[bookmark: _Hlk43917887]Adjunctive Dexmedetomidine Infusion in Open Living Donor Hepatectomy: A Way to Enhance Postoperative Analgesia and Recovery

Abstract
Background: Open living donor hepatectomy (OLDH) is a highly painful procedure. Advanced strategies for enhancing perioperative analgesia and accelerating recovery are needed for patients undergoing OLDH. This study evaluated the effects of intravenous infusion of dexmedetomidine (DEX) during OLDH on postoperative analgesia and recovery.
Methods: This prospective, randomized, double-blinded, and placebo-controlled study included 34 patients randomized to a control group (group C) and a DEX group (group D). Utilization of intravenous patient-controlled analgesia (IV-PCA) pump, pain intensity, and postoperative recovery variables were recorded. Moreover, intraoperative anesthetic consumption, hemodynamic parameters, and fluid status were also recorded.
Results: During the first 24 hours after surgery, patients in group D had a lower pain intensity. The cumulative numbers of IV-PCA pump presses and fentanyl consumption within 24 and 48 hours postoperatively in group C were significantly higher than in group D. The time to first IV-PCA attempt was prolonged in group D. In addition, faster flatus passage was observed in group D. Intraoperatively, fewer anesthetic agents were required in group D. Less fluctuation in hemodynamics and reduced bleeding were also found in group D.
Conclusions: The present study revealed that the addition of intravenous infusion of DEX during OLDH provided several benefits in relieving postoperative pain and promoting recovery. Therefore, we concluded that intraoperative DEX infusion may play an important role in enhancing recovery of patients undergoing OLDH.
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What is already known about this topic?
· Patients undergoing open living donor hepatectomy (OLDH) usually have intensive pain after surgery and may develop chronic pain.
· Perioperative administration of dexmedetomidine (DEX) has been reported to reduce postoperative pain and opioid consumption in different surgeries.
What does this article add?
· Intraoperative use of DEX not only resulted in decreased pain intensity and opioid demand, but also facilitated early bowel recovery after OLDH.
· DEX administration during OLDH reduced anesthetic requirements, blood loss, and procedure-induced hemodynamic responses.















1 | INTRODUCTION
[bookmark: _Hlk39266379][bookmark: _Hlk43921564]Open living donor hepatectomy (OLDH) is an intensively painful procedure, with moderate-to-severe pain during the first 2 days after surgery; furthermore, 31% and 27% of donors have developed persistent pain by 6 and 12 months after OLDH, respectively.1 Inadequate control of perioperative pain will affect overall quality of life and may contribute to chronic pain. Therefore, advanced strategies should be used to enhance perioperative analgesia and postoperative recovery in patients undergoing OLDH.
[bookmark: _Hlk43921622][bookmark: _Hlk43921640]Enhanced recovery after surgery (ERAS) is an evidence-based, multidisciplinary and multimodal approach to patient care during the perioperative period. The ERAS pathways seek to blunt surgical stress and maintain endocrine and metabolic homeostasis, thereby facilitating postoperative recovery.2 Among multiple perioperative interventions, one of the integral components in the ERAS pathway is provision of optimal analgesia. Traditional analgesic regimens for major surgery relies heavily on opioids, which do provide effective analgesia, but which may delay patient recovery due to a variety of adverse effects, including sedation, respiratory depression, postoperative nausea and vomiting (PONV), urinary retention, and ileus.2-4 Moreover, optimal pain relief may be achieved with combination of fewer opioids and various non-opioids. Consequently, the balance between improved outcomes and potential risks should be taken into consideration prior to using invasive techniques, such as epidural analgesia. Overall, ERAS protocols should incorporate multimodal analgesic strategies that minimize opioid use and optimize analgesia to avoid negative effects.
[bookmark: _Hlk43921785]Dexmedetomidine (DEX), a highly selective alpha-2 receptor agonist, is increasingly used in anesthesia with sedative, hypnotic, anxiolytic, sympatholytic, and analgesic effects.2,4-6 It can also attenuate perioperative stress and inflammation and preserve immunity of surgical patients, which may contribute to reduced postoperative complications and improved clinical outcomes.6 In previous meta-analysis studies,7-10 perioperative DEX administration in adults has been associated with reduced postoperative pain intensity and opioid consumption. DEX seems to have potential for forming part of multimodal analgesia and achieving goals of ERAS.
[bookmark: _Hlk43921914][bookmark: _Hlk39325281]There are many studies on the perioperative effects of adjunctive DEX in different surgical settings; however, no studies have investigated the influence of DEX administration in OLDH. Therefore, this study firstly aimed to evaluate the effectiveness of intraoperative DEX for postoperative analgesia and recovery after OLDH. Secondly, we observed the impact of DEX on anesthetic requirements, hemodynamic parameters, and adverse events during OLDH.

