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Clinical research protocol
1. Title
[bookmark: _GoBack]Effect of perioperative intravenous lidocaine infusion and magnesium infusion on the functional recovery after general anesthesia in the patients undergoing breast mastectomy

2. Institution and study period
(1) Institution: Yonsei University College of Medicine, Severance Hospital
(2) The period: 1 year within IRB certification

3. Backgrounds
Postsurgical pain is a relevant side effect following surgery which increases the risk of various complications and delays postoperative patient recovery. [1] Among the many types of surgeries, mastectomy causes not only acute but also chronic pain in many patients. It was reported that 25 to 60% of mastectomy patients experienced chronic postsurgical pain (CPSP), which is defined as pain remaining three months after surgery. In particular, postmastectomy pain syndrome (PMPS), a CPSP state, causes depression and serves as a critical factor in decreasing a patient’s quality of life. However, because the risk factors and the incidence rate are not accurately known and there is not a specific treatment available, many patients are suffering from PMPS. [2-5] Therefore, it is necessary to find a treatment method that controls both postsurgical acute pain and postsurgical chronic pain during anesthesia of a mastectomy patient. 
Lidocaine is a commonly used amide type local anesthetic, but it is also used for general administration as an adjuvant therapy to decrease postsurgical pain due to its analgesic, anti-hyperalgesic, and anti-inflammatory properties. Systemic administration of lidocaine has been reported to reduce postsurgical pain and the analgesic dose mainly in abdominal and thoracic surgeries. [6-8] In particular, reduced pain as well as a decreased length of stay from a decreased ileus period has been reported in abdominal surgeries, [9] showing the effect of lidocaine in facilitating postsurgical recovery. [10] However, there are no sufficient studies on the effect of systemic lidocaine administration to enhance recovery in other types of surgery performed on other body parts. In addition, a review article on the effect of intraoperative intravenous injection of magnesium found it to be an effective analgesic that may be added to conventional opioid-based therapy because it generally reduces opioid consumption, decreases pain assessment for 24 hours after surgery, and lacks severe side effects in relation to magnesium administration. [11] However, there has been insufficient research comparing the intraoperative intravenous injection of lidocaine or magnesium in terms of which is more helpful for general functional recovery and decreased postoperative pain. 
Recently, the scope of research on anesthesia has come to embrace postanesthetic recovery; to help patients return to daily life, the research trend is now shifting from the improvement or resolution of a specific symptom to the measurement of general recovery. [12] A widely used method to measure postoperative recovery is the Quality of Recovery 40 (QoR-40) survey. Five general quality-of-recovery dimensions are measured within the QoR-40: physical comfort (12 items), emotional state (9 items), physical independence (5 items), psychological support (7 items), and pain (7 items). Each item is graded on a five-point Likert scale, and the global scores range from 40 (extremely poor quality of recovery) to 200 (excellent quality of recovery). The QoR-40 scoring system was explained in detail to all subjects, completed in the presence of a research assistant, and reviewed to ensure accurate comprehension of all questions. [13] QoR-40 now remains the only quality of recovery measurement that fulfills the requirements for appropriateness, reliability, validity, responsiveness, precision, interpretability, acceptability, and feasibility. [14-16] 
On the other hand, CPSP is a pain syndrome that may present following surgery and is defined as more than three months of pain related to a surgical region caused by a surgery when other causes of pain have been excluded. The causes or mechanisms of CPSP are not clear yet. However, it has been confirmed that CPSP is a result of postsurgical acute phase pain and that the intensity of the postsurgical acute phase pain is a reliable predictive indicator of CPSP onset. Therefore, it could be predicted that acute pain control after anesthesia and surgery could affect the onset of CPSP, but there are no sufficient studies regarding this. 
Therefore, we planned this study, assuming that systemic lidocaine and magnesium administration during anesthesia and surgery could affect the incidence rate of not only postmastectomy acute pain but also the chronic pain, PMPS. 

4. Objectives
The primary objective of this study was to investigate whether systemic administration of lidocaine during anesthesia of patients undergoing mastectomy affect postmastectomy acute pain. The degree and pattern of the pain were investigated with the pain NRS (NPI) and short form McGill pain questionnaire (SF-MPQ) 24 hours after a mastectomy. The secondary objective of this study was to investigate the existence, degree, and pattern of chronic pain three months after a mastectomy, which was assessed also with the SF-MPQ.

5. Sample size calculation
In a previous study in which postsurgical acute and chronic pains decreased in patients undergoing mastectomy by using dexmedetomidine during the surgery, the difference in the average SF-MPQ points between acute pain and chronic pain was 0.82 (Standard deviation was 1.12 and 0.84, respectively). When setting the non-inferiority margin of the SF-MPQ as 1 and α = 0.025 and β = 0.9, the calculated number of samples was 37 subjects in each group. When considering a non-completion rate of 15%, the calculated number of subjects was 86.

