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Abstract

Background: Historically, the primary hazard with liver surgery has been intraoperative blood loss. This led to the refinement of inflow
and outflow occlusive techniques. The utility of the different methods of inflow and outflow techniques for hepatic surgery were reviewed.
Methods: A search of the English literature (Medline, Embase, Cochrane library, Cochrane clinical trials registry, hand searches, and
bibliographic reviews) using the terms “liver,” “hepatic,” “Pringle,” “total vascular exclusion,” “ischemia,
“outflow occlusion” was performed.

Results: A multitude of techniques to minimize blood loss during hepatic resection have been studied. The evidence suggests that inflow
occlusion techniques are generally well tolerated. These should be used with caution in patients with cirrhosis, fibrosis, steatosis, cholestasis,
and recent chemotherapy, and for prolonged time intervals.

Conclusions: Harmful effects of intraoperative blood loss and transfusion occur during hepatic resection. Portal triad clamping (PTC) is
associated with less blood loss compared with no clamping. In procedures with ischemic times <1 hour in length, PTC-C (continuous) is
likely equal to PTC-I (intermittent). In patients with chronic liver disease or undergoing lengthy operations, PTC-I is likely superior to
PTC-C. PTC is superior to total vascular exclusion except in patients with tumors that are large and deep seated, hypervascular, and/or
abutting the hepatic veins or vena cava and in patients with increased right-sided heart pressures. © 2005 Excerpta Medica Inc. All rights
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Primary and metastatic hepatic neoplasms can be safely
resected, in many cases altering their natural course [1]. In
the 1960s, operative mortality rates of up to 36% were
common [2-11]. Recently, operative mortality rates have
approached 0% [12]. The reasons for this improvement are
several and include advances in perioperative care, im-
proved management of cirrhotic patients, improved under-
standing of liver anatomy, and technical advances that de-
crease operative blood loss.

Historically, the major pitfall of liver surgery has been
control of intraoperative blood loss. The amount of blood
loss has been clearly linked to morbidity and mortality [13].
This has led to the refinement of inflow occlusion tech-
niques as originally described by Hogarth Pringle [14] and
further evolution with the introduction of new approaches
such as total vascular exclusion (TVE) [15-17]. These tech-
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niques are now commonly employed. A recent survey of
Japanese surgeons revealed that 25% use the Pringle ma-
neuver routinely, whereas only 7% never use inflow occlu-
sion [18]. Control of hepatic inflow and outflow have al-
lowed major hepatic resections to be carried out without
blood transfusion [15,19], but it has done so at the expense
of liver damage from warm ischemia and reperfusion
[20,21]. This review summarizes pertinent reports investi-
gating the pathophysiologic effects of hepatic inflow and
outflow occlusion.

Methods

A comprehensive literature search was performed. Our
objective was to identify articles pertaining to intraoperative
techniques used to decrease blood loss. Literature examin-
ing hepatic ischemia—reperfusion (I-R) was also reviewed.
Articles focusing on medications, fibrin glue, and parenchy-
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mal transection techniques and instrumentation to decrease
blood loss were excluded. MEDLINE was searched, with-
out limitations, using the PubMed search engine. Embase,
the Cochrane library, and the Cochrane clinical trials reg-
istry were all searched as well; hand searches and biblio-
graphic reviews were also performed. Search terms used
included “surgery,” “blood loss,” “transfusion,” “liver,”
“hepatic,” “Pringle,” “total vascular exclusion,” “inflow,”
“outflow,” and “ischemia-reperfusion.” The Boolean oper-
ator “and” was used. The search was exploded using the
“related articles” function on PubMed when a pertinent
article was identified. Abstracts and proceedings from meet-
ings were excluded. Emphasis was placed on pertinent ar-
ticles published in the last 15 years and important landmark
articles published before our period of review. Articles were
categorized into levels of evidence according to guidelines
supported by the Journal of the American Medical Associ-
ation Evidence-Based Medicine Working Group and the
Oxford Center for Evidence-Based Medicine. Special con-
sideration was placed on larger studies with >100 patients.

