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cancer. Safety of the living liver donor (LLD) is paramount, and astute

intraoperative management plays a critical role in ensuring optimal outcomes
for them. Given that intraoperative surgical and anesthesia practices vary widely
across centers, the International Liver Transplantation Society (ILTS) and the
International Living Donor Liver Transplantation Group (iLDLT Group) convened
a global consensus conference in Toronto in March 2025 to develop guidelines
for intraoperative management of the LLD. This manuscript details the
recommendations on intraoperative considerations for the safety of LLD
developed by Working Group Il of the Consensus Scientific Committee, using
the Grading of Recommendations, Assessment, Development, and Evaluation
(GRADE) system for assessment of recommendations, and the Danish model of
consensus. Working Group |l focused on intraoperative monitoring, fluid and
ventilation strategies, surgical techniques for vascular and biliary division,
surgeon and center-specific experience, and intraoperative crises planning.
These guidelines aim to support both established and emerging LDLT teams to
ensure high-quality and safe intraoperative care for the LLD.
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INTRODUCTION

Living donor liver transplantation (LDLT) has evolved
into a life-saving procedure that addresses a critical gap
between organ demand and availability."l As global
LDLT activity increases, the safety of the living liver
donor (LLD), an otherwise healthy individual undergoing
major surgery, remains of paramount importance. The
complexity of living donor hepatectomy (LDH) demands
a high degree of technical precision, multidisciplinary
coordination, and evidence-based perioperative man-
agement to optimize outcomes. In this context, intra-
operative anaesthetic management and surgical tech-
niques in the donor are particularly crucial, since this
phase presents the highest risk for both surgical and
anesthetic adverse events that could significantly impact
both, early donor recovery, and long-term health.™
Further, center experience, team training, and intra-
operative crises planning are important considerations.

Intraoperative protocols and techniques vary widely
across centers due to differences in experience,
resources, and individual preference. As the practice of
LDLT expands, a unified, evidence-based framework is
needed for guidance as regards LLD safety, and would be
extremely useful for new programs. To address this, the
International Liver Transplantation Society (ILTS) and the
International Living Donor Liver Transplantation Group
(iLDLT Group) convened a global consensus conference
in Toronto in March 2025, focusing on donor safety. As
part of this initiative, a dedicated working group (WG-II)
was tasked with developing comprehensive guidelines on
intraoperative management of the LLD (Figure 1).

We acknowledge that while some recommendations
are supported by moderate evidence and are widely
adopted, others rely on expert consensus due to limited
prospective data in this unique surgical population. Thus,
the recommendations are intended not as rigid protocols
but as adaptable principles to guide surgical teams in
optimizing donor safety across a range of operative
settings and levels of experience. By providing a unified
reference for intraoperative best practices in LDH, this
guideline document seeks to support both established and
emerging LDLT programs in delivering safe donor care.

METHODS

Details regarding the Scientific Committee and Prepa-
ration for the Consensus Meeting, as well as the
Consensus process, are available in the report from
Working Group 1 of the Consensus Conference
(reference) and also in the Supplemental content of
this article, http://links.lww.com/LVT/B71.

WG Il addressed 10 key questions with 9 subcate-
gories (Table 1), leading to 16 recommendations
outlined in the sections below.

Anaesthetic and analgesic considerations
in living donor hepatectomy

Anesthetic considerations

Evidence for most recommendations is graded as low
to moderate, as the majority of evidence comes from
liver resection data, not necessarily pertaining to LDH.

Q1: What should be the access, monitoring, and other
anesthetic considerations for LDH?

In most cases, especially in adults, LDH is a major
hepatectomy (>3 segments) wherein even modest
hemodynamic fluctuations can have significant conse-
quences for both donor safety and graft viability. Dynamic
monitoring is critical to guide judicious fluid administration
and to maintain low central venous pressure (CVP) during
parenchymal transection, minimizing intraoperative blood
loss while preserving adequate perfusion. Most interna-
tional societies suggest the minimum monitoring stan-
dards for the provision of safe anesthesia, including
neuromuscular monitoring during hepatectomy.®! Due to
the surgical complexities of LDH as well as its medico-
legal aspects, additional access and monitoring should be
considered as standard, including: an arterial line, central
venous catheters (CVCs), and wide-bore peripheral
intravenous (PIV) access.

