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Abstract

Living donor right hepatectomy (LDRH) is currently the most common donor surgery in adult-to-adult living donor liver transplantation although the morbidity and mortality reported in living donors still contradicts the Hippocratic tenet of “do no harm”. Achieving low complication rates in LDRH remains a matter of major concern. Living donor surgery is performed worldwide as an established solution to the donor shortage. The aim of this study was to assess the current status of LDRH and comment on the future of the procedure; assessment was made from the standpoint of optimizing the donor selection criteria and reducing morbidity based on both the authors’ 8-year institutional experience and a literature review. New possibilities have been explored regarding selection criteria. The safety of living donors with unfavorable conditions, such as low remnant liver volume, fatty change, or old age, should also be considered. Abdominal incisions have become shorter, even without laparoscopic assistance; upper midline laparotomy is the primary incision used in more than 400 consecutive LDRHs in the authors’ institution. Various surgical techniques based on preoperative imaging technology of vascular and biliary anomalies have decreased the anatomical barriers in LDRH. Operative time has been reduced, with low blood loss. Laparoscopic or robotic LDRH has been tried in only a few selected donors. The LDRH-specific, long-term outcomes remain to be addressed. The follow-up duration of these studies should be long enough to address possible late complications. Donor safety, which is the highest priority, is ensured by three factors: preoperative selection, intraoperative surgical technique, and postoperative management. These three focus areas should be continuously refined, with the ultimate goal of zero morbidity.
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Core tip: Selection criteria for living donor right hepatectomy can be extended with advanced surgical technique and improved management without compromising donor safety.

INTRODUCTION

Living donor right hepatectomy (LDRH) is currently the most common donor surgery in adult-to-adult living donor liver transplantation (LDLT)[1-4]. The procedure removes approximately two thirds of the donor liver, which has raised concerns and ethical issues regarding donor safety since the introduction of the procedure in 1996[5]. Foregoing the Hippocratic tenet of “do no harm”, “necessary harm” is being increasingly chosen as a last resort in countries where donor organs are in short supply. Healthy individuals are volunteering to be living donors for their loved ones, who may be destined to die without timely liver transplantation.

Reported complication rates following LDRH range from 16.0% to 78.3%[6-10]. The complications of LDRH are significantly higher compared to left donor hepatectomy[11]; this elevation is expected based on the extent of the hepatectomy.

Decreasing the complication rate of LDRH remains a major concern in the era of living donor surgery, which is performed worldwide and is becoming an increasingly common solution to the donor shortage. The outcomes of LDRH depend on the following three variables: preoperative selection, intraoperative surgical procedure, and postoperative care. Every major complication can be attributed to a small mistake regarding one of these three variables. The aim of this study was to assess the current status of LDRH and comment on the future of the procedure; assessment was performed from the standpoint of optimizing the donor selection criteria and reducing morbidity, which was based on both the authors’ 8-year institutional experience and a literature review.

DONOR EVALUATION

Ideally, all living donors should voluntarily sign the informed consent form in regards to the items discussed by the Ethics Group of the Vancouver Forum[12]; all LDRHs must be approved by a national supervisory organization, such as KONOS (Korean Network for Organ Sharing) or the institution’s ethical committee, following an independent full medical and psychiatric assessment of the donor by health-care professionals who are independent of the LDLT team. To safeguard against any unforeseen abnormalities, donor evaluation should include an extensive workup. 

Imaging studies should include Doppler ultra​sonography, computed tomography (CT) with volumetry, and intraoperative cholangiography or magnetic resonance cholangiography (MRC).

MRC accurately depicts the living liver donor biliary anatomy, as correlated with intraoperative cholangiography, and it is excellent in its complete depiction of the central, right, and left hepatic ducts[13,14]. One study showed that intraoperative cholangiography could be entirely replaced by noninvasive preoperative MRC[10]. 

Liver biopsy can be performed selectively in donors in whom liver steatosis is suspected, given their history, physical examination, or imaging study results. Upper and lower endoscopy examinations should be considered in donor candidates who are older than 40 and 50, respectively, or who have any gastrointestinal symptoms. Potential donors with any concomitant abnormal medical or psychological conditions should not be allowed to undergo the donor operation. Furthermore, a donor candidate who has smoked or taken oral contraceptives within a minimum of 6 wk prior to LDRH should not be accepted to reduce the risk of venous thromboembolic disease[15,16]. 

DONOR SELECTION

Selecting living liver donors while considering safety is one of the most important and difficult issues to address in LDLT. Ideally, a living donor should be in perfect health. However, due to the scarcity of deceased donors or suitable living donors, grafts from unusual sources (which are not preferentially used) may ultimately be considered; this type of donor has been provisionally called the “marginal living donor”. This approach is only justified when donor safety is not compromised. It should be noted that placing a healthy person on an operating table to help a patient already crosses the ethical border; therefore, trying to extend the criteria for living donors has been criticized for donor safety. 

The exact criteria for living donor selection remain to be determined; they may evolve with improved surgical management and accumulated experience. Controversial donors include those with a small remnant liver volume, fatty liver, previous abdominal surgery, accompanying medical illness, hepatitis B surface antigen or hepatitis C antibody-positive, and elderly donors over 60 years of age. Each potential donor must be considered case by case basis, taking into account different parameters, and their selection must be based on the experience and judgment of the transplant team. In every case, the safety of the donor is the primary concern.

Remnant liver volume

As is the case with all liver surgeries, there is a prerequisite that a remnant liver must have adequate vascular inflow, outflow, and biliary flow. Any compromise in these flows may reduce the actual functional liver volume, increasing the risk of functional small-for-size syndrome. Remnant liver volume should be considered under the premise of complete vascular and biliary flow. 

It is generally accepted that donor safety requires a remnant liver of > 30% of the original liver volume, with complete venous drainage[11]. Selection criteria for liver donation are evolving as surgical technique and management improves with time and experience.

It has been reported that LDRH with a remnant-to-total volume ratio less than 30% could be safely performed by carefully selected living donors using three selection criteria: preservation of middle hepatic vein (MHV), age under 50 years old, and no or mild fatty change in healthy adults[17].

Although the exact relationships are unknown, other criteria must be considered, such as age, body mass index, fatty liver, and so forth.

