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Liver transplantation is an effective treatment for end-stage liver disease in children, and its clinical
efficacy has been validated. Split liver transplantation (SLT) can effectively expand the donor liver pool
for children. SLT for children has unique clinical characteristics and principles. Establishing technical
operation specifications for pediatric SLT plays a significant role in improving clinical efficacy. In this
paper, clinical practice guidelines on pediatric SLT were established in the aspect of donor and donor liver
evaluation, donor-recipient matching, and ductal segmentation and reconstruction of donor liver, aiming
to standardize the technical process, optimize surgical operational details, minimize the risk of com-
plications of SLT for children, further promoting the rapid development of pediatric SLT in China.
© 2024 The Third Affiliated Hospital of Sun Yat-sen University. Publishing services by Elsevier B. V. on
behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Continuous exploration, development, and advancements in
pediatric liver transplantation have led to its widespread adoption
in numerous centers worldwide; moreover, this treatment strategy
has continuously improved postoperative long-term survival rates.
Donor sources for pediatric liver transplantation include whole/
size-reduced donor livers, living donor livers, and split donor
livers. Earlier, whole/size-reduced donor livers were the primary
donor source, but the matching success rates were extremely low.
With the evolution of pediatric liver transplantation, its indications
have expanded and the demand for donor livers has grown rapidly.
Consequently, living donor liver transplantation (LDLT) and split
liver transplantation (SLT) have emerged and gained popularity as
the primary procedures for liver transplantation in children.
end of the article.
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In LDLT, the donor-recipient pair is relatively fixed, whereas SLT
offers greater flexibility in donor-recipient matching. In terms of
assessment methods, LDLT donors have sufficient time and access
to comprehensive evaluation tools, whereas SLT donors have a
short evaluationwindow, and assessment methods are constrained
by donor factors. In cases where LDLT cannot be successfully per-
formed, SLT plays a crucial role. Employing effective measures for
targeted donor-recipient assessment and standardized technical
procedures in pediatric SLT is important.

At present, SLT accounts for approximately 35% of pediatric
transplants in some parts of Europe. Although the proportion of SLT
in China has increased rapidly in recent years, there is still
considerable room for improvement. Therefore, establishing a
comprehensive technical system and relatively standardized pro-
cedures for pediatric SLT in China is urgently needed. To this end,
leading experts in the field from the Chinese Society of Organ
Transplantation of Chinese Medical Association, Surgery Group of
Chinese Society of Surgery of Chinese Medical Association, Trans-
plantation Group of Chinese Society of Surgery of Chinese Medical
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Table 2
Recommendation strength and its definition.

Level of recommendation Definition

A Evidence of consistent level 1
B Consistent level 2 or 3 evidence, or
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Association and South China Alliance of Split Liver Transplantation
collaborated to develop the Chinese Clinical Practice Guidelines for
Pediatric SLT, encompassing technical details and protocols for
donor-recipient assessment, donor-recipient matching, vascular
and biliary dissection and reconstruction, and blood flow
monitoring.
extrapolation based on level 1 evidence.
(“Extrapolation” means that data are applied to
situations with potentially clinically important
differences rather than the original research)

C Level 4 evidence, or extrapolation based on
level 2 or 3 evidence

D Level 5 evidence, either inconsistent or
inadequate research (any level)
2. Methodology

This guideline has been registered in both English and Chinese
on the Practice Guideline Registration for Transparency (http://
www.guidelines-registry.org; Registration No. PREPARE-
2024CN091).

