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perfusion. The laser Doppler flowmeter uses a fiber-optic-
based laser Doppler probe to assess the parenchymal blood
flow in the liver tissue. The Doppler shift of the laser beam
reflected by the red blood cells is monitored. This repre-
sents the transport of blood cells through the microvascu-
lature and is defined as follows: microvascular perfusion
(FLOW) = number of blood cells moving in the tissue
sampling volume (MASS) x mean velocity of these cells
(VELOCITY). We continuously measured the liver blood
flow in all the pigs from each group. The probe was
introduced into the peritoneal cavity through the 12-mm
supraumbilical trocar and was secured on the liver surface
with tape. We plotted the liver blood flow at each time
point on the basis of the value obtained from baseline
measurements performed at 0 min.

Tissue sampling and histological analysis

Biopsy samples were taken from the right lobe of the liver.
The first sample was taken immediately after the laparot-
omy and the second sample at 180 min after the first
biopsy. We fixed 5-pum paraffin-embedded sections of liver
biopsy samples in 10% buffered formalin and stained these
with hematoxylin and eosin. All the specimens were
evaluated by two pathologists who were blinded to the
sequence of the biopsy specimens.

Evaluation of DNA fragmentation

The terminal dUDP nick-end-labeling (TUNEL) assay was
performed on the paraffin sections using an in situ apop-
tosis detection kit (TaKaRa Biomedicals, Otsu, Japan).

Statistical analysis

All data other than the liver blood flow measurements were
reported as the mean = standard deviation (SD). Statistical
comparisons were made among groups using the Kruskal—
Wallis analysis, and the Mann—~Whitney U test with Bon-
ferroni correction was used as the post hoc test of variance.
Because the data were not normally distributed, nonpara-
metric statistical analysis was used. Friedman’s test was
used to compare dependent values within the same group.
A p value less than 0.05 was considered significant.

Results

Animal conditions and changes in blood pressure, PO,,
PCO,, and pH in the carotid artery

The time course of hemodynamic parameters and the
findings of the blood gas examination of the carotid artery
are shown in Fig. 1. No significant difference was observed
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in the blood pressure, PO,, PCO,, and pH between the PG
and the OG during the experiments. Furthermore, the heart
rate and body temperature did not significantly differ
between the two groups (data not shown).

Changes in blood pressure, PO,, PCO,, and pH
in the portal vein

During the experiments, the blood pressure in the portal
vein immediately increased to approximately 15 mmHg
in the PG, while it remained constant in the OG
(Fig. 2A). Statistical analysis revealed a significant dif-
ference in the portal vein blood pressure between the PG
and the OG at all time points (p < 0.01). The levels of
PO, and PCO, in the portal vein blood were significantly
higher in the PG than in the OG at all time points
(p < 0.01) (Fig. 2B and C, respectively). The pH of the
portal vein blood gradually decreased in the PG but not
in the OG (Fig. 2D). Furthermore, statistical analysis
revealed a significant difference in the pH of the portal
vein blood between the PG and the OG at all the time
points (p < 0.01).

Changes in the levels of hepatic aminotransferases,
lactate level, AKBR, and ICG retention test

As shown in Fig. 3A and B, the time course of the AST and
ALT levels did not significantly differ between the PG and
the OG, while the levels of both AST and ALT were higher
in the PG than in the OG at almost all the time points
during the experiments. The amount of lactate in the

Fig. 2 Time course of the
parameters of the portal vein
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*¥p < 0.01 compared to the
OG. Bars indicate the

carotid artery remained constant at all the time points in
both the PG and the OG (data not shown). In the PG,
AKBR decreased at 90 min and significantly differed from
that at 0 min (p < 0.01) (Fig. 3C). We performed the ICG
retention test at 0 and 180 min. The value of the ICG
retention test was significantly higher at 180 min than at
0 min in the PG (p < 0.01), although this value did not
vary significantly in the OG (Fig. 3D).

Liver tissue blood flow

The liver tissue blood flow measured using a laser Doppler
flowmeter showed a gradual increase in the PG but
remained constant in the OG (Fig. 4), although we could
not analyze the statistical differences between the two
groups because of the small number of pigs. We have
shown the representative data of two pigs in each group
because the data of other pigs contained noise.

Histological findings in the liver

Histological examination revealed ballooning and steatosis
in the hepatocytes around the central vein and a focal lytic
change in the hepatocytes in the PG (Fig. 5B-E). Fur-
thermore, dilatation and congestion of the sinusoid and
central vein were observed in the PG (Fig. 5B, C). On the
other hand, no obvious change was observed in the OG
(Fig. 5A). The assay revealed that TUNEL-positive hepa-
tocytes were present in the region where a focal lytic
change was observed in the hepatocytes (Fig. S5F).

