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Objective

To establish criteria for venous reconstruction of middle he-
patic vein (MHV) tributaries of the right liver graft in adult-to-
adult living donor liver transplantation (LDLT).

Summary Background Data

In adult LDLT using the right hemiliver, the MHV is usually
separated from the graft, which results in potential venous
congestion in the major part of the right paramedian sector
(segments 5 and 8). It is controversial whether MHV tributaries
should be reconstructed.

Methods

Thirty-nine donors for LDLT were enrolled in the study. After
liver transection, temporary arterial clamping was carried out
to visualize congestion in the right paramedian sector by oc-
clusion of MHV tributaries. Intra- and postoperative (on post-
operative days 3 and 7) Doppler ultrasonography was per-
formed to check the hepatic venous and portal flow in the
veno-occlusive area.

Results

In 29 of 37 donors (78%), the liver surface of the veno-occlu-
sive area was discolored with temporary arterial clamping.
The discolored area was calculated to represent approxi-
mately two thirds of the right paramedian sector on computed
tomography volumetry. All of the cases with discoloration ex-
hibited absent venous flow and regurgitated portal flow in the
discolored area by intraocperative Doppler ultrasonography.
These ultrasonographic findings resolved by postoperative
day 7 in 6 of 14 cases (43%).

Conclusions

The state of venous congestion in the right liver graft can be
correctly assessed by the temporary arterial clamping method
and intraoperative Doppler ultrasonography. If the venocon-
gestive area is demonstrated to be so large that the graft vol-
ume excluding this area is thought to be insufficient for post-
operative metabolic demand, venous reconstruction is
recommended.

While reduced-size liver transplantation,® split liver
transplantation,” and living donor liver transplantation
(LDLT)? techniques have amost overcome the graft short-
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age in pediatric patients with end-stage liver diseases, the
disparity between supply and demand is still worsening in
adult recipients.* LDLT® and split-liver transplantation® us-
ing right and/or |eft hemihepatic grafts have been applied to
adult patients to increase the number of adult transplants. In
LDLT using theright liver, whether the middle hepatic vein
(MHV) should be preserved for the residual Ieft liver” or the
right liver graft® remains to be clarified. Whether MHV
tributaries should be reconstructed in the hemiliver without
the MHV is another crucial problem, since a congested area
in the right liver graft is reported to result in poor liver
function, followed by atrophy, unless venous reconstruction
is performed.®

In hepatectomy for hepatic tumors with venous involve-
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Table 1. DEMOGRAPHIC DATA
Pediatric Pediatric Adult Adult
Recipients (n =17) %SLV (n = 22) %SLV
Age (years) Median [range] 5[1-17] 49 [28-60]
Sex M/F 8/9 9/18
Diseases Biliary atresia 12 0
Primary biliary cirrhosis 0 10
Hepatitis-induced liver cirrhosis 1 7
Fulminant hepatic failure 2 4
Primary sclerosing cholangitis 0 1
Hepatoblastoma 1 0
Posttransplant liver failure 1 0
Donor age (years) Median [range] 39 [27-63] 37 [19-62]
Donor sex M/F 7/10 14/8
Donor relation Parents 16 2
Children 0 5
Husbands and wives 0 5
Brothers and sisters 0 7
Grandparents 1 0
Nephews and nieces 0 3
Operative Left liver graft 14 11
procedures of Extended left hepatectomy 4 53.3 = 3.3 11 417 +25
donor (segment 1, 2, 3, and 4 with MHV) [51.6-58.3] [38.2-44.5]
Left hepatectomy 2 458 = 8.2 0
(segment 2, 3, and 4 without MHV) [40.0-51.6]
Extended left lobectomy 8 78.6 = 16.1 0
(segment 2, 3, and part of segment 4) [63.9-106.1]
Right liver graft 2 7
Right hepatectomy 2 67.9 + 49 7 65.8 = 14.8
(segment 5, 6, 7, and 8 without MHV) [64.4-71.3] [61.8-91.0]
Right lateral sector graft 1 4
Right lateral sectorectomy 1 71.8 4 40.8 = 8.1
(segment 6 and 7 with RHV) [33.5-48.4]

%SLV, percentage of graft weight compared with standard liver volume; MHV, middle hepatic vein; RHV, right hepatic vein.