To facilitate guideline development, two separate working
groups were established: the Guideline Development Group and
the Guideline Review Group, which were spearheaded by the Third
Affiliated Hospital of Sun Yat-sen University. Based on the identified
clinical questions, evidence retrieval and literature screening were
conducted. The Guideline Development Group comprehensively
searched domestic and international databases (including but not
limited to PubMed, Medline, Embase, Wanfang Databases, and
China National Knowledge Infrastructure). The writing group
screened the literature based on key questions and graded the
evidence according to the Oxford Centre for Evidence-Based
Medicine level of evidence (Table 1) and recommendation
strength grading standard (Table 2).1 Subsequently, consensus was
reached on the recommendations, the guideline was drafted, and
two rounds of expert meetings were held with the Guideline Re-
view Group to gather feedback on the guideline. Based on the
feedback received, the guideline was further refined.
3. Donor assessment and donor liver assessment for SLT in
children

3.1. Donor assessment

The evaluation criteria for SLT are more stringent than those for
whole-liver donation. Due to the various causes and degrees of
damage that deceased donor livers may sustain prior to donation,
their functional donor liver volume is lesser than their actual vol-
ume. Consequently, the quality requirements for split donor livers
are higher, and donor selection criteria vary across transplantation
Table 1
Oxford Centre for Evidence-Based Medicine: levels of evidence.

Level of evidence Definition

1a Systematic review of randomized controlled
trials (homogeneity)

1b Individual randomized controlled trials (narrow
confidence interval)

1c When all patients died before the measure was
introduced, but some patients now survive on it

2a Systematic review of cohort studies
(homogeneity)

2b Individual cohort studies (including low-quality
randomized controlled trials; e.g., follow-up
rate <80%)

2c A study of the outcome; an ecological study
3a Systematic review of case-control studies

(homogeneity)
3b Individual case-control study
4 Case series (and poor-quality cohort studies and

case-control studies)
5 Lack of clear and strictly evaluated expert

advice, or derived from physiology, laboratory
research, or “first principles”
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centers. The general requirements for SLT donors are summarized
in Table 3.

Recommendation 1: Donors should generally meet the above
general requirements; however, the conditions can be relaxed
appropriately based on the donor and recipient status, splitting
method, and donor liver quality to expand the pool of donor livers
(Evidence level 5, Recommendation strength D).

3.2. Donor liver assessment tool

In addition to routine laboratory tests, donor liver evaluation
includes radiologic and pathological assessments. These assess-
ments include color Doppler ultrasound and contrast-enhanced
ultrasound. If conditions permit, abdominal computed tomogra-
phy (CT) should be performed to accurately assess the volume of
donor liver, anatomy, and function.2 Preprocurement percutaneous
biopsy and intraoperative frozen section biopsy can better reflect
donor liver quality.

Color Doppler ultrasound is the most convenient and effective
tool for evaluating donor liver vessels. Ultrasound can assess the
size of donor liver, fatty degeneration, and vascular variations. In
addition, shear wave elastography and contrast-enhanced ultra-
sound can evaluate donor liver stiffness and microcirculation
perfusion. Intraoperative ultrasound can be used for real-time
vessel assessment during in situ SLT, whereas contrast-enhanced
ultrasound can be used for anatomical vessel assessment during
ex situ SLT.

Recommendation 2: If conditions permit, contrast-enhanced
abdominal CT, along with liver ultrasound elastography and
contrast-enhanced ultrasound, should be used for initial exami-
nation of split donor livers. Pathological examination should be
performed before/during donor liver procurement (Evidence level
2b, Recommendation strength B).
Table 3
General requirements for pediatric SLT donors.

Indicator Reference

Age (years) <50
BMI (kg/m2) <26
Length of ICU stay (d) <5
Vasopressors Hemodynamically stable or on low-dose

vasopressors
Hepatic steatosis (%) <10
AST/ALT (�ULN) <3
Total bilirubin (�ULN) <2
GGT (U/L) <50
Serum sodium (mmol/L) <160
Expected cold ischemia duration (h) <10

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BMI, body mass index; GGT, gamma-glutamyl transferase; ICU, intensive care unit;
SLT, split liver transplantation; ULN, upper limit of normal.

http://www.guidelines-registry.org
http://www.guidelines-registry.org
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3.3. Donor liver quality assessment

Donor liver quality assessment primarily focuses on the degree
of liver fibrosis and steatosis.

3.3.1. Assessment of liver fibrosis
Donor livers with any degree of fibrosis are not recommended.3

For suspected cases, liver tissue samples should be obtained for
pathological examination. The degree of liver fibrosis can also be
assessed noninvasively using ultrasound.4 Ultrasound elastography
can provide liver stiffness values, indirectly reflecting the degree of
donor liver fibrosis.