2. | METHODS
This prospective, randomized, double-blinded, and placebo-controlled study was conducted at Tri-Service General Hospital, Republic of China. With approval of the relevant institutional review board (TSGHIRB No. 2-105-05-081) and registration at the Chinese Clinical Trial Registry (Registration No. ChiCTR-INR-17011049), we enrolled 36 patients scheduled for elective OLDH between December 2016 and December 2019 and obtained written informed patient consent after providing patients with detailed information about the study. 
All patients were 20 to 55 years old, with a body mass index between 17 and 35 kg/m2, and were categorized as class I or II in the American Society of Anesthesiologists (ASA) classification system. Exclusion criteria included an age younger than 20 years or older than 60 years, ASA class III or above, emergency surgery, pregnancy, previous abdomen surgery, history of chronic pain, minimally invasive surgery, failure to complete surgery or extubate immediately post-surgery, contraindication to medications used in the protocol and refusal to join this study. Ultimately, 34 patients completed our standard protocol and were included in the analysis.



2.1 | Protocol
2.1.1 | General anesthesia
Patients were randomly assigned to the control group (group C), who received propofol-based total intravenous anesthesia (TIVA) with 0.9% saline infusion, and the DEX group (group D), who received propofol-based TIVA with adjunctive DEX infusion. Randomization was performed using computer-generated randomized codes that were kept in sequentially numbered opaque envelopes. 
On arrival in the operation room, routine monitoring, including electrocardiogram, non-invasive blood pressure, and pulse oximetry monitoring, was instituted. Moreover, bispectral index (BIS) monitoring (BISTM Complete 2-Channel Monitor, Medtronic, Minneapolis, MN, USA) was applied in all patients. Hemodynamic values and BIS data were recorded every 5 minutes. No premedication was administered before induction of anesthesia. After preoxygenation, general anesthesia (GA) was induced with intravenous fentanyl (2 mcg/kg) and propofol at an effect-site concentration (Ce) of 3.0–5.0 mcg/ml delivered by a target-controlled infusion (TCI) pump (Orchestra® Base Primea, Fresenius Kabi AG, Bad Homburg, Germany), following the Schnider model.
For patients assigned to group D, DEX was simultaneously infused with propofol at a constant rate of 0.4 mcg/kg/h while anesthesia was induced; patients in group C received a comparable volume of 0.9% saline infusion. After patients lost consciousness, rocuronium (0.6–1.0 mg/kg) was given to facilitate tracheal intubation. Immediately after intubation, patients were ventilated with a mixture of oxygen and air (FiO2 = 0.5) and an EtCO2 level between 35 and 40 mmHg. Ventilator setting, tracheal tube size, and breathing circuit were standardized for all patients. Thereafter, arterial blood pressure monitoring and central venous access were established prior to surgery for all patients.
Anesthesia was maintained using TCI of propofol, which was titrated to maintain BIS values within 40–60.11 Fentanyl and rocuronium were intermittently used as clinically indicated. In terms of hemodynamic alterations, mean arterial pressure (MAP) was kept within 30% of baseline and heart rate (HR) was maintained between 50 and 100 bpm. Once hemodynamic suppression episodes (MAP > 30% decrease from baseline or HR < 45 bpm for > 5 minutes) developed, we gave bolus ephedrine (5–10 mg) for hypotension or atropine (0.5 mg) for bradycardia; conversely, any episodes of hemodynamic activation (MAP > 30% increase from baseline or heart rate > 150 bpm for > 5 minutes) was treated with nicardipine for hypertension or diltiazem for tachycardia.
Thirty minutes before the anticipated end of surgery, postoperative analgesia was initiated using an intravenous patient-controlled analgesia (IV-PCA) pump (Gemstar Seven Therapy and Pain Management Pump, Hospira, Lake Forest, IL, USA) with a loading dose, followed by continuous infusion, and was maintained for 48 hours after surgery. On completion of surgery, TCI of propofol was terminated and neostigmine (50 mcg/kg) and glycopyrrolate (20 mcg/kg) were administered to reverse residual neuromuscular blockade. Patients were extubated immediately after becoming wide-awake and being able to follow commands. Either DEX or saline infusion was stopped after tracheal extubation. 
Patients were transferred to the post-anesthesia care unit (PACU) for 60 minutes of postoperative observation and care. The severity of pain was assessed using a visual analogue scale (VAS; 0, no pain and 10, worst pain imaginable). All patients were asked to score their pain intensity at rest and upon movement (coughing) 1 hour after surgery. The criteria for discharge from the PACU were the presence of stable vital signs and an acceptable pain response (VAS < 4). Intravenous tramadol 100 mg and droperidol 1.25 mg were given as required for analgesic rescue and PONV, respectively.

