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Objective
To evaluate the impact of technical modifications on living-

donor liver transplants in children since their introduction in
1989.

Summary Background Data

Although more than 4,000 liver transplants are performed ev-
ery year in the United States, only approximately 500 are per-
formed in children. Living-donor liver transplantation has
helped to alleviate the organ shortage for small children in
need of liver transplantation. Few centers have amassed a
sufficient number of cases to evaluate the impact of the differ-
ent techniques used in pediatric living-donor liver transplanta-
tion.

Methods

From 1989 through 1997, 104 primary living-donor liver trans-
plants were performed at the University of Chicago. Three
phases of the living-donor liver transplant program can be
defined based on the techniques of vascular reconstruction:
phase 1, November 1989 to November 1994 (n = 78); phase
2, November 1994 to January 1996 (n = 6); and January
1996 to present (N = 20). The patients’ charts were reviewed

retrospectively. The incidence and type of vascular complica-
tions and patient and graft survival rates were analyzed.

Results

Although the demographics of the patients have not changed
during the three phases of the living-donor liver transplant
program, the outcomes have improved. Without the use of
conduits, the incidence of portal vein complications has signif-
icantly decreased from 44% to 8%. The incidence of hepatic
artery thrombosis has decreased from 22% to 0% with the
use of microvascular techniques. The combined use of both
techniques has led to a significant increase in graft survival,
from 74% to 94%.

Conclusions

The living-donor liver transplant recipient operation has under-
gone significant technical changes since its introduction in
1989. These changes have decreased the vascular complica-
tions associated with this type of graft. Avoiding the use of
vascular conduits and performing microvascular hepatic ar-
tery anastomoses are the critical steps in improving graft sur-
vival.

Clinical liver transplantation was originally described andtion, and the lack of surgical expertise, the accumulated
performed on childreh However, because of the low prev- experience in pediatric liver transplantation is significantly
alence of disease that progresses to end-stage liver disedess than in adult liver transplantation. Living-donor liver
a shortage of organs appropriate for pediatric transplanté&ransplantation was first reported by Raia et al in £ag%d
by Strong et al in 1998.To expand the donor pool and thus
allow timely transplantation of children with end-stage liver
Dr. Broelsch is currently with the Department of Surgery, University ofdisease, the University of Chicago instituted the first prospec-

Essen, Essen, Germany. tive systematic application of living-donor liver transplantation
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60637, transplants. The experience at the University of Chicago ac-
E-mail: mmillis@surgery.bsd.uchicago.edu counts for almost 50% of the living-donor liver transplants
performed in the United States during this period.
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After the successful reports from Australia and ChicagoSurgical Techniques
in 1992, the use of living-donor liver transplantation has h h  the livina-d i |
gained widespread acceptance for the treatment of children Three phases of the living-donor liver transplant program

with liver disease, especially in Japan, where it has supplie8an be defined on a technical basis.

most of the grafts for liver transplantatién:* The advent of The first phase is from November 1989 to November

this procedure was accompanied by several new technicj1994' This period is defined by anastomosing the graft's

challenges in an already technically demanding field. A epatic vein to the recipient’s right hepatic vein. In addition,

with most innovative advances, subsequent modificationrﬁ'ost of these patients received an extension of the right

have been made in an attempt to resolve unforeseen co epatic vein orifice down onto the anterior surface of the
plications® At the University of Chicago, we have defined inferior vena cava to decrease venous outflow obstruétion.

various phases of the living-donor liver transplant programTh'S position of the graft necessitated placement of vascular

by the technical modifications of the recipient operation.congu'tjs, on both thle portal vIein_ang thebhepatic ;u‘fery. _
These modifications affect the performance of living-donor, 1 N€ discovery of late portal vein thrombosis and stenosis

transplants and the growing number of split-liver transplantényo!vmg the cryopresgrved vei_n grafts led to the desire to
being performed. eliminate the portal vein conduit and produced phase 2 of

5 - . g - -
We analyzed the first 104 living-donor liver transplantsthe program'” This phase, initiated in November 1994, is

performed at the University of Chicago from November Characterized by anastomosing the donor’s hepatic vein to
1989 to January 1998, with particular focus on the technical '€, orifice of the combined left and middle hepatic vein

conduct of the operation, to identify factors important to aorifices. This maneuver allowed elimination of the portal
favorable outcome vein conduit. One patient in this group received a portal vein

conduit; this patient received a transplant for hepatoblas-
toma, and we wanted to remove most of the recipient portal

