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Objective: To evaluate the feasibility, safety, efficacy, amount of
hemorrhage, postoperative complications, and ischemic injury of
selective clamping in patients undergoing minor liver resections.
Summary Background Data: Inflow occlusion can reduce blood
loss during hepatectomy. However, Pringle maneuver produces
ischemic injury to the remaining liver. Selective hemihepatic vas-
cular occlusion technique can reduce the severity of visceral con-
gestion and total liver ischemia.
Patients and Methods: Eighty patients undergoing minor hepatic
resection were randomly assigned to complete clamping (CC) or
selective clamping (SC). Hemodynamic parameters, including portal
pressure and the hepatic venous pressure gradient (HVPG), were
evaluated. The amount of blood loss, measurements of liver en-
zymes alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and postoperative evolution were also recorded.
Results: No differences were observed in the amount of hemorrhage
(671 � 533 mL versus 735 � 397 mL; P � 0.54) or the patients that
required transfusion (10% versus 15%; P � 0.55). There were no
differences on postoperative morbidity between groups (38% versus
29%; P � 0.38). Cirrhotic patients with CC had significantly higher
ALT (7.7 � 4.6 versus 4.5 � 2.7 �kat/L, P � 0.01) and AST
(10.2 � 8.7 versus 4.9 � 2.1�kat/L; P � 0.03) values on the first
postoperative day than SC. The multivariate analysis demonstrated
that high central venous pressure, HVPG �10 mm Hg, and intra-
operative blood loss were independent factors related to morbidity.
Conclusions: Both techniques of clamping are equally effective and
feasible for patients with normal liver and undergoing minor hepa-
tectomies. However, in cirrhotic patients selective clamping induces
less ischemic injury and should be recommended. Finally, even for
minor hepatic resections, central venous pressure, HVPG, and in-

traoperative blood loss are factors related to morbidity and should be
considered.

(Ann Surg 2005;241: 582–590)

Intraoperative bleeding is a main concern during liver re-
sections, and mortality and morbidity are clearly correlated

with the amount of blood loss.1 Inflow occlusion through
clamping of the portal triad (Pringle maneuver) or total
vascular exclusion can reduce blood loss during transection
of the hepatic parenchyma.2,3 However, Pringle maneuver
produces ischemic injury to the remaining liver and intestinal
congestion.4 The degree of ischemic injury to the hepatocytes
may be accentuated in the presence of underlying liver
disease. Several strategies have been used to minimize isch-
emic injury during liver surgery, especially in patients with
abnormal liver parenchyma. Intermittent total pedicular
clamping has been shown to improve parenchymal toler-
ance.5 Ischemic preconditioning has also been proposed as an
alternative to intermittent clamping.6

In 1987, Bismuth7 and Makuuchi et al8 proposed a
hemihepatic vascular occlusion technique to reduce the se-
verity of visceral congestion and total liver ischemia. How-
ever, portal vein and artery dissection to perform selective
clamping is time consuming, and previous comparisons by
means of retrospective9,10 and randomized11 studies did not
show any difference in the postoperative outcome. In the “en
bloc” technique for hemihepatic clamping of the portal triad
is occluded without dissection of the 3 vessels. This tech-
nique may reduce hilar dissection time, and the possibility to
damage the bile ducts can also be minimized.9,12,13

To address these issues, we designed a prospective,
randomized, controlled trial comparing the intermittent com-
plete pedicular clamping (CC) and intermittent selective
clamping (SC) using the Glisson approach in patients under-
going minor hepatectomies.
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The main objective was to compare the ischemic dam-
age of the 2 procedures, which was evaluated with alanine
aminotransferase (ALT) levels on postoperative day 1. The
secondary objective was to evaluate the feasibility, safety,
efficacy, amount of hemorrhage, and postoperative compli-
cations of the 2 procedures. Finally, we wanted to determine
whether cirrhotic patients take more benefit from SC.

PATIENTS AND METHODS
From September 1999 to December 2003, 80 patients

undergoing minor hepatic resection were randomly assigned
to undergo hepatectomy with intermittent pedicular CC (Prin-
gle maneuver, group CC) or intermittent pedicular SC (group
SC). Patients who required concomitant bowel resection or
contralateral hepatic resection were not included in the study.
Minor hepatectomy was defined as the resection of 2 or less
liver segments.

