& frontiers | Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Haoming Zhou,
Nanjing Medical University, China

REVIEWED BY
Rao Sun,

Huazhong University of Science and
Technology, China

Junyi Wu,

Fujian Provincial Hospital, China

*CORRESPONDENCE

Yun-Fei Duan
duanyunfeil980@suda.edu.cn

Jing Chen
594126@163.com

Xiao-zhou He
605035098@qg.com

These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Surgical Oncology,

a section of the journal
Frontiers in Oncology

RECEIVED 03 October 2022
ACCEPTED 12 December 2022
PUBLISHED 05 January 2023

CITATION

Qu Z, Wu K-j, Feng J-w, Shi D-s,
Chen Y-x, Sun D-|, Duan Y-F, Chen J
and He X-z (2023) Treatment of
hepatic venous system hemorrhage
and carbon dioxide gas embolization
during laparoscopic hepatectomy
via hepatic vein approach.

Front. Oncol. 12:1060823.

doi: 10.3389/fonc.2022.1060823

COPYRIGHT

© 2023 Qu, Wu, Feng, Shi, Chen, Sun,
Duan, Chen and He. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Oncology

TYPE Original Research
PUBLISHED 05 January 2023
D01 10.3389/fonc.2022.1060823

Treatment of hepatic venous
system hemorrhage and carbon
dioxide gas embolization during
laparoscopic hepatectomy via
hepatic vein approach

Zhen Qu', Ke-jia Wu', Jia-wei Feng', Ding-sen Shi',
Yu-xiang Chen, Dong-lin Sun, Yun-Fei Duan*, Jing Chen*
and Xiao-zhou He*

The Third Affiliated Hospital of Soochow University, Changzhou First People’s Hospital,
Changzhou, China

With the improvement of laparoscopic surgery, the feasibility and safety of
laparoscopic hepatectomy have been affirmed, but intraoperative hepatic
venous system hemorrhage and carbon dioxide gas embolism are the
difficulties in laparoscopic hepatectomy. The incidence of preoperative
hemorrhage and carbon dioxide gas embolism could be reduced through
preoperative imaging evaluation, reasonable liver blood flow blocking method,
appropriate liver-breaking device, controlled low-center venous pressure
technology, and fine-precision precision operation. In the case of blood
vessel rupture bleeding in the liver vein system, after controlling and
reducing bleeding, confirm the type and severity of vascular damage in the
liver and venous system, take appropriate measures to stop the bleeding
quickly and effectively, and, if necessary, transfer the abdominal treatment in
time. In addition, to strengthen the understanding, prevention and emergency
treatment of severe CO2 gas embolism in laparoscopic hepatectomy is also the
key to the success of surgery. This study aims to investigate the methods to
deal with hepatic venous system hemorrhage and carbon dioxide gas
embolization based on author’s institutional experience and relevant
literature. We retrospectively analyzed the data of 60 patients who received
laparoscopic anatomical hepatectomy of hepatic vein approach for HCC. For
patients with intraoperative complications, corresponding treatments were
given to cope with different complications. After the operation, combined
with clinical experience and literature, we summarized and discussed the good
treatment methods in the face of such situations so that minimize the harm to
patients as much as possible.
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Introduction

Liver cancer ranks fifth in cancer incidence and fourth in
cancer-related mortality worldwide. And the liver is the sixth
primary cancer site (1). Among the many types of liver cancer,
HCC occupies the absolute leading number, accounting for 80-
90% of primary liver cancer (2).With the development of
minimally invasive surgery, laparoscopic hepatectomy (LH)
indications expand. The hepatic vein is widely used to guide
the approach because of its prominent dissection position
(3).Laparoscopic hepatectomy may improve the short - and
long-term prognosis after hepatectomy (4). Although there
were no significant differences in complication rates or tumor
outcomes compared with open hepatectomy, Laparoscopic
hepatectomy has the advantages of less blood loss, lower
anesthesia dose and shorter hospital stay. Accurate
laparoscopic segmentectomy can reduce the abdominal
incision and damage to the patient’s body, and it can increase
patients’ chances of potential surgery to deal with the recurrence
of the disease. Laparoscopic hepatectomy is the best choice
under the premise of ensuring the function of the liver and
not reducing the curative effect of the operation (5, 6). Therefore,
Laparoscopic hepatectomy has been considered the great option
for HCC resection in recent EASL guidelines (7).At present, LH
has been widely used in the surgical treatment of a variety of
benign and malignant liver diseases, and is expected to replace
traditional open surgery, becoming the “gold standard” for
surgical treatment of certain liver diseases (8). However,
intraoperative hemorrhage and carbon dioxide gas
embolization are still the biggest difficulties in LH (9, 10).
Intraoperative hemorrhage not only increases the risk of
complications caused by blood transfusion, but also relates to
the high recurrence rate and low survival rate in patients with
malignant tumors (11). Hemorrhage during LH includes
hemorrhage from the Glisson system and hemorrhage from
the hepatic venous system. Considering that the portal vein and
hepatic artery branches of the Glisson system are thick,
surrounded by Glisson sheaths, the wall is easily contracted
and not easily torn after injury, and it is easier to clip and suture
blood vessels by Pringle Maneuver to block the first hepatic
portal blood flow, therefore, it is relatively simple to treat
bleeding. It is well known that the hepatic venous system
includes the left liver, the liver, the right hepatic vein and its
branches, the short hepatic vein and the inferior vena cava. The
difficulty in controlling hepatic venous hemorrhage is related to
several reasons. First of all, the hepatic venous system has a large
lumen, a thin wall, a large number of branching holes, and is
easily damaged and torn. Second, the hepatic vein lacks a valve
device that prevents blood reflux. Finally, the hepatic vein wall is
not easily contracted in the liver parenchyma. In addition to the
risk of major bleeding after injury, there is still a risk of CO2 gas
embolism (12). Moreover,treating intraoperative bleeding in
patients with tumors is even more difficult, since the
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vasculature at the tumor site is more permeable due to
invasion of tumor cells (13). In the case of unintentional
injury, tributaries of the hepatic veins may be the main source
of bleeding. Prevention of venous injury remains a challenge, as
the most suitable technique has not been established, but the risk
of venous injury can be effectively reduced by accessing or
exposing the anterior or posterior side of the hepatic vein
prior to dissection of the lateral side (14). GE frequently
occurs during laparoscopic hepatectomy, although most
episodes of grade 1 embolism seem to be harmless (15). Severe
CO2 embolization can quickly cause respiratory and circulatory
dysfunction in patients, and if the treatment experience is not
appropriate, it can cause serious consequences such as
hypoxemia, heart failure, arrhythmia and even death.
Laparoscopic surgery can be complicated by gas embolism,
and although the incidence of this disease is estimated to be as
low as 0.002% to 0.02%, the mortality rate is as high as 50%.The
characteristic manifestation of gas embolism is cyanosis of the
head and neck with a millwheel cardiac murmur due to
obstruction of inflow to the right side of the heart. Signs of
diagnosis include arrhythmia, hypoxia, and a sudden decrease in
end-tidal carbon dioxide. However, the clinical manifestations of
embolism in the subjects were not obvious. This also indicates
the high risk of carbon dioxide embolism during laparoscopic
surgery (16).

