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Bile Ducts at Hepatic Hilum
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FIGURE 1. Two-dimensional map of the confluence patterns of
intrahepatic and extrahepatic bile ducts and cancer extension
along the bile ducts (the “pressed flower method”). Numbers
refer to the Couinaud’s segment. 1li, left inferior branch; 1ls, left
superior branch; 1¢, caudate process branch; 1r, right branch; 4a,
inferior branch; 4b, superior branch; 4c, dorsal branch; 5a, ven-
tral branch; 5b, dorsal branch; 5c, lateral branch; 6a, ventral
branch; éb, dorsal branch; éc, lateral branch; 7a, ventral branch;
7b, dorsal branch; 7d, medial branch; 8a, ventral branch; 8b,
lateral branch; 8¢, dorsal branch; 8d, medial branch; and GB,
gallbladder.

extrahepatic bile ducts (the left lateral anterior and posterior
segmental ducts, the left medial segmental bile duct, and the
left and common hepatic ducts).’

RESULTS

Confluence Patterns of the Right Intrahepatic
Bile Ducts

Confluence patterns of the right intrahepatic bile ducts
were classified into three patterns according to the anatomic
relation between the right posterior sectional bile duct and the
portal vein (Fig. 2): supraportal pattern (n = 91) in which the
right posterior sectional bile duct ran dorsally and cranially to
the right or the right anterior portal vein and joined with the
distal bile duct at its cranial side; infraportal pattern (n = 13)
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FIGURE 2. The three confluence pattems of the right posterior
sectional bile ducts according to their anatomic relationship to
the right portal vein.
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in which the right posterior sectional bile duct ran ventrally
and caudally to the right or the right anterior portal vein and
drained into the distal bile duct at its caudal side; and
combined pattern (n = 6) in which some parts of the right
posterior sectional bile duct entered the distal bile duct
supraportally and the remaining parts of the right posterior
sectional bile duct joined with the distal bile duct infrapor-
tally. The 91 cases of the supraportal pattern were classified
into three subtypes (Fig. 3): the right posterior sectional bile
duct joined with the right anterior sectional bile duct, forming
the right hepatic duct (type A, n = 72); the right posterior
sectional bile duct entered the confluence of the right anterior
sectional bile duct and the left hepatic duct (type B, n = 6);
the right posterior sectional bile duct drained into the left
hepatic duct (type C, n = 13). In 1 of the 72 type A cases, a
dorsal subsegmental branch of the right anterior inferior bile
duct joined with the cystic duct. The 13 cases with the
infraportal pattern were classified into two subtypes: the right
posterior sectional bile duct joined with the right anterior
sectional bile duct, forming the right hepatic duct (type D,
n = 8); and the right posterior sectional bile duct entered the
common hepatic duct (type E, n = 5). Six cases of a
combined pattern also were classified into two subtypes: a
portion of the right posterior sectional bile duct joined with
the right anterior sectional bile duct infraportally, becoming
the right hepatic duct, and the remaining parts of the right
posterior sectional bile duct entered the right hepatic duct
supraportally (type F, n = 1); and a portion of the right
posterior sectional bile duct joined with the common hepatic
duct infraportally and the remaining parts entered the left
hepatic duct supraportally (type G, n = 5). The right hepatic
duct was absent in types B, C, E, and G.

Confluence Patterns of the Left Intrahepatic
Bile Ducts

Confluence patterns of the left intrahepatic bile ducts
were classified into four types according to confluence pat-
terns of the left medial sectional bile duct (Fig. 4). The left
medial sectional bile duct drained into the left lateral sec-
tional bile duct in type H (n = 43); the left medial sectional
bile duct entered the confluence of the left lateral anterior and
posterior segmental bile ducts in type I (n = 2); the left
medial sectional bile duct joined with the left lateral anterior
segmental bile duct in type J (n = 9); the left medial sectional
bile duct entered the hepatic confluence in type K (n = 1);
and the left hepatic duct was absent in type K. In one case of
type J, the left lateral anterior segmental bile duct ran cau-
dally to the umbilical portion of the left portal vein: (type J°).

DISCUSSION
Compared with cadaveric liver transplantation, LDLT
offers several advantages: a large number of organs available
for children; elective basis for transplantation, resulting in
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FIGURE 3. Confluence patterns of the right intrahepatic bile ducts in 110 cases. Supraportal pattern: Type A, the right posterior
sectional bile duct (P) joins the right anterior sectional bile duct (A); Type B, P drains into the confluence of A and left hepatic duct
(LHD); and Type C, P enters LHD. Infraportal pattern: Type D, P joins A; Type E, P enters the common hepatic duct. Combined
pattern: Type F, some elements of the right posterior sectional bile duct (P1) enter A infraportaily and the remaining portion (P2)
joins A supraportally; and Type G, P joins the common hepatic duct infraportally and P2 joins LHD supraportally. RHD, right

hepatic duct.

lower morbidity, mortality, and overall cost; the absence of
primary nonfunction resulting from minimal cold ischemia
time and the use of healthy donor; and theoretical immuno-
logic advantages, as suggested by a lower incidence of
steroid-resistant rejection.'® Despite these technical and im-
munologic advantages, biliary complications remain one of
the most common problems in LDLT and occur in approxi-
mately 30% of the cases.!®!! Careful attention to the bile duct
must be paid not only in recipients but also in the donor
organ. As anatomic variations of the biliary tree are very
common, incomplete appreciation of the segmental biliary
anatomy can lead to complications. Although Huang et al'?
studied the confluence patterns of the biliary tree using
endoscopic retrograde cholangiography, this is the first study
to report anatomic variations of the hepatic confluence in
relationship to the portal vein using surgical specimens.

