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Background: Liver tumors that invade the hepatic vein are surgically challenging, especially in patients
with liver dysfunction. Preservation of as much of the parenchyma as possible is important; thus, when
feasible, we perform hepatectomy with hepatic vein reconstruction (HVR) using an external iliac vein (EIV)
graft. We conducted a retrospective study to investigate the benefit of HVR and to evaluate our procedure.
Methods: The study included patients treated by hepatectomy with HVR using EIV grafts and vascular
clips. We reviewed the surgical outcomes, including total operation and HVR times, postoperative
complications, and postoperative liver function.

Results: The surgeries included right HVR (n=13), left HVR (n=3), and middle HVR (n=1). The
total operation time was 277+72 minutes (155-400 minutes), and the HVR time was 27+5 minutes (19—
40 minutes). Graft patency was confirmed in 14 (82%) of the patients. One patient who underwent HVR
with running sutures required emergency surgery due to graft thrombosis. Clavien-Dindo > grade IlIla
postoperative complications occurred in 4 (23.5%) patients, but there were no treatment-related deaths.
Conclusions: In conclusion, our hepatic resections with HVR using the same techniques and graft
materials showed acceptable surgical outcomes. From our experience, we believe that preparatory hepatic
resection with HVR is an effective treatment, especially for patients with decreased liver function or with a

small residual liver parenchyma.
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Introduction envelops the hepatic vein in order to achieve a negative

. . . surgical margin and to preserve the function of the remnant

Hepatic resection has become a fairly safe procedure, and ) & g o p ) )
. . . . . . . liver. The significance of HVR in preserving remnant

perioperative mortality associated with hepatic resection

has been reduced to less than 5% (1), but major hepatic

resection is still risky, and the mortality associated with this

liver function was first reported by Nakamura in 1990 (3)
and has been confirmed in the last three decades (4,5). In

procedure has remained unchanged over time (2). Hepatic addition, surgical techniques derived from living donor liver

resection can be quite challenging in patients with cirrhosis transplantation, such as hepatic vascular exclusion (6), veno-

or decreased liver function; thus, an adequate hepatectomy
with hepatic vein resection/reconstruction (HVR) is
generally performed when a hepatic tumor invades or
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venous bypass using heparin-coated Anthron Tube (7,8),
and ex-vivo hepatic resection (9), have been developed, and

HVR has since been considered an important procedure for
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Figure 1 Magnetic resonance image showing a tumor in contact with the right hepatic vein.

the treatment of tumors involving the hepatic vein.

Only a relatively short time has passed since HVR
was routinely performed as part of the hepatic resection
procedure, so the optimum HVR techniques, graft
selection, and potential complications have not been fully
investigated. We performed hepatectomies with HVR and
applied the same techniques in each patient: the use of an
external iliac vein (EIV) graft and vascular clips (10). To
investigate the surgical outcome of HVR, we reviewed
the operative and postoperative outcomes. We present the
following article in accordance with the STROBE reporting
checklist (available at https://hbsn.amegroups.com/article/
view/10.21037/hbsn.2019.09.18/rc).

Methods
Study patients

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by institutional ethics board of 20210325-6 and
informed consent was taken from all individual participants.
Between August 1996 and October 2014, consecutive
patients who underwent hepatectomy with HVR for
hepatocellular carcinoma (HCC) or for metastatic liver
tumors were included in this study. The patients’ clinical
characteristics, including patient background, surgical
outcomes such as hepatic vein resection and reconstruction,
hepatic vein reconstruction (HVR) time, length of the
vein graft, postoperative complications and postoperative
liver function, were reviewed retrospectively from the
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patients’ medical records. Graft patency was checked
by computed tomography (CT), which was performed
every 3 to 6 months after the surgery and continued for at
least 5 years. All patients signed informed consent forms
before undergoing surgery. Thirty-day postoperative
complications, including mortality, were graded according
to the Clavien-Dindo classification system (11).