This study was conducted in accordance with the Dec-
laration of Helsinki; the research review board of our hospital
approved the protocol, and informed written consent was
obtained from each patient before surgery. Because intraop-
erative ultrasonography might reveal new tumoral nodules
and, therefore, lead to changes in the technique of surgical
resection, potential study patients were not randomized until
full hepatic exploration had been completed. Randomization
was performed using sealed envelopes and stratified to in-
clude similar number of cirrhotic patients in each study
group.

Surgical Technique
The description of the technique has been extensively

described previously.14 Briefly, after ultrasonographic study,
the liver was mobilized and the gallbladder was removed. A
vascular catheter (Venocath 14 G.; Abott Ireland, Sligo,
Republic of Ireland) was placed at a branch of the superior
mesenteric vein to measure portal pressure.

In the CC group, the entire hilar pedicle was encircled
with a rubber tape to perform a Pringle maneuver with a
tourniquet (Fig. 1). In the SC group, the control of the
intrahepatic portal triad was achieved by a hepatotomy near
the corresponding portal pedicle by the “Glissonean” ap-
proach technique, as previously described.14 During the hepa-
totomy, a short period of Pringle maneuver is usually needed
to minimize blood loss. Either the “en bloc” right or left
portal pedicle was isolated and encircled with a rubber tape
(Fig. 2). In both groups, transection of the liver was per-
formed under intermittent clamping by means of occlusion of
blood inflow, both pedicular or selective, 15 minutes and then
release for 5 minutes. Separate clamping of accessory left
hepatic artery was performed when present. During liver
transection, the vessels on the resected side were clamped
with metallic clips, and vessels on the preserved side were
ligated with silk. Potential sites of biliary leakages were

identified after resection by injection of methylene blue–dyed
saline solution through the cystic duct. The liver cut surface
at the end of the procedure was sealed with 5 mL of fibrin

FIGURE 2. Either the “en bloc” right or left portal pedicle is
isolated and encircled with a rubber tape.

FIGURE 1. The entire hilar pedicle is encircled with a rubber
tape to perform a Pringle maneuver with a tourniquet.
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glue (Tissucol; Baxter-Immuno, Vienna Austria). Suction
abdominal drainage was placed routinely.

Protocol Design
For the purposes of this study the operation was divided

into 4 phases: (1) the hepatic mobilization phase, including
laparotomy, ultrasonographic exploration, catheter vein
placement, and liver mobilization; (2) the hilar dissection
phase, including cholecystectomy and encircling of the portal
triad structures of the pedicle, either “completely” or “selec-
tively” using the “Glissonean” approach; (3) the parenchyma
transection phase with intermittent pedicular clamping either
“complete” or “selective;” and (4) The hemostasis phase:
including hemostasis of the liver cut surface, biliary dye
injection, and abdominal closure.

Intra- and postoperative hemodynamic monitoring in-
cluded a venous central jugular catheter and venous mesen-
teric catheter. The hemodynamic parameters monitored
throughout the operation were mean arterial pressure, heart
rate (HR), portal pressure (PPr), central venous pressure
(CVP), and end tidal CO2 concentration (EtCO2). The hepatic
venous pressure gradient (HVPG) was calculated by the
following equation HVPG � PPr � CVP. All these param-
eters were recorded at the following times (T): T1: at the
beginning of the phase 1; T2: 10 minutes after clamping; T3:
10 minutes after release.

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
gauzes.

Lactate levels were measured at T1 and T3. On post-
operative days 1, 2, 3, 5, and 7, measurements of liver
enzyme ALT, aspartate aminotransferase (AST), prothrombin
time, bilirubin, platelets count, hemoglobin, urea, and creat-
inine and lactate levels were recorded. All patients underwent
ultrasonographic abdominal study and chest x-ray before
leaving the hospital. Patient demographic data, complica-
tions, postoperative evolution, hospital stay, and results of
histopathological study were prospectively introduced in a
computer data base. All patients were followed in the outpa-
tient clinic at 1 month, 3 months, and every 6 months
thereafter with blood biochemistry and spiral CT-scan of the
abdomen.

Biliary leak was defined as any drainage through the
catheter with a bilirubin content higher that the plasma levels.
Hepatic insufficiency was defined by a prothrombin time of
less than 50% of normal and/or by serum bilirubin more than
50 �mol/L on postoperative day 5 or thereafter and/or en-
cephalopathy. Postoperative ascites was defined by an ab-
dominal output greater than 500 mL/d or ascites that required
medical treatment to be controlled.

