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Introduction: Opioids have been widely used clinically as the first choice for pain management. Ileostomy closure usually leads to
temporary intestinal paralysis, which manifests as abdominal distension and pain, delayed defecation, nausea, and vomiting.
Intraoperative and postoperative use of opioids inhibit gastrointestinal function and aggravate intestinal paralysis, and are notoriously
addictive. Thus, reducing perioperative opioid use is important for patients undergoing ileostomy closure to restore the continuity and
integrity of the intestine. Intravenous lidocaine has been shown to have anti-inflammatory properties and analgesic effects. We
consider minimizing the use of opioids for such patients, and perioperative intravenous injection of lidocaine may be beneficial to the
recovery of intestinal function in patients with ileostomy closure.
Methods and Analysis: This is a randomized double-blind placebo-controlled trial to investigate the effectiveness and safety of
intravenous lidocaine in patients undergoing ileostomy closure. The time of first postoperative anal venting, postoperative opioids use,
postoperative recovery, intraoperative adverse effects and postoperative complications will be collected and analyzed.
Keywords: anesthesia, intravenous, lidocaine, ileostomy, recovery of function

Introduction
In recent years, the incidence of colorectal cancer has been rising worldwide.1 Surgical resection, the primary treatment
of choice for colorectal cancer, is widely performed.2 Rapid developments in laparoscopic rectal surgery have made
anus-preserving procedures available for patients with rectal cancer.3 Prophylactic ileostomy reduces the risk and severity
of complications arising from anastomotic leakage, and can improve the anorectal function of patients undergoing radical
rectal cancer resection.4 However, these patients need to undergo ileostomy closure to restore the continuity and integrity
of the intestine. With the concept of enhanced recovery after surgery (ERAS), anesthesiologists are concerned about how
to effectively reduce the intraoperative and postoperative opioid use to restore patients’ bowel function earlier.

Recent evidence suggests that many malignancies have high levels of μ-opioid receptor expression. Activation by opioids
may lead to tumor growth and spread, making it imperative to reduce the use of opioids perioperatively.5,6 Intravenous
lidocaine has been shown to have anti-inflammatory properties and analgesic effects,7–9 including inhibition of leukocyte
adhesion, activation, and migration; blocking of neutrophil activation; reducing the release of pro-inflammatory factors;10,11

and reducing postoperative pain and analgesic requirements.12–14 Recent clinical trials have shown that laparoscopic radical
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left hemicolectomy with perioperative intravenous lidocaine facilitates postoperative pain control and results in faster
recovery and shorter hospital stays.15 However, a recent randomized, double-blinded, placebo-controlled trial by Herzog
et al indicated that intravenous lidocaine had no significant benefits for patients undergoing robot-assisted colorectal surgery
after considering multiple outcomes including cumulative morphine consumption postoperatively, time until first flatus or
defecation, use of antiemetics, and time until discharge.16 Thus, whether lidocaine improves bowel function and accelerates
intestinal recovery in patients undergoing abdominal surgeries remains inconclusive.

Based on the conflicting results from several studies, we designed this randomized double-blind placebo-controlled
clinical trial to evaluate the efficacy and safety of lidocaine on postoperative recovery of patients with ileostomy closure.
This study protocol will provide the basis for further development of perioperative intravenous lidocaine usage and
optimize perioperative management for patients with ileostomy closure.

Methods and Analysis
This is a single-center, randomized, double-blind, placebo-controlled trial. Our objective is to determine whether
lidocaine could reduce the total amount of perioperative opioids and promote recovery of intestinal function in patients
undergoing ileostomy closure surgeries, by administering lidocaine slowly during induction of anesthesia and with
a continuous intraoperative infusion. The trial was approved by the ethics committee of Shanghai Changhai Hospital on
December 10, 2020, with an approval number CHEC2020-154 and will be conducted in accordance with the Declaration
of Helsinki. It is registered at the China Clinical Trials Registry with registration number ChiCTR2100042532. The
general flow chart of the trial is shown in Figure 1. The schedule of the trial is shown in Table 1.

Study Population
All patients scheduled for elective ileostomy closure surgery in Changhai Hospital, Naval Medical University will be
screened and recruited for the study. Patient enrolment began in January 2021. It is estimated that this trial will take 18–
24 months to enroll 166 patients. The estimated completion date is November 2022.