Surgical indication

The indications for hepatectomy with HVR in our
institution were as follows: (I) when the tumor was pressing
on the hepatic vein or when the tumor appeared on
preoperative images as surrounding more than half of the
hepatic vein (Figure 1); (II) tumor involvement of a hepatic
vein and resection that would result in a small remnant liver
volume (<300 mL); (III) a possibility of repeat hepatectomy
in the future; and (IV) when indocyanine green retention
for at 15 minutes ICGR15) was >20%.

Surgical procedure

The surgery in all patients began with midline and right
subcostal incisions. The hepatic vein was exposed at
the point where it emptied into the inferior vena cava.
Hemihepatic vascular occlusion was then achieved with
vessel loops in preparation for hepatectomy. Intraoperative
ultrasonography (IOUS) was often used to determine
the length of the hepatic vein to be resected. Clamping
usually lasted 15 minutes, and the declamping period was
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Figure 2 Vascular clips are applied during right hepatic vein

reconstruction (arrow).

5 minutes. Hepatic congestion governed the timing for
harvest of an EIV graft—the best time was usually just
before resection of the hepatic vein (12). The graft was
harvested extraperitoneally through an upper groin incision.
At the peripheral stump, the graft was resected at a point
more central than the point at which it was joined by the
communicating branch of the obturator vein to preserve
return flow from the peripheral side. The edges of the EIV
were closed with 3-0 polypropylene transfixing sutures or
5-0 polypropylene running sutures. HVR was performed
after extirpation of the specimen, and the graft was placed
in a reverse position. At first, we attached the graft to
the proximal end of the hepatic vein at 4 points with 6-0
polypropylene sutures, and afterwards, we used medium-
sized vascular clips (medium-sized, United States Surgical)
4-5 times between each stich (Figure 2). In some cases,
however, applying the clips was difficult, so we attached the
posterior wall of the hepatic vein to the graft with a running
suture of 6-0 polypropylene, and vascular clips were applied
to the anterior wall. After reconstruction, IOUS was used to
check blood flow and confirm triphasic waves.

Perioperative anticoagulation

We did not typically use heparin or other anti-coagulative
agents during HVR. However, 5,000 U of heparin was
routinely administered on postoperative day 0 after all
abdominal surgeries, and 10,000 U/day of heparin was
routinely administered on postoperative days 1-2 to prevent
any venous thrombosis. This is not a regimen specific to
HVR, and we usually do not add other medications to
heparin. We tightly applied a bandage on the right leg
immediately after surgery in order to prevent edema.

© HepatoBiliary Surgery and Nutrition. All rights reserved.

165

Results
Surgical details

This study included 17 consecutive patients with HCC
(n=11) or metastatic liver tumors (n=6) treated by
hepatectomy with HVR. The patients’ details are shown
in Table 1. The male/female sex ratio was 14/3, and
the patients ranged in age from 53 to 79 years (mean,
66.4 years). The tumor was located in segment 7/8 in
13 patients, in segment 2 in 2 patients, and in segment 4
in 2 patients. The surgical outcome, graft patency, and
postoperative course of HVR per patient are shown in
Table 2. The following surgical procedures were performed:
resection of segment 7/8 with resection and reconstruction
of the right hepatic vein (RHV) (n=13), resection of
segment 2 with resection and reconstruction of the left
hepatic vein (LHV) (n=3), and resection of segment 2/4
with resection and reconstruction of the middle hepatic vein
(MHV) (n=1). The total operation time ranged from 155
to 400 minutes, with a mean = SD of 277+72 minutes. The
HVR time ranged from 19 to 40 minutes, with a mean + SD
of 275 minutes. Intraoperative blood loss ranged from 310
to 3,030 mL, with a mean of 1,000 mL. The grafts ranged
in length from 2 to 4 cm.