Results
Blood loss and its clinical consequences

Catastrophic blood loss during liver surgery has always
been a feared complication. It may occur during liver mo-
bilization, dissection of the vasculobiliary structures, or
hepatic transection, and bleeding may persist after comple-
tion of the procedure. Major hepatic resections historically
require blood transfusions between 40% and 100% of the
time [20], and blood loss ranges as high as 1964 to 4880 mL
[20]. Major blood loss increases morbidity and mortality by
causing massive fluid shifts, hypotension, ischemia, and
shock. Carson reported that patients with <500 mL blood
loss had a mortality rate of 8%, whereas those with blood
loss >2000 mL had a mortality rate of 42.9% [22-25].
Operative mortality in patients refusing blood transfusions
was found to be 7.1% for patients with a preoperative
hemoglobin levels >10 g/dL and 61.5% for patients with
hemoglobin levels <6 g/dL [22-28]. Mortality rates are
also linked to operative blood loss [24-28].

Aside from the obvious effects of major intraoperative
blood loss, blood transfusions have been found to have
profound effects on postoperative complication rates and
tumor recurrence [29,30]. Furthermore, the use of allogenic
blood transfusions after trauma has also been linked to
increased rates of infectious complications [29,31-37]. The
immunosuppressive effects of allogenic blood transfusions
have been recognized since the late 1970s when they were
found to increase graft survival after renal transplantation
[38]. Allogenic blood transfusions decrease natural killer-
cell activity and T-lymphocyte blastogenesis and enhance
suppressor T-lymphocyte activity [39]. Perhaps related to
these immunosuppressive effects, perioperative blood trans-

fusions are associated with a worse prognosis after surgery
for lung cancer [40], cervical cancer [41,42], breast cancer
[42], soft tissue sarcomas [43], colorectal cancer [44,45],
hepatocellular cancer [30], and colorectal liver metastases
[46]. The need for allogenic transfusion is also associated
with increased operative mortality, complications, and
length of stay [47].

Hepatic: Ischemia, reperfusion, and ischemic
preconditioning

The mechanisms by which I-R and ischemic precondi-
tioning (IP) function at a cellular level are complicated,
partially understood, interrelated, and occur at multiple lev-
els. This process involves the interplay of many components
including the vascular endothelium, cytokines (acting in an
autocrine, paracrine, and endocrine fashion), adhesion mol-
ecule activation and expression, the complement cascade,
and the generation of reactive oxygen species. Fig. 1 lists
what are presently believed to be the key components of this
process.

Compared with liver transplantation in which cold isch-
emia is the main type of ischemic injury to the liver, resec-
tive liver surgery often involves interruption of portal ve-
nous and hepatic arterial blood flow to a portion of the liver
without cooling, so-called warm ischemia. Ischemia results
in mitochondrial dysfunction [48] and subsequent depletion
of the cell’s energy source, adenosine triphoshate. This
results in the activation of degradative enzymes and the
impairment of cellular membrane function, which result in
the loss of intracellular ionic homeostasis and the subse-
quent accumulation of intracellular calcium. Both processes
may lead to cellular injury. The depletion of energy also
results in the conversion of xanthine dehydrogenase to xan-
thine oxidase. This scenario contributes to an environment
in which an oxidative stress results from the re-establish-
ment of blood flow [48,49]. Reperfusion leads to further
cellular injury and death which results from (1) the devel-
opment of reactive oxygen species, (2) early Kuppfer cell
activation, (3) the so-called no-reflow microvascular distur-
bance [50], and (4) neutrophil activation. The sum product
of these 4 processes is hepatocyte death resulting from
apoptosis and necrosis.

Mechanisms that may protect, attenuate, or alleviate this
injurious sequence include IP. This refers to the phenome-
non in which tissues are rendered resistant to the deleterious
effects of I-R by previous exposure to brief periods of
vascular occlusion [51] and was first appreciated in myo-
cardial tissue [52]. Although still controversial, it is pres-
ently believed that IP is mediated by the release of adeno-
sine into the extracellular space by ischemic tissues [53].
Adenosine provides a protective effect by preservation of
tissue ATP, inhibition of neutrophil activity, antioxidant and
anti—free-radical activity, antiplatelet activity, inhibition of
the no-reflow phenomenon, decrease of intracellular cal-
cium levels, and premature degranulation of mast cells [53].
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Fig. 2. Pringle occlusion (PTC). Note the interruption of flow to liver by
way of the hepatic artery and portal vein. PTC = portal triad clamping.

