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of Colorectal Cancer with Liver 
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and Michele De Rosa

14.1  Introduction

Colorectal cancer (CC) is the third most common tumor in Western countries and the 
liver is the most common site of metastatic spread, with over 50% of patients develop-
ing liver metastases (LM) during the natural course of disease: synchronous and meta-
chronous liver lesions are diagnosed in about 15–25% and 20–30% of patients, 
respectively [1]. Although synchronous disease is considered to have a less favorable 
biology and poorer prognosis compared to metachronous disease, surgery is nowa-
days the only therapy offering a potential cure. Although only 20% of these patients 
are eligible for surgery, radical resection of primary CC and LM may allow a 5-year 
survival rate ranging between 40–57%, compared to 3–9% of unresectable disease [2].
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14.2  Management of Synchronous Colorectal 
Metastatic Disease

A multidisciplinary approach is considered the correct management strategy. Three 
surgical options are available [3]: the “staged approach”, with colorectal resection 
followed by adjuvant chemotherapy and finally liver resection, which has the advan-
tage of a better control of bowel obstruction symptoms; the synchronous “one-stage 
resection” of both CC and LM; the “liver first approach”. The best strategy for 
resectable synchronous colorectal LM is still a matter of debate [1, 2, 4]. The one- 
stage strategy is a safe and feasible option, especially when minor hepatectomies 
are performed, while for major live resections an increased risk of postoperative 
complications is reported [5]. A minimally invasive approach has demonstrated to 
be beneficial in both colorectal and liver surgery compared to the conventional open 
approach, with less intraoperative blood loss, quicker postoperative recovery, 
shorter hospital stays and fewer postoperative complications, especially if per-
formed in high-volume centers. No difference in R0 resection margins and disease- 
free survival has also been reported [6]. Nevertheless, laparoscopy may prove to be 
a challenging procedure requiring two surgical teams or surgeons expert in mini-
mally invasive colorectal and liver surgery.

14.3  Robotic Surgery for Synchronous Liver 
Colorectal Metastases

Robotic one-stage resection of synchronous CC and LM is reported in many case 
series worldwide [7–9]. With the last da Vinci Xi robotic platform, multiquadrant 
surgery is easier and re-docking of the device faster [10, 11]. The first case was 
published in 2008 by Choi et al. where a segment III and a low anterior rectal resec-
tions were performed robotically with a total operative time of 360 minutes [7]. 
Patriti et al. published in 2009 a series of seven laparoscopic and robotic procedures 
[8]. A systematic review by Garritano et al. in 2016 included 20 studies of laparo-
scopic and robot-assisted one-stage resections, concluding that the minimally inva-
sive approach is advantageous over conventional open surgery, especially as regards 
short-term postoperative outcomes [12]. A systematic review published in 2018, 
examining over 1000 patients, showed how the robotic approach is safe and feasible 
for both minor and major resections [13]. Dwyer et al. reported a case series of six 
procedures with no conversions to laparotomy, a mean operative time of 401 min, 
an estimated blood loss (EBL) of 316 mL and a hospital stay of 4.5 days. One anas-
tomotic leak and two pelvic abscesses, but no 30-day mortality were reported [14]. 
Soh et al. reported on four patients who underwent robotic rectal resection with an 
additional robotic hepatobiliary procedure, with no difference in length of stay and 
postoperative complications (anastomotic leak or bleeding) compared to a series of 
rectal resection alone [15]. In 2019 Navarro et al. published a series of 12 patients, 
and the liver surgery included six wedge hepatectomies, one caudate lobectomy, 
two right hepatectomies, one left hepatectomy, one left lateral segmentectomy, and 
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one Associating Liver Partition and Portal vein ligation for Staged hepatectomy 
(ALPPS procedure). The mean operative time was 449 min with a mean EBL of 
274.3 mL. There were no conversions to laparotomy, with two grade III complica-
tions, including one anastomotic leak and two liver abscesses [16]. The same year 
Giovanetti et al. reported a series of five patients undergoing robotic combined liver 
and colorectal resection with no 30-day mortality [17]. In a single-center series by 
Ceccarelli et al. in 2021, 28 patients with CC and synchronous LM were treated 
using a robotic procedure, demonstrating benefits especially for liver resection. 
Eighteen of 44 LM (40%) were located in posterior liver segments (4a, 7, 8 and 1), 
considered challenging locations for conventional laparoscopy; the mean operative 
time was 332 min, EBL 143 mL and length of stay 8 days; two conversions to lapa-
rotomy and three grade III–IV Clavien-Dindo complications were reported [18].