METHODS vein because of the possibility of tumor involvement.
During these two technical phases of the program, the
Preoperative Evaluation arterial reconstruction was performed with a saphenous vein

(from the living donor) extension graft anastomosed to the
The evolution of the donor evaluation was recently de-graft's hepatic artery and then anastomosed to either the

scribed.® Briefly, all potential donors undergo an extensive aorta (infrarenal or supraceliac) or to branches of the celiac
medical and psychosocial evaluation, followed by an abpyis.
dominal computed tomography scan and a visceral angio- The third phase of progression, initiated in January 1996,
gram. If the results of these tests are suitable, the transplaphs been to eliminate both the hepatic artery and the portal
can be electively performed at a future date. Recipients argein conduits and to perform a microvascular hepatic arte-
evaluated similar to any other potential liver transplantyia| anastomosis, with 8—0 monofilament polypropylene
recipient. No additional tests need to be performed forsyture, of the donor’s left hepatic artery to the recipient's
recipients of living-donor liver transplantation. For patientshepatic artery. This is performed using a Leica operating
with chronic liver disease, the transplant is usually de|ayednicroscope (Model OH2, Leica AG, Heerbrugg, Switzer-
until the recipient develops a manifestation of decompeniand). The portal vein anastomosis is performed as a branch
sation, such as growth failure or portal hypertensive bleedpatch of the recipient’s left and right portal branch to the
ing. Patients with acute liver disease undergo transplantaionor’s left portal branch with 6—0 monofilament polypro-
tion as soon as the donor evaluation is completed. pylene suture. The hepatic vein anastomosis is performed at

the confluence of the left and middle hepatic vein of the

. recipient with 4—0 monofilament polyglycolate suture.
Donor Operation

The donor operation is performed similar to the original
description by Broelsch et 4iGrewal et at® have reported
recent modifications, techniques, and complications. Signif- The postoperative management of living-donor liver
icant aspects that affect the recipient operation includeransplant recipients does not significantly differ from that
dividing the portal vein and hepatic artery immediately of reduced-size liver transplant recipients. It has been pre-
distal to the bifurcation to obtain as much length as possibleiously described and has not significantly changed during
and performing intraoperative cholangiography to minimizethe three period%® The only significant modification that
the incidence of separate segment 2 and 3 hepatic ductaould affect vascular thrombosis is the addition of an
There is no need to impinge on the outflow of the middleanticoagulation protocol instituted for patients receiving
hepatic vein, because a short left hepatic vein minimizes thgansplants after November 1994. This current protocol re-
possibility of graft rotation in the recipient. Ninety- three of quires anticoagulation for all recipients less than 20 kg and
the grafts obtained were left lateral segments (segments 2 amdcipients of allografts from donors less than 20 kg. This
3), whereas 11 were full left lobes (segments 2, 3, and 4). policy initiates heparin when the prothrombin time is 18

Postoperative Management
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Table 1. RECIPIENT DEMOGRAPHICS

Technique n Median Recipient Wt.(kg) UNOS Status (mean) % Biliary Atresia

Hepatic vein

Right 78 8.1 2.6 67

Left/middle 26 8.8 2.8 70
Portal vein

Conduits 79 8.3 2.6 66

Direct anastomosis 25 8.5 2.8 68
Hepatic artery

Conduits 84 8.3 2.7 65

Microscopic anastomosis 20 8.5 2.7 66

seconds or less and there is no evidence of bleeding. HeRESULTS
arin is initiated with a therapeutic goal of an activated .
partial thromboplastin time of 50 to 60 seconds. Heparin i})emographlcs

continued for 5 postoperative days, except if hypotension The demographic characteristics of the patients during
caused by hypovolemia related to hemorrhage occurs or if this period (Table 1) have been stable: none of the values
liver biopsy is needed. Reassessment of the risks and bewere statistically different from each other.

