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Introduction

Open liver resection for hepatic lesions in Couinaud’s 
segment VII or VIII (1) usually requires large skin incision 
extended to patient’s right abdominal wall, such as Mercedes 
incision, inverted L-shaped incision, and Makuuchi’s 
J-shaped incision with or without thoracotomy (2). Thus, 
laparoscopic approach to these hepatic regions can offer 
the best advantage over open liver resection in minimizing 

invasion to the abdominal wall. However, laparoscopic 
hepatectomy for segment VII or VIII lesions is technically 
difficult because these segments located in the cranial/dorsal 
ends of the liver, apart from a camera port and abdominal 
trocars (3,4).

In order to facilitate laparoscopic hepatectomy for 
the lesions in segment VII and/or VIII, Gayet developed 
“lateral approach”, i.e., the use of intercostal transthoracic 
trocars (ITT), enabling direct and vertical approach to the 
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subphrenic hepatic regions (5). Recently, ITT begins to be 
used widely during wedge resections for subcapsular small 
tumors (6-8) as well as difficult hepatectomies for deeply-
located tumors in segment VII and/or VIII (9). The aim 
of this study was to demonstrate technical details of the 
use of ITT in laparoscopic hepatectomy, with short-term 
outcomes in our latest series.

Methods

This study was conducted with the approval of our 
institutional ethics committee (No. 2016-1065). Informed 
consent was obtained from all of the patients.

Indication of ITT

ITT has been indicated to anatomic resections of hepatic 
segment VII and/or VIII (5), resection of deeply-located 
tumors requiring control of the major hepatic veins (9), and 
wedge resection of subcapsular hepatic tumors (6-8).

Insertion of ITT

Patients are placed in the low lithotomy position, with the 
legs spread apart and bent at the knees (French position). 
Then, the upper body of the patients is set in the left 
lateral decubitus position with the right arm suspended 
(Figure 1A,B). Following abdominal insufflation, three or 
four abdominal trocars are placed and the liver and tumor 
status is evaluated with a laparoscope and intraoperative 
ultrasonography. Then, balloon-tipped trocar(s), usually 
one 12 mm (caudal side) and one 5 mm (cranial side), are 
deployed from the intercostal space through the diaphragm 
in this order. Prior to the insertion of the intercostal 
trocars, ultrasonography should be used from patient’s body 
surface to confirm respiratory movement of the lower edge 
of the right lung. This lung movement can also be observed 
from the abdominal cavity and the diaphragm is compressed 
with the laparoscopic forceps, in order to exclude the lung 
from the pleural space around the trocar placement sites 
(Figure 1C). When the intercostal trocars are indicated in 
patients with previous surgery on the right lung, adhesions 
in the pleural cavity should be evaluated by using a 
transparent-type trocar and laparoscope as a thoracoscope, 
prior to the trocar insertion (Figure 1D). In order to prevent 
migration of pneumoperitoneum gas into the thoracic 
cavity, the intercostal trocars are fixed to thoracic wall by 
inflating the balloon of the trocars (Figure 1E).

Hepatic mobilization

The operation table is moved to take reverse Trendelenburg 
and left semi-lateral position. The root of the right hepatic 
vein is confirmed following dissection of the falciform 
ligament and the right coronary ligament. Hepatic bare area 
is also dissected until the cranial and dorsal areas of hepatic 
transection line are fully exposed, but complete hepatic 
mobilization is unnecessary except for the case of anatomic 
segmentectomy or deep hepatectomy. Hepatic transection 
line is marked with electrocautery under ultrasound 
guidance. Fluorescence imaging using preoperative 
intravenous injection of indocyanine green (ICG) (10-12) is 
effective for identification of the subcapsular hepatic tumors 
during this process.

Hepatic transection

Operating surgeon stands on the patient’s right, using the 
cranial intercostal trocar by his/her left hand and the caudal 
intercostal trocar as a camera port. This position facilitates 
vertical transection of hepatic parenchyma around the tumor. 
In our center, hepatic parenchyma is dissected with cavitron 
ultrasonic surgical aspirator and vessel sealing systems under 
intermittent inflow occlusion. The intra-abdominal pressure 
is maintained at 12 mmHg throughout the procedures. When 
pneumoperitoneum gas continuously leaks into the thoracic 
cavity through the trocar placement site, a sheath of a 16 
gauge intravenous needle should be placed from outside of 
the patient’s chest wall for preventing tension pneumothorax.

Wound closure

Fibrin glue is sprayed on the hepatic raw surface. The 
incisions on the diaphragm should be suture closed for 
preventing postoperative hernia. Incision for the caudal 
intercostal trocar can usually be closed from outside of 
patient’s thoracic wall with a Crochet hook needle without 
a risk of lung injury (Figure 1F). During suture closure of 
the diaphragm, an intercostal trocar should be kept in the 
pleural space for drainage of pneumoperitoneum gas leaking 
into the pleural cavity. Although we don’t use a chest drain 
routinely (13), postoperative chest X-ray is mandatory to 
confirm absence of progress of pneumothorax.