6. Inclusion and exclusion criteria
(1) Inclusion criteria: 20 to 65-year-old female patients who were planning to undergo a mastectomy whose American Society of Anesthesiologist (ASA) Physical Status Class was 1 or 2 and whose native language was Korean.
(2) Exclusion criteria: Patients who had an underlying pain from any causes or patients who were taking an analgesic; Patients who had diabetes or a severe heart, kidney, or liver disease, or a psychiatric disorder or a neurological disorder or were pregnant, Patients who had a contraindication or an allergy to the use of lidocaine

7. The recruitment, enrollment and procedure of obtaining consent
The study subjects were provided explanation on the purpose and method of the study at the pre-anesthesia examination room (clinic) or pre-operative visit one day before the surgery. Consent for study participation was obtained. Explanation and obtaining consent is performed in an independent area, and they are offered sufficient time to make the decision on study participation. Subject’s will to continue participating in the study will be orally confirmed at each of the 6 visits (one day before surgery, pre-anesthesia room, operation room, recovery room, 1 day after surgery, and 2 days after surgery) during the study period. 
At vulnerable subject recruiting, protective measures: study subjects who are susceptible to compelling force or inappropriate influence, study subjects who have no decision-making capacity (pregnant women, pediatrics or adolescent, people with no decision-making capacity, and people whose decision-making process in voluntary participation is readily affected) are not involved in the clinical trial or are excluded from selection. 

8. Study design and methods
This study was a prospective, randomized, double-blind, controlled study. The patients who planned to undergo a mastectomy were given an explanation about the purpose and method of the study on the day before the surgery in a counseling room of a ward or in a counseling room in an outpatient operation room. Then, written consent on participating in the study was given on the day of the surgery only from the patients who understood and agreed to the study. One researcher acquired the written consents and assessed the pain status before and after the surgery, and that researcher was not involved in the intraoperative anesthesia and the administration of the investigational drug and not aware of the group to which the individual subjects belonged to. On the morning of the day on which each patient was scheduled for mastectomy, using a random number sequence created by an internet website (http://www.random.org), the patients were randomly allocated to one of three groups in a 1:1:1 ratio: the lidocaine group (group L, n = 42), the magnesium group (group M, n = 42), or the control group (group C, n = 42). A bolus dose of the studied drug was administered for 15 minutes immediately after the subject was brought into the operating room, and the vital signs were checked from the beginning of anesthesia induction. Subsequently, a maintenance dose of the study drug was continuously administered through the intravenous route intraoperatively and was later stopped just before transferring the subject to a recovery room after surgery. Lidocaine (lidocaine hydrochloride) and magnesium (magnesium sulfate) were administered at 2 mg/kg and 20 mg/kg, respectively, for 15 minutes immediately after induction, followed by infusion at 2 mg/kg/h and 20 mg/kg/h infusion, respectively. The safety and analgesic effect of the lidocaine dose used in this study had already been demonstrated in previous studies. [17] The patients in the group C were administered and infused with the same volume of saline. Saline was added to the calculated dose to a total volume of 50 ml, and the treatments were labeled as “study drug” to ensure the double-blind administration. The concentration of serum magnesium was checked immediately before starting the study drug infusion and 1 hour after the infusion was stopped in all study groups. 
The anesthesia and recovery of all the subjects were carried out by another researcher who was not aware of the allocated groups and not involved in the assessment before and after the surgery. Except for the administration of the investigational drug, the anesthesia was managed in the same manner as a general systemic anesthesia. When a subject arrived at the operation room, an electrocardiograph and a pulse oximetry were attached to the subject, and his/her blood pressure was measured. Propofol 1.5~2 mg/kg and remifentanil 1 µg/kg were intravenously injected for induction, and rocuronium 0.6 mg/kg was injected as a muscle relaxant followed by endotracheal intubation. The anesthesia was maintained with 50% oxygen, desflurane, and remifentanil. The bispectral index was monitored to maintain an appropriate anesthetic depth, and the concentration of the administered desflurane was controlled to maintain the bispectral index score in a range between 40 and 60. In addition, the administration rate of remifentanil was controlled so that the intraoperative blood pressure and heart rate could be maintained within 20% of the basal blood pressure and heart rate of the subject. Thirty minutes before the expected end point of the surgery, propacetamol 2 g was intravenously injected to control postsurgical pain along with palonosetron 0.075 mg to prevent nausea and vomiting. When the surgery was finished, the administration of desflurane and remifentanil was stopped, and glycopyrrolate 0.2 mg and neostigmine 1 mg were used to reverse the muscle relaxant. When the subject’s consciousness returned and respiration recovered, extubation was performed, and then, the subject was transported to the recovery room. The patients’ management in the recovery room and their postoperative management were done according to general instructions. However, it was necessary to monitor for abnormal reactions until the action time of the lidocaine and magnesium ended as part of the recovery room and postoperative management of the patient. Therefore, to monitor for abnormal reactions and toxic effects related to lidocaine and magnesium, from the time after the anesthesia was finished and the lidocaine administration was stopped, the patients’ vital signs such as heart rate, respiratory rate, and oxygen saturation were monitored, and the patients’ pronunciation was checked to determine whether they were inarticulate or their consciousness had changed. If there were no abnormal reactions after more than 30 minutes during patient monitoring, the patient was discharged from the recovery room.

