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The new frontier of hepatic resection.
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he introduction of innovative and more aggressive
approaches to surgical hepatic resection has the
potential to improve patients’ long-term survival
with less mortality and morbidity. The concept
of future liver remnant (FLR) is an essential consideration
when performing these procedures, reflecting an overall
change in thinking toward what is left behind as opposed
to how much of the liver is taken out. In brief, the FLR is
measured as an absolute volume or relative index com-
pared with total liver volume (TLV). FLR is considered to be
sufficient if it is > 25% of TLV in the patients with normal
liver function. Higher FLR of > 40% of TLV is deemed nec-
essary for patients with impaired liver function.!
For patients with inadequate FLR, the FLR should
be increased prior to major hepatic resection through
accelerated liver hypertrophy. These techniques serve
to facilitate hypertrophy of the FLR and also act as a
crude biological test of the hepatic reserve of the liver.
The most frequently used method to increase FLR is
portal vein embolization (PVE); however, the associating
liver partition and portal vein (PV) ligation for staged
hepatectomy (ALPPS) technique can also be used. Other
methods, such as transarterial radioembolization (TARE)
and stem cell infusion through the portal venous system
can be used independently or in combination. This
article describes the various methods to increase FLR
before major hepatectomy.

PVE

PVE has been shown to be safe and effective in
inducing hypertrophy of the FLR since its first intro-
duction by Hirohashi et al 25 years ago.? Percutaneous
transhepatic puncture of the PV is the main point of
access. For PV puncture, an ipsilateral or contralateral
approach to the embolized portal venous segments,
which approximate the Couinaud segmental anatomy,
is decided by tumor location, size, operator preference,
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and experience. Percutaneous transsplenic access has
been used in salvage situations.?

PVE is associated with a low rate of major complications,*
and a variety of embolic materials may be used alone or in
combination. The exact mechanism of FLR hypertrophy is
not yet known; however, mechanical factors associated with
increased portal venous blood flow of unembolized seg-
ments after PVE is one mechanism.> Biochemical factors are
also responsible for liver growth. Upregulation of hormonal
factors (eg, hepatocyte growth factor, transforming growth
factor alpha) after PVE contributes to hypertrophy of the
FLR as well.%”

Figure 1. CT scan showing a large hepatocellular carcinoma
(HCC) (arrow) in segment 4 with a small left hepatic lobe
volume (A, B). Right PVE via a contralateral approach was per-
formed (C, D). Note that the PV branches (arrows) are draped
around the tumor in the right hepatic lobe. A 3-week follow-
up CT scan shows extensive hypertrophy of left hepatic lobe
without significant growth of the right lobe HCC (E, F).



was performed with arterial devascularization of the tumor (B, C). After 1 week, right-sided
PVE was performed via an ipsilateral approach (D, E). Two weeks after PVE, shrinkage of
the lipiodol-laden mass with hypertrophy of left lateral segment FLR was seen (F).

The extent of FLR hypertrophy after PVE is gener-
ally 30% to 50% of the unembolized segment itself and
5% to 20% of the TLV (Figure 1).2 Liver regeneration
reaches its peak 2 to 3 weeks after PVE. The degree of
kinetic growth rates will vary by patient, and absence of
a significant degree of hypertrophy may result in post-
operative mortality and morbidity.’® Sustained further
hypertrophy of FLR has been observed up to 6 months
after PVE in patients who could not undergo planned
hepatic resection." The drop-off rate of planned sur-
gery after PVE may be as high as 20% due to disease
progression or insufficient hypertrophy of the FLR."
For these patients, transcatheter arterial chemoembo-
lization (TACE), TARE, ALPSS, or hepatic vein embo-
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lization may be applied for
further sustained growth."
Despite the encouraging
results seen with PVE, there is
a concern for rapid progres-
sion of tumors within the 2-
to 4-week waiting period after
PVE." Compensatory increase
of hepatic arterial inflow after
PVE may be responsible for
the rapid growth of tumors in
the treated area. Upregulated
hormonal factors may poten-
tially lead to upregulation of
tumors in the nonembolized
segments. In order to control
tumor growth during the
waiting period, systemic che-
motherapy or TACE before
or after PVE can be used
as a combination method
(Figure 2).>1¢ Cessation
of blood flow in both the
hepatic artery and PV appears
to result in increased hyper-
trophy of the FLR as compared with the PVE-only
method. Controversy remains as to whether chemo-
therapy before or after PVE plays a negative role in
liver regeneration.”

