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Percutaneous technique for venovenous
bypass including a heat exchanger is safe
and reliable in liver transplantation

Abstract We have introduced and
evaluated several modifications of
the conventional venovenous bypass
(VVBP) in 29 adult patients under-
going liver transplantation (OLT).
A percutaneous technique for inser-
tion of a jugular venous return can-
nula and a femoral vein cannula was
applied. The inferior mesenteric
vein (IMV) was used for splanchnic
decompression, which facilitated
dissection of the recipient liver and
allowed portal anastomosis to be
performed without disconnecting
the portal bypass. A heat exchanger
was introduced into the bypass cir-
cuit to prevent heat loss. The percu-
taneous technique prevented com-
plications related to dissection in the
axilla and groin. Hemodynamic
characteristics corresponded to
those found using the traditional
technique. Complications related to

the VVBP were seen in only one
patient in whom the femoral cathe-
ter was accidentally introduced into
the femoral artery. We conclude that
percutaneous cannulas, use of the
IMYV for splanchnic decompression
and the introduction of a heat ex-
changer offer significant benefits
and that they are safe and reliable.
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introduction

Venovenous bypass (VVBP) was introduced in patients
undergoing orthotopic liver transplantation (OLT) to
prevent venous stasis in the lower part of the body and
splanchnic venous pooling during the anhepatic phase.
The technique has been improved and refined several
times since it was first applied during the earliest at-
tempts at human OLT in 1963 [37]. It is now recognized
as an integral part of a standard OLT [21], although
some have questioned its routine use [3, 14, 18, 39, 40].
Application of VVBP preserves renal function [32, 39],
decreases peroperative blood loss [32], and reduces
third space fluid losses, visceral edema, and splanchnic

venous pooling [21, 32]. It also allows hepatectomy and
graft implantation under more hemodynamically stable
conditions.

The technique of establishing VVBP has varied. Tra-
ditionally, catheters have been inserted into the saphen-
ous and axillary veins via a cut-down technique. The
main portal vein has been used for splanchnic blood
drainage after dissection of the hepatoduodenal liga-
ment [12, 32]. Heat exchangers have not been used rou-
tinely as they may represent a clotting hazard in nonh-
eparinized systems [24]. Both heparinized and nonhepa-
rinized systems have been used in closed circuits with-
out venous reservoirs driven by centrifugal pumps [6,
12, 24].
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Refinements of the classical VVBP procedure have
been presented. The use of a heat exchanger has been
reported to prevent hypothermia [S], and cannulation
of the IMV has allowed early decompression of the
splanchnic venous bed and permitted portal anastomo-
sis without interruption of bypass [11, 13, 34]. Percuta-
neous techniques for insertion of the femoral cannula
and the return catheter, thereby preventing dissection
in the groin and axilla, have also been reported [4, 22,
26, 29, 30, 36].

All OLTs in our institution were carried out without
bypass until the VVBP system described here was intro-
duced in 1993. The aim of this study was to evaluate our
experience with VVBP using several of these modifica-
tions incorporated into a functioning system.

Materials and methods

Patients

Twenty-nine consecutive patients undergoing primary liver trans-
plantation (16 women and 13 men, mean age 42 years, range 20—
58 years) at Rikshospitalet, The National Hospital, in Oslo, Nor-
way, were studied (Table 1). All patients gave their informed con-
sent to participate in the study, which met the ethical standards of
the 1964 Declaration of Helsinki. The indications for transplanta-
tion and patient characteristics are listed in Table 1.