100

0
(=]

Portal vein PO2(mmHg) oy
()}
(=}

Portal vein blood pressure

mean =+ SD. 40
PG pneumoperitoneum group, 0
OG open group —o—PG
0 L i 1 1 - 1 ] 0 1 1 1 1 I} 1 ]
0 15 30 45 60 90 120 180 0 15 30 45 60 90 120 180
Time(min) Time(min)
C D
g‘) 100 4 o ?ﬂ 7.5+
g - ]
80 =
E g 749
N = N
8 60 1 E L
& 4- = 7.3
g 404 S
2 »
E 20 g 7.2
1 St
3 S
(-9 0 L 1 L L L 1 ) [~ 7.1 ) L L L | L Il
0 15 30 45 60 90 120 180 0 15 30 45 60 90 120 180
Time(min) Time(min)

@ Springer

- 268 -



Surg Endosc (2010) 24:1693-1700

1697

Fig. 3 Time course of {%ST A o B 120
(A), ALT (B), changes in
AKBR (C), and the ICG 100 - 100
retention test (D). ¥p < 0.01 T
compared to the value at 0 min. g 80 1 g 80
Bars indicate the mean =+ SD. = 60 4 ?, 60
PG pneumoperitoneum group, ; :
OG open group < 409 < 40
20 T 20
O 1 8 Il 1 1 1 ] 0 1 1 1 1 1 1 ]
0 15 30 45 60 90 120 180 0 10 30 45 60 90 120 180
Time(min) Time(min)
C D &
27 60 1 *

2

£ 1.6 _ 501

= I

2 1.2 e

e = 30 -

= 5

£ 081 e

X v 20

= ] )

§ 0.4 104

<

0 0
0 90 0 180

Time(min)

Liver tissue blood flow (fold)

Time(min)

Fig. 4 Time course of the blood flow in the liver tissue.
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Discussion

CO, insufflation is the most commonly used procedure
during laparoscopic surgery. Various studies have shown
that a pneumoperitoneum with CO, affects the functions of
several organs, including the heart, lung, kidney, and liver
[4, 6, 17]. In this study we assessed the effects of pneu-
moperitoneum on liver functions in a porcine pneumoper-
itoneum model because it is difficult to obtain portal vein
blood and liver tissue samples from humans during lapa-
roscopic surgery. We found changes in portal vein acidosis,
liver functions, and liver histology during CO,
pneumoperitoneum.

Time(min)

Hepatic aminotransferases are well-analyzed markers
that have been used during and after pneumoperitoneum in
humans and animals. Many studies have reported that the
levels of aminotransferases remain constant in a low-
pressure pneumoperitoneum but increase in a high-pressure
pneumoperitoneum [10, 18, 19]. The experiments were
performed in pigs under CO, pneumoperitoneum at an
intra-abdominal pressure of 8 mmHg because at this
pressure the general conditions of clinical laparoscopic
surgery can be simulated. Moreover, previous studies have
reported that low intra-abdominal pressure (7-10 mmHg)
had minimal effects on the functions of the heart and other
organs [4, 10, 19]. Indeed, there was no significant dif-
ference between the two groups with respect to the blood
pressure, PO,, PCO,, and pH in the carotid artery (Fig. 1).
Furthermore, statistical analysis revealed no significant
difference in the time course of serum aminotransferase
levels between the PG and the OG. These results were
consistent with those reported in previous studies.
Although statistical analysis revealed no significant dif-
ference in the levels of serum aminotransferases between
the groups, the results of the present study showed that
these levels were higher in the PG than in the OG (Fig. 3).
These findings may be consistent with the histological
findings, which were lytic changes in a focal area but not in
a confluent area of the hepatocytes in the PG and no
changes in the hepatocytes of the OG (Fig. 5).

In addition to aminotransferases, we analyzed the lactate
levels, AKBR, and ICG retention. There have been few
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Fig. 5 Histopathological
findings of the liver. HE staining
of the liver in the A OG, B-E
PG, and F TUNEL staining in
the PG. The arrows indicate
TUNEL-positive cells. Original
magnifications: 100x (scale
bar = 200 pm) in A, B, C, and
D, and 400x (scale bar =

50 um) in E and F.

