

Regional analgesia can cause changes in vascular blood
flow, but data with regard to perioperative experiences
of patients with CLI are limited. In this study, we plan to
perform two different measuring methods to observe the
effects on reperfusion of PCRA and PCIA. In previous
researches, the parameter TOI was also known as the region
tissue oxygenation saturation (rSO,). A recent study has
revealed a significant correlation between TcPO, and rSO,
measured by NIRS to evaluate limb ischaemia in patients

with peripheral arterial disease.”> We expect the outcomes
of this study provide clinical evidence for the efficacy of the
two different analgesia approaches perioperatively.

We also hope this study offers a reference for the non-
surgical patients. Although revascularisation has been
the most effective treatment for patients with CLI, some
patients’ arteries are impossible to revascularise and require
other treatments such as drugs,”® transcutaneous elec-
trical stimulation,?” peripheral blood mononuclear cells
therapy® or lumbar sympathectomy® to relieve pain and/
or increase peripheral perfusion to avoid amputation. For
those patients with non-reconstructable arteries, long-term
PCRA may be less invasive and adequate for both analgesia
and perfusion. There are evidences showing that it is safe
to discharge patient home with catheter.® In addition, it
has been previously reported that continuous sciatic nerve
block could be used at home for long-term pain control.”
We expect this perioperative study can also be a future
reference for those who lost their opportunity for revascu-
larisation to improve their quality of life.
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