Veno-venous bypass

A Bio-Medicus Femoral Arterial kit (15 Fr/18-cm straight tip with
holes; Medtronic, USA) was inserted percutaneously into the right
internal jugular vein by the anesthesiologist preoperatively using
Seldinger’s technique. The cannula was continuously flushed with
salinc until the start of VVBP. For insertion of the femoral vein
cannula, the inguinal region was scrubbed and draped preopera-
tively. After laparatomy and trial dissection of the liver, a Bio-
Medicus Femoral Venous kit (17 Fr/50-cm straight tip cannula;
Medtronic, USA) was introduced percutaneously into the femoral
vein and advanced into the inferior vena cava by an anesthesiolo-
gist using Seldinger’s technique, as previously reported by Ozaki
and coworkers [23]. In 21 patients the IMV was cannulated with
a Bio-Medicus Pediatric Venous Cannula (14 Fr/12-cm straight
tip; Medtronic, USA), while direct cannulation of the portal vein
was used for splanchnic VVBP in 8 patients using a 29 Fr/50-cm
straight tip Bio-Medicus Femoral Venous Cannula (Medtronic,
USA).

The bypass circuit consisted of a model CB 4649 custom pack li-
ver set (3/8 tubing, Medtronic, USA) with a Biomedicus BP-80
centrifugal pump (Medtronic, USA) and a D 720 Helios-A CP
heat exchanger (Dideco, Mirandola, Italy). The circuit was primed
with 440 cc of 10 % albumin at room temperature. In five of the pa-
tients, the heparin-coated model CB 4649 custom pack liver set
(Medtronic, USA) with D 720 Helios-A CP heat exchanger (Di-
deco, Mirandola, Italy) and cannulas were used as part of an ongo-
ing, prospective, randomized study. In the other 24 patients, nonh-
eparinized cannulas, circuits, and heat exchangers were used.

Hemodynamic data (heart rate, mean arterial pressure, central
venous pressurc) and body (rectal) temperature were continuously
recorded. For this study, data obtained before the start of VVBP,

Table 1 Indications for OLT and patient characteristics

Indication n F M Age (years)
Sclerosing cholangitis 11 5 6 21-58
Primary biliary cirrhosis 8 7 1 40-58
Alcoholic cirrhosis 3 0 3 52-58
Autoimmune cirrhosis 2 1 1 46-55
Hepatocellular carcinoma 2 2 0 15-22
Budd-Chiari disease 1 1 0 20
Posthepatitic cirrhosis 1 0 1 40

Acute hepatic failure 1 0 1 20

29 16 13 Mean =42

1 h after the start of the VVBP, and 5 min after discontinuation of
VVBP will be presented.

Statistical analysis

Descriptive statistics are given as medians with 95 % confidence in-
tervals (95 % CI) for the medians. Differences between hemody-
namic parameters and body temperature values at specified time
points were compared using a repeated measures ANOVA. Indi-
vidual means were compared with the Student-Newman-Keuls
multiple comparison procedure. P values less than 0.05 were con-
sidered statistically significant.

Results

The duration of VVBP was 125 (95 % CI 100-152; range
66-305) min. The entire length of the surgical procedure
was 435 (95 % CI 388-540; range 290-658) min.

Systemic VVBP flow before inclusion of the IMV
limb of the circuit was 1.9 (95 % CI 1.7-2.4; range 1.3
3.0) I/min. Opening of the splanchnic bypass through
the IMV resulted in a 29 % flow increase to 2.7 (95 %
CI 2.5-3.0; range 1.7-3.0 /min; P <0.05). The pump
rate was 2324 (95% CI 2073-2538; range 1485-3386)
rpm.

A single complication related to the technique was
an accidental introduction of the femoral cannula into
the femoral artery. This incident was recognized before
the start of VVBP and an immediate artery repair was
carried out, followed by introduction of the venous can-
nula through the saphenous vein. Otherwise, all inser-
tions of the cannulas were uneventful and no significant
complications, technical or other, related to cannulation
were found. One patient (UNOS stage I1T) died perop-
eratively in the reperfusion phase due to therapy-resis-
tant cardiovascular collapse.

