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Comparison of Early Clinical Outcomes between
Intermittent Vascular Inflow Occlusion versus
Intermittent Selective Hepatic Vascular Exclusion in
Hepatic Resections for Cholangiocarcinoma Patients:
A Prospective Randomized Controlled Trial Study
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Background: There were reported benefits of selective hepatic vascular exclusion (SHVE) in reducing intraoperative blood loss
(IBL), intraoperative packed red cell (PRC) transfusion, and perioperative complications over intermittent Pringle maneuver
(IPM) in hepatectomies. However, there was lack of data regarding the use of SHVE in comparison with [PM in hepatectomies
for cholangiocarcinoma (CCA) patients.

Objective: To compare IBL, intraoperative PRC transfusion, total operative time (TOT), and perioperative complications between
SHVE and IPM.

Materials and Methods: Between October 2018 and September 2019, forty eligible CCA patients participated in the study.
They were randomly allocated to the SHVE group (n=20) or the IPM group (n=20). Data regarding patient demographics, tumor
characteristics, and the objectives of the study were gathered and analyzed with intention-to-treat principle.

Results: The median IBL (range) 923.5 (101 to 4,979) versus 1,109 (413 to 5,305) ml; p=0.2, median intraoperative PRC
transfusion (range) 112.5 (0 to 1,745) versus 296 (0 to 1,500) ml; p=0.22, and median TOT (range) 390 minute (220 to 915)
versus 320 (240 to 930) minutes; p=0.55 between SHVE and IPM were not significantly different. There was no statistical
difference in perioperative complications between SHVE and IPM.

Conclusion: Routine use of SHVE during hepatectomies in CCA patients showed no significant difference in outcomes regarding
the objectives of the study.
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Controlling intraoperative blood loss (IBL) is
a crucial step for hepatic resection, as a decrease
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total occlusion methods that include continuous
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of the associated lobar arterial branch®®. In Sakon
Nakhon Hospital (SKH) and Khon Kaen Hospital
(KKH), IPM has been used for inflow vascular
occlusion during parenchymal transection of the liver.
IPM is not a complicated procedure, and most hepatic
resections in these hospitals are cholangiocarcinoma
(CCA) cases, requiring complex liver resections. [PM
is the recommended inflow vascular occlusion method
for patients undergoing complex liver resections that
have expected clamping time exceeding 60 minutes!”.

The drawback of the inflow vascular exclusion
is an inability to prevent backflow bleeding from
the hepatic vein®. Therefore, methods of inflow
and outflow vascular occlusion such as total
hepatic vascular exclusion (THVE)® and selective
hepatic vascular exclusion (SHVE)!?, also known
as hepatic vascular exclusion with preservation of
caval flow (HVEPV)®, have been used to deal with
bleeding from hepatic veins. THVE clamping of the
hepatoduodenal ligament combined with clamping of
the infra and suprahepatic inferior vena cava (IVC)
can cause hemodynamic deterioration®. SHVE or
HVEPV was shown to be as effective as THVE in
the control of bleeding. Furthermore, it was well
tolerated by the patients®'). Therefore, THVE
should be reserved for tumors invading the IVC®.
According to the benefits and drawbacks of several
vascular occlusion techniques during liver resection,
IPM concomitant with occlusion of extraparenchymal
major hepatic veins (SHVE or HVEPV) is likely to be
the most appropriate vascular occlusion technique for
controlling IBL during hepatic resections. However,
SHVE and HVEPV were not familiar methods for
the surgeons in comparison with IPM"?. Moreover,
there was a potential risk of massive bleeding due
to rupture of hepatic veins as SHVE and HVEPV
involve dissection of hepatic veins near the IVC(?.
Several studies reported the benefits of SHVE and
HVEPV over IPM in controlling IBL, and lowering
the need for blood transfusions during the operation.
Complications in SHVE and HVEPV were fewer,
or the same when compared with IPM(21+17 1t is
worth noting that a systematic review and meta-
analysis performed by Rahbari et al, stated that
vascular exclusion during hepatic resections did
not have an advantage over portal triad clamping
regarding morbidity and mortality of hepatic resection
patients"®. This systematic review and meta-analysis
only included four randomized controlled trials
(RCT), which compared portal triad clamping to
SHVE, THVE, and modified technique of hepatic
vascular exclusion. Most hepatic resections in these
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trials during the systematic review were not CCA,
which was the major cause of hepatic resections in
our institutions (SKH and KKH). Therefore, a well-
designed study to compare the benefits of SHVE
versus [IPM during hepatic resections in CCA patients
is justified.

