Ann Hepatobiliary Pancreat Surg 2020;24:445-453
https://doi.org/10.14701/ahbps.2020.24.4.445

Original Article

Portal vein reconstruction using side-to-side unification technique

for infant-to-infant deceased donor whole liver transplantation

Jung-Man Namgoong1, Shin Hwang1, Chul-Soo Ahn', Kyoung-Mo Kim®, Seok-Hee Oh?
Dae-Yeon Kim', Tae-Yong Ha', Gi-Won Song1, Dong-Hwan Jung1, and Gil-Chun Park'

Departments of 7Surgery and *Pediatrics, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Korea

Backgrounds/Aims: Infant-to-infant whole liver transplantation (12I-WLT) has been rarely performed in Korea. We ana-
lyze clinical sequences of our 7 cases of I2I-WLT and present evolution of surgical techniques to prevent PV stenosis.
Methods: A total of 7 cases of I2I-WLT were performed at our institution during last 13 years, which represented 0.1%
of our LT volume. Patient perioperative profiles and clinical sequences were analyzed with focusing on portal vein
(PV) complications. Results: Donor ages were 6-17 months and graft weights were 140-525 g. Recipient ages were
7-16 months and body weights were 6-10.1 kg and Primary diagnoses were biliary atresia in 6 and progressive familial
intrahepatic cholestasis in 1. The first case underwent PV stenting 2 months after 12I-WLT, and underwent retransplan-
tation 6 years later. The second case underwent intraoperative PV stenting, but died 32 days later. The third case under-
went repeated PV dilatation. The fourth, fifth and seventh cases experienced no surgical complications, and PV recon-
struction was performed using a side-to-side unification venoplasty technique. The sixth case had poor development
of the PV system, so customized PV venoplasty was performed, but PV occlusion requiring PV stenting occurred. Early
retransplantation was performed, but scanty PV flow was detected despite no obvious PV stenosis, resulting in graft
failure. Serious PV complications developed in 4, but none experienced after adoption of side-to-side unification venoplasty.
Conclusions: As PV size in infant donors and recipients is very small, PV reconstruction in 12I-WLT requires speci-
alized surgical techniques of side-to-side unification venoplasty. (Ann Hepatobiliary Pancreat Surg 2020;24:445-453)
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INTRODUCTION

Human individuals of any age can become organ do-
nors after brain death occurs. Pediatric deceased donors,
especially infant donors younger than 12 months old or
with a body weight less than 10 kg, can provide very small-
sized solid organs. Considering graft-to-recipient size match-
ing, the whole liver grafts from such infant deceased do-
nors are the most suitable for infant recipients. The in-
fant-to-infant whole liver transplantation (I2I-WLT) pro-
cedure has been rarely performed in Korea because of the
extremely low incidence of infant deceased donors.

Thus, most of the liver transplantation (LT) procedures
for infant recipients have been performed as a type of liv-
ing donor LT (LDLT) or split LT. We have performed

6711 cases of LT, including 396 pediatric cases, prior to
the end of 2019, but we only experienced 7 cases of
I2I-WLT out of 100 pediatric LT cases using split or
whole deceased donor livers. Our experience with LDLT
has provided valuable lessons that have allowed us to
minimize the operative risk of pediatric LDLT, whereas
the scarcity of I2I-WLT has led to a high incidence of
major complications. Infant recipients with biliary atresia
often exhibit PV hypoplasia with underdevelopment of the
splanchnic blood flow system, and several innovative sur-
gical techniques have been developed to prevent anasto-
motic stenosis of the PV.”® Unlike LDLT or split LT, the
donor graft PV in I2I-WLT is very small in diameter, so
the risk of PV complications increases significantly.

We herein present the clinical sequences of our 7 cases
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of I2I-WLT and discuss the evolution of surgical techni-

ques to prevent PV stenosis.

MATERIALS AND METHODS

Patients

The LT database at our institution was searched to
identify patients who underwent deceased donor whole LT
during 13 years between January 2007 and December 2019.
This study was focused on I2I-WLT, so the recipient cri-
teria were individuals younger than 12 months old or with
a body weight up to 10 kg. Ultimately, we selected 7 cas-
es of I2I-WLT from a total of 6711 LT cases. Medical
records were reviewed retrospectively and the patients

were followed up until December 2019.