Arterial lines
Beat-to-beat arterial blood pressure monitoring enables
rapid identification of hemodynamic instability. It also
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FIGURE 1 Intraoperative considerations in living liver donation.

© 2025 American Association for the Study of Liver Diseases. Published by Wolters Kluwer Health, Inc. Unauthorized reproduction of this article prohibited.


http://links.lww.com/LVT/B71

INTRAOPERATIVE SAFETY IN LIVING LIVER DONATION

595

TABLE 1  Working group 1I—10 key questions for scoping review

. What should be the access, monitoring, and other anesthetic considerations for living donor hepatectomy?

. What is the best analgesic approach for the living liver donor?

. What are the surgeon-specific requirements for a safe live donor hepatectomy?

. What are the center-specific requirements for a safe live donor hepatectomy?

. What are the indications and contraindications for minimally invasive donor hepatectomy?

. What are the acceptable bile duct division technique(s) in living liver donor hepatectomy?

. What are the acceptable vascular division technique(s) in living liver donor hepatectomy?

. What should be the disaster plan if there are intraoperative donor issues?

1
2
3
4
5. What are the safety and benefits of various approaches to donor hepatectomy?
6
7
8
9
1

0. How to manage the donor if there are recipient issues during the donor operation?

allows for the assessment of pulse pressure variation
(PPV), an important dynamic tool for the assessment of
fluid status.l This is especially critical during the
parenchymal transection phase, where low CVP
strategies are employed to minimize blood loss.

Central venous catheters

Low and controlled CVP strategies during hepatic
transection reduce hepatic venous pressure, minimiz-
ing intraoperative blood loss!® and transfusion require-
ments. Techniques to achieve low CVP include fluid
restriction, pharmacological interventions such as use
of nitroglycerine or diuretics, patient positioning,®! and
hypovolemic phlebotomy.”! While many centers
employ a target CVP <5 cm H,O, as proposed for
liver resection, available evidence does not support this
specific valuel® (Supplemental Table S1, http:/links.
lww.com/LVT/B71).

Given these observations, CVP should be used in
conjunction with dynamic monitoring like stroke volume
variation (SVV), PPV, and cardiac output monitoring to
optimize intraoperative fluid therapy.®! This integrated
approach ensures effective volume management while
maintaining adequate perfusion and hemodynamic stability.

SVV monitoring

SVV-based monitoring is superior to traditional CVP-
guided approaches in liver resection with reduced intra-
operative fluid administration, improved hemodynamic
stability, and decreased perioperative complications.®!
Studies consistently show that maintaining a SVV range
of 10%—20% during hepatic transection reduces intra-
operative blood loss and improves surgical conditions
without increasing renal or pulmonary complications.!¥)
However, SVV should be used cautiously as a sole
indicator, given its weak correlation with other hemo-
dynamic parameters, including cardiac output, in certain
scenarios.['% PPV, based on arterial pressure monitoring,
is more widely available and offers a similar evaluation of
fluid responsiveness,'!! but specific evidence in donor
hepatectomy is lacking. However, when available, SVV

should be integrated into intraoperative hemodynamic
management. Following completion of hepatic transection,
fluid should be administered to achieve normovolemia by
the end of the case Supplemental Table S2, http:/links.
ww.com/LVT/B71.

Recommendation: We recommend that fluid restric-
tive strategies be routine during parenchymal transec-
tion in living donors, and low CVP should be used in
conjunction with dynamic parameters such as SVV,
cardiac output, and PPV monitoring to achieve accurate
assessment of hemodynamic status.

Level of evidence: Moderate.

Grade of recommendation: Strong.

Ventilation

The role of lung protective ventilation (LPV) has been
studied in patients undergoing both open and laparoscopic
abdominal surgery. While strong evidence supports the
benefits of LPV in major abdominal surgery, studies
specifically evaluating its impact in LDH remain limited.
Current recommendations are extrapolated from broader
surgical populations.['2 A scoping review suggests that LPV
strategies, including lower tidal volumes (Vt) of 6—10 mL/kg,
moderate positive end-expiratory pressure (PEEP) of
5-15 cm H,0 titrated to optimize lung compliance, may
help minimize pulmonary complications in LDH (Supple-
mental Table S3, http://links.lww.com/LVT/B71).