Therefore, prevention and control of hepatic venous system
hemorrhage during LH and timely treatment of severe CO2 gas
embolism caused by venous hemorrhage are the key to reducing
perioperative complications of LH and promoting postoperative
recovery. In the last two years, our center completed 60 cases of
laparoscopic anatomical hepatectomy (type of hepatic segment
resection as seen in Table 1, and clinical and surgical data in
Table 2). This article will be based on the author’s institutional
experience, combined with relevant literature to explore the
hepatic venous system hemorrhage and CO2 gas embolization
during the LH.

Materials and methods
Patients and methods

This retrospective study was approved by the Institutional
Review Board of Changzhou First People’s Hospital. All study
participants gave written informed consent for the use of their
clinical records. A total of 60 patients who received laparoscopic
anatomical hepatectomy of hepatic vein approach for HCC from
January 2019 to December 2020 at the Changzhou First People’s
Hospital were retrospectively reviewed from our department’s
prospective surgical database. A total of 60 patients underwent
laparoscopic hepatectomy through the hepatic vein approach,
according to the location of liver segment resection, there are 13
cases of IT and IIT segments, 23 cases of II, IIT and IV, 7 cases of
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TABLE 1 Laparoscopic hepatectomy via hepatic vein approach(60
cases).

Cases

Resection of hepatic segment

11, III 13

IL III, IV 23
V, VI, VII, VIII 7
V, VIII 2
VI, VII 4
v 2
VII 3
VIII 3
I 3
Total 60

V, VI, VII and VIII, 2 cases of V and VIII, 4 cases of VI and VII,
2 cases of IV, 3 cases of VII, 3 cases of VIII and 3 cases of 1.
According to the disease type, there are 31 cases of
hepatocellular carcinoma, 21 cases of intrahepatic bile duct
stones, 3 cases of focal nodular hyperplasia, 3 cases of liver
metastatic carcinoma, 1 case of hepatoblastoma, and 1 case of
Inflammatory pseudotumor of the liver.

Surgical methods: After general anesthesia, the patient was
placed in horizontal position, in which the right posterior lobe of
the liver was excised with the right side raised and the right
forearm fixed in the anesthesia frame.The Trocar has 4-6 Wells
in total, and the location is fanned out according to the target
liver segment. The observation and Pringle blocking holes are
located around the umbilicus, and the main operating hole is
placed on the extension line of the liver section (Figure 1). the
intra-abdominal pressure was set to 12mmHg (1mmHg
=0.133kPa), and the extrahepatic preset blocking band: the
nylon band was pulled out of the blocking hole around the
posterior two ends of the first hepatic hilum, and the plastic
blocking tube was used to achieve repeated blocking and
loosening in vitro in combination with the vascular clamp.
The plane of the severed liver was obtained by intraoperative
ultrasound localization of the main hepatic vein (Figure 2A), and
the perihepatic bands were fully dissociated during right
hemihepatectomy or right posterior lobe hepatectomy.During
the operation, Pringle “15+5” mode (blocking the blood flow
into the liver for 15min, releasing the blood flow for 5min, and
repeating the circulation) was used to block the blood flow into
the liver, and then the liver was broken.

The surgeon stood on the right side of the patient, held the
ultrasonic knife in the right hand to cut the liver, and advanced
from the tail side to the head side (Figure 2B). Among them, the
ultrasonic knife was directly cut off the pipeline with diameter
less than 1mm, the titanium clip was used to clamp the 1-2mm
pipeline, and the Hem-O-LOCK was used to clamp the >2mm
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pipeline. The liver pedicle or hepatic vein root could also be cut
off with a cutting closure device (Figure 2D).When the bile duct
needed to be removed, the bile duct was dissected and closed. In
the process of liver amputation, hemostasis was stopped by using
an aspirator and a bipolar electrocoagulation section Surgicel
compression hemostasis is used for the rupture of hepatic vein
less than 3mm, a 4-0 prolene suture was used for hemostasis
with the rupture>3mm (Figure 2C). The direction of
intraoperative liver resection was from the foot to the head,
from shallow to deep, and with the help of intraoperative
ultrasound guidance, the main hepatic vein was gradually
exposed. At the same time, intraoperative anesthesia should be
combined with control of central venous pressure (CVP), and
CVP <5¢cm H20 is safe for LH.