2.1.2 | Open Living Donor Hepatectomy
Under GA, upper midline laparotomy was performed, and the rib cage was pulled anterolaterally by means of a Kent retractor to open up the aperture. Depending on preoperative donor evaluation, including liver volumetry, anatomical variants, and donor safety, left or right donor hepatectomy was performed. Accordingly, our transplant team isolated either the left or right hepatic artery and portal vein and temporarily clamped major vascular inflows to demonstrate the demarcation line. Then, liver parenchymal transection was initiated using a Cavitron Ultrasonic Surgical Aspirator (CUSA system, Valleylab Inc., Boulder, CO, USA) and bipolar electrocautery, without inflow occlusion, prior to cutting the hepatic duct. 
On completion of parenchymal dissection with an exposed hilar plate, the planned division site of the hepatic duct of the graft was marked externally, using a metal clip to correlate the results with intraoperative cholangiography. The hepatic duct within the hilar plate was separated with fine scissors and the stump of the remnant hepatic duct was meticulously closed. To ensure absence of bile leakage or stricture, a repeat-cholangiogram was performed. Subsequently, the hepatic artery, portal vein, and hepatic vein were cut sharply. 
The liver graft was immersed in an ice-sludge basin on the back table and perfused ex situ via the cut end of the portal vein with cold histidine‒tryptophan‒ketoglutarate solution (Custodiol® HTK solution, Chemie GmbH, Alsbach‐Hahnlein, Germany). The remnant liver was maintained in the anatomical position with reconstitution of the falciform ligament. After proper hemostasis, a closed drainage tube was placed into the right subphrenic space. Finally, the abdominal wall was closed layer by layer.

2.1.3 | Postoperative analgesia delivery
Postoperatively, all patients used IV-PCA with continuous infusion of 10 mcg/ml fentanyl. After a loading dose of 50 mcg, intravenous infusion proceeded at a rate of 10 mcg/h. The demand dose was a 15 mcg bolus per successful trigger, with a 5-minute lockout interval. In addition, intravenous ketorolac (30 mg) was given as routine analgesia, with a 6-hour interval, in the absence of contraindications, and tramadol (100 mg) was used as an analgesic rescue as required (VAS > 4 for > 15 minutes) with an 8-hour interval in the ward.

2.2 | Data collection
Patient demographics (age, sex, height, and weight) and clinical data (ASA status, left/right hepatectomy, graft weight, and surgical and anesthetic time) were collected from medical records. Hemodynamic indexes and BIS values were recorded every 5 minutes during surgery and data at selected time-points were used for analysis. We also recorded propofol Ce at different time-points, total anesthetic consumption, fluid intake and output, cardiovascular episodes during surgery, and the time from the end of surgery to extubation.
The primary outcome was the cumulative number of IV-PCA pump presses, including all successful and unsuccessful attempts at different postoperative intervals (T1: 0–24 hours; T2: 24–48 hours; T3: 0–48 hours). Moreover, cumulative fentanyl consumption in an IV-PCA pump at selected intervals, the time to first IV-PCA pump press, and the numbers of subjects receiving regular and rescue analgesics were recorded. Postoperative pain intensity at rest and upon movement (coughing) was also evaluated with a VAS, at 1, 24 and 48 hours postoperatively (POHs). 
The secondary outcome was the incidence of postoperative adverse effects, such as dizziness, PONV, and others (e.g., sedation, shivering) during the first 24 hours after surgery. We also recorded the time to first out-of-bed mobilization and passage of flatus, length of hospital stay, and the patient’s satisfaction with postoperative analgesia (1 = very unsatisfactory, 2 = unsatisfactory, 3 = neutral, 4 = satisfactory, 5 = very satisfactory). 
Our acute pain service team, including one on-duty anesthesiologist and one nurse anesthetist, executed all postoperative assessments twice daily without knowledge of the purpose of this study.