Recommendation 3: Donor livers should meet pathological
grading S0 and ultrasound elastography stiffness <7 kPa (Evidence
level 2b, Recommendation strength B).

3.3.2. Assessment of the degree of steatosis
Hepatic steatosis is common in donors with advanced age,

obesity, dyslipidemia, metabolic disease, or a history of diabetes.
Steatotic donor livers aremore susceptible to ischemiaereperfusion
injury.5 Macrovesicular steatosis is a risk factor for primary non-
function (PNF) or transplantation failure.6Microvesicular steatosis is
associated with less ischemiaereperfusion injury, and its post-
transplant survival rate is not statistically different from that of
nonsteatotic donor livers.7 The degree of steatosis is generally
assessed through ultrasound, CT, organ procurement, visual in-
spection, and pathological examination.8 Pathological examination
can help determine the accurate proportion of steatosis and distin-
guish betweenmicrovesicular andmacrovesicular steatosis, serving
as the gold standard for determining the type and degree of donor
liver steatosis.9

Recommendation 4: Comprehensive assessment of donor
characteristics, donor liver cold ischemia time, in situ/ex situ split-
ting methods, and other factors should be used to determine
whether to split a steatotic donor liver (Evidence level 3a, Recom-
mendation strength B).

3.3.3. Donor liver infection assessment
Deceased donor livers, especially those that have spent an

extended period in the ICU, are prone to infections, particularly
those caused by drug-resistant bacteria. These infections can lead
to donor-related infections in the recipient, increasing surgical
risks, prolonging the recipient’s hospital stay, and escalating
treatment costs. When selecting a donor liver, it is crucial to pay
special attention to the donor’s infection status during their ICU
stay, particularly evaluating for drug-resistant infections. Detailed
microbiological testing should be conducted to assess the potential
infection risks of the donor liver.10e12
Fig. 1. Common portal vein types for donor liver splitting (type IeV). The numbers repr
portal vein; 3, left branch of the portal vein; 4, right posterior branch of the portal vein; 5, rig
7, right posteroinferior branch of the portal vein.
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Recommendation 5: For donor livers with a high risk of infec-
tion, their suitability for transplantation should be carefully
considered. If necessary, prophylactic anti-infective treatment may
be administered (Evidence level 2b, Recommendation strength B).
3.4. Anatomical assessment of donor liver

During SLT, the anatomy of the hepatic artery, portal vein, he-
patic vein, and bile ducts should be carefully evaluated. A vascular
division and reconstruction plan should be developed based on the
different splitting methods and donor-recipient characteristics to
prevent increased transplant reconstruction difficulty or functional
damage due to abnormal anatomical structures.13
3.4.1. Hepatic artery
Anatomical variations in the hepatic artery are relatively com-

mon (24%e45%) and notably higher in the left hepatic artery.14e19

Before splitting the hepatic artery, the specific structure of the
donor’s hepatic artery must be thoroughly examined, and a
reasonable plan must be formulated based on the recipient’s spe-
cific situation.13,20e24

Recommendation 6: A combination of imaging techniques
should be used in conjunction with the actual intraoperative find-
ings to accurately assess the structure of the hepatic artery to
ensure successful arterial reconstruction (Evidence level 2b,
Recommendation strength B).
3.4.2. Portal vein
Compared with the hepatic artery, the portal vein has less

anatomical variation. However, some rare variations may prevent
the liver from being split effectively.24e31 Intraoperative ultrasound
can be used to roughly determine the course of the portal vein. If
abnormalities are detected during liver division, the procedure
should be stopped immediately to avoid cutting off large portal vein
branches without a clear understanding of anatomical
variations.13,29,32e35

Recommendations 7: Type I and II portal veins are generally
suitable for SLT, whereas type III portal vein can be cautiously
reconstructed without affecting classic splitting; type IV and V
portal veins are generally not recommended for SLT (Fig. 1) (Evi-
dence level 2b, Recommendation strength B).36
3.4.3. Hepatic vein
Variations in the left hepatic vein are relatively common.24,37,38