Results

1. A total of 60 patients underwent laparoscopic
hepatectomy via hepatic vein approach, and the specific
surgical methods are shown in Table 1. The images of different
segmentectomy are shown in Figures 2, 3. During the operation,
the left, middle or right hepatic veins were clearly exposed
according to the needs of the target hepatic segment resection.

2. In this group, 36 cases were intrathecal occlusion and 24
cases were extrathecal occlusion, among which 51 cases were
combined with Pringle (15 + 5min) to block the first hilar for a
maximum of 5 times, and 22 cases were dissected with the
second hilar combined with hepatic vein pre-occlusion during
operation. The operation time was 150.17 + 68.30 min, the
intraoperative blood loss was 230.59 + 290.34 mL, and there was
no conversion to open surgery (Table 2).

3.Serious complications occurred in 13 cases.There were 5 cases
of hepatic vein hemorrhage, and one of them was the rupture of
cutting stapling device in the right hepatic vein root, and the nail
used for fixing is loosened.The bleeding stopped after the vessel was
sutured. 4 cases of carbon dioxide gas embolism were ameliorated
by suspension of pneumoperitoneum, head high and foot low right
elevation, positive end-expiratory pressure ventilation, and proper
hemostasis of hepatic vein (Table 2). ALT and AST were (205.67 +
223.04) U/L and (189.91 + 194.04) U/L on the first day after
operation, and (158.63 + 153.90) U/L and (63.28 + 64.63) U/L and
(63.28 + 64.63) U/L on the third day after operation.There were no
cases of abdominal bleeding and 4 cases of bile leakage, which were
cured by conservative treatment. No reoperation or operative death
occurred.The postoperative hospital stay was 7.49 + 5.30 days.

Discussion

LH started relatively late, and it could only be performed in a
few centers in the 1990s. However, with the technological
innovation, the improvement of surgical techniques and the
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FIGURE 1
Port sites.

accumulation of surgeons’ experience, laparoscopic hepatectomy
has made great progress in minimally invasive liver surgery in
the late 21st century (17). Liver resection via hepatic vein
approach was first advocated by Makuuchi in Japan, and has
become one of the standards of anatomical liver resection. He
proposed that the intrahepatic marker for anatomical
hepatectomy is the hepatic vein,accurate anatomy and
exposure of intraoperative hepatic vein is the key to
laparoscopic anatomic hepatectomy through hepatic vein (18).
According to a recent international literature review, LH is
associated with less blood loss and lower postoperative
morbidity compared with open hepatectomy, but does not
differ significantly in terms of tumor outcome (19). The
difficulty lies in the prevention and treatment of intraoperative
hepatic vein bleeding, gas embolism and other complications.
“Tenting sign of hepatic veins” is an important anatomical
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knowledge that can help us reduce bleeding during surgery
(20). Previous studies have shown that keeping PP below
12mmhg may reduce the occurrence of carbon dioxide
embolism (21).In this study, when intraoperative CO2
embolism occurred, pneumoperitoneum suspension, head high
foot low right elevation, and positive end-expiratory pressure
ventilation were used to rapidly improve the situation. After
reading a large number of literatures, I conclude that the most
important treatment for intraoperative CO2 embolization is to
reduce pneumoperitoneum pressure, control CVP, and increase
ventilation. Takechi K’s paper addressed CO2 embolism as
follows: 1. Lower pneumoperitoneum pressure, but proceed
with laparoscopic surgery. 2. Abandon the Pringle technique.
3. The fraction of inhaled oxygen was increased to 1.0, and
intravenous phenylephrine (0.1 mg) was administered (22). But
interestingly, intraoperative bleeding and carbon dioxide
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FIGURE 2

(A) By intraoperative ultrasound to localize liver tumors. (B) Transection of liver tissue with ultrasonic scalpel. (C) Used 5-0 prolene to suture
laceration of retrohepatic inferior vena cava(RIVC) under laparoscope. (D) Laparoscopic separation of the VIII.

embolism seem to be the opposite of the coin. The Second
International Consensus Conference on Laparoscopic
Hepatectomy, based on 54 publications, made the following
recommendations for intraoperative bleeding control: 1. Use a
high pressure pneumoperitoneum of 10-14 MMHG. 2. Use a
CVP of less than 5mmHg (23).Moreover,in order to improve the
postoperative prognosis of patients and reduce the
intraoperative risk, I think the following steps are essential.

Preoperative accurate assessment

Most patients with laparoscopic hepatectomy in China have
a background of hepatitis and cirrhosis, and have poor liver
reserve and tolerance to ischemia-reperfusion injury, so they are
more likely to bleed during liver resection. Accurate assessment
of the patient’s liver function, the relationship between the lesion
and important blood vessels before surgery is essential to prevent

FIGURE 3

(A) Resection of the segment VIII, the right hepatic vein (RHV) and middle hepatic vein (MHV) were exposed during the operation. (B) After right
lobe hepatectomy, the inferior vena cava (IVC) and middle hepatic vein (MHV) were exposed.
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TABLE 2 Clinical characteristics of 60 patients with laparoscopic
hepatectomy.