As right liver harvesting has become increasingly com-
mon,'>'* knowledge of the anatomic variations of the right
intrahepatic bile ducts is very important. In the current study,
the right hepatic duct was absent in 29 (26%) of the 110
cases. When harvesting a donor without a right hepatic duct,
two or more orifices of the bile ducts will be present in plane
of transection of the graft. Biliary reconstruction of these
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FIGURE 4. Confluence patterns of the left intrahepatic bile
ducts in 55 cases. Type H, the left medial sectional bile duct*
enters the left lateral sectional bile duct. Type |, 4 enters the
confiuence of the left lateral anterior® and posterior? segmen-
fal bile ducts; Type }, 4 enters 3; Type |', 3 runs caudaily to the
umbilical portion of the left portal vein; and Type K, 4 enters
the hepatic confluence. LHD, left hepatic duct.
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FIGURE 5. Intraoperative photographs of the plane of transec-
tion of the liver after left hepatectomy with caudate lobec-
tomy, which is simifar to the transection plane of the right liver
graft. A: Supraportal pattern. The orifice of the right posterior
sectional bile duct (Bp) is opened cranial to the right anterior
portal vein. B: Infraportal pattern. Bp is opened caudal to the
right anterior portal vein. C: Combined pattern. Stumps are
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FIGURE 6. Intraoperative photograph of the plane of transec-
tion of the liver after right trisectionectomy and caudate lo-
bectomy combined with portal vein resection and reconstruc-
tion in a patient with type }J' anatomy. The bile duct stumps
can be seen on both sides of the umbilical portion of the left
portal vein (UP). B2, left lateral posterior segrmental bile duct;
and B3, left lateral anterior segmental bile duct.

variants is complicated and technically difficult. When the
supraportal pattern is present (types B, C), the stump of the
right posterior sectional bile duct is present cranial to the right
anterior portal vein (Fig. 5A). In cases of the infraportal
pattern (type E), the orifice opens caudally to the right
anterior portal vein (Fig. 5B). In cases of the combined
pattern (type G), stumps are present both cranially and cau-
dally (Fig. 5C). It is essential that both stumps must be
reconstructed when they are present. Furthermore, particular
care must be taken in harvesting the left liver from a donor
with a type C or G variant. As the right posterior sectional
bile duct will be divided from the left hepatic duct in these
cases, oversight or ligation of the stump of the right posterior
sectional bile duct will lead to biliary leakage or obstruction
in the donor.

Although the confluence pattern of the left intrahepatic
bile ducts has been reviewed by Reichert et al,’” they did not
encounter the type K variant. When harvesting the left liver
from a donor with this rare variant, overlooking the stump of
the left medial sectional bile duct will lead to biliary compli-
cations. Type J* also is a rare, but critical, variant. In har-
vesting the left lateral section from a donor with this variant,
stumps of the left lateral posterior and anterior segmental bile

present cranially and caudally to the right anterior portal vein.
RPV, right portal vein; Ba, right anterior sectional bile duct; BS,
right anterior inferior segmental bile duct; B8, right anterior
superior segmental bile duct; and B6a, ventral subsegmental
branch of the right posterior inferior segmental bile duct.
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ducts are open cranial and caudal to the umbilical portion of

the left portal vein, respectively (Fig. 6). The stump of the left
lateral anterior segmental bile duct can easily escape the
notice.

In LDLT, the biliary anatomy of the donor usually is
evaluated using intraoperative cholangiography.!''® The sur-
geon must make a snap decision as to the biliary anatomy and
its relationship to the line of transection. When the right
posterior sectional bile duct drains into the left hepatic duct,
it runs supraportally; and when the right posterior sectional
bile duct enters the common hepatic duct, it runs infrapor-
tally. Familiarity with the variations of the hepatic conflu-
ence, especially types B, C, E, G, J’, and K, will decrease the
likelihood of surgical misadventure.
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Abstract. Little is known about the relation between liver regeneration and
splenic size. We monitored serial changes in liver and spleen volumes using
computed tomography in 24 patients with biliary cancer who underwent
right hepatectomy or more extensive liver resection following portal vein
embolization (PVE). Nonembolized hepatic segments increased in volume
from 316 = 97 cm® (34% + 8% of total liver volume) before PVE to 410 %
115 cm® (44% + 8%) after PVE. The volume of nonembolized hepatic seg-
ments (i.e., remnant liver) increased to 617 = 111 em® (59% = 10% of total
liver volume before PVE) 14 days after hepatectomy and then increased
slowly to reach 795 % 231 cm® (76% * 16%) 1 year after hepatectomy.
Splenic volume increased from 87 % 29 em® before PVE to 104 * 38 cm®
(119% * 17% of original velume) after PVE. Splenic volume increased to
137 % 65 cm® (155% = 40%) by 14 days after hepatectomy and to 155 + 67
em® (179% = 41%) by 28 days after hepatectomy, with ne further change at
1 year after hepatectomy (153 = 92 cm>; 174% % 79%). The rate of increase
in splenic volume within the first 14 days after hepatectomy was 2.7 *+ 3.6
em’/day, correlating well with increases in remnant liver volume (r = 0.64,
p = 0.0006). These data indicate that the spleen is enlarged during liver
regeneration, suggesting that the liver and spleen share certain common
growth regulatory mechanisms.

Since ancient times, the liver has been known to regenerate after
loss of hepatic mass. Many authors have determined liver volume
after hepatectomy using computed tomography (CT), confirming
that the human liver has good regenerative capacity and that regen-
eration is influenced by the resection volume and the presence of
coexisting liver disease [1-6]. Experimental evidence suggests that
splenic factors suppress liver regeneration after hepatectomy [7-9],
but only one clinical study [10] has considered splenic size as a pos-
sible factor in this suppression. Because no studies have included
measurements of splenic volume during liver regeneration, little is
known about the relation between liver regeneration and splenic
volume.

Recently, portal vein embolization (PVE) has been widely
adopted as a treatment before performing extensive liver resection
[11, 12]. Both experimental and clinical studies demonstrated that
PVE induces regeneration in nonembolized hepatic segments {13~
16]. In the present study, we measured changes in splenic volume by
CT after two regenerative stimuli, PVE and then hepatectomy, to

Correspondence to: Yuji Nimura, M.D., Ph.D., e-mail: ynimura@med.
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elucidate the relation between splenic volume and liver regenera-
tion.

Materials and Methods

From January 1999 to January 2002 a total of 32 patients with bil-
iary cancer underwent right hepatectomy or more extensive liver
resection after PVE at the First Department of Surgery, Nagoya
University Hospital. Among them, 24 patients were involved in this
study, because they underwent CT before and after PVE and at 14
days, 28 days, and 1 year after hepatectomy. Times between PVE
and the subsequent CT after PVE were 16.2 + 4.9 days (median 14
days; range 8-25 days). Hepatectomy was carried out 1 or 2 days
after the post-PVE CT.