The objectives of the present study were to
compare IBL, intraoperative blood transfusion,
total operative time (TOT), and procedural related
perioperative complications between [IPM concomitant
with intermittent occlusion of extraparenchymal
major hepatic veins technique (SHVE) with IPM.

Materials and Methods
Study design

The present study was conducted as a RCT and
included 20 to 70-year-old CCA patients. Resectability
was determined by preoperative contrast-enhanced
CT scan or contrast-enhanced MRI. According to
the study by Zhang et al®?, to detect a reduction of
350 ml (approximately 40%) IBL in the SHVE group
in comparison with the IPM group with a two-sided
0.05 significant level with a power of 80%, a sample
size of fifteen participants was calculated for each
group, and adjusted for the possibility of failure to
control hepatic veins, which occurred in 10% of the
intermittent clamping of hepatoduodenal ligament
in combination with intermittent clamping of main
hepatic veins without clamping of the [IVC"?. Thus,
twenty participants in each group were necessary.
Between October 2018 and September 2019, 61
consecutive CCA patients were scheduled for major
hepatic resections in the hepatobiliary and pancreatic
surgery unit at SKH and KKH. Patients who met the
inclusion criteria were informed of the objectives,
benefits, drawbacks, and possible complications of
the present study by trained research assistants from
the CCA Screening and Care Program (CASCAP)
of Khon Kaen University who were not under
the direction of the author and co-authors. After
informed consents were voluntarily obtained from the
participants, they were enrolled in the present trial by
the research assistants.

The randomization sequence was generated with
a random number table by the research assistances.
Sealed opaque envelopes were used for concealment.
In eligible participants, after the resectability was
intraoperatively confirmed, they were allocated to
either SHVE or IPM, and then the surgeons performed
the operations according to the revealed allocation.

The primary outcome (IBL) was measured as
this formula:
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Resectable CCA patients
by CT or MRI evaluation
from SKH and KKH
October 2018 to September 2019
(n=61)

Enrolment

Declined to participate (n=3)
Age over 70 (n=6)
Unresectable (n=12)

\
Randomization (n=40)

v Y

IPM (n=20)

SHVE (n=20)
Discontinued SHVE
Due to:
Hemodynamic instability (n=1)
Suspected biliary cirrhosis (n=1)

Allocation and Analysis

Figure 1. Trial profile.

CCA=cholangiocarcinoma, SKH=Sakon Nakhon Hospital, KKH=Khon
Kaen Hospital, IPM=intermittent Pringle maneuver, SHVE=selective
hepatic vascular exclusion

IBL = [Content from suction (ml) — Total
abdominal normal saline irrigation water (ml)] +
[Content from ultrasonic dissector suction (ml) —
Irrigation water from ultrasonic dissector (ml)] +
Blood loss in swabs and gauzes (ml)

Blood loss in swabs and gauzes was calculated as:

Blood loss in swabs and gauzes (ml) = [Weight
of swabs and gauzes after operation (gm) — Weight
of swabs and gauzes before operation (gm)] x 0.94*

* The present study approximated the weight of
blood loss in swabs and gauzes as 1.06 gm equal to
1 ml of whole blood®.

The secondary outcomes were packed red
cell (PRC) transfusion, TOT, and perioperative
complications. PRC transfusion was measured
as milliliter (ml) of transfused PRC given during
hepatic resections. TOT duration in minutes began
when making incisions, and finished with complete
suturing of the skin. Perioperative complications
included postoperative bleeding, bile leakage, post-
hepatectomy liver failure (PHLF), acute kidney injury
(AKI), surgical site infection (SSI), and chyle leakage.