Surgical procedures

The surgical procedures for I2I-WLT were quite similar
to those used for adult recipients. Considering the ex-
tremely small size of the inferior vena cava (IVC), a pig-
gy-back technique with double IVC anastomosis was
used.”® For PV anastomosis, an end-to-end anastomosis
using polypropylene (Prolene) interrupted sutures techni-
que was used initially, but it was later changed to
side-to-side unification venoplasty using polydioxanone
(PDS) continuous sutures (Fig. 1). The hepatic artery was
reconstructed under surgical microscopy. Biliary reconstruc-
tion was performed as Roux-en-Y choledocho-jejunostomy.
Vascular inflow and outflow of the liver graft was as-
sessed intraoperatively, immediately after abdomen clo-

sure, and daily during the first postoperative week.

Development of side—to-side unification

venoplasty technique

After experiencing PV complications in the first three
cases of I2I-WLT, we sought to develop a new surgical
technique that would be suitable for I2I-WLT. For secure
PV reconstruction, the effective size of the anastomotic
cross-sectional area and a streamlined configuration with-
out axial rotation are the essentially important parameters.3
We developed a computational simulation analysis to model
the anastomosis of two small-caliber thin-walled tubes.
The simulated technique was as follows: A deep longi-
tudinal incision was made in the “6 o’clock” direction of
the graft PV and the “12 o’clock” direction of the recipi-
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Side-to-side unification

Fig. 1. Illustration of the side-to-side unification technique
used for portal vein (PV) reconstruction. A deep longitudinal
incision was made at the “6 o’clock™ direction of the graft
PV and the “12 o’clock” direction of the recipient PV. Run-
ning sutures were then used to unify these two PVs. This tech-
nique creates an enlarged conduit from the superior mesen-
teric vein-splenic vein confluence to the hilar PV confluence.

ent PV; then, continuous sutures were used to unify these
two PVs, which generated an enlarged conduit from the
superior mesenteric vein (SMV)-splenic vein (SV) con-
fluence to the graft hilar PV confluence (Fig. 1). To eval-
uate the size of the anastomotic cross-sectional area and
the contour of the anastomotic portion, we performed com-
putational simulation analysis using computational fluid
dynamics software (ADINA fluid-structure interaction model,
ADINA R&D, Inc., Watertown, MA). Thereafter, its tech-
nical feasibility was assessed by creating physical models
with flexible heat-shrinkable polyolefin tubes. Vessel steno-
sis was induced by blowing hot air over the tubes, which
were cut according to the shape obtained using the com-
putational simulation model. Actual suturing was performed
using this artificial vessel reconstruction model to confirm

its technical feasibility.

Approval of institutional review board and

statistical analysis

This study was performed in accordance with the eth-
ical guidelines of the 1975 Declaration of Helsinki. The
study protocol was approved by the institutional review
board of Asan Medical Center (2019-0599).

Numerical data are presented as the mean and standard

deviation. Survival curves were generated using the Kaplan-
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Meier method. Statistical analyses were performed using
SPSS version 22 (IBM, New York, NY).

RESULTS

Patient profiles and clinical outcomes.

The mean recipient age was 10.1+3.0 months (range:
7-16) and body weight was 7.2+1.7 kg (range: 6.0-10.1).
Primary diagnoses of the recipients were biliary atresia in
6 cases (85.7%) and progressive familial intrahepatic cho-
lestasis in 1 case (14.3%). The mean donor age was
12.0+4.3 months (range: 6-17). The mean weight of the
whole liver grafts was 302.9£129.9 g (range: 140-525)
and graft-recipient weight ratio (GRWR) was 4.13+1.30%
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(range: 2.7-6.0) (Table 1).

PV anastomotic stenosis occurred in 4 cases (57.1%).
Of them, one patients underwent percutaneous trans-
hepatic angioplasty (PTA) and wall stent insertion and fi-
nally retransplantation was performed at 6 years of age
(Case No. 1). Another patient underwent wall stent in-
sertion at posttransplant day 1 and retransplantation at day
7 (Case No. 6). The other each one patient underwent in-
traoperative wall stenting (Case No. 2) and late PTA
(Case No. 3).