Statistical Analysis
Continuous data were analyzed using the Student t test.

The Fisher exact test and the Pearson �2 test were used to
analyze categorical data. P � 0.05 was considered statisti-
cally significant.

Data were initially analyzed on the intention-to-treat
principle. The hemodynamic study showed that some patients
included in the SC group had a hemodynamic profile dur-
ing the clamping period similar to the CC group. To analyze
the influence of the type of clamping in cirrhotic patients,
a “per-protocol” analysis was performed in this group of
patients.

To assess whether other parameters apart from the main
variable of the study (type of clamping) may influence on the
development of complications, a univariate analysis of all
baseline studied parameters was performed (“post hoc” anal-
ysis). Variables that were significant (P � 0.05) in this
univariate analysis were entered into a logistic regression
analysis to define which parameters were independently as-
sociated with the development of complications.

All data analysis was performed on an IBM-compatible
PC using SPSS 10.0 for windows (SPSS Inc., Chicago, IL).

Sample size was calculated with the PS (Power and
Sample Size) program by Dupont and Plummer.15 Sample
size needed to detect a true difference of 30% in population
postoperative ALT mean, with the specified power and type
I error probability of 0.05, given a standard deviation of 4 and
a control patient ratio mean of ALT of 6.9 �kat/L (mean of
first postoperative day ALT after minor hepatectomy in
previous patients at our institution), is 36 patients per group.
Assuming the possibility of some missing from protocol after
randomization, we decided to include 80 patients.

The trial was powered to detect differences in ALT
levels because we thought that it was the most accurate and
discriminant of the evaluated parameters. It has to be noted
that this trial might be underpowered to detect differences in
the other outcome parameters.

RESULTS

Baseline Characteristics and Surgical Feasibility
Thirty-nine patients were included in the CC group and

41 in the SC group. The groups were equally matched
according to age, sex, preoperative laboratory tests, diagno-
sis, and degree of steatosis of the nontumorous liver (Table
1). Patients with liver disease were distributed homoge-
neously between groups.

SC was possible in all patients whenever indicated, and
no patients required switching to the CC group due to
technical reasons. There were no intraoperative complica-
tions related with the surgical technique. There were no
significant differences between the 2 groups regarding the
mean resected specimen weight, number of tumoral lesions,
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type of liver resection performed or number of associate
surgical procedures (Table 2). The duration of the whole
procedure was approximately 3.5 hours, and there were no
differences between groups neither on the whole procedure or
on the duration of each phase of the procedure (Table 2). The
overall ischemia time was slightly longer in the SC group, but
there were no statistically significant differences. However, in
the SC group the ischemia time included the minutes of
pedicle clamping required to perform the pedicle dissection
(5.9 � 5.3 minutes). The “real” selective ischemia period
during liver transection in the SC group was similar to the
total ischemia period in the CC group (41 � 14 versus 42 �
19). No differences were observed in the amount of hemor-
rhage or the volume of crystalloid administered. Only 10
patients required transfusion intraoperatively (12.5%), with-
out any difference being recorded between groups (Table 2).
The amount of packed red blood cell units in transfused
patients was low (median, 2 units).

Influence of Type of Clamping on
Intraoperative Hemodynamic Evolution

There were no differences on basal parameters between
groups, but it has to be noted that there were 11 (27%)
patients in the SC group with T1 HVPG greater than 10 mm
Hg and only 2 (7%) in the CC group (P � 0.02). CVP during
the clamping period was slightly lower in the CC group; in

the CC group, the CVP had a median decrease of 25%
compared with a median decrease of 11% in the SC group.
HR was stable in the SC group, while in the CC group, the
HR increased significantly during the clamping period and
after unclamping. After unclamping, the EtCO2 was signifi-
cantly higher in the CC group (Table 3).

As expected, PPr and HVPG during the clamping
period were significantly higher in the CC group; the HVPG
increase (HVPG during clamping period minus HVPG at
the beginning) was significantly different between groups
(28.1 � 11 versus 7.5 � 11.7 mm Hg; P � 0.0001) (Fig. 3).
However, 8 patients (20%) in the SC group showed a hemo-
dynamic profile during the clamping phase similar to that of
the CC group. This profile was characterized by a rise in the
PPr, an HVPG increase after clamping higher than 10 mm Hg
to the basal levels and increase of EtCO2 after unclamping.
These changes were supposed to be due to a functionally
complete occlusion of the pedicle, although the tourniquet
was applied only to the right of left pedicle.