2.3 | Statistical analysis
Statistical analysis was performed with SPSS for Windows, version 23.0 (SPSS Inc., Chicago, IL, USA) and included comparisons of baseline, and primary and secondary outcome variables between groups C and D. Continuous variables were presented as mean ± standard deviation and categorical variables as numbers and percentages. Data were checked for normality before statistical analysis. Normally distributed continuous variables were compared using Student’s t-test, whereas the Mann‒Whitney U test was used for non-normally distributed variables. Categorical variables were analyzed using either the χ2 test or Fisher’s exact test. Sequential VAS from POH1 to POH48 in each group were evaluated using two-way repeated-measures analysis of variance with an all-pairwise multiple comparison. A P value < 0.05 was taken to indicate a significant statistical difference.

2.4 | Power and sample size
The sample size was calculated from previous data from our institute that the number of successful IV-PCA pump presses within 48 hours after OLDH was 49.28 ± 14.85. Using a power of 80% to detect a 20% decrease in the number of IV-PCA pump presses among patients who would receive adjunctive DEX infusion in propofol-based TIVA, and with an α of 0.05 in a 2-tailed t test, we calculated that at least 15 patients in each group were required for this study. With an additional 20% patients to compensate for post-recruitment losses, a total of 36 patients were finally enrolled.

3 | RESULTS
Thirty-eight patients were recruited for the study (Figure 1). Thirty-six patients fulfilled inclusion criteria and were randomly assigned to the two groups. Two patients were excluded after randomization: one patient in group D due to iatrogenic pneumothorax during central venous catheterization, and one subject in group C who suffered anaphylactic shock caused by cephalosporin. Ultimately, 34 patients completed the study and their data were analyzed.

3.1 | Demographic data and surgery-related information
Demographic and surgical characteristics, including age, sex, habitus, ASA physical status, procedure type, graft weight, and surgical and anesthetic time were not significantly different between groups (Table 1).

3.2 | Impacts of DEX on anesthesia and surgery
The two groups were comparable with respect to MAP and HR at baseline and at intubation. Subsequently, hemodynamic parameters were maintained at a lower level until the time of extubation in group D (Figure 2A and 2B).
The propofol Ce during the anesthesia maintenance phase was significantly lower in group D (Figure 3A), which demonstrated that intraoperative DEX infusion possessed anesthetic-sparing and synergistic effects. Moreover, patients in group D had a lower BIS value at the time of extubation than those in group C (78.29 ± 2.52 vs 82.53 ± 5.17, P = 0.006; Figure 3B) indicating a deeper sedation state after propofol discontinuation.
Patients in group D required 27.8% less fentanyl and 12.2% less propofol during anesthesia than those in group C, whereas the need for rocuronium was similar in both groups (Table 2). Although there were comparable amounts of fluid intake and urine output in the two groups, intraoperative blood loss in group D was significantly less (272.94 ± 174.71 vs 444.12 ± 189.08 ml, P = 0.010; Table 2). 
During surgery, two patients in group C and three in group D suffered hypotensive episodes, which necessitated administration of bolus ephedrine to maintain hemodynamic stability; no bradycardia, tachycardia, or hypertension occurred in either group (Table 2). No patients experienced hemodynamic crises requiring discontinuation of anesthetic agents. 
The time to tracheal extubation after completion of surgery did not differ between the two groups (Table 2).

3.3 | Efficacy of postoperative analgesia
Up to POH24, patients in group D had a lower VAS score both at rest and upon movement (coughing), but there was no significance at POH48 (Table 3). Furthermore, there were significant differences in VAS scores among different time-points within each group. The VAS score was not only higher at POH1 than at POH24 and POH48, but was also significantly different between POH24 and POH48 in both groups (Table 3). These results suggested that pain was worse shortly after surgery in patients who underwent OLDH.
The numbers of patients administered regular ketorolac and rescue tramadol were not significantly different between the groups (Table 3).

3.4 | Utilization of patient-controlled analgesia
The successful, unsuccessful, and total numbers of IV-PCA pump presses at T1 and T3 were significantly higher in group C than in group D, but there were no significant differences at T2 between the groups (Table 4). Similarly, patients in group C consumed more fentanyl by IV-PCA pump at T1 and T3 than those in group D. Additionally, the time to first IV-PCA pump attempt after surgery was significantly delayed in patients who received adjunctive DEX infusion (79.66 ± 24.77 vs 59.40 ± 18.30 mins, P = 0.011; Table 4).