PV complication developed in all three patients who
underwent conventional end-to-end PV anastomosis (Case
No. 1-3). In contrast, no PV complication developed after

application of newly developed side-to-side unification

Table 1. Profiles of 7 cases of infant-to-infant whole liver transplantation

Case Recipient Remplent Donor Gr'aft GRWR PV reconstruction PV. . PV Retrans- Survival
No age weight age weight %) technique complica- interven- plantation outcome
" (months) (kg) (months) (kg) tion tion
1 10 6.5 9 220 34 End-to-end Yes Stent Yes Alive,
>11 years
2 7 6.8 12 265 3.9 End-to-end Yes Stent No Dead,
32 days
3 11 7.3 18 420 5.8 End-to-end Yes PTA No Alive,
>6 years
4 10 6 12 245 4.1 Side-to-side No No No Alive,
>5 years
5 16 10.1 17 305 3.0 Side-to-side No No No Alive,
>5 years
6 7 5.2 6 140 2.7 Modified Yes Stent Yes Dead,
unification with 37 days
patch venoplasty
7 10 8.8 10 525 6.0 Side-to-side No No No Alive,
>1 year

GRWR, graft-recipient weight ratio; PV, portal vein; PTA, percutaneous transhepatic angioplasty
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Fig. 2. Kaplan-Meier curves of the graft (A) and patient (B) survival.
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technique in all three patients (Case No. 4, 5, 7). Howev-
er, one patient (Case No. 6) who received a modified
technique of side-to-side unification combined with patch
venoplasty underwent wall stent insertion and -early
retransplantation.

Two patients with PV complication died at posttrans-
plant 32 days and 37 days and other five patients are alive
for 2-12 years after transplantation. The graft and patient
survival rates were 71.4% and 71.4% at 1 year, 71.4%
and 71.4% at 3 years, and 47.6% and 77.4% at 6 years,
respectively (Fig. 2).

Detailed case presentation

Case No. 1: The recipient was a 10-month-old female
baby who weighed 6.5 kg. She was diagnosed with biliary
atresia. The deceased donor was a 9-month-old girl. The
total graft weight was 220 g, and the GRWR was 3.4%.
The PV was reconstructed using end-to-end anastomosis.
At postoperative day 2, serum aspartate transaminase (AST)
and alanine transaminase (ALT) levels increased to 1752
IU/L and 1433 IU/L, respectively. A dynamic computed
tomography (CT) scan revealed multiple infarcts of the
liver graft that primarily resulted from liver compression

within the small-sized abdominal cavity. Serial imaging
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studies revealed the presence of PV anastomotic stenosis,
so balloon dilatation was performed and a wall stent was
inserted at posttransplant 2 months. Her liver function
progressively deteriorated and eventually she underwent
re-transplantation with a split liver graft when she was at
6 years of age. She is currently doing well and is 12 years
old (Fig. 3).

Case No. 2: The recipient was a 7-month-old female
baby with weight of 6.8 kg. She had undergone Kasai op-
eration for biliary atresia. The deceased donor was a
12-month-old boy. The graft weight was 265 g, so the
GRWR was 3.9%. The PV was underdeveloped, but
end-to-end anastomosis was performed. Because of weak
PV flow, she underwent intraoperative PV stenting. At
postoperative day 2, serum AST and ALT levels increased
to 8751 IU/L and 2918 IU/L, respectively. A dynamic CT
scan revealed decreased perfusion of the liver parenchy-
ma. Her liver function progressively deteriorated and ulti-

mately she passed away 32 days after LT (Fig. 4).

Case No. 3: The recipient was an 11-month-old fe-
male baby who weighed 7.3 kg. She had undergone Kasai

operation for biliary atresia. The deceased donor was an

Fig. 3. Clinical sequence of Case No. 1. Computed tomography (CT) images taken preoperation (A) and at day 2 posttransplant
(B) showing the sequence of the compression-induced liver infarct. PV anastomotic stenosis (C) was detected and a wall stent
was inserted 2 months later. After 6 years, the liver graft failed (D and E) and retransplantation was performed (F).
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Fig. 4. Clinical sequence of
Case No. 2. A preoperative CT
scan showed the underdevelop-
ment of the PV (A). Intraopera-
tive PV stenting was performed
because of weak PV flow (B).
A dynamic CT scan showed
reduced perfusion of the liver
parenchyma (C and D).

Fig. 5. Clinical sequence of Case No. 3. CT images taken preoperation (A) and at day 7 posttransplant (B) showing the sequence
of the PV stenosis. Percutaneous balloon dilatation was repeatedly performed at 2 (C), 6 (D), and 16 months (E).

