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Case Report

In situ right posterior sectionectomy during liver procurement
based on preoperative 3D planning to prevent extreme large-for-
size syndrome in adult-to-adult liver transplantation: a case report
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Background: Large-for-size syndrome (LFSS) is an uncommon but potentially lethal complication
following adult liver transplantation (LT). Reduced-size liver transplantation (RSLT) is considered a valuable
alternative to delayed fascial closure or mesh closure for preventing LFSS. In this article, we report a
successful adult-to-adult RSLT case with 7z siru right posterior graft sectionectomy using three-dimensional
(3D) computer-assisted planning. This case is unique, as it employed preoperative planned iz situ right
posterior segmental resection (iRPS).

Case Description: A short and slim, 69-year-old woman was admitted to Daping Hospital in January, 2023.
The patient had previously been diagnosed with hepatitis B virus (HBV)-related hepatocellular carcinoma
and acute-on-chronic liver failure. She had received 1 month of hepatoprotective and anti-HBV treatment
before being admitted to Daping Hospital, and she had not suffered from any episodes of encephalopathy
or upper gastrointestinal bleeding. The physical examination revealed moderate yellow staining of the skin
and sclera, abdominal distension, shifting dullness, and pitting edema of the lower limbs. The laboratory test
results revealed high serum total bilirubin (TBil) (121.2 pmol/L) and a long prothrombin time (PT) (23.4 s).
Computed tomography (CT) showed a 3.4 cm x 2.9 cm nodule in segment V of the liver without macrovascular
invasion. Due to the patient’s poor liver function, conventional anti-tumor therapies (e.g., surgical resection,
transcatheter arterial chemoembolization, and radiofrequency ablation) could not be used, and LT was
the only feasible treatment for the patient. The graft volume (GV) of the allocated liver was measured by
computed tomography volumetry (CTV). The estimated graft-recipient weight ratio (GRWR) was 3.8%, and
the estimated graft weight/right anteroposterior ratio (GW/RAP) was 120.2, which indicated that the donor
liver size was severely mismatched with the recipient’s abdominal cavity. After meticulous surgical planning
using a 3D simulation implanting model, an iz situ right posterior graft sectionectomy was performed, and the
reduced-size graft was successfully implanted in the recipient. The post-transplant course was uneventful. At
the 12-month follow-up, the patient had an excellent quality of life, and no signs of tumor recurrence.
Conclusions: In situ right posterior graft sectionectomy is a feasible and effective strategy for preventing
LESS, especially if there is a size discrepancy between the donor liver anteroposterior dimensions and the
recipient’s lower right hemithorax. Accurate preoperative surgical planning is the key element in the success

of the proposed size-reduction strategies.
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Introduction

Large-for-size syndrome (LFSS) after liver transplantation
(LT) can be lethal due to vascular complications and graft
necrosis induced by rib compression. LESS has been widely
described in pediatric I'T" (1). However, given the increased
prevalence of obesity among the donor population and the
urgent need for liver grafts (i.e., urgent re-transplantation
due to fulminant liver failure), the occurrence of LFSS is
likely to increase among adult LT patients (2).

Currently, the system for allocating organs primarily
focuses on the degree of liver disease severity rather than the
physical characteristics of both the donor and the recipient.
Therefore, transplant surgeons can face graft-recipient
size mismatch (GRSM) in adult LT patients. Reduced-
size liver transplantation (RSLT) has been considered an
effective solution for LFSS. Under this procedure, the
graft is trimmed to fit the abdominal cavity of the recipient,
and meticulous surgical planning usually determines
the success of the proposed strategy (3). In this article,
we report a successful case of adult-to-adult RSLT with
in situ right posterior graft sectionectomy that preserved
the right hepatic vein (RHV), in which three-dimensional
(3D) computer-assisted preoperative planning was used. We
present this case in accordance with the CARE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-507/rc).

Case presentation

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or
national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for the publication of this
case report and any accompanying images. A copy of the
written consent is available for review by the editorial office
of this journal.

