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ORIGINAL ARTICLE

Piggy-back versus conventional
technique in liver transplantation:
report of a randomized trial

Abstract Liver transplantation
with preservation of the recipient
vena cava (the “piggy-back” tech-
nique) has been proposed as an al-
ternative to the traditional method.
We performed a randomized study
on 39 cirrhotic patients, 20 who un-
derwent the piggy-back technique
(group 1) and 19 the traditional
method using venovenous bypass
(group 2) to evaluate the feasibility
and true advantages of the piggy-
back technique compared to the
traditional method. Two patients
were switched to the conventional
technique due to the presence of a
caudate lobe embracing the vena
cava in one patient and a caval le-
sion in the other. Statistically signif-
icant differences between the two

groups were only found for the
warm ischemia time (48.5 £ 13 min
for piggy-back vs 60 = 12 min for the
conventional method) and for renal
failure (zero cases in group 1 vs four
cases in group 2). We therefore be-
lieve that liver transplantation with
the piggy-back technique can easily
be performed in almost all cases,
and that only a few, specific situa-
tions, such as a very enlarged cau-
date lobe, do not justify its routine
use.
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Introduction

Liver transplantation with preservation of the recipient
vena cava, the so-called piggy-back technique, de-
scribed for the first time by Tzakis et al. in 1989 [12],
has been proposed as an alternative to the conventional
method [11] in order to maintain a normal caval flow
during the anhepatic stage and to avoid the need for a
venous by-pass [3, 10]. Initially proposed for particular
indications, such as transplants with reduced-size livers,
the piggy-back technique is now being adopted with in-
creasing frequency by transplant teams. The fact that
there is no dissection of the retrocaval space prevents
hemorrhage during transplant. There is no need for
venovenous bypass, and thus the problems associated
with its use are also avoided. Finally, the absence of an
inferior caval anastomosis reduces the overall time of

surgery. Some authors [2, 8] stress the advantages of
this technique whether a portocaval anastomosis is
used or not.

In order to verify the feasibility and true advantages
of this technique over the conventional method, we be-
gan a randomized study in January 1995 comparing
transplantations performed with the piggy-back tech-
nique with those performed with the conventional
method and involving the use of venovenous bypass.

Materials and methods
Patients
From January 1995 to April 1996, 72 adult liver transplantations

were performed in our center. Thirty-nine of these patients
(33 males and 6 females) were included and randomized in our
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study; the remaining 33 patients did not satisfy the randomization
inclusion criteria. Patients were randomized at the beginning of
the operation with envelopes containing randomization codes.
The patients’ age ranged from 20 to 60 years (mean 48 + 9 years).
Twenty patients were randomized for piggy-back liver transplanta-
tion (group 1) and 19 for traditional liver transplantation (group 2).
All of the patients considered were Child B and C cirrhotics with
portal hypertension (Tables 1, 2). Thirty-three patients with previ-
ous major abdominal surgery, acute hepatic failure, renal insuffi-
ciency (creatinine > 2.5 mg/dl), or who had undergone retransplan-
tation were excluded from the randomization. In the piggy-back
group, a temporary portocaval shunt was never used. All conven-
tional operations were performed using a Griffith venovenous by-
pass, maintaining a blood flow of 2-2.5 I/min through the biopump.
Donors and recipients were matched for size (weight and height)
and ABO blood groups. A standard, triple immunosuppressive
therapy (cyclosporin-azathioprine-steroids) was used, starting ste-
roids intraoperatively and cyclosporin and azathtoprine 12 h post-
operatively. For steroid-refractory rejection episodes, monoclonal
anti-T-cell antibodies (OKT3) were used.