Fatty liver

The use of steatotic liver may increase the risk of primary nonfunction in LDLT. Cold preservation of the fatty liver graft leads to the fusion and expansion of fats, which press on the sinusoids and hepatocytes; this phenomenon leads to circulation disturbances in the sinusoids and graft injury[18]. LDLT has the advantage of reducing cold preservation time. However, there is no clear upper limit for fatty change to be used as a graft. A previous study reported that a moderately fatty liver with macrovesicular steatosis of 20%-50% can be used in LDLT[19]. In non-urgent situations, diet and exercise is recommended to reduce the steatosis, which leads to better outcomes in both the donor and recipient[20].

Previous abdominal surgery

Previous abdominal surgery can make donor surgery even more complicated and difficult because of adhesion formation, which causes the intestines or other abdominal structures to adhere to the surface of the liver and abdominal wall. This is considered a relative contraindication to donation[21]. The potential for bowel injury and difficulty in visualizing the hilar vascular structures during relaparotomy may dissuade surgeons from performing LDRH in donors with previous abdominal surgery.

In the authors’ experience, which included 10 donors who had previous small or large bowel surgery, cholecystectomy, or other surgeries, LDRH was feasible and safe; in these cases, operative time was longer, and incidental bowel injuries were encountered in 2 donors, which were repaired on the spot. 

Accompanying medical illness

Hypertension, hyperlipidemia, obesity, and diabetes mellitus may pose a higher risk for postoperative complications after donor surgery; these diseases are commonly encountered when evaluating middle and old-aged donor candidates. It is important to check whether these diseases are well-controlled in patients undergoing surgery and whether these patients have any complication from medical illnesses. In well-controlled, complication-free donors, donor surgery may be selectively considered (with proper perioperative management) following careful individual assessment of the particular donor. 

It is also recommended that the screening workup include coagulation disorders to prevent unexpected bleeding or venous thromboembolic events during the postoperative period[22].

Hepatitis B surface antigen/hepatitis C antibody-positive donors

Donors who are HBV core antibody and hepatitis B surface antigen (HBsAg) negative have been successfully used as living liver donors[23,24]. However, the positivity of HBsAg or hepatitis C virus antibody (HCVAb) is contraindicated in living donation in the majority of cases. Anecdotally, LDRH has been reported to have been performed in a HBsAg-positive donor whose graft was transplanted into a HBsAg-positive recipient[25]. In the authors’ institution, HBsAg or HCVAb-positive living donors with normal liver function are carefully selected for LDRH in HBsAg or HCVAb-positive patients, respectively, if they test negative for HBV DNA and HCV RNA.

Old aged donors

Previous reports have defined “older donors” as those over 44 or 50[26,27]. These donors have been linked to poor recipient outcomes and higher donor complication rates. Right hepatectomy leading to an estimated remnant liver volume less than 35% should be avoided in living donors who are 50 years old or older[27]. The use of elderly donors to expand the living donor pool raises ethical issues, including providing a lower quality graft to the recipient. In addition, there has been apprehension regarding donor safety due to the perceived increased risk of morbidity to the donor. However, there is currently insufficient evidence, from the standpoints of both donor and recipient outcomes, to define an upper age limit for donation in LDLT. 

In the authors’ experience, a total of 10 living donors, aged 60 and above, who underwent LDRH showed comparable outcomes (both in donors and recipients) based on the selection criteria, which included preservation of middle hepatic vein, a remnant liver volume greater than 30%, and no or mild fatty change in healthy condition. 

SURGICAL PROCEDURE

Living donors can be evaluated as a homogenous adult group who are selected through a strict medical and ethical evaluation process. As such, there is no exaggeration in saying that their physical and mental health has been evaluated by medical experts. In other words, these individuals have a normal liver with no serious underlying disease. Therefore, compared to other patients with pathologic liver or underlying illness, a standardized operation is more likely to be established, with the expectation of lowering operative morbidity.

LDRH procedures are always performed under general anesthesia, with endotracheal intubation and controlled ventilation. The operative procedure consists of laparotomy, liver mobilization, hilar vascular dissection, parenchymal transection, cutting right hepatic duct, artery, portal vein, and hepatic vein, graft removal, and abdominal wall closure. There may be some differences in the order of operative procedures; for example, after complete parenchymal transection, the right Glisson’s pedicle can be dissected from the right hepatic artery, portal vein, and hepatic duct. Variations of the hepatic artery, portal vein, hepatic vein, and bile duct may be encountered[28]; as such, donor surgeons should be well-informed and prepared for these variations by preoperative three phase CT scan and MR cholangiography. The proper vascular and biliary dissection for anastomosis should be based on the premise of not compromising the blood inflow, outflow, and bile flow in the remnant left liver. 

It is been reported that the dose of heparin administered systemically immediately before graft harvesting can be reduced without increasing the risk of vascular thrombosis or donor complications[29]. Currently, there is no consensus regarding the optimum dose of heparin. The dose of heparin may further be decreased or stopped altogether, which may lead to less bleeding complications. The proper dosage or necessity of heparin use remains to be studied. 

The operative technique for LDRH has been refined since the inception of the LDLT program in 2005 at the authors’ institution[30,31]. Since its introduction, various notable modifications in surgical technique, management over time, and experience have been introduced (Table 1)[10]; this result illustrates the efforts to standardize the surgical procedures of various aspect of LDRH to maximize its accuracy, reduce operative time, and use as small an abdominal incision as possible, without compromising donor safety. 

The current surgical technique is as follows. An upper midline incision above the umbilicus is used, and a wound protector is installed. After mobilizing the right liver while saving the large inferior right hepatic veins (if present), the right Glisson’s pedicle is dissected; this step is performed following cholecystectomy and transection of the inferior parenchyma of the caudate lobe up to the hepatic hilum. A tape is located along the inferior vena cava, with its upper end between the right and middle hepatic veins and its lower end between the right and left Glisson’s pedicles (located on the left side of the saved inferior right hepatic vein, if present). A hanging maneuver is consistently employed from the start of the liver parenchymal transection until the tape is exposed[32]. Any MHV branch over 5 mm in diameter is saved for reconstruction. In the case of a right liver graft with MHV, the main trunk of the MHV is exposed early; it is followed along its left side, all the way up to the junction with the segment 4b hepatic vein and cut immediately proximal to the junction. After complete parenchymal transection, heparin (5 IU/kg) is given intravenously. The right Glisson’s pedicle is then dissected from the right hepatic artery, portal vein, and hepatic duct. The right hepatic duct is cut just 2 mm to the right side of the confluence under clear visualization. The stump is then closed. The right hepatic artery, portal vein, and hepatic vein are divided at each bifurcation without narrowing the remnant stumps before the recipient operation. The graft is removed to a basin containing histidine-tryptophan-ketoglutarate solution. The falciform ligament is reconstructed to maintain the remnant of the left liver in original anatomic position. A drain is placed in the right liver fossa.