3.5 | Assessment of postoperative adverse events and recovery status
No differences were observed in postoperative adverse effects between groups during the first 24 hours. Three patients in each group complained of dizziness and three patients in group C and one in group D experienced PONV (Table 5). Moreover, no patients in either group had severe or repetitive side effects resulting in discontinuation of IV-PCA.
The time to out-of-bed mobilization after surgery was similar between groups, but the time to passage of flatus in group D was significantly shorter than in group C (24.82 ± 1.29 vs 26.10 ± 1.30 hours, P = 0.007; Table 5). 
Patients in both groups had comparable length of hospital stay and postoperative analgesia satisfaction (Table 5).




4 | DISCUSSION
This study evaluated the effects of intravenous infusion of DEX during OLDH on postoperative analgesia and recovery and demonstrated that the addition of DEX infused at a relatively slow-rate (0.4 mcg/kg/h) during OLDH could effectively alleviate postoperative pain intensity and reduce analgesic consumption. Our results agreed with previous reviews that reported that DEX played an essential role as an opioid alternative in multimodal analgesia that formed part of ERAS care.2,3,5
[bookmark: _Hlk43326314][bookmark: _Hlk43326337]Ge et al.12,13 showed the benefits of intraoperative DEX infusion in terms of lower VAS scores, reduced morphine consumption, and decreased numbers of pain-induced IV-PCA pump presses during the first 24 hours after abdominal colectomy and hysterectomy. Xu et al.14 also reported similar outcomes on postoperative pain in patients treated with DEX during abdominal hysterectomy. Notably, a Cochrane review reported that perioperative DEX use in cases of abdominal surgery seemed to yield an opioid-sparing effect in the first 24 hours after surgery, but it did not provide significant benefits in postoperative pain intensity as compared with placebo.4 However, this review had substantial data heterogeneity and low evidence quality, which limited the feasibility to conduct meta-analyses and draw robust conclusions. Together with these results, the present study may indicate that intraoperative administration of DEX represents a potential way to promote postoperative analgesia and opioid-sparing effects after OLDH. Moreover, use of DEX during OLDH significantly extended the time to first IV-PCA request, which was supported by previous studies showing that DEX prolonged pain-free periods after surgery.7,9,15
In this study, we regarded the number of IV-PCA pump presses as a more authentic feedback on experience of postoperative pain in selected intervals than opioid consumption. More successful triggers usually represented more opioid consumption; on the other hand, unsuccessful attempts may disclose the frequency of inappropriate pain relief after surgery. Therefore, according to our results, intraoperative DEX not only effectively reduced opioid demand, but also lowered the incidence of uncontrolled pain following OLDH.
[bookmark: _Hlk43326747][bookmark: _Hlk43326794][bookmark: _Hlk43326899][bookmark: _Hlk43326955][bookmark: _Hlk43327199]IV-PCA and epidural analgesia have been popularized for pain control after abdominal surgery.16 However, epidural analgesia is a more invasive method for postoperative pain control and may cause serious complications.16,17 Furthermore, compared with IV-PCA, additional pain reduction using epidural analgesia seemed modest in these procedures.16 Hence, the optimal form of analgesia after abdominal surgery remains debated. In our previous study, opioid-based IV-PCA with an adjunct could provide sufficient pain relief, similar to thoracic epidural analgesia, after video-assisted thoracic surgery, leading to moderate-to-severe postoperative pain.11 Hausken et al.17 also reported that IV-PCA with a multimodal combination of analgesics was not inferior to thoracic epidural analgesia for treating postoperative pain in patients undergoing open liver surgery. Consequently, utilization of IV-PCA as an alternative to epidural analgesia for postoperative pain management in our study seemed reasonable and appropriate.
[bookmark: _Hlk43327409][bookmark: _Hlk43327785][bookmark: _Hlk43327824][bookmark: _Hlk43327845]Although opioid-based IV-PCA offers superior analgesia to traditional methods for acute pain management, patients may still experience dose-related effects on inhibition of gastrointestinal motility and aggravation of postoperative ileus. A randomized-controlled trial by Cho et al.18 suggested that intraoperative administration of DEX facilitated early bowel movements in patients undergoing laparoscopic gastrectomy, through its sympatholytic and opioid-sparing effects, which was in line with the findings of our study. Nevertheless, Tufanogullari et al.19 found that intraoperative DEX infusion, despite using a different infusion rate, failed to facilitate recovery of bowel function after laparoscopic bariatric surgery. Another study also demonstrated that DEX shortened the time to first flatus when combined with lidocaine infusion, but provided no additional benefit on bowel function when used as the sole adjunct.14 The causes of contradictory results may arise from the heterogeneity of patients and surgeries, anesthetic agents, and DEX administration modes. Thus, further studies are warranted to investigate the effect of DEX on bowel function after surgery.