Patients will be fully informed about the objectives, risks, and benefits of this study before surgery. Written informed
consent will be obtained from patients or their legal representatives. The investigators will complete the case report form
(CRF) according to the items listed in the CRF, including age (years), sex (male or female), height, weight, and American
Society of Anesthesiologists (ASA) classification. If a patient does not meet the inclusion criteria, he/she will be
excluded. In addition, enrolled patients have the right to discontinue their participation and withdraw from the trial at
any time. They must provide a true medical history and answer the investigator’s questions. Patients’ personal data will
be protected and stored by the investigator in a secure cabinet.

Inclusion Criteria
● Age 18–75 years.
● Patients proposed for elective ileostomy closure surgery after rectal cancer surgery.
● Body mass index (BMI) 18–30 kg·m−2.
● Gave written informed consent.

Exclusion Criteria
● Patients with preoperative gastrointestinal dysfunction.
● Patients who are allergic to the drugs used in the study protocol and are using drugs that are contraindicated with
lidocaine.

● Patients with a history of alcohol or drug abuse, or long-term opioid use.
● Severe cardiopulmonary abnormalities, such as severe arrhythmias, atrioventricular block, heart failure, hyper-
trophic cardiomyopathy, dilated cardiomyopathy, pulmonary heart disease, and severe valvular heart disease, as
well as respiratory failure.

● Patients with severe liver and kidney abnormalities.
● Patients with a history of previous gastrointestinal surgery.
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● Patients who are unable to cooperate with the study for any reason.
● Patients who have used other trial drugs in the 3 months prior to enrolment or are participating in other clinical
trials.

● Patients with severe surgical complications.

Randomization and Blinding
Randomization and allocation concealment to avoid selection bias will be performed by a medical statistician prior to
starting the trial. Using a computer-generated random number table, patients are randomly assigned in a 1:1 ratio to the

Figure 1 Flow diagram for effect of perioperative intravenous lidocaine on postoperative recovery in patients undergoing ileostomy closure.
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lidocaine group (trial group) and the saline group (control group). The group information will also be sealed in 166
opaque envelopes, which will be opened by the investigator according to the grouping after the enrolment is completed.
The subject information will be written on the envelope. The pharmacist on duty on the day of the surgical procedure will
be notified to prepare the corresponding trial drug.

On the morning of the surgery, a clinical pharmacist will give the test syringes to the anesthesiologist. Two syringes
will be prepared for each patient as follows: 5 mL syringe for intravenous injection prior to induction of anesthesia and
50 mL syringe for continuous intravenous intraoperative infusion. In the control group, the syringes will both contain
0.9% saline injection; in the trial group, the 5 mL syringe will contain 100 mg of 2% lidocaine hydrochloride solution
and the 50 mL syringe contained 200 mg of lidocaine at 4 mg/mL. All syringes will be appropriately labelled.

Postoperative follow-up and data entry will be completed by a dedicated trial staff. This protocol ensures that all
aspects of the trial—from patient grouping, to drug dispensing, and until postoperative follow-up—are handled by trained

Table 1 Trial Schedule of Enrolment, Interventions, and Assessments for Effect of Perioperative Intravenous Lidocaine on
Postoperative Recovery in Patients Undergoing Ileostomy Closure

Time Point Enrollment During the Operating Room Postoperative

Preoperative Before the Surgery Surgery PACU 1d 2d 1m

Enrollment

Eligibility screening X

Informed consent X

Allocation X

Interventions

Lidocaine X

Normal saline (NS) X

Assessments

Baseline variables X X X X

Intraoperative data X

Operation time X

Infusion volume X

Degree of intestinal adhesion X

Cumulative sufentanil
consumption

X

Vasoactive drugs X X

VAS score X X X

Riker score X

PONV X X X

Postoperative complications X X

First exhaust time X X

First drinking time X X
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personnel. Neither the patients, nor the anesthesiologists, nursing staff, or investigators at postoperative follow-up are
aware of the patient grouping or the contents of the syringe.

Intervention
In the lidocaine group, 1.5 mg/kg predicted body weight (PBW) of lidocaine (with a total dose not to exceeding 100 mg) will
be administered by slow intravenous push approximately 30s before induction of anesthesia. This will be followed by
continuous intravenous infusion of lidocaine at a rate of 2 mg· kg−1·h−1 until the end of the operation. In the control group,
normal saline will be administered in the same manner. Both groups will have intravenous patient-controlled analgesia for 48
hours postoperatively. The same analgesic formulation, ie, dexmedetomidine 2 ug·kg−1, fentanyl 0.01 mg·kg−1, butorphanol
tartrate 0.06mg·kg−1, and metoclopramide 20 mg, diluting to 100 mL with 0.9% saline, will be given to both groups. PBW is
calculated as follows, male 50 + (0.91 × [height −152.4]), female 45.5 + (0.91 × [height - 152.4]).