Innovations and refinements in LDRH techniques have been introduced over the past few decades. However, improvements can still be made. Donor safety and outcomes should not be compromised; as such, three major areas for future studies to focus on may include the reduction of blood loss, operative time, and laparotomy size.

Blood loss and operative time

Two major criteria for assessing technical proficiency are blood loss and operating time. The former should take precedence in determining the safety of the surgery. The operative blood loss is expected to be low in most high-volume transplant centers, but one should be prepared for the possibility of unexpected massive bleeding. However, this is unlikely in the modern era of advanced liver surgery. The amount of blood loss and the need for blood transfusions should be kept at a minimum, as these factors lead to operative morbidity and mortality after partial hepatectomy[33,34]. Neither vascular inflow nor outflow occlusion is usually employed during parenchymal transection. If major bleeding occurs, this technique can be used temporarily to control bleeding. Low central venous pressure (less than 5 mmHg) during transection has been reported to reduce operative blood loss and the associated morbidity and mortality[35]. In the authors’ institution, central vein cannulation was stopped from donor no. 169 in 2009 onwards because LDRH proved to be stable. This simplification leads to the avoidance of catheter-related complication, such as pneumothorax. Fluid infusion is restricted during parenchymal transection by the anesthesiologist.

The operation time should also be reduced to be as short as possible. Right-liver donation and prolonged donor operation time have been shown to be independent risk factors for major complications in donors[1]. Reducing operative time may be considered only after ensuring the safety and preciseness of LDRH. There should be limited blood loss and no compromise of blood inflow, blood outflow, or bile flow in both the right liver graft and remnant left liver.

A significant reduction of operation time can be achieved not only by technical innovation and proficiency but also by coordinating the recipient operation. Donor operative time may be lengthened unnecessarily by unanticipated long waiting times in difficult recipient hepatectomies. This is particular true for patients who have a history of previous liver resection. The liver hanging maneuver is a useful suspension technique that results in shorter parenchymal transection time and less blood loss[31,36,37]. 

Laparotomy incision

Over the past decade, minimally invasive surgery has grown in popularity. The growing interest in laparoscopic surgery has prompted the exploration of minimally invasive techniques for use in LDRH. The first laparoscopy-assisted LDRH was described in 2006[38]. Subsequently, efforts were extended to pure laparoscopy or robot-assisted LDRH[39,40]. However, this approach was reported only in a small number of selected donors. Limitations include the longer operative time, the required instruments, expenditure, and the surgeon’s comfort with both hepatectomy and laparoscopic or robotic surgery. Recently, the upper midline incision (without laparoscopic assistance) above the umbilicus has been reported in LDRH application, leading to reduced pain without sacrificing safety[30]. The technical reproducibility, effectivity, safety, and universality of conventional open LDRH has been demonstrated in more than 200 consecutive LDRHs, regardless of body mass index and past history of previous abdominal surgery[10]. 

The minimum size of the abdominal incision depends on the size of the harvested liver graft. Considering that there are additional incisions for three to five ports required in the laparoscopic or robotic approach, the total length of the incisions seems to make little difference compared to the open technique using an upper midline incision. The only notable difference was that the main incision for delivery of the graft was able to be made on the lower abdomen (i.e., pfannenstiel incision) instead of several small incisions for port sites. The so-called “minimally invasive surgery” may be accurately termed “minimal incisional surgery”. However, minimally invasive surgery does not strictly mean minimal incisional surgery. Prolonged operative time, large blood loss, unanticipated injury to other internal organs, and any near-missed event should also be considered in the potential invasiveness to patients. Moreover, the large operative field exposure using a conventional chevron or J-shaped incision or long operative time is likely to be associated with significant heat losses. Hypothermia inhibits the enzymes of the coagulation cascade[41], which may contribute to intraoperative blood loss.

Therefore, the safety and effectiveness of each procedure should be demonstrated with randomized controlled trials.

POSTOPERATIVE CARE AND FOLLOW UP

Postoperative care should be started before donors leave the operating room, with appropriate counselling and preparation. The current postoperative management and follow up in the authors’ institution are as follows. Prophylaxis for thromboembolism with early mobilization and compressive stockings is started on the day before the operation and continued until discharge; low-molecular weight heparin is used selectively in donors over the age of 60 or with other risk factors for 1 wk postoperatively. Intravenous patient-controlled analgesia is used for 3 d after surgery. Early feeding and early ambulation are encouraged if the donor’s underlying condition permit. A prophylactic drain is removed once the serous drainage has stopped or has become less than approximately 100 ml/d, usually no later than 5 d after surgery. Routine laboratory tests are checked daily for three consecutive postoperative days and then every other day during the length of the hospital stay. Follow up CT is routinely performed at 1 wk, 1 mo, and 1 year after the operation. After discharge, all donors are followed with routine laboratory tests after LDRH at one and 3 mo; thereafter, laboratory tests are performed every 6 mo for at least 5 years. 

Long-term regular follow up is mandatory, as the majority of donors suffer physically, mentally, and socially in the first few months after donor surgery[42]. One third of rehospitalizations for living liver donors occur more than 90 d after donation[43]. 

OPERATIVE OUTCOMES, MORBIDITY, AND MORTALITY 

Results from studies evaluating operative outcomes for LDRH are shown in Table 2. Outcome measures included the number of donors, operative time, blood loss, morbidity, and mortality. The operation time ranged widely among studies: the shortest was 146 min, and the longest was 932 min. The operative blood loss also varied widely among studies, ranging from 20 to 1670 ml. Inter-and intra-study variation in both outcomes were notable, likely reflecting the learning curve regarding surgical proficiency. 