PG pneumoperitoneum group,
OG open group

reports describing hepatic functions other than the serum
aminotransferase levels during pneumoperitoneum in ani-
mals and humans. Lactate is often clinically used as a
marker in anaerobic metabolism and is monitored as a
marker for liver functions in acute liver failure and major
hepatectomy [20]. Under our experimental conditions, the
serum level of lactate was not influenced by CO, pneu-
moperitoneum. On the other hand, in the PG, the AKBR,
which is a metabolic indicator of liver functions and is
considered to be an accurate index of the functional liver
reserve [21], was significantly low at 90 min compared to
that at 0 min (Fig. 3C). Interestingly, the pH of the portal
vein blood was lowest at 90 min in the PG (pH = 7.19 £
0.05) (Fig. 2D); the time course of the decrease in the
AKBR value was similar to that of pH. On the other hand,
the PO, level in the portal vein was higher in the PG than in
the OG at all the time points (Fig. 2B). AKBR, which is the
ratio of acetoacetate to 3-hydroxybutyrate in the arterial
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blood, reflects the mitochondrial redox potential of hepa-
tocytes and the energy state of the liver [22, 23]. It is
known that hepatic mitochondrial functions decrease
because of not only hypoxia but also acidosis [24]. Inter-
estingly, based on the blood gas examination of the portal
vein, we speculated that the decrease in AKBR that was
observed in the experiment may be dependent on the
decrease in the pH of the portal vein blood and not on
hypoxia. In addition, TUNEL-positive hepatocytes, which
probably indicate an apoptotic change in the hepatocytes,
were observed in the area with focal lytic changes in the
PG. Because it has been reported that mitochondrial dys-
function causes apoptosis in hepatocytes [25], it is probable
that CO, pneumoperitoneum causes apoptosis in hepato-
cytes by lowering the pH of the portal vein blood, which in
turn results in decreased hepatic mitochondrial function.
Furthermore, we examined the change in ICG retention
during pneumoperitoneum. ICG is an anionic dye and
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removed almost exclusively from the liver [26]. In the PG,
the rate of ICG retention significantly increased within
180 min; on the other hand, in the OG, the rate of ICG
retention did not significantly vary from 0 to 180 min
(Fig. 3D). Elimination of ICG from the blood is indicated
by the hepatic blood flow, ICG uptake by the hepatocytes,
and ICG excretion from the hepatocytes [26]. It remains
unclear whether the efficiency of ICG uptake and hepato-
cyte excretion is influenced by CO, pneumoperitoneum.
While hepatic mitochondrial dysfunction observed in this
experiment may partly influence the functions of hepato-
cytes, the change in the liver blood flow under pneumo-
peritoneum may be important for increasing the ICG
retention rate.

Several researchers have examined the hemodynamic
changes in the liver blood flow under pneumoperitoneum
in humans and animals; however, the results remain con-
troversial. Previous studies have described mainly three
methods of measuring liver blood flow: (1) measuring the
blood flow of the portal vein and hepatic artery by placing
the probe directly on the vessels, (2) measuring the hepatic
venous flow using transesophageal Doppler echocardiog-
raphy, and (3) measuring the velocity and number of red
blood cells by using a laser Doppler flowmeter on the liver
surface. In studies in which the vessel blood flow was
measured directly, the blood flow in the portal vein and
hepatic artery was found to decrease or remain unchanged
under pneumoperitoneum [12-15]. In a previous study that
used transesophageal Doppler echocardiography, it was
found that the blood flow in the hepatic vein significantly
increased during pneumoperitoneum in humans [16]. We
estimated the liver blood flow in this experiment by using a
laser Doppler flowmeter. This instrument measures the
liver blood flow by multiplying the number of blood cells
moving in the tissue sampling volume by the mean velocity
of these cells (refer to Materials and methods). Although
we could show the representative data of the liver blood
flow in only a small number of pigs (2 pigs in each group)
because of noise interference during measurement, the liver
blood flow increased in the PG during CO, pneumoperi-
toneum but showed no apparent change in the OG. The
measurements of the liver blood flow and the results of the
histological findings, which revealed dilatation of the
sinusoid and central vein (containing red blood cells) and a
focal lytic change, may indicate liver congestion. It has
been reported that CO, pneumoperitoneum affects cardiac
functions and results in increased pressure in the superior
and inferior caval veins in a porcine pneumoperitoneum
model (intra-abdominal pressure = 10 mm Hg) [27]. From
the findings of the present experiments and the results of
previous studies, we speculated that CO, pneumoperito-
neum causes liver congestion through right ventricular
cardiac overload and a decrease in the blood flow of the

hepatic artery and portal vein; this results in an increased
ICG retention rate and histological changes.