18-month-old boy. The graft weight was 420 g, so the
GRWR was 5.8%. The PV was reconstructed using end-
to-end anastomosis. Because of abdominal distension re-
sulting from biliary atresia-induced hepatomegaly, we were
able to close the abdominal wound at one-stage procedure.

The function of the grafted liver recovered uneventfully,

but serial imaging studies revealed presence of PV anasto-
motic stenosis, so PTA with balloon dilatation was per-
formed at posttransplant 2 months. Because of persistent
PV anastomotic stenosis, balloon dilatation was repeated
at 6 and 16 months after LT. She is currently doing well
and is 7 years old (Fig. 5).
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Case No. 4: The recipient was a 10-month-old female
baby who weighed 6.0 kg. She was diagnosed with pro-
gressive familial intrahepatic cholestasis. The deceased
donor was a 12-month-old boy. The graft weight was 245
g, so the GRWR was 4.1%. The PV was reconstructed
using above-mentioned side-to-side unification venoplasty
(Fig. 6A, B). This was the first case who was benefited
from our technical innovation on PV reconstruction. The

function of graft liver recovered uneventfully and there

was no evidence of PV complications. She is currently do-
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ing well and is 5 years old. Detailed surgical procedures
with donor and recipient video clips were previously

presented.’

Case No. 5: The recipient was a 16-month-old female
baby who weighed 10.1 kg. She had undergone a Kasai
operation for biliary atresia. The deceased donor was a
17-month-old boy. The graft weight was 305 g, so the
GRWR was 3.0%. The IVC was absent, so the graft IVC

was directly anastomosed to the suprahepatic vein stump.

Fig. 6. Imaging findings of PV reconstruction using the side-to-side unification technique. A comparison of CT images taken
preoperation (A) and at day 7 posttransplant (B) showed no evidence of PV complication in Case No. 4. Intraoperative imaging
showed the completed PV reconstruction prior to portal reperfusion (C) in Case No. 5, which resulted in smooth streamlined

PV reconstruction as assessed by day 7 CT angiography (D).

Fig. 7. Clinical sequence of Case No. 6. Preoperative CT angiography (A) revealed marked hypoplasia of the PV (arrow). PV
stenting was performed at day 1 because of PV occlusion (B). A direct portogram was also performed during retransplantation,
in which potential collateral veins were embolized with multiple coils (C). The liver perfusion status of this patient was poor
after retransplantation on day 14, as revealed by CT (D) and Doppler ultrasonography (E).
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The PV was reconstructed using side-to-side unification
venoplasty (Fig. 6C, D). The function of the graft liver
recovered uneventfully. There was no evidence of PV
complications. She is currently doing well and is 6 years
old.

Case No. 6: The recipient was a 7-month-old female
baby who weighed 5.2 kg. She had undergone Kasai oper-
ation for biliary atresia. The deceased donor was 6 months
old. The graft weight was 140 g, so the GRWR was 2.7%.
The PV was seriously underdeveloped, so a small patch
from the donor IVC was attached to the donor PV and
a modified form of unification venoplasty was performed.
Imaging studies revealed the absence of intrahepatic PV
flow at day 1. Thus, PV stenting was carried out after lap-
arotomy, but only faint PV flow could be observed. She
underwent retransplantation with a left lateral segment
graft from her mother 7 days later. To increase PV flow,
the potential collateral veins were embolized with multi-
ple coils. After retransplantation, her PV flow remained
very weak. Her liver function did not recover and ulti-
mately she passed away 37 days after the first LT (Fig.
7.

Case No. 7: The recipient was a 10-month-old female

Fig. 8. Imaging findings of PV
reconstruction using the side-to-
side unification technique in
Case No. 7. The ventral surface
of the whole liver graft was vi-
sible with closure of the inferior
stump of the vena cava (A).
The recipient PV was hypolas-
tic (arrow) (B). Redundant PV
reconstruction with side-to-side
unification technique was shown
to avoid compression by the cau-
date lobe (C). Dynamic CT porto-
graphy taken at 1 year showed
normal configuration of the PV
anastomosis.

baby who weighed 8.8 kg. She had undergone a Kasai
operation for biliary atresia. The deceased donor was a
10-month-old boy. The graft weight was 525 g, so the
GRWR was 6.0%. Because the graft liver was much larg-
er than the native liver, we designed the length of the ex-
trahepatic PV more redundant than the precedent cases to
avoid extrinsic compression by the large caudate lobe.
The PV was reconstructed using side-to-side unification
venoplasty (Fig. 8). The function of the graft liver recov-
ered uneventfully. There was no evidence of PV compli-
cations. She is currently doing well and is 25 months old.
Detailed surgical procedures with a recipient video clip

. 9
were previously presented.