Influence of Type of Clamping on
Postoperative Evolution (Intention to Treat
Analysis)

Twenty-seven patients experienced some complication.
There were no differences on postoperative morbidity be-
tween groups, but 3 patients of the SC group had transitory or

TABLE 1. Patient Clinical Characteristics*

Complete Clamping,
(n � 39)

Selective Clamping
(N � 41) P Value

Age, mean � SD 61.8 � 13 62 � 11 0.84
Sex (M/F) 31/8 28/13 0.25
Cirrhosis, No. (%) 18 (46) 21 (51) 0.65
Steatosis (%) 21 � 23 15 � 19 0.26
Preoperative laboratory tests

Hematocrit (%) 41.1 � 6.4 40.3 � 4.7 0.52
Platelets � 1012 (cell/L) 189.9 � 78 199.6 � 69 0.56
Prothrombin time (INR) 1.02 � 0.09 1.03 � 0.08 0.72
AST (�Kat/L) 0.98 � 1.3 1.49 � 2.9 0.31
ALT (�Kat/L) 1.07 � 0.9 1.49 � 2.6 0.31
Bilirubin (�mol/L) 11.8 � 7.2 13.5 � 7.5 0.41
Alkaline phosphatases (�Kat/L) 1.98 � 1.41 1.76 � 0.79 0.39
�-Glutamyl transferases (�Kat/L) 2.2 � 3.6 1.56 � 2.5 0.40
Albumin (g/L) 42.1 � 3.9 41.1 � 7.7 0.52

Indications of resection, No. (%) 0.50
Metastases of CRC 15 (38) 16 (39)
Hepatocellular carcinoma 16 (41) 17 (41)
Other tumors 8 (21) 8 (19)

CRC indicates colorectal carcinoma; SD, Standard deviation; M/F, male/female.
*AST, normal value �0.5 �Kat/L. ALT normal value �0.9 �Kat/L. Alkaline phosphatases: normal value, 0.1–1.6

�Kat/L. �-Glutamyl transferases, normal value 0.05–1.16 �Kat/L.
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temporary hepatic insufficiency. The median in-hospital stay
was 7 days in both groups (range 3–26 days). There were no
intraoperative deaths. The overall mortality rate within 30
days was 1.2% (1 out of 80 patients). There was 1 death in the
SC group as a result of hepatic insufficiency in a patient with
hepatitis C virus (HCV) cirrhosis who had a basal HVPG of
30 mm Hg; his blood loss during the operation was 2120 mL,
and he required 5 units of RBC transfusion (Table 4).

TABLE 2. Patient Operative Characteristics

Complete Clamping,
(n � 39)

Selective Clamping,
(n � 41) P Value

Mean specimen weight (g � SD) 190 � 113 161 � 97 0.22
No. of tumoral nodules, mean � SD 1.1 � 0.3 1.2 � 0.5 0.25
Type of liver resection, No. (%) 0.65

Segmentectomy 15 (38) 20 (49)
Atypical 10 (25) 9 (22)
More than 1 segment 14 (36) 12 (29)

Associated surgical procedures, No. (%)* 4 (10) 3 (7) 0.13
Overall operative time, mean � SD, min 207 � 48 219 � 45 0.24

Duration of liver mobilization 58 � 22 56 � 23 0.79
Duration of hilar dissection 27 � 18 34 � 22 0.12
Duration of liver transection 60 � 26 65 � 25 0.34
Duration of hemostasis 61 � 19 60 � 23 0.88

Ischemic duration, mean � SD (min) 41 � 14 47 � 18 0.07
Median (range) 43 (15–74) 44 (17–87)
Intraoperative blood loss, mean � SD (mL) 671 � 533 735 � 397 0.54
Transfusion requirements

Patients transfused, No. (%) 4 (10) 6 (15) 0.55
Packets red cell units, mean � SD 0.36 � 1 0.34 � 0.9 0.95

Crystalloid perfused, mean � SD (mL) 2430 � 1008 2252 � 846 0.42

*Associated procedures: 2 lymphadenectomies, 1 Nissen fundoplication, 4 abdominal wall surgeries.