Graft patency

Graft patency was confirmed in 14 (82%) of the
17 patients. Graft occlusion was observed on the CT images
2 weeks after the surgery in 2 cases (patients 10 and 12),
but these patients’ conditions were stable, and they were
discharged without incident. Early obstruction of the graft
was observed in 1 patient (patient 16), and emergency
surgery was required. Two days after the first surgery, this
patient’s blood tests revealed elevated hepatic enzymes,
leading to our decision to perform the emergency surgery.
Upon surgery, we found stricture at the anastomosis and
thrombotic obstruction of the entire graft (Figure 3A).
We harvested part of the left EIV and attached the graft
to the peripheral end of the existing graft to make up
for the original graft that we discovered was too short.
We sutured the new graft to the existing graft at 4 points
with 6-0 polypropylene and then placed vascular clips
4-5 times between each suture. We also sutured the new
graft and the remnant hepatic vein with the same method
(Figure 3B). The patient was discharged 19 days after
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Table 1 Study patients and case details
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Patient Sex Age (years) Disease Segment(s) ICGR15 (%) Primary hepatectomy
1 M 75 HCC S7/8 24.8 -

2 M 53 LM S7/8 21 -

3 M 71 HCC S7/8 16.2 -

4 M 66 LM S7/8 3.5 -

5 F 67 HCC S7/8/1r 11.4 -

6 M 77 HCC S7/8 8.3 -

7 M 70 HCC S7/8/1r 21 -

8 M 67 HCC S7/8 22.9 -

9 M 56 HCC S7/8 8 -

10 F 70 HCC S7/8 21 -

11 M 55 HCC S7/8/1r 10.8 -

12 M 79 HCC S7/8 11.4 -

13 M 68 LM S7/8/1r 7.5 -

14 M 55 LM S2 8.6 Right hemihepatectomy
15 M 72 HCC S2 234 S8 partial resection
16 F 67 LM S4b/2/1r/11 17.8 Posterior sectionectomy
17 M 60 LM S4b/1r 17.2 Posterior sectionectomy

HCC, hepatocellular carcinoma; LM, liver metastasis; ICGR15, indocyanine green retention in 15 minutes; 1r, right caudate lobe; 11, left
caudate lobe; 4b, superior medical segment; S8, anterior superior segment.

this second surgery. The graft remained 1 year and
4 months after left hepatic vein reconstruction (Figure 3C).
Graft patency was confirmed at the last follow-up
in the remaining 14 (82%) patients. Graft patency
was documented for 14 years and 3 months in 1 case
(patient 10).

Postoperative course

Hepatic enzyme and biliary enzyme levels from day
0 to postoperative day 7 are shown for 16 of the
17 patients in Figure 4. In the 16 patients, the mean [range]
preoperative aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels were 51 [15-154] IU/L and
48 [14-146] IU/L, respectively. The AST and ALT levels
in the 16 patients increased postoperatively up to 577 and
451 TU/L, respectively, within the first 5 days after surgery
but decreased to almost normal levels by day 7. The mean
total bilirubin level was 0.8 mg/dL (range, 0.2-2.8 mg/dL)
before surgery, and it increased substantially to 2.5 within
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the first 3 days after surgery but then decreased to less than
1.5 mg/dL by day 7 in most cases. The AST and ALT levels
in the patient who suffered early graft obstruction reached
6,264 and 2,337 IU/L, respectively, on postoperative day 2
and decreased after the emergency surgery.

The mean postoperative length of stay was 20 [14-60] days.
Postoperative complications at Clavien-Dindo grade IIIa
or above occurred in 4 (23.5%) of the 17 patients. These
complications consisted of the graft occlusion mentioned
above (n=1), hepatic coma (n=1), bile leakage (n=1), and
duodenal ulcer (n=1). There were no surgery-related deaths.