Data are expressed as mean + SD [range].

ment, combined resection of the hepatic veins should be
carried out. However, it is still unclear whether the resected
hepatic veins should be reconstructed.

In this study, we tried to establish the criteria for venous
reconstruction of MHV tributaries in adult LDLT using
right liver graft. We prospectively evaluated the state of
hepatic congestion and the occurrence of intrahepatic ve-
nous anastomoses in the right paramedian sector with oc-
clusion of the MHV by Doppler ultrasonography, temporary
clamping of hepatic artery, and near-infrared spectroscopy
(NIRS) using donors for LDLT.

PATIENTS AND METHODS
Patients

From January 2000 to December 2000, 39 consecutive
LDLT procedures were performed at the University of
Tokyo and Matsunami General Hospital: 17 transplanta-
tions for child recipients (less than 18 years old) and 22 for
adults (18 or older). Demographic data of the donors and
recipients are listed in Table 1. The operative procedures

were extended left hepatectomy (segments 1, 2, 3, and 4
with MHV) in 15 cases, left hepatectomy (segments 2, 3,
and 4 without MHV) in two, extended left lobectomy (seg-
ments 2, 3, and part of segment 4) in eight, right hepatec-
tomy (segments 5, 6, 7, and 8 without MHV) in nine, and
right lateral sectorectomy (segments 6 and 7) in five.

Evaluation of MHV Tributaries Draining
the Right Paramedian Sector by
Preoperative Computed Tomography

We evaluated the number and diameter of MHV tribu-
taries draining the right paramedian sector (segments 5 and
8) in 39 donors by preoperative dynamic computed tomog-
raphy (CT). Dynamic CT was carried out in 90 seconds after
bolus injection of contrast agents, in a total amount of 2
mL/kg, in a peripheral vein in the upper extremity. The
tributaries were classified as V8, which drained the crania
part of the portal trunk of the right paramedian sector, and
V5, which drained the corresponding caudal part. After
scanning the CT films, the number of MHV tributaries and
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their diameters were measured on a Macintosh computer
using the public-domain NIH Image program (developed at
the U.S. National Institutes of Health and available on the
Internet at http://rsb.info.nih.gov/nih-image/). Tributaries
with a diameter of less than 2 mm were omitted.

Intraoperative Evaluation of Hepatic
Venous Congestion

Hepatic venous congestion in the right paramedian sector
was investigated intraoperatively after transection of the
liver parenchymain 37 of 39 donors. Two donors, one with
extended left hepatectomy and one with right lateral secto-
rectomy, were excluded due to absence of the examiner
(K.S)). In 33 donors, the drainage area of the MHV and its
tributaries in the right paramedian sector was evaluated. In
the remaining four cases with right lateral sectorectomy,
congestion with occlusion of the tributaries of the right
hepatic vein (RHV) was assessed.

First, the liver surface in the right paramedian sector was
observed to determine whether the surface of the congested
area was discolored compared to other sectors in those 37
donors. After the right hepatic artery was clamped for 5
minutes, the surface discoloration was reevaluated. We pre-
viously reported that the liver surface of the veno-occlusive
area is discolored by temporary clamping of the hepatic
artery.® In cases with discoloration, We first mapped the
diaphragmatic surface of the right paramedian sector and
calculated the ratio of discolored and nondiscolored areas.
In order to further estimate the congestive liver volume, the
right paramedian sector was virtually sliced transversely
(i.e., same as CT scan plane), with 1-cm thickness. The
width of the discolored and nondiscolored areas on
the diaphragmatic surface was measured on each slice. The
ratio of the widths was transposed to the liver contour in
each corresponding CT dlice. CT volumetry was performed
in the same manner as described previously.™