Human research in this topic as it relates to liver surgery
continues and has been pioneered by Clavien [54,55].

Apart from IP, many other areas of the reperfusion injury
cycle have been studied with the goal of attenuating cellular
injury. The list of possible compounds and mechanisms of
protection/inhibition as adapted from Sakon et al [56] in-
cludes gadolinium chloride (Kuppfer cells), adenosine ad-
ministration, antibodies against adhesion molecules and cyto-
kines [57,58], immunosuppressant administration to decrease
transcription of key cytokines (FK506, cyclosporin) [59], al-
lopurinol (XO inhibitor) [60], antioxidants and redox-mod-
ulating drugs (N-acetylcysteine, multivitamins, pentoxyfyl-
line, etc.) [61], calcium-channel blockers [62], antiapoptotic
agents [63], inhibition of the coagulation pathway [64],
alternate energy sources [65], liver cooling [56], and isch-
emic and heat-shock preconditioning [66]. The multitude of
various compounds and mechanisms studied to date is a
testament to the lack of a single good therapy and the
complexity of this process.

Inflow occlusion

Vascular inflow to the liver accounts for approximately
25% of cardiac output. This blood flow is divided between
the portal vein (70%) and the hepatic artery (30%). The site
for inflow occlusion (Fig. 2) is the porta hepatus between
the first part of the duodenum and the hilum of the liver.
Occasionally, a posterior accessory or replaced right hepatic
artery arising off the superior mesenteric artery can be
found posterolateral to the common bile duct. Approxi-

mately 10% of the time, an accessory (or aberrant) left
hepatic artery can also arise from the left gastric artery. The
branching pattern of the hepatic artery and portal vein in the
porta hepatis is quite variable [67-75].

Techniques of inflow occlusion

In 1908, Hogarth Pringle reported 8 patients who died of
hemorrhage from liver trauma [10,11]. During this experi-
ence he conceived that digital occlusion of the hepatic
pedicle would help control hemorrhage. Although many
liver surgeons have come to rely on portal triad clamping
(PTC), it was not until 1997 that its effectiveness was
confirmed in a randomized trial by Man et al [76].

There are 3 modern methods to perform PTC. The individ-
ual portal vein and hepatic artery can be dissected and oc-
cluded. This technique does not always occlude all hepatic
arteries because an anomalous left or right hepatic artery may
be present. Collaterals in the porta hepatis may be well devel-
oped in the cirrhotic patient. A second technique for PTC is
occlusion of the porta hepatus with a large vascular clamp. If
used, the clamp should be used over a Penrose drain or other
such device to evenly distribute the pressure and prevent vessel
injury. A more recently developed technique involves placing
a soft cloth tape around the porta hepatis and constricting the
vessels with a Rummel tourniquet [77-79]. This provides ef-
fective control of all vessels in the porta hepatis, is less trau-
matic than a vascular clamp, is very secure, and does not
hinder or obstruct the operation.

More selective approaches to inflow occlusion of either
the total right- or left-sided Glissonian sheaths have also
been described [80]. These techniques serve well those
patients with cirrhosis and poor hepatic reserve in whom
decreasing the amount of ischemic insult is advantageous.
With selective inflow occlusion there is also less stasis and
venous hypertension in the mesentery and bowel. The “pos-
terior approach,” as described by Launois et al, can be used
to gain rapid access to the Glissonian sheaths for early
vascular control of a hemiliver or segment [81]. The use of
a disposable plastic band as a hepatic clamp has been
described [82] as a modification of the Pringle maneuver.
As well, resectional devascularization (RD), or dissection of
the vessels supplying the liver to be resected, can be per-
formed in the porta hepatus, thus allowing ligation and
division before parenchymal transection [83]. Inflow occlu-
sion is generally well tolerated. Belghiti et al described the
hemodynamic changes (10% to 15% increase in mean ar-
terial pressure, a 40% to 44% increase in systemic vascular
resistance, and a 10% to 11% decrease in cardiac index)
experienced when occlusive vascular techniques are used
[84,85], which then result in a moderate increase in systolic,
diastolic, and mean arterial pressure.