The role of alveolar recruitment maneuvers (ARMs)
in lung-protective ventilation is debatable. In liver
resection, strategies such as ARMSs, individualized
PEEP, and lower tidal volumes improve oxygenation,
reduce ventilator-associated injury, and lower blood
loss without increasing hemodynamic instability, trans-
fusion needs, or conversion to open surgery.['3.14

Recommendation: We recommend the implementation
of lung protective ventilation (LPV) to optimize pulmonary
function and minimize postoperative complications.

Level of evidence: Low.

Grade of recommendation: Strong.
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Processed frontal electroencephalographic (EEG)
monitoring in living donors is detailed in SDC
and Supplemental Table S4, http://links.lww.com/LVT/
B71.

Analgesic considerations

Q2: What is the best analgesic approach in the LLD?

Effective pain management is crucial for LLDs, as a
proportion of donors may experience moderate to
severe pain in the immediate postoperative period,
which also depends on the pain threshold, which
varies from individual to individual.l's! The degree of
pain may vary based on the approach (ODH vs.
MIDH), and the type of incision (inverted J-shaped vs.
upper midline vs. Pfannenstiel incision). Careful
multimodal analgesic strategies are recommended to
optimize recovery.

Multimodal analgesia, combining medications and
regional analgesia techniques, is the recommended
paradigm for all post-surgical patients. Specific to
LLD, a recent systematic review recommended multi-
modal analgesia to reduce post-operative opiate
requirement, pain scores, hospital stay, and to
facilitate early mobilization, promote earlier return of
bowel function, although the quality of evidence was
assessed as low.l'®! In this review, pharmacologic
adjuvants included acetaminophen, nonsteroidal anti-
inflammatory drugs (NSAIDs), ketamine, dexmedeto-
midine, and lidocaine. Regional analgesia techniques
used included local infiltration and catheters, trans-
versus abdominus plane (TAP) block, erector spinae
plane (ESP) block, intrathecal opiate, and continuous
epidural analgesia (CEA). Regional analgesia tech-
niques can also be used in combination with pharma-
cologic modalities!'® (Supplemental Table S5, http://
links.lww.com/LVT/B71). There is inadequate evi-
dence to recommend one locoregional technique over
another. The potential for differing post-operative pain
associated with the different surgical approaches
(open vs. laparoscopic vs. robotic) also confounds the
picture.[15.16]

While CEA has demonstrated superior pain relief in
some studies, concerns remain regarding its safety
profile in LLD.I'">'7] Given the potential for perioper-
ative coagulopathy, catheter associated infection,
delayed mobilization and hypotension, a recent
enhanced-recovery after surgery (ERAS) guideline
recommends using alternative locoregional
techniques.l®!

Recommendation: We recommend multimodal anal-
gesia in all living liver donors. Based on the available
evidence, it is not possible to recommend one locore-
gional analgesic technique over another.

Level of evidence: Low.

Grade of recommendation: Strong.

Surgical considerations during live donor
hepatectomy

Surgical considerations: Surgeon experience

Q3: What are the surgeon-specific requirements for a
safe donor hepatectomy?

Safe open and minimally invasive donor hepatec-
tomy (MIDH) requires prior experience in non-donor
hepatectomy and liver transplantation.l'®-28 |n pub-
lished studies, “mastery” or proficiency in performing
safe donor hepatectomy has been defined using a
variety of metrics. Some studies applied cumulative
sum (CUSUM) analysis to operative time, identifying
the point at which operative durations plateaued and
variability decreased. Others used donor complica-
tions, including intraoperative blood loss, need for
reoperation, bile leaks, and overall morbidity, as
metrics for proficiency. A few studies additionally
incorporated recipient outcomes, such as biliary
complications and graft survival, to ensure that donor
surgeon competence did not compromise recipient
outcomes (Table 2).