For the assessment of complications in living donor surgery, Clavien’s classification and severity scoring system has been widely adopted[44,45]. Overall complication rates vary widely from study to study, with three studies reporting mortality (one in each study). LDRH mortality has been reported in 14 donors of a total of 18 live liver donor deaths[46]. A national study of all live liver donors in the United States over a 17-year period recently demonstrated that the risk of death after liver donation was 1.7 per 1000 donors; the risk of catastrophic outcomes, including early death and acute liver failure, was 2.9 per 1000 donors[47]. 

At the authors’ institution, an increase in the surgeon’s experience significantly reduced the operative time, hospital stay, and overall and grade Ⅲb complication rates, while operative blood loss was kept consistently low. In the most recent 100 donors, the morbidity was 3% without any major morbidity, reoperation, or blood transfusion during or after surgery[10]. All donors fully recovered and returned to their previous functional lifestyles. These morbidity outcomes can be compared to those of various studies from single centers and multicenter consortia[48,49], where there have been no observed reductions in donor morbidity with increasing center experience. 

Numerous complications can occur after live donation, including intraoperative injuries, biliary leaks, biliary strictures, abscesses, bowel obstruction, hepatic artery thrombosis, portal vein thrombosis, inferior vena cava thrombosis, infections, and many other complications[48,50-52]. The fact that complications can occur in living donors (as in other surgery patients) does not mean that postoperative morbidity should be accepted as an inherent limitation of LDRH. Of course, complications may occur regardless of precautions, such as intracerebral hemorrhage or pulmonary embolism[53,54]. The causes for these complications have yet to be investigated. However, almost all complications in living donors selected through a strict donor selection process are likely caused by problems in surgical technique and/or intra- and post-operative management. Whenever a complication is encountered, the cause should be reviewed, and any problems should be rectified to prevent recurrence. Postoperative bleeding, which occurred and required reoperation in 10 donors (in the early period of the authors’ experience), might have been considered careless enough to discourage and prevent our LDLT program from continuing. From this painful experience, we learned that delayed bleeding, undetected until closure of the abdominal wall, can occur at the dissected wall of the common bile duct, dissected perihepatic ligaments, and the tract of the drainage tube through the abdominal wall punctured for drainage. Since then, we began careful hemostasis by placing reinforcing sutures at suspect dissected areas; in addition, we used an electric coagulator to pierce the abdominal wall for the drainage tube. The bleeding complication has not since been encountered. 

Biliary complications have been reported as the most common and feared complications in living donors; these complications are more frequent and severe for right and extended right lobe donation than for non-right lobe donation[55]. In the authors’ institution, meticulous suture or ligation is placed at any Glisson’s pedicle more than 1 mm in the cut surface of the parenchyma, and the bile duct is divided by cutting the right hepatic duct at least 2 mm to the right side of the confluence with sharp dissection following complete parenchymal transection to prevent biliary leakage or stricture. Reoperation for biliary stricture in one donor demonstrated that the bile duct stump cut just 1 mm from the bifurcation, repaired by a continuous oversewing suture, could compromise bile flow of the bifurcation by fibrosis and adhesion in the remnant bile duct. 

Rarely, serious complications involving rhabdomyolysis and diaphragmatic hernia can occur. Rhabdomyolysis is a condition in which damaged skeletal muscle tissue breaks down rapidly. It has multiple causes, including inherited muscle disorders and confinement to a fixed position in prolonged surgery[56]. After experiencing one case of rhabdomyolysis, the donor evaluation in the authors’ institution has broadened to include any history of underlying muscle disease. If suspected, further investigation, including measuring the level of creatine kinase in the blood, electromyography, and muscle biopsy, is planned to exclude any donor candidate who may experience rhabdomyolysis. Safe and quick surgery may also be helpful in preventing rhabdomyolysis in cases of this unexpected situation. 

A diaphragmatic hernia after LDRH has been reported as a rare donor complication that can occur 2-3 years after surgery[57,58]. A diaphragmatic hernia detected after LDRH is likely to result from thermal injury by an electrosurgical device (often referred to as a “Bovie”) during right liver mobilization. It is important to take care not to injure the diaphragm during liver mobilization; if any injury is suspected, reinforcing sutures should be placed. The delayed presentation may be explained by the evolution of any unrecognized injury into a small defect. This defect may then enlarge over time and allow herniation of bowel contents, caused by pressure differences between the abdominal and thoracic cavities. As such, long-term follow-up is warranted for this possible late complication. 

Another major complication that has few reports is intraoperative “no go” donor hepatectomy. Aborted donor hepatectomies are reported to occur in 1%-5% of cases[59-61]. In our own cohort, there were two cases of aborted donor hepatectomy in the early period of the LDLT program[62]. The first case was severe fatty change found by routine intra-operative biopsy in a patient with normal liver function and mild fatty change on pre-operative CT scan. This problem could have been detected by pre-operative biopsy. In the second case, intra-abdominal metastasis in a recurrent hepatocellular carcinoma patient, who had undergone previous partial hepatectomy, was not detected by the pre-operative imaging studies but was found late during the operation. Since then, in LDLT for liver cancer, the donor operation has been started only after confirming the absence of intraabdominal metastasis with full exploration in the recipient. With precise preoperative evaluations, improved surgical technique, and extended selection criteria for living donor, the rate of ‘no go’ donor hepatectomies is expected to decrease. However, the donor surgeon should be prepared to abort the procedure because the unpredictable may occur, such as intraoperative recipient death before procurement of a living donor graft[63]. 

CONCLUSION

Donor safety, a matter of utmost importance, is ensured by three factors: preoperative evaluation of the donor, intraoperative surgical technique, and postoperative care. The selection criteria for LDRH can be extended with advanced surgical technique and improved management without compromising donor safety. Surgical technique is a priority for determining the outcome of donors. As such, donor surgeons should be prepared to be fully informed regarding the case; in addition, they should acknowledge their strengths and weaknesses. Care and vigilance should be exercised to limit the possibility of serious morbidity during routine LDRH. The three focus areas should be continuously refined, with the ultimate goal of zero morbidity.