For certain types, such as type III hepatic vein, the decision of
whether to retain the left hepatic vein can be made based on the
drainage range of its superior branch. Type IV hepatic vein may
esent the various liver segments, as follows: 1, main portal vein; 2, right branch of the
ht anterior branch of the portal vein; 6, right posterosuperior branch of the portal vein;
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require plastic repair of the outflow tract (e.g., patching and
bridging) (Supplemental Fig. 1).39e43

Recommendations 8: During liver segmentation, the charac-
teristics of the left hepatic vein and its confluence with the middle
hepatic vein should be fully understood, and attention should be
paid to other possible anatomical variations while protecting the
vein during separation. Moreover, attention should be paid to the
course of the common branches of the middle hepatic vein, seg-
ments V and VIII, and reconstruction of relatively large segments (V
and VIII) of hepatic veins during left and right hemiliver splitting
(Evidence level 1a, Recommendation strength A).

3.4.4. Biliary ducts
Due to various anatomical variations in the bile ducts, their

anatomy should be understood before dividing the liver paren-
chyma.44,45 Cholangiography should be performed first during in
situ/ex situ splitting to clarify the anatomy of the bile duct as early as
possible.46,47

Recommendations 9: Anatomical abnormalities of the bile
ducts are not an absolute contraindication for SLT. The anatomy of
the bile duct should be fully evaluated to determine the optimal
separation and reconstruction methods, thereby avoiding complex
bile duct anastomoses and bile leaks caused by small bile ducts
(Evidence level 2a, Recommendation strength B).

4. Recipient selection and donor-recipient matching
principles for pediatric SLT

4.1. Recipient selection

Similar to LDLT, all pediatric recipients undergoing SLT should
receive a comprehensive preoperative assessment by a multidis-
ciplinary team. The assessment includes growth and development
indicators, nutritional status, virological markers, imaging, and
other relevant tests.48e57 SLT does not pose any risk to living donors
and offers greater flexibility in selecting the splitting approach
based on the required donor liver volume. This allows SLT to be
considered for more critically ill children preoperatively.

Recommendation 10: SLT should be prioritized for critically ill
children and in cases where ethical approval for LDLT is uncertain
(Evidence level 5, Recommendation strength D).

4.2. Donor-recipient matching principles

Donor-recipient matching in pediatric SLT has some flexibility
and can be based on factors such as donor liver size, volume,
recipient weight, abdominal cavity space, and the relative size of
vascular and biliary orifices.58e62 In general, graft-versus-recipient
weight ratio (GRWR) is used as the basic standard for donor-
recipient matching.63e65

Recommendation 11: Donor-recipient matching principles are
as follows:

(i) The ideal range for GRWR in pediatric recipients is 1.5%e
2.5%. To avoid large-for-size syndrome, it is recommended
that the GRWR not exceed 4%. However, the selection of
appropriate liver segments/hemiliver based on the re-
cipient’s portal vein diameter and flow may necessitate ad-
justments to the GRWR range (Evidence level 2a,
Recommendation strength B).

(ii) Ensure sufficient abdominal cavity space in the recipient to
accommodate the split donor liver’s thickness, avoiding the
development of large-for-size syndrome (LFSS) or the
inability to close the abdomen (Evidence level 2b, Recom-
mendation strength B).
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(iii) Ensure adequate space for portocaval and biliary recon-
struction (considering the relative positions of the first and
second portal veins) to avoid difficulties with anastomosis
and insufficient perfusion (Evidence level 5, Recommenda-
tion strength D).

5. Vessel division and allocation in split donor livers for
pediatric transplantation

The division and allocation of vessels and bile ducts in SLT
require careful consideration to maintain the relative integrity of
blood supply and biliary drainage in both split liver segments, while
minimizing the risk of postoperative technical complications
arising from complex reconstruction.