Clinical characteristics Value

Age 55.60 + 14.35
Sex
Male 22 (36.67%)
Female 38 (63.33%)

Operation time 150.17 + 68.30

Intraoperative blood loss 230.59 + 290.34

Postoperative hospital stay 7.49 + 5.30
Major intraoperative events
Suture of hepatic vein 5 (8.33%)
Carbon dioxide embolism 4 (6.67%)
Postoperative complications
Bleeding 0 (0%)
Bile leakage 4 (6.67%)

intraoperative hepatic venous bleeding. At present, it is mainly
evaluated by ultrasound (Figure 2A), CT, MRI and other
instruments to determine the extent of liver resection and the
anatomical relationship of the main liver pipeline, especially the
hepatic vein system, and then select the best surgical plan.
Three-dimensional virtual liver technology has been able to
display intrahepatic vessels with a diameter of more than 1 mm,
especially for the details of the intrahepatic vasculature (24). For
large-scale liver resection, special site hepatectomy and other
complex LH involving deep hepatic parenchyma, I recommend
three-dimensional visual assessment, and carry out three-
dimensional reconstruction based on two-dimensional imaging
data to comprehensively evaluate the spatial stereo relationship
between the lesion and the hepatic artery, portal vein, bile duct,
hepatic vein or inferior vena cava (11). In addition, preoperative
simulated segmental hepatectomy can be performed by using
virtual surgical software to predict the major pipeline structures
and complex important dangers that may be encountered during
the actual operation of laparoscopic liver resection. It is
necessary to cope with the dangerous parts that are prone to
bleeding and the trunk and important branches of the hepatic
vein that may be involved in order to effectively prevent the risk
of hemorrhage of the hepatic venous system during operation.

Methods to block blood flow in the
hepatic vein system

Compared with traditional open liver resection, once hepatic
venous system hemorrhage occurs during LH, the treatment is
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relatively more difficult (25). During the laparoscopic surgery,
surgeons can not use the conventional methods such as top,
pressure, pinch and other conditions under laparotomy to
control bleeding, and it is difficult to complete the precise
suture to stop bleeding in time, moreover, the bleeding will
also contaminate the lens, affect the visual field, which further
increase the difficulty of hemostasis. In order to reduce the risk
of surgery and prevent hepatic venous system hemorrhage,
appropriate hepatic blood flow blockage should be selected
during surgery to avoid passive treatment after hemorrhage.

The first hepatic portal blood flow blockage can directly
reduce the hepatic venous return blood volume, rapidly reduce
the hepatic sinus, hepatic venous pressure and central venous
pressure. In addition to effectively controlling the Glisson system
bleeding, it is also effective in reducing hepatic venous system
hemorrhage. Some scholars have pointed out that the
anatomical separation of the second hepatic hilum may
damage the hepatic vein, which may not only cause major
bleeding, but also increase the incidence of CO2 gas embolism.
Therefore, the suture of the liver parenchyma is more reliable
than the separation of the second hepatic hilum outside the liver
parenchyma (26). Blocking the third hepatic hilum should first
fully dissipate the entire liver. The short hepatic vein and the
right posterior inferior vein were separated from the bottom to
the top and from the right to the left. The proximal end was
clamped with an absorbable clip, and the distal end was ligated
and disconnecte (27). Chen’s simple total hepatic blood flow
blocking technique (Pringle method + lower hepatic inferior
vena cava blockage) can significantly reduce the blood flow of
the hepatic vein and the superior and inferior vena cava, rapidly
reduce the pressure, and obtain a similar whole hepatic blood
flow blockage. The clinical effect can safely and effectively
control the hepatic section hemorrhage during operation, and
the operation is simple and easy, which is conducive to clear and
accurate liver resection (28).

Application of various laparoscopic liver
resection instruments

The removal of liver parenchyma in LH is inseparable from
various instruments. The effective disconnection of hepatic veins
and branches in liver parenchyma is one of the keys to prevent
and control hepatic venous system hemorrhage. The author’s
institution mainly uses the ultrasonic scalpel (Figure 2B),
Cavitron Ultrasonic Surgical Aspirator (CUSA) and
endoscopic GIA (Endo-GIA) for liver parenchyma resection.

Ultrasonic scalpel is mainly used to cut thin layer of liver
tissue, can close the blood vessel with diameter <3mm without
damage, while the blood vessel with diameter >3mm needs to be
clamped with titanium clip (29). By oscillating to rupture of the
liver cells, thereby retaining the intact structure of the blood
vessels and bile ducts, the ultrasonic scalpel has the advantages of
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shortening the time of the liver parenchyma, low thermal
damage, and less bleeding (30). The method of using the
ultrasonic knife to cut off the liver is “small-mouth
engulfment, layer-by-layer advancement”. When the liver
tissue is condensed and cut, the cutter head is used for
clamping, crushing, pushing and separating. The metal
working surface of the cutter head should always be in the
visible state, try to stay away from blood vessels, and do not
blindly penetrate the liver parenchyma to cause blood vessels
to burn.

CUSA is a versatile device that destroys and absorbs tissue
cells with high water content, while highly elastic tissue with
high collagen content (such as blood vessels and biliary system)
is not destroyed, thus reducing the damage to normal tissues to
the lowest (31). CUSA is especially suitable for deep liver
parenchyma, which is conducive to fine dissection of the pipe
structure and disconnection. The use of CUSA should select the
appropriate power based on the pathology of the liver
parenchyma. For the important pipeline structure on the
section, especially the hepatic vein branch, it should be fully
dissected and dissected to achieve full-dimensional nakedness.
After confirming the diameter of the tube and walking, then the
vessel clamp is properly clamped and then disconnected. It is
forbidden to cut the blood vessel with an ultrasonic scalpel
without fully exposing the blood vessel, or cut it with the blood
vessel clamp clamping half of the blood vessel.

Endo-GIA staple cartridges can be divided into white nails,
blue nails and golden nails according to the different nail heights.
In the operation, different nail cartridges can be used to
disconnect the traffic branches in the liver parenchyma
according to the thickness of the liver tissue. Endo-GIA can
disconnect liver tissue, blood vessels and biliary branches at one
time, speeding up the operation and increasing the safety of
surgery (32). (Figure 2D). For patients with partial vascular
variability, in order to avoid accidental injury, laparoscopic
ultrasound-assisted positioning can be used to determine the
location of the vessel before the Endo-GIA is used to disconnect
the vessel.