The subjects included 10 men and 14 women, with an average age
of 66.0 = 7.3 years. Altogether, 18 patients had proximal cholan-
giocarcinoma, and the remaining 6 had advanced gallbladder car-
cinoma involving the hepatic hilus. Tumor staging was evaluated
using the TNM Classification of Malignant Tumors by the Interna-
tional Union Against Cancer {17] (Table 1). No patient was cir-
rhotic. All patients had obstructive jaundice on admission, but none
had jaundice at the time of PVE, as they had undergone percuta-
neous transhepatic biliary drainage. All patients underwent cura-
tive resection and showed no recurrence for at least 1 year.

Surgical procedures performed are summarized in Table 1. En
bloc resection of the extrahepatic bile duct was performed in all
patients, and bilioenteric continuity was reestablished by hepatico-
jejunostomy using a Roux-en-Y jejunal limb. Embolized portal
vein(s) were the right portal vein and left medial portal branch pre-
ceding right hepatic trisectionectomy [18] (resection of Couinaud’s
segments 4, 5, 6, 7, and 8), the left portal vein and the right anterior
portal branch preceding left hepatic trisectionectomy (resection of
segments 2, 3, 4, 5, and 8), or the right portal vein preceding right
hepatectomy (resection of segments 5, 6, 7, and 8) [19, 20] Accord-
ingly, except for the caudate lobe, embolized hepatic segments cor-
responded precisely to the resected segments in this series.

Volumetric measurements of the liver and spleen were per-
formed by methods previously reported [2, 6, 15]. Briefly, serial
transverse images of the upper abdomen were obtained at 1 cm
intervals, with enhancement by intravenous bolus injection of con-
trast medium. Each slice of the liver and spleen was traced with the
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Table 1. Surgical procedures performed in 24 patients.

Parameter No. of patients
TNM staging”
T2 4
T3 5
T4 15
NO 14
N1 10
MO0 23
M1 1
Tumor stage
IB 4
1IA 3
1B 3
111 13
v 1
Type of hepatectomy”
S1,4,5,6,7,8 4
S1,4a°5,6,7,8 4
$1,5,6,7,8 13
51,2,3,4,5,8 3

“According to TNM Classification of Malignant Tumors by the UICC
(6th edition).

Expressed as Couinaud’s hepatic segments (S1 through S8) resected.

“4a: Segment 4.

cursor, and the corresponding area was calculated by computer.
Total volumes of the liver and spleen were obtained by adding the
volumes of individual slices. All volumetric measurements were
carried out by a single doctor (H.A.) to eliminate interobserver
variability. An indocyanine green (ICG) test was carried out within
1 week before surgery according to a method described elsewhere
[21]; it was expressed as plasma clearance rate of indocyanine green
(KICG). Body surface area (BSA) was calculated using the equa-
tion of DuBois and DuBois [22].

BSA (m?) = body weight (kg)®*?> x height (cm)®>"* x 0.007184

Results are expressed as the mean = SD. Statistical analysis was
performed with the paired Student’s t-test. All r values were de-
fined using Pearson’s correlation coefficient. A level of p < 0.05
was considered statistically significant.

Results

Serial Changes in Volumes of Nonembolized Hepatic Segments
and Spleen

Total liver and splenic volumes before PVE were 1048 £ 160 cm®
(range 726-1318 cm®) and 87 + 29 cm? (range 27146 cm®), respec-
tively. The liver volume before PVE correlated well with the BSA
(r = 0.68, p < 0.0001). The splenic volume before PVE showed a
significant negative correlation with age (+ = -0.41, p < 0.05) but not
with the BSA (r = 0.14, p = 0.523) or KICG (r = -0.08, p = 0.720).

The volume of nonembolized hepatic segments (excluding the
caudate lobe) increased from 316 £ 97 cm® (34% =+ 8% of total
liver volume) before PVE to 410 * 115 cm® (44% =+ 8%) after
PVE. However, total liver volume after PVE was unchanged (1039
+ 170 cm®) as the volume of embolized hepatic segments de-
creased. The volume of nonembolized hepatic segments {i.e., rem-
nant liver) increased to 617 + 111 cm® (59% = 10% of total liver
volume before PVE) 14 days after hepatectomy and then slowly
increased to reach 795 + 231 cm® (76% + 16%) 1 year after hepa-
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Fig. 1. Changes in nonembolized (remnant) liver volume. PVE: portal
vein embolization; Hx: hepatectomy. "p < 0.001 versus before PVE.

tectomy (Fig. 1). The liver volume 1 year after hepatectomy corre-
lated strongly with the BSA (r = 0.85, p < 0.0001).

The splenic volume increased from 87 + 29 cm? before PVE to
104 + 38 cm® (119% =* 17% of original volume) after PVE. The
volume increased to 137 = 65 cm® (155% =+ 40%) by 14 days after
hepatectomy and to 155 + 67 cm® (179% =+ 41%) by 28 days after
hepatectomy. The volume had not changed further 1 year after
hepatectomy (153 + 92 cm?; 174% =+ 79%) (Fig. 2). The splenic
volume 1 year after hepatectomy exhibited no correlations with
BSA (r = 0.27, p = 0.204), KICG (r = -0.04, p = 0.847), or liver
volume 1 year after hepatectomy (r = 0.29, p = 0.167).

Association between Liver Regeneration and Splenic Volume

The rate of increase in the volume of nonembolized hepatic seg-
ments after PVE was 6.2 * 3.1 cm®/day, and that of the spleen was
1.0 = 1.0 cm*/day. No correlation was found between these two
rates (r = 0.12, p = 0.579).

The rate of increase in the remnant liver volume within 14 days
after hepatectomy was 16.3 = 9.3 cm*/day, and that of the spleen
was 2.7 = 3.6 cm®/day. A significant correlation was found between
these two rates (r = 0.64, p = 0.0006) (Fig. 3). The rate of increase
in the remnant liver volume within 14 days after hepatectomy cor-
related with neither the splenic volume before PVE (r = 0.28,p =
(0.189) nor that after PVE (r = 0.28, p = 0.183).

Association between Splenic Volume and Platelet Count

The platelet count was unchanged before and after PVE. However,
it decreased to 19.8 + 6.5 x 10*/ul 28 days after hepatectomy and
then slowly decreased to reach 15.9 = 4.7 x 10%/ul (62.3% + 20.8%
of the value before PVE) 1 year after hepatectomy (Fig. 4). Before
PVE there was no correlation between the splenic volume and the
platelet count, whereas 1 year after hepatectomy a significant nega-
tive correlation was found between these two parameters (r=
-0.411, p = 0.0456).