[bookmark: _Hlk43327926]No additional benefit on promoting early mobilization was observed in our study, which may imply that opioid-based IV-PCA with a proper setting could provide sufficient analgesia without delayed out-of-bed mobilization after major abdominal surgery. In terms of length of hospital stay, intraoperative DEX provided a negligible effect in this trial, which was different from the finding of a previous study by Cho and his colleagues.18 As most liver donors are relatively young and healthy, faster recovery and fewer complications are expected. Hence, the effect of DEX administration on promoting early mobilization and shortening hospital stay in this population may be minimal.
Regarding the intraoperative effects of DEX, our results showed several advantages of DEX administration, including a significant anesthetic-sparing effect, more stable hemodynamic status, and reduced blood loss during surgery. Our results agreed that DEX through its central action provided additional sedative and analgesic effects, leading to reduced anesthetic consumption,14,15,19-22 but did not have a neuromuscular blocking property during surgery. In addition, we found that patients receiving DEX during OLDH had less marked fluctuations of MAP and HR at the time of skin incision and extubation, which may be attributed to the analgesic and sympatholytic effects of DEX.18 
[bookmark: _Hlk43328024][bookmark: _Hlk43328046][bookmark: _Hlk43328095]There have been few clinical trials discussing the effect of DEX on bleeding during surgery. During tympanoplasty or septorhinoplasty, Durmus et al.20 demonstrated that intraoperative DEX infusion could decrease bleeding and provide a better surgical field, because of more stable hemodynamics. In addition, a meta-analysis showed that systemic administration of DEX could significantly decrease intraoperative blood loss in nasal surgery.21 The effect of bleeding control with DEX administration during abdominal surgery was seldom discussed in previous reports, but, in the present study, intraoperative DEX infusion seemed to be able to provide stable hemodynamics and also decrease hemorrhage in OLDH. Accordingly, DEX is likely to be a useful adjuvant to decrease intraoperative bleeding and allow better visibility of the surgical field in open abdominal surgery.
In terms of recovery from anesthesia, our results were consistent with those of previous studies showing that the time to extubation was not prolonged or decreased.8,9,19,20,22 There may be two reasons for this outcome: anesthesia technique and depth of anesthesia monitoring. Because propofol-based TIVA by TCI has been demonstrated to lead to a faster extubation time than inhalational anesthesia,23 the extent of shortening the extubation time attributed to the anesthetic-sparing effect of DEX may be limited in this advanced setting. Furthermore, utilization of BIS monitoring could provide information that would allow prompt adjustment of the concentration of propofol, which may result in no delay in the time to extubation after completion of surgery.
Although DEX administration can protect patients against noxious stimulation, its mechanism of action may cause untoward cardiovascular responses. Single injection, continuous infusion, and a loading dose followed by continuous infusion are three common ways to use DEX in GA.12 However, bolus injection is usually a key factor leading to cardiovascular events, according to previous studies.12,13,19,22 A high-dose DEX bolus can result in tachycardia and elevated blood pressure, whereas a low-dose bolus can decrease blood pressure and decrease cardiac output.5 Moreover, a loading dose did not seem to augment pro-analgesic effect of intraoperative DEX.24 Thus, in this present study, we administered DEX as continuous infusion, without a loading dose. According to the product information, the recommended rate of maintenance infusion of DEX for sedation is 0.2–0.7 mcg/kg/h.5 Adjunctive DEX infusion at a relatively slow rate of 0.4 mcg/kg/h has previously been used to maintain GA in patients undergoing abdominal surgery and was found to relieve acute postoperative pain effectively.12,13,19,24 Although Ohtani et al.15 suggested that DEX infusion at a high rate (1.0 mcg/kg/h) could result in more evident antinociception, a rapid infusion rate has been associated with cardiovascular episodes.5 Therefore, considering patient safety, we not only avoided use of a loading bolus, but also utilized a slower basal infusion rate. Under this administration mode, no significant differences in cardiovascular episodes were found between our two groups, and we achieved stable anesthesia.
There were some limitations in this study. First, our study focused on short-term outcomes after OLDH, but we did not observe long-term outcomes, such as development of chronic pain. Second, the same team members performed surgeries, yet individual characteristics of patients and anatomical conditions necessitated some modifications of surgical techniques, which may cause slight differences in the extent of surgical injuries. However, the same transplant surgeons and nursing staff were involved, which reduced bias in this study. Lastly, there was a relatively small number of cases in this study. Although this sample size provided clinical and statistical significance, further studies with a larger sample size are warranted to confirm the effects of DEX on OLDH.