TABLE 3. Intraoperative Hemodynamic Evolution

T1 T2 T3

CVP (mm Hg)
CC 8.3 � 4.1 6.4 � 3* 7.3 � 3.7*
SC 8.1 � 3.4 7.2 � 3.6* 6.7 � 3.7

MAP (mm Hg)
CC 89.5 � 18 101.9 � 15* 90.2 � 12*
SC 84.3 � 16 100.1 � 20* 87.5 � 16*

HR (hpm)
CC 75.8 � 14 83.4 � 16* 82.5 � 14*
SC 81.0 � 14 81.4 � 13 83.0 � 15

Portal pressure (mm Hg)
CC 14.4 � 6 40.6 � 11* 14.5 � 5.2*
SC 15.8 � 6.9 22.6 � 13*† 14.8 � 5.6*

HVPG (mm Hg)
CC 6.1 � 4.7 34.3 � 11* 7.1 � 4*
SC 7.6 � 6.5 15.2 � 12*† 8.3 � 6*

CO2ET EtCO2 (mm Hg)
CC 27.3 � 3.4 26.1 � 2.9* 28.6 � 3.2*
SC 26.4 � 3.4 26.3 � 3.4 26.8 � 3.8*†

CO2ET EtCO2 indicates end-tidal CO2; CVP, central venous pressure;
HR, heart rate; HVPG, hepatic venous pressure gradient; MAP, mean arterial
pressure; T1, basal; T2, clamping; T3, 10 min after unclamping.

*Differences between groups: P � 0.05.
†Differences with previous period: P � 0.05.

FIGURE 3. Intraoperative evolution of hepatic venous pressure
gradient. T1: basal; T2: clamping; T3: 10 minutes after un-
clamping. * P � 005; comparison between groups. f, CC
group; �, SC group.
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The evolution of postoperative AST, ALT, bilirubin,
prothrombin time, and lactate was similar between both
groups. ALT levels on postoperative day 1 were similar
between groups (CC 6.7 � 4.3 versus SC 6.2 � 3.9; P �
0.57; all data not shown; further analysis was performed on
cirrhotic patients).

Influence of Type of Clamping on
Postoperative Evolution in Cirrhotic Patients
(per-Protocol Analysis)

The data were further analyzed to determine whether
patients with underlying liver disease had a different toler-
ance to SC. The hemodynamic analysis has already shown
that some patients with SC had functionally a CC; these
patients were analyzed in the CC group (per-protocol analy-
sis). So there were 21 cirrhotic patients in the CC group and
18 in the SC group when analyzed “per protocol.”

There were no intraoperative deaths. The overall mor-
tality rate within 30 days was 2.5% (1 out of 39 patients).
There were no differences on overall postoperative morbidity
between groups (CC 8/21, 38%, versus SC 9 /18, 50%; P �
0.45). Seven patients (18%) had postoperative ascites without
differences between groups (CC 3/21, 20%, versus SC 4 /18,
27%; P � 0.67). In-hospital stay was also similar (CC 9.5 �
4.9 days versus SC 9.6 � 4.9 days; P � 0.98).

The degree of ischemic injury of the liver was studied
by postoperative peak serum transaminase levels. Patients
with CC had significantly higher ALT levels on first postop-
erative day (7.7 � 4.6 versus 4.5 � 2.7 �kat/L, P � 0.01)
when compared with the SC group (Fig. 4a). Similarly, AST
values on the first postoperative day (10.2 � 8.7 versus 4.9 �

2.1 �kat/L; P � 0.03) were significantly higher in the CC
group when compared with patient receiving “selective”
clamping (Fig. 4b). Lactate levels after unclamping were
slightly higher in the CC group (4.09 � 1.5 versus 3.45 � 1.4
�mol/L, P � 0.2), although the difference was not statisti-
cally significant (Fig. 4c).

Factors Related to Complications (Post Hoc
Analysis)

Because clamping seemed to have no influence on
postoperative complications, we next reanalyzed the data to
elucidate which factors may be related to postoperative com-
plications.

The univariate analysis confirmed that the type of
clamping had no influence on morbidity. Moreover, no dif-
ferences were found between patients with complications and
those without them in preoperative data, such as age, sex,
indication of resection, preoperative laboratory data, opera-
tive time, ischemic duration, and patients requiring transfu-
sion. However, the univariate analysis showed that the fol-
lowing parameters were significantly associated with the
development of complications: complicated (n � 27) versus
not complicated (n � 53); HCV cirrhosis (11 �41%� versus 10
�19%� P � 0.04), high HVPG at the beginning of procedure
(10 �37%� versus 4 �7.5%�, P � 0.001), initial high CVP
(9.56 � 3.6 versus 41.6 � 4.4, P � 0.02), intraoperative
blood loss (882 � 523 versus 613 � 411, P � 0.01), and high
lactate levels after unclamping (3.9 � 1.3 versus 3.2 � 1.3,
P � 0.03). As expected, in-hospital stay was significantly
longer in patients with complications (12.7 � 5.5 versus
6.7 � 1.5; P � 0.01).