CUSUM or operative time and complication trends
across case-number thresholds have been typically
used to draw up learning curves. Open donor
hepatectomy (ODH) proficiency is typically reached
after 32—-68 cases, with reduced complications and
improved outcomes(?327.281 (Table 2). Laparoscopic
donor hepatectomy (LapDH) learning curves range
from 30 to 60 cases for right and 25-34 for left or left-
lateral donor hepatectomy, assuming prior experience
of 105-450 non-donor laparoscopic hepatectomies,
as per published reports.[22.24.26-28]

Three learning curve studies on robotic donor
hepatectomy (RDH) demonstrated attainment of profi-
ciency after 17-25 cases using operative time CUSUM
analysis, but required 165 cases using donor complica-
tions such as transfusion requirement, bile leaks, and
reoperations as a metric.8192" Recipient outcomes
were comparable or improved throughout. All surgeons
assessed in these studies had extensive prior experi-
ence in open and/or MIDH and non-donor hepatectomy.

Four out of 11 published studies highlighted proctor-
ing or mentorship by an expert or senior surgeon during
program initiation (1 of 3 open series and 3 of 8 MIDH
series).[18’21'22’25]

Prospective and continuous analysis of donor and
recipient outcomes right from the onset of the surgeon’s
experience is critical for ensuring safety, identifying
learning curve effects, and maintaining quality in both
open and MIDH.I') Structured outcome tracking
improves complication recognition and training, and
consensus guidelines endorse prospective auditing to
ensure transparency and optimize LDLT outcomes.[29-30]
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Recommendations: Prior to initiation of open living
donor hepatectomy, the surgical team should have
adequate experience in non-donor major hepatectomy
and liver transplantation with acceptable outcomes.

Level of evidence: Low.

Grade of recommendation: Strong.

Prior to initiation of MIDH, the surgical team should
have experience in demonstrating competence in open
living donor hepatectomy and minimally invasive non-
donor major hepatectomy, with acceptable outcomes.

Level of evidence: Low.

Grade of recommendation: Strong.

Proctorship or mentorship by an expert is recom-
mended during the early part of the learning curve for
open and minimally invasive donor hepatectomy to
optimize donor safety.

Level of evidence: Low.

Grade of recommendation: Strong.

We recommend prospective and continuous anal-
ysis of donor and recipient outcomes from the onset of
a surgeon’s experience with donor hepatectomy,
regardless of the open or MIDH approach.

Level of evidence: Low.

Grade of recommendation: Moderate.

Surgical considerations: Center volume

Q4: What are the center-specific requirements for a
safe donor hepatectomy?

Establishing and maintaining a safe LDLT program
requires stringent center-specific norms and infra-
structure to ensure donor safety and optimize recipient
outcomes. Multiple studies have shown that there is a
higher incidence of donor and recipient morbidity and
mortality in low-volume centers, defined as performing
fewer than 10 LDLTs per year.3

Low-volume LDLT centers benefit from implement-
ing robust prospective quality assurance measures
from the outset. While establishing formal partner-
ships or proctorships with experienced centers may
be valuable for low-volume centers, one may argue
that cumulative surgeon experience and demon-
strated competence can also sustain safe practice,
even in settings with limited annual case volume.
Strategies to ensure continuous monitoring and
quality improvement remain essential to maintaining
high standards of donor safety and care.

Recommendation: LDLT centers (particularly low-
volume centers) should have a robust quality assur-
ance monitoring process in place to ensure the safety
of the donors, and should consider a close partnership
and proctorship with experienced surgeons and centers
as they build their volumes.

Level of evidence: Low.

Grade of recommendation: Strong.

Surgical considerations: Approach—Open
and minimally invasive donor hepatectomy
(MIDH)

Qb: What is the safety of, and the benefits of, various
approaches to donor hepatectomy?

Q6: What are the indications and contraindications for
minimally invasive donor hepatectomy?

ODH remains the most common and best-estab-
lished LDH approach, offering consistent safety, excel-
lent visibility, and control, particularly in complex
anatomical scenarios.*2 The use of MIDH—LapDH
since 2010 and robotic-assisted LDH since 2020—has
expanded. 3D reconstruction of imaging data can aid
preoperative planning of MIDH by improving anatomical
visualization and surgical confidence; however, robust
evidence on whether it improves outcomes remains
limited. In 2022, a survey of 66 institutions reported that
32.6% of donor hepatectomies were performed via a
minimally invasive approach, comprising 25.9% right,
48.4% left, and 49.4% left lateral hepatectomies.l33
Most of the MIDH were robotic (63.9%); pure laparo-
scopic and laparoscopic-assisted constituted 35.7%
and 0.4%, respectively. Notably, 60% of centers using
the robot had no prior LapDH experience.[*3! Recently,
the International LDLT Registry reported that donor
hepatectomy were performed in 71% by the open
approach, whereas 13% and 16% were performed
laparoscopically and robotically respectively.[34