REFERENCES

1
Morioka D, Egawa H, Kasahara M, Ito T, Haga H, Takada Y, Shimada H, Tanaka K. Outcomes of adult-to-adult living donor liver transplantation: a single institution’s experience with 335 consecutive cases. Ann Surg 2007; 245: 315-325 [PMID: 17245187 DOI: 10.1097/01.sla.0000236600.24667.a4]

2
Abecassis MM, Fisher RA, Olthoff KM, Freise CE, Rodrigo DR, Samstein B, Kam I, Merion RM. Complications of living donor hepatic lobectomy--a comprehensive report. Am J Transplant 2012; 12: 1208-1217 [PMID: 22335782 DOI: 10.1111/j.1600-6143.2011.03972.x]

3
Shin M, Song S, Kim JM, Kwon CH, Kim SJ, Lee SK, Joh JW. Donor morbidity including biliary complications in living-donor liver transplantation: single-center analysis of 827 cases. Transplantation 2012; 93: 942-948 [PMID: 22357173 DOI: 10.1097/TP.0b013e31824ad5de]

4
Chan SC, Chan AC, Sharr WW, Chok KS, Cheung TT, Fan ST, Lo CM. Perpetuating proficiency in donor right hepatectomy for living donor liver transplantation. Asian J Surg 2014; 37: 65-72 [PMID: 24210956 DOI: 10.1016/j.asjsur.2013.09.001]

5
Lo CM, Fan ST, Liu CL, Wei WI, Lo RJ, Lai CL, Chan JK, Ng IO, Fung A, Wong J. Adult-to-adult living donor liver transplantation using extended right lobe grafts. Ann Surg 1997; 226: 261-29; discussion 261-29; [PMID: 9339932]

6
Azoulay D, Bhangui P, Andreani P, Salloum C, Karam V, Hoti E, Pascal G, Adam R, Samuel D, Ichai P, Saliba F, Castaing D. Short- and long-term donor morbidity in right lobe living donor liver transplantation: 91 consecutive cases in a European Center. Am J Transplant 2011; 11: 101-110 [PMID: 21199351 DOI: 10.1111/j.1600-6143.2010.03284.x]

7
Gruttadauria S, Marsh JW, Vizzini GB, di Francesco F, Luca A, Volpes R, Marcos A, Gridelli B. Analysis of surgical and perioperative complications in seventy-five right hepatectomies for living donor liver transplantation. World J Gastroenterol 2008; 14: 3159-3164 [PMID: 18506919]

8
Chan SC, Fan ST, Lo CM, Liu CL, Wong J. Toward current standards of donor right hepatectomy for adult-to-adult live donor liver transplantation through the experience of 200 cases. Ann Surg 2007; 245: 110-117 [PMID: 17197973 DOI: 10.1097/01.sla.0000225085.82193.08]

9
Yi NJ, Suh KS, Cho JY, Lee HW, Cho EH, Yang SH, Cho YB, Lee KU. Three-quarters of right liver donors experienced postoperative complications. Liver Transpl 2007; 13: 797-806 [PMID: 17539000 DOI: 10.1002/lt.21030]

10
Kim SH, Kim YK. Improving outcomes of living-donor right hepatectomy. Br J Surg 2013; 100: 528-534 [PMID: 23288584 DOI: 10.1002/bjs.9022]

11
Barr ML, Belghiti J, Villamil FG, Pomfret EA, Sutherland DS, Gruessner RW, Langnas AN, Delmonico FL. A report of the Vancouver Forum on the care of the live organ donor: lung, liver, pancreas, and intestine data and medical guidelines. Transplantation 2006; 81: 1373-1385 [PMID: 16732172 DOI: 10.1097/01.tp.0000216825.56841.cd]

12
Pruett TL, Tibell A, Alabdulkareem A, Bhandari M, Cronin DC, Dew MA, Dib-Kuri A, Gutmann T, Matas A, McMurdo L, Rahmel A, Rizvi SA, Wright L, Delmonico FL. The ethics statement of the Vancouver Forum on the live lung, liver, pancreas, and intestine donor. Transplantation 2006; 81: 1386-1387 [PMID: 16732173 DOI: 10.1097/01.tp.0000214976.36526.e3]

13
Kapoor V, Peterson MS, Baron RL, Patel S, Eghtesad B, Fung JJ. Intrahepatic biliary anatomy of living adult liver donors: correlation of mangafodipir trisodium-enhanced MR cholangiography and intraoperative cholangiography. AJR Am J Roentgenol 2002; 179: 1281-1286 [PMID: 12388514 DOI: 10.2214/ajr.179.5.1791281]

14
Fulcher AS, Szucs RA, Bassignani MJ, Marcos A. Right lobe living donor liver transplantation: preoperative evaluation of the donor with MR imaging. AJR Am J Roentgenol 2001; 176: 1483-1491 [PMID: 11373218 DOI: 10.2214/ajr.176.6.1761483]

15
Goldhaber SZ, Grodstein F, Stampfer MJ, Manson JE, Colditz GA, Speizer FE, Willett WC, Hennekens CH. A prospective study of risk factors for pulmonary embolism in women. JAMA 1997; 277: 642-645 [PMID: 9039882]

16
Effect of different progestagens in low oestrogen oral contraceptives on venous thromboembolic disease. World Health Organization Collaborative Study of Cardiovascular Disease and Steroid Hormone Contraception. Lancet 1995; 346: 1582-1588 [PMID: 7500749]

17
Kim SH, Kim YK, Lee SD, Park SJ. Selection and outcomes of living donors with a remnant volume less than 30% after right hepatectomy. Liver Transpl 2013; 19: 872-878 [PMID: 23695974 DOI: 10.1002/lt.23677]

18
Minor T, Akbar S, Tolba R, Dombrowski F. Cold preservation of fatty liver grafts: prevention of functional and ultrastructural impairments by venous oxygen persufflation. J Hepatol 2000; 32: 105-111 [PMID: 10673074]

19
Soejima Y, Shimada M, Suehiro T, Kishikawa K, Yoshizumi T, Hashimoto K, Minagawa R, Hiroshige S, Terashi T, Ninomiya M, Shiotani S, Harada N, Sugimachi K. Use of steatotic graft in living-donor liver transplantation. Transplantation 2003; 76: 344-348 [PMID: 12883190 DOI: 10.1097/01.TP.0000071205.52835.A4]

20
Oshita A, Tashiro H, Amano H, Kobayashi T, Onoe T, Ide K, Takaki S, Takahashi S, Arihiro K, Chayama K, Ohdan H. Safety and feasibility of diet-treated donors with steatotic livers at the initial consultation for living-donor liver transplantation. Transplantation 2012; 93: 1024-1030 [PMID: 22495493 DOI: 10.1097/TP.0b013e31824c9e25]