The severity of postoperative bleeding
complication, bile leakage, SSI, and chyle leakage
were graded according to the Clavien-Dindo
classification of surgical complications®. Bile leakage
was defined as the total bilirubin concentration in the
drained fluid more than three times the serum total
bilirubin concentration on or after postoperative day
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3, or the need for percutaneous drainage or surgical
drainage as the consequence of biliary collection, or
bile peritonitis®?. PHLF and severity of PHLF were
defined according to the International Study Group
of Liver Surgery (ISGLS)@. The definition and
severity of AKI were defined according to Kidney
Disease Improving Global Outcomes (KDIGO)®@.
SSI definition was described according to the Centers
for Disease Control (CDC)®. Chyle leakage was
identified when the triglyceride level in cloudy drain
fluid was above 110 mg/d1®,

Data collection and analyses of the primary and
secondary outcomes between the IPM group and
the SHVE group was performed according to the
intention-to-treat basis. The trial profile flow diagram
is shown in Figure 1.

Surgical technique

The abdominal cavity was approached using
Mirror-L incision, followed by a thorough exploratory
laparotomy. Coronary ligament and triangular
ligament of the liver were transected and the liver was
mobilized from its ligaments. Then, intraoperative
ultrasonography was done for the evaluation of
intrahepatic metastasis. Cholecystectomy and
skeletonization of the hepatoduodenal ligament
were performed. Full mobilization of the liver was
done after ligation of short hepatic veins between
the liver and IVC. In right hepatectomy (RH) with
extended resection of liver segment 4B (REx), left
hepatectomy (LH) with extended resection of liver
segment 5 (LEx), and right trisectionectomy (RTS) for
hilar cholangiocarcinoma (HCCA) cases, the caudate
lobe of the liver had to be removed. Therefore, the
short hepatic veins behind the caudate were ligated
and the hepatogastric ligament was transected, the
ligamentum venosum was transected to free the upper
part of the caudate lobe. Parenchymal transection
of the liver was performed with ultrasonic dissector
(SonaStar®, Misonix Inc., Farmingdale, the U.S.
for hepatectomies at SKH site and Soring®, Soring
GmbH Medizintechnik, Quickborn, Germany for
hepatectomies at KKH site) along the demarcation
line after inflow vessels were sutured and ligated.
The major hepatic veins from the resected liver were
transected with the endoscopic linear cutting stapler.

In RH and REX, the right hepatic vein (RHV) was
identified and extraparenchymally transected before
the parenchymal transection. In the LH and LEx,
the left hepatic vein (LHV) was intraparenchymally
transected during the parenchymal transection. For
the RTS, the RHV was extraparenchymally transected
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Figure 2. The common trunk of MHV and LHV was encircled
with vessel loop (arrow).

Figure 3. Satinsky clamp was used to occlude the common
trunk of MHV and LHV (arrow).

before the parenchymal transection while the
middle hepatic vein (MHV) was intraparenchymally
transected during the parenchymal transection. For
HCCA patients, the enterobiliary anastomosis was
established with interrupted polydioxanone 5-0.

In the IPM group, the hepatoduodenal ligament
was looped and tightened with elastic tape or clamped
with a Satinsky clamp during liver parenchymal
transection in 15-minute occlusion interval, followed
by S5-minute unclamping interval. The cycles of
15-minute occlusion and 5-minute reperfusion were
repeated until the parenchymal transection was
completed. Bile ducts and vessels at the raw surface
of the transected liver were sutured with 3-0 or 4-0
polypropylene.