The patient was a short and slim, 69-year-old woman
(Table 1). She had previously been diagnosed with hepatitis
B virus (HBV)-related hepatocellular carcinoma and acute-
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on-chronic liver failure. She had received 1 month of
hepatoprotective and anti-HBV treatment before being
admitted to Daping Hospital in January, 2023. She had
not suffered from any episodes of encephalopathy or upper
gastrointestinal bleeding.

The physical examination revealed moderate yellow
staining of the skin and sclera, abdominal distension,
shifting dullness, and pitting edema of the lower limbs.
The laboratory test results were as follows: alanine
aminotransferase (ALT), 43.3 IU/L (normal range,
0-40 IU/L); aspartate aminotransferase (AST), 88.6 IU/L
(normal range, 0-40 IU/L); total bilirubin (TBil):
121.2 pmol/L (normal range, 3.4-17.1 pmol/L); alpha-
fetoprotein (AFP), 2745 ng/mL (normal range, 0-25 ng/mL);

international normalized ratio (INR), 2.04 (normal range,

0.8-1.5); prothrombin time (PT), 23.4 s (normal range,
11-13 s); and fibrinogen (Fib), 1.53 g/L (normal range,
2-4 ¢g/L).

The computed tomography (CT) showed a 3.4 cm x 2.9 cm
nodule in segment V of the liver without macrovascular
invasion (Figure 14,1B). Intra- and extra-hepatic metastasis
was ruled out by positron emission tomography/CT. The
patient had a Child-Pugh score of 9, and a Model for
End-Stage Liver Disease score of 22. The preoperative
assessment confirmed that the patient met the Milan or
University of California San Francisco (UCSF) criteria (4).
Due to the patient’s poor liver function, conventional anti-
tumor therapies (e.g., surgical resection, transcatheter
arterial chemoembolization, and radiofrequency ablation)
could not be used, and LT was the only feasible treatment
for the patient.

The allocated liver graft was from a 65-year-old man in
the intensive care unit of Daping Hospital who was brain
dead with irreversible brain damage secondary to cerebral
hemorrhage (Table I). His liver function test and INR
were normal. The whole graft volume (GV) measured by
computed tomography volumetry (CTV) was 2,049.2 mL
(Figures 1C-1H). According to the liver volume-to-weight
conversion formulas [right lobe: estimated graft weight
(eGW, g) =143.704 + 0.678 x CTV - measured GV (mL);
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Table 1 The demographic and morphometric data of the recipient
and the allocated donor

Variables Recipient  Donor

Patient characteristics
Sex Female Male
Age (years) 69 65
Weight (kg) 43.7 72
Height (cm) 153 170
BMI (kg/m?) 18.7 24.6

Morphometric data
Whole liver volume (mL) 779.5 2,049.2
Right lobe volume (mL) NA 1,691.0
Left lobe volume (mL) NA 358.2
Right posterior lobe volume (mL) NA 791.3
Estimated whole liver weight (g) 672.2 1,647.0
Estimated right lobe weight (g) NA 1,290.2
Estimated left lobe weight (g) NA 356.8
Estimated right posterior lobe weight (g) NA 680.2
Estimated remnant graft weight (g) NA 966.8
Actual whole liver weight (g) 685.7 1,602.8
Actual right posterior lobe weight (g) NA 736.0
Actual remnant graft weight (g) NA 866.8
RAP distance (cm) 13.7 18.5
AP distance (cm) 8.0 10.0
SS distance (cm) 22.8 28.8

BMI, body mass index; RAP, right anteroposterior; AP,
anteroposterior; SS, side-to-side; NA, not available.

left lobe: eGW (g) = 41.63 + 0.88 x CTV - measured GV
(mL)] (5,6), the eGW of the graft was 1,647.0 g, and the
estimated graft-recipient weight ratio (GRWR) was 3.8%.
The estimated graft weight/right anteroposterior ratio
(GW/RAP) was 120.2. Previous studies have reported that
a GRWR >2.5% and a GW/RAP >100 are associated with a
size discrepancy between the donor liver and the recipient’s
abdominal cavity (3), which might lead to a higher risk of
LESS; thus, a graft split or reduction was needed in this case
(Table 2).

