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Abstract
Background and aims Bleeding from the hepatic vein is
closely related to central venous pressure (CVP). To
evaluate the effect of low central venous pressure during a
hepatectomy, the infrahepatic inferior vena cava (IVC) was
half clamped.
Patients and methods Between 2006 and 2007, 20 patients
undergoing major hepatectomy with the IVC half clamping
(half-clamping group) were compared with 58 patients
undergoing hepatectomy without IVC half clamping be-
tween 2003 and 2005 (control group). The types of liver
resection, amount of blood loss during the hepatectomy,
volume of blood transfusion, length of hospital stay, and
complications were compared between the two groups.
Results In the half-clamping group, blood loss was de-
creased in comparison to the control group (p=0.041) and
the suprahepatic CVP was low (2.4±1.8 mmHg; p=
0.0002). The diameter at the root of the right hepatic vein
was reduced in comparison to before clamping (5.8±
1.6 mm; p<0.001). There were no complications of half
clamping on any hemodynamic and blood electrolytic
parameters.

Conclusion Using the half clamping technique of the IVC,
intra-operative CVP was maintained below 3 mmHg
without any side effects, and the low CVP significantly
reduced the bleeding from hepatic veins during a major
hepatectomy.
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Introduction

Intra-operative blood loss is one of the major causes for
post-operative morbidity and mortality. Recently, several
techniques, such as total hepatic vascular exclusion [1–4],
intermittent vascular inflow occlusion through clamping of
the portal triad (Pringle maneuver), and low central venous
pressure (CVP) anesthesia [5–9] have been shown to reduce
blood loss during a hepatic resection. Intermittent vascular
inflow occlusion, or the Pringle maneuver, minimizes
hepatic arterial and portal blood flow to the liver during a
transection of the hepatic parenchyma [10]. However, a
substantial cause of blood loss during liver resection is
often hepatic vein injury [8]. To decrease bleeding from the
outflow system, surgeons previously had performed total
vascular exclusion (TVE) [1–4], which involves clamping
the infra- and suprahepatic inferior vena cava (IVC).
However, TVE or total clamping of inferior vena cava
results in major central hypovolemia, as well as renal and
heart disturbances [7].

Therefore, the possibility that half clamping the infrahe-
patic inferior vena cava (IVC) could reduce the CVP in
patients with high CVP (>5 mmHg) was investigated. In
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this study, the trial was conducted by comparing the IVC
half clamping (half-clamping group) and no clamping
(control group) using the Pringle maneuver during major
hepatectomies.

Materials and methods

From January 2006 until April 2007, 20 patients undergo-
ing a major hepatectomy were assigned to undergo a
hepatectomy with intermittent pedicular clamping (Pringle
maneuver) and the IVC half clamping during a liver
resection (half-clamping group). We performed the half-
clamping technique with all the patients undergoing major
hepatectomy during the study period. A major hepatectomy
was defined as the resection of one or more liver segments
except a left lateral hepatectomy by Couinaud’s definition.
Right hepatectomy (V+VI+VII+VIII), right trisectionec-
tomy (I+IV+V+VI+VII+VIII), left hepatectomy (II+III+
IV), left trisectionectomy (I+II+III+IV+V+VIII), right
posterior hepatectomy (VI+VII), and right anterior hepa-
tectomy (V+VIII) have all been defined as a major
hepatectomies according to Couinaud’s classification.

These patients with the IVC half clamping were
compared with 58 consecutive patients undergoing a major
hepatectomy without IVC half clamping between 2003 and
2005 (control group). Operations during the study period
were performed by two surgeons (H.Y. and K.U.) and there
were no changes about the transection techniques and
equipments, other knowledge of liver surgery, and other
intra-operative management techniques, between the differ-
ent study periods. The patients who required either a
concomitant bowel resection or contra lateral hepatic
resection were excluded in the study. The hepatic veins
were divided and revealed after transection of the liver
parenchyma. In the present series, there were no cases of
biliary reconstruction, portal vein tumor thrombectomy, or
combined resection of the diaphragm or IVC.