21
Trotter JF. Selection of donors for living donor liver transplantation. Liver Transpl 2003; 9: S2-S7 [PMID: 14528421 DOI: 10.1053/jlts.2003.50221]

22
Durand F, Ettorre GM, Douard R, Denninger MH, Kianmanesh A, Sommacale D, Farges O, Valla D, Belghiti J. Donor safety in living related liver transplantation: underestimation of the risks for deep vein thrombosis and pulmonary embolism. Liver Transpl 2002; 8: 118-120 [PMID: 11862586 DOI: 10.1053/jlts.2002.30596]

23
de Villa VH, Chen YS, Chen CL. Hepatitis B core antibody-positive grafts: recipient’s risk. Transplantation 2003; 75: S49-S53 [PMID: 12589141 DOI: 10.1097/01.TP.0000047006.96782.64]

24
Hwang S, Moon DB, Lee SG, Park KM, Kim KH, Ahn CS, Lee YJ, Chu CW, Yang HS, Cho SH, Oh KB, Ha TY, Min PC. Safety of anti-hepatitis B core antibody-positive donors for living-donor liver transplantation. Transplantation 2003; 75: S45-S48 [PMID: 12589140 DOI: 10.1097/01.TP.0000047030.38665.0D]

25
Hwang S, Lee SG, Park KM, Kim KH, Ahn CS, Oh HB, Moon DB, Ha TY, Lim YS, Jung DH. Five-year follow-up of a hepatitis B virus-positive recipient of hepatitis B surface antigen-positive living donor liver graft. Liver Transpl 2006; 12: 993-997 [PMID: 16721765 DOI: 10.1002/lt.20799]

26
Shah SA, Cattral MS, McGilvray ID, Adcock LD, Gallagher G, Smith R, Lilly LB, Girgrah N, Greig PD, Levy GA, Grant DR. Selective use of older adults in right lobe living donor liver transplantation. Am J Transplant 2007; 7: 142-150 [PMID: 17227563 DOI: 10.1111/j.1600-6143.2006.01596.x]

27
Dayangac M, Taner CB, Yaprak O, Demirbas T, Balci D, Duran C, Yuzer Y, Tokat Y. Utilization of elderly donors in living donor liver transplantation: when more is less? Liver Transpl 2011; 17: 548-555 [PMID: 21506243 DOI: 10.1002/lt.22276]

28
Varotti G, Gondolesi GE, Goldman J, Wayne M, Florman SS, Schwartz ME, Miller CM, Sukru E. Anatomic variations in right liver living donors. J Am Coll Surg 2004; 198: 577-582 [PMID: 15051012 DOI: 10.1016/j.jamcollsurg.2003.11.014]

29
Yoo T, Kim SH, Kim YK, Cho SY, Park SJ. Low-dose heparin therapy during living donor right hepatectomy is associated with few side effects and does not increase vascular thrombosis in liver transplantation. Transplant Proc 2013; 45: 222-224 [PMID: 23375304 DOI: 10.1016/j.transproceed.2012.02.043]

30
Kim SH, Cho SY, Lee KW, Park SJ, Han SS. Upper midline incision for living donor right hepatectomy. Liver Transpl 2009; 15: 193-198 [PMID: 19177437 DOI: 10.1002/lt.21677]

31
Kim SH, Kim YK. Living donor right hepatectomy using the hanging maneuver by Glisson’s approach under the upper midline incision. World J Surg 2012; 36: 401-406 [PMID: 22127424 DOI: 10.1007/s00268-011-1340-z]

32
Kim SH, Park SJ, Lee SA, Lee WJ, Park JW, Hong EK, Kim CM. Various liver resections using hanging maneuver by three glisson’s pedicles and three hepatic veins. Ann Surg 2007; 245: 201-205 [PMID: 17245172 DOI: 10.1097/01.sla.0000245516.10349.c5]

33
Ibrahim S, Chen CL, Lin CC, Yang CH, Wang CC, Wang SH, Liu YW, Yong CC, Concejero A, Jawan B, Cheng YF. Intraoperative blood loss is a risk factor for complications in donors after living donor hepatectomy. Liver Transpl 2006; 12: 950-957 [PMID: 16721773 DOI: 10.1002/lt.20746]

34
Fan ST, Mau Lo C, Poon RT, Yeung C, Leung Liu C, Yuen WK, Ming Lam C, Ng KK, Ching Chan S. Continuous improvement of survival outcomes of resection of hepatocellular carcinoma: a 20-year experience. Ann Surg 2011; 253: 745-758 [PMID: 21475015 DOI: 10.1097/SLA.0b013e3182111195]

35
Wang WD, Liang LJ, Huang XQ, Yin XY. Low central venous pressure reduces blood loss in hepatectomy. World J Gastroenterol 2006; 12: 935-939 [PMID: 16521223]

36
Shindoh J, Aoki T, Hasegawa K, Beck Y, Sugawara Y, Makuuchi M, Kokudo N. Donor hepatectomy using hanging maneuvers: Tokyo University experiences in 300 donors. Hepatogastroenterology 2012; 59: 1939-1943 [PMID: 22819914 DOI: 10.5754/hge10247]

37
Sadamori H, Yagi T, Shinoura S, Umeda Y, Yoshida R, Satoh D, Nobuoka D, Utsumi M, Yoshida K, Fujiwara T. Bloodless donor hepatectomy in living donor liver transplantation: counterclockwise liver rotation and early hanging maneuver. J Gastrointest Surg 2013; 17: 203-206 [PMID: 22573114 DOI: 10.1007/s11605-012-1907-5]

38
Koffron AJ, Kung R, Baker T, Fryer J, Clark L, Abecassis M. Laparoscopic-assisted right lobe donor hepatectomy. Am J Transplant 2006; 6: 2522-2525 [PMID: 16889605 DOI: 10.1111/j.1600-6143.2006.01498.x]

39
Soubrane O, Perdigao Cotta F, Scatton O. Pure laparoscopic right hepatectomy in a living donor. Am J Transplant 2013; 13: 2467-2471 [PMID: 23865716 DOI: 10.1111/ajt.12361]