Surgical technique

The piggy-back technique involves isolation of the hepatic hilum
in the traditional way and progressive detachment of the liver
from the retrohepatic vena cava. The caudate lobe is detached
from the inferior vena cava (IVC) and the retrohepatic accessory
veins are ligated and divided, freeing the liver completely from
the IVC. The right hepatic vein is clamped, sectioned, and over-
sewn after closure of the right portal vein to maintain a normal
flow to the left liver. This maneuver permits easier preparation of
the middle and left hepatic veins and reduces the total time of por-
tal clamping. The left portal vein is then divided, the middle and
left hepatic veins are clamped together, and the hepatectomy is
completed. The middle and left hepatic veins are joined together
by dividing the intervening septa after a vascular clamp has been
applied laterally on the anterior part of the IVC without interrupt-
ing the caval flow. The orifice size is tailored to match the donor
IVC and, consequently, the upper caval anastomosis is completed
with interrupted sutures. Caval anastomosis with the graft can be
performed at the outlet of the three main suprahepatic veins, ap-
propriately tailored, as in the original technique {12], laterally on
the IVC [1], or at the outlet of the sagittal and left suprahepatic
veins, as in our technique [4, 7]. The liver is flushed with 11 of
5% albumin solution during the upper vena cava anastomosis
through a catheter inserted in the portal vein. Then, the distal
end of the donor IVC is stapled with a vascular stapler (Rot-
iculator 30-V3 Autosuture). The liver is reperfused following por-
tal anastomosis and before arterial anastomosis. This technique
was applied in both groups. In group 1, the bypass technician was
always present in house, but the Griffith bypass was never pre-
pared in advance.

Hemodynamic data and other parameters

Modifications of different hemodynamic parameters (body tem-
perature, heart rate, central venous pressure, mean arterial pres-
sure, pulmonary pressure, blood gas) were recorded before lateral
IVC clamping, at the end of the anhepatic stage, and 30 min after
revascularization. Cold and warm ischemia time, blood loss, surgi-
cal time, intraoperative and postoperative complications, graft
function, renal function, and ICU and hospital stay were evaluated
with both techniques.

Table 1 Causes of liver cirrhosis in transplanted patients

Number Piggy-back 18 = Conventional 19 P value
of patients

Postnecrotic

cirrhosis 11 12 NS
Primary biliary

cirrhosis 2 3 NS
Postalcoholic

cirrhosis 4 - NS
Hepato carcinoma

on cirrhosis 1 3 NS
Wilson’s disease - 1 NS

Table 2 Age, recipient liver weight, and renal function in the ran-
domized patients

Number Piggy-back 18 Conventional 19 P value
of patients

Age (years) 47+£9.2 51.6+7.7 NS
Recipient liver

weight (g) 1230 + 540 1140 £ 130 NS
Preoperative

creatinine (mg/dl) 09+02 1.0+04 NS

Statistics

Differences between the two groups were evaluated with an un-
paired, two-tailed t-test or by chi-square analysis.

Results

Two patients randomized for the piggy-back technique
were switched to the conventional technique due, in
one case, to the presence of an enlarged caudate lobe
posteriorly embracing the retrohepatic vena cava and,
in the other case, to a caval lesion during the isolation
in the presence of hypertrophy of the caudate lobe.
These two patients were put on bypass when it became
clear that the piggy-back technique could not possibly
be performed. In these two cases, the blood loss was 2
and 1.8 1, respectively, which did not differ from blood
loss in group 2 patients. These patients had no postoper-
ative renal failure or primary dysfunction. There were
no intraoperative deaths in either group. The hemody-
namic pattern during the anhepatic stage did not show
any significant variations in either group of patients.
Lateral partial clamping of the IVC did not cause any
change in mean arterial pressure, IVC pressure, sys-
temic vascular resistance index, or cardiac index.