Mean arterial pressure (MAP) was stable during
VVBP but decreased by 13 % after VVBP was discon-
tinued (Table 2). No variation in heart rate was found
(Table 2). Central venous pressure (CVP) decreased
through the 1st hour of VVBP (12-9 mm Hg; P < 0.05)
but rose towards the end of VVBP (9-11 mm Hg;
P < 0.05; Table 2).
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Table 2 Hemodynamic data

and body temperature during
OLT. Values represent the
median with 95 % confidence
intervals

Variable Start of bypass 1 hour of bypass End of bypass
Heart rate (bpm) 105 (95-110) 105 (95-110) 105 (95-110)
Mean arterial pressure 80 (73-80) 82 (77-90) 70 (63-75)""""
(mm Hg)

Central venous 12 (11-14) 9(7-12)" 11 (9-14)™

pressure (mm Hg)
Temperature (°C)

36.5 (36.4-37.0)

37.3(37.0-37.5)" 37.0 (36.8-37.0)"

* P < 0.05 for start of bypass vs end of bypass; ™ P < 0.05 for start of bypass vs 1 h of bypass; ™ P < 0.05
for 1 hour of bypass vs end of bypass

Table 3 Blood product requirements during OLT. Values repre-
sent the median with 95 % confidence intervals

Packed red blood cells (units of 250 cc) 10 (7-23)
Fresh frozen plasma (Octaplas; units of 200 cc) 9 (7-13)
Thrombocyte concentrate

(units of 250 cc from one donor) 8 (0-8)

Albumin 4 % (cc)
Albumin 20 % (cc)

2700 (1700-4250)
1500 (100-200)

The heat exchanger maintained good control of body
temperature (BT) during the VVBP procedure. In fact a
small increase in BT was found after 1h of VVBP
(36.5°C=-37.3°C; P <0.05). This level of BT was main-
tained towards the end of bypass (Table 2).

Peroperative use of red blood cells, fresh frozen plas-
ma, and donor thrombocyte concentrate was 10 units
(95 % CI 7-23; range 3-93), 9 units (95 % CI 7-13; range
0-54), and 8 units (95 % CI 0-8; range 0-24), respec-
tively (Table 3).

Discussion

In this study, we evaluated venovenous bypass in OLT
using a percutaneous technique for femoral and internal
jugular cannula insertion, and early cannulation of the
inferior mesenteric or portal vein for splanchnic decom-
pression using an in-line heat exchanger.

Preoperative insertion of the internal jugular return
cannula during induction of anesthesia spared the sur-
geon the procedure of establishing venous return during
OLT. Using the internal jugular vein for venous return
made it possible to avoid 90° left arm abduction
throughout OLT, something that has been shown to
give rise to neurological complications [7, 19, 20]. Fur-
thermore, it prevented surgical preparation of the axil-
lary region, which may result in injuries to the axillary
artery, the brachial plexus, and the lymphatic structures
[4, 23, 30, 33]. The jugular return cannula also facilitates
rapid infusion during the operation, should such be re-
quired. At the time VVBP was started, the caval out-
flow cannula was introduced by the anesthesiologist

through puncture of the femoral vein, thus preventing
dissection in the inguinal region. Percutaneous cannula
introduction was found to be a safe procedure for intra-
duction of a 17 Fr catheter, though the accidental punc-
ture of the femoral artery was of concern. However,
this complication was not related to the size or introduc-
tion procedure of the catheter itself. The risk of using
the percutaneous technique should be equal to the risk
of iatrogenic vascular trauma in relation to the introduc-
tion of central venous catheters in general, and this risk
is low [28, 35, 38].

The IMV was used for the splanchnic outflow can-
nula, as reported earlier by others [11, 13]. Splanchnic
decompression was therefore achieved before hilar dis-
section, which facilitated dissection and hemostasis in
patients with previous surgery in the hilar region or in
patients with portal hypertension. An additional advan-
tage was that the portal anastomosis could be fashioned
without discontinuing the splanchnic bypass. This pre-
vents venous pooling at any time during the operative
procedure. The bypass flow using the IMV was compa-
rable to flow rates of standard VVBP [11, 13]. No tech-
nical complications related to this procedure were no-
ted. In spite of the clear benefits of this procedure, one
must bear in mind that it creates an additional dissection
plane and that this has possible consequences, such as
bleeding and lymphatic leakage. In 8 of the 29 patients,
however, the portal vein had to be used for the VVBP
because of prior surgery affecting the IMV.