After an ultrasonographic study, the gallbladder was
removed and the liver was mobilized. The IVC was isolated
and encircled with a cloth tape below the liver in patients of
the half-clamping group. In IVC half-clamping method, the
IVC was taped by a cloth tape and the girth measured; 2/3
laps parts of the cloth tape were marked and 2/3 laps of the
IVC were clamped with a tourniquet during the liver
resection. The diameter of the right hepatic vein root was
measured using ultrasonography (US) exploration during
the pre- and post IVC half clamping. The resection of the
liver was performed using an ultrasonic dissector under
intermittent clamping by means of occlusion of blood
inflow, both pedicular or selective, 20 min and then
released for 5 min using a rubber tape with a tourniquet
[11]. The amount of blood loss was measured from the

volume of blood collected in the container of the aspirator
and the ultrasonic dissector and from the weight of the
soaked pieces of gauze.

In patients belonging to the half-clamping group, intra-
operative hemodynamic monitoring included the venous
central right subclavian and the right femoral dual-channel
catheters with one channel being connected to the trans-
ducer for continuously monitoring CVPs. Arterial pressure
was measured by puncture of the radial artery and
electrolytic parameters (pH, PaO2, PaCO2, HCO3

−, base
excess, lactic acid) and CVPs at the site of the supra- and
infra-IVC clamping were monitored throughout the operation.

The data are presented as the mean±standard deviation.
For statistical analyses, Welch’s paired t test and the chi-
square test were used to evaluate the differences in surgical
parameters between the half clamping and control groups
by Stat View program (version 5 Hulinks, Tokyo, Japan).
Statistical significance was defined as a p value of <0.05.

Results

Surgical outcomes using the half clamping method

Twenty patients were included in the half-clamping group
and 58 in the control group. The groups were equally
matched according to age, sex, diagnosis, degree of fibrosis
and steatosis of the nontumorous liver (Table 1). The
patients with liver disease were distributed homogeneously
between the two groups. There were no intra-operative
complications related with the surgical techniques and there

Table 1 Patient characteristics

Half-clamping
group (n=20)

Control group
(n=58)

Age (years) 61.6±12.9 64.8±16.8
Male/female 15/5 44/14
Indication of resection, no (%)
Hepatocellular carcinoma 9 31
Intrahepatic
cholangiocellular carcinoma

3 4

Metastasis of colorectal
carcinoma

6 20

Other diseases 2a 3b

Cirrhosis, no. (%) 5 (25) 14 (24)
Steatosis, no. (%) 3 (15) 8 (14)

Twenty patients were included in the half-clamping group and 58 in
the control group. The groups were equally matched according to age,
sex, diagnosis, degree of fibrosis and steatosis at the nontumorous
liver
a Hemangioma (1), hepatolithiasis (1)
b Hemangioma (2), abscess (1)
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were no significant differences between the two groups
regarding the type of liver resection performed or associ-
ated surgical procedures (Table 2). The duration of the
whole procedure was approximately 4 h, and there were no
differences between groups. No differences were observed
in the overall ischemic duration (Pringle’s maneuver) and
the total volume of fluid infusion. Patients in the control
group experienced more blood loss than the half-clamping
group of patients (p=0.025). Four patients required a
transfusion intra-operatively in the half-clamping group
(20%), which was significantly different from the control
group (p=0.049). There were no differences in the post-
operative mean hospital stay between the groups (Table 3).

Influence of IVC half clamping on intra-operative
hemodynamic evolution

There were no intra-operative deaths and serious compli-
cations, such as air embolisms resulting from a low CVP.
There were no differences in the post-operative morbidity
between groups (Table 4). Five patients experienced minor
complications in the half-clamping group and 14 patients
had minor complications in the control group; however,
there were no serious complications in either group and all
patients left the hospital in good condition.