Next, intraoperative Doppler ultrasonography (SSD-
2000, or SSD-5500; Aloka, Tokyo, Japan) was performed to
evaluate flow in occluded tributaries of the MHV or RHV
and in the portal veinsin the veno-occlusive areain 34 of 37
donors. Three of the 37 donors were excluded due to the
unavailability of Doppler ultrasound modalities. Flow ve-
locity was measured in the expiratory state of controlled
respiration under general anesthesia. Portal and venous
flows in the veno-occlusive area of the right paramedian
sector were first surveyed by color flow mapping, and each
flow was diagnosed as either hepatopetal or hepatofugal by
fast Fourier transformation of the waveform. If no color
signals flow mapping or no waves in fast Fourier transfor-
mation were detected in the minimum velocity range, the
flow was evaluated as undetectable.

Finally, NIRS was used to monitor hepatic tissue satura-
tion with oxygen in the veno-occlusive area with and with-
out arterial perfusion compared with that in the area with
patent venous drainage in 11 donors. The other 26 donors
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could not undergo NIRS due to unavailability of the equip-
ment. Near-infrared reflectance was measured with a pho-
todetector (PSA-500, Biomedical Science, Co., Ltd., K&
nazawa, Japan) connected to a personal computer (Vaio,
Sony, Tokyo, Japan).

Postoperative Measurement of Hepatic
Venous Flow by Color Doppler
Ultrasonography

Twenty (15 cases with extended left hepatectomy and 5
with right lateral sectorectomy) out of 39 donors had venous
occlusion in the remnant liver and became candidates for
postoperative evaluation of the veno-occlusive area in the
right paramedian sector. Doppler ultrasonography (SSD-
2000) was carried out to measure the flows of dissected
tributaries of the MHV or RHV, and the portal veinsin the
remnant right paramedian sector in 18 of these 20 donors.
Two donors with extended left hepatectomy were excluded
due to the lack of Doppler ultrasound modalities. Each flow
velocity was measured with breath-holding. The directions
of portal and venous flow were evaluated in the same
manner as intraoperative measurement on postoperative
days 3 and 7.

Statistical Analysis

The significance of differences was assessed using the
two-tailed Welch's t test, the Mann-Whitney test, and the
chi-square test. Differences at P < .05 were considered to
be statistically significant.

RESULTS

MHYV Tributaries Draining the Right
Paramedian Sector on Preoperative CT

One tributary was evaluated as V8 in 25 cases, two
tributaries in 12, three in 1, and none in 1 case: the mean
number of tributaries was 1.33. The mean diameter of V8
was 3.5 = 1.8 mm (range 2-8). As V5, one tributary was
recognized in 28 cases, two in 6, three in 3, and none in 2
cases: the mean number was 1.26. The mean diameter of V5
was 4.5 = 1.7 mm (range 2—8). The mean total number of
tributaries draining the right paramedian sector was 2.7 *
0.9. In five cases (13%), V5 ran through the right parame-
dian sector to the caudal part of the right lateral sector
(segment 6). The thickest caliber of the tributaries of the
MHV was estimated to be not less than 5 mm in 30 cases
(77%) by CT.

Liver Surface Discoloration

The liver surface was faintly discolored after liver tran-
section in 3 of 37 cases (8%). However, after the right
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Figure 1. After liver transection for left hepatectomy with the middle
hepatic vein, discoloration of the congested area in the right paramed-
ian sector was revealed with temporary arterial occlusion. (Left) Before
arterial occlusion. (Right) After arterial occlusion.

hepatic artery was clamped for 5 minutes, apparent discol-
oration was seen in 29 of 37 donors (78%) (Fig. 1).

In cases with discoloration, the percentage of the area
drained by MHV tributaries in the right paramedian sector
was 63.0 = 18.9% (range 28.2-100%). The percent volume
of this portion in that sector was estimated to be 60.6 +
17.4% (range 25.0-100%). The mean total volume of the
right liver and the volume without the congested portion
were estimated to be 789.6 = 140.1 mL (range 625.0—
1,164.0) and 500.8 = 142.3 mL (range 253.2—857.8), re-
spectively, by CT volumetry. The ratio of the volume with-
out the congested portion to the total right liver volume was
63.0 = 11.6%.