Discussion

Many authors have investigated liver size in adult populations, find-
ing that the liver volume in adults correlates well with the BSA [6,
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Fig. 2. Changes in splenic volume. *p < 0.001 versus before PVE.
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Fig. 3. Correlation between rate of increase in volume of remnant liver

within 14 days after hepatectomy and rate of splenic volume increase (r =
0.64, p = 0.0006).

23). In contrast, no criteria for normal splenic volume have been
widely accepted. Using CT, Henderson et al. [24] reported the first
measurement of splenic volume in vivo. In 11 normal Caucasians 20
to 30 years old, it was 219 cm®. Prassopoulos et al. [25] also mea-
sured splenic volume in 140 Caucasians, finding that the mean
splenic volume was 215 cm® and that splenic volume had no corre-
lation with age or BSA. More recently, Kaneko et al. [26] studied
splenic volume in 150 healthy Japanese donors for liver transplan-
tation {mean age 36 years, range 20-63 years), finding the mean
value to be 112 + 40 cm® (range 39-209 cm?). They also found that
splenic volume correlated negatively with age but not with the BSA.
In our present study, the pretreatment splenic volume was 87 = 29
cm®. Considering the difference in the mean age of the subjects, our
data are compatible with those of Kaneko et al. Importantly, the
splenic volume showed no.correlation with BSA, unlike the liver
volume. Although a negative correlation between age and splenic
volume was found, the correlation coefficient was small (0.36 in the
Kaneko et al. series and 0.41 in ours), making the relation less clini-
cally important. Considering all data, the main determinant of
adult splenic volume is still unclear.

We demonstrated an increase in splenic volume during liver re-
generation to 119% = 17% of the original volume by 16 days after
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Fig. 4. Changes in platelet count. *p < 0.001 versus before PVE.

PVE and to 155% =+ 40% by 14 days after hepatectomy. The rate of
increase in splenic volume was 1.0 cm®/day after PVE and 2.7 cm®/
day after hepatectomy, whereas the rate of increase in the volume
of the nonembolized (i.é., remnant) hepatic segments was 6.2 cm>/
day after PVE and 16.3 cm®/day after hepatectomy. Interestingly,
the ratio of the volume increase rate after hepatectomy to that after
PVE were similar for the spleen (2.7/1.0 = 2.7) and the liver (16.3/
6.2 = 2.6). In addition, a significant correlation was found between
the rate of increase in the remnant liver volume after hepatectomy
and that of the splenic volume after hepatectomy. Portal venous
pressure increases after major hepatectomy {27-29], but the in-
crease is reported to be small, less than 4 or 5 em H,O, and the
portal venous pressure returns to near the prehepatectomy level
within 7 days. Therefore passive congestion due to increased portal
venous pressure may be of only limited importance as a determi-
nant and mechanism of the splenic volume increase. Instead, our
results suggest that the liver and spleen may share certain growth
regulatory mechanisms.

The spleen has been shown to be capable of regeneration after
partial splenectomy or autotransplantation of splenic fragments
following splenectomy [30-32], although the regenerative process
in the spleen is not as striking as that in the liver. In addition, a study
of carbon tetrachloride-induced liver injury demonstrated not only
liver regeneration but also increased growth of such splenic auto-
transplants [31). Charters et al. [32] showed that uptake of [°H]thy-
midine in rat spleen after a 70% hepatectomy tripled and peaked at
24 hours, a time course similar to that of maximal uptake for hepa-
tocytes. This observation of an early peak of DNA synthetic activity
in the liver and spleen following hepatectomy supports the hypoth-
esis that both cell populations may be responding to common
stimulating factors, possibly including hepatocyte growth factor,
epidermal growth factor, transforming growth factor-a, or a com-
bination of these factors [33-37]. Our results also support this hy-
pothesis.

One year after hepatectomy, the remnant liver volume increased
to 76% of the original volume, and the spleen volume remained
increased to 174% of the original volume. Yanaga et al. [38] re-
ported that the increased splenic volume in patients with cirrhosis
and hypersplenism was reduced after orthotopic liver transplanta-
tion performed as radical therapy for portal hypertension. Even if
the portal pressure increases immediately after hepatectomy, it re-
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turns to preoperative values at an early stage after hepatectomy [28,
29]. Therefore we suspect that the increased volume of the spleen
observed in the present study is not a result of passive congestion.
Rather, it represents regeneration of the spleen. Previously, we
demonstrated that liver regeneration stops when the liver attains
three-fourths of its original volume approximately 6 months to 1
year after hepatectomy [6]. In other words, the remnant liver after
hepatectomy does not return to its original volume. The liver and
spleen are important components of the reticuloendothelial system
and have approximately equal numbers of reticuloendothelial cells
{32]. Increases in the volume of the spleen after hepatectomy may
be a mechanism to maintain the available reticuloendothelial cell
mass. Unlike the liver, however, the splenic volume | year after
hepatectomy had no correlation with the BSA, KICG, or liver vol-
ume. Therefore the determinant of splenic volume after hepatec-
tomy remains unknown.

The platelet count decreased to nearly 60% of the original value
1 year after hepatectomy, possibly resulting from increased splenic
volume, because a significant negative correlation was found be-
tween the splenic volume and the platelet count 1 year after hepa-
tectomy. Akimaru et al. [39] reported that a reducted platelet count
occurs only in patients with cirrhosis or chronic hepatitis who un-
derwent major hepatectomy. In their series, however, the follow-up
was extraordinarily short, limited to the hospital stay. An important
fact is that even in noncirrhotic patients the platelet count de-
creases significantly after major hepatectomy.

In several experimental studies [7-9], splenectomy accelerated
liver regeneration after hepatectomy, indicating that splenic factors
suppress liver regeneration. Clinically, Sato et al. [10} found a nega-
tive association between liver regeneration and splenic volume in
patients who underwent hepatectomy for hepatocellular carcinoma
complicated by a chronic liver disorder. In the present study, the
splenic volume before hepatectomy did not affect liver regenera-
tion, probably because the subjects were jaundiced but had no cir-
rhosis. Without “splenomegaly,” splenic factors may have little ef-
fect on liver regeneration after hepatectomy.

Conclusions

The spleen gains volume during liver regeneration, nearly doubling
in size 1 month after major hepatectomy, but without further
change. This increase in volume most likely represents regenera-
tion of the spleen.