Preoperative surgical planning was performed using a 3D
simulation implanting model developed using commercial
3D reconstruction software (Smart Vision 3DV Works,
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Smart Vision Ltd., Shenzhen, China). Preoperative CT
images of the donor and recipient were used for the 3D
reconstruction and calculation of the GV. The eGW
of the left liver graft was 356.8 g, accounting for only
21.7% of the whole graft weight. The RAP of the donor
(18.5 c¢m) was much longer than that of the recipient
(13.7 cm). Limited resection, such as left lateral lobectomy
or left hemihepatectomy, cannot relieve the compression of
the right liver graft due to the ribs (Figure 24-2D). Right
hemihepatectomy may lead to small-for-size syndrome
(SESS) due to an insufficient future liver remnant. The e GW
of the right posterior lobe of the liver graft was 680.2 g,
accounting for 41.3% of the whole liver weight. After right
posterior graft sectionectomy, it was estimated the GRWR
would decrease to 2.2%, and the estimated GW/RAP
would decrease to 70.6, which would meet the needs of the
recipient and prevent LFSS.

Our 3D simulation implanting model revealed that after
size reduction and slight posterior rotation around the
inferior vena cava (IVC) of the remaining graft, the donor
liver would fit the recipient’s right upper abdominal cavity
very well (Figure 2E-2H). The portal territory analysis
revealed that segment 7 was supplied by branches from the
right posterior portal vein, and segment 6 was supplied by
branches from the right anterior portal vein. The same
issue arose with the hepatic artery and the bile ducts.
Therefore, the liver was not suitable for right posterior
sector graft procurement (Figure 34). However, given
that it would be difficult for the recipient to continue
waiting for a more suitable donor liver due to the rapid
progression of her disease, we accepted the donor liver
and prepared for the LI

The in situ right posterior graft sectionectomy was
then performed (Figure 3B-3F). After entering the
abdomen, the right lobe of the graft was fully dissociated.
Doppler ultrasound was used to determine the course of
the RHV, which was marked on the liver surface using
electrocoagulation. The liver parenchyma was transected
along the right side of the RHV from the foot side of the
donor liver with an ultrasonic scalpel (Harmonic Ace+7,
5 mm Diameter Shears with Advanced Hemostasis, Ethicon
Endo-Surgery, Ciudad Juarez, Chihuahua, Mexico) without
blocking the portal blood flow. Intrahepatic ducts with
a diameter >3 mm were either tied off or secured with
clips. The right posterior hepatic pedicle and RHV were
transected using a line stapler (Ethicon Endo-Surgery,
Cincinnati, Ohio, USA). Hemostasis was achieved using
the Aquamantys System (Medtronic Advanced Energy,
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Figure 1 Preoperative CT scan and manual CTV of the liver. (A) Morphometric measurements based on a CT scan of the recipient. RAP:

the longest right anteroposterior vertical distance between the anterior and posterior parts of ribs; AP: anteroposterior distance (lower

extremity of the xiphoid process to the anterior wall of vertebra); SS: side-to-side distance (the largest intraperitoneal and horizontal

distance); (B) coronal abdominal CT scan of the recipient revealed a tumor located in the right anterior lobe of the liver (blue arrow); (C,D)

axial and coronal abdominal CT scan of the donor; (E,F) manual CT liver volumetry of right lobe (red); (G,H) manual CT liver volumetry

of left lobe (red). CT, computed tomography; CTV, computed tomography volumetry.

Table 2 The donor-recipient matching data

Variables Value
Estimated GW/RAP for the whole graft (g/cm) 120.2
Estimated GW/RAP for the remnant graft (g/cm) 70.6
Actual GW/RAP after in situ reduction (g/cm) 63.3
Estimated GRWR for the whole graft (%) 3.8
Estimated GRWR for the remnant graft (%) 2.2
Actual GRWR after in situ reduction (%) 2.0

GW, graft weight; RAP, right anteroposterior; GRWR, graft-
recipient weight ratio.