5 | CONCLUSIONS
[bookmark: _Hlk43926787]Compared with placebo, intraoperative infusion of DEX resulted in decreased pain intensity, reduced opioid demand, and faster bowel movement after OLDH. Additionally, it reduced anesthetic requirements, blood loss, and procedure-induced hemodynamic responses during surgery. Therefore, we concluded that intraoperative DEX infusion can play a crucial role in enhancing postoperative analgesia and recovery for patients undergoing OLDH.
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Table 1. Patients’ demographic and surgical characteristics.

	Variables
	Group C
(n = 17)
	Group D
(n = 17)
	P value

	Age (y/o)
	35.47 ± 5.95
	31.29 ± 9.16
	0.125

	Sex, M/F (n [%])
	7/10 (41%/59%)
	8/9 (47%/53%)
	0.730

	Height (cm)
	164.65 ± 6.44
	164.59 ± 10.12
	0.984

	Weight (kg)
	60.71 ± 12.56
	64.18 ± 14.97
	0.469

	BMI (kg/m2)
	22.29 ± 3.74
	23.54 ± 4.13
	0.364

	ASA class, I/II (n [%])
	15/2 (88%/12%)
	13/4 (76%/24%)
	0.656

	Hepatectomy, L/R (n [%])
	5/12 (29%/71%)
	3/14 (18%/82%)
	0.688

	Graft weight (gm)
	547.18 ± 139.33
	618.94 ± 144.71
	0.151

	Surgical time (min)
	328.88 ± 49.43
	345.00 ± 45.24
	0.329

	Anesthetic time (min)
	373.29 ± 50.38
	394.06 ± 45.23
	0.215

	Data are expressed as mean ± standard deviation and case numbers (percentage). ASA, American Society of Anesthesiologists; BMI, body mass index; Group C, control group; Group D, dexmedetomidine group; L/R, left/right.





	

Table 2. Anesthesia phase profile.

	Variables
	Group C
(n = 17)
	Group D
(n = 17)
	P value

	Anesthetic dosage
	
	
	

	
	Fentanyl (mcg)
	391.18 ± 95.17
	282.35 ± 65.41
	< 0.001

	
	Propofol (mg)
	2047.06 ± 381.28
	1796.47 ± 235.32
	0.028

	
	Rocuronium (mg)
	146.47 ± 33.72
	142.94 ± 37.88
	0.776

	
	Dexmedetomidine (mcg)
	NA
	168.34 ± 43.57
	NA

	I/O
	
	
	

	
	Input (ml)
	2002.94 ± 593.84
	2052.94 ± 625.37
	0.813

	
	Urine output (ml)
	488.82 ± 373.98
	403.53 ± 231.22
	0.430

	
	Blood loss (ml)
	444.12 ± 189.08
	272.94 ± 174.71
	0.010

	Cardiovascular episodes (n [%])
	
	
	

	
	Hypertension
	0
	0
	NA

	
	Hypotension
	2 (12%)
	3 (18%)
	1.000

	
	Tachycardia
	0
	0
	NA

	
	Bradycardia
	0
	0
	NA

	Time to extubation (min)
	9.35 ± 3.50
	10.06 ± 2.70
	0.515

	Data are expressed as mean ± standard deviation or number of cases (percentage). Group C, control group; Group D, dexmedetomidine group; I/O, input and output.





	

Table 3. Postoperative analgesia profile.

	Variables

	Group C
(n = 17)
	Group D
(n = 17)
	P value

	VAS at rest
	
	
	

	
	POH1
	5.94 ± 0.56
	5.18 ± 0.81
	0.003

	
	POH24
	5.12 ± 0.60∗
	4.41 ± 0.94∗
	0.015

	
	POH48
	3.71 ± 0.69†, ‡
	3.41 ± 0.51†, ‡
	0.165

	
	P value (between POHs)
	< 0.001
	< 0.001
	

	VAS upon movement (coughing)
	
	
	