Intraoperative fine operation to prevent
hepatic venous system hemorrhage and
CO2 gas embolism

Hepatic veins vary greatly in walking in the liver, making it
difficult to find a fixed treatment pattern. The important pipeline
structure that is difficult to confirm during operation should be
carefully identified with the anatomical landmark of the liver
surface and the ischemic boundary line after regional hepatic
blood flow blockade. If necessary, combined with laparoscopic
intraoperative ultrasound (Figure 2A), etc. to prevent
accidental injury.
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When dissecting the liver and treating the hepatic vein root
and the short hepatic vein, the interstitial space should be
identified, and the correct direction, angle and strength should
be grasped. The operation should be gentle, avoid forced
separation, and puncture the blood vessels. It has been
reported that the second hepatic hilum is dissected and the
corresponding hepatic vein is sutured through the liver before
the liver is cut. We have also tried a few cases, and the effect of
stopping bleeding during the operation is obvious. During LH,
attention should be paid to maintaining a moderate tension in
the section and cleaning the field. If the tension is too small, the
section cannot be unfolded, affecting the visual field, exposure
and operation; if the tension is too large, the hepatic vein branch
of the section may be torn to cause bleeding or CO2
gas embolism.

Good vision is the premise of laparoscopic operation. During
the operation, the surgical field should be kept clean and dry,
avoiding smoke and blood. The lens holder should adjust the
lens angle at any time to avoid collision between the lens and the
operating instrument and the lens. The suction device adopts a
point suction or flushing method to ensure sufficient
pneumoperitoneal pressure and operation space while sucking
up blood and smoke. Blind operation in the “blood pool” should
be avoided in case of hepatic venous system hemorrhage,
otherwise the hepatic vein trunk may be damaged, resulting in
fatal bleeding and severe CO2 gas embolism.

Controlled low central venous
pressure technology

Low central venous pressure (LCVP) technology refers to
reducing the pressure of hepatic sinuses and intravenous,
reducing the pressure gradient inside and outside the blood
vessel wall, thereby reducing the amount of bleeding in the
process of liver substantive separation, and reducing
postoperative blood transfusion, shortening hospital time,
reducing postoperative complications, etc (33). However, in
LH, the safety and feasibility of LCVP application is still
controversial due to pneumoperitoneal pressure and the risk of
potential CO2 gas embolism. Animal experiments by Jayaraman
et al (12). showed that the incidence of air embolism was
positively correlated with the ratio of pneumoperitoneum
pressure and central venous pressure. When the ratio
increased, the incidence of air embolism increased
significantly. Therefore, the balance of pneumoperitoneum
pressure and hepatic venous pressure is one of the key factors
determining hepatic venous system hemorrhage during LH.
When the pneumoperitoneum pressure is lower than the
hepatic venous pressure, hepatic venous hemorrhage occurs.
Otherwise, CO2 gas embolism occurs. Kobayashi S et al. s
experiment showed that the probability of pulmonary gas
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embolism increased when the central venous pressure was lower
than the intra-abdominal pressure (34).

Reducing central venous pressure is mainly achieved by
limiting the amount of infusion, diuresis, and expansion of
peripheral blood vessels. In the liver resection, the use of head
high and low feet supine position can reduce the blood flow of
the lower extremity vein and peripheral vein, which is helpful for
reducing central venous pressure and reducing bleeding. There is
no uniform standard for reducing central venous pressure. Liu
Zhe et al. (35)believe that during the process of hepatic
parenchymal resection, as long as there is no large vein and its
branch damage, it is relatively safe to control the central venous
pressure at 0-5 cmH20, which can reduce the bleeding during
LH. It should be noted that due to the influence of
pneumoperitoneal pressure and body position during LH, the
value of central venous pressure monitored during surgery is
generally inaccurate and can only be used as a reference.
Comprehensive judgment should be made based on clinical
features such as oozing blood in the operation section, degree
of filling of the hepatic vein and inferior vena cava, and the
opinions of the anesthesiologist.

Treatment of hepatic venous
system hemorrhage

If bleeding occurs accidentally during LH, the surgeons
should keep calm, accurately and timely determine the source
of the bleeding, and take appropriate measures to quickly and
effectively stop bleeding. Hepatic venous system hemorrhage is
characterized by a darker color and a “pulsed” gush. Hepatic
vein accidental injury should immediately block the first hepatic
portal blood flow into the liver. The left hand uses the device to
temporarily compress the bleeding site to reduce bleeding. The
assistant uses the aspirator to quickly and accurately remove the
blood, clearly revealing the blood site and the degree of blood
vessel damage. If it is a small vein branch bleeding in the liver
section, bipolar electrocoagulation can be used to stop bleeding.
For hepatic vein trunk or larger branch avulsion, rupture and
hemorrhage, if the rupture is small, hemostatic can be stopped
by partial compression such as gauze or hemostatic cotton. For
hepatic vein trunk or larger branch avulsion, rupture and
hemorrhage, if the rupture is small, hemostatic can be stopped
by partial compression such as gauze or hemostatic cotton. If the
rupture is slightly larger, after separating the liver tissue
surrounding the damaged blood vessel and fully exposing the
vein trunk and branches, clip the vessel at both ends of the
rupture, or repair the ruptured vein with a 4-0 or 5-0 Prolene
suture (Figure 2C).

It should be noted that after determining the bleeding site do
not blindly clamp or largely stitch to stop the bleeding, should
try to dissect the exposed blood vessel trend, accurately
determine the source of bleeding, and its pipe diameter,
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walking, crack position, size, etc., and then choose the
appropriate method to deal with. In general, most bleeding
can be controlled and treated under laparoscopy. For the
hepatic vein root and inferior vena cava laceration, it is
recommended to quickly fill with gauze, and promptly turn to
open the laparotomy.