With the piggy-back technique, the operating time is
reduced (mean time 7h 42mint+1h 27 min vs 8h
26 min+1h 25min for the conventional technique)
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Table 3 Comparison of intraoperative and postoperative parame-
ters in the two randomized groups (RBC red blood cells, FFP fresh
frozen plasma, PGNF primary graft non-function)

Number of patients  Piggy-back 18 Conventional 19 P value

RBC transfusion

(ml) 2100 £ 1200 2500 + 2400 NS
FFP transfusion

(ml) 2500 + 800 2600 £ 1100 NS
Operating time

(min) 462 + 87 506 + 85 NS
Warm ischemia

time (min) 485+ 13 60+ 12 <0.05
PGNF 2(10%) 2 (10.5%) NS
Renal failure 0 4 (30.8 %) <0.05

and there is less need for intraoperative transfusions
(mean quantity of transfused blood 2113 £ 1264 cc for
the piggy-back technique vs 2588 + 2473 cc for the con-
ventional technique). We observed a trend toward a
shorter ICU stay (2.8 + 2.2 vs 4.2 + 6.5 days) and a short-
er total hospital stay (21.5+ 8.1 vs 31.1 £19.2 days) in
the group that underwent the piggy-back technique.
Warm ischemia time (48.5 = 13 min with the piggy-back
technique vs 60+ 12 min with the conventional tech-
nique) and renal failure (zero cases with the piggy-back
technique vs four with the conventional one) were the
only two statistically significant parameters (P < 0.05;
Table 3). In particular, the four patients in group 2 who
developed postoperative renal failure had no associated
technical problems (caval stenosis, etc.) leading to renal
dysfunction. The renal failure developed immediately in
the postoperative period and was not correlated with cy-
closporin toxicity. One patient required temporary he-
modialysis, and the immunosuppressive regimen was
switched from cyclosporin to OKTS3 for 15 days. No pa-
tients developed vascular complications or postopera-
tive hemorrhage. Four patients had graft nonfunction
(PGNF), two in each group. Two patients died while
awaiting retransplantation and two underwent retrans-
plantation; one of them died from sepsis after 6 months.
There was, however, no difference in the incidence of
graft nonfunction or postoperative morbidity and mor-
tality between the groups (Table 3).

Discussion

The piggy-back technique, first described by Tzakis
et al. [12], originally considery a terminal laterosuperior
caval anastomosis and a venovenous bypass. Numerous
variations were subsequently made to the original tech-
nique, avoiding the use of the bypass and varying the ca-
val anastomosis techniques to include a terminolateral
or latolateral fashion [1]. Some authors have suggested

the routine creation of a temporary portocaval anasto-
mosis in patients without spontaneous, efficient porto-
caval shunts [2].

The piggy-back technique has so many advantages
over the traditional technique that it has been pro-
posed as routine practice. First, it does not require
retrocaval dissection or dissection of the right suprare-
nal compartment, thus reducing retroperitoneal blood
loss. Second, this technique makes it easy to solve the
problem posed by different sizes of recipient and donor
vena cava. A third advantage is that normal venous re-
turn to the heart is possible during the anhepatic stage,
making a venovenous bypass unnecessary and thus
avoiding the complications linked to its use, such as
air embolism and thromboembolism [6, 13]. Finally,
making it possible to preserve the IVC, the piggy-back
technique avoids the hemodynamic variations that oc-
cur during venovenous bypass and during clamping
without bypass.

The piggy-back technique has proved to be valid in
our experience. No intraoperative complications linked
to hemodynamically significant alterations were ob-
served. Our technique of anastomosis on the stump of
the sagittal and left suprahepatic veins with enlarge-
ment of the incision on the vena cava made it possible
to obtain a sufficiently wide anastomotic opening in all
cases. The temporary portocaval anastomosis suggested
by some authors [1] was never necessary in our experi-
ence, probably due to the fact that all of the patients
considered in the study were cirrhotics. In the technique
described, the portal vein is clamped only after the com-
plete isolation of the liver, so that total portal clamping
time is less than 1 h. The most obvious advantage of
this technique is the hemodynamic stability during the
anhepatic stage, in addition to the reduction in renal in-
sult. Vascular and biliary complications, retransplants,
blood loss, and long-term survival were identical to
those of the conventional technique.