In the SHVE group, on the right side, the liver
was disconnected from the retrohepatic IVC by
ligation and dissection of the short hepatic veins.
The hepatocaval ligament was transected to expose
the RHV, then the RHV was encircled with a vessel
loop. For the RTS, REx, and RH, the RHV was
transected before the parenchymal transection. On
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the left side of the liver, the hepatogastric ligament
and ligamentum venosum were dissected until the
common trunk of the MHV and IVC were identified.
The common trunk was encircled with the vessel
loop. If the MHV and LHYV joined IVC separately,
they were individually encircled with vessel loops.
During the liver parenchymal transection, the vessel
loop at the common trunk of MHV and LHV was
tightened as shown in Figure 2. In cases where MHV
and LHV joined the IVC separately, the vessel loops
were separately encircled at the MHV and LHV and
tightened. If the common trunk of the MHV and LHV
was technically difficult to be encircled with vessel
loops, a Satinsky clamp was used to occlude the
common trunk of the MHV and LHV", as shown in
Figure 3. IPM, as described previously, was performed
in concomitant with occlusion of the main trunk
of the MHV and LHV by using either vessel loop
tourniquet or a Satinsky clamp. The cycle of occlusion
and reperfusion of the hepatoduodenal ligament and
hepatic veins was the same as in the IPM group.

All patients received general anesthesia. A central
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Table 1. Patient demographics and tumor characteristics

Table 2. Types of hepatic resection

SHVE (n=20) IPM (n=20) p-value Procedure® SHVE (n=20) IPM (n=20) p-value®
n n n n
Age (years); mean (SD) 61.1(6.3) 57.4 (6.9) 0.84* Right trisectionectomy 1 1 1
ECOG status: 0/1 18/2 20/0 0.49° Right hepatectomy with 5 3 0.7
Sex: male /femal 11/9 4/16 0.02¢ extended resection of liver
ex: male/female / / . segment 4B
. . b
Diabetesmellitus 3 5 07 Left hepatectomy with 3 1 0.61
Hypertension 4 4 1b extended resection of liver
segment 5
HbsAg positive 0 1 1°
Right hepatectomy 6 12 0.11
Hepatitis C antibody positive 1 1 1°
Left hepatectomy 5 3 0.7
Intrahepatic CCA 12 15 0.49¢
HCCA 8 5 0.49" SHVE=selective hepatic vascular exclusion; IPM=intermittent Pringle
maneuver
Tumors with major hepatic 5 5 1c

veins involvement

SHVE=selective hepatic vascular exclusion; IPM=intermittent Pringle
maneuver; SD=standard deviation; ECOG=Eastern Cooperative
Oncology Group; CCA=cholangiocarcinoma; HCCA=hilar cholangio-
carcinoma

2 p-value was calculated with t-test, ® p-value was calculated with
Fisher’s exact test, ¢ p-value was calculated with chi-square test

venous catheter and a radial arterial line were used
to monitor the patients. The central venous pressure
was controlled to be lower than 5 cm H-O during the
parenchymal transection.

Statistical analysis

Continuous data were presented as mean (SD) or
median (range) according to their distributions and
compared between intervention group using t-test or
Mann-Whitney U-test. The categorical variables were
presented as number, percent, and compared by using
the chi-square test or Fisher’s exact test. The p-value
of less than 0.05 was considered as statistically
significant. All analyses were performed using SPSS
17.0 (SPSS, Chicago, IL).

The present study was approved by the
Ethics Committee from SKH (Document Number
ECSKH14/2561) and KKH (Document Number
KE61065), and was registered to the Thai Clinical
Trials Registry, TCTR20181112002.

Results

There were 20 patients in the SHVE group and
20 patients in the IPM group. Patient demographics
and tumor characteristics are shown in Table 1.
Age, Eastern Cooperative Oncology Group (ECOG)
Status, underlying diseases, hepatitis B and hepatitis
C viral infection status, and types of the tumor were
not significantly different between the SHVE and the
IPM group. However, there were more male patients
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2 Types of hepatic resection were defined according to Brisbane 2000
Nomenclature of Liver Anatomy and Resections®”

b p-value was calculated with Fisher’s exact test

in the SHVE group. Types of hepatic resections are
shown in Table 2. Types of hepatic resections were
not significantly different between the intervention
groups.