Minneapolis, USA). The size reduction was performed by
a skilled hepatobiliary surgeon and lasted 85 minutes with
approximately 100 mL of blood loss. During hepatectomy,
the donor was stable, and central venous pressure was
maintained at 8-10 cmH,0. After removal of the right
posterior section (RPS), the residue graft was perfused with
University of Wisconsin solution, and harvested using the
routine method. Ultimately, the weight of the remaining
graft was 866.8 g (GRWR: 2.0%; GW/RAP: 63.3) (1uble 2).

The recipient underwent total hepatectomy. The reduced
graft was implanted into the recipient using classical
orthotopic techniques. End-to-end anastomosis of the
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suprahepatic and infrahepatic IVC was performed with 4-0
Prolene. A continuous 5-0 Prolene suture was used for the
anastomosis of the portal vein. The arterial reconstruction
was conducted using a 7-0 Prolene suture under the
guidance of a microscope. End-to-end anastomosis of
the bile duct was performed using 5-0 polydioxanone
sutures II without a stent. After restoring liver perfusion,
Doppler ultrasound showed that the blood flow velocity
and resistance index of the portal vein, hepatic artery and
IVC were normal. The diseased liver was incised and a
grayish yellow soft mass with a 3.8-cm diameter was found
in the right anterior section (RAS). Postoperative pathology
revealed poorly differentiated hepatocellular carcinoma
with extensive necrosis, no intravascular tumor thrombus,
and no microvascular or nerve invasion.

Following LT, two doses (20 mg, days 0 and 4)
of intravenous basiliximab were used to induce
immunosuppression. Tacrolimus (1.5 mg, twice daily)
and mycophenolate mofetil (750 mg, twice daily) were
used as maintenance therapy. The PT and INR returned
to normal levels on postoperative day (POD) 2 (12.6 s
and 1.1, respectively), and ALT, AST, and TBil returned
to near normal levels on POD 7 (49 TU/L, 56.8 TU/L,
and 27.8 pmol/L, respectively; Figure 4). On POD 10,

moderate pitting edema of both lower limbs was observed,
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Figure 2 Preoperative 3D reconstruction based on CT images. (A,B) 3D fusion images of the recipient liver (red) and the donor liver (green);

(C,D) 3D simulation of donor liver implantation into the recipient’s abdominal cavity before graft size reduction; (E,F) 3D computer-

assisted design of the cutting plane of the donor liver; (G,H) 3D simulation of donor liver implantation into the recipient’s abdominal cavity

after graft size reduction. 3D, three-dimensional; CT, computed tomography.

accompanied by increased ascites and decreased urination.
Doppler ultrasound and CT examination revealed
stenosis of the retrohepatic IVC. On February 16, 2023,
balloon dilatation and stent implantation of the IVC were
performed (Figure 5). Angiography revealed rotation and
distortion of the retrohepatic IVC, two stenoses in the
proximal segment and thoracic 12-lumbar 1 vertebral
segment, varicose vein formation in the distal IVC, and
thickening of the left renal vein. A 2.5 cm x 7.5 c¢cm bare
stent was released in the thoracic 12-lumbar 1 vertebral
segment, and a 3.0 cm x 7.5 cm stent was placed in the
proximal segment. The stenosis of the IVC and the distal
varicose vessels disappeared immediately after stent
implantation. Several days later, both the lower limb edema
and ascites gradually subsided. The patient recovered
smoothly and was discharged on POD 30. She is currently
in good condition with normal liver function, and no signs
of tumor recurrence or metastasis have been observed over
the 12-month follow-up period.

Discussion

The liver is the largest solid organ in the human body,
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and accounts for approximately 2% of adult weight. The
liver’s most significant difference from other organs is
that, whether it is damaged or resected, the liver weight to
body weight ratio will always maintain a relatively stable
level. The liver weights of individuals of different sexes
and body weights differ significantly (7). Although the
incidence of GRSM has been reported to be 15-25.5%,
LFSS is uncommon in adult liver transplants. However,
in its extreme form, LFSS can be fatal. A large graft may
lead to rib compression of the liver, which can induce
parenchyma necrosis or vascular obstruction, resulting
in early dysfunction and even non-function (3,8). The
postoperative mortality rate has been reported to be as
high as 40% for large-for-size L'Ts, and other studies have
reported decreased graft and recipient survival (2,3).