Our randomized study demonstrated no statistically
significant differences between the two techniques with
regard to intraoperative hemodynamics, blood loss, or
operation time. We noted a trend towards a reduced
ICU and total hospital stay with the piggy-back tech-
nique. The only variables that proved to be significant
from a statistical point of view were postoperative renal
insufficiency and warm ischemia time, as already re-
ported by Jones et al. [5] and Meunier et al. [9]. We did
not note any differences with regard to the incidence of
postoperative vascular complications, primary graft
nonfunction, or the number of retransplants. We there-
fore believe that the piggy-back technique can easily be
used in almost all cases. Specific indications for the pig-
gy-back technique are reduced-size or split livers, trans-
plants with volumetric mismatches, and the presence of
a previous portocaval anastomosis. Some particular ana-
tomical situations, such as an enlarged caudate lobe,
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other advantage it offers: without the need for a veno-
venous bypass, the cost of the operation is considerably
reduced.

may make this technique so difficult that its routine use
cannot be justified. However, when the piggy-back tech-
nique is used, one must bear in mind that there is yet an-

References

1. Belghiti J, Panis Y, Sauvanet A, Gajet 5. Jones R, Hardy KJ, Fletcher DR, Mi- 10. Shaw BW, Martin DJ, Marquez JM,

B, Fékété F (1992) A new technique of
side to side caval anastomosis during
orthotopic hepatic transplantation
without inferior vena caval occlusion.
Surg Gynecol Obstet 175: 271-273

. Belghiti J, Noun R, Sauvanet A (1995)
Temporary portocaval anastomosis with
preservation of caval flow during or-
thotopic liver transplantation. Am J
Surg 169: 277-279

. Estrin JA, Belani KG, Ascher NL, Lura
D, Payne W, Najarin JS (1989) Hemo-
dynamic changes on clamping and un-
clamping of major vessels during liver
transplantation.Transplant Proc 21:
3500-3505

. Gozzetti G, Mazziotti A, Jovine E,
Grazi GL, Masetti M, Ercolani G, Gall-
ucci A, Morganti M, Pierangeli F, Scalzi
E, Paladini R, Begliomini B, Mazzetti
PG, Martinelli G, Cavallari A (1995) Il
trapianto di fegato con conservazione
della vena cava retroepatica del ric-
evente — Piggy back technique - Stato
attuale dei trapianti di organo e di tess-
uto in Italia. Wichtig Ed. 607-610 Italy

chel I, McNicol PL, Angus PW (1992)
Preservation of inferior vena cava in
orthotopic liver transplantation with
selective use of veno-venous by-pass:
piggy back operation. Transplant Proc
24:189-191

. Khoury GF, Mann ME, Porot MJ, Ab-

dul-Rasool TH, Busuttil RW (1987) Air
embolism associated with veno-venous
bypass during orthotopic liver trans-

plantation. Anesthesiology 67: 848-851

. Mazziotti A, Cavallari A, Gozzetti G

(1995) What'’s new in liver surgery. Atti
Soc.It. Chir. Pozzi Ed. Italy

. Meunier B,Bardaxoglu E, Spiliopouos

G, Landen S, Camus C, Roumeas J,
Launois B(1984) Transplantation
hepatique avec preservation de la vein
cave inferieure et reimplantation du
foie en Piggy back. Ann Chir 48 11:
986-988

. Meunier B, Bardaxoglu E, Chareton B,

Landen S, Camus C, Roumeas J, La-
unois B (1993) La technique du Piggy
back en transplantation hepatique.
Chirurgie 119: 682-685

11.

12.

13.

Kang YG, Bugbee AC, Iwatsuki S, Gri-
fith BP, Hardesty RL, Bahnson H, Star-
zl TE (1984) Venous bypass in clinical
liver transplantation. Ann Surg 200:
524-534

Starzl TE, Marchioro TL, Von Kaula
KN, et al (1963) Homotransplantation
of the liver in humans. Surg Gynecol
Obstet 117: 659-676

Tzakis A, Todo S, Starzl TE (1989) Or-
thotopic liver transplantation with
preservation of inferior vena cava. Ann
Surg 210: 649-652

Veroly P, Hage EC, Ecoffey C (1992)
Does adult liver transplantation with-
out veno-venous bypass result in renal
failure? Anesth Analg 75: 489-494