Treatment of severe CO2 gas embolism
during operation

LH often involves important branches of the liver vein, and
surgeons are mostly accustomed to using higher abdominal
pressure and lower CVP to help reduce intraoperative
bleeding, which makes CO2 easier to enter the cavity vein
system, thereby increasing the incidence of CO2 embolism.
Especially for laparoscopic hepatectomy, the cross-section is
difficult to expose, the liver parenchyma is deep in the liver or
the right hepatic vein branch, and the operation time is longer,
which leads to a significant increase in the probability of severe
CO2 gas embolism during surgery.

In our institution, there were 4 patients with typical CO2 gas
embolism due to hepatic vein trunk or branch injury during
laparoscopic liver resection (Table 2), which showed that arterial
blood pressure dropped rapidly to 80/50 mmHg without bleeding
or only a small amount of bleeding, the blood oxygen saturation
dropped below 80%, and the end-expiratory C02 partial pressure
(EtCO2) rapidly dropped below 25 mmHg. By suspending the
operation, using gauze or hemostatic material to urgently compress
and fill the venous breach, reducing the pneumoperitoneum
pressure or changing to no pneumoperitoneum state, using the
head low foot high position, changing the ventilation mode to end-
expiratory positive pressure ventilation (PEEP), increasing the
amount of fluid, increasing the central venous pressure, the
abnormal indicators began to return to normal after about 3-
10min. The treatment in the paper of Hou W et al. is as follows:
pneumoperitoneus is stopped, Trendelenburg position that
facilitates the flow of gas into the apex of the right ventricle and
prevents it from entering the pulmonary artery (36) is adjusted, and
air bubbles are released from the central line (37).In view of the
serious consequences that CO2 gas embolism can cause, we believe
that the possibility of CO2 gas embolism should be considered in
patients with no significant hemorrhage during surgery but
accompanied by sudden hemodynamic changes, or a decrease in
EtCO2, or spO2. Among above, the early warning consciousness of
the surgeon, the roving nurse and the anesthesiologist is the key to
early detection of severe CO2 gas embolism. Second, TEE can
quickly help diagnose embolism and determine the extent and
location of embolism (37).

In short, with the deep understanding of liver imaging and
anatomy, the improvement of laparoscopic technique, the
accumulation of surgical experience and the continuous
updating of surgical instruments, the treatment of hepatic
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venous system hemorrhage and severe CO2 gas embolism
during LH operation will be further improved. However, in
view of the tearing of the main trunk or important branches of
the hepatic vein, it not only causes dangerous bleeding, but also
may cause CO2 gas embolism to affect the body’s circulation
which may lead to fatal complications. It is recommended that
LH should be performed in larger medical centers by surgeons
with experience of laparoscopic surgery.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Third Affiliated Hospital
of Soochow University. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

Conception and design: ZQ, Y-FD, and X-ZH. Data
collection: K-JW, J-WF, D-SS and JC. Writing the article: ZQ,
K-JW, J-WF, D-SS, JC, Y-FD, Y-XC, and D-LS. Critical revision
of the article: Y-FD, and X-ZH. Final approval of the article: ZQ,
K-JW, D-SS, JC, Y-XC, D-LS, Y-FD, and X-ZH. Statistical

References

1. Allaire M, Goumard C, Lim C, Le Cleach A, Wagner M, Scatton O., et al. New
frontiers in liver resection for hepatocellular carcinoma. JHEP Rep (2020) 2:100134.
doi: 10.1016/j.jhepr.2020.100134

2. Li X, Ramadori P, Pfister D, Seehawer M, Zender L, Heikenwalder M, et al.
The immunological and metabolic landscape in primary and metastatic liver
cancer. Nat Rev Cancer (2021) 21:541-57. doi: 10.1038/s41568-021-00383-9

3. Monden K, Alconchel F, Berardi G, Ciria R, Akahoshi K, Miyasaka Y, et al.
Landmarks and techniques to perform minimally invasive liver surgery: A
systematic review with a focus on hepatic outflow. J Hepatobiliary Pancreat Sci
(2022) 29:66-81. doi: 10.1002/jhbp.898

4. Lim C, Ishizawa T, Miyata A, Mise Y, Sakamoto Y, Hasegawa K, et al. Surgical
indications and procedures for resection of hepatic malignancies confined to
segment VII. Ann Surg (2016) 263:529-37. doi: 10.1097/SLA.0000000000001118

5. Ishizawa T, Gumbs AA, Kokudo N, Gayet B. Laparoscopic segmentectomy of
the liver: from segment I to VIIL. Ann Surg (2012) 256:959-64. doi: 10.1097/
SLA.0b013e31825ffed3

6. Shafaee Z, Kazaryan AM, Marvin MR, Cannon R, Buell JF, Edwin B, et al. Is
laparoscopic repeat hepatectomy feasible? a tri-institutional analysis. ] Am Coll
Surg (2011) 212:171-9. doi: 10.1016/j.jamcollsurg.2010.10.012

7. Abu HM, Aldrighetti L, Dagher I, Edwin B, Troisi RI, Alikhanov R,
et al. The Southampton consensus guidelines for laparoscopic liver surgery:

Frontiers in Oncology

09

10.3389/fonc.2022.1060823

analysis: ZQ, K-JW, D-SS and JC. Obtained funding: ZQ and
Y-FD. Overall responsibility: Y-FD. All authors contributed to
the article and approved the submitted version.