There are no official guidelines worldwide that provide
a reliable estimation of the extreme LFSS risk. LFSS
grafts are usually defined as a GRWR >4% in pediatric
liver transplants or >2.5% in adults (9). A number of
formulas have been used to predict the occurrence of LESS,
including those that use the standard liver volume, body
surface area, GRWR, RAP, anteroposterior (AP) distance,
and side-to-side (SS) distance (10-13). Allard et /. used the
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Figure 3 Preoperative planning and surgical procedure of iRPS. (A) The RPS for resection was identified on the 3D reconstructed

image; (B) the demarcation line (white arrow) between the RPS and RAS of the donor liver; (C) the in situ parenchymal transection of the

donor liver without portal inflow occlusion; (D) RHV (white arrow) on the cutting surface of the liver graft; (E) the remaining liver graft;

(F) implantation of the reduced-size liver graft into the recipient. iRPS, in situ right posterior segmental resection; RPS, right posterior

section; 3D, three-dimensional; RAS, right anterior section; RHV, right hepatic vein.

GW/RAP to predict extreme LFSS. When the GW/RAP
was 80, 100, and 120, the risk of extreme LFSS was 2.6%,
9.6%, and 29.1%, respectively. In addition, a GRWR >2.5%
also significantly increases the risk of LFSS (3).

In LFSS, graft compression is usually caused by the
following two factors (14): (I) the limited availability of the
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intra-abdominal compartment to accommodate the liver
allograft; (II) the mismatch between the AP size of the
allograft and the dimensions of the recipient’s lower right
hemithorax. The former can be treated successfully using
delayed fascial closure or mesh closure (15,16), but the
latter can only be treated by split liver transplantation (SLT)
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Figure 4 Changes of the serum levels of ALT, AST, TBil, and PT during the first week following LT. ALT, alanine aminotransferase; AST,

aspartate aminotransferase; TBil, total bilirubin; PT, prothrombin time; LT; liver transplantation.

or RSLT to make the graft fit the limited abdominal space
of the recipient.

Delayed closure is not a good solution to liver injury
caused by rib compression. Paterno et al. proposed a novel
surgical technique named marginal costotomy to increase
the space of the right abdominal cavity (17). This method
significantly relieves rib compression, but it also prolongs
the operation time and exacerbates surgical trauma. Given
that the selection criteria for both donors and recipients
in SLT are stringent and meticulously defined, RSLT may
be the only solution in most cases. At present, preferential
surgical approaches such as a left lobectomy or left lateral
segmentectomy are often employed to address the issue of
size discrepancy. However, it is very unlikely to solve the
mismatch issue because rib compression mainly applies
to the right liver (18). Right hemiliver resection has been
suggested as a viable alternative for downsizing the graft,
but there is a possibility that the residual left liver lobe
could be inadequate to meet the recipient’s needs and may
induce SFSS (19,20). Therefore, we were of the view that
right posterior sectionectomy would be the most effective
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and feasible way to reduce the size of the graft for this
recipient.

To our knowledge, this was the first case of planned
in situ right posterior segmental resection (iRPS). In the
literature, other similar cases have used salvage operations
to treat LESS following L'T" (14,21). Active size reduction
with meticulous surgical planning can ensure the safety
of recipients with hemodynamic instability and extreme
coagulation disorders. Several cases of planned ex vivo right
posterior sectionectomy (eRPS) for graft size reduction
were reported in 2022 (22). It should be noted that an
eRPS results in a large transection plane that exposes
the recipient to a high risk of biliary leaks and bleeding.
Therefore, compared to eRPS, iRPS is a unique method
with the following advantages. First, in situ size reduction
allows the RHV to be located by intraoperative Doppler
ultrasound, or the ischemic line obtained by ligating the
right posterior Glissonian pedicle to be used as a surgical
marker to navigate the intrahepatic transection. Second,
in situ reduction can increase the reliability of the ligature
or suture of the intrahepatic ducts, and significantly reduce
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Figure 5 IVC stenosis after liver transplantation. Postoperative abdominal CT scan: (A) stenosis of the IVC below the suprahepatic IVC

anastomosis (white arrow), and engorgement of the paravertebral plexus and azygos vein (black arrows) were observed; (B) stenosis of the