Anesthesia Management
A standardized anesthesia management and care process is uniformly implemented for all patients. Bowel preparation
will be strictly implemented according to surgical routine.

Induction of Anesthesia
On the day of surgery, ECG, non-invasive arterial pressure, saturation of pulse oximetry, and bispectral index will be
routinely monitored upon admission to the operating room. A peripheral intravenous access will be established. In the
trial group, 1.5 mg·kg−1 (PBW) of lidocaine (with a total dose not exceeding 100 mg) will be given slowly and
intermittently before induction of anesthesia, followed by continuous infusion of lidocaine at a rate of 2 mg·kg−1·h−1

until the end of the operation. The same volume of normal saline will be given to the control group. Oxygen will be
preadministered (8 L·min−1) before induction, and the concentration of inhaled oxygen will be 100%. Patients in both
groups will be induced with propofol 1.5–2.0 mg/kg, sufentanil 0.3 μg·kg−1, dexamethasone 10 mg, and rocuronium
0.6 mg·kg−1 successively. After the patient loses consciousness and adequate muscle relaxation is achieved, the same
attending anesthesiologist will perform tracheal intubation and connect the anesthesia machine for mechanical ventila-
tion. Subsequently, a unilateral transversus abdominal plane (TAP) block on the surgical side will be performed with
20 mL of 0.375% ropivacaine.

Maintenance of Aesthesia
After tracheal intubation, the patient will be routinely ventilated with pulmonary mechanical ventilation, and the respiratory
parameters will be adjusted as follows: oxygen concentration 100%, tidal volume 6–8 mL·kg−1, and respiratory rate 12–14
breaths·min−1 to maintain end-expiratory carbon dioxide pressure between 30 and 35 mmHg. Continuous pumping of
remifentanil 0.1–0.5 μg·kg−1·min−1 and propofol 4–6 mg·kg−1·h−1 will be performed to maintain intraoperative the
bispectral index (BIS) between 40 and 60. Hemodynamic stability will be maintained. Intraoperatively, when there are
changes in blood pressure or heart rate beyond 20% from the baseline value, 5 ug of sufentanil or appropriate vasoactive
drugs (eg, ephedrine, phenylephrine, and esmolol) will be given. Rocuronium will be supplemented with 0.2 mg·kg−1 as
needed, and all pumping will be stopped at the end of the procedure. At the end of the surgery, neuromuscular blockade will
be antagonized with neostigmine 1 mg and atropine 0.5 mg, if necessary. After the operation, patients will remain intubated
and will be transferred to the postanesthesia care unit (PACU). Indications for tracheal tube removal are as follows: the
patient could open the eyes on expiration and move the limbs as instructed, hemodynamic stability, recovery of spontaneous
breathing, respiratory rate of 12–20 breaths·min−1, tidal volume > 8 mL·kg−1, end-expiratory carbon dioxide ≤ 45 mmHg,
and oxygen saturation ≥ 95%. The time taken from the end of the procedure to tracheal extubation will be recorded. Patients
will be discharged from the PACU once with a modified Aldrete score ≥9.

Postoperative Analgesia
At 30 min before the end of the procedure, 5 μg sufentanil will be administered for analgesia transition. The patient’s
self-controlled intravenous analgesia pump will then be connected. Both groups will receive the same previously
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described solution via their analgesia pump. After the endotracheal tube will be removed, 5 ug sufentanil will be given
every 10 mins if the visual analog scale (VAS) score is greater than 3 (VAS: 0 = no pain, 10 = unbearable severe pain).
The corresponding VAS scores and postoperative Riker Sedation-Agitation Score will be recorded immediately after the
patient will be discharged from the PACU. The patients’ VAS scores will be also followed up at 24- and 48-h
postoperatively, and the amount of opioid and other analgesics will be recorded in the first 48 h postoperatively.

Follow-Up Visits
All patients will receive dedicated follow-up visits after surgery. The personnel in charge of follow-up will be blinded to
grouping and medication use, and completed follow-up and data entry of nodal time observation indicators based on the
CRF form only. Patients will be excluded from the study for any of the following: serious allergic reaction to lidocaine,
serious adverse events such as cardiovascular and cerebrovascular accidents, withdrawal of consent to participate while
trial is underway, or missed visits.