Inflow occlusion literature

The concept that human livers are sensitive to warm
ischemia is directly derived from canine experimentation in
the 1950s [86]. This model is the reason for limiting warm
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ischemia to 15 to 20 minutes in humans. However, dog liver
differs from human liver in that it has hepatic vein sphinc-
ters as well as bacteria in the portal blood flow, both of
which result in hepatic necrosis and gangrene when the
hepatic artery is occluded. Eventually, Mackenzie et al
established that splanchnic venous stasis was the main fac-
tor causing the poor canine tolerance to hepatic ischemia
and that if this bed were decompressed, ischemic times
could be extended up to 60 minutes [87]. Using portal
decompression in pigs, Huguet et al [88] showed that 120
minutes of continuous ischemia was tolerated, but all pigs
subjected to 180 minutes of ischemia died of hepatic necro-
sis. Pigs are more closely related to humans anatomically
because they have no hepatic vein sphincters. Huguet et al
[26,88,89] successfully challenged the time limit in humans
by extending continuous warm ischemic times up to 1 hour.
However, in this study they noted a high (77.8%) compli-
cation rate in those patients with chronic liver disease. For
this reason studies, were undertaken to see whether inter-
mittent PTC-I would ameliorate some of the ischemic dam-
age, especially in patients with chronic liver disease. Pro-
tective preconditioning ischemia has been of proven value
in the human heart [90]. Since then, Yoshizumi et al [91]
showed that a 10-minute IP period can protect against pro-
longed 40-minute ischemia by decreasing transaminase el-
evation and increasing bile output in the rat. This effect may
explain why PTC-I is tolerated better than PTC-C in the rat
[92] and the pig when ischemic times are >90 minutes [93].
No difference in outcomes were noted with a 15-versus
30-minute ischemic insult with a 5-minute reperfusion in
the rat [92].

It has been shown in humans that PTC-I can be under-
taken for up to 322 minutes [94] and that TVE can be
extended up to 116 minutes [95]. However, patients with
abnormal liver parenchyma experience high complication
rates including liver failure and death. Factors that may
impair the regenerative capacity of the liver and need to be
taken into account when using occlusive vascular tech-
niques on the liver include cirrhosis, fibrosis, steatosis,
cholestasis, previous chemotherapy, and inadequate residual
liver volume [96,97].

Table 1 lists the evidence surrounding the use of these
techniques. There is level-1 evidence examining inflow oc-
clusion for hepatic resection. Man et al [76] were the first to
show in a prospective randomized study that using PTC-I
with a cycle of 20-minutes on and 5-minutes off resulted in
less intraoperative blood loss less alteration in postoperative
liver function versus patients with no inflow occlusion. No
significant difference in mortality or complication rate
could be demonstrated. There have also been randomized
controlled trials of PTC vs. resectional Devascularization
(RD); the results are conflicting in terms of blood loss
[76,98]. Subsequently, Belghiti et al compared PTC-I
with PTC-C in a prospective randomized trial [95]. They
demonstrated that PTC-I caused less postoperative liver
dysfunction than did PTC-C. As the length of PTC-C

time increased, so too did the increase in liver enzymes
and serum bilirubin. Furthermore, this response was most
marked in the patients with cirrhosis in the PTC-C group.
Increased blood loss in PTC-I group was demonstrated.
Overall, there was no significant difference in complica-
tion rate or mortality, but there was a trend toward
increased rates in the PTC-C group.

Outflow occlusion

There are two basic outflow tracts from the liver, the
caudate lobe veins and the hepatic veins (Figs. 3 and 4). The
caudate lobe veins can vary in number. Occasionally, a
larger inferior right hepatic vein drains segments 4, 6, and 7
directly into the inferior vena cava (IVC) [99]. The paraca-
val portion of the caudate lobe can be dissected off the vena
cava to expose these veins for ligature and division. This
dissection is a requisite step in obtaining the inferior expo-
sure for extrahepatic control of the hepatic veins.