5.1. Hepatic artery

Due to the frequent variations in the hepatic artery, the splitting
method for the hepatic artery in SLT depends primarily on the
arterial type. Second, themain artery should be allocated to the side
with a smaller arterial diameter and greater reconstruction diffi-
culty based on the diameter of the arteries.13,66e70

Recommendation 12: The division should be based on the size
of the donor-recipient arterial diameter, while minimizing the
number of branches to the greatest extent possible to reduce the
difficulty of reconstruction (Evidence level 3a, Recommendation
strength B).

5.2. Portal vein

After excluding donor livers with portal vein variations that are
unsuitable for splitting during preoperative assessment, the portal
vein is easier to divide and allocate than the hepatic
artery.13,68,70e72

Recommendation 13: The division should be based on the
donor-recipient portal vein diameter, length, and branches to
maximize the protection of inflow and minimize the difficulty of
reconstruction (Evidence level 3a, Recommendation strength B).

5.3. Hepatic vein

The division of the hepatic vein and retrohepatic inferior vena
cava is crucial for the success of SLT.13,68,70,73,74 In complete left and
right hemiliver splitting, the division of the middle hepatic vein is
critical, and the anatomical characteristics of the middle hepatic
vein should be carefully understood.13,70,73e75

Recommendation 14: In the classic splitting method, the right
trilobate donor liver retains the middle hepatic vein, right hepatic
vein, and main inferior vena cava. If left and right hemiliver split-
ting is performed, the choice should bemade based on the drainage
area of the middle hepatic vein and functional liver volume after
splitting. The middle hepatic vein can be retained on either side or
split in the middle (Evidence level 3a, Recommendation strength
B).

5.4. Bile ducts

The location of bile duct transection is determined using the
splitting method. Attention should be paid to preserving the blood
supply to the bile ducts. The retention of the main bile duct should
be as consistent as possible with the retention of the main artery to
avoid liver-to-liver bile duct arterial blood supply damage and
subsequent bile duct complications.54,76,77

Recommendation 15: In the classic splitting method, the left
hepatic duct is transected at its junction with the common hepatic
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duct, and the common hepatic duct is retained in the right trilobate
donor liver. For left and right hemiliver splitting, the bile ducts are
allocated based on the diameter, length, and ease of anastomosis of
the donor and recipient bile ducts (Evidence level 3b, Recommen-
dation strength B).
5.5. Repair and shaping of vascular defects

Repair and shaping of vascular defects are essential in SLT to
ensure the integrity of the vascular division of the split donor liver
and facilitate subsequent anastomosis of the recipient’s vessels. The
ends of the divided main branches of the artery, portal vein, and
bile duct in split donor livers do not require patch repair.54,76,78,79

For defects resulting from the division of the inferior vena cava
and left hepatic vein, allograft liver vascular patches are required
for repair and reconstruction of the vasculature.80e82 In particular,
when the middle hepatic vein is split in the middle, the middle
hepatic vein needs to be repaired with an allograft liver vascular
patch.75,83,84

Recommendation 16: For the ends of the main artery, nonab-
sorbable vascular sutures are recommended for interrupted suture
repair along the vertical axis; for the ends of the main bile duct,
absorbable sutures are recommended for continuous suture repair;
for the ends of the main portal vein, nonabsorbable vascular su-
tures are recommended for continuous suture repair along the
vertical axis (Evidence level 3b, Recommendation strength B).

Recommendation 17: The purpose of repair and shaping is to
create favorable conditions for the recipient’s surgery. It should be
completed as much as possible during the donor liver repair pro-
cess to avoid increasing the complexity and difficulty of the re-
cipient’s surgery (Evidence level 3b, Recommendation strength B).
6. Hepatic vessel reconstruction and anastomosis in pediatric
split liver transplant recipients

6.1. Hepatic artery

The smaller diameter of the arteries in split donor livers makes
meticulous anastomosis crucial for reducing arterial complica-
tions.23 For older children, direct-vision anastomosis under a head-
mounted magnifier is recommended, whereas for younger chil-
dren, microsurgical anastomosis can effectively lower the incidence
of hepatic artery complications.85,86