Outcomes
Baseline Data
The patient’s general condition, including gender, age, BMI, history of comorbid diseases, and the time interval between
the ileostomy and the current ileostomy closure procedure will be recorded. The following intraoperative information
will be recorded: heart rate, mean artery pressure (MAP), and oxygen saturation values at four time points (admission,
0.5 h after the start of the surgery, end of the procedure, and off the PACU); duration of the surgery; degree of
intraoperative bowel adhesions (mild, moderate, severe); intraoperative blood loss; intraoperative fluid volume; intrao-
perative sufentanil and remifentanil doses; intraoperative vasoactive drug type and doses; The time from the end of
surgery to extubation; resting VAS score immediately off the PACU and postoperative Riker Sedation-Agitation Scale.

Primary Outcome
The time of first postoperative anal venting is defined as the interval from the completion of surgical suturing until the
patient’s first act of anal venting.

Secondary Outcome
Secondary observations will be total amount of opioids used over the first 48 postoperative hours, resting VAS score at
24- and 48 h postoperatively, time to first bowel movement, time to first drink of water, length of postoperative
hospitalization, length of total hospital stay, and the occurrence of intraoperative adverse effects and postoperative
complications.

Sample Size Calculation
The study is a randomized controlled study, with the trial group being the lidocaine group and the control group being the
normal saline group. According to relevant literature, the time of first postoperative anal venting before the study was 40±14 h,
and it is proposed to be 32±14 h after the lidocaine given. According to the criteria of Power=0.90 and α=0.05, the sample size
required for each of the test and control groups is 66 cases as computed on SPSS version 23.0 (IBM, Chicago, USA). After
considering a 20% attrition rate, the total sample size required for the study protocol is 166 cases according.

Data Analysis
SPSS 23.0 statistical software (IBM, Chicago, USA) will be used for analysis, and the measurement data such as opioid
dosage, VAS score, and length of stay will be expressed as mean ± standard deviation, and the trends of oxygen
saturation, MAP, and heart rate changes over time and within-group comparisons will be analysed by ANOVA with
general linear model repeated measures; the comparison of the count data such as ASA classification and surgical
modality will be performed by chi- square test, and a P<0.05 indicates a statistically significant difference. Indicators of
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circulating parameters at different time points between the two groups will be tested using the independent samples t test,
and when the data will be not normally distributed, the rank sum test will be used instead of the t-test.

Assessment of Safety
First, the patient will be operated in a well-supervised operating room where the anesthesiologist will routinely monitor
ECG, non-invasive arterial pressure, and pulse oximetry. If a patient experiences an adverse reaction related to the test
drug, the administration of the drug will be withdrawn immediately and appropriate treatment will be given to maintain
the patient’s respiratory and circulatory stability. Then, in the PACU and postoperative wards, the patients will be closely
monitored such as in the operating theater. The serious adverse event will be reported to the chief investigator, and
relevant expert consultations will be held to clarify the cause, severity, and consequences of the adverse event. These
information will be entered into the hospital’s electronic information system for archiving.

Patient and Public Involvement
Patients and the public will not be involved in the development of the research or the design of the study protocol.
Results of the trial will be disseminated by publication in a medical journal and poster presentation at an anesthesia
conference.

Discussion
This study protocol is a single-center, randomized, double-blind, placebo-controlled study. We aim to evaluate the
influence of perioperative intravenous lidocaine on the postoperative recovery in patients undergoing ileostomy closure.
It is known that ileostomy closure often leads to temporary intestinal paralysis, which manifests as abdominal distension
and pain, delayed defecation, nausea, and vomiting. These cause pain to patients, and prolong their hospital stay and
increase medical costs. Due to the concept of ERAS, a rational and optimized anesthesia management program for
ileostomy closure is on the agenda.

It has been shown that intestinal injury from surgical operations cause sympathetic hyperexcitability and abdominal
pain. Opioids are the first choice for postoperative treatment of moderate to severe pain. However, early clinical trials
have demonstrated that morphine and other opioids inhibit the release of acetylcholine in the mesenteric plexus, resulting
in increased colonic muscle tone and decreased gastrointestinal motility.17,18 Therefore, to reduce the side effects of
opioids, multiple analgesics, such as nonsteroidal anti-inflammatory drugs (NSAIDs) and local anesthetics, can be used
as part of a multimodal analgesic plan in the perioperative period.