The hepatic veins are the source of the most difficult-to-
control hemorrhage during hepatic surgery. These 3 veins lie
between the 4 classical hepatic sectors and the dorsal sector of
the liver (caudate lobe). They are accessible for only a short
extrahepatic length. The right vein is dissected as a single trunk
separate from the common trunk of the middle and left (trun-
cus communis of Rex), which is present in 95% [68,99-103]
of cases. After dissecting the right triangular ligament and
separating the caudate lobe off the cava, the origin of this vein
can be delineated. The superior aspect of the IVC below the
diaphragm passes through a fibrous ring that extends posteri-
orly around the cava from the encompassing caudate lobe. This
thick, fibrous sheath (inferior vena caval ligament) must be
divided before the lateral aspect of the right hepatic vein can be
visualized. Between the right and middle vein there is a space
that can be dissected close to the liver substance and parallel to
the vena cava connecting the superior dissection with the
aforementioned inferior plane developed between the vena
cava and caudate lobe. The right vein can then be encircled and
controlled.

The middle and left hepatic veins have a shorter extra-
hepatic course and are broad based because of their com-
mon trunk. Segments 2 and 3 are rotated toward the right,
which exposes the caudate lobe beneath the gastrohepatic
ligament. Dissection is carried out at the cephalad border of
the caudate lobe anterior to the IVC, and a plane is devel-
oped that connects with the bare area between the right
hepatic vein and the right side of the common middle-left
hepatic vein orifice. This allows control of the common
middle-left trunk with a tourniquet.

Techniques of outflow occlusion

Classical liver resection as described by Lortat et al in-
volves extrahepatic ligation of the left or right portal structures
individually followed by control of the hepatic veins within the
liver substance toward the end of the parenchymal dissection.
Care must be taken to avoid the creation of any large holes in



Table 1
Review of hepatic resective surgery: Inflow occlusion literature
Reference Year N Technique Age Major Morbidity Mortality Clamp time Cirrhosis CvVPp Blood loss Transfusions
(n) y) hepatectomy (%) (%) (min) (%) (%)
(%)
Level-1 evidence
95 1995-1996 86 CVP (42) 51 >50 43 5 16-118 15 <5 1.18 L 28
1P (44) 52 29 0 14 129 L 32
76 1995-1997 100 1P (50) 59 68 38 2 88 (24-201) 26 1.28 L (0.33-9.42) 36
RD (50) 52 70 50 4 NA 32 1.99 (0.26-13.9) 58
15 1991-1994 52 CVP (24) 43 100 29 4 35 (17-55) 0 989 mL (100-5000)
TVE (28) 48 57 0 42 (23-78) 0 1195 mL (200-5000)
98 1996-2001 58 1P (28) 57 100 29 0 96 (62-196) 100 5 1685 mL (50-4800) 43
RD (30) 53 33 0 94 (65-188) 100 5 1159 mL (400-4200) 17
Level-2 evidence
55 2000 24 1P (12) 60 100 17 0 30 0 13
CVP (12) 100 34 0 30 0
114 42 TVE (18) 56 100 33 0 32 850 mL
TVECP (20) 58 100 25 0 38 <5 650 mL
115 1995-1997 112 RD (50) 52 70 13 2 NA 15 1.99 L (.26-13.9)
1P (62) 51 69 17 1 (24-201) 18 (.23-9.42)
104 1992-1998 49 RD (15) 58 92 27 0 NA 0 1600 mL (250-8000) 73
CVP (34) 64 21 3 <20 0 500 mL (25-2000) 29
Level-3 evidence
116 1994-2000 72 1P 47 81 24 7 57
Level-4 evidence
12 1989-1997 330 RD (199) >60 6 49 >10 35
IP (131) >10
117 1990-1997 747 TVE (58) 50.2 >50 22 44 32 23
IP (541)
(148)
118 1979-2000 101 RD 100 20 5 NA 1 3836 mL
119 158 CVP (132) >70 20 0 61 831 mL
RD (26) 1035 mL
120 1979-1998 168 RD (90) 60 40 22 10 2 2300 mL (50-20000)*
1P (78) 60 10 3 14 <5 725 mL (50-6000)*
121 1986-1996 100 CVP (70) 52 53 23 3 10
17 1980-1985 142 CVP (107) 54 60 32 [§ 32 (8-90) 11 89
TVE (35)
122 1984-1997 245 CVP/IP (125) 56 53 22 3 39 (7-107) 15 <5 34
(120) 38 14 <5 60
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123 1984-2000 141 1P (85) 58 19 1 625 mL 21