Results

From February 2012 to September 2016, totally 121 
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laparoscopic hepatectomies had been indicated at the 
Cancer Institute Hospital. Among them, ITTs were used in 
17 patients (14%) with hepatic tumors in segment VII (n=6) 
or VIII (n=11). Twelve patients with segment VII or VIII 
lesions underwent laparoscopic hepatectomy without a use 

of ITT because tumors were located in caudal aspects of 
segment VII or VIII.

Surgeries were indicated as the initial hepatectomy 
except for a patient who had undergone open hepatectomy 
of segment VI and laparoscopic hepatectomy of segment 

Figure 1 Placement of intercostal trocars during laparoscopic hepatectomy. (A) The patient’s upper body is placed in the left lateral 
decubitus position with the right arm suspended; (B) following abdominal insufflation, one 12 mm (caudal side, yellow arrow) and one 5 
mm (cranial side, yellow arrowhead), are deployed from the intercostal space through the diaphragm in this order; (C) insertion of a cranial 
intercostal trocar with confirmation of the lung edge (white arrowheads) from the abdominal cavity; (D) a laparoscope through a transparent 
trocar can be used as a thoracoscope for evaluation of pleural adhesions in patients with previous lung surgery; (E) the intercostal trocars are 
fixed to thoracic wall by inflating the balloon for preventing migration of pneumoperitoneum gas into the thoracic cavity; (F) incision for the 
caudal intercostal trocar can be closed from outside of patient’s thoracic wall with a Crochet hook needle.
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Figure 2 Laparoscopic wedge resection of segment VIII using intercostal trocars. (A) Totally 5 trocars including 2 intercostal trocars are 
used; (B) intraoperative contrast-enhanced ultrasonography delineates a subcapsular colorectal liver metastasis in segment VIII (arrow). An 
arrowhead shows dorsal branch of the segment VIII portal pedicle; (C) hepatic transection line is determined with the use of intraoperative 
ultrasonography and fluorescence imaging (ICG-fluorescence signals are demonstrated in green); (D) the dorsal branch of segment 
VIII portal pedicle (arrowhead) is exposed on the hepatic raw surface; (E,F) hemispherical wedge resection is completed with the use of 
intercostal trocars; (G) cut surface of the resected specimen. ICG, indocyanine green.

II prior to the laparoscopic hepatectomy with the use of 
ITT. One patient had undergone video assisted thoracic 
surgery for right lung metastasis of rectal cancer before 
the laparoscopic hepatectomy with intercostal trocars. Two 

intercostal trocars were used in 10 patients (Figure 2). In the 
remaining seven patients, just a single 5 mm intercostal trocar 
was placed and used for operator’s left hand (Figure 3). The 
median (range) time required for insertion of intercostal 
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Figure 3 Use of an intercostal trocar in laparoscopic resection of a deeply-located tumor in segment VII.(A) Preoperative contrast-enhanced 
magnetic resonance imaging shows a colorectal metastasis (yellow arrow) attached to the right hepatic vein tributary draining segment VII 
(white arrowhead); (B) one 5 mm-intercostal trocar (yellow arrowhead) is used in addition to 4 abdominal trocars. The right liver is fully 
mobilized in this case; (C,D) wide limited resection of segment VII is completed, dividing the segment VII portal pedicle (blue arrowhead) 
and the right hepatic vein tributary draining segment VII (white arrowhead); (E) state after completion of hepatic transection. The vena 
cava (white arrow) is exposed following divisions of the short hepatic veins; (F) the tumor (yellow arrow) is resected with sufficient surgical 
margin from the stump of the segment VII portal pedicle (blue arrowhead).
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trocar(s) was 3 [1–5] min.
Median operation time and amount of blood loss for 

hepatectomy were 226 [109–565] minutes and 70 [3–680] mL, 
respectively. The maximum tumor diameter and the surgical 
margin were respectively 16 [6–25] and 10 [1–20] mm. Open 
conversion was required in one patient, who underwent 
open right paramedian sectoriectomy following laparoscopic 
resection of segment VIII because cancer invasion to the 
proximal Glissonian sheath was diagnosed by intraoperative 
rapid pathological examinations. No hepatectomy-related 
postoperative complications occurred, except for a case of 
intraabdominal abscess requiring operative drainage following 
simultaneous sigmoidectomy and hepatectomy for metastasis 
in segment II. The median (range) postoperative hospital stay 
was 8 [6–42] days.