	
	POH1
	6.76 ± 1.03
	5.82 ± 0.95
	0.009

	
	POH24
	5.71 ± 0.85∗
	4.94 ± 1.03∗
	0.024

	
	POH48
	4.18 ± 0.64†, ‡
	3.71 ± 0.85†, ‡
	0.077

	
	P value (between POHs)
	< 0.001
	< 0.001
	

	Regular ketorolac (n [%])
	15 (88%)
	16 (94%)
	1.000

	Rescue tramadol (n [%])
	10 (59%)
	6 (35%)
	0.169

	Data are expressed as mean ± standard deviation and case numbers (percentage). Group C, control group; Group D, dexmedetomidine group; POH1, 24, 48, 1, 24, 48 hours postoperatively, respectively; VAS, visual analog scale; ∗,†,‡, P value < 0.05 between POH1 and POH24, POH1 and POH48, POH24 and POH48 in the same group, respectively.




	

Table 4. Patient-controlled analgesia profile.

	Variables

	Group C
(n = 17)
	Group D
(n = 17)
	P value

	Successful numbers (n)
	
	
	

	
	T1
	26.18 ± 7.03
	19.88 ± 6.31
	0.010

	
	T2
	21.94 ± 6.34
	17.94 ± 5.56
	0.059

	
	T3
	48.12 ± 12.88
	37.82 ± 11.75
	0.021

	Unsuccessful numbers (n)
	
	
	

	
	T1
	14.53 ± 5.31
	7.59 ± 4.36
	< 0.001

	
	T2
	7.24 ± 3.65
	5.12 ± 3.20
	0.081

	
	T3
	21.76 ± 8.05
	12.71 ± 7.42
	0.002

	Total numbers (n)
	
	
	

	
	T1
	40.71 ± 12.06
	27.47 ± 10.61
	0.002

	
	T2
	29.18 ± 9.74 
	23.06 ± 8.66
	0.062

	
	T3
	69.88 ± 20.72
	50.53 ± 19.10
	0.008

	Fentanyl consumption (mcg)
	
	
	

	
	T1
	673.71 ± 105.52
	580.53 ± 92.82
	0.010

	
	T2
	563.41 ± 94.53
	501.35 ± 83.54
	0.051

	
	T3
	1237.12 ± 192.56
	1081.88 ± 174.35
	0.019

	Time to first attempt (mins)
	59.40 ± 18.30
	79.66 ± 24.77
	0.011

	Data are expressed as mean ± standard deviation and case numbers (percentage). Group C, control group; Group D, dexmedetomidine group; T1, 2, 3, 0‒24, 24‒48, 0‒48 hours postoperative interval, respectively; 




	

Table 5. Postoperative adverse events and recovery profile.

	Variables
	Group C
(n = 17)
	Group D
(n = 17)
	P value

	Postoperative adverse events (n [%])
	
	
	

	
	Dizziness
	3 (18%)
	3 (18%)
	1.0

	
	PONV
	3 (18%)
	1 (6%)
	0.601

	Time to first mobilization (hours)
	19.42 ± 0.94
	18.93 ± 0.86
	0.122

	Time to first flatus passage (hours)
	26.10 ± 1.30
	24.82 ± 1.29
	0.007

	Length of hospital stay (days)
	
	
	

	
	Total
	10.18 ± 2.32
	9.94 ± 1.39
	0.723

	
	Postoperative
	8.94 ± 1.89
	8.71 ± 1.26
	0.672

	Satisfaction (n [%])
	
	
	0.368

	
	Neutral
	4 (24%)
	2 (12%)
	

	
	Satisfactory
	7 (41%)
	5 (29%)
	

	
	Very satisfactory
	6 (35%)
	10 (59%)
	

	Data are expressed as mean ± standard deviation and case numbers (percentage). Group C, control group; Group D, dexmedetomidine group; PONV, postoperative nausea and vomiting; T1, 2, 3, 0‒24, 24‒48, 0‒48 hours postoperative interval, respectively.





Figure legends
Figure 1. Flow diagram showing patient flow according to the study protocol. 
Group C, control group; Group D, dexmedetomidine group; OLDH, open living donor hepatectomy.
Figure 2. Mean arterial pressure (A) and heart rate (B) in each group at different time-points. Data are expressed as mean ± standard deviation. 
Group C, control group; Group D, dexmedetomidine group; *, P < 0.05.
Figure 3. Propofol Ce (A) and BIS (B) value in each group at different time-points. Data are expressed as mean ± standard deviation. 
BIS, bispectral index; Ce, effect-site concentration; Group C, control group; Group D, dexmedetomidine group; *, P < 0.05.
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