Intraoperative Doppler Ultrasonography

In 26 (76%) of 34 cases, the flow was undetectable in the
tributaries of the MHV in the right paramedian sector. The
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flow of the portal branches in the veno-occlusive area was
hepatofugal in all of them (Fig. 2). All those 26 donors
showed discoloration on the liver surface on temporary
clamping of arterial flow. In the other eight cases (24%), the
flow in the tributaries was demonstrated by color Doppler
ultrasonography as pouring into the right hepatic vein via
intrahepatic venous anastomoses (Fig. 3).

Tissue Saturation With Oxygen
Measured With Near-Infrared
Spectroscopy

NIRS was performed in 11 patients: 7 (4 with right
hepatectomy and 1 each with extended left hepatectomy,
left hepatectomy without MHV, and extended left |obec-
tomy) in whom venous flow was undetectable by Doppler
ultrasonography (group 1) and 4 (3 with extended left
hepatectomy and 1 with extended |eft lobectomy) in whom
venous flow was maintained by venous anastomoses (group
2). Tissue saturation with oxygen in the area without venous
occlusion in the right paramedian sector was 88.7 = 10.3%
in group 1 and 92.8 = 3.4% in group 2. Saturation with
oxygen in the veno-occlusive area was 74.7 = 17.0% in
group 1 and 92.5 = 4.2% in group 2, and this difference was
significant (P = .03). After 5 minutes of clamping, satura-
tion with oxygen in the veno-occlusive area decreased to
29.6 = 11.2% in group 1 and 72.8 = 9.8% in group 2, and
this difference was also significant (P < .001) (Fig. 4).

Postoperative Measurement of Hepatic
Flow by Color Doppler Ultrasonography

In four donors with venous flow in the occluded tributar-
ies of the MHV or RHV intraoperatively, the venous flow
remained detectable and the portal flow in that area re-
mained hepatopetal by color Doppler ultrasonography on
postoperative days 3 and 7. In 14 donors without venous

Figure 2. Color flow mapping of intraoperative Doppler ultrasonography after liver transection in extended
right hemihepatectomy. Portal flow was hepatofugal in the veno-occlusive area. A; artery, PV; portal vein.
Arrows indicate the direction of portal blood flow.
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Figure 3. Color flow mapping of intraoperative Doppler ultrasonography after liver transection in extended
left hepatectomy. Arrows indicate the direction of portal blood flow. Venous flow was regurgitated in the
middle hepatic vein tributaries in S8, while in the right hepatic vein normal hepatofugal flow was observed.
A communicating vein (arrowheads) was seen between the middle and right hepatic veins. IVC, inferior vena
cava; MHV, middle hepatic vein; RHV, right hepatic vein; P, right paramedian portal pedicles.

flow in these tributaries intraoperatively, the venous flow
remained undetectable and the portal flow remained hepat-
ofugal on postoperative days 3 and 7 in eight cases (57%).
Venous flow with intrahepatic venous anastomoses was
detectable and hepatopetal portal flow was restored in six
cases (43%), two donors on day 3 and four on day 7.

DISCUSSION

In hepatic resections and partial liver transplantations,
venous reconstruction has been considered to be dispens-
able due to anastomoses between adjacent hepatic veins.
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Figure 4. Tissue saturation with oxygen in the normal, veno-occlusive,
and veno-arterio-occlusive areas measured by near-infrared spectros-
copy. Black circles indicate donors whose hepatic venous flow was
undetectable (n = 7). White circles indicate donors with hepatic venous
regurgitation (n = 4). *P = .03; **P < .001.