9. Variables
(1) Other researcher who doesn’t know about patient’s randomization visits patients before and 1 day after surgery and performs QoR-40 survey. The quality of recovery of patients after general anesthesia is evaluated with global scores (total 200 points) including subtotal scores about 5 items such as Emotional status, Physical comfort, Physiological support, Physical independence, and Pain. The primary end point of this study is QoR 40 24 hours after surgery, and more than 10 points difference of the mean between two groups was considered as significant difference.
(2) Vital signs initially measured prior to anesthesia induction were recorded.
(3) The total amount of remifentanil and the mean concentration of desflurane are recorded.
(4) After the end of surgery, 
① The total operation time was defined as the time from the beginning and end of the operation, and total anesthesia time was defined as the time from anesthesia induction to anesthesia end time. 
② In order to measure the recovery rate, the time from the end of administration of main anesthetic agent to the response to verbal comments as well as BIS score, and the time taken till the extubation of endotracheal tube as well as BIS score are recorded. Vital signs are also evaluated for each time.
③ Bradycardia of less than 50/minute during anesthesia, hypotension of MAP < 60 mmHg, and used medications under anesthesia are recorded. Other problems are evaluated and other used medications are also recorded.
(6) After the entrance of recovery room,
① The degree of pain of patients is evaluated using Numeric Pain Intensity Scale (NPIS) on 0-10 scale at admission and discharge, and greater pain is higher score. 
② The analgesics and anti-emetics used in the recovery room are recorded and the time to stay in the recovery room, from the entrance to discharge, is recorded. 
③ Administered medications as well as other symptoms that patients complained have except pain or nausea/vomiting are recorded.
(7) Sedation score was measured at admission and discharge of recovery room using 5-point scale. [18] Sedation status of patients is evaluated on a scale of 1-5; 1 point- completely awake, 2 point- little drowsy, 3 point- seemingly sleeping but responding to a noise, 4 point- sleeping signs and slow response to a noise, and 5 points-sleeping with response to painful stimuli but without response to a voice.
(8) At the time to perform QoR 40 24 hours after surgery, a type of analgesics administered and total dose are recorded. Also, at the time of QoR 40 after surgery, the number as well as the degree of nausea/vomiting and the dose of anti-emetics are recorded, and the hospital stay of examinees from surgery to discharge also need to be found and recorded.
(9) The evaluation of the degree and pattern of acute pain for 24 hours after the end of surgery – Numeric Pain Intensity scale (NPI scale), short form McGill pain questionnaire (SF-MPQ)
(10) The absence or presence of post-operative pain 1 month after surgery, if present, the evaluation of the location and pattern of pain: SF - MPQ
(11) The absence or presence of post-operative pain 3 months after surgery, if present, the evaluation of the location and pattern of pain: SF - MPQ
(12) The management of missing data: This study greatly relies on patients’ compliance as including patient survey; the data of corresponding patients are discarded in case of missing data.
10. Statistical analyses
Results consisting of continuous data following a normal distribution were expressed as the mean ± standard deviation while results consisting of continuous data that did not follow a normal distribution were expressed as the median (interquartile range). Categorical data were expressed as the number of patients (ratio or %). Depending on the characteristics of the data, a continuous variable was analyzed by an independent t-test (or Mann-Whitney rank sum test); a nominal variable was analyzed by a chi-square (or Fisher’s exact test), and the temporal variation of a continuous variable was analyzed by repeated measures ANOVA with the Bonferroni correction. Data were considered as significant when the p-value was smaller than 0.05. The statistical analysis was performed with PASW statistics 20 (SPSS Inc., USA).

11. Withdrawal
(1) Patients who refuse to participate in the study; even when we have the consent form, we will check whether participants would like to participate in this research when we visit them before/after anesthesia, meaning they can tell us anytime if they have no intention to participate. 
(2) Patients who must undergo a repeat operation because of complications related to the initial operation or a positive surgical margin.