efits of heparin is made when bleeding necessitates reex-

ploration, patients require more than 20 mg/kg packed re . cee -

blood cells during a 24-hour period, and there is a platele‘irechnIcaI Modifications

count of less than 50,000/high-power field. Ultrasonography-epatic Vein

to evaluate vascular patency and flow is performed on the

) i o N The early experience of hepatic vein reconstruction in-
first postoperative day and when clinically indicated there~, e the recipient's right hepatic vein orifice. This orifice

after. Immunosuppression is initiated with cyclosporine, 55 chosen in an attempt to decrease movement of the graft,
prednisone, and azathioprine. Initial cyclosporine troughynich could produce twisting of the vena cava and venous
levels are maintained at 250 to 300 ng/mL. Initial rejectiongytfiow obstruction. The direct anastomosis to the right
episodes are treated with a steroid pulse and taper. Addhepatic vein was modified to a triangulation technique in
tional rejection episodes are treated with conversion tavhich an extension of the orifice was made by incising the
tacrolimus. Cytomegalovirus prophylaxis is achieved withanterior surface of the vena cava. A similar incision was
ganciclovir for the first 14 days and then acyclovir for 3 made along the posterior surface of the graft's left hepatic
months. Epstein-Barr virus surveillance is performed withvein. This technique produced a low incidence of hepatic
polymerase chain reactioRneumocystis carinjpneumonia  outflow obstruction. The desire to eliminate the portal vein
prophylaxis is given for the first 6 months after the trans-conduit necessitated a change from the right hepatic vein to

plant. the confluence of the left and middle hepatic vein. A similar
All patients have had at least 1 year of follow-up (meantriangulation technique is also performed (Fig. 1). Table 2
follow-up 4.4 years). summarizes the low incidence of complications from these

All procedures, including informed consent, were con-techniques of hepatic vein reconstruction.
ducted in accord with the ethical standards of the Commitpota/ Vein

tee on Human Experimentation of the University of Chi- ) ] ) )
cago. The use of the right hepatic vein caused a rotation of the

donor graft's neohilum to the right and necessitated the use

of vascular conduits to provide tension-free anastomoses.

The use of cryopreserved iliac vein provided acceptable
Statistical Analysis early patency rates but produced an unacceptably high late

, , stenosis and thrombosis rdfeThis observation led to the
Parametric data were analyzed with the Studet®st,  gjimination of the routine use of venous conduits. We have

nonparametric data were analyzed with the Mann-Whitney,een aple to avoid the use of portal vein conduits in all but
test, the Fisher exact test for incidence of occurrences bgg,q patients. Although the mean follow-up for this group
tween groups, and the Mantel-Cox log-rank test for survival2 5 years) is shorter than for the group with extension grafts
data. Statistical analysis was performed using Statview4 5 years), the complication rate is significantly less in the
v4.1 by Abacus Concepts (San Diego, CA). Significancepatients without a portal venous conduit (15% vs. 42%;
was established & < .05. .01) (Table 3). Further, the mean follow-up of the patients
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Figure 1. Current method of hepatic vein recon-
struction. The right hepatic vein is oversewn and the
left and middle hepatic veins are joined by incising the
septum. An incision is made along the anterior sur-
face of the cava to decrease the possibility of obstruc-
tion.

without a portal venous conduit is now longer than the mearsignificant, but the current technique has contributed to an
interval for diagnosis of late portal vein stenosis and throm-increase in the 1-year patient survival rate from 87% to
bosis seen in patients with venous conduits (200.9  94%. The only patient and graft loss since the introduction
years)*® The current method of portal vein reconstruction isof the current technique was in a child with fulminant
shown in Figure 2. hepatic failure who developed venous outflow obstruction
Hepatic Artery in the early post_operative period, became hemodynamically
unstable, and died.