In the SHVE group, two patients required
procedural changing. One patient was changed
from SHVE to IPM due to a drop in blood pressure
during SHVE. The second was changed from SHVE
to IPM after more than 50% of the parenchymal
transection was performed due to suspicious of
biliary cirrhosis. Comparisons of the outcomes
according to the intention-to-treat principle are
shown in Table 3. There was no significant difference
in IBL, intraoperative PRC transfusion, TOT, and
perioperative complications between SHVE and
IPM. In the severity of perioperative complications,
the majority of the complications were in Clavien-
Dindo classification grade I. One patient in the SHVE
group had bile leakage that needed percutaneous
drainage (Clavien-Dindo classification grade III).
Additionally, one patient in the IPM group had portal
vein thrombosis that required anticoagulant treatment
(Clavien-Dindo classification grade II). There was
no perioperative mortality in either the SHVE or the
IPM group. For per-protocol analysis, comparisons
of the outcomes are displayed in Table 4. There was
no difference between the primary and secondary
outcomes for both SHVE and IPM. In the SHVE
group, occlusion of the main trunk of the MHV and
LHYV were done by using a Satinsky clamp in sixteen
participants, while a vessel loop tourniquet was used
in four participants. There were no ruptured of major
hepatic veins and IVC during SHVE in the present
study.
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Table 3. Outcomes (intention-to-treat analysis)

Table 4. Outcomes (per protocol analysis)

SHVE IPM p-value

Median (range) Median (range)

IBL (ml) 923.5 (101 t0 4,979) 1,109 (413t05,305) 0.2
PRC (ml) 112.5 (0 to 1,745) 296 (0 to 1,500) 0.222
TOT (minute) 390 (220 to 915) 320 (240t0930)  0.55°
Complications; n
Bile leakage 9 5 0.32°
Bleeding 0 0 NA
PHLF 0 0 NA
AKI 1 0 1°
SSI 2 1 1v
Portal vein 0 1 1°
thrombosis
Chyle leakage 0 1 1°
Tear IVC 0 1 i

SHVE=selective hepatic vascular exclusion; IPM=intermittent Pringle
maneuver; [BL=intraoperative blood loss; PRC=packed red cell;
TOT=total operative time; PHLF=post-hepatectomy liver failure;
AKl=acute kidney injury; SSI=surgical site infection; IVC=inferior
vena cava; NA=not analyzed

2 Data analyzed with Mann-Whitney U test, ® Data analyzed with
Fisher’s exact test

Discussion

Patient demographics, tumor characteristics,
and type of hepatic resections were not significantly
different between the SHVE and IPM groups, except
for the participant gender. There were more male in
the SHVE group. It is worth noting that this significant
difference has occurred by chance®. The primary
outcome in the present study was IBL. There was
a lower median IBL in the SHVE group, however,
the difference in IBL between the SHVE group and
IPM group was not statistically significant. The
result of the present study was different from other
comparative studies!'*'%!*172_which demonstrated
significantly lower IBL in the SHVE group as shown
in Table 5. The explanation for the difference in the
IBL outcome of the present study when compared to
previous studies might be due to the lesion location.
Most previous comparative studies!'>'*!"2% involved
cases where lesions occurred on one or more major
hepatic veins. Most lesions in the present study had
no involvement with major hepatic veins, as shown in
Table 1. Prevention of backflow bleeding from hepatic
veins by SHVE might provide the most effective
benefit in lesions involving major hepatic veins, while
the lesions not involved by hepatic veins might have
less benefit in the prevention of backflow bleeding.
This is because the lesions without hepatic vein
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SHVE IPM
Median (range)

p-value

Median (range)

IBL (ml) 970.5 (101 to 4,979)  1,096.5 (413 t0 5,305)  0.57°
PRC (ml) 112.5 (0 to 1,745) 263.5 (0 to 1,500) 0.3
FFP transfusion (ml) 0 (0t0927) 0 (0 to 1,200) 0.4
TOT (minute) 390 (220 to 915) 320 (235 to 930) 0.5
Complications; n
Bile leakage 9 5 0.1°
Bleeding 0 0 NA
PHLF 0 0 NA
AKI 1 0 0.45°
SSI 1 2 il
Portal vein 0 1 1°
thrombosis
Chyle leakage 0 1 il
Tear IVC 0 1 1°

SHVE=selective hepatic vascular exclusion; IPM=intermittent Pringle
maneuver; IBL=intraoperative blood loss; FFP=fresh frozen plasma;
TOT=total operative time; PHLF=post-hepatectomy liver failure;
AKl=acute kidney injury; SSI=surgical site infection; IVC=inferior
vena cava; NA=not analyzed

2 Data analyzed with Mann-Whitney U test, ® Data analyzed with
Fisher’s exact test

involvement already had small amounts of backflow
bleeding, and IPM with low central venous pressure
could control most of the bleeding during the hepatic
parenchymal transection.