Previous reports have assessed the problem of tem-
perature changes and the risk of hypothermia in OLT
[5, 24, 25]. In our study, BT was stable and maintained
within narrow limits during VVBP. BT was 0.5 °C higher
at the time VVBP was discontinued than at the start
(Table 2). Fear of blood clotting and subsequent embo-
lus formation has prevented an in-line heat exchanger
from being widely used in OLT. To our knowledge,
only one previous report applied such a means of tem-
perature regulation [5]. At the end of VVBP, the
splanchnic and femoral limb of the circuit is discon-
nected first, and most of what is present in the circuit is
returned through the internal jugular vein. During this
procedure, the catheters and all parts of the circuits, in-
cluding the heat exchangers, were inspected. We found



183

no evidence of clotting problems in the extracorporeal
circuits in any of the 29 patients, irrespective of whether
heparinized circuits were used (5 patients) or not (24 pa-
tients). Both heparinized and nonheparinized systems
are in use at our center as part of an ongoing, prospec-
tive, randomized study to evaluate the possible patho-
physiological benefits of heparinized circuits.

The start of VVBP did not lead to significant changes
in MAP, which was unchanged after 1 h of VVBP (Ta-
ble 2). The 13 % reduction in MAP after VVBP ob-
served in the reperfusion phase corresponds with hemo-
dynamic changes previously reported in this phase of
OLT [1, 2, 8, 16, 27, 31]. The use of VVBP might lead
to a decrease in heart rate, possibly due to the decrease
in body temperature that occurs if a heat exchanger is
not used [24]. Furthermore, the transient cardiovascular
changes seen at the initiation of VVBP may be due to
cold volume loading of the heart and hemodilution,
which is known to affect the coronary circulation [24].
We found no differences in heart rate during the VVBP
procedure {Table 2). This indicates that hemodynamic
changes related to heat loss can be prevented when a
heat exchanger is integrated into the system.

In most previous studies, CVP was generally not af-
fected by the initiation of VVBP [11, 15, 30, 32]. In this
study, CVP was reduced from 12 mm Hg at the start of
VVBP to 9 mm Hg after 1 h of VVBP. However, CVP
returned to baseline values after VVBP was discontin-
ued (Table 2). Conclusively, hemodynamic parameters
did not differ from conventional bypass using open sur-
gical technique.

Blood usage during OLT has gradually decreased
over the years, probably due to improved surgical tech-
niques with the use of blood salvage procedures and bet-
ter management of coagulation [25]. Table 3 shows the
median number of red blood, fresh frozen plasma,
thrombocyte concentrate, and albumin used during the
operative procedures. The blood usage in this study did
not differ significantly from reports of others [9, 10, 17,
25].

VVBP was introduced as a routine procedure in
adult patients undergoing liver transplantation at our
center in 1993. At that time, refinements of elements of
the VVBP concept had been described [4, 5, 11, 13, 22,
26, 29, 30, 34, 36]. We designed a modified set-up that
prevents complications related to dissection in the groin
and the axilla. It is also important that parts of the pro-
cedure are done preoperatively in order to save operat-
ing time. The problems related to heat loss were pre-
vented by the introduction of a heat exchanger into the
extracorporal circuit, which kept BT within narrow and
normal limits. Finally, cannulation of the IMV for
splanchnic decompression permitted early initiation of
VVBP and allowed suturing of the portal anastomosis
without discontinuation of the splanchnic bypass arm.

We are of the opinion that this modified VVBP pro-
cedure has several advantages over the traditional tech-
nique as hazards related to the open surgical technique
are avoided. No complications affecting patient out-
come have thus far been recorded.
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