In LapDH, views are magnified, but the learning
curve is steep, tactile feedback is limited, and the
operative times are longer initially.’% In RDH, dexterity
and precision are significantly improved. Limitations
include initial difficulty in adapting to absent haptics,
longer operative times in the early period, and the
higher cost. The outcomes depend on surgical
expertise.[3

MIDH may offer advantages such as less pain,
shorter stay, and improved cosmesis.’”l However,
these benefits must be carefully balanced against
technical complexity, longer learning curves, and
potential risks, particularly during program initiation.
Minimally invasive right donor hepatectomy remains
technically challenging, requiring strict donor selection
early on, with due consideration of graft size, anatomy,
steatosis, and donor BMI.[38]

In a recent multicenter study of 10,025 donor
hepatectomies, the overall incidence of severe compli-
cations (Clavien—Dindo llIb—IV) was low and compara-
ble between open and minimally invasive (laparo-
scopic/robotic) approaches. However, MIDH was
associated with a higher incidence of postoperative
bleeding, particularly from the IVC and abdominal wall,
highlighting the need for technical refinement and
tailored perioperative strategies, including the selection
of anatomically less complex donors at least in the
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initial stages of the learning curve.?® Some robotic
surgeons (especially surgeons experienced in complex
hepatobiliary surgery) may argue that with 10x magni-
fication, dealing with multiple graft arteries and ducts in
the donor may be simpler, and using the robot could
better address complex donor anatomy. Emerging data
suggest improving outcomes,#%41 but further large-
scale, long-term studies are needed before routine
expansion of MIDH can be recommended in donors
with complex bilio-vascular anatomy.

Selection criteria may broaden as proficiency grows,
however prioritizing donors with simple vascular and
biliary anatomy and minimal steatosis remains essen-
tial, at least in the initial period when transitioning from
ODH to MIDH.[18:29]

Recommendations: During the initiation of a mini-
mally invasive donor hepatectomy program, the choice
of the donor and the graft should be highly selective.
Donors with minimal hepatic steatosis, sufficient rem-
nant liver volume, and favorable graft anatomy, such as
a single vascular and bile duct anatomy, should be
preferred. Larger size grafts and grafts with complex
vascular variations (ie, concomitant and/or combination
of portal vein and biliary variations, and those with
multiple short hepatic (right inferior hepatic) veins
should be avoided.

Level of evidence: Low.

Grade of recommendation: Strong.

Minimally invasive donor hepatectomy in donors with
complex vascular and biliary anatomy should be per-
formed only by experienced donor surgeons and teams
who have successfully overcome the learning curve.

Level of evidence: Low.

Grade of recommendation: Strong.

Surgical considerations: Bile duct and
vascular division techniques

Q7: What are the acceptable bile duct division
techniques in LDH?

Bile duct division in LDH demands precise anatom-
ical understanding and careful preoperative and intra-
operative assessment to minimize biliary complications
in the donor and recipient. The incidence of donor
biliary complications is known to reduce with surgical
experience.2

For ODH, preoperative MRCP (magnetic reso-
nance cholangiography) mapping is essential, and
real-time guidance with intraoperative cholangiogra-
phy (IOC) has been standard.“3 Although 10C
remains the gold standard for bile duct transection, it
is technically challenging to perform during MIDH.
Indocyanine green (ICG) fluorescence mapping is
increasingly adopted as a helpful alternative, though it
does not provide the same real-time anatomical detail
as I0C. In MIDH, recommended ICG administration is

0.25 mg/kg intravenously, given 30—45 minutes before
bile duct division, allowing optimal visualization of
biliary anatomy. Among 22 MIDH studies, I0C was
used in 6,144491 |CG in 15,[19.41,42,44-46,48,50-57] gn(d both
modalities together in 4.144-46.48] Based on surgeon
preference, techniques typically include sharp tran-
section using clip-and-cut, cut-and-clip, or cut and
suture ligation, so as to preserve adequate duct stump
length on the donor remnant side. Three RDH series
reported fewer multiple bile ducts in grafts compared
with LapDH.['950.511 As regards comparison between
LapDH and ODH, one study showed more incidence
of multiple graft ducts in the laparoscopic group,®
another showed fewer,“8! and one reported no
difference.®! Although recipient complications are
not the focus here, the number of graft duct openings
can significantly affect biliary complication rates in the
recipient.[32.58]

