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Abstract: Postoperative liver failure remains one of the most common causes of mortality after liver surgery. Many teohniq@
have been developed to induce parenchymal increase to reduce the incidence of postoperative liver failure. In our video [online]
we showed our technique, which we called “modulated partial associating liver partition and portal vein ligation for staged
hepatectomy (ALPPS),” which aimed to minimize the surgical stress between the two phases of a two-stage hepatectomy. Our
patient was a 49-year-old man affected by colorectal liver metastases who underwent a two-stage right hepatectomy through the
modulated partial ALPPS technique. Postoperative CT scans revealed an increase in future liver remnants, that resulted sufficient
for the patient to sustain liver resection. Although further studies would be necessary and true randomization is hard to obtain,
in relation to the complexity of these cases, we propose a feasible technique that reduces the surgical stress between the two
phases of a two-stage hepatectomy, improving the prognosis for patients affected by colorectal liver metastases.

Since hepatic surgery for colorectal liver metastases started, the
main problems faced by every surgeon have always been the
balance between RO resection and the avoidance of postoper-
ative liver failure, which remains the most common cause of
mortality after extended hepatectomy.!

The amount of predicted functioning hepatic parenchyma
after liver resection is defined as the future liver remnant (FLR).
In the literature, it has been reported that at least 30% of FLR
is required for noncirrhotic patients and 40% for cirrhotic
patients.?

Adequate preoperative imaging® and other tools, such as the
indocyanine green (ICG) clearance test,* are often employed to
predict the postoperative outcome of a patient who undergoes
a major hepatectomy.

In the last few decades, many techniques, such as portal vein
ligation or portal vein embolization (PVE), aimed to induce
a parenchymal increase in patients who were not suitable for
hepatic resection because they had a very low FLR.>¢

Schnitzbauer et al.” described in 2012 an innovative tech-
nique based on a strong hypertrophic trigger given to the
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hepatic parenchyma originated from the vascular and parenchy-
mal exclusion performed in a first surgery which allowed to a
completion of the hepatectomy in a second surgery.

They reported a 74% increase in FLR volume over a mean
period of 9 days between the two surgeries.

In 2016, de Santibafies et al.® proposed a less aggressive
approach, combining an initial liver transection with a PVE.
A 62.6% future liver remnant volume (FLRV) rate has been
reported to have lower morbidity and mortality rates.

Therefore, we focused on reducing parenchymal stress
between the two stages without removing the hypertrophic
trigger. Thus, we proposed a “modulated” partial associating
liver partition and portal vein ligation for staged hepatectomy
(mpALPPS), in which we performed liver transection as well
but without complete exclusion of the right portal system. In
fact, we preserved the posterior portal sector to reduce ischemic
shock between the two phases.

Our patient was a 49-year-old man with good general condi-
tion who underwent a colonoscopy due to hematochezia, which
showed a stenosing neoplasm 10cm from the anal verge and
was positive for adenocarcinoma. Chest and abdominal com-
puted tomography (CT) confirmed a rectal lesion and revealed
multiple bilobar liver lesions.

Tumor markers were: Ca 19.9 16 U/ml, carcinoembryonic
antigen (CEA) 15.4ng/ml, alpha-fetoprotein (AFP) 3ng/ml;
Kirsten rat sarcoma virus (KRAS) was mutated.

After multidisciplinary discussion, the patient underwent
systemic chemotherapy (CHT) with FOLFOXIRI plus bevaci-
zumab. The patient received 10 cycles of this regimen.

However, 6 months later, a restaging CT showed a good
response to CHT, and a new multidisciplinary evaluation was
performed. The FLR before CHT was estimated as 20%, but
unfortunately, the computation was not accurate enough
because the patient underwent a CT scan in another center. The
post-CHT FLR was calculated as 22%.

The patient was scheduled for a liver-first approach with a
two-stage hepatectomy. We proposed a “modulated” partial
ALPPS.
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We decided not to perform a portal vein ligation or embo-
lization essentially because of three reasons: first of all, con-
sidering the predicted volumes, we needed the strongest
regenerative trigger possible; then, the left lobe had to sustain
multiple resections in addition to thermal ablation, unlike the
classical portal vein ligation or PVE cases; finally, the liver
underwent several months of CHT, so we aimed for the larg-
est volume possible, for we risked encountering a setting of
“chemo liver.”

The first stage consisted of liver mobilization with intraoper-
ative ultrasound (US), which confirmed hepatic lesions. Thermal
ablation of a lesion in S2-S3 that appeared hard to remove surgi-
cally was performed, followed by four left liver resections: three
were RO resections, whereas in S4 we needed to perform a “vas-
cular” R1 resection, balancing both the oncological and hemor-
rhagic risk. Finally, right bile duct isolation and right anterior
portal branch ligation were performed with partial transection
of the liver parenchyma.

Postoperative CT images showed both the transection line
and the preserved posterior portal branches directed to the pos-
terior sector (P6-7).

However, 7 days later, the patient was scheduled for the sec-
ond surgery.

In the second stage, we performed right anterior hilar plate
transection through the hanging maneuver,” and then performed
right posterior hilar plate transection with ligation of the right
hepatic vein, eventually resulting in a right hepatectomy. For
parenchymal transection, we used monopolar spray electro-
coagulation through the “plow technique” that we previously
described.!®

The postoperative course between the two surgical proce-
dures was uneventful. We observed no impairment in liver func-
tion (no increase in bilirubin level, coagulation abnormalities,
or ascites). A postoperative CT scan showed an increase in the
FLRV (32% vs. 22%). On postoperative day (POD) 90 from the
second stage, the patient underwent laparoscopic anterior resec-
tion for primary tumor removal. At that time, a further CT scan
showed a FLRV of 42%. Fortunately, adhesions were localized
in the sovramesocolic area, so that we could afford the rectal
surgery without particular critical issues.

In conclusion, ALPPS, pALPPS, and our mpALPPS represent
extremely complicated surgical procedures, which, even when
performed by experts, are not exempt from a high rate of mor-
bidity and mortality. Several parameters must be considered:
clinical background, perioperative setting (e.g., anesthesiologic
support, well-prepared intensive care unit (ICU), dedicated
nurses, etc.), and surgical skills.

We strongly believe that a reduction in surgical stress between
phases 1 and 2 through our mpALPPS, despite a lower increase
in liver parenchyma, improves clinical and surgical outcomes, as
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the patient would be in a better condition to undergo the second
stage, than if they had undergone a more extended partition.

Unfortunately, the lack of selection criteria prevents random-
ized trials from being designed, so the available evidence in the
literature remains poor, often limited to case reports or case series.

Centralization of these complex cases in highly experi-
enced centers could support the development of a standardized
approach, resulting in a better level of evidence and perhaps
improving the survival of patients affected by multiple colorec-
tal liver metastases.
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