ALPPS

ALPPS may be used as a salvage procedure when
PVE fails.”® ALPPS is a novel technique that can be
employed even for extensive hepatic tumors that were
previously considered unresectable (Figure 3). This
technique results in a vast increase in the volume of
the FLR in a short period of time. However, this tech-
nique continues to provoke heated debate because of
its high mortality and morbidity rates. The advantages

C

Figure 3. Schematic illustration of ALPPS for multiple bilobar tumors (A). In the first stage, right PV ligation and partition of
both lobes (arrow) is performed with tumor resection in the left hepatic lobe (B). In the second stage, a right hepatic lobectomy

can be done with good hypertrophy of the FLR (C).
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of ALPPS are rapid hypertrophy
of the FLR and a higher rate of
complete resection compared to
other techniques. Disadvantages
of ALPPS include major com-
plications, more deaths, and
early tumor recurrence.” Some
modified forms of ALPPS have
reduced the morbidity and
mortality of the procedure,

but they cannot be widely rec-
ommended over the original
procedure at this time.2® More
evidence regarding longer-term
oncologic outcomes needs to be
gathered to determine the safety
and effectiveness of ALPPS for
patients with a tumor involv-
ing the FLR. Further study could
help to determine the ideal indi-
cations and patient selection for
this novel procedure.

TARE

In addition to PVE or ALPPS, TARE using yttrium-90
microspheres also leads to a volume increase of non-
embolized liver parenchyma (Figure 4). A systematic
review of TARE in 312 patients between 2000 and
2014 was performed and reported FLR hypertro-
phy ranging from 26% to 47% at 44 days through
9 months.2" Garlipp et al compared the effectiveness
of PVE versus TARE in inducing contralateral hepatic
hypertrophy. Substantial FLR hypertrophy was seen
in both groups, but PVE produced significantly more
hypertrophy than TARE (61.5% vs 29%; P < .001).22
Despite less contralateral liver hypertrophy in the
TARE group, TARE provides effective treatment of
ipsilateral liver tumors along with induction of hyper-
trophy and may be beneficial compared to TARE
given its reduced risk of tumor progression. TARE also
has the advantage of being a one-step procedure as
compared with combined TACE and PVE for tumor
control. It should be noted that hypertrophy after
TARE generally takes longer than with PVE?; however,
the current body of scientific literature has examined
the hypertrophic effects only as an ancillary obser-
vation of tumor-directed TARE. Intention-to-treat
studies focusing on the facilitation of hypertrophy,
potentially modulating (and perhaps increasing) the
amount of radioactivity or its distribution, will be
required to determine the optimal method of FLR
hypertrophy using a TARE technique.
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Figure 4. TARE for HCC. An infiltrative HCC in segment 6 with apparently small left
lobe volume is seen on CT (A, B). TARE was selectively performed in segment 6 hepatic
arteries with 0.57 GBq of yttrium-90 (C, D). Three months after TARE, a necrotized HCC
mass with extensive hypertrophy of left hepatic lobe was seen (E, F).

CONCLUSION

The interventional specialist plays a key role in the mul-
tidisciplinary team, ensuring that FLR volume is adequate
and increasing the FLR volume when necessary. PVE,
ALPPS, TARE, and other experimental treatments are used
for this purpose. The greatest amount of FLR hypertrophy
has been seen with ALPPS, followed by PVE, while the
least amount has been seen with TARE. However, PVE is
currently considered the procedure of choice. If PVE fails
to achieve a sufficient FLR, additional methods may be
utilized, including ALPPS, TARE, hepatic vein embolization,
and stem cell infusion through the portal vein.3

If there is concern for rapid tumor growth before
surgery, TACE and/or systemic chemotherapy can be
combined with PVE to minimize this possibility. TARE
may be applied instead of the TACE-PVE combination
if a one-step procedure is desired. The longer time
for hypertrophy after TARE may allow for the “test
of time” approach to ensure that additional disease
does not develop, and further study into the optimal
method of TARE in this setting is warranted. ALPPS can
be a viable alternative option to PVE, especially when
tumor involvement is extensive, although further data
collection on ALPPS is necessary to verify its safety and
effectiveness. Continued technical improvements in
PVE, ALPPS, and TARE, as well as the potential to com-
bine these techniques, may allow for faster and greater
hypertrophy of the FLR along with preservation of liver
function and a low surgical resection drop-off rate. m
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