Résumé. On sait peu de choses sur le changement de volume de la rate
pendant la régénération hépatique ou s’il y a un rapport entre les deux.
Nous avons enregistré les changements progressifs des volumes spléniques
et hépatiques par tomodensitométrie, chez 24 patients porteurs de cancer
biliaire ayant eu une hépatectomie droite ou plus, aprés embolisation de la
veine porte (EVP). Les segments non embolisés ont augmenté de volume de
316 % -97 cm® (34 + 8% du volume hépatique total) avant EVP 3 410 = 114
em? (44 x 8%) aprés EVP. Le volume des segments nonembolisés (foie
restant) a augmenté de 617 = 111 em® (89 = 10%) du volume total avant
EVP) 14 jours aprés hépatectomie et ensuite a augmenté progressivement
4795 = 231 em’ (76 = 16%) 4 1 an aprés Phépatectomie. Le volume splénique
a augmenté de 87 = 29 cm® avant EPV a 104 = 38 cm® (119 x 17% du
volume original) aprés EVP, Le volume splénique a augmenté a 137 x 65
em® (155 = 40%) & J 14 et 4 155 £ 67 cm® (179 = 41%) 4 J 28 aprés
Phépatectomie, sans aucun changement & 1 an aprés "hépatectomie
(153 = 92 cm?; 174 + 79%). L’augmentation du volume splénique dans
les 14 premiers jours aprés hépatectomie a été de 2.7 % 3.6 cm¥/jour,
correspondant bien & celle du volume du foie restant (r = 0.64, p =
0.0006). Ces données indiquent que la rate augmente de volume pendant la
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régénération hépatique, suggérant que la rate et le foie partagent un certain
nombre de mécanismes régulateurs de croissance.

Resumen. Poco se sabe sobre la relacién existente entre la regeneracién
hepdtica y el tamafio del bazo. Mediante cortes seriados con tomografia
computerizada estudiamos los cambios de volumen hepdtico y esplénico en
24 pacientes con cancer biliar que sufrieron una hepatectomia derecha o
una mds amplia reseccion hepdtica tras embolizacidn de la vena porta (PVE).
El volumen de los segmentos hepaticos no embolizados aumenté desde 316
+ 97 em® (34 = 8% del volumen hepatico total) antes de la PVE, hasta 410
+ 115 cm® (44 =+ 8%) tras la PVE. El volumen de los segmentos hepdticos no
embolizados (p.ej. el remanente hepdtico) aumenté hasta 617 + 111 ow?®
(59 = 10% del volumen total del higado antes de la PVE) a los 14 dias de la
hepatectomia y después siguié un lento incremento hasta alcanzar los 791
* 231 em® (76 + 16%) al afio de la hepatectomia. El volumen esplénico
aumentd desde 87 % 29 cm” antes de la PVE hasta 104 + 38 em® (119 + 17%
del volumen original) tras la PVE. A los 14 dias de la hepatectomia el
volumen del bazo habia aumentado 137 £ 65 cm® (155 = 40%) alcanzando
los 155 = 67 cm® (179 * 41%) a los 28 dias de la hepatectomia; no se
observaron mas modificaciones del volumen al aiio de la hepatectomia (153
+ 92 em®; 174% = 79%). La tasa de incremento del volumen esplénico en
los 14 dias tras hepatectomia fue de 2.7 = 3.6 cm® /dia, hecho que se
correlaciona directamente con el incremento del volumen del remanente
hepatico (r = 0.64, p = 0.0006). Estos hallazgos indican que el bazo
aumenta de tamano durante la regeneracion hepitica, hecho que sugiere
que el higado y bazo tiene un mecanismo regulador comiin de crecimiento.
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5. FEIRBIFTEOME L Rk—RER

HEPATIC FAILURE FOLLOWING RESECTION OF CHOLESTATIC LIVER

Toshiyuki Arai, Masato Nagino and Yuji Nimura
Division of Surgical Oncology, Department of Surgery, Nagoya University
Graduate School of Medicine, Nagoya, Japan

Hepatectomy for biliary cancer with obstructive jaundice is often followed by postoperative septic compli-
cations associated with hyperbilirubinemia, both of which could lead to cholestatic liver failure by affecting each
other. Such septic complications seem to develop from contamination of bile, reduction of intestinal integrity, or
impairment of host resistance to bacteria, each resulting from biliary obstruction. Hyperbilirubinemia after he-
patectomy is demonstrated to develop due to hepatic mitochondrial dysfunction or impaired expression of bile
efflux pumps on the canalicular membrane of hepatocytes. Since no therapeutic strategy is established for liver
failure following hepatectomy, it is important to take all possible measures before surgery to enhance the func-
tions of the liver, intestine, and host immunity and to prevent postoperative septic complications.

668 BANBSSME £10585 £108



A4t&iE 105 (6) :354~358, 2004

IS ERSLFHEIS 12 & 1T B interventional radiology DS @ BRFTOFER

2. TREHATUIERIN (2539 2 AR PR T PR S ZE ke 1f (PTPE) D& RN

BEBRERFREERIE BTG

M ER,

e EA, Bk
Fra A=, MR N, LM

g, N EE
WA, ZF HEX

RRENTPIRFC R (PTPE), IFRE, #igIFFL

. ABREE

BAFETIRER TR HEFDR ez LEEL T
%L, BABHROSHIReEYTLENL P& R
V. 2 BESUIH LRI 2 E# 4 5 720104
RAEF MR ZERMN (PTPE) 3HMTH 5. PTPE
2 & ) PSRRI, B =RISEENT T 10%,
E=RKMERWTH 7% HM L. PTPE DEAIZLY
IHEERF BRI DIF R & RER, ERETRIGENE
1.33.3% B b 238%, 21.9% H b 95% WA L 72as,
RARITRAZTHRTRELOTIEAR L, BEmEo
DICELLFNPLETHS.

n ez

RIFTAETTIRE SR DSV RIS MBIF SO RIS R
FFEIR, PR, +Z480& % & RO EO &0t Bk & of
T3 LIS E DIRETRATELBENET E T
ATER, FO—FThhr5BRRRIIZE VRS
BHED BT WA BEININE L v L
TR TR d EM L AHEIMEFA2THY, =
N PR 572 OMANIC R FHigr B Th 2L
NEETH 5.