In conclusion, CO, pneumoperitoneum at an intra-
abdominal pressure of 8 mmHg for 180 min affects liver
functions and causes histological changes in the liver in a
porcine model. Laparoscopic surgery is currently used not
only for cholecystectomy and colectomy but also for hep-
atectomy for liver donation in living-related liver trans-
plantation and hepatocellular carcinoma. It is not clear
whether the alterations observed in the porcine liver occur
in humans as well and whether these alterations are
reversible after pneumoperitoneum; however, it is probably
important to pay attention to liver damage during laparo-
scopic surgery in patients with liver dysfunction.
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HESISHRIC 1S B MRS & 2 ORI
L HLA ISR RS ORE
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Strategies for B cell regulation to prevent anti~-HLA
antibody-mediated rejection in organ transplantation

key words © HLA, antibody-mediated rejection,
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Proliferation o1

T #B {7 antibody-mediated
rejection $£45%

a CD4" THRILIIHESRRABIL (APC)
ICEB L2 M —BROARTF FH
FEEmL, &y A -5 TBHM
#Bd, APCICRIBLA F+—tED
RT7F R RMT S, APCET
#32, B AR HE T o EIRESRSF (CD40-
WL B LTS A4 (1L-4.56)
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Cyclosporine blocks differentiation to B~1 cells responding
10 blood group A antigens

Hideki Ohdan”
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AFMEICIEEEALS 3. BT 2 HEEHPUEA B R
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BEITH S B-1 MBI DL S RISEHHBAET
%,

gx o, 2o THRIERTFEB-1 Mla~D
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Plahs C L EMERLE". AT, B-1 41
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B-1 fif8 & B-2 #iF lineage
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& LTCOHBEE T, B2l RERE L
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B-2 #EAE IE B B o M A SR A AE (hematopoietic
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707, BEBRBEICBIT L 7 ORTF FHAkREE
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2, B-1 MBSz ER I ez 5, Bk
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—DU Lineage €7V T, B-1 2O FIEKHIAA
X B2 MM ORISEAMfE L 1t B b, RAEMIVEF
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B celf
progenitor

B-1 antigen-
induced
expansion

Selection model I

1 B-1#RMEEF N
B-2 filfaid, EHRED HPC oML, BB LA PO B2 MIMIMEE BEL, ~v
N—=THRPLDY FFLERGTHEL, ViEEEME~E L &3 B-1 A
AL, ZonEFANRBEA TS,
Lineage EF /L : B-1 MR ORTIRMN (& B-2 AR O RYERAMA & 13842 h, JHE L Wk
AL Hok oY A S N R A ety N
Selection 5L : LMWBOE IR MEFERMEY 5, BB AHEHOE L > TB-1 4
A B-2 RIS A, B-1 MR, BRRIERHC RS RIEE TR L, T HRSERE Y
OFRFISEE TS, B-1 flJLiE, L/3— by -0z L Y, CD5 B-laflfE & CD5 B~ib
Mg shs,
(Montecino-Rodriguez E et al. © Trend Immunol 27 © 428-433, 2006” ;
Dorshkind K et al. : Nat Rev Immunol 7 : 213-219, 2007 & b 8¢Z5)

%7 A BMBEFED D VIE Gl FEIETR
LIESEHME THAH, INOIIHET A BAllEY
BEMIHEL S 270 b I—- VORIAFRD &
nNTna,

H#E 513 A B MBBETE & Gal HEIZ IS
2RY BHIBOSHEEZFEITLTAL Z0OBE
M BHTE RS B #iAEl CDI1b"CD5” B-la#
F342®, Gal FUEEIGHE B Mgt CDI1b"CDS ™ B~
b I FRFRSEENLET (@ 2). wind,
W L ESEEC B MBS EEIES SR, T
WIS S OBE LV F U2 &S B ARINE
B LIbEEmIE~E 2T 5.

B-1 #ALIE, thymus-independent type-2 $LE D

itk oA ATy Y-EFOTLYY
AP EFBLTHMET A EFRESA TS,

¥ 77 A TIld, phosphatidyln choline (PIC) (ZIGE ¥
5 B MBI B-laflilic AT 2 C LIS T
Wh, PIC-B MBS FET A4 A/ 70T
VU FS VAT 2= 77 ALBWT, CGGAD
BE5 & o THPtC-B #Mifaik, B-0/B-2 7 =/
$A7DETETY, B-laflila~oa{trHE
ENDTENHEHEINL(RI)Y. $/2, B-1a
B~ 54EiciE B MR8 EH O NFATcl &bz
EThL0HELHY. ANV a—1) Y REA
# NFATcl BB Z IR T H2EE, S, CsA 25 B-
la MBE DAL & M3 2 T REESE 2 b2,
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