Recommendation 18: Preserve as many recipient hepatic artery
branches as possible. When there aremultiple donor arteries, strive
to perform separate anastomosis and reconstruction for each.
Nonabsorbable sutures are preferred for full interrupted anasto-
mosis (Evidence level 2b, Recommendation strength B).
6.2. Portal vein

The principle of portal vein shaping and reconstruction is to
avoid stenosis and torsion. Length and angle control as well per-
forming anastomosis in a tension-free manner are key to accom-
plishing this.79,87

Recommendation 19: Portal vein reconstruction should avoid
stenosis and ensure smooth blood flow. Reconstruction options
include trimming the anastomosis into a cuff and replacing the
recipient segment of the portal vein. Absorbable sutures are rec-
ommended for continuous end-to-end anastomosis (Evidence level
2c, Recommendation strength B).
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6.3. Hepatic vein and inferior vena cava

Optimal venous return in the donor liver ensures effective
functional liver volume of the donor liver. Reconstruction of the
hepatic vein and retrohepatic inferior vena cava is one of the keys to
successful SLT.88 The goal of hepatic vein shaping and reconstruc-
tion is to establish awide outflow tract to ensure unimpeded return
flow.89,90

Recommendation 20:

(i) In the classic splitting method, attention should be paid to
the venous management of the left hepatic lobe. To ensure
smooth return flow, a triangular anastomosis can be
employed. For multiple venous openings, integrate them into
a common opening as appropriate, anastomose them sepa-
rately to the recipient inferior vena cava, or use allograft liver
vasculature for encirclement (Evidence level 2b, Recom-
mendation strength B);

(ii) For complete right and left hemiliver splitting, the manage-
ment of the middle hepatic vein is critical. The decision
should be based on the drainage area and liver volume. For
the side without a retained middle hepatic vein, the decision
to bridge the hepatic vein stump depends on its diameter. If
the middle hepatic vein is split in the middle, donor iliac
vasculature can be used to reconstruct the middle hepatic
vein on both sides (Evidence level 2b, Recommendation
strength B);

(iii) To prevent torsion and stenosis of the outflow tract caused by
liver enlargement during childhood growth and develop-
ment, the use of absorbable sutures for anastomosis is rec-
ommended (Evidence level 2b, Recommendation strength
B).
6.4. Bile ducts

The bile duct caliber of pediatric recipients is often small, and
the proportion of biliary atresia patients is relatively high. There-
fore, bilioenteric anastomosis should be used where possible.91

Recommendation 21: Donor-recipient Roux-en-Y bilioenteric
anastomosis is preferred. For bile ducts with similar diameters and
no tension, end-to-end anastomosis can be performed. Formultiple
bile duct openings, if the intervals are small, they can be integrated
into a common opening for bilioenteric anastomosis. Otherwise,
they should be anastomosed separately. Interrupted anastomosis
using absorbable sutures is recommended (Evidence level 3b,
Recommendation strength B).

7. Blood flow monitoring

Close monitoring of donor liver blood flow is crucial.92e96

Appropriate hemodynamic status is essential for optimal donor
liver function and can reduce the incidence of related
complications.97e100 Ultrasound and flowmetry can be used to
monitor donor liver blood flow.101e103

Recommendation 22: Recommended portal vein flow is
80e120 mL/100 g, not exceeding 250 mL/100 g, with a hepatic ar-
tery resistance index of 0.4e0.8 (Evidence level 2b, Recommenda-
tion strength B).

Recommendation 23: Intraoperative ultrasound should be used
to assess blood flow and position the donor liver in the ideal
location. Anticoagulation therapy can be initiated intraoperatively,
if necessary. Monitor the blood flow of the transplanted liver both
before and after abdominal closure, observing any changes in blood
flow. If changes are detected, it is recommended to readjust the



Table 4
All recommendations in this guideline.

No. Recommendation Evidence level Recommendation strength

1 Donors should generally meet general requirements; however, the conditions can be relaxed
appropriately based on the donor and recipient status, splitting method, and donor liver quality
to expand the pool of donor livers.