Histologic findings

Histologically, HCC was confirmed in 11 patients and
metastatic liver tumors in 6 patients. Invasion of the tumor
into the wall of a hepatic vein was found in 4 patients,
and attachment to the vein was found in the remaining
13 patients. The tumor was exposed on the cut surface of
the specimen in 4 of the 17 patients.
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Operation Reconstruction Blood loss Length of a

Complications Pathological HV

Patient  Resection Reconstruction time (min)  time (min) (mL) graft (cm) Patency (Clavien-Dindo > IlI) invasion
1 RHV RHV 345 30 3,030 3.5 Yes Gastric ulcer Negative
2 RHV RHV 400 30 2,000 4 Yes - Positive
3 RHV RHV 365 19 4 Yes - Positive
4 RHV RHV 240 23 498 4 Yes - Negative
5 RHV RHV 360 28 2,300 3.5 Yes - Negative
6 RHV RHV 362 25 1,685 3 Yes - Negative
7 RHV RHV 240 23 1,500 25 Yes - Positive
8 RHV RHV 256 40 1,925 2 Yes - Negative
9 RHV RHV 198 21 2.5 Yes - Negative
10 RHV RHV 208 30 505 3 No Hepatic Negative
encephalopathy
11 RHV RHV 226 32 1,065 3 Yes Biliary fistula Negative
12 RHV/IRHV RHV 284 27 1,000 3 No - Negative
13 RHV RHV 350 20 1,450 3 Yes - Negative
14 LHV LHV 155 30 360 2 Yes - Negative
15 LHV LHV 276 27 310 2 Yes - Negative
16 MHV/LHV LHV 218 25 860 2 No Reoperation Positive
17 MHV MHV 239 34 400 3 Yes - Negative
RHYV, right hepatic vein; MHV, middle hepatic vein; LHV, left hepatic vein; IRHV, inferior right hepatic vein; REIV, right external iliac vein; HY,
hepatic vein.
Discussion palliative liver resection is considered to be the best option

This study showed the surgical outcome of 17 hepatic
resections with HVR using the same techniques and
graft materials. Although hepatic resection with HVR is
thought to be a high-risk surgical technique, and there
have been reports of associated operative mortality rates
of approximately 11-25% (13,14), the postoperative
mortality rate was 0% among our patients. Our study
suggests that surgical methods, graft choice, and surgical
technique can each play a role in decreasing early mortality,
and preparatory hepatic resection with HVR performed
with an EIV graft is an effective treatment for patients
with decreased liver function or with a small residual liver
parenchyma.

Early mortality after major hepatic resection has
decreased to less than 5% (1,2), but major hepatic
resection is still risky, and the mortality associated with this
procedure has remained unchanged over time. Although
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in patients with cirrhosis or decreased liver function,
hepatectomy with HVR should be considered to obtain
a tumor-free margin (15) and to prolong patient survival
after liver resection.

Resection of liver tumors involving hepatic veins
requires careful planning, especially in patients with liver
dysfunction (16). The indications for preparatory
hepatectomy with HVR are (I) tumor involvement of a
hepatic vein and resection that would result in a small
remnant liver volume or (II) a possibility of repeat
hepatectomy. Reconstruction of the RHV is considered for
resection of segment 7 or 8 or both as well as for absence of
a large inferior right hepatic vein (IRHV) (17). If an IRHV
exists, it is possible to resect the main hepatic veins (18),
leaving segments 5 and 6 dependent on venous outflow
through the IRHV or intrahepatic collaterals (5). A large
IRHYV that drains all of segment 6 is present in 20-24% of

HepatoBiliary Surg Nutr 2021;10(2):163-171 | http://dx.doi.org/10.21037/hbsn.2019.09.18



168 Terasaki et al. Hepatic vein reconstruction

Figure 3 Surgical details in emergency surgery (A,B) and the patent graft after surgery (C). (A) In this case of left hepatic vein
reconstruction, a running suture of 6-0 polypropylene was applied to both stumps. Stricture occurred at the distal stump (arrow); (B)
reoperation due to graft occlusion involved extending the existing graft with a left external iliac vein graft and securing the graft with

vascular clips; (C) the graft remained patent for 1 year and 4 months after left hepatic vein reconstruction (arrow).