TVE (20) 59 29 5 931 mL 29
Long. (21) 62 10 0 572 mL 15
(15) 62 13 0 303 mL 7
124 1994-1999 329 IP 62 71 26 0 69 (0-248) 41 853 mL 3.9
107 1991-2001 1803 IP 59 >70 45 3 31 9 <5 871 49
125 1986-1999 100 61 52 22 % 0 913 mL (80-7000)
106 1986-1996 100 IP 51 60 10 >5 1000
<5 200
126 1986-1995 150 IP 58 89 23 1 <4 814 mL (70-10000)
127 1988-1996 133 RD 59% 79 45 5 4 <5 40
128 1984-1999 254  CVP (12%) 51 25 26 39 24 (10-50) 8
RD (88%)
129 1995-2001 168  IP (46) 34 100 52 (12-118) 0 427 (195-1100)
RD (121) NA 0 460 (205-1650)
130 1989-2001 155 1P (50%) 52 100 55 8 60 (20-280) 35 2 L (0.2-20)
RD (50%) 14 <5 2300 mL (50-20000)*
131 1964-1987 411 None (1-81) 73 12 3 NA 4
132 1989-1995 200 CVP (28%) 56 76 37 5 34 (22-39) 10 1700 mL 61
TVE (72%)
133 1990-1992 100 IP 55 80 29 755 mL (100-4500) 22
134 1984-1992 226 62 70 19 1 0
135 1994-1997 163 RD (48) 58 80 33 2 100 2562 mL (650-4160) 30
RD = IP 15 1 100 801 mL (50-2350) 20
(115)

CVP = central venous pressure; IP = ischemic preconditioning; Long = Longmire clamp; RD = resectional devascularization; TVE = total vascular exclusion; TVECP = total vascular exclusion with
preservation of caval flow.
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Fig. 3. TVE. Note the interruption of the portal vein and hepatic artery
blood flow as well as vena cava clamping above and below the liver. TVE
= total vascular exclusion.

these veins because this risks catastrophic hemorrhage and air
embolism. Outflow occlusion of the hepatic veins can be ac-
complished in any number of ways including (1) TVE by
clamping of the supra and infrahepatic IVC with or without
clamping of the aorta, (2) division and oversewing between
clamps of selective hepatic veins, (3) suture ligation, or (4)
occlusion with a vascular clamp or tourniquet occlusion [77].
Recently, the use of a long endovascular stapler has been
described as a way to occlude and divide the hepatic veins
simultaneously [103—105].

Maintenance of low CVP may decrease backflow bleed-
ing from the hepatic veins [16,106]. Bismuth was the first to
show that low CVP in the range of 8 to 10 cm water may
decrease bleeding during parenchymal transection [16]. In a
subsequent study of 100 patients by Jones et al, it was
shown that patients with CVP < 5 cm water underwent a
median blood loss of 200 mL, whereas those with CVP >
5 cm H20 underwent a median blood loss of 1000 mL
[106]. Therefore, a CVP monitor is a useful adjunct to
decrease preload and minimize blood loss. Low CVP, how-
ever, places the patient at increased risk of air embolism.
Measures to prevent this include keeping the patient in 15°
Trendelenberg position as well as replacing the liver into its
natural anatomic position and increasing ventilation pres-
sures before attempting repair of any injury to the IVC or
hepatic veins. Proper exposure and care in dividing the
parenchyma as one approaches the hepatic veins is essential.
Use of parenchymal dissection devices (eg, ultrasonic dis-

sector, Water-jet dissector) may be helpful in the atraumatic
dissection along the vein wall. Control of the hepatic veins
to the area of resection may precede parenchymal transac-
tion. If so, inflow control must be employed once the out-
flow occlusion has been achieved to control congestion,
bleeding, and problems with exposure of the transection
plane [83,103,105,107,108].