40
Giulianotti PC, Tzvetanov I, Jeon H, Bianco F, Spaggiari M, Oberholzer J, Benedetti E. Robot-assisted right lobe donor hepatectomy. Transpl Int 2012; 25: e5-e9 [PMID: 22029717 DOI: 10.1111/j.1432-2277.2011.01373.x]

41
Delva E, Camus Y, Paugam C, Parc R, Huguet C, Lienhart A. Hemodynamic effects of portal triad clamping in humans. Anesth Analg 1987; 66: 864-868 [PMID: 3619092]

42
Chan SC, Liu CL, Lo CM, Lam BK, Lee EW, Fan ST. Donor quality of life before and after adult-to-adult right liver live donor liver transplantation. Liver Transpl 2006; 12: 1529-1536 [PMID: 17004265 DOI: 10.1002/lt.20897]

43
Merion RM, Shearon TH, Berg CL, Everhart JE, Abecassis MM, Shaked A, Fisher RA, Trotter JF, Brown RS, Terrault NA, Hayashi PH, Hong JC. Hospitalization rates before and after adult-to-adult living donor or deceased donor liver transplantation. Ann Surg 2010; 251: 542-549 [PMID: 20130466 DOI: 10.1097/SLA.0b013e3181ccb370]

44
Clavien PA, Camargo CA, Croxford R, Langer B, Levy GA, Greig PD. Definition and classification of negative outcomes in solid organ transplantation. Application in liver transplantation. Ann Surg 1994; 220: 109-120 [PMID: 8053733]

45
Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 2004; 240: 205-213 [PMID: 15273542]

46
Wakade VA, Mathur SK. Donor safety in live-related liver transplantation. Indian J Surg 2012; 74: 118-126 [PMID: 23372315 DOI: 10.1007/s12262-011-0385-4]

47
Muzaale AD, Dagher NN, Montgomery RA, Taranto SE, McBride MA, Segev DL. Estimates of early death, acute liver failure, and long-term mortality among live liver donors. Gastroenterology 2012; 142: 273-280 [PMID: 22108193 DOI: 10.1053/j.gastro.2011.11.015]

48
Ghobrial RM, Freise CE, Trotter JF, Tong L, Ojo AO, Fair JH, Fisher RA, Emond JC, Koffron AJ, Pruett TL, Olthoff KM. Donor morbidity after living donation for liver transplantation. Gastroenterology 2008; 135: 468-476 [PMID: 18505689 DOI: 10.1053/j.gastro.2008.04.018]

49
Marsh JW, Gray E, Ness R, Starzl TE. Complications of right lobe living donor liver transplantation. J Hepatol 2009; 51: 715-724 [PMID: 19576652 DOI: 10.1016/j.jhep.2009.04.023]

50
Hwang S, Lee SG, Lee YJ, Sung KB, Park KM, Kim KH, Ahn CS, Moon DB, Hwang GS, Kim KM, Ha TY, Kim DS, Jung JP, Song GW. Lessons learned from 1,000 living donor liver transplantations in a single center: how to make living donations safe. Liver Transpl 2006; 12: 920-927 [PMID: 16721780 DOI: 10.1002/lt.20734]

51
Lo CM. Complications and long-term outcome of living liver donors: a survey of 1,508 cases in five Asian centers. Transplantation 2003; 75: S12-S15 [PMID: 12589131 DOI: 10.1097/01.TP.0000046534.45645.47]

52
Hashikura Y, Ichida T, Umeshita K, Kawasaki S, Mizokami M, Mochida S, Yanaga K, Monden M, Kiyosawa K. Donor complications associated with living donor liver transplantation in Japan. Transplantation 2009; 88: 110-114 [PMID: 19584689 DOI: 10.1097/TP.0b013e3181aaccb0]

53
Broering DC, Wilms C, Bok P, Fischer L, Mueller L, Hillert C, Lenk C, Kim JS, Sterneck M, Schulz KH, Krupski G, Nierhaus A, Ameis D, Burdelski M, Rogiers X. Evolution of donor morbidity in living related liver transplantation: a single-center analysis of 165 cases. Ann Surg 2004; 240: 1013-1024; discussions 1013-1024 [PMID: 15570207]

54
Wiederkehr JC, Pereira JC, Ekermann M, Porto F, Kondo W, Nagima I, Amaral W, Camargo CA, Moreira M. Results of 132 hepatectomies for living donor liver transplantation: report of one death. Transplant Proc 2005; 37: 1079-1080 [PMID: 15848628 DOI: 10.1016/j.transproceed.2004.12.221]

55
Iida T, Ogura Y, Oike F, Hatano E, Kaido T, Egawa H, Takada Y, Uemoto S. Surgery-related morbidity in living donors for liver transplantation. Transplantation 2010; 89: 1276-1282 [PMID: 20216482 DOI: 10.1097/TP.0b013e3181d66c55]

56
Bosch X, Poch E, Grau JM. Rhabdomyolysis and acute kidney injury. N Engl J Med 2009; 361: 62-72 [PMID: 19571284 DOI: 10.1056/NEJMra0801327]

57
Hawxby AM, Mason DP, Klein AS. Diaphragmatic hernia after right donor and hepatectomy: a rare donor complication of partial hepatectomy for transplantation. Hepatobiliary Pancreat Dis Int 2006; 5: 459-461 [PMID: 16911950]

58
Vernadakis S, Paul A, Kykalos S, Fouzas I, Kaiser GM, Sotiropoulos GC. Incarcerated diaphragmatic hernia after right hepatectomy for living donor liver transplantation: case report of an extremely rare late donor complication. Transplant Proc 2012; 44: 2770-2772 [PMID: 23146519 DOI: 10.1016/j.transproceed.2012.09.014]

59
Shiffman ML, Brown RS, Olthoff KM, Everson G, Miller C, Siegler M, Hoofnagle JH. Living donor liver transplantation: summary of a conference at The National Institutes of Health. Liver Transpl 2002; 8: 174-188 [PMID: 11862598 DOI: 10.1053/jlts.2002.30981]

60
Guba M, Adcock L, MacLeod C, Cattral M, Greig P, Levy G, Grant D, Khalili K, McGilvray ID. Intraoperative ‘no go’ donor hepatectomies in living donor liver transplantation. Am J Transplant 2010; 10: 612-618 [PMID: 20121746 DOI: 10.1111/j.1600-6143.2009.02979.x]