DISCUSSION

For 12I-WLT, the most important factors for success of
LT are the graft-recipient size matching and PV recon-
struction. It is difficult to determine whether the liver
graft is well matched with the infant recipient, but general
insights can be learned from high-volume center experi-
ences with pediatric LDLT. As guidelines, Sakamoto et
al.”? proposed a GRWR <49% and the ratio of graft liver
thickness to the anterior-posterior diameter of the recipient
abdomen <1.0."
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For PV reconstruction in I2I-WLT, infant recipients
with biliary atresia often exhibit overt PV hypoplasia and
underdevelopment of the splanchnic blood flow system,
so secure PV reconstruction is a major matter of con-

3,512,13
cern.

Especially for biliary atresia in infants with
growth retardation, such as a body weight 5.2 kg when
7 months old in our case 6, the PV can be exceptionally
small and poorly developed. We previously developed a
refined technique for PV reconstruction to deal with PV
hypoplasia, which generated a tadpole-shaped PV anasto-
mosis between the femoral vein allograft and recipient
SMV-SV confluence.” We have not experienced a case of
PV complication after adopting this technique yet in more
than 100 cases; therefore, we believe that this technique
is effective for pediatric LDLT or split LT. However, it
cannot be applied to I2I-WLT because the graft PV is also
very small.

After experiencing PV complications in each of the first
3 cases of I2I-WLT, we began to develop a new surgical
technique that would be suitable for 12I-WLT, which we
termed the side-to-side unification technique. At the recip-
ient-side SMV-SV confluence, this technique is very sim-
ilar to that of the tadpole-shaped PV anastomosis proce-
dure described above. At the graft-side hilar PV, it is also
similar to the use of a conventional patch venoplasty to
enlarge the PV diameter. We could attest to its effective-
ness and feasibility based on both computational simu-
lation analysis and actual physical model using flexible
heat-shrinkable polyolefin tubes. Critically, our side-to-side
unification technique was successfully applied to the three
cases (Cases No. 4, 5 and 7), which confirmed its feasi-
bility in I2I-WLT.

However, our side-to-side unification technique was not
adequately applicable to the Case No. 6 because the PVs
of both the donor and recipient were very small. There-
fore, we instead performed an additional patch venoplasty.
However, blood outflow from the SMV-SV confluence
area was too weak to maintain the luminal patency of the
reconstructed PV. Considering that the amount of PV flow
was too small after PV stenting and retransplant LDLT,
we think that this infant was not suitable for any type of
LT, and that LT operation should be performed only after
allowing for additional growth to occur. In the Case No.
6, we would regrettably suggest that the retransplant LDLT

should not have been performed because of the very high
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probability of futile transplantation. Special attention should
be paid to the infant patients who exhibit severe growth
retardation and very poor development of splanchnic sys-
tem.

Follow-up imaging studies revealed that the shape of
the PV after application of side-to-side unification techni-
que had a wide patch-expansion effect at both the SMV-SV
and hilar PV confluences. This expansion effect made the
shape of the reconstructed PV smooth and streamlined,
which is well matched with the hemodynamic principles.
After confirming its effectiveness, we also applied this
technique to PV reconstruction of pediatric recipients who
were older than 12 months of age.

For infant LT recipients, PV stenting should be avoided
because it can cause late-onset portal insufficiency that
leads to inevitable need for retransplantation. Secure PV
reconstruction should be a high priority so that PV stent-
ing can be avoided, which is quite different from adult
LT cases because PV stenting in infants cannot be suffi-
ciently enlarged, although there is some enlargement of
the PV stent."*" Finally, PV stenting induces overt PV
stenosis when the infant recipients grow up. Indeed, the
long-term outcome of percutaneous transhepatic balloon
angioplasty is often reported to be favorable in cases of
pediatric LDLT."

In conclusion, we present a side-to-side unification tech-
nique for PV reconstruction that is applicable to I2I-WLT.
Although this technique was successfully applied to only
three cases yet, the excellent outcomes of these patients
support its technical feasibility and high effectiveness. We
propose that this technique may represent a useful surgical

option for PV reconstruction in pediatric LT.
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