IBL affected PRC transfusion as well. The
previous comparative studies!!*!2!417:29 demonstrated
lower IBL, reported lower PRC transfusion in the
SHVE group. This finding has not been observed in
the present study.

TOT and perioperative complications between
SHVE and IPM in the present study were not
significantly different. Outcomes were similar to the
majority of the previous studies as demonstrated in
Table 5. Previous studies!"*'"%, as well as the present
study, showed similar TOT between SHVE and IPM.
For perioperative complications, Zhou et al’” and
Si-Yuan et al® showed fewer complications in the
SHVE group, while the other studies*'>!¥_as well as
the present study, demonstrated similar complications
between SHVE and IPM. This could reflect on the
expertise in the authors’ high-volume hepatobiliary
center.

The strength of the present study is the application
of the objective measurement of the IBL by calculation
of blood loss from the suction, ultrasonic dissector,
and weight of swabs as described in the study design
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Table 5. Previous studies

Study Study design (n) Type of tumor Type of hepatic IBL PRC transfusion TOT Complications
resections

Smyrniotis, et al., RCT (110) Benign and Major Lower in SHVE,  Lower in SHVE, Similar Similar

20031 malignant lesion p=0.02 p=0.01

Zhou, et al., Retrospective (235) Benign and Major Lower in SHVE,  Lower in SHVE, Similar Lower in SHVE, p<0.05

200817 malignant lesions* Segmentectomy p=0.001 p=0.001

Zhang, et al., Retrospective (1,420) Benign and Major Lower in SHVE, Lower in SHVE, Not assessed Lower PHLF in SHVE,

201202 malignant lesions* p=0.007 p=0.008 p=0.019
Overall complication

rate was similar
Yang, et al., Retrospective (273) Hemangioma* Major Lower in SHVE,  Lower in SHVE, Longer in SHVE, Similar
a4 "

2012 SRy p<0.01 p<0.01 p=0.02

Si-Yuan, et al., RCT (160) Benign and Major Lower in SHVE,  Lower in SHVE, Similar Lower in SHVE, p<0.05

201429 malignant lesions* Segmentectomy p<0.05 p<0.05

RCT=randomized controlled trial; SHVE=selective hepatic vascular exclusion; IBL=intraoperative blood loss; PRC=packed red cell; TOT=total

operative time; PHLF=post-hepatectomy liver failure

* Lesions involved one or more major hepatic veins

section. The limitation of the present study is the
inability to blind the surgeons who performed the
procedures and assessed IBL and perioperative
complications. Nevertheless, the present study used
clear definitions of each perioperative complication
that had been explained in the study design section
to minimize bias.

Conclusion

There is no difference in IBL and PRC transfusion
between routine use of SHVE and IPM during hepatic
resections in CCA patients. SHVE does not increase
TOT and perioperative complications in comparison
with IPM.

What is already known on this topic?

Several studies demonstrated that SHVE could
reduce IBL and PRC transfusion during major
hepatic resections and segmental hepatic resections
in both benign and malignant lesions in comparison
with IPM. This was especially true when the lesions
involved major hepatic veins. Most previous studies
focused on lesions that involved major hepatic veins.
They reported similar TOT and fewer, or the same
complication rate between these two methods as
demonstrated in Table 5. However, there was a lack
of information regarding the use of SHVE in hepatic
resection for CCA, as there were small numbers of
CCA cases in the previous studies. In the present
study, 75% of the lesions did not involve major hepatic
veins. Therefore, the outcomes of the routine use of
SHVE during hepatic resections for CCA patients
should be further investigated.
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What this study adds?

Routine SHVE for hepatic resections in CCA
does not reduce IBL and PRC transfusion. The TOT
and complications are not different between SHVE
and IPM.
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