61
Lei JY, Yan LN. Intraoperative “no go” donor hepatectomy in living donor liver transplantation. Transplant Proc 2013; 45: 2253-2257 [PMID: 23953536 DOI: 10.1016/j.transproceed.2013.02.119]

62
Kim SH, Cho SY, Park SJ, Lee KW, Han SS, Lee SA, Park JW, Kim CM. Learning curve for living-donor liver transplantation in a fledgling cancer center. Transpl Int 2009; 22: 1164-1171 [PMID: 19891045]

63
Siegler M, Simmerling MC, Siegler JH, Cronin DC. Recipient deaths during donor surgery: a new ethical problem in living donor liver transplantation (LDLT). Liver Transpl 2006; 12: 358-360 [PMID: 16498653 DOI: 10.1002/lt.20670]

64
Ito T, Kiuchi T, Egawa H, Kaihara S, Oike F, Ogura Y, Fujimoto Y, Ogawa K, Tanaka K. Surgery-related morbidity in living donors of right-lobe liver graft: lessons from the first 200 cases. Transplantation 2003; 76: 158-163 [PMID: 12865803 DOI: 10.1097/01.TP.0000072372.42396.47]

65
Baker TB, Jay CL, Ladner DP, Preczewski LB, Clark L, Holl J, Abecassis MM. Laparoscopy-assisted and open living donor right hepatectomy: a comparative study of outcomes. Surgery 2009; 146: 817-23; discussion 823-5 [PMID: 19789043 DOI: 10.1016/j.surg.2009.05.022]

66
Adcock L, Macleod C, Dubay D, Greig PD, Cattral MS, McGilvray I, Lilly L, Girgrah N, Renner EL, Selzner M, Selzner N, Kashfi A, Smith R, Holtzman S, Abbey S, Grant DR, Levy GA, Therapondos G. Adult living liver donors have excellent long-term medical outcomes: the University of Toronto liver transplant experience. Am J Transplant 2010; 10: 364-371 [PMID: 20415904 DOI: 10.1111/j.1600-6143.2009.02950.x]

67
Kim SJ, Na GH, Choi HJ, Yoo YK, Kim DG. Surgical outcome of right liver donors in living donor liver transplantation: single-center experience with 500 cases. J Gastrointest Surg 2012; 16: 1160-1170 [PMID: 22426687 DOI: 10.1007/s11605-012-1865-y]

68
Nagai S, Brown L, Yoshida A, Kim D, Kazimi M, Abouljoud MS. Mini-incision right hepatic lobectomy with or without laparoscopic assistance for living donor hepatectomy. Liver Transpl 2012; 18: 1188-1197 [PMID: 22685084 DOI: 10.1002/lt.23488]

69
Salah T, Sultan AM, Fathy OM, Elshobary MM, Elghawalby NA, Sultan A, Yassen AM, Elsarraf WM, Elmorshedi M, Elsaadany MF, Shiha UA, Wahab MA. Outcome of right hepatectomy for living liver donors: a single Egyptian center experience. J Gastrointest Surg 2012; 16: 1181-1188 [PMID: 22370735 DOI: 10.1007/s11605-012-1851-4]

70
Facciuto M, Contreras-Saldivar A, Singh MK, Rocca JP, Taouli B, Oyfe I, LaPointe Rudow D, Gondolesi GE, Schiano TD, Kim-Schluger L, Schwartz ME, Miller CM, Florman S. Right hepatectomy for living donation: role of remnant liver volume in predicting hepatic dysfunction and complications. Surgery 2013; 153: 619-626 [PMID: 23415081 DOI: 10.1016/j.surg.2012.11.020]

P- Reviewer: Chau GY, Hsieh CB    S- Editor: Ma YJ    L- Editor: A    E- Editor: Zhang DN



�





Table 1  Modifications in technique and management of living donor right hepatectomy in the authors’ institution


Modifications�
From case No. onwards�
�
Use of an electric coagulator to pierce abdominal wall for a drainage tube instead of using a cutting end connected to a closed-suction drain �
  45�
�
Upper midline incision above umbilicus�
  55�
�
Dosage reduction of intravenous heparin given before graft removal from 50 IU/kg to 25 IU/kg�
  93�
�
Use of surgical wound protector�
112�
�
Hanging maneuver from the start of liver parenchymal transection by initial Glisson’s approach�
165�
�
Intraoperative cholangiography replaced by MRC�
165�
�
No intensive care unit stay after surgery�
167�
�
No central venous catheterization�
169�
�
Bile duct cut just 2 mm to the right side of the confluence changed from 1 mm�
200�
�
Dosage reduction of intravenous heparin given before graft removal from 25 IU/kg to 5 IU/kg�
271�
�
MRC: magnetic resonance cholangiography.





Table 2  Operative outcomes from studies for living donor right hepatectomy  n (%)


Ref.�
Number of donors�
Blood loss (ml)�
Operative time (min)�
morbidity�
mortality�
�
Ito et al[64], 2003�
200�
260 (20-1670)�
384 (198-672)�
  69 (34.5)�
0�
�
Chan et al[42], 2007�
200�
362 (42-1600)�
468 (304-932)�
  41 (20.5)�
1 (0.5)�
�
Yi et al[9], 2007�
  83�
491.9 ± 225.2�
287.1 ± 42.4�
  65 (78.3)�
0�
�
Gruttadauria et al[7], 2008�
  75�
NA�
7.90 ± 1.75 h�
  23 (30.6)�
0�
�
Baker et al[65], 2009�
  66�
484 ± 265�
291 ± 55�
  14 (21.2)�
0�
�
Adcock et al[66], 2010�
202�
997 ± 484�
443 ± 85�
57 (28)�
0�
�
Azoulay et al[6], 2011�
  91�
702 ± 593�
283 ± 45�
   51 (56.0)�
0�
�
Kim et al[67], 2012�
500�
NA �
339 ± 63�
 139 (27.8)�
0�
�
Nagai et al[68], 2012�
  58�
367 ± 52�
367 ± 52�
   14 (24.1)�
0�
�
Salah et al[69], 2012�
100�
485 ± 396�
364 ± 60�
38 (38)�
1 (1)�
�
Kim et al[10], 2013�
300�
300 (100-1400)�
257 (146-414)�
48 (16)�
0�
�
Facciuto et al[70], 2013�
137�
NA�
NA�
45 (33)�
   1 (0.7)�
�
NA: Not available. 