During the period in which the right hepatic vein was
us_ed, hepa_tlc arterial reconstruction required a SaphenOlﬁISCUSSION
vein extension graft that was anastomosed to the left hepatiC
artery on the back table. The saphenous vein was subse-The first liver transplant in humans was reported more
quently anastomosed to the recipient. The most commothan 35 years agbbut there is still controversy over the
site of anastomosis was the infrarenal aorta. Branches of thgptimal method for perform liver transplantation. Much of
celiac truck were also used. This produced a hepatic arteridghis debate is centered around topics associated with adult
thrombosis rate slightly higher than in cadaveric pediatridiver transplantation, such as biliary reconstruction and
liver transplantation for similar-sized recipients. In Januarystenting, indications for venovenous bypass, and routine use
1996, we adopted a microvascular technique for arteriabf piggyback techniques with or without portal caval shunt-
reconstruction without the use of extension grafts (Fig. 3)ing.'° ' Because pediatric liver transplantation is approx-
From January 1996 to January 1998, we used this technigumately one-tenth as common as adult liver transplantation,
20 times and did not experience an arterial thrombosis. Théechnical modifications have not developed as rapidly. Rou-
data concerning hepatic arterial reconstruction are shown itine use of reduced-size liver transplants became common
Table 4. approximately 10 years after the widespread application of
liver transplantation in the early 19883Living-donor liver
transplantation followed reduced-size liver transplantation
by several years, and there continue to be differing opinions

There were no intraoperative deaths during any of the 104oncerning the techniques used for graft implanta-
transplant operations. The impact of the different phases ion.***>33-3*The initiation of the living-donor liver trans-
shown in Figure 4. Clearly, the introduction of microvas- plant program at the University of Chicago introduced a set
cular hepatic arterial reconstruction has contributed thef technical challenges to the evolving field of pediatric
most to improving early graft survival. The 1-year graft liver transplantatior.
survival rate for grafts placed without vascular conduits is
94%, compared with 74% with at least one vascular conduit.

Graft and Patient Survival

The difference in patient survival rate (Fig. 5) is statistically Table 3. PORTAL VEIN COMPLICATIONS
Complication Rate
Method n (%)
Table 2. HEPATIC VEIN COMPLICATIONS
Extension grafts (all) 79 35 (44)
Complication Native reconstructed vein 19 9 (47)
Method n Rate P Cryopreserved iliac vein 42 22 (52)
Cryopreserved femoral vein 18 4 (21)
Direct to right hepatic vein 9 1(11%) NS Direct anastomosis 25 2 (8)*
Triangulation with right hepatic vein 68 3 (4%) NS
Triangulation with left or middle hepatic vein 26 1 (4%) NS * P < .01 vs. extension grafts (all).
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Figure 2. Current method of portal vein reconstruc-
tion. The recipient’s right and left portal veins are in-
dividually tied and then used as a branch patch to the
donor graft’s portal vein.

Since the introduction of living-donor liver transplanta- along the inferior aspect of the anastomosis, which limits
tion, the University of Chicago has maintained an activethe ability of the graft to rotate and occlude the hepatic
living-donor program. There have been several modificavenous outflow.
tions to the donor and recipient operations. This report In this series, we report a very low incidence of hepatic
concentrates on the modifications of the recipient operatioroutflow obstruction (4%), regardless of the hepatic vein
We have identified three distinct phases of the evolution tarifice used (4%), as long as the hepatic vein cuffs are kept
this point, and all the changes have been designed to inshort by the use of triangulation or other techniques. In our
prove graft survival by eliminating early and late vascularseries, the incidence of outflow complications did not in-
thrombosis. The initial description of living-donor liver crease with the use of the left and middle hepatic veins.
transplantation involved the right hepatic vein with triangu- The original description of portal vein reconstruction in
lation of the vein into the inferior vena cava to decrease thdiving-donor liver transplants involved venous extension
potential for graft rotation and kinking of the hepatic v&in. conduits. Conduits for portal vein extension were necessary
Soon after the original series in Chicago, Tanaka began secondary to the graft rotation imposed by the use of the
series of living-donor liver transplants in Kyoto, and with right hepatic vein orifice. This rotation of the graft's neo-
this development the process of modification was underhilum to the right upper quadrant increased the distance
way. The Kyoto group reported its initial experience in 1992between the graft and recipient portal vein and hepatic
and described hepatic vein reconstruction using the middlartery. This additional distance mandated the use of con-
and left hepatic vein orifice. They reported a hepatic veinduits. A variety of conduits were used in this series. Their
complication rate of 10% in their initial seri@8The same advantages and disadvantages have been previously report-
group has subsequently reported its experience with its firgtd > The results of the most recent group of patients in this
152 living-donor transplants and found a decrease in theeries emphasize the advantages of not using a venous
incidence of hepatic vein complications, from 8% to 4%, conduit for the portal vein. The 9% complication rate for
with the addition of the triangulation techniqti@he tech-  these patients is similar to that in other reports for this size
nique described by Emond et dljncorporating a triangu- recipient in either cadaveric or living-donor transplanta-
lation technique for hepatic vein reconstruction in reducedtion.2°~*'This lower incidence of portal vein complications
size liver transplants, has the advantages of a large surfaég a significant improvement compared with the 44% com-
area and anchor sites in three different orientations. Howplication rate when venous conduits were used earlier in the
ever, perhaps the most important aspect of the triangulatioaxperience. However, continued portal vein thrombosis and
technique is that it mandates a short length of hepatic veifow flow continues to be a postoperative problem in a subset