12. Predictable side effects and precautions
Lidocaine can rarely cause allergic reactions such as itchiness and rash, as well as nausea and vomiting. Also, there can be toxic effect(s) in overdose [19], and the toxic effects of Lidocane are known to include dizziness or tongue numbness at the serum concentration of 5-10 µg/mL, lack of consciousness or seizure at 10-15 µg/mL, and coma at the concentration greater than 15 µg/mL. However, these toxic effects occur at the serum concentration greater than 5 µg/mL and lidocane 400 mg needs to be administered at once. However, in previous studies, which measured the serum concentration of lidocaine at different time points while administering similar dosage of lidocaine as in this study, no results were greater than 5 µg/mL. [20] The monitoring plan for lidocaine-related adverse effects and toxic effects includes checking speech impairment or change of consciousness while monitoring of vital signs of patients such as ECG, respiratory rate, and oxygen saturation once the lidocaine administration is stopped after the end of anesthesia, and checking abnormality on the post-operative day 1 and 2. The standard treatment plan about lidocaine adverse effects is closed monitoring, and anti-seizure medication is administered in case of seizure due to severe toxic effect. Also, rapid airway management and respiratory support should be performed in case of respiratory failure caused by loss of consciousness or coma.
Magnesium can cause gastrointestinal symptoms such as nausea, vomiting, and diarrhea, and toxic effects can occur when serum magnesium concentration is greater than 4 mEq/L. Common toxic effects include prolonged muscle relaxation, intensified sedative effect, and severe bradycardia or hypotension in patients with cardiovascular disease. [21-23] However, in previous studies which administered similar dosage to this study, the serum concentration was not greater than 4 mEq/L, and no severe adverse effect(s) were reported. The monitoring plan for magnesium-related adverse effects and toxic effects includes checking vital signs of patients in the recovery room once the magnesium administration is stopped as well as the patellar tendon reflex to examine muscle contraction. Also it includes checking the absence or presence of abnormality on the post-operative day 1 and 2. Also, serum concentration of magnesium is measured 2 hours after stopping the administration of experimental medication(s). Therapeutic regimens about hypermagnesemia and toxic effect include intravenous injection of calcium gluconate to antagonize neuromuscular function and cardiovascular effects, or reducing magnesium level by administrating fluid and furosemide diuretics. If respiratory failure occurs due to the weakness of respiratory muscle caused by severe toxicity, airway management and respiratory support may be required. 

13. The evaluation of safety
For all study subjects, hemodynamic stability and appropriate ventilation is evaluated under the supervision of a trained physician in the department of anesthesia and pain medicine prior to anesthesia induction, maintaining anesthesia, and to the recovery room after extubation. Also, they receive treatment such as cardiovascular medications, respiratory support, and increase fraction of inspired oxygen according to the physician’s decision. In case of unpredictable medication adverse effect(s) including allergic reactions, appropriate treatment should be provided immediately and is to be reported to the IRB within 1 week. Also, in case that one or more of the following suspected unexpected serious adverse reactions (death, life threatening, hospitalization or prolongation of hospitalization, constant or meaningful disability or impaired function, medically significant), the investigator(s) and the sponsor must report to the IRB within 24 hours after awareness and report to the Ministry of Food and Drug Safety (MFDS) in the incidence of SUSAR. All information of the serious adverse event must be written with additional follow up information on the SUSAR report form. The copy of the report must be stored with the subject’s CRF.

14. The plan for the interim analysis and range of early termination of the study
Intermittent analysis is not planned, and the study can be completed when 126 patient data are collected.

15. The continuous monitoring of drug safety and procedure
The principle investigator (an authorized investigator in the absence of the principle investigator) is designated as personnel for data security, and warrants the completeness of the data by collecting and reviewing the data monthly and monitoring about constant safety, and establishes the safety of the study subjects. 

16. The storage of materials and confidentiality
The study data will be used only for the purpose of this study. Access and analysis of the data will be restricted to the principle investigator and the researchers. Identifiable information of the clinical study subjects will be coded and recorded separately from the screening sheet. Data will be stored in a locked cabinet as well as access-limited computer.

17. The schedule of research 
(1) The planning of research and certification of IRB: May 1. 2014 ~ June 30. 2014
(2) Data collection: 1 year within IRB certification
(3) Statistical performance and analysis of study results: 2 months within the collection of subjects
(4) Writing the article: 3 months after analyzing of results

18. Ethics and regulation
1) This study protocol conformed to the ethical guidelines of the 1975 Helsinki Declaration and International Conference on Harmonization of Technical Requirements of Pharmaceuticals for Human Use (ICH) Note for Guidance on Good Clinical Practice (ICH, Topic E6, 1995)
2) This study was approved by the Institutional Review Board of Severance Hospital.
3) Compensation: There is no financial compensation for patients who participate in this study.
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