A completion cholangiogram has been generally
considered the most objective test to confirm adequate
closure of the bile duct stump, and to intervene in a timely
manner, without waiting for postoperative complications
to occur.*3%] Some centers nowadays refrain from
performing routine completion cholangiogram after
closure of the bile duct stump, to prevent increased
pressure within the bile duct in the donor and avoid
potential complications like pancreatitis.l®) However, in
cases of suspicion of narrowing or bile leakage,
completion cholangiography should ideally be per-
formed. Low injection pressure and minimal use of dye
could help prevent cholangitis and pancreatitis. Com-
pletion cholangiography is technically challenging in
LapDH and not feasible with existing robotic systems. It
may be apt to state that MIDH in grafts with complex
biliary variations should be avoided to optimize donor
safety. If such donors and grafts are accepted, the biliary
anatomy must be clearly delineated preoperatively, and
a robust intraoperative plan—including predefined crite-
ria and strategy for conversion—should be established
and agreed upon within the surgical team.

In cases where there is a leak, repair with additional
sutures is seldom successful. Repeat closure of the
stump, or use of a cystic duct patch, or finally a
hepaticojejunostomy may be required to mend the
same.?¥ A completion cholangiogram may thus give
the opportunity to intervene timely, without waiting for
post-operative complications to happen (Table 3).

Recommendations: In living donor hepatectomy, bile
duct division should be guided by accurate preoperative
imaging and intraoperative cholangiography or indoc-
yanine green guidance.

Level of evidence: Low.

Grade of recommendation: Strong.

The donor surgeon should ensure safe donor duct
closure to prevent both short-term and long-term biliary
complications using an objective intraoperative assess-
ment as deemed necessary.
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Level of evidence: Low.
Grade of recommendation: Strong.

Q8: What are the acceptable vascular division tech-
nique(s) in living donor hepatectomy?

Safe vascular separation and preservation of adequate
vessel length for graft anastomosis are critical during
parenchymal transection. At the same time, it is neces-
sary to make sure that there is no compromise of vascular
inflow and outflow on the remnant side with good stump
lengths preserved. The preference for parenchymal
transection techniques varies based on the approach
used. In ODH and LapDH (12 and 18 studies, respec-
tively), the cavitronic ultrasonic surgical aspirator (CUSA)
was the predominant method used for parenchymal
transection (in 10 studies and 9 studies, respectively).
RDH series (8 studies) described the use of CUSA in 2,
harmonic in 3, and multiple devices in 1 (Table 4).

Intermittent Pringle maneuver to ensure hemostasis
during transection was used routinely in 4 studies,
selectively in 2, avoided in 8, and not specifically
mentioned in 8. Recourse to intermittent inflow occlu-
sion in both open and minimally invasive donor
hepatectomy is safe, as it may help control bleeding,
ensuring safe parenchymal transection. Further, it may
facilitate bile duct division®" (Table 4).

Vascular division techniques include sharp division
using vascular clamps with suturing, or the use of
stapling devices. Stapling device performance remains
inadequately studied, with isolated case reports of
failure.[62]

Although some portal or hepatic vein tears during
parenchymal transection and vascular division in MIDH
can be managed by the minimally invasive approach
itself, they may necessitate emergency conversion to
open surgery. Simple tears can sometimes be managed
with primary suture repair, whereas larger defects often
require vein patch angioplasty or interposition grafts.[6!
Prompt recognition and control of bleeding are impera-
tive to not only prevent hemodynamic compromise and
post-operative risk in the donor, but also to ensure that
the graft remains well perfused and viable.