TVE

TVE of the liver, initially introduced by Heaney in the
1960s and popularized by Huguet [88] in the 1970s, is an
effective technique to control hemorrhage during hepatec-
tomy (Fig. 3). Most hepatic surgeons use this technique
selectively for large tumors that are centrally located or for
cancers on or near the hepatic veins or vena cava. This
technique involves control of the vena cava above and
below the liver and PTC. To completely isolate the liver, the
right adrenal vein must be divided in advance or be encom-
passed by the clamp. Mobilization of the IVC out of the
retroperitoneum allows complete control of all venous
drainage from the liver. Although most surgeons cross-
clamp the vena cava above and below the liver, Huguet et al
used long vascular clamps to vertically occlude the vena
cava behind the liver from above and below [88]. This
effectively controls lumbar and right adrenal veins and can
be applied with less thorough dissection of the cava. With
TVE, the parenchyma can be divided more rapidly either by
conventional dissection or with a scalpel [109]. Before

Fig. 4. TVE with preservation of caval flow. Note the interruption of the
portal vein and hepatic artery blood flow as well as hepatic vein occlusion.
TVE = total vascular exclusion.
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removal of the upper caval clamp, the lower clamp may be
partially released if there have been large venous openings
to flush out any air that can lead to air embolus once the
upper clamp is removed.

A trial period of clamping is required to determine patient
tolerance to the decrease in venous return. The cardiac index
generally decreases by 40% to 50% and infusion of large
volumes may be required in preparation [17]. Belghiti et al [15]
and Bismuth et al [16] reported that 14% and 6% of their
patients, respectively, did not tolerate this clamping. Coordi-
nation with the anesthetic team is of critical importance in this
procedure; anesthetic teams with liver transplant experience
are ideal. For patients who do not tolerate caval clamping,
either venovenous bypass or infradiaphragmatic aortic occlu-
sion can be used. Stephen et al [110] reported 99 patients who
underwent successful TVE with aortic clamping. Problems
with aortic clamping include hypertension, spinal cord isch-
emia, dislodgment of atheromatous emboli, and postclamp
fibrinolysis and coagulopathy. The main risks and complica-
tions associated with TVE include lack of familiarity with
retrohepatic caval mobilization from the retroperitoneum, po-
tential lumbar and adrenal vein injury, hemodynamic compro-
mise and/or intolerance, and edema of the small bowel with
prolonged clamp times.

Hemodynamic and anesthetic management in TVE

The IVC generally delivers two thirds of the cardiac output
back to the heart. For this reason, it was feared that interruption
of caval flow would result in cardiovascular collapse [85]. The
hemodynamic changes associated with TVE include decreases
in mean arterial pressure by 14%, pulmonary artery pressure
by 19% to 25%, and cardiac index by 40% to 52% and an
increase in systemic vascular resistance by 80% [26,84,85].
Before placement of clamps, the patient is volume loaded with
crystalloid to a CVP of 12 to 15 mm Hg [111] to prevent
intolerance of the clamping. A trial exclusion for 5 minutes is
performed to ensure stability. Clamps are applied in the fol-
lowing order; hepatoduodenal ligament, infrahepatic IVC, and
then suprahepatic IVC. They are removed in opposite order.
Throughout clamping, blood pressure is maintained with vol-
ume administration. If properly volume loaded, it is rare that a
supraceliac aortic clamp will be required to maintain blood
pressure [111]. Monitoring should include an arterial line, a
CVP monitor, and—in patients with comorbid medical condi-
tions—a pulmonary artery catheter [111]. Changes recognized
with TVE include hypokalemia, coagulation abnormalities,
and metabolic academia, all of which resolve without treat-
ment [85]. There is some evidence that interruption of “back-
flow” from the hepatic veins during TVE may impair the
liver’s ability to tolerate ischemia (ie, this may suggest that
open hepatic veins provide a form of liver perfusion during
inflow occlusion) [112].