Makuuchi¥, Kinoshita® 2 & ) EFRIGH S h7-MIk
FERMIFRMET (M3 LoTRERT| &%
WHEIC LA-EHe 2 FHTh s, FRBREERT 7

o —F (PTPE)™IC & h &' C 0l T HIRRE» DM E
WCATR B & D13k 72 PTPE O#AIZ & D #HiikIFTR £
DEFERMRA L 72iEh ) 2, FRIFHRENSERE I NS
FEFNZH LT HIRFEERAT I BRASTRBIC 0, CIBRERDA)
kL7

bIOIVLRHEAFIRE (BRIEDRE ) IFE2%E
LR, ARG, AZXEWE, £=KIBEIR) 2
FRINLBHFIIN L PTPE 2if7L, ChETILE
DIEFIEIE 150 BUSE L7z, R TIEISEHEBICBITS
PTPE OER & TOHEREIZOWTREOMRAEE LA
ALY 5.

. Xtge& 75k

*FBid 1991 44 5 2003 4 F TIHE T PTPE O,
FFO0RR & M 4T L 7B ERERE B 147 BITadH 5 (Table 1).
BYIRZEALW (TAE) & PTPE % Pkl L7z 3 BliEBRILL
72, PAEMEEOD BES TIEEFIREMN 2Ty, I
BEREY VY VED 20me/dl B RICHRE S hztkic
PTPE # 1ifT L7z, 2848 L - AP X8 H 3 106 B, H=
X1 22 f), Z2=Z X33 19 BT, 2000 4E 12 A & TOHER]
WFERWE & LT fibrin glue Z A\, 2001 £ 1 A5 H
KTy =& g kBT RS % T L7,
FOER & CT volumetry, F A 13 ICG BRIEER (Kico)
% FVERl L 7. PTPE #, CT iR $ TOMARIL 159+
100 B (poefEi 14 H, Kkl 109 H, &AMEGH) T

BENEFIT OF PERCUTANEOUS TRANSHEPATIC PORTAL VEIN EMBOLIZATION FOR EXTENDED HEPATEC-

TOMY

Satoshi Kobayashi, Masato Nagino, Norihiro Yuasa, Koji Oda, Toshiyuki Arai, Hideki Nishio, Tomoki Ebata and

Yuji Nimura

Division of Surgical Oncology, Department of Surgery, Nagoya University Graduate School of Medicine, Nagoya, Japan

354

OANRZSME $1058 HES

-



2. RAEBHIFORRAT I T 2 AL ARIF MR B 2B (PTPE) 0%tk

Table 1 *f§HE & EBIREK

(n=147)

B

JFF e ERAN S A 85

1L 28 50

k=g Ik 10

BV IENRE 52 2
BRI

BEER 106

A3 Kiaete 22

3 Rk 19

Hol. FHRUHED EIHEE LT—BMOIFENEES
® L5, Bk, hemobilia % F6 BEFIA B o 72 h32H
RTERS LSRR L /2.

IV. PTPE (4 323 L IEZEEED N

BEA(E

PTPE iZ & 0 2R3, JEERTE LN ZN CHRMIT D
AL ZAUCHED IFBIIRMITOE{LAME S A, Mk
DEARED L H Y 7 F VEE S N THE o F
% regeneration & %\ id apoptosis IZFFET 5D
HoTHRW. LML, PTPEIC L Y EERETEMLE
R LR CAMPIEERETHEINT 5 (Volume
O#Eh) . BEFITIE PTPE AT O RIRIER Ik { a3/
FEERENFE (IO 5 HHILE) okt
1 REFEHAT T 668 + 146cm” (62.3 +6.6%) /366 = 104cm’
(33.9%64%) 75 556+ 124cm® (52.0%6.6%) /468 + 108
cm’ (43.8+65%), F 3 X i 2 42 4 T 800 + 168cm’
(74.0+5.9%) /245+ 7lcm® (22.8:54%) D% 719+ 161
cm® (64.2%+6.0%)/356= 7dcm’® (32.35.6%), 72 3 Xk
£ % W T735=203cm’ (60.8+86%)/437 £153cm’
(35.9%8.1%) b 644+ 160cm® (53.3+8.0%)/528+ 166
cm® (43.0£74%) THYE, A 3XBERHTEBLE
10%, & 3 KINERMT Tld B L F 7% D volume OFEH)
MR o7z &1k 2 (Fig. 1). BERHITIETY Ko
A% 0.152 T o 724%, Kubo % 133 ICG 15 43# 13.3%
(Kice 0.13 FH%4) D IFMIARARERE B0 LA RERNT £ 1T
W, BRITFHEINERNEY 78% Tho - L HEL TV 3",
BERFIO%Z TR EMHIC PTPE 2T L THW50T
HAIBIE T & v, BHEFR, IFHlZEZ S EF
Tid PTPE B#OBRFHEMBIIE - L BbN S, HERF
AL TWAERTL FOBMEBILEN, F7-,
ZHEOWWHENOBSIZERILMY I B EIATH

BANBERME £10585 X658

AH%, FOHEBNOEDE LT estrogen PIFEE 4R
T HEEZONTENY, KHAFEEIHFLBEE
WKhbIedbiFons., AEERNTHLETLEL
t, BiEOMMESEhEN 108+39% & 9.2+40%
TH B ORI MESE - 72 (P<005). Th
i Imamura S OWEZ T LHERTH S, BHERBI
{21% post-menoposal 72 BE L HLEEATED estro-
gen ZVFIZF OB FRD D Z LIFTE RV, ZD R
H = A LD & D &5 IC%hFREY7% PTPE 25T HBIC
mhEEDLNLS,

SCTEER L R BON, Rl L TFERN volume
O¥IAE D F F function DEEMIZD LA > TV BED
LW ETH A, bivbhidbiar, B ERIEE RE B
TEERE, FEREIINL2ICFLF—=I A TF—TF D8
A S RERNC ICG ME % 1T\, PTPE Al & TR
PRI (B 83%) & & bIZfBiter ICG HEltE At
B (P 201%) $AH L E2RLAY,. Fh, RET
i viable Z:IFIICSERANICHE ST 5™ Te TR L 72 ga-
lactocyl human serum albumin (GSA) % Fv» PTPE
R TEOWERED 30% BT 5 2 LARESI LT
A", FERIFOFRELEMRICERT S I L IXEHZ
A%, LEROEEHS S volume DML FEE, b LLE
ABLEAC function DEEMAREZ 5 L E X TH Lnis
.