Table 2 Type of liver resectiona

Half-clamping
group (n=20)

Control group
(n=58)

Right hepatectomyb 7 24
Left hepatectomyc 5 18
Central bisectionectomy
(IV, V, VIII segment

4 3

Right posterior hepatectomy 3 10
Right anterior hepatectomy 1 3

There were no bias between the half-clamping group and control
group about the type of liver resection
a Lobes and segments are defined as Couinaud’s classification
b Including right trisectionectomy
c Including left trisectionectomy

Table 3 Patient operative characteristics (mean±SD)

Half-clamping
group (n=20)

Control group
(n=58)

Overall operative time (min) 239±43 233±58
Volume of fluid infusion (ml) 2,946±892 2,986±953
Blood loss (ml) 932±692 1,380±870*
Transfusion requirements (ml)
patients transfused, no. (%)

4 (20) 26 (45)**

Duration of Pringle’s
maneuver (min)

50.8±17.8 52.6±19.7

IVC half clamping
duration (min)

66.5±18.8 –

Central venous pressure
(mmHg)

2.4±1.8a 5.6±2.2***

Post op. hospital stay (day) 12.8±3.2 13.1±3.9

No differences were observed in the operative time, overall ischemic
duration (Pringle’s maneuver), post-operative hospital stay, and the
total volume of fluid infusion between two groups. However, patients
in the control group experienced more blood loss than the half-
clamping group of patients (p=0.025).
*p=0.025; **p=0.049; ***p<0.0001 (just before liver parenchyma
resection)
a Supra-clamping IVC pressure

Table 4 Early complications after a hepatectomy

Half-clamping group
(n=20)

Control group
(n=58)

Intractable ascites 1 3
Bile leakage 0 1
Intra-abdominal bleeding 0 1
Intra-abdominal abscess 0 0
Hepatic insufficiency 0 3
Pleural effusion 2 1
Peptic ulcer 1 1
Pneumonia 0 1
Heart disorder 0 2
Paralytic ileus 1 0
In-hospital death 0
Total 4 14

There were no intra-operative deaths and no serious complications in
both groups and were no differences in the post-operative morbidity
between two groups

Table 5 Influence of clamping on the hemodynamic parameters

Half-clamping group: n=20 (mean±SD)

Pre
clamping

During
clampinga

Post de-
clampingb

Systolic pressure (mmHg) 116±15 109±18 106±18
Supra-clamping IVC
pressure (mmHg)

5.5±1.8 2.4±1.8* 5.2±1.7

Infra-clamping IVC
pressure (mmHg)

5.7±1.7 8.8±4.3** 5.3±1.7

Diameter of right hepatic
vein (mm)

8.3±1.8 5.8±1.6*** –

Influence of clamping on the hemodynamic parameters was shown in
the half-clamping group. IVC half clamping had no influence on the
intra-operative blood pressure. During the clamping period, CVP at
the site of the supra-clamping was significantly low in comparison to
that before clamping (p<0.0001) and the diameter at the root of the
right hepatic vein was significantly reduced in comparison to that
before clamping (p<0.0001).
a 20 min after IVC half clamping
b 20 min after IVC de-clamping
*p<0.0001, **p=0.0060, ***p<0.0001
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In the half-clamping group, IVC half clamping had no
influence on the intra-operative blood pressure (Table 5).
During the clamping period, CVP at the site of the supra-
clamping was significantly low in comparison to that before
clamping (5.5±1.8 vs. 2.4±1.8 mmHg; p<0.0001) and the
diameter at the root of the right hepatic vein was
significantly reduced in comparison to that before clamping
(8.3±1.8 vs. 5.8±1.6 mm; p<0.0001). In the half-clamping
group, the pH, PaCO2, HCO3

−, base excess, and lactic acid
levels were measured in addition to the arterial blood
electrolytic parameters (Table 6). There were no changes
between the periods of pre-clamping, during clamping, and
post de-clamping.

Discussion

This is the first report to demonstrate that the IVC half
clamping decreases blood loss during a major hepatectomy.
It was thought that the volume of blood loss during the
hepatectomy correlated with the CVP [7, 8]. From these
data, using the IVC half clamping and lowering the CVP to
<3 mmHg is a simple and effective way to reduce blood
loss during liver surgery.

Recently, several techniques, such as total hepatic
vascular exclusion (TVE) [1–4], intermittent vascular
inflow occlusion (Pringle maneuver), low central venous
pressure anesthesia [5–9, 12], and acute isovolemic
hemodilution have been shown to reduce blood loss during
hepatic resection [13]. TVE involves clamping the portal
pedicle and the infra- and suprahepatic IVC has been
considered to be the most effective method to decrease
blood loss. However, TVE or total clamping of the inferior
vena cava can induce a major central hypovolemia and may
be associated with intra- and post-operative renal and heart
disturbance [1, 14, 15]. Some surgeons encountered
paradoxical bleeding from the cut surface with TVE, and
this was thought to be due to obstruction of the drainage
routes of the adrenal and subphrenic vein by TVE [16].