Local injection of lidocaine inhibits the opening of sodium channels and reduces the depolarization of cell membranes
caused by sodium inward flow, thus providing analgesia.19 In recent years, lidocaine has been shown to have analgesic and
anti-inflammatory properties that make it useful as an adjunct to general anesthesia. Ates et al found that after perioperative
sedation of lidocaine in patients undergoing nasal septal surgery, pain scores at 30 min, 1-, 2-, 4-, 8-, 12- and 24-h
postoperatively were significantly alleviated compared to the control group (saline group).20 Intravenous lidocaine has been
reported to reduce the use of intraoperative opioids and the occurrence of postoperative nausea and vomiting (PONV) in
patients undergoing upper airway surgery.21 Available clinical evidence suggests that lidocaine not only improves post-
operative pain and reduces opioid use in ear, nose, and throat (ENT) patients. Patients undergoing abdominal surgery can also
benefit from it. Six recent guidelines in ERAS mention the importance of perioperative intravenous lidocaine in multimodal
analgesia. These guidelines are covering the following procedures: pancreaticoduodenectomy,22 elective rectal/pelvic
surgery,23 partial gastrectomy,24 gastrointestinal surgery,25 radical cystectomy,26 and routine gynecologic/oncologic
surgery.25 According to the study of Moeen et al, intravenous lidocaine in open radical cystectomy improves the postoperative
analgesic effect and promotes bowel function recovery.27

It is well-known that postoperative intestinal paralysis is associated with the suppression of gastrointestinal reflexes,
sympathetic hyperexcitability, systemic immune response, and opioid use. Local and systemic inflammatory responses caused
by the surgery also play a key role.28 First, tissue trauma caused by surgical operations causes local accumulation of large
amounts of cytokines and inflammatory transmitters in the intestine, resulting in edema of the intestinal wall, which directly
affects gastrointestinal motility.29 Second, increased permeability of the intestinal epithelial barrier also leads to translocation
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of bacteria and endotoxins, exacerbating the inflammatory response.30 In contrast, local anesthetics, especially lidocaine, can
exert anti-inflammatory effects by modulating the release or signaling of inflammatory mediators. Both in vitro and in vivo
studies have shown that lidocaine reduces the release of pro-inflammatory cytokines by inhibiting the activation of
neutrophils.31 There is also evidence that lidocaine has the potential to attenuate the inflammatory response of endothelial
cells and thus maintain the integrity of the endothelial barrier.32 Thus, perioperative intravenous push and pump lidocaine
could theoretically reduce the release of inflammatory factors, attenuate the inflammatory response, maintain the integrity of
the intestinal barrier, and promote the early recovery of postoperative bowel function.

Our protocol has several limitations. First, patients with ileostomy closure will be recruited from several surgeon
groups, and the diameter of the anastomoses will likely vary due to the differences in anatomical site, surgical technique,
and types of closures used, all of which will influence the recovery of bowel function after surgery. Second, the time
between the surgical resection and ileostomy closure intervals and the degree of intraoperative bowel adhesions in
patients are also important surgical factors that need to be considered.

Summary
In summary, the manuscript presents a protocol to study the efficacy and safety of intravenous lidocaine in patients
undergoing ileostomy closure. If the result of this study protocol is positive, it will provide evidence for optimal
perioperative management to improve the recovery of patients undergoing ileostomy closure.

Dissemination
The results of this study will be disseminated through presentations at anesthesia conferences and publication in scientific
journals.

Audits
The data monitoring committee will conduct audits through regular interviews, letters, or telephone. The data monitoring
committee reserves the right to audit the recruitment of patients at any time. The auditing process will be independent
from the investigators.

Amendments to the Protocol
Any deviations from the protocol will be fully documented in a report to be submitted all relevant regulatory bodies, and
thoroughly recorded in a protocol deviation log. The PI will determine the protocol amendments. Protocol amendments
will be sent as updated protocols to investigators. A copy of each revised protocol will be added to the investigator site
file. The protocol will also be updated in the clinical trials registry website.

Strategies to Improve the Adherence to Protocols
The anesthesiologist who administers anesthesia in this study will be trained to follow the standardized procedure. The
investigator staff will be well-trained to perform preoperative recruitment, assessment, and postoperative follow-up. We
will train the whole study team to standardize the use of assessment scales in this study. Moreover, the investigator who
will do the assessments will be blind to the intervention.

Disclosure
The authors report no conflicts of interest in this work.
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