Outflow occlusion literature
Belghiti et al [15] compared TVE and PTC-C in a prospec-
tive randomized study that represented the only level-1 evi-

dence examining the role of TVE. Patients with tumors im-
pinging on the cavohepatic junction were excluded. Fifty-two
noncirrhotic patients were randomly assigned to 2 groups (Ta-
ble 1). Of note, 14% of patients could not hemodynamically
tolerate TVE and were crossed over to the PTC-C group. The
PTC-C group also included 4 patients who were crossed over
to the TVE group, 3 because of tumors involving the cavohe-
patic junction and 1 patient with bleeding secondary to tricus-
pid insufficiency. There was no significant difference in isch-
emic time or blood loss between the groups. Postoperative
abdominal collections and pulmonary complications were 2.5
times higher in the TVE group (this did not reach statistical
significance). The study confirms that TVE is superior in
controlling bleeding in certain patients with large deep-seated
tumors, tumors that abut the hepatic veins or vena cava, or
hypervascular lesions and in patients with increased right-sided
heart pressures.

Elias et al [79] and Cherqui et al [77] have used inter-
mittent TVE with preservation of caval flow (TVECP). In
this procedure, isolating and controlling them extrahepati-
cally can achieve selective or complete occlusion of the
hepatic veins. Both studies showed that this procedure was
well tolerated hemodynamically by patients; in 1 study [77],
70% of patients did not require a blood transfusion. Advan-
tages of this procedure include preservation of caval blood
flow, the ability to control single hepatic veins, and inter-
mittent application. Disadvantages of this procedure include
the hazard involved in retrohepatic dissection, the time
needed for this dissection, and the likelihood that it will not
provide adequate control for tumours that encroach on the
hepatic veins and vena cava.

Comments

Resective liver surgery remains a technically demanding
undertaking. The need to decrease the harmful effects of
intraoperative blood loss and transfusion during hepatic
resection by controlling hepatic inflow and outflow out-
weighs the potential risks of ischemia and subsequent reper-
fusion injury. Complication rates listed in Table 1 range
from 11% to 60% [15,113]. Most studies examined postop-
erative liver enzymes and serum bilirubin; in general, these
reached a peak on postoperative day 1 or 2 and returned to
normal by days 7 to 10. The degree of increase generally
correlates with the length of ischemia and underlying liver
disease. Mortality rates range from 0% to 10% and average
between 2% and 3%.

To date, some high-quality randomized controlled trials
have been conducted by Belghiti et al [15] and others.
However, the majority of published literature examining
these topics is level-4 evidence. The preponderance of the
evidence suggests that some form of inflow occlusion (PTC
or RD) does decrease operative blood loss and transfusion
requirements. There is also good evidence that IP may
ameliorate liver cell injury during inflow occlusion. When
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ischemic times are <1 hour, there is little evidence that
PTC-I is advantageous compared with PTC-C. However, if
ischemic times are expected to be >1 hour, or if the liver
may have characteristics reflective of impaired regenerative
ability (ie, cirrhotic, fibrotic, steatotic, cholestatic, extended
resection, preoperative chemotherapy), then there is evi-
dence that PTC-I may be better tolerated.

Control of hepatic outflow may be accomplished in a num-
ber of ways: TVE, TVECP, ligation before parenchymal tran-
section, and control within the substance of the liver at the end
of the resection. There is little doubt that if not controlled
properly, the hepatic veins are the major source of blood loss
during hepatectomy. There is no evidence that TVE should be
used routinely; in fact, it may be associated with higher com-
plication rates. However, in the following certain circum-
stances, it is the procedure of choice: for patients whose tumors
are large and deep-seated, hypervascular, or abutting the he-
patic veins or vena cava and in patients with increased right-
sided heart pressures. If TVE is not required, then a low-
operating CVP—or, alternatively, TVECP—should be used in
combination with intraparenchymal control of the veins and
control of the veins before transection.
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