Complete IVC clamping of the vena cava below the liver
with the inflow occlusion has been reported [16]. However,
using the total IVC clamping method is associated with a
low blood pressure in some cases and may be difficult in
patients with severe cirrhosis [16].

Using the intermittent vascular inflow occlusion, the
blood loss during a liver resection tends to mainly occur
from the hepatic and short hepatic vein [5, 6]. Some
reports have suggested a relationship between blood loss
and the CVP, showing that lowering the CVP reduced
blood loss during a hepatectomy because the hepatic
sinusoidal pressure is directly related to the CVP [8].
While the hepatic inflow of the blood is controlled, with a
lowering of the pressure in the inferior vena cava, the
hepatic venous pressure and hepatic sinusoidal pressure is
decreased. The volume of blood loss during a liver
resection has also been reported to correlate with the CVP
[7, 8] while low CVP (<5 mmHg) anesthesia with
intermittent vascular inflow occlusion has been reported
to cause a decrease in bleeding [13]. As a result, this
remains a very attractive method; however, it is often
associated with complications and may be contraindicated
in patients with severe cirrhosis [14].

In the present study, using the IVC half clamping
technique with the Pringle maneuver, the intra-operative
blood loss was reduced because the supra-clamping CVP
was remarkably low and the diameter at the root of the right
hepatic vein was significantly reduced in comparison to that
before clamping. Moreover, no complications were ob-
served and the clamping had no effect on the hemodynamic
and blood electrolytic parameters. Using the IVC half
clamping technique with the Pringle maneuver, the intra-
operative CVP can be maintained below 3 mmHg without
side effects, and it significantly reduces the risk of bleeding
from the hepatic veins during a major hepatectomy in
which the hepatic veins are exposed. In addition, reducing
the transfusion volume is also helpful in the recovery of the
patient’s immunological function and the prevention of
tumor recurrence.

Table 6 Influence of clamping on the electrolytic parameters

Half-clamping group: n=20 (mean±SD)

Pre clamping During clampinga Post de-clampingb

pH 7.40±0.03 7.42±0.04 7.42±0.05
PaCO2 (mmHg) 38.6±3.2 38.3±3.8 38.0±3.6
HCO3

− (mmol) 24.3±2.8 24.1±3.1 25.0±3.9
Base excess (mmol) 0.2±1.4 0.1±1.2 0.2±1.3
Lactic acid (mEq/l) 1.0±0.4 1.1±0.5 1.1±0.3

In the half-clamping group, the pH, PaCO2, HCO3
− , base excess, lactic acid levels were measured, in addition to the arterial blood electrolytic

parameters. There were no changes between the periods of pre-clamping, during clamping, and post de-clamping.
a 20 min after IVC half clamping
b 20 min after IVC de-clamping
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However, with a low CVP, injuries in the hepatic veins
may increase the risk of air embolism. Therefore, patients
are quickly placed in a 15-degree Trendelenburg’s position
at the time of injuries in these vessels [17]. This treatment
reduces the risk of air embolism and also improves venous
return to the heart [18]. However, so far, no instances of air
embolism have been reported using this technique. About
the renal function after half clamping accompanied with
increasing of renal venous pressure, there is no bad
influence to renal function intra- and post-operatively
comparing with control group from the data of serum
BUN, creatine, and urine volume.

Recently, we take into account new technical improve-
ments such as in-line radiofrequency ablation system [19]
to minimize blood loss in hepatic parenchymal transaction.
Using this new device with half clamping of the IVC below
the liver, the supra-clamping CVP is lowered (<3 mmHg)
and intra-operative blood loss can be decreased without any
serious side effects, especially in cases with major
hepatectomies in which the hepatic veins are exposed. This
is the first report to demonstrate the efficacy of the half
clamping technique which limits the blood loss during a
hepatectomy without changing the hemodynamic character-
istics in such patients.
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