TABLE 4. Complications and Hospital Evolution*

Complete Clamping,
(n � 39)

Selective Clamping,
(n � 41) P Value

Complications n (%) 15 (38) 12 (29) 0.38
Ascites 3 (9) 4 (13) 0.59
Bile leak 1 (2.5) 0 0.3
Hepatic insufficiency 0 3 (7) 0.08
Portal thrombosis 0 2 (6.5) 0.13
Reoperation 0 0
Other complications 14 (36) 11 (27) 0.38

In-hospital stay, d, mean � SD 9.38 � 4.9 8.15 � 3.8 0.21
Median (range) 7 (4–25) 7 (3–26)
In-hospital death 0 1 (2.4) 0.33

*Other complications in the CC group were evisceration, catheter sepsis, heart stroke, pseudomembranous
colitis, cerebellous stroke, mucositis, fever from unknown origin (n � 2), hemoptysis, pneumonia (n � 2),
atelectasia, subocclusion, and ascites infection. Other complications in SC group were fever from unknown
origin (n � 2), heart stroke, intraabdominal hematoma, paralytic ileum, ascites infection, pneumonia, cardiac
insufficiency (n � 2), urinary infection, and vestibule neuritis.
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The logistic regression analysis confirmed that the
initial CVP � 9 mm Hg, the initial HVPG �10 mm Hg and
intraoperative blood loss were independent predictive factors
for postoperative complications (Table 5).

DISCUSSION
Although some minor liver resections may be per-

formed without vascular clamping, these hepatectomies are
also performed safer and with lower blood requirements
using some type of clamping.16 However, experimental and
clinical studies have shown than even short periods of clamp-
ing produce some degree of ischemia-reperfusion injury that
can result in hepatocellular damage, this damage being espe-
cially important in patients with abnormal liver parenchyma
such as steatosis and cirrhosis.17,18 The intermittent hemihe-
patic inflow occlusion, or SC, has been shown to be useful
avoiding warm ischemia and circulatory disturbances, partic-
ularly in cirrhotic patients.10,11 However, this method is time
consuming and, more important, can destroy the perichole-
dochal collateral vessels, which can lead to biliary complica-
tions.9 Furthermore, in case of major hepatectomy SC is not
always applicable, and bleeding from the contralateral liver
may make necessary the conversion to portal triad clamping
in as much as 20% of cases.19

The aim of this study was to evaluate whether the use
of SC should be generalized to all patients undergoing minor
hepatectomies. The first evidence of our study is that SC was
feasible in all patients whenever indicated. There were no
complications related to the technique. Moreover, operative
time, blood loss, and perioperative evolution were similar to
the CC; thus, the SC is a safe and effective vascular occlusion
procedure. It has to be noted that we perform the SC by
means of the control of the intrahepatic portal triad by the
“Glissonean” approach technique.9,12,14 In all previous re-
ported series of SC, it was performed by hilar dissection, and
the hepatic artery and portal vein to each lobe of the liver
were individually taped.8–11,19 However, in our study 8
patients (20%) in the group of SC, using the technique of en

TABLE 5. Multivariate Analysis of Factors Related With
Complications

Odds Ratio
(95% CI) P Value

T1 CVP (�9 mm Hg) 22.5 (1.3–387) 0.03
Basal HVPG
(�10 mm Hg)

14.2 (2.1–94.8) 0.006

HCV cirrhosis 1.7 (0.4–6.6) 0.43
Intraoperative blood loss

(�810 mL)
5.7 (1.6–20.8) 0.008

Platelets count
(�130 � 1012 cell/L)

0.8 (0.18–3.6) 0.79

T3 lactate (�3.6 mmol/L) 1.24 (0.27–5.8) 0.78

T1 indicates basal; T3, 10 min after unclamping; 95% CI, 95% confi-
dence interval; CVP, central venous pressure; HCV, hepatitis C virus;
HVPG, hepatic venous pressure gradient.