AST (IU/L) ALT (IU/L) T-Bil (mg/dL)
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Postoperative day Postoperative day Postoperative day

Figure 4 Line graphs showing preoperative and postoperative (over 7 days) hepatic enzyme (AST, ALT, and total bilirubin) levels in

16 patients. AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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reported patients (19). A previous clinical study revealed
7 different combinations of hepatic veins draining segment
5 and segment 6, many of which depended on the RHV as
the chief drainage vein; this was the case for 82.5% of the
reported patients requiring HVR (20). MHYV reconstruction
is considered in cases of hepatectomy involving segment 4
and the absence of a thick IRHV. LHV reconstruction is
considered in cases of segmentectomy for a tumor located at
the exit site of the LHV, and segment 3 should be preserved
to avoid postoperative liver dysfunction (21).

We performed HVR in all 17 of our patients with the
use of an EIV graft. Long-term graft patency was achieved
in 14 (82%) of the 17 patients. An embolism developed in
3 (18%) of the 17 patients, and in one patient, complete
occlusion of the graft necessitated emergency operation.
In this case, both ends of the 2-cm graft were sewn with
a running suture. This is the only patient in whom we
used running sutures on both ends, so we speculate that
the running suture caused the stricture. A running suture
can cause torsion because of the slight differences in the
distance and direction of the suture pitches, an issue that is
avoided when vascular clips are used. Thus, we recommend
the use of vascular clips, as described by Kirsch ez a/. (22) in
1992. Use of vascular clips shortens the reconstruction time,
prevents stricture, and can prevent vascular intimal injury
and thrombosis, which usually result from the exposed
threads. The clips are placed outside and not inside the
graft.

The length of the graft also seems to be important.
Intraoperatively, the graft in the reoperation case seemed
to be of appropriate length, but in light of the hepatic
congestion that ensued after abdominal closure, we realized
that the graft was too short. A graft that is too short in
combination with hepatic congestion inevitably causes
graft occlusion because the resulting tension becomes self-
perpetuating (23). To avoid this problem, we believe it is
important to perform adequate hepatectomy, meaning that
a negative surgical margin is obtained and ensuring that the
graft is of adequate length.

Graft selection is discussed in many reports. It remains
controversial whether an autologous graft or artificial
graft is suitable for HVR. Several studies have shown
advantages and disadvantages of artificial grafts, especially
polytetrafluoroethylene (PTFE) grafts (24). The clear
advantage of an artificial graft is the various lengths
and diameters from which to choose. In addition, the
reported risk of infectious and surgical complications is
approximately 0.5% (25). However, the disadvantage of an
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artificial graft is the potential for long-term stricture and
thrombosis. Artificial grafts may be useful in transplantation
surgery, but for tumor resection, graft occlusion is of major
concern with respect to remnant liver function. The clear
advantage of an autologous graft is the decreased possibility
of occlusion. Graft patency was documented at 14 years and
3 months in 1 of our patients, and there has since been no
evidence to the contrary. For autologous grafts, the ovarian
vein (26), EIV (12), and saphenous vein (3) are often used,
and several studies have shown the usefulness of a peritoneal
patch (27). Previous reports (12) have shown the suitability
of the EIV for RHV reconstruction and of the superficial
femoral vein for MHV and LHV reconstructions because
these veins, compared to other veins, have considerably
fewer branches. We consider the EIV graft particularly
suitable for HVR because the diameter is the same as that
of the hepatic vein, and we can harvest a graft that is longer
than other vein grafts.

Several limitations associated with the present study
warrant mention. This was a retrospective study conducted
over a long period of time and due to the small number of
patients, we could not perform statistical analysis for graft
occlusion. It is thus necessary to accumulate further cases.

In conclusion, our hepatic resections with HVR using
the same techniques and graft materials showed acceptable
surgical outcomes. From our experience, we believe that
preparatory hepatic resection with HVR is an effective
treatment, especially for patients with decreased liver
function or with a small residual liver parenchyma. The
techniques we used appear to be widely applicable to cases
of extensive hepatectomy.
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