The use of robots allows optimal access to all liver segments, even for the most 
demanding posterior or paracaval tumors, facilitating parenchymal-sparing surgery 
[19]. Masetti et al. reported a fully robotic ALPPS with simultaneous left colectomy 
for synchronous CC and LM [20]. One case of synchronous resection of rectal, liver 
and lung metastases was also described [21].

The average operative time for one-stage surgery depends on the complexity of 
the two surgical procedures and different scores were made to plan the complexity 
of minimally invasive liver resections [22]. Generally, the operating time is longer 
in robotic surgery due to the docking process. Mc Guirk et  al. reported a mean 
operative time of 420 minutes, not statistically different from the laparoscopic series 
of Zhu et al. (320 min), and Spampinato et al. (495 min) [23–25]. Length of hospital 
stay depends on many different factors, such as complexity of hepatectomies or 
colorectal resections, patient conditions, adherence to enhanced recovery program, 
complications.

14.4  Technical Aspects

With the aim of maximizing time efficiency and minimizing the risk of conversion, 
we suggest starting the operation with the most challenging procedure between liver 
and colorectal disease. Generally, major hepatectomies, posterior/paracaval or bilat-
eral segments require longer time, as well as low rectal resection in obese/male 
patients. Sometimes a hybrid laparoscopic-robotic technique may be considered.

14.4.1  Robotic Liver Resection

If the operation starts with the liver resection, the patient lays supine with legs apart and 
the operative table is placed in the reverse Trendelenburg position, tilted on the oppo-
site side to the liver tumor. For posterior segments a lateral or semilateral position or a 
pillow under the flank may be useful and one robotic port may be placed in the inter-
costal space. A preliminary abdominal cavity exploration allows exclusion of perito-
neal carcinomatosis. Intraoperative ultrasound liver evaluation is routinely performed 
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to exclude or identify other lesions and to plan and guide the resection margins during 
the procedure. Operative ports are positioned according to the target. Additional trocars 
are inserted for the assistant placed between the patient’s legs. The da Vinci Xi 
(Sunnyvale, CA, USA) robot is docked with the arms from the patient head according 
to the target area (Fig. 14.1) [18]. Hepatic pedicle encirclement with loop for inflow 
vascular control (Pringle maneuver) is recommended for major or demanding resec-
tions, using extracorporeal or intracorporeal approaches. Liver parenchyma transection 
is performed using the clamp-crushing technique with robotic bipolar forceps 
(Maryland) and curved scissors or using others laparoscopic devices. Vessels of 
3–4 mm may be managed by bipolar or energy devices, larger vessels are preferably 
secured using metallic clips or hem-o-lok or stitches. Indocyanine green dye may be 
used for intraoperative real-time identification of biliary tree and vascular anatomy or, 
if injected one or two days before surgery, to highlight liver lesions. It may also be use-
ful to plan the transection line and to check biliary stasis at the end of the operation.

14.4.2  Robotic Colorectal Resection

Robotic colorectal resection generally requires a re-docking of the cart. Additional 
ports may be necessary according to colorectal tumor location. Right colectomy may 
be usually managed with a single docking (Fig. 14.1) [26]. For left colectomy and 
rectal resection a re-docking and new table positioning is required. For the technique 
we refer to the specific chapters. When colorectal resection is the first step and a 
Pringle maneuver is planned, the anastomosis should be performed after liver transec-
tion. After rectal resection a diverting loop ileostomy is generally considered. The 
specimens are extracted into different bags using a Pfannenstiel incision (Fig. 14.2) [18].

a b

c

Fig. 14.1 (a) Single robotic docking for liver resection and right colectomy. (b, c) Specimens (left 
hepatectomy and right colectomy)
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c

Fig. 14.2 (a) Double docking for liver resection (segment 5) and rectal resection (rectal cancer). 
(b, c) Specimens

14.5  Conclusions

The diffusion of robotic platforms has recently expanded their application for 
multivisceral- multiquadrant surgery and one-stage resection of LM. Compared to 
laparoscopy, robotic technology offers better accuracy in fine dissection and micro-
suture and a better vascular management, facilitating parenchymal-sparing surgery 
especially for posterior segments, with a shorter learning curve. Conversion rates to 
open surgery seem to be reduced with robotic surgery. The hybrid approach (lapa-
roscopy and robotic) may reduce overall operative time, reserving the robotic tech-
nology for the most challenging procedures. Randomized controlled trials are 
necessary to fully demonstrate the advantages of this technology, especially in terms 
of reduction of morbidity.
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