Figure 3. Hepatic arterial anastomosis performed
with the operating microscope.
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Table 4. HEPATIC ARTERIAL COMPLICATIONS

Hepatic Artery

Method n Thrombosis (%) P
Extensions (total) 84 20 (22
Infrarenal aorta 52 12 (23) NS
Branches of celiac artery 26 7(27) NS
Supraceliac aorta 6 0 NS
No extension* 20 0 <.05 vs. extensions (total)

* Microvascular anastomosis to hepatic artery.

of patients. Recipients with small, sclerotic portal vein with because cadaveric retransplantation could salvage patients
a long segment that is not distensible while the portal veirwho had hepatic artery thrombosis, and because of the
branches are ligated represents this high-risk group. It increased technical difficulty of the procedure. We began
only in these patients that we believe portal vein manipu-our experience with microvascular arterial anastomosis of
lations are warranted. Tanaka's group has described sughe hepatic artery soon after modifying the graft position to
manipulations®® We would advocate a direct anastomosiseliminate the portal vein conduits. This rotational change
of the graft portal vein to the splenic vein—superior me-jined up both the portal vein and the hepatic artery, facili-
seuteric vein confluence if the anastomosis can be accomating primary anastomosis without conduits. The microvas-
plished without tension. Additional measures may involvecyjar technique has significantly decreased the incidence of
enlarging the diameter of the portal vein with a segment Ohepatic artery thrombosis and has significantly increased
donor saphenous vein or recipient internal jugular Vein, e arial graft survival. As the demand for organs becomes
Certainly, our previous experience with cryopreserved ”iaceven more critical, it is important to use every means

\tlfl'n Woﬁld limit (r)]urenthusmlsdmfforhthls tZChn'qﬁo'T; Eossible to maximize graft survival. The data from this
Ining these techniques could further reduce the incidenc eries support the routine use of microvascular arterial anas-

of portal vein thrombosis. e : .
o . L . tomosis in living-donor liver transplantation and, by exten-
The incidence of hepatic artery thrombosis without mi- 9 b y

L S . .sion, any transplant, such as split-liver transplantation, in
crovascular anastomosis in pediatric liver transplantation i$

approximately 10% in most studié&:3"42-45Tanaka’s which the arterial pedicle is not benefiting from a branch or

group initiated the use of microsurgical techniques for he—Carrel patch: .
In conclusion, there have been numerous technical mod-

patic arterial anastomosis in living-donor liver transplants... =~ o : . . .
This group reported its initial experience in 1994 and haéﬂcatlons tp Fhe I|V|ng-QOnor liver tran_splgnt since its org-
extended its series in subsequent publicatiii€ The ac- inal description and widespread application. The combina-

ceptance of this technique was delayed in Western countridion Of elective timing of the operation and technical
improvements has increased the patient and graft survival

rates to levels rarely seen for these small children. The
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Figure 4. Graft survival after living-donor liver transplantation. *P < .05 Years
vs. patients with vascular conduit (Mantel-Cox log-rank). Figure 5. Patient survival after living-donor liver transplantation.
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introduction of the microvascular hepatic artery reconstruc21
tion has provided the most benefit in terms of improved
early graft survival, whereas the elimination of cryopre- ,
served portal vein conduits has aided in decreasing late
portal vein complications. Further modifications will cer-
tainly continue to improve patient and graft survival rates.

23.
24.
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