Clear, pre-defined “conversion to open procedure”
thresholds need to be established, such as uncontrolled
bleeding, prolonged warm ischemia, or unexpected
anatomy, which can compromise donor safety. Teams
should adopt a proactive mindset: early conversion at
the first sign of significant risk minimizes complications
rather than persisting with a challenging MIDH approach.
Conversion to an open procedure should not be viewed
as a failure, but rather as an essential safety measure to
protect both the donor and the graft.l33:63 |n this context,
hybrid approaches may offer a compromise between
minimally invasive benefits and donor safety. These
procedures typically involve laparoscopic mobilization,
and/or sectioning of ligamentous attachments, with or
without hilar dissection, followed by open parenchymal

and vascular transection through a limited midline
incision. Such strategies may reduce technical complex-
ity and bleeding risk while preserving many advantages
of a minimally invasive approach.® In very rare
situations, in order to ensure donor safety, it may be
necessary to abandon the living donor hepatectomy if
significant hemodynamic compromise occurs for any
reason and cannot be corrected.[63.65

Recommendations: At any stage during MIDH, if
donor safety is compromised, we recommend a low
threshold to convert to an open procedure.

Level of evidence: Low.

Grade of recommendation: Strong.

Surgical teams involved in LDH should proactively
establish contingency plans and alternate strategies for
donor safety, recognizing the potential risks during
vascular division using different techniques.

Level of evidence: Low.

Grade of recommendation: Strong.

Disaster planning

Q9: What should be the disaster plan if there are
intraoperative donor issues?

The risk of early death among live liver donors is ~1
per 5000 donors, highlighting the need for rigorous
evaluation, transparent risk communication, informed
consent, disaster preparedness, and unbiased
reporting.®8l Recent data show that with experience
building in LDLT, the risk of early LLD death is
decreasing (now 1 in 1000).1%61 Oversight varies globally;
some countries mandate transparent reporting of donor
deaths, while others lack centralized registries and
standardized long-term outcome reporting.[67.68]

To mitigate “never” events, transplant programs need
comprehensive crisis protocols.®! A robust intraoperative
disaster plan should include standardized checklists,
detailed donor consent outlining unutilized graft protocols
(plans for situations in which the recovered graft cannot
be transplanted, for example, due to recipient complica-
tions, including intraoperative recipient death), reversible
steps for bile duct injuries, and limits of vascular
reconnection.l®3l Checklists reinforce critical steps and
ensure clear team communication. Escalation pathways
must connect surgical teams with leadership, ethics
committees, and regulators for timely notification and
decisions. In case of serious complications or donor
death, pre-established communication plans should guide
interactions with families, recipients, and hospital leader-
ship, with prepared public statements when possible.69
Psychological support should be made available for all
staff, followed by root cause analyses (RCA) to prevent
recurrence.l’®l Quality improvement systems with near-
miss reporting and multidisciplinary simulations, including
robotic failures and crisis drills, strengthen preparedness,
streamline response, and protect both donors and staff.
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Recommendations: LDLT programs must have an
incorporated system to report any serious adverse
events and near-misses in the donor with root-cause
analysis and quality improvement processes in place.

Level of evidence: Low.

Grade of recommendation: Strong.

A robust crisis response system for donor death
must be in place before starting a living-donor program,
and the response must be automatic once activated. All
members of the LDLT team and hospital administration
should be aware and familiar with the details of the
crisis response system.

Level of evidence: Low.

Grade of recommendation: Strong.

Q10: How to manage the donor if there are recipient
issues during the donor operation?

If recipient issues arise during an ongoing LDH,
donor safety must remain the top priority. Intraoperative
communication between the donor and recipient teams
is essential to ensure coordinated decision-making.[’"!
If a recipient develops sudden hemodynamic instability,
arrhythmia, or is found intraoperatively to be unsuitable
for transplantation (eg, extensive portal vein thrombosis
or unexpected malignancy), the donor hepatectomy
procedure can be paused, or even aborted to prevent
unnecessary donor risk (ideally before irreversible
steps like biliary and/or vascular division).["!!

When graft procurement has already begun or been
completed, the team must consider backup recipient
listing or emergent organ sharing via regional networks
to avoid an orphaned organ, although this is rare and
logistically complex.

CONCLUSIONS

Intraoperative management during living donor hepa-
tectomy requires meticulous surgical expertise, vigilant
anesthetic strategies, and structured crisis prepared-
ness. These consensus recommendations provide
adaptable, evidence-informed guidance to optimize
donor safety. By harmonizing global practices, they
aim to support established and emerging LDLT
programs in delivering safe, ethical, and high-quality
donor care.
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