V. iR L2DFHEDFERELTD

PTPE D& 34

PTPE ®# A & 0 IEHEFIBROREMATEEITHY
L7z, SESEFSIR, MR, BEE-ZIEEE 005 L 0F
i U7 IR WBR T RRAT 2 LREBOK E WPRHT AR T
WA IZH 2Hd 53, PTPE 3 AR R SHFARFSI R %
7L 72 64 BI I RIF R & (MERE D VE VE>10
mg/dl) »%21 %1 (33.3%), TEREIETH 1461 (21.9%)
THol-Dizf L, PTPEEAZETIEENEh 35 fl
(23.8%), 1461 (95%) & ZORAEFFEIXWP LT
5,
bbb TR T 2 WM ofiEs L
TR Koo (Ko X FERIFE) 1005 D2 BRICL
T, BIF Ko 1848005 LLETH o 72 121 BlIZ BT
BB A EERNIE 22 §1(182%), FAE, HFETIC
Wiz o EER 8B (66%) Tdh - oIz L, 005
R THorz 26 TIHENRER 11 (423%), 6
(231%) L EBRETH o7z (Fig.2) . WHE SN JFRAH
TR e 2 B8 5 F CORERMICIE time lag A ™, 5%

355



2. IE MBI SO BR AT S 3 B 4B R T PR B 2242 7 (PTPE) 04 il ok

(cm3) (n=1086)
1400 7
P<.0001 +P¢.0001

g%
=i

A * o #
I JEEieE

Fig.la HAEERMEOFMENL

(cm3) (n=22)
1400
1200 - P<.0001
1000
800
600
1 8
400 7 ° L
—
200 7
0 y ”
1) % B #®
| [, |
‘s JEEREE

Fig. 1b £ 3 RIS 5 O K E1L

T Kieo i % HLAL LT 5 & L ik © & 428, PTPE
12 & U FRIF Koo 4 0.051 0,014 705 0.068 0,016 123

356

(cm?) (n=19)
1400
P<.0001 P<¢.000!
1 |
1200
O
O
1000 o
800 - O T
O
600 - 1—
400
ko)
5 o
200 4
0 T
Al % :11} #*®
EApE JESEIRTE

Fig.lc 72 3 XIRZEARAT R OHRIEL

BT (Kico)

BT 2

-0.11 B

0.11-0.10

0.10 - 0.09

0.09 - 0.08

0.08 - 0.07

0.07 - 0.06

0.06 - 0.05

0.05 - 0.04

0.04 - 0.03

0.03 -

20 30 40 (n)

Fig.2 R Ko & W RIFA 2R ERE

MmLTHEY, WAREE O /-2 PTPE AR TH o
mEEZ L.

BENBISSME $£1058 $£63



2. IRYERHNTUIRRMT 120§ 5 AR AR FURFC AR (PTPE) OF M

%72, PTPE Q#ANFHMRI KT LB RE
V., PTPEZ L ) EFUIBR R EWH B L, safety mar-
gin A3+l & B ILFEFRIFUIBR O BARATT RIS A o 7.
JFEERIR A RRE R B B &, S E TR L 72 265 Fi 4,
RARZEEB MU R 5 ik g 2 R+ RAKIEDIRR, &f
X + BREVR G EORFoFd % Uik 5 #iz
IR L 7-fEFIE PTPE #ARIAS 75 Bl 15 #1(20.0%)
THor=0ixt L, AT 190 Fil 13 B (6.8%) T
by, LFGEAFRMIRIRSNAHEIMZ TET
Wa,

VI. ZEREYWEDE LS PTPE D3R
DFEE : fibrin glue vs T &/ —Jb

PTPE TR S N5 e T IZIE AR B, i
brin glue®”, KLY J — ¥ cyanoacrylate™ 7 &
BhHoH, Dbz HMm v — v & double lumen
B F—F V& BT fibrin glue & FIIRFEAIZIEA LE
A 1T T &7, fibrin glue (&AM, TIBMEANE
EAELRL, BEAIEIRAR RV D BEEIZH NS
BiHIZ v, LA L, fibrin glue 13E T, $ERT &
D RIRFERDCT X L B o /o, 2 2 THIFEL fibrin glue
ARl ATy ) — LV EMEERROaL VE
PEHTAZLIZL D PTPEAXfToT\WA., HERFITE
DEBRNR * HARESRWN CLLBCYT 5 &, fibrin glue #
Wiz 73 BITIEEIRIE DML 10224.0% (2K L, =
§ )= IWERWZ23BiE 94+4.0% THEE RO L
ol LhL, EGEADE TAIOHHR PTPE
%o follow up MDA E b & b CTHMILEIL T & s,
Miaxy ) —VEER LAANEOMIERITVn LD
THBEI, ¥ ) — NI L BERINLIZDOA S =X 2
PHOWEFIED L ICHEBHERIIEL, fibrin glue A¢
108 B 9 Bl (8.3%) I LT ) — Tl 39 flrp 2
Bl (51%) THhotz. LaL, ¥ /=it ol
HSEAMIEIERPMEL 25, bhubhidEA
DERICIFV T LEEEL, Ellevel £ L L2 L
TPTPE 2fTo T3,

VIl. PTPE (Z1¥ 5 TE4%

JFFRED A = X 52T 5WRIEEEbH 505, »
FRFALEINELSRL TR, ED & Ll
BAED trigger &2 0, IO volume % R E (B
40 endpoint DIRE) LTWB D0, MRELST
EHHEEEF|IC L ZATHDL, BHEOIFEAENIFIR
B BViE T 4 VAKIFRERO L) CIFRRORKRD

BANBRSME $105% $£63

(A DRA) H35EAT LBEMSR 20120 L,
IRERAMTHROIFFEGFIRLKEDENE 5 T IO
EFEMIIBRBIGEIAHATREL-TWAS, bhb
ML PTPE IZHE) WFEBEIZEDOA S =X L% FHT 2
FRTHLOFBEAD I DEEAT VS, ShET
surgical stress RWEE A 5 ? bacterial translocation
Z EORELT Kuppfer cells %23 245 pro-infla-
mmatory cytokine (TNF-q, IL-6) ZHEHED trigger
LEZ ONTE LAY, PTPE IBMTIZIT) R,
surgical stress 2 EDOFEUIII L A LERTE 5. PTPE
BOFBEETRETAZ L LY, BORFICHES
NEWHFEEBED A= ALANRHTE L L#E2T
W5, btk iEMIRILGEOBEIN-E O b O A Al
Lo TwbEER, BEKFY 77— HwPTPE
B % O MR MLGE O HINERIZLLH L CHEEREI T
EailE LAY, 74, MIRMEOEMICE b 2vinE
PR AL L B AR (R B AU ATIN > B & & WSIEB U, in vi-
tro TER|MREERIFEIC IL-6 i 35 2 & 2 ERY
VEEBA L 2. BTE, rat Z W PTPE &7V % {ER
L, surgical stress DB ORWFEED X A= X L2
DNWTHIREEDTWE, FOA AL ZMRETS
Z L&) PTPE O BAER=RL LY, IRFEMFIRO
REUEEHIIEFEDLILDVSHROMBETHL LEZ
Twb,
X M