Discussion

In order to employ minimally-invasive surgery to 
subphrenic hepatic lesions, several authors proposed 
thoracoscopic approach with incision on the diaphragm 
(14-16). However, the thoracoscopic transdiaphragmatic 
hepatectomy has not been applied commonly because of the 
limitations of this approach in completing intraabdominal 
surgical procedures such as Pringle maneuver and additional 
resection of the other hepatic regions. In 2012, Ishizawa 
et al. first reported laparoscopic hepatectomy with the use 

of ITT, enabling direct approach to the root of the middle 
and right hepatic veins during segmentectomy VII and VIII (5).  
Later, ITT began to be used more widely not only in 
“difficult” laparoscopic hepatectomy for deeply-located 
tumors (9) but for wedge resection of subcapsular tumors 
(6-8), as demonstrated in the present series (Table 1).

The use of ITT in laparoscopic hepatectomy implies 
several advantages. First of all, this approach enables 
surgeons to identify tumors just beneath a laparoscope and 
make hepatic transection planes vertical to hepatic surfaces, 
avoiding tumor exposure on the hepatic raw surfaces. 
Reproduction of the hemispherical wedge resection such 
as open hepatectomy would be beneficial to patients 
from the standpoint of preserving hepatic parenchyma as 
much as possible for possible postoperative recurrence of 
hepatic tumors (17-19). Second, minimizing the extent of 
hepatic mobilization by using ITT may reduce a risk of 
postoperative bleeding/ascites and avoid severe adhesions 
around the liver at the time of re-hepatectomy for 
recurrence.

The essential step in the placement of ITT is to prevent 
lung injury. Usually, the first intercostal trocar is placed 
just above the right subcostal line. Thus, a risk of the lung 
injury during this procedure would be neglectable, as in the 
case of percutaneous biliary drainage. Even when the cranial 
intercostal trocar is placed, the right lung is usually located 
above the trocar placement site; however, ultrasonographic 

Table 1 Reports of the use of intercostal transthoracic trocars in laparoscopic hepatectomy

Reference Procedures
Operation  
time, (min)

Blood loss,  
(mL)

Conversion,  
n (%)

Complication,  
n (%)

Maximum 
tumor size, 

(mm)

Surgical 
margin, 
(mm)

Postoperative 
hospital stay, 

(days)

Ishizawa  
et al. [2012]

Segmentectomy  
VII or VIII (n=7)

ND ND 0 (0) ND ND ND ND

Lee et al. 
[2014]

Segmentectomy  
VII or VIII (n=5)

197±68* 161±138* 0 (0) 0 (0) 2.2±1.1* 5.8±1.9* 7±3*

Ogiso et al. 
[2014]

Resection of 
segment VII  

and/or VIII (n=25)

217.5 [90–390]† 200 [20–2,900]† 0 (0) 4 (16.0) 24.5 [8–49]† 3 [0–13]† 7 [4–22]†

Chiow et al. 
[2015]

Wedge resection  
of segment VII  

and/or VIII (n=8)

105 [50–150]† 220 [50–300]† 0 (0) 0 (0) 20 [6–34]† 3.5 [1–11]† 2 [1–4]†

Current 
series

Wedge resection  
of segment VII (n=6)  

or VIII (n=11)

226 [109–565]† 70 [3–680]† 0 (0) 1 (6.0) 16 [6–25]† 10 [1–20]† 8 [6–42]†

*, mean ± SD; †, median [range]. ND, no data.
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and laparoscopic examinations should be added to confirm 
respiratory movement of the lower edge of the right lung. 
During the placement of intercostal trocars, the pleural 
space should be compressed through the diaphragm with 
the laparoscopic forceps from the abdominal cavity for 
preventing migration of the right lung into the trocar sites. 
Although ITT can be applied even in patients with previous 
lung surgery by using a laparoscope for observation of 
the pleural cavity, severe pleural adhesions should be 
contraindication of this technique.

During hepatic transection of the cranial/dorsal regions, 
an operating surgeon stands on the patient’s right side, using 
the first intercostal trocar as a camera port and the second 
one for surgeon’s left hand. An operator may stand between 
the patient’s legs using the intercostal trocar for his/her left 
hand, when caudal aspects of the liver are dissected or just 
one intercostal trocar is used. Use of a robotic scope holder 
may reduce burden of a scopist and extend surgical working 
space in this trocar setting (8).

The use of ITT involves a risk of pneumothorax caused 
by leakage of pneumoperitoneum gas from the abdominal 
cavity, although this can be minimized by using balloon-
tipped trocars. When this situation is suspected by changes 
in vital signs and/or appearance of pneumoderma, a 
sheath of a thick intravenous needle should be inserted 
from outside of the chest wall into the pleural cavity for 
drainage of pneumoperitoneum gas. In order to prevent 
postoperative diaphragmatic hernia, incisions on the 
diaphragm should be suture closed prior to completion of 
laparoscopic procedures.

In conclusion, ITT is an easy and safe surgical technique, 
which facilitates laparoscopic wedge resection of subphrenic 
hepatic tumors as well as complicated hepatectomy of 
segment VII and/or VIII.
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