5 D

2 If conditions permit, contrast-enhanced abdominal CT, along with liver ultrasound elastography
and contrast-enhanced ultrasound, should be used for initial examination of split donor livers.
Pathological examination should be performed before/during donor liver procurement.

2b B

3 Donor livers should meet pathological grading S0 and ultrasound elastography stiffness of
<7 kPa.

2b B

4 Comprehensive assessment of donor characteristics, donor liver cold ischemia time, in situ/ex
situ splitting methods, and other factors should be used to determine whether to split a steatotic
donor liver.

3a B

5 For donor livers with a high risk of infection, their suitability for transplantation should be
carefully considered. If necessary, prophylactic anti-infective treatment may be administered.

2b B

6 A combination of imaging techniques should be used in conjunction with the actual
intraoperative findings to accurately assess the structure of the hepatic artery to ensure
successful arterial reconstruction.

2b B

7 Type I and II portal veins are generally suitable for SLT, whereas type III portal vein can be
cautiously reconstructed without affecting classic splitting; type IV and V portal veins are
generally not recommended for SLT.

2b B

8 During liver segmentation, the characteristics of the left hepatic vein and its confluence with the
middle hepatic vein should be fully understood, and attention should be paid to other possible
anatomical variations while protecting the vein during separation. Moreover, attention should
be paid to the course of the common branches of the middle hepatic vein, segments V and VIII,
and reconstruction of relatively large segments (V and VIII) of hepatic veins during left and right
hemiliver splitting.

1a A

9 Anatomical abnormalities of the bile ducts are not an absolute contraindication for SLT. The bile
duct anatomy should be fully evaluated to determine the optimal separation and reconstruction
methods, thereby avoiding complex bile duct anastomoses and bile leaks caused by small bile
ducts.

2a B

10 SLT should be prioritized for critically ill children and in cases where ethical approval for LDLT is
uncertain.

5 D

11 Donor-recipient matching principles are as follows:
(i) The ideal range for GRWR in pediatric recipients is 1.5%e2.5%. To avoid large-for-size
syndrome, it is recommended that the GRWR not exceed 4%. However, the selection of
appropriate liver segments/hemiliver based on the recipient’s portal vein diameter and flow
may necessitate adjustments to the GRWR range.

2a B

(ii) Ensure sufficient abdominal cavity space in the recipient to accommodate the split donor
liver’s thickness, avoiding the development of LFSS or the inability to close the abdomen.

2b B

(iii) Ensure adequate space for portocaval and biliary reconstruction (considering the relative
positions of the first and second portal veins) to avoid difficulties with anastomosis and
insufficient perfusion.

5 D

12 The division should be based on the size of the donor-recipient arterial diameter, while
minimizing the number of branches to the greatest extent possible to reduce the difficulty of
reconstruction.

3a B

13 The division should be based on the donor-recipient portal vein diameter, length, and branches
to maximize the protection of inflow and minimize the difficulty of reconstruction.

3a B

14 In the classic splitting method, the right trilobate donor liver retains the middle hepatic vein,
right hepatic vein, and main inferior vena cava. If left and right hemiliver splitting is performed,
the choice should be made based on the drainage area of the middle hepatic vein and functional
liver volume after splitting. The middle hepatic vein can be retained on either side or split in the
middle.

3a B

15 In the classic splitting method, the left hepatic duct is transected at its junction with the
common hepatic duct, and the common hepatic duct is retained in the right trilobate donor liver.
For left and right hemiliver splitting, the bile ducts are allocated based on the diameter, length,
and ease of anastomosis of the donor and recipient bile ducts.

3b B

16 For the ends of the main artery, nonabsorbable vascular sutures are recommended for
interrupted suture repair along the vertical axis; for the ends of the main bile duct, absorbable
sutures are recommended for continuous suture repair; for the ends of the main portal vein,
nonabsorbable vascular sutures are recommended for continuous suture repair along the
vertical axis.

3b B

17 The purpose of repair and shaping is to create favorable conditions for the recipient’s surgery. It
should be completed as much as possible during the donor liver repair process to avoid
increasing the complexity and difficulty of the recipient’s surgery.