1) Nimura Y, Kamiya ], Kondo S, et al.: Aggressive
preoperative management and extended surgery
for hilar cholangiocarcinoma : Nagoya experience. ]
Hepatobiliary Pancreat Surg, 7 : 155—162, 2000.

2) Nagino M, Kamiya J, Uesaka K, et al.: Comlications
of hepatectomy for hilar cholangiocarcinoma, World
J Surg, 25:1277—1283, 2001.

3) Malkuuchi M, Thai BL, Takayasu K, et al.: Preop-
erative portal embolization to increase safety of ma-
jor hepatectomy for hilar bile duct carcinoma: a pre-
liminary report. Surgery, 107 : 521—527, 1990.

4) Kinoshita H, Sakai K, Hirohashi K, et al.: Preopera-
tive portal vein embolization for hepatocellular car-
cinoma, World J Surg, 10 : 803—3808, 1986.

5) Nagino M, Nimura Y, Kamiya J, et al: Selective per-
cutaneous transhepatic embolization of the portal
vein in preparation for extensive liver resection : the
ipsilateral approach. Radiology. 200 : 559—563, 1996.

6) Kito Y, Nagino M, Nimura Y.: Doppler sonography
of hepatic arterial blood flow velocity after percuta-
neous transhepatic portal vein embolization. Am ]
Roentgenol, 176 : 909—912, 2001.

357



2. J5 WEERIFSU BRI 203 AR B AR IF PR L 242 15 (PTPE) O FI 1

7) Kubo S Shiomi S, Tanaka H, et al:Evaluation of the
effect of portal vein embolization on liver function
by ®"Tc-galactosyl human serum albumin scintigra-
phy. ] Surg Res, 107 : 113—118, 2002.

8) Ngino M. Nimura Y, Kamiya J. et al.: Changes in
hepatic lobe volume in biliary tract cancer patients
after right portal vein embolization. Hepatology. 21:
434—439, 1995.

9) Imamura H, Shimada R, Kubota M, et al: Preopera-
tive portal vein embolization : an audit of 84 patients.
Hepatology. 29 : 1099—1105, 1999.

10) Fischer B, Gunduz N, Saffer EA, et al.: Relation of
estrogen and its receptor to rat liver growth and re-
generation. Cancer Res, 44 ; 2410—2415, 1984,

11) Uesaka K, Nimura Y, Nagino M:Changes in he-
patic lobar function after right portal vein emboliza-
tion:an appraisal by biliary indocyanine green excre-
tion. Ann Surg, 223 : 77—83, 1996.

12) Koyama K, Takagi Y, Ito K, et al.: Experimental
and clinical studies on the effect of biliary drainage
in obstructive jaundice. Am J Surg, 142:293—299,
1981.

13) Shimamura T, Nakajima Y, Une Y, et al.: Efficacy
and safety of preoperative percutaneous transhe-
patic portal embolization with absolute ethanol:a
clinical study. Surgery, 121: 135—141, 1997.

14) Yamakado K, Takeda K, Matsumura K, et al.: Re-
generation of the un-embolized liver parenchyma

following portal vein embolization. J Hepatol, 27:
371—830, 1997.

15) Baera T, Roche A, Vavasseur D, et al.: Portal vein
embolization: utility for inducing left hepatic lobe hy-
pertrophy before surgery. Radiology. 188 :73—77,
1993.

16) Cressman DE, Greenbaum LE, DeAngelis RA, et
al. : Liver failure and defective hepatocyte regenera-
tion in interleukin-6-deficient mice. Science, 274:
1379—1383, 1996.

17) Yamada Y, Kiritlova I, Peschon JJ. et al. : Initiation
of liver growth by tumor necrosis factor : deficient
liver regeneration in mice lacking type I tumor ne-
crosis factor receptor. Proc Nat! Acad SciUS A, 94:
1441—1446, 1997.

18) Goto Y, Nagino M, Nimura Y : Doppler estimation
of portal blood flow after percutaneous transhepatic
portal vein embolization. Ann Surg, 228 :209—213,
1998.

19) Kawai M, Naruse K, Komatsu S, et al. : Mechanical
stress-dependent secretion of interleukin 6 by endo-
thelial cells after portal vein embolization:clinical and
experimental studies. ] Hepatol, 37 : 240—246, 2002.

20) Kobayashi S, Nagino M, Komatsu S, et al. : Stretch
-induced IL-6 secretion from endothelial cells re-
quires NF-kB activation. Biochem Biophys Res Com-
mun, 308 : 306—312, 2003.

BENEFIT OF PERCUTANEOUS TRANSHEPATIC PORTAL VEIN EMBOLIZATION
FOR EXTENDED HEPATECTOMY

Satoshi Kobayashi, Masato Nagino, Norihiro Yuasa, Koji Oda, Toshiyulki Arai,
Hideki Nishio, Tomoki Ebata and Yuji Nimura
Division of Surgical Oncology, Department of Surgery, Nagoya University Graduate School of Medicine, Nagoya, Japan

Severely locally advanced biliary cancer requires extended hepatectomy in many cases. Percutaneous tran-
shepatic portal vein embolization (PTPE) is effective to expand the residual liver volume and to avoid postop-
erative hepatic failure. The ratios of increase in the expected residual liver volume after PTPE are about 10% in
cases with right lobar or right trisegment embolization and about 7% in cases with left trisegment embolization.
After the introduction of the PTPE technique in our department, the morbidity rate from hepatic failure and
mortality rate decreased from 33.3% to 23.83% and from 21.9% to 9.5%, respectively. The technique of PTPE has
contributed to an improved survival rate for patients with severely advanced biliary cancer.
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