Thick venous anastomoses have been demonstrated in
Budd-Chiari syndrome.'? By injecting vinyl-polychloride
into the hepatic veins of autopsied liver, Couinaud demon-
strated hepatic venous anastomosis in 25 of 30 casts,™® and
Lasinski revealed venous anastomoses between the MHV
and right hepatic vein in half of the cases examined.*
However, it is unclear whether venous anastomoses would
develop clinically just after occlusion of the hepatic veins.
We have previously reported venous reconstruction for dis-
coloration of the liver surface due to liver congestion™ and
for other findings by Doppler ultrasonography.’® In the
present study, intraoperative Doppler ultrasonography re-
vealed that 76% of the cases had no venous anastomoses,
and in these cases venous flow was undetectable and portal
flow of the relevant congested area was regurgitated.
Kaneko et al reported that venous anastomoses were de-
tected by Doppler ultrasonography 6 days after LDLT using
aright liver graft without the MHV.*® In our series, con-
gestion in donor right livers was relieved in only 2 of 14
cases (14%) in 3 days, and in 6 of 14 (43%) in 7 days. Inthe
other eight donors (57%), portal flow remained regurgitated
in the congested area. With regard to recipients with con-
gestion in the right liver graft by ligation of MHV tributar-
ies, portal flow remained regurgitated in a half of them 1
week after transplantation. Development of venous anasto-
moses in a week is not expected in all patients.

In 1951, Rappaport reported that during wedge hepatic
venography, the liver parenchyma was first stained and the
portal vein was then revealed.'” Based on thisfinding, it was
considered that hepatic venous blood could be regurgitated
to the portal vein through the sinusoid when the hepatic vein
was obstructed. Regurgitation of the portal flow in the
congested area of the liver has since been described exper-
imentally’® and clinically.’®?° Murata et a demonstrated
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hyperattenuation of the congested area and late attenuation
in the adjacent area by CT angiography with balloon occlu-
sion of the hepatic vein, which revealed that portal veins
became draining veins and the occluded area was supplied
with arterial blood alone.?® In these previous reports, he-
patic hemodynamic evaluation was carried out using con-
trast medium. We first reported the direct demonstration of
regurgitation of the portal flow in the congested area by
intraoperative Doppler ultrasonography.’® Using Doppler
ultrasonography, liver congestion can be diagnosed intraop-
eratively and postoperatively by demonstrating both absent
venous flow and regurgitated portal flow.

We reported that clamping the hepatic artery was another
available method for diagnosing hepatic congestion intra-
operatively.™® In this study, the liver surface became discol-
ored by temporary arterial clamping in all donors with signs
of congestion by Doppler ultrasonography. Therefore,
Doppler ultrasonography and temporary arterial clamping
are convenient and reliable methods for intraoperative di-
agnosis of hepatic congestion.

NIRS is a noninvasive and continuous optical method for
measuring tissue oxygenation.”> NIRS is based on two
fundamental characteristics: the relative transparency of tis-
sueto light in the near-infrared region, and the oxygenation-
dependent changes in absorption in tissue caused by chro-
mophores, mainly oxygenated and deoxygenated hemoglobin.
By measuring changes in absorption at different wavelengths
(750 and 830 nm), tissue oxygenation can be monitored con-
tinuoudy. The relation between absorption and concentration
isgiven by amodified Lambert-Beer law,? which incorporates
a path length factor to account for light scattering in tissue. In
this study, the distance between the light-emitting diode and
the photodiode detector was 5 mm and the sampling time of
each scan was 1 second. NIRS revealed that the average tissue
saturation with oxygen of the veno-occlusive area with and
without arteria flow was 74.7% and 29.6%, respectively. Tis-
Sue saturation with oxygen of lessthan 30% in the areawithout
venous or arterial flow suggests that portal perfusion of that
area was also absent or very scarce.

A lack of portal blood perfusion of the liver parenchyma
would induce liver dysfunction in the congested area, since
metabolism of the liver is mainly dependent on the portal
blood from the intestine and the pancreas.? I the congested
area is suspected to be large, the remnant liver or the liver
graft could not support the metabolic demand due to the
absence of portal blood flow in the relevant area. Under
such conditions, venous reconstruction should be indicated
in liver resection or partial liver transplantation.