3b B

18 Preserve as many recipient hepatic artery branches as possible. When there are multiple donor
arteries, strive to perform separate anastomosis and reconstruction for each. Nonabsorbable
sutures are preferred for full interrupted anastomosis.

2b B

19 Portal vein reconstruction should avoid stenosis and ensure smooth blood flow. Reconstruction
options include trimming the anastomosis into a cuff and replacing the recipient segment of the
portal vein. Absorbable sutures are recommended for continuous end-to-end anastomosis.

2c B

20 (i) In the classic splitting method, attention should be paid to the venous management of the left
hepatic lobe. To ensure smooth return flow, a triangular anastomosis can be employed. For
multiple venous openings, integrate them into a common opening as appropriate, anastomose
them separately to the recipient inferior vena cava, or use allograft liver vasculature for
encirclement.

2b B
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Table 4 (continued )

No. Recommendation Evidence level Recommendation strength

(ii) For complete right and left hemiliver splitting, the management of the middle hepatic vein is
critical. The decision should be based on the drainage area and liver volume. For the side without
a retained middle hepatic vein, the decision to bridge the hepatic vein stump depends on its
diameter. If the middle hepatic vein is split in the middle, donor iliac vasculature can be used to
reconstruct the middle hepatic vein on both sides.

2b B

(iii) To prevent torsion and stenosis of the outflow tract caused by liver enlargement during
childhood growth and development, the use of absorbable sutures for anastomosis is
recommended.

2b B

21 Donor-recipient Roux-en-Y bilioenteric anastomosis is preferred. For bile ducts with similar
diameters and no tension, end-to-end anastomosis can be performed. For multiple bile duct
openings, if the intervals are small, they can be integrated into a common opening for
bilioenteric anastomosis. Otherwise, they should be anastomosed separately. Interrupted
anastomosis using absorbable sutures is recommended.

3b B

22 Recommended portal vein flow is 80e120 mL/100g, not exceeding 250 mL/100g, with a hepatic
artery resistance index of 0.4e0.8.

2b B

23 Intraoperative ultrasound should be used to assess blood flow and position the donor liver in the
ideal location. Anticoagulation therapy can be initiated intraoperatively, if necessary. Monitor
the blood flow of the transplanted liver both before and after abdominal closure, observing any
changes in blood flow. If changes are detected, it is recommended to readjust the position of the
new liver.

2b B

Abbreviations: CT, computed tomography; GRWR, graft-versus-recipient weight ratio; LDLT, living donor liver transplantation; LFSS, large-for-size syndrome; SLT, split liver
transplantation.
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position of the new liver (Evidence level 2b, Recommendation
strength B).

The recommendations of this guideline are detailed in Table 4.

8. Conclusion

To effectively expand the donor liver pool, reduce the waiting
time for liver transplantation, and benefit more patients, especially
children, we should encourage and increase the proportion of SLT
for pediatric liver transplant recipients in light of the characteristics
of these patients and the arrival of the era of liver donation from
deceased citizens in China. In the implementation of pediatric SLT,
careful evaluation of donor and donor liver function, precise pre-
operative planning, appropriate donor and recipient selection, and
meticulous intraoperative procedures and perioperative manage-
ment are essential to improve its efficacy. At the same time, organ
allocation policies should be actively adjusted, multicenter collab-
oration should be strengthened, and safe and standardized devel-
opment of pediatric SLT in China should be promoted so that more
children can benefit.

This guideline has been developed based on current domestic
and international literature and limited clinical experience, aiming
to standardize the technical process of split liver pediatric liver
transplantation in China. While the guideline provides important
references for improving surgical safety and efficacy, there is still a
lack of strong medical evidence for some clinical issues, such as the
choice of anastomosis method for donor and recipient vessels and
blood flow monitoring and control of the transplanted liver. These
unsolved questions in clinical practice highlight the limitations of
this guideline. In the future, it is necessary to continuously accu-
mulate medical evidence and clinical experience through multi-
center studies to further improve and update the guideline to
ensure that it can better guide clinical practice and promote the
development and improvement of pediatric SLT technology.
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