FIGURE 4. Evolution of ischemic injury parameters. A, Postop-
erative evolution of ALT. (�Kat/L). POD, postoperative day.*
The levels on postoperative day 1 were significantly higher in
the CC group (P � 0.01). ALT normal value �0.9 �kat/L. B,
Postoperative evolution of AST (�kat/L). POD, postoperative
day.* The levels on postoperative day 1 were significantly higher
in the CC group (P � 0.03); normal value �0.6 �kat/L. C,
Evolution of lactate levels (mmol/L). T1: basal; T3: 10 minutes
after unclamping. MaxPO, maximum value on postoperative
period. Normal value �2 mmol/L. f, CC group; �, SC group.
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bloc control of the hemihepatic vascular inflow, had a hemo-
dynamic profile during the clamping period similar to the CC
group. This profile was characterized by a rise in the PPr
greater than 10 mm of Hg to the basal levels and an increase
of EtCO2 after unclamping. These changes were supposed to
be due to a functionally partial occlusion of the contralateral
pedicle. This fact may be related to technical factors. It has to
be noted that all 8 patients of the selective group with this
hemodynamically complete occlusion had a right SC. The
right pedicle is short and wide, and probably this may
predispose to an accidental contralateral occlusion. Thus, it is
very important to place accurately the rubber tape, to avoid
the contralateral accidental occlusion.

This study demonstrates that SC with the “Glisson”
approach allows safe minor hepatectomies with functionally
preserved portal flow to the remnant liver, no splanchnic
congestion, and without hemodynamic consequences in 80%
of cases.

When we compared all the patients included in the 2
groups of the study, patients in the SC group demonstrated a
better hemodynamic stability during hepatectomy. However,
there were no differences on postoperative morbidity, mor-
tality, or liver cell injury. Consequently, it is probable that the
SC is unnecessary for minor liver resections in noncirrhotic
patients.

One of the concerns about SC is the risk of bleeding
from the contralateral liver.19 We have compared the bleed-
ing rates depending on the performed segmentectomy, and
we have found no differences (SC group: segments with
section line perfused �IV, V, or VIII�: 830 � 366 versus other
segments: 674 � 409; P � 0.22).

As expected, the type of clamping had more influence
in cirrhotic patients. Even with the short ischemic time
required for these minor hepatectomies, ischemic cellular
injury, as reflected by ALT, AST, and lactate levels, were
higher in the CC group. Postoperative evolution was similar
in both groups.

The group of cirrhotic patients with HVPG higher than
10 mm Hg included 13 patients; a per-protocol analysis
showed that 4 cases were in the CC group, while the other 9
patients were in the SC group. In this special group of
patients, postoperative complications were higher than in
noncirrhotic patients, or cirrhotic with HVPG �10 mm Hg
(69% versus 27%; P � 0.001). But there were no differences
between groups; CC group 3/4 (75%) versus SC group 6/9
(67%), P � 0.76.

This study also confirms previous results20 suggesting
that HCV cirrhosis, high CVP, intraoperative blood loss,
HVPG higher than 10 mm Hg, and low lactate clearance are
the main prognostic factor of hepatic decompensation after
liver resection, particularly in cirrhotic patients. The multi-
variate analysis demonstrated that initial CVP �9 mm Hg,
initial HVPG �10 mm Hg, and intraoperative blood loss are

independent factors related to morbidity. These factors have
been previously shown by other authors.1,20,21 However,
there is a lot of controversy about the clinical importance of
these factors. For instance, selection of candidates for resec-
tion in oriental countries rely on Child-Pugh classification
and ICG retention,22 and they do not use the HVPG to decide.
Other authors23 also rely on the preoperative levels of ALT.
We think that the conclusions about risk factors for postop-
erative complications of this prospective randomized study
may help to draw conclusions in future analysis.

In view of our results, we can conclude that both
techniques of clamping are safe, equally effective, and fea-
sible for patients with normal liver and undergoing minor
hepatectomy; thus, it seems unnecessary in this setting to
perform an SC. However, in cirrhotic patients SC induces less
cytolysis, with similar operative and postoperative complica-
tions. In these patients, especially if other factors such as high
CVP or HVPG are present, SC may be recommended. Fi-
nally, even for minor hepatic resections, high basal CVP,
HVPG higher than 10 mm Hg, and intraoperative blood loss
are factors related to morbidity and should be considered
whenever performing this type of surgery, particularly in
patients with cirrhosis.
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