In partia liver transplantation, the MHV is included in
either theright or left hemiliver. Especially in adult-to-adult
LDLT, right liver graft with the MHV sometimes induces
postoperative liver failure in donors due to the insufficient
remnant liver volume.® When the MHV is included in the
left liver, the area drained by tributaries of the MHV in the
right paramedian sector is a problem, since the MHV is
known to be the major drainage vein for this sector.>* The
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MHV was preserved in donors who underwent left hepa-
tectomy in 6 of 66 left liver grafts among our 139 LDLTS,
due to a very thick MHV and its tributaries draining the
right liver.>> However, the area drained by the MHV has not
yet been accurately clarified. In this study, we visualized the
area drained by the MHV using the intraoperative arterial
clamping method and calculated the proportion in the right
paramedian sector. The MHV was shown to drain approx-
imately two thirds of the right paramedian sector using both
the diaphragmatic surface area and the volume cal cul ated by
CT volumetry. The right liver graft volume without the
MHV was estimated to be 63% of the total graft volume
when the congested portion was excluded. Lee et a reported
two cases of severe congestion of the graft without the
MHV; one resulted in sepsis due to congestive infarction
and the other patient developed prolonged massive jaun-
dice. Therefore, we have to consider venous reconstruction
when the right liver graft without the congested area is
estimated to be insufficient compared to the standard liver
volume of the recipient.

An absolute indication for venous reconstruction is when
a single hepatic vein does not remain and when the liver
surface is apparently discolored with mere venous occlu-
sion, as noted by Kakazu et a.'® The latter condition was
rarely encountered in our hepatectomy series of more than
1,000 cases, however, it has been suggested that arterial
blood may not perfuse the sinusoidal space of the liver,
resulting in necrosis of the congested area.® In almost all of
the patients with hepatic venous congestion, the color of the
liver surface does not change, so that relative criteria for
venous reconstruction are needed.

We previously proposed relative criteria for venous re-
construction.*® With occlusion of the hepatic artery, appar-
ent discoloration soon appeared on the liver surface. The
relevant congested volume of the liver was subtracted from
the remnant liver or the graft liver volume. When the
remaining liver volume was less than 30% of the standard
liver volume in liver resection for the normal liver and less
than 40% in liver transplantation, reconstruction of the
hepatic vein or its tributaries should be considered.

In our institutions, donor hepatectomy procedures are
selected to leave at least 35% liver volume with intact
afferent and efferent blood circulation to avoid the need for
venous reconstruction of their remnant liver. In the present
series, 15 of 39 donors had occluded MHV tributaries, but
none of them underwent venous reconstruction. Their post-
operative courses were al uneventful. On the other hand, 11
recipients, 9 with right liver graft and 2 with left liver graft,
had interrupted MHV tributaries. Three of them underwent
venous reconstruction of these tributaries. The first patient
was a 62-kg male who was transplanted with a right liver
graft from his 44-kg sister. Although the preoperative esti-
mated graft volume was 52% of his standard liver volume,
the majority of the right paramedian sector became con-
gested after temporary clamping of the MHV during the
donor operation. Graft volume, recalculated excluding this
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congestive area, was 27% of the recipient’s standard liver
volume. Thus, we decided to carry out reconstruction of
MHYV tributaries. The second and the third patients received
left liver grafts. In these cases, the MHV trunk was pre-
served to the donor’s remnant right liver, since the major
part of the right liver was thought to be drained by MHV
tributaries. Although grafts were preoperatively estimated
to be 52% and 40% of their standard liver volume, intraop-
eratively calculated noncongestive graft volume was 32%
and 28%. Based on these findings, MHV tributaries were
reconstructed. All the reconstructed venous flow remained
patent during the postoperative courses. The other eight
recipients with right liver grafts did not undergo reconstruc-
tion of MHV tributaries due to the existence of intrahepatic
venous anastomoses (n = 3) or sufficient graft volume even
after deduction of the venocongestive area (n = 5).

In summary, intraoperative Doppler ultrasonography re-
vealed absent hepatic venous flow and regurgitated portal
venous flow in the congested area. If the liver volume
excluding the discolored area under occlusion of the artery
is estimated to be insufficient for postoperative metabolic
demand, reconstruction of the hepatic vein or its tributaries
should be considered.
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