IVC on a coronal image (white arrow). Inferior vena cavography: (C) twisted-shape stenosis of the IVC between the supra- and infrahepatic

IVC anastomosis (black arrows), and multifocal collateral flows draining into the right atrium (white arrow); (D,E) after balloon angioplasty,

a 2.5 cm x 7.5 cm bare stent was released in the thoracic 12-lumbar 1 vertebral segment, and a 3.0 cm x 7.5 cm stent was placed in the

proximal segment. Collateral veins disappeared. IVC, inferior vena cava; CT, computed tomography.

the incidence of bleeding or bile leakage. Finally, iRPS
can significantly shorten the cold ischemia time. The
disadvantages of iRPS include that the hemodynamics of
the donor must remain stable during graft reduction, and
intraoperative bleeding can jeopardize the procurement
of other organs. Recently, Muller et #/. performed
ex-situ graft reduction (H67) under hypothermic
oxygenated perfusion (23), and found that the technique
reduces static cold storage time, which may allow for
smoother reperfusion, thereby reducing graft congestion
and the risk of post-implantation bleeding.

IVC stenosis is a rare but serious complication with
a reported incidence of less than 1% following LT (24).
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It is usually observed at the surgical anastomosis site.
Acute IVC stenosis results from technical factors during
surgery, such as a size discrepancy between the donor
and recipient IVC, or organ rotation, which leads to the
kinking of the supra- or infrahepatic IVC. The piggyback
technique is not recommended for recipients allocated a
large-for-size liver graft, as immediate outflow obstruction
has been reported in several studies as a consequence
of retrohepatic IVC compression by a large graft when
performing a piggyback orthotopic LT with a SS caval
anastomosis (8,25). Clinical manifestations include hepatic
dysfunction, ascites, pleural effusions, and swelling of the
lower limbs (24).
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In this case, the volume of the liver graft was reduced
by nearly 50%. The massive size reduction of the right
posterior sector led to the right rotation of the whole
liver and the twisting of the IVC. Therefore, to prevent
the kinking of the IVC, end-to-end anastomosis of the
supra- or infrahepatic IVC should be performed when
the residual liver graft has been placed in a natural
and stable position in the recipient’s abdominal cavity.
Rotating the graft and alleviating IVC compression
through mechanical interventions (e.g., prosthesis, pads,
and filled gloves) has also been reported (8). Another
technical option is to fashion two caval anastomoses, one
above and one below the large graft (using the “passing
loop” technique) (25). Endovascular interventions are
usually used to manage IVC stenosis following LT. Stent
placement is effective and has long-term patency for
treating IVC stenosis (26).

The major limitation of this study is that we only
provided descriptive data for this patient. Due to the
small sample size of this study, we could not compare the
effect of using 3D computer-assisted planning between an
experimental group and a control group, which impedes our
capacity to reach a firm consensus as to the benefits of this
technology compared to those of existing standards of care.
Our 3D model simulates the patient’s abdominal cavity;
however, it does not reflect the actual elasticity of the ribs,
abdominal wall, the diaphragm, and other adjacent organs.
"This raises a practical question as to whether real allografts
will fit into recipients, and surgeons must take into account
the elasticity of the adjacent organs and muscular structures
of the liver fossa, as well as the biomechanical effects they
impose on the liver graft, when making decisions based
on our 3D model. Currently, we are developing new 3D
reconstruction software offering biomechanical analysis,
which will enable surgeons to more accurately assess
the compatibility of the donor liver with the recipient’s
abdominal cavity, allowing for the further optimization of
preoperative surgical plans.

Conclusions

In conclusion, iRPS is a simple and effective method to
prevent LFSS after adult LT, especially if there is a size
discrepancy between the donor liver AP dimensions and
the recipient’s lower right hemithorax. The 3D simulation
implanting model is very useful for accurately assessing
the compatibility of the donor liver with the recipient’s
abdominal cavity prior to LI
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