Funding

The research was supported by Scientific and Technological
Projects for Young Talents, Changzhou Health and Family
Planning Commission (QN201809, QN202210), Changzhou
Health Commission Young talents Project (QN2019 11),
Changzhou Health Youth Talent Training Project
(CZQM2020035),Young Talent Development Plan of
Changzhou Health Commission (CZQM2020030), Changzhou
Society Development Funding (CE20205038).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

From indication to implementation. Ann Surg (2018) 268:11-8. doi: 10.1097/SLA.
0000000000002524

8. Hibi T, Cherqui D, Geller DA, Itano O, Kitagawa Y, Wakabayashi G.
International survey on technical aspects of laparoscopic liver resection: a web-
based study on the global diffusion of laparoscopic liver surgery prior to the 2nd
international consensus conference on laparoscopic liver resection in iwate, Japan.
Hepatobiliary Pancreat Sci (2014) 21:737-44. doi: 10.1002/jhbp.141

9. Li H, Wei Y. Hepatic vein injuries during laparoscopic hepatectomy. Surg
Laparosc Endosc Percutan Tech (2016) 26:29-31. doi: 10.1097/SLE.0000000000000244

10. Makabe K, Nitta H, Takahara T, Hasegawa Y, Kanno S, Nishizuka S, et al.
Efficacy of occlusion of hepatic artery and risk of carbon dioxide gas embolism
during laparoscopic hepatectomy in a pig model. J Hepatobiliary Pancreat Sci
(2014) 21:592-8. doi: 10.1002/jhbp.103

11. Zhang GN LB. Updates of bleeding control during laparoscopic
hepatectomy. Chin ] Digestive Surg (2016) 15:4.

12. Jayaraman S, Khakhar A, Yang H, Bainbridge D, Quan D. The association
between central venous pressure, pneumoperitoneum, and venous carbon dioxide
embolism in laparoscopic hepatectomy. Surg Endosc (2009) 23:2369-73.
doi: 10.1007/s00464-009-0359-9

13. Kretschmer M, Rudiger D, Zahler S. Mechanical aspects of angiogenesis.
Cancers (Basel) (2021) 13:4987. doi: 10.3390/cancers13194987

frontiersin.org


https://doi.org/10.1016/j.jhepr.2020.100134
https://doi.org/10.1038/s41568-021-00383-9
https://doi.org/10.1002/jhbp.898
https://doi.org/10.1097/SLA.0000000000001118
https://doi.org/10.1097/SLA.0b013e31825ffed3
https://doi.org/10.1097/SLA.0b013e31825ffed3
https://doi.org/10.1016/j.jamcollsurg.2010.10.012
https://doi.org/10.1097/SLA.0000000000002524
https://doi.org/10.1097/SLA.0000000000002524
https://doi.org/10.1002/jhbp.141
https://doi.org/10.1097/SLE.0000000000000244
https://doi.org/10.1002/jhbp.103
https://doi.org/10.1007/s00464-009-0359-9
https://doi.org/10.3390/cancers13194987
https://doi.org/10.3389/fonc.2022.1060823
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Qu et al.

14. Ogiso S, Seo S, Ishii T, Okumura S, Yoh T, Nishio T. Anatomy of the middle
hepatic vein tributaries to promote safer hepatic vein-guided liver resection. J
Gastroint Surg (2022) 26:122-7. doi: 10.1007/s11605-021-05074-2

15. Fors D, Eiriksson K, Arvidsson D, Rubertsson S. Gas embolism during
laparoscopic liver resection in a pig model: frequency and severity. Br | Anaesth
(2010) 105:282-8. doi: 10.1093/bja/aeq159

16. Weld KJ, Ames CD, Landman J, Morrissey K, Connor T, Hruby G, et al.
Evaluation of intra-abdominal pressures and gas embolism during laparoscopic
partial nephrectomy in a porcine model. J Urol (2005) 174:1457-9. doi: 10.1097/
01.ju.0000173010.96639.85

17. Kanazawa A, Tsukamoto T, Shimizu S, Yamamoto S, Murata A, Kubo S.
Laparoscopic hepatectomy for liver cancer. Digestive Dis (2015) 33:691-8.
doi: 10.1159/000438499

18. Makuuchi M. Surgical treatment for HCC-special reference to anatomical
resection. Int J Surg (2013) 11(Suppl 1):547-9. doi: 10.1016/S1743-9191(13)60015-1

19. Croome KP, Yamashita MH. Laparoscopic vs open hepatic resection for
benign and malignant tumors: An updated meta-analysis. Arch Surg (2010)
145:1109-18. doi: 10.1001/archsurg.2010.227

20. Chiba N, Abe Y, Nakagawa M, Koganezawa I, Yokozuka K, Kobayashi T,
et al. The "Tenting sign of the hepatic vein" is important for laparoscopic
anatomical hepatectomy along the major hepatic vein. J Gastroint Surg (2020)
24:1448-51. doi: 10.1007/s11605-019-04487-4

21. Otsuka Y, Katagiri T, Ishii J, Maeda T, Kubota Y, Tamura A, et al. Gas
embolism in laparoscopic hepatectomy: what is the optimal pneumoperitoneal
pressure for laparoscopic major hepatectomy? J Hepatobiliary Pancreat Sci (2013)
20:137-40. doi: 10.1007/s00534-012-0556-0

22. Takechi K, Ito M, Peng Y, Daizen W, Shimizu I. Laparoscopic image of
carbon dioxide embolism during laparoscopic hepatectomy: a case report. JA Clin
Rep (2020) 6:39. doi: 10.1186/s40981-020-00345-4

23. Tranchart H, ORourke N, Van Dam R, Gaillard M, Lainas P, Sugioka A,
et al. Bleeding control during laparoscopic liver resection: a review of literature. J
Hepatobiliary Pancreat Sci (2015) 22:371-8. doi: 10.1002/jhbp.217

24. Conversano F, Franchini R, Demitri C, Massoptier L, Montagna F,
Maffezzoli A, et al. Hepatic vessel segmentation for 3D planning of liver surgery
experimental evaluation of a new fully automatic algorithm. Acad Radiol (2011)
18:461-70. doi: 10.1016/j.acra.2010.11.015

25. Yangxun P, Jinbin C, Jiancong C, Zhongguo Z, Li X, Minshan C, et al. Safety
and feasibility of laparoscopic hepatectomy for hepatocellular carcinoma in the
posterosuperior liver segments. World J Surg (2015) 39:1202-9. doi: 10.1007/
$00268-015-2946-3

Frontiers in Oncology

10

10.3389/fonc.2022.1060823

26. Heyan Y, Yulu B, Yongcai X, Qilu W, Binhuang Y, Fei H, et al. Application
of selective occlusion of hepatic inflow and outflow in laparoscopic liver resection.
Chin ] Gen Surg (2010) 48:1190-1.

27. Linfeng X, Pingpeng J, Yong H, Xiangliu A, Hui Z, Lang T, et al.
Anatomic resection of liver cancer involving IX hepatic segment via the third
porta hepatis. Chin ] Gen Surg (2011) 26:964-5. doi: 10.3760/cma.j.issn.0529-
5815.2010.15.019

28. Cuncai Z, Xiaomin Y, Xinwen Z, Xiaoyong W, Guohui X, Xiaojun L, et al.
Clinical application of chen's simplified total hepatic vascular occlusion: a report of
280 cases. Chin ] Gen Surg (2014) 23:6-12.

29. Aoki T, Murakami M, Koizumi T, Enami Y, Koike R, Fujimori A, et al.
Skeletonization and isolation of the glissonean and venous branches in liver surgery
with an ultrasonic scalpel technology. Int Surg (2015) 100:1048-53. doi: 10.9738/
INTSURG-D-14-00258.1

30. Sotiropoulos GC, Stamopoulos P, Charalampoudis P, Molmenti EP,
Voutsarakis A, Kouraklis G, et al. Totally laparoscopic left hepatectomy using
the torsional ultrasonic scalpel. World J Gastroenterol (2013) 19:5929-32.
doi: 10.3748/wjg.v19.i35.5929

31. Hao M, Wang Z, Wei F, Wang ], Wang W, Ping Y, et al. Cavitron ultrasonic
surgical aspirator in laparoscopic nerve-sparing radical hysterectomy: A pilot
study. Int ] Gynecol Cancer (2016) 26:594-9. doi: 10.1097/IGC.0000000000000628

32. Yao D, Wu S. Application of stapling devices in liver surgery: Current status
and future prospects. World ] Gastroenterol (2016) 22:7091-8. doi: 10.3748/
Wig.v22.i31.7091

33. LiZ,Sun Y, WuF, Yang L, Lu Z, Yu W, et al. Controlled low central venous
pressure reduces blood loss and transfusion requirements in hepatectomy. World J
Gastroenterol (2014) 20:303-9. doi: 10.3748/wjg.v20.i1.303

34. Kobayashi S, Honda G, Kurata M, Tadano S, Sakamoto K, Okuda Y, et al.
An experimental study on the relationship among airway pressure,
pneumoperitoneum pressure, and central venous pressure in pure laparoscopic
hepatectomy. Ann Surg (2016) 263:1159-63. doi: 10.1097/SLA.0000000000001482

35. Zhe L, Wen-zhi Z, Xiang-qian Z. Application of controlled low central
venous pressure in laparoscopic hepatectomy. J Laparoscopic Surg (2011). 16:174-7.

36. Min SK, Kim JH, Lee SY. Carbon dioxide and argon gas embolism during
laparoscopic hepatic resection. Acta Anaesthesiol Scand (2007) 51:949-53.
doi: 10.1111/j.1399-6576.2007.01361.x

37. Hou W, Zhong ], Pan B, Huang J, Wang B, Sun Z, et al. Paradoxical carbon
dioxide embolism during laparoscopic surgery without intracardiac right-to-left
shunt: two case reports and a brief review of the literature. J Int Med Res (2020)
48:1220733368. doi: 10.1177/0300060520933816

frontiersin.org


https://doi.org/10.1007/s11605-021-05074-2
https://doi.org/10.1093/bja/aeq159
https://doi.org/10.1097/01.ju.0000173010.96639.85
https://doi.org/10.1097/01.ju.0000173010.96639.85
https://doi.org/10.1159/000438499
https://doi.org/10.1016/S1743-9191(13)60015-1
https://doi.org/10.1001/archsurg.2010.227
https://doi.org/10.1007/s11605-019-04487-4
https://doi.org/10.1007/s00534-012-0556-0
https://doi.org/10.1186/s40981-020-00345-4
https://doi.org/10.1002/jhbp.217
https://doi.org/10.1016/j.acra.2010.11.015
https://doi.org/10.1007/s00268-015-2946-3
https://doi.org/10.1007/s00268-015-2946-3
https://doi.org/10.3760/cma.j.issn.0529-5815.2010.15.019
https://doi.org/10.3760/cma.j.issn.0529-5815.2010.15.019
https://doi.org/10.9738/INTSURG-D-14-00258.1
https://doi.org/10.9738/INTSURG-D-14-00258.1
https://doi.org/10.3748/wjg.v19.i35.5929
https://doi.org/10.1097/IGC.0000000000000628
https://doi.org/10.3748/wjg.v22.i31.7091
https://doi.org/10.3748/wjg.v22.i31.7091
https://doi.org/10.3748/wjg.v20.i1.303
https://doi.org/10.1097/SLA.0000000000001482
https://doi.org/10.1111/j.1399-6576.2007.01361.x
https://doi.org/10.1177/0300060520933816
https://doi.org/10.3389/fonc.2022.1060823
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Treatment of hepatic venous system hemorrhage and carbon dioxide gas embolization during laparoscopic hepatectomy via hepatic vein approach
	Introduction
	Materials and methods
	Patients and methods

	Results
	Discussion
	Preoperative accurate assessment
	Methods to block blood flow in the hepatic vein system
	Application of various laparoscopic liver resection instruments
	Intraoperative fine operation to prevent hepatic venous system hemorrhage and CO2 gas embolism
	Controlled low central venous pressure technology
	Treatment of hepatic venous system hemorrhage
	